NPFC

North Pacific Fisheries Commission

NPFG2017-TWG PSSAO1Final Report

1st Meeting of the Technical Working Group
on Pacific Saury Stock Assess
REPORT

2@2 February 2017

This paper may be cited in the following mann
Techni cal WonkPagi Giroupaury 29%Mecekt RAgysNePtFsOne n t
20ITAWG PSHFAOReIpo20p p(.Alv ai Iwanbwl. en pgtc . 1 nt

2nd Floor Hakuyo Hall,

Tokyo University of Marine Science and Technology, TEL +81 -3-5479 -8717
4-5-7 Konan, Minato -ku, Tokyo FAX +81 -3-5479 -8718
108 -8477, JAPAN Email secretariat@npfc.int


http://www.npfc.int/

NPFG2017-TWG PSSAO1Final Report
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1st Meeting of the Technical Working Group
on Pacific Saury Stock Assessment

20-22 February 2017
Yokohama, Japan

REPORT

Agenda Item 1. Opening tfe Meeting

1.

The 1st Meeting of the Technical Working Group on Pacific Saury Stock Assessment (TWG
PSSA)took place in Yokohama, Japam 2622 February 2017 at the National Research
Institute of Fisheries Science (NRIFS), Japan Fisheries Research and Education Agency (FRA),
and was attended by Members from China, Japan, the Republic of Korea, the Russian
FederationandChinese Taipeilhe meeting was opened the TWG PSSA leadd@r. Mitsuo
Sakai(Japal). The Secretariat then outlined the meeting schedule and procedures.

Agenda Item 2Sdection of Chair and Rapporteur

2.

The TWG PSSA leadeproceeded with the selection of the Chair and RappoifruiSakai
(Japan wasunanimouslhelected tahair the WorkshopMr. Alexander Meyer was selected as
Rapporteurvith theassistance of D Dharmamony Vijai (Japan)

Agenda Item 3. Adoption of Agela

3.

The agenda was adoptetthout amendment

Agenda Item4. Brief Overview of theFramework Resultsof the F' Pacific Saury Stock
Assessment WorkshagmdIntersessional Wotkf Any

4.

The Chair presented an overview of the PSSA framemlekesults ofhe F'PSSA Workshop
and the tasks for the current TWG PSSA meetiegrring to thd®SSA Workshop Final Report
andNPFG20172TWG PSSA0IWP06.

It was noted thasuggestions omharvest control ruleHCR) should be included as part of
discussions on comdting stock assessme(dgenda Item 8)and that HCR areeededo be

able to makeecommendatiosito the Small Scientific Committee on Pacific Saury (SSC PS).
The Members agreed on the importance of discussing HCR but noted the difficulty in reaching



anagreement due to the limited time available. The Members therefore agreed to first reach an
agreement on the stock assessment, and then begin discussions of HCR, which can be continued
by the SSC P&nd the Scientific Committee (SC)

Agenda Item5. Provision of Closdo-Completion Standardized CPUE and Catch for Stock
Assessment

6.

10.

11.

12.

Japan presentazh the standardization of catch per unit fishing effort (CPUE) data of Pacific
saury caught by the Japanese stield dip net fishery during 1980 to 2015RRG2017-TWG
PSSA0IWPO01) Japan used generalized linear models (GLM) and generalized additive models
(GAM) to standardize CPUE of Pacific sauincludingspatial, temporalessel tonnage, and
environmental variablesCross validation analysis showed thaLM tended to be more
suitable than GAM

China encouraged Japan to investigate the small confidence intervals.

Japan presented biomass amodetstandardizedtock size index estimation of agePacific
saury based on Japanese fisheries independeeyata NPFG2017~TWG PSSA0IWP02
(Rev. 1). Japan estimated the biomass using-aregpt method and the agestock size index
using the Deltdognormal modelbased on data from surveys conducted independently by
Tohoku National Fisheries Reseatohtitute Japan highlighted that a combination of fisheries
dependentinformation and fisheries independeniata can provide a more reliable stock
assessmenby mitigating the biases in the former and the uncertainties in the latter.

China questioned éhrepresentatiorof this data set in quantifying stock dynamics and
encouraged Japan to continue to investigate issues related to this survey.

When asked whether migration of Pacific saury may produce inaccuracies in the data, Japan
explained that migratin mainly occurred in asouthknorth directionduring the survey period

and should therefore not impact the data in a significant @ayese Taipei pointed out the
possibility that Pacific saury may migrate eastst during the survey period.

It was poirted out that covariates, such as survey methods and equipment, should be included
in GLM.

It was suggested that Japsimould study if there is any spatial correlation between survey
stations.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

It was suggested that Japan should quantify the modelthedirst stage of the model.

Korea presented its CPUE standardization data for Pacific saury (REFETWG PSSAO1
WPO03).Korea standardized the CPUE using GLM selected by Akaike Information Criteria
(AIC), including year, month, gross register tonn@g®, and region as variabldsorea found

that he trends of the nominal and the standardized CREMe similar, butthe standardized
CPUE fluctuateanore than the nominal CPUE.

It was suggested that Korehould onduct a sensitivity analysis.

It was pointed out that the mapping of the Convenfioga was incorrect and it was advised
that Koreashouldrevise its data using the corr&mnvention Area boundaryhe participants
recommended that the Secretariat provide shapefile of the ConvAngiano the Members.

Chinese Taipei presented its CPUE standardization data for Pacific saury-@g0RFCWG
PSSA0IWP04 (Rev.1). Chinese Taipei standardized CPUE using GLM selected by AIC,
includingyear,month,SST, grtandarea as variables. The stirdized CPUE shows a slight
increase from 2001 to 2010, a sharp incréama 2010to 2014,anda slight drop in 2015.

Japan noted thaC h i n e s e CRUEI wa® lowerswhelsea surface water temperature
(SSWT)was in the range of 113°C. However, in Jp a ne&periencell-13°C SSNT is an
optimal range focatchingPacific saury.

It was suggested that Chinese Taipei consider using GAM, in light of tHéeean relationship
between S®/T and CPUE. Chinese Taipei explained ihdecided to use GLM based on the
good results achieved by Japan using GLM, but that it woulccalssider usingsAM.

Russia presented its CPUE standardization for Pacific saury (RBEETWG PSSAO01
WPO05) Russia standardized CPUE data using GLM sateby AIC, including year, month,
yearmonth interaction, and identified vessels as variables.

It was suggested that Russia shoetkminethe relationship between SShd CPUE and
whether there wsa time lag between the two.

Russia presentesimulations comparing the performance of different models for estimating
total abundancdRussia concluded thathen the abundanad fish wasnot strictly connected
with constant geographical features, includaogitionalcoordinatess a variablenaylead to



23.

24.

misleading resultslt was suggested that fishing behavior may need to be improved in the
simulation.

China presentegreliminary results fromts CPUE standardization for Pacific sauGhina
standardized CPUE data using GLM and GAM, includiagedfishing position, catch, SST,
company, fishing vessek variables

Following the presentations, the Members held a general discussion. The key points of the

discussiorwere as follows:

a. Members should conduct more model simulations, such as thesenped by Russia, to
improveour understanding of the performarafeCPUEstandadizations;

b. The difference in quality and miedffeuttoes i n
decide which CPUEs to include in a base case scenario or what weitihbtdeato each
CPUE.The confidence interval and coefficient of variati@v)of each Member s
and how they are calculatatged tdbe clarified.

Agenda Iten6. Development of Base Case Scenario for Stock Assessment

25.

26.

27.

28.

China presented its efforter stock assessme(@WPFG2017TWG PSSA0IWP08) Eight
scenarios with different combinations of data and priors were consi@riedconcluded that
in the ConventiorAreaPacific saurywas not overfished armaverfishingis not occurring and
that Racific saury wa not being fully exploitedin addition, Chinaighlighted the importance
of considering all informatiofrom differentfishing grounds

Chinese Taipei presented its efforts for stock assesgMBRG2017~TWG PSSA0IWP09)

Four scenarios with different combinations of data and model configurations were considered.
Chinese Taipetoncludedhatthe Northwest Pacific saury was not overfished and overfishing

IS not occurring

Japan presented its efforts for stock assessMNPEG2017~TWG PSSA0IWPO7). Forty
scenarios with different combinations of different data weighting, different production
functions, hyperstability/hyperdepletion, and different prior distributions were explored. Japan
concluded that the Northwest Pacifausy may not be overfished and overfishing may not be
occurring.

The Working Group also discussed about plausible prior distributions for model parameters,
which can be found iAnnex D.



29. The Working Group also had a lengthy discussion of the caveatsassat ed wi t h usi
survey data because the surgggnded to have a value larger than 1, wisefgests that the
survey biomass may be overestimated dymssiblenerding by the trawl gear or extrapolating
fish abundance to thenfishedregionswith less abundant Pacific saury

30. The Working Group also discussed about the convergence issue and the numerical stability in
the estimation of the posterior distribution.

31. The Working Group noted the uncertainties associated with the scale of théistoess
estimate, which may influence the reliability of the absolute biomass estimate.

32. Following the presentationheWorking Groupheld a general discussion and further analyses
The Working Group noted that there remained uncertainty surrounding ctitehability
coefficient(q) of the Japanese survey data and therefore develbpezbase case scenasjo
each with a differenq prior, asoutlined inthe stock assessment report, to be completetifhy
March2017.

33. The Working Group had a lengthy dission to identify plausible base case scenarios. The
Working Group recommended the following three scenarios be considered as the base case
scenarios:

a. Including four sets of CPUEs and Japan survey data with survey catchal)ilpgyidr
defined from O td;

b. Including four sets of CPUEs and Japan survey data with survey catchapititip( being
fixed at 1;

c. Including four sets of CPUEs and Japan survey data with survey catchailitio( being
defined from O to larger than 1.

Agenda Iten¥/. Scenarios for Sensitivity Analysis
34. The Membersagreed to condudhe following analysesind include the results in the stock
assessment report, to be completed Hylarch2017
a. Analysis of theresultsin which the Japanese survey datenot included
b. Comparison of theesultsacross the different model configurations of China, Japan, and
Chinese Taipefor thethree base case scenarios and the scenario in which the Japanese
survey datarenot includec
c. Analysis of the sensitivity tche mean value af for the lognormal prior distributiom
Chinese Taipeibs model



Agenda Item8. Conducton of Pacific Saury Stock Assessment for Base Case Scenario and

Sensitivity Scenarios

Agenda Item 8.1 Stock biomass and fishing mortality and associated uncertainties

Agenda Item 8.2 Biological reference points

Agenda Item 8.3 Risk analyses of alternative catch levels

35. The Membersigreed to complete the Pacific saury stock assessment for base case scenario and
sensitivity scenarioand include the results in the stockesssnent report, to be completed by
15 March2017.

Agenda Iten®. How to Present the Stock Assessment Results for the SSC PS and SC

36. The Members held a discussion on how to present the stock assessment results for the SSC PS
and the SCThe Working Group elveloped a commaemplatefor the stock assessment report
and agreed toompletethereportby 15 March2017.

Agenda Iteml0. Other Matters
37. The Working Groupagreed to recommend initiating discussions at the upcoming SSC PS
meetingand SC meeting

Agenda Itenil 1. Adoption of the Report
38. The report of th@ WG PSSAwas adopted by consensus.

Agenda Iteml2. Close of theMeeting
39. The TWG PSSA closed @B:550n 22 February 2017.

Annexes

Annex A1 Agenda

Annex Bi List of Documents

AnnexC i Participantd.ist

Annex Di Pacific Saury Stock Assessment

*Any products of this working group, including presentations and reports, do not affect the legal
position on the territorial rights of Members.
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Annex D
PACI FI C SAURY STOCK ASSESSMENT

1. Executive Summary

This report provides an analysis and eva
(Col ol abhi sstoaikra n the North Pacific Ocean th
empl oying thepBagedbdi amassadgnami c model . The
the subarctic to the subtropical sthe giigoms oafn dt
limited to ®°heHowsvenf tB& main fishing grout
Japan,RKoagmre@hi nfeasigpei For exampl e, the Convent.
grounChifnoar, Korea andJ&bhamesmed TRupeiawhi EBZmai
This reportresgaoinameheeta snhgeeloeh ni cal Wor ki ng Gr ourg
stock asseBS® ANt Kk adW& rad r2 ¥ddékborhuaameap d2 O L7 tsher al
made by TWG PSSA

TWEGPSSA conducted stock assessment -apadeg si
bi omass dynamic model s. The models account
observation errors in the biomass irmcdiade d issthee
by Me mber s fasshwealelp esaudrevnety by JapahWG BRS&®A C
recomaneinans (Par agorladpohwi B@a stehr ®®@e nbaasieo s di f f e
catchagpbibityh¢ Japanese sur veyi nclouraisnsg g GRILLEs
prior defined from 0 dqpr ilor 2f)i xiendc |autd i In,gq )P UIEr
prior defined from .0 A oseédnasrigteirv itthya na nla | (yfsriese w
the Japanese surway ngiggmaveyi ndex (excl

Comparison of estimatedngacCmepe&sesoibny tChhei n
Tablle 8Mean MSY évxlloaGhédh abbgpan andr @hgeds ér 0.
50.65 t6159. B3pHB@R23 respe donrveabdomse sTe&8@®@ario
fre@esti maq i wanlawEolV.oBadsy( >1) 2ainkd( E1) values ca
by all members showed a healthy trend.

Based on the model resul ts, bl m@lsisn awa®o adlou
and the current stlrdtust héd Rdoictki d ndauwrray eswanso
experienci n2g oohd anfepseeh i o gm @adoendheed ctuhrarte rPta cs tf d ack
saur nodi dpbpeevae r ftaicsds e ehxopte ir mogvnecr f B33 hidmgpan s esul

that the biomass | evel is currently above the
continuation of the current catch loeavelizmay nn
next decade, but recommended a status quo | ey
above the MSY | evel
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Tablle S8 mmary

of

t he

est

mat ed

key

par ameters

and Chinese fThisgpeinarbhased on
China Japan Chinese Taipei
Scenarios Parameters mean median mean median mean median
S1(q01) K (10,000 mt) 790.26 704.00 579.4 511.2 462.80 444
r 1.03 0.77 0.965 0.704 0.73 0.61
Shape (s, Z, M) 0.57 0.32 0.729 0.569 0.99 0.79
B1esdK 0.14 0.32 0.185 0.175 0.19 0.18
MSY (10,000 mt) 59.35 57.07 62.2 59.5 60.67 58.34
Fusy 0.19 0.18 0.251 0.248 0.33 0.32
Buwsy (10,000 mt) 346.66 310.1 265.5 237.1 224.8 216.70
B1ego (10,000 mt) 105.98 97.91 102.7 91.8 88.38 82.92
B2015(10,000 mt) 356.63 333.1 364.9 328.5 307 292.60
Fi980 0.25 0.24 0.269 0.259 0.36 0.34
F2015 0.11 0.11 0.108 0.110 0.13 0.13
g5 (Biomass) 0.77 0.79 0.779 0.815 0.82 0.85
B201dK 0.51 0.52 0.702 0.680 0.7 0.7
B201¢Bmsy 1.16 1.18 1.529 1.463 1.44 1.44
F019Fusy 0.64 0.58 0.522 0.433 0.43 0.4
S2 (g=1) K (10,000 mt) 615.85 527.80 466.6 414.3 390.8 381
r 1.13 0.89 1.022 0.765 0.76 0.65
Shape (s, Z, M) 0.56 0.33 0.74 0.49 1.08 0.85
BiggdK 0.14 0.14 0.173 0.167 0.19 0.18
MSY (10,000 mt) 54.48 52.91 56.4 54.9 57.19 55.05
Fusy 0.22 0.22 0.281 0.279 0.36 0.35
Bwsy (10,000 mt) 268.16 237.40 213.5 197.6 192.30 189.10
Biggo (10,000 mt) 78.66 75.43 75.4 72.3 72.39 69.77
B2015(10,000 mt) 261.56 260.00 264.2 263.5 246.50 243.70
F1980 0.32 0.32 0.341 0.329 0.45 0.42
F2015 0.14 0.14 0.139 0.137 0.16 0.16
g5 (Biomass) 1 1 1 1 1 1
B2o1dK 0.5 0.52 0.657 0.641 0.68 0.68
B2016Bmsy 1.13 1.16 1.421 1.375 1.38 1.38
F2019Fmsy 0.70 0.64 0.543 0.496 0.47 0.45
S3 (free q) K (10,000 mt) 457.96 409.8 310.70 267.80 223.8 200.1
r 1.28 1.13 1.212 0.993 0.97 0.9
Shape (s, Z, M) 0.56 0.36 0.827 0.676 0.17 1.68
Bi1ggdK 0.14 0.14 0.164 0.158 0.18 0.18
MSY (10,000 mt) 50.65 48.66 51.40 49.70 54.23 53.04
Fumsy 0.29 0.28 0.394 0.390 1 0.69
Bwmsy (10,000 mt) 200.97 178.80 144.30 125.50 117.8 108.80
B1ogo (10,000 mt) 63.39 55.79 49.30 42.90 40.98 34.95
B2015 (10,000 mt) 210.86 189.20 169.80 147.90 131.4 113.70
F1980 0.46 0.43 0.571 0.555 2.83 1.14
F2015 0.21 0.19 0.244 0.244 0.59 0.37
g5 (Biomass) 1.46 1.37 1.774 1.802 2.46 2.16
B2o1dK 0.51 0.51 0.623 0.604 0.66 0.67
B201dBwmsy 1.15 1.16 1.317 1.266 1.22 1.22
F2019Fmsy 0.72 0.69 0.640 0.610 0.58 0.53
Sensitivity test K (10,000 mt) 536.15 454.75 375.7 303.3 216 189.2
S4 (no biomass) r 1.25 1.07 1.143 0.939 0.96 0.89
Shape (s, Z, M) 0.56 0.35 0.823 0.673 1.86 1.87
Bi1ggdK 0.14 0.31 0.167 0.16 0.18 0.18
MSY (10,000 mt) 52.92 50.16 54.5 51.8 55.64 54.26
Fumsy 0.27 0.26 0.365 0.359 1.07 0.76
Bwmsy (10,000 mt) 234.01 199.45 173.6 14.3 116.2 106.5
Biggo (10,000 mt) 70.52 61.14 60.3 48.4 39.57 33.63
B2015(10,000 mt) 244.98 217.90 217.1 174.4 132 113.3
F1980 0.43 0.39 0.51 0.492 2.99 1.23
F2015 0.18 0.17 0.208 0.207 0.59 0.38
g5 (Biomass) NA NA NA NA NA NA
B2o1dK 0.52 0.53 0.654 0.637 0.69 0.7
B2016Bwmsy 1.17 1.19 1.384 1.34 1.25 1.26
Fa019Fmsy 0.69 0.65 0.59 0.562 0.54 0.5
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2 . |l ntroducti on

Based omsgamphalbbearoenmiasm age ment stock in the V
Oce@WNPO)we presventtale f eacs sseasismeidifrc@.c kWe appl i
Bayesian statistical framework to estiamatye p

stdamk t he WNPO area using catch and effort fr
direct estimates of parameter uncertainty tha

for risk analyses. Theoottpectavesnohmahksssoac
Paci fic saury I n the WNPO,; to devel op Baye.
management I nterest using the Markov chain M

sensitivity odsdees menrstu intts apHrainbgneesassumpti ons
retrospective analysis of stock assessment es

1) Distribution
Paci fiColsaluabBirge vsoairrtay 1856) has a wide distri

subtrapeasINmfrt hhd@aci fic Ocean from inshore \
eastward to Gulf of Alaska and southward to
fish in the Western North Pacifi.c Ocean (Pari
2) Migration

Saury migrates extensively between the feedirt
and the Kuril l slands in summer and the spawn

in winter (Fukushi RMacs®®y? I gkad ®laamds2 0O )yect i
but also the nost i Whedd ssdantbhi heide ewsitg roat el 6elakEs t
in falelacatinaefilJapan afteecPed Ghhgamanet al . 2012).

3) Population structure

Genetic study suggested that no genetic struc
141 individuals collected from five distant
Pacific, central North ®Raetfak,,aBddO0f@prtheass
there should be some distinction within the
di fferences as there are some regional i mport

4) Spawning seasand ground

The spawning season of the Pacific saury is r
June of the foll owing year (Watanabe and Lo,
from the Japanese coaestwadt ewast e(rBaittoa | e auskt,e r2n0 1
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grounds are consi der edOy\ as Ibieo |torcaarn «idt iionn trheeg i
and in the Kuroshio waters and the Kuroshio E

5) Food and feding

The | arvae of the Pacific saury prey on the n
As they grow, they begin to prey on | arger zo
i's pupsed | arge fish mamdked ahihg b eamuwe s n(aNshheiurhag a
1988) and OohorbBuwhokwatli samtds i Hi r akawa, 1976)
such as nBanlkaee nwohpatl eer  Koometschad80® @ pt and sea bir

6) Age and growth

Basemd analysis of daily increments in otolith
in knob I ength (distance from the tip of | owe
base of a caudal peduncl &; moet &af tadit eas hlado @
al . 1988, Suyama et al ., 1992) with some var.i
during this Il ong spawning season (Kurita et .
2012b). The maxsm@mykiatesp&Suyama et al. 2006)
in bodpyyluemregtamd July when the research vessel
cm in the fishing season between August and LC

7) Reproduction

Gener al mi ni mu mPalkcii dli gqaiboaault <S2i5zecmfin the fi el
rearing experi 20109 , ( Nd & dhyaxgse smayyspaiym at

l en@$%ihgama, 1957, Hot txap e rlidmednt. er,y nRBatcairftisca sspaa ¢
month after hatsfhoarmgyt assf Gogymatneoret i mbe, 2016) .
about 1,000 to 3,000 (Kosaka, 2000)
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3. Fi shery

1) History of the Pacific saury fishery

Pacific saury fisheries in Japan have a | ong
industrialized fisheayl9y@@stmdoéeéovoel apedomnsoft heé
(Nakagami -BéenLd8) di pt nek fi shvasy imsirmglufciesihiimg
fisheryf hratbboelemiped t ochedlad edi pl hreetstfiickhery i s
foPfraci fic saury i n Japan, har Vkeikdariseag u® 9 %f o he
wasperated by gillnet since the | ate -ne9I5d sdiim
net since the ear-OyadB®iS50@sCumr ¢imte KegRBaems p&an
saury fishelryg Wypewelckped iinnedhe THI7TPesi. Lthar t e
i n MWh7ebhhe fishery had the first -2r0ed&@® r @hiore sceo
Tai pei Rev Db2e)e.n Qheivresbaopeign gf i shery in the- high
20M85 P SSW0011 ) . I'n adief iea,stsmaul Paamyurctadrceh ( 2
recoadgeidnci dbeyn tGaa n acdaitacnh commer ci al fi sheries f
2015) .

Whil e Japanese and Russian vessels operate me
Chiemewsessels operate mainly in the high seas

2) Statusof NPFCMemberséfisheries

(2) China
(i) General fishing statistics:
Fishing days, number of vessels an#l. annual ca
Tab3le General fishing osQhaitnias.ti cs of saury fi

Year Fi shing Number s Fi shing Catch Ar

fishing (MT)

2015 St theed d d 42 3,816 48502. 7

20114 St theed d d 4 4 6, 435 76129. ¢

2013 St theed d d 19 2187 23191.

2012 St theed d d 2 274 2014. 0

(11) Vessel si ze:
The GT of vessels ranged from 971 MT to 1687 |

(irii) Main fishing ground and season:
Fishery standséfsniothbvyvember . Main fishi-h.g grou
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1440 148 145 150 152 154 156* 158 180° 162 1840 168 1888

Figure Main fishing gfaund. of saur

(iv) Main fishing port:
Main fishing ports for saury fishery are Yant

(v) Utilizati anidfi zprtadwmctis: fMai f ood.

(vi) EconoNmuotc awgialcalsl:e.
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(2) Japan

(i) General fishing statistics:
Fishing days, number of vessels an#d. annual ca
Tab32e Gener al fishing osbtagptainsti cs of s
Eishi Number Catct Ot her Catclt
Year Gear fishi Fishin Amoun Fi shi Amount
vesse (MT) Gear ¢:Ot her s
2015 St theek d 208 9473 11226 ot her Not avi
net
2014 St theek d 210 10116 22621 other 1310
net
2013 St iheek d 217 9099 15583 other 1454
net
2012 St thek d 218 10737 21865 other 2815
net
2011 St iheek d 214 8023 21394 other 1411
net
2010 St thek d 236 12700 20579 other 1691
net
2009 St itheek d 239 11281 30660 other 4134
net
2008 St itheek d 239 10531 34699 other 7737
net
2007 St thek d 247 10910 29059 other 5930
net
2006 St ithoek d 258 10182 23923 other 5346
net
2005 St theek d 288 10151 22997 other 4481
net
2004 St itheek d 314 11963 19920 other 5163
net
2003 St itheek d 324 15700 25551 other 9283
net
2002 St thek d 370 21255 19911 other 6171
net
2001 St iheek d 379 17212 26388 other 5916
net
2000 St itheek d 394 24931 21065 other 5814
net
*ot her s: @ielt]l aenadt cbhy s et
(ii) M™Main fishing ground and season:
The fishing grounds were mainly concentrated
l at i t%uddéeBl634The f i shising Aedid®nbaebievgeienn t he east e
Hokkai do and the c oeaestmedfs Kuoruittlhwagddéssmatéoe TCbas
Aomor i |l wat e, ahdod it ¢a pi¢ ppae ehftye cQcutrodbse ra fr fa a =

the coast s

ofk i Fuwkus lCihmab,a

t December -20Fi gur e 3
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45°N 1

40° N
| s AUQUST
September
m—— October

November
December

35°N -

140°E 145°E 150°E 155°E 160°E
Figu.e Mont hly changes of the fi shhelgd gdiopm nr

which were |Iicensed by the MAFF. This figu
ariendi cated.

Paci fic -malud ylisgphed&ky which is | icensed by t he
and Fisheries (MAFF), Japan is permitted from
scale, drift net Pacific saury fisé@enyHokkabd
and small-hel dedofp setcki shery is conducted in
of the following year off Mie and Wakayama pr

Pacific saury i-m efailsshoe rcyauignmsmlaimny i tnhbge tsheet Sea o0

(iii) Vessel size (GRT):

The sizes of tihe | Qoo bt il
dip net fishery v
Mi nistry of Agri c
Fisheries (MAFF)
gr oss registered

maj or size of i T
separated i:ntas gt wds
than 100 GT) and
GRT) in recent yearguBel Ah@ OBl l eastt Oltead(Ri; ooff
151 (<50 GRT: 96, ~d@s erT b w5 STy ot
Paci fic saury fishing vessels were in
operati o8 d&3Ri)gure 3
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i zati on
of t he

e mailnlfy sage
cans, dri ed
9 to 27.4%) are used as bait -6n. fi she

om 15.

i) Ecoonbmic i
e tot al |l andi
d account for

eeze

stores

of

product s:

Pacific saury caught by Japan
% (27. 2 AtOERINAI®IN2 % h are consumed fresh such &
Ot her abouitsHO&r ¢ 38s8dtion5p8r d

fis

mp a
ng

h, salted fish or grilled

amounts of Pacific saury ar

460 isdhh rb%ucocti oot alfhdamapanre

near

the spanrty. ddalkiseg fmaitolrye
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economy and empl oyment s.

100% -
o 80% - m Bait/fertilizer
oT4]
2 60% -
c M Processed food
Q
O 40% -
g:' 20% - M Fresh food

0% -
200320042005 20062007 20082009 20102011
Figugd.e Btilizati bg ofamp®mc2002 ts@au2@l1l1l. Data b
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(3) Korea

(General fishing statistics:
Pacifi€Colsalualyi § ssaihrea t arget species h-hreVveste
dip net fishery in the Northwest Pacific Oce:
vessels frlonnstNadtuit@n aolf Fisheries Science (NI
commenced saury-hfeilsdhidng wsitng whtiileek t hree com
fishing in the area in 1985. The | argestt chat c
was 11 thousand #9¢ns in 2015 (Figure 3

60,000 - - 35
Total catch (ton)

50,000 | ’,. «««@++ No. fishing vessel | 30

- 25
40,000 -

- 20

- 15

Total Catch (ton)
w
o
8
o
|ossan Juiysiy jo ‘oN

20,000 |
- 10

10,000 -5

0

1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
Year

Fi guf.e Mot al cakechkeby Kodeammber of fi

(ii1) Main fishing ground and season:
Fishing seédasadmoimm MRgr ¢ @ December, and major
October -9)Fi gur e 3

(i11) Vessel size (GT):

The number of fishing vessels reached 29 in 1
The sizes of fishing vessels vary from 240 t
rel ast awwrtg |Lb uwt0 liznicnr etahsee dt hr & 0y ear s (Fi g
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450 25 §
&
® &
=h
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& 15 ‘g
350 10 &
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5
=—8—o. fighing vessals
300 lu]

19988 2000 2002 2004 2006 2002 2010 2012 2014

Fi gur®. 3Average tonnage and number

(iv) Maportishing
The main fishing port is Busan, which is the

(v) Utilization of product s:
Most of the saury catch were distributed and

(vi) EconoNudtc awgialcalsl:e.
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(4) Russia

(i) Genegtadt ifdgtsihad :n:g

Fishing days, number of vessels an8. annual

Tabl3e HLeneral fishing statistics of
Year Fishing Number s Fi shing Catch Ar

fishing (MT)

2015 St thcek d d 45 15609 28878
2014 St theek d d 6 2 3152 83367
2013 St theek d d 65 2276 52933
2012 St theek d d 58 2645 63105
2011 St theek d d 51 2456 62064
2010 St thcek d d 46 1545 31686
2009 St theek d d 51 1804 37693
2008 St thcek d d 49 2666 93866
2007 St theek d d 57 2852 110692
2006 St thcek d d 49 2324 77691
2005 St thcek d d 48 2321 87602
2004 St theek d d 37 2049 83735
2003 St thcek d d 48 1943 57646
2002 St theek d d 6 3 1715 36602
2001 St thcek d d 41 1527 34616
2000 St theek d d 28 845 14827
1999 St theek d d 11 311 4576
1998 St thcek d d 14 205 3057
1997 St theek d d 16 328 4493
1996 St thcek d d 18 434 6684
1995 St theek d d 28 650 14283
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(ii1) Main fishing ground and season:

Fishery standsétniodsbvember. Fishing glrlounds a

J
; / 46
v,
! 2" bt | ! ! ! 145
‘0. o }
: == 4* August v
\'a\ 7. B b Sep(egmber. 44
f Di—d '.“‘-Ill--‘.“-.........
-g " ‘-‘~ 5 ..'o
P “‘ .0. .' T T T o e T 43
.0’. o- | b’
®rannt , Ty
Ot ! a ! -1 42
N\ -
VA | i
& October- December ool 4i
.. el
3 &
L I »
SSssssssphansalna. anal
151 152 153 154 155 156

144 145 146 147 148 149 150

Fi gulrle. 3Mai n fdosRhuisnsg agr ound

(ir11) Vessel size (GT):
Th@®T of vessels ranged from 780 MT to 2500 MT,

The most common type of vessel-12n the saury f

e == SN
st common type of Russiar

3The

Fi gura. “mo
(iv)n Maishing port: Fishing por tksurfiolrs ks, a ukroyr

VI adi vost ok ;KaRrecthraa psakvilya v s k

(v) Utilization of product s:
Main utilization is for food.

(vi) EconoNwotc awmgialcalsl:e.
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(5) Chinese Taipei
(General fishing statistics:
Fishing days, number of vessels and. annual ca
Table 34. The fishing effort and annual catch for the Pacific saury fishery
of Chinese Taipei from 2011 to 2015

Year No. of vessels Fishingdays Catch (tons

2011 74 7,456 160,532

2012 85 7,349 161,514

2013 90 7,405 182,619

2014 91 7,709 229,937

2015 90 5,866 152,271
(ii) Main fishing ground and season:
General fishing grounds are mainly distribute
northwestern Pacific including Oyashio front

Russia from 35 to 47AN and ddilthe d4aBrAE, miwdhi
(FigaBe.3The fish-habdsdnapbget infessteb gfkanm p emaibnl
July after the end of squid fishing season ir
(Figtdye BNPWES PAYSIWPO4a) .

.
/ - 7 o
50° N
£ A
45°
40°
fa
1 Cumulative catch
N 35%, in 1994-2002 (MT) 35e
@® 18,000
® 9,000
* 1800
N 30° 30° N
140°E 145° 150° 155° 160° 165° 170° 175° 180°E

Figure 313. Fishing ground of saury fisheo§ Chinese Taipei (Huang et al 2007).
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Figure 314. Monthly variations in number of operating vessels for the Pacific saury of Chines
Taipei in the Northwest Pacific from 2011 to 2015
(ir11) Vessel size (GT):
Fishing vessel size in Chinese Taipei mostly
| arger than -200M6 tPSHBAPOIINGE)F.C

(iv) Main fishing port:
Fishing port for saury fishery is Kaohsiung.

(v) @&ttiidn zof products: Food and Fish bait (Sa

(vi) EconoNuotc awgialcalsl:e.
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4 . Data used for the stock assessment

1) Fisherydependent data

(1) Catch

Fishery catckHOd&dt & offr amskE350 ng WNP@oshurgcwe
summary of adaepkadkat -2d0sM6a r f SISW@1IWP 0 2VP 0 4 a ;
-WP O 7WPO09) . Commestatakt PaschiChi daprawn, b¥Xo,rea,
Chi nesanWanuypat ut he WNPO area wkrteo cd0-1% c(t RHalb I¢ &
specificall ylaila®pan,KoClianeLéhi na, Russia and \
from-21091955,-2 099 5220H,7-22@03 220995 and 2015 to th
Fishery Commissioyn, (&NfPFC))he rkeispteati o &Ilaiqatic h e
Kor ea, and RU9943-1008H199860 ahd949Wére coll ec
the Food and Agriculture Organization of the
20M855 P SSAOnlal Report). Japan i nktdludedi £ omett ad
coastal geameat (a&nadt Icbhy) eTtal,lpiesieets en c | uhdeeldd dd ispg amett
ot her gears (tramwdtecahs ,bedfrorfa Ih%ehé)a n dikdoryedae da rtc
wat er-heltd cki p net fisheri eshelRlusdsiipa nientc | fuidsehde
fishing ground based on tareehbwat onrl.Eabucat dh

45N

=1 40N

35N

] Japan Korea
I Chinese-Taipei I Russia

130E 1356 140F 145 1S0E 1SS 160E 165 170 175  180F I china

Figure4-1. Main fishing grounds for the Pacific sauryMiFC members the Western North Pacific
Ocean. This figure was compiled based onlarking Paper&flPFG2016WS PSSA0IMWPQ7,
NPFG2016WS PSSA0IWP04a, NPFE016WS PSSA0IWP09, NPFE2016WS PSSA0IWPO02,
and NPFC2016WS PSSA0AWPO1.
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Tabltle

froi

ton)-2045¢t he

Pacific saury catches (metric
ndicates | ess than 1 metric ton.
Year China Japan Korea Russia Chinese-  Vanuatu  Total

Taipei
1950 - 200,000 3,500 - - - 203,500
1951 - 250,000 3,500 - - - 253,500
1952 - 250,000 3,800 - - - 253,800
1953 - 253,700 6,500 - - - 260,200
1954 - 292,700 8,200 - - - 300,900
1955 - 497,000 8,700 - - - 505,700
1956 - 327,800 14,700 200 - - 342,700
1957 - 421,500 22,900 200 - - 444,600
1958 - 575,100 20,700 300 - - 596,100
1959 - 522,600 31,300 2,200 - - 556,100
1960 - 287,100 14,900 12,900 - - 314,900
1961 - 473,800 28,500 24,300 - - 526,600
1962 - 483,200 38,900 44,800 - - 566,900
1963 - 384,500 12,500 72,500 - - 469,500
1964 - 210,700 25,400 26,700 - - 262,800
1965 - 231,400 32,300 42,400 - - 306,100
1966 - 241,800 39,400 44,600 - - 325,800
1967 - 220,100 27,900 48,000 - - 296,000
1968 - 140,200 29,900 51,000 - - 221,100
1969 - 63,300 29,700 31,300 - - 124,300
1970 - 93,100 25,000 44,800 - - 162,900
1971 - 190,300 30,600 42,900 - - 263,800
1972 - 196,600 38,500 46,500 - - 281,600
1973 - 406,300 34,100 50,300 - - 490,700
1974 - 135,462 31,723 50,900 - - 218,085
1975 - 221,573 25,958 69,031 - - 316,562
1976 - 105,419 42,121 40,005 - - 187,545
1977 - 253,465 23,175 66,597 - - 343,237
1978 - 360,213 21,744 77,965 - - 459,922
1979 - 277,960 17,178 68,900 - - 364,038
1980 - 187,155 12,395 38,600 - - 238,150
1981 - 160,319 10,844 31,700 - - 202,863
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Continued

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

2,014
23,191
76,129
48,503

206,958
239,658
209,974
245,944
217,229
197,084
291,575
246,821
308,271
303,567
265,884
277,461
261,587
273,510
229,227
290,812
144,983
141,011
216,471
269,797
205,282
264,804
204,371
234,451
244,586
296,521
354,727
310,744
207,488
215,353
221,470
149,204
227,527
112,264

7,449
4,597
1,923
4,393
8,924
6,779
4,495
3,367

23,103

26,034

33,708

40,144

31,987

31,321

18,681

50,227

13,922

18,138

24,457

20,869

20,088

31,219

22,625

40,509

12,009

16,976

29,501

22,001

21,360

18,068

13,961

20,055

23,431

11,204

26,293
7,606
30,447
23,423
24,902
23,484
50,927
68,368
72,618
49,943
50,172
48,145
26,385
25,140
10,280
7,001
4,665
4,808
17,390
40,407
51,709
57,104
81,572
87,456
76,920
119,433
93,677
35,213
35,268
62,311
61,585
47,212
70,154
23,964

12,036
31,877
19,473
34,235
36,435
12,550
13,772
8,236
21,887
12,794
12,541
27,868
39,750
51,283
91,515
60,832
111,491
60,578
87,277
139,514
104,219
165,692
160,531
161,514
182,619
229,937
152,271

240,700
251,861
242,344
273,760
251,055
227,347
346,997
330,592
435,869
399,017
383,999
402,185
332,509
343,743
266,424
370,017
176,364
176,498
286,186
370,823
328,362
444,642
369,400
473,907
394,093
520,207
617,509
472,177
429,808
456,263
460,544
422,281
627,178

6,600 354,806
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(2) Abundance indices
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mates of s-d @ m @ recdaekpcerend t f iesfhf eorryt (CPUE)

y were availablehélod diapanesteTanifphesisd aet s
er-heltd ckki p net fi sher iheesl,d adnidp RwestsZfa.ns Mef rfieset
ci fiecraalliyzedgelni near models (GLM) and gener
standardi ze CPUEI| adf dP@c infeit 210303 IrRYT ysvdiacsla | s f
1980 to 2015 (n = 36) (Sakarcoasidéered?20D
ndardi zation: spatial variables (area and

age
ysis
For
ee ¢
(n
| ope
erio
Oper
t he

and environment al variable (e.g., s e
suggestedrtehastui GlaM | teet heach tGAMbo @ nma@ n ¢
CHiantgdkiest ant -lwalterdisg ic&t fi sheries,
rids, including year, month, sea wate&e
1 50P UnEe rset aunsdeadr dfiozrat i on ( Huang et al
d. Among the three model s, mo d e | 2 i
n (AI'C) is the smallest.

ational data in the RusswaestEPakusice
Russ-hahdotdiphoee-20tlBbkni es 160 2000 e

Moni toring System (VMS) were wused for

). Six GLM models wmpbpdebsyvelwodead.coAmonagtt
th,-yemant hnteraction and vessel uni que 1 dei
small est .
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Table 42. Pacific saury standardized cafodr-unit-effort (CPUE)for the Western
North Pacific Ocean stock lYPFC membersl9862 0 1 %.

dat a

not availabl e. AT aPiNpe i=, JMPpAamn ,
Year PNCPUE CTCPUE  RSCPUE
1980 091 - -
1981 0.73 - -
1982 0.57 - -
1983 0.97 - -
1984 0.87 - -
1985 150 - -
1986 131 - -
1987 1.15 - -
1988 2.56 - -
1989 3.60 - -
1990 2.34 - -
1991 351 - -
1992 4.69 - -
1993 3.83 - -
1994 474 - -
1995 3.30 - -
1996 1.99 - -
1997 4,02 - -
1998 1.18 - -
1999 1.00 - -
2000 155 - 1211
2001 2.56 1.73 12.86
2002 1.39 157 11.79
2003 2.64 2.30 20.22
2004 3.26 152 27.71
2005 6.07 192 26.01
2006 5.05 1.30 19.86
2007 6.54 204 25.39
2008 7.21 2.66 24.65
2009 449 148 1401
2010 191 1.88 13.72
2011 3.00 2.35 17.88
2012 2.56 2.65 14.92
2013 1.71 3.09 15.10
2014 3.37 3.57 1754
2015 1.71 3.29 18.17
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2) Fisheryindependent data

Tohoku

Nati ona

I Fi sheri es

Resdacthnbnshiet st ®

surveys in Junesiamde J20@3 evewatybfge arleasJ & p @ me

(143AE) to the

( Rewv..

met hod -)Weblues ed

Ceryt rraels eRia( aNIPfE @cdTNE® 6 B A SPO 2

Blgsedaoboh stuhreveys,

Tabi3e Z£sti

mat ed

t hese

bi bmassd

bi omawases sotfi hiPgatce df @ & Ssvaa

data as

bi ochapenidedeéXx sc

oh Raenf swepaumgt

of scientific research cruises.
Year %Eggif 25%  97.5%  CV.round
2003 5,024 3,216 6,819 0.189
2004 3,828 1,979 5,789 0.270
2005 4,073 2,601 5,706 0.195
2006 3,516 2,184 5,214 0.221
2007 2,831 1,680 4,006 0.209
2008 4,606 3,256 8,139 0.224
2009 3,756 2,106 5,804 0.255
2010 2,076 1,381 2,812 0.183
2011 2,485 1,830 3,214 0.153
2012 1,920 1,141 2,869 0.241
2013 2,823 1,698 4,173 0.233
2014 2,529 1,475 3,404 0.216
2015 2,272 1,468 3,109 0.195
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5. Bay essipamnc estbhatoemass dynami c model ( mo

1) Annual biomass dynamics:

a

"B, 8.3 3

wheBi®an@i:denote biomass and catchl(l €adryggsay, C

J|-o:0F

1-QD: Ot

j €

Q)o
B

K, is the biomass of the population at sedqtiel i
intrinsic popul M¢i &) dgrsowthre rpatoed;jucandn shape

We assumed | ognor mal error strReB/K)r elsy an
expressing the annual Dbiomass as a proportion

The state equations are rewritten as

R=ab; # R?(l tpj_.) %%(p(tu]

0&0&)0

=expy )

~N(rz. $)
u ~NOs?) t= 2,.N
wheties H%HBas numbemiocf ayenaorrsma l random /Qaanrd abl

varianceSéaccounting for the umcerahbhsoty ondbr mal tr .

with a mean ofl?°tzeraoc anuwntyvaadanwreti ng for stoc
The observation equations are

L, =qKPexp(g, )

e, ~N(0,%) i= 1103 =1N

whelrjias the relativieataliygimeandbe cfaticmadx | i, ty coc
which describes the effecti Weuse as noffr madc i amnndic

with a mean of l‘izzteor oa cacnhodu nvta raicacnocuent i ng f or t he
i nd.ex
2) Basecase scenarios and sensitivity test:
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Unfortunately, since | it eoni-hse tkdncokiwinp anbeotu t g

were | imitedfoomasegywkeastor for

Based on the recommended baase scenarios, thrdmsecase scenarios differing in
catchability of the Japanese survey biomass index were explored and also sensaiysig avas
examined without using the Japanese survey biomass index.

i) Base case model 1: Including four sets of CPUEs and Japan survey data with survey
catchability €) prior defined from O to 1; (note this Base case is the Base Case 2 for Japan)

i) Base case model 2: Including four sets of CPUEs and Japan survey data with survey
catchability €) prior being fixed at 1; (note this Base case is the Base Case 1 for Japan)

iii) Base case model 3: Including four sets of CPUEs and Japan survey datarvath su
catchability €) prior being defined from O to larger than 1.

iv) Sensitivity model: The analysis for excluding the biomass index the Japanese survey (no
surveyq)
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6. Priors

1) Prior distribution
The Bayesian analysis requires prior probability distributions for each of the model parameters.
There were six parameters in the model: carrying capaki}y i(trinsic growth rate r{,
catchability @), initial biomass as a proportion of carrying capa¢Rl orBi/K), process error
vari ancand dobser v at?. oRegasingassumption of thepniar @istripution
in detail, refer to eachSaummiSockdsesserd.ck asses

2) Convergence to posteridistribution
A critical issue in using MCMC methods is how to determine when random draws have converged
to the posterior distribution. Convergence of the MCMC samples to the posterior distribution was
checked by monitoring the trace and diagnosing thecautelation plot.
Gelman and Rubin (1992) and Heidelberger and Welch (1983) diagnostics as implemented in the
R language (R Development Core Team, 2008) and the CODA package (Best et al., 1995) were
also examined.

3) Diagnostics of model fitting
The predicted CPUE indices for each model were compared to the observed CPUE to determine
model fit. Specifically, the root measguared error (RMSE) of the CPUE Wias used for the
diagnostic of the model goodness of fit with lower RMSE indicating @bgttwhen comparing
models with the same number of parameters. The goodness of fit among different models with same
data structure was evaluated by Deviance information criterion (DIC) (Spiegelhalter et al., 2002).
The standardized legesiduals from th€CPUE fit were visually examined for time trends. The
ShapireWilk test was used to test the normality of the standardizetelsiguals. The estimates of
production model can be problematic when the data are not informative about whether the
population ha a highK and a lowr or vice versa (Hilborn and Walters, 1992). The posterior
correlation between model parameters was examined for the@ssenodel.

4) Retrospective error
Retrospective analysis was conducted to examine the consistency among successive model
estimates of population size, or related assessment variables obtained as new data are gathered.
Within-model retrospective analysis which trims the most recent 8 gkadasa in successive model
runs were used to examined changes iIin the &es
(1999) DR statistic was calculated as (Hurt&@oro et al., 2015):
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DR — 1 % BY—y,tip - BY—y,ref
npeels B,_, f

whereB denotes exploitable biomagsgdenotes yeanpeelsdenotes the number of years that are
dropped in successive fashion and the assessmentYasuhg last year in the full time seri¢ip
denotes the terminal estimate from an assessment with a reduced time seresdamotes the
assessment usingd full time series.
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7 . Stock assessment

1) Member stock assessment report: CHINA

Based on preliminary analysi s, 9 models diff
di stribution of catchabil ity @&amncd niamtiroisnsincc | a
catch and all avail able CPUE indice3 dnwdm5Tf o
included biomass i ndex #r amplda pganrensae eg usrévre yb. u
catchability-8whuisleed ducns tfeorrbmot iSon f or catchahbi
catchability g5 were considered among differe
to 1 (scenario 2 and 6), and 0 to | arger thar
dirsitbuti on of intrinsic growth rate instead o

Posterior di stributions were estimated and t
examined with Gelman and Rubin sbasedtibcol 06
reéece points were estimatedsdawomen pgrhed wetniea ra |

A Shawiilrko normal ity test was used to examine t
mean square error of the obsteheamodal effirtor Ava
analysis was conducted to verify whether any
model estimates of biomass and fishing mort al
A sensitivitmodenlal o/wsti pputosf ttchet he number of ir
tested by excluding the biomass index from th
of catchability and intrinsic growtdhtoatedefsb
whet her the assessment model was robust i n ca

Stochastic projections were applied to the as:c
bi omassyear fdatech scenamrito ngas npr2djléct efches c at
1.0, 1.1, and 1.2 multiples average catch of
how the probabilities of overfishing and beco
t he fTlhteurpg.edi ction skill of the model was eva
The data from 1980 to 2010 were used to builc
reported annual catch from 20cltOe dt obi200ma5s.s Tahned
CPUE and biomass indices was quantified with

(1) Assessment results for the basse scenarios
The posterior densities of model parameters ¢
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for askeasb scenarios (Figure CH7. 1, CH7. 2, an
variance (CV) of posterior estimates of model
posterior di stributions of the modeMCMG@Tr ame
simulations. Al parameters showed well conve
Rubin statistic for all parameters equal to 1

The <correlations among posterior esti-ommastes
scenari €H7( Bi, g LCHa . 5, and CH7.6). The correl at
catchability, whereas the correlations betwee
correlation between most parameters and P1, s

(2) Diagnostics and caveats

Al | st andraersdiidzueadl sl ofgr om t he indices did not s
CH7. 7, CH7. 8, and CHre8) duAall ¢$tramddrmhediaszedilc
scenarios did-Wdtk fnairlmatl lbg yStadegier € H7 >3 D. 0The
errors for the four CPUE indices showed the s
The predicted indices showed a well fit to th
Chinese Taiipeaic.e Timd odenati on criteria (DIC) v,
that the minimum value of DIC was 440.63 (S2)
Table CH7.3).

There was no obvious retrospecthivemapsast teenmrd fi
mortality (Figure CH7.10, CH7.11, and CH7.12)
of the -thseesbaesaerios were 0.17, 0. 26, and O
for fishing mort-@aaseys oé n@E.rhié,sP Bweere@3d a sGver al |
retrospective analysis suggested that there v
terminal exploitable biomass and fishing mort

(3) Biological reference points

The asedmmean and CV of maxi mumasessaemabil es y
3 were 593,500 mt (CVv=0.28), 544,800 mt (CV=(
The estimated mean and CV of exploitakharbhios
were 3,466,600 mt (Cv=0.39), 2,681,600 mt (CV
The estimated fishing mort al ictaisees stcoe n@amrao dwsc e
(Cv=0.32), 0.22 (Cv=0.28), and 0.29 (CVv=0.37)
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(4) Stock satus Kobe plots included here

The tempor al trvendanof FWBgatfo oMEBMBadereee rbars
showed similar patterns (Figure CH7.13, CH7.1
CV of exploitablmorbti almatsy -daanswlen fdi dsehni dnrgises wer e
CH7.4, CH7.5 and CH7.6. The expl oi twstled weieaama
1989 to 1997 and 2003 to 2015usvyalnide se xapyleai traebl
stabréend the | ast 5 years. Thewsftios huindgeumaoFmtga |
1980 to 1986. The fiwmshainndg smoaryteadl irteyl awaisv ed nyd es
current status of stock indicated that t he
overfishing (Figure CH7. 16, CH7. 17, and CH7. 1

(5) Sensitivity analysis (for sensitivity analysis)

The s eynsintailwisti s for excluding the biomass i nc
the estimated mean of key parameters fell in
CH7.8) . The absolute change in me&n 1df% kéen
di stribution of catcgammbhi dysthabgéedohr om wun
g5 was |l ess than 1. The model resul ths twe rweh em
g5 equaled 1 (i.e. adhsot omeOchawges 4n56mwanTHh
mean of key parameters (i .e. 0. 96t% tdi s6t8r.i P2
changed f-gammandessei bution to uniform distri
1. The absliun emedrmang(l. 65% to 66. 08%) were a

di strwhehaommped and biomass index was excl ude:¢
1980 and 2015 exhibited relatively hieghmocdhedn g
out puts were robust to changes in distributic
to lognormal distribution. The absolute chang
27 .19 %.

(6) Projection
The cross valnomdathentdhseased basa@r i os showed sir

predicted relative biomass and observed indi
predicted relative biomass showed a positive
Kor,eaand biomass index from Japanese survey.

mo d e | decreased from CPUE from Russia, Japan,

CH7.19, CH7.20, CH7.21). The prehecorsdenrvecdatcC
from Chinese Taipei

A f-year projection was condwuesedstbnaugbs202C
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and 1.2 of average catch over the | ast 5 year
with g5oma@ged fir the exploitable biomass wol

al |l catch scenarios (Figure CH7.22). For scen
could be greater than 1, t he expl oticgha bd e rba roi
0.8lcatch till 1.1Tcatch (Figure CH7.23 and
scenario 2 and 3, the stock had a greater tha

respectively (Table CH7.9).

(7) Conclusion/Sonmary

The current stock status indicated that t he
overfishing baessdkt ocremlhreosbadde current cat
Pacific saury popul ati omp ascCidoick astsegrsateead By
saury has been conducted with all available d
from Japanese survey was greater than 1 when
greater tman IT.esAkdadicthi oon catchability of bi
necessary. Ot her approach such as maxi mum | i}
with Bayesian approach in order to i mprove th
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and i

CPUE

ntri

f

or

nd

Table CHa&@8sd4umpPrions of catchability
Scenar qlg4 q5 r
S1 1/q~Gamma(0.1/q~Gamma(0.O‘U(Ov3)
S2 1/ g~Gamma(0.1/qg=1 uco, 3)
S3 1/q~Gamma(0.1/q~Gamma(0.O‘U(Ov3)
S 4 1d~Gamma(0. 0 - uco, 3)
S5 g~U(o0, 1) g~-uU(o0, 1) uco, 3)
S6 q~uU(o0, 1) q=1 u(co, 3)
s7 q~U(0, 1) a~U(0,5) u(o,3)
S8 q~uU(o0, 1) - u(co, 3)

I o g N( I-di82(, D). ;
S9 1/ g~Gamma(0. 1/ g~Gamma(0. 0 CV=1
Table CH7.2. Summamgdiodn,esdamndnaC¥ domemogiaede par
scenari os.

S1 S2 S3
Parameter Mean SD Median CV Mean SD Median CV Mean SD Median CV
K (10000 mt) 790.26 303.99 704.00 0.38 615.85255.62 527.80 0.42 457.96 222.42 409.80 0.49
r 1.03 0.76 0.77 0.74 1.13 0.75 0.89 0.66 1.28 0.74 1.13 0.57
ql 0.01 0.00 0.01 0.22 0.01 0.00 0.01 0.1 0.02 0.01 0.01 0.41
q2 0.05 0.01 0.05 0.21 0.06 0.00 0.06 0.08 0.09 0.04 0.08 0.41
q3 0.03 0.01 0.03 0.24 0.04 0.01 0.04 0.14 0.06 0.03 0.05 0.43
q4 0.01 0.00 0.01 0.24 0.01 0.00 0.01 0.13 0.01 0.00 0.01 0.42
g5 0.77 0.16 0.79 0.20 1.00 0.00 1.00 0.00 1.46 0.60 1.37 0.41
G2 0.05 0.02 0.05 0.47 0.05 0.02 0.05 0.47 0.05 0.02 0.05 0.46
(n? 0.13 0.04 0.13 0.32 0.13 0.04 0.12 0.31 0.13 0.04 0.12 0.32
(p? 0.02 0.01 0.01 0.73 0.02 0.01 0.01 0.71 0.02 0.01 0.01 0.73
(B2 0.22 0.10 0.19 0.47 0.22 0.10 0.19 0.47 0.21 0.10 0.19 0.46
? 0.19 0.09 0.17 0.48 0.19 0.09 0.17 0.47 0.19 0.09 0.17 0.46
(B2 0.06 0.03 0.05 0.56 0.06 0.03 0.05 0.58 0.06 0.03 0.05 0.58
P1 0.14 0.05 0.14 0.33 0.14 0.05 0.14 0.34 0.14 0.04 0.14 0.28
S 0.57 0.60 0.32 1.07 056 0.58 0.33 1.05 0.56 0.53 0.36 0.95
MSY (10000 mt) 59.35 16.60 57.07 0.28 5448 1299 52091 0.24 50.65 10.81 48.66 0.21
FMSY 0.19 0.06 0.18 0.32 0.22 0.06 0.22 0.28 0.29 0.1 0.28 0.37
BMSY (10000 mt) 346.66 135.35 310.10 0.39 268.16 104.98 237.40 0.39 200.97 97.13 178.80 0.48
B1980 (10000 mt) 105.98 39.40 9791 0.37 78.66 21.35 75.43 0.27 63.39 31.72 55.79 0.50
B2015 (10000 mt)356.63 98.52 333.10 0.28 261.56 31.08 260.00 0.12 210.86 97.38 189.20 0.46
F1980 0.25 0.08 0.24 0.33 0.32 0.08 0.32 0.26 0.46 0.21 043 0.46
F2015 0.11 0.03 0.11 0.23 0.14 0.02 0.14 0.12 0.21 0.09 0.19 0.44
P2015 0.48 0.12 0.49 0.25 0.47 0.13 0.49 0.28 0.48 0.11 0.48 0.22
Bratio2015 1.10 0.29 1.1 0.26 1.07 0.29 1.09 0.27 1.08 0.24 1.08 0.22
Fratio2015 0.64 0.26 0.58 0.41 0.70 0.26 0.64 0.37 0.72 0.21 0.69 0.30
Table CH7.3. Diagnostdase ofdceamoareilod.itting
Shapiro-Wilk test P-value RMSE DIC

Scenarios Index1 Index2 Index3 Index4 Index5 Indexl Index2 Index3 Index4 Index5
S1 023 095 007 043 051 032 008 043 040 020 460.07
S2 021 093 007 041 047 032 008 042 040 020  440.63
S3 020 090 008 046 054 032 008 042 039 020 45898
Not e: I ndex1l to Index5 represent the
bi omass i ndex sfurovmylJapanes
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Tabl e CH7. 4. Esti mated mean cv, and
mortality from scenarios 1.

Exploitable bioma Fishing mort

Year Me a n CV Medi an Me an CV Medi
1980 105. 9 0. 3° 97.91 0.25 0. 3¢ 0. 214
1981 103. 7 0. 3¢ 96. 46 0.22 0. 31 0.21
1982 108. 7 0. 3 101. 00 0. 24 0. 3¢ 0. 214
1983 124. 9 0.3 116.50 0.22 0. 3« 0. 22
19814 140. 0 0. 3 130. 30 0.19 0. 3¢ 0.1¢9
1985 170.1 0.3 158.10 0.18 0.3C 0.17
1986 189. 2 0. 3 176. 30 0.15 0. 3¢ 0.114
1987 218. 9 0.3 204.10 0.11 0. 3¢ 0.11
1988 294 .7 0. 3: 276.10 0.13 0. 2¢ 0.13
1989 355.7 0. 3¢ 332.30 0.10 0.3C 0.1¢C
1990 377.1 0. 3: 353.10 0.13 0. 2¢ 0.12
1991 423.9 0. 3¢ 397.50 0.10 0.3C 0.1¢
1992 467.5 0. 3¢ 438.05 0.009 0. 3¢ 0.08¢9
1993 467.0 0. 3¢ 435.80 0.009 0.3C 0.089
19914 457 .8 0. 3¢ 427. 70 0. 08 0. 31 0. 08
1995 402.4 0. 3¢ 377.00 0.009 0.3C 0.089
1996 339.5 0.3 316. 20 0.009 0. 3¢ 0. 08
1997 326. 5 0. 3! 304.60 0.12 0. 3¢ 0.12
1998 243.5 0. 3¢ 226. 15 0. 08 0. 31 0. 08
1999 228.7 0.3 213.30 0.08 0.3C 0.08
2000 261. 7 0. 2 244.50 0.12 0. 2¢ 0.12
2001 290. 7 0. 2" 271.00 0. 14 0. 2: 0.14
2002 286. 9 0. 2 267.80 0.12 0. 2¢ 0.12
2003 454.0 0. 2" 424.10 0.10 0. 2: 0.1¢
2004 518. 5 0. 2° 483. 70 0. 08 0. 2: 0. 08
2005 545.9 0. 2" 508. 30 0.009 0.2: 0.089
2006 459.9 0. 2° 428.65 0.009 0. 2: 0.08
2007 507. 2 0. 2" 472.40 0.11 0. 2: 0.11
2008 538. 4 0. 2° 502.10 0.12 0. 2: 0.12
20009 370.0 0. 2 344. 70 0. 14 0. 2: 0.14
2010 317.9 0. 2° 295.60 0. 14 0. 2: 0.15
2011 369. 6 0. 2" 344.50 0.13 0. 2: 0.13
2012 333. 2 0. 2° 310. 20 0.15 0. 2: 0.15
2013 353.2 0. 2" 328.50 0.13 0.2¢ 0.13
2014 392.6 0. 2° 365. 90 0.17 0. 2: 0.17
2015 356. 6 0.2 333.10 0.11 0. 2: 0.11
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Tabl e CH7. 5. Esti mat ed me an, CcvV,
mortality from the scenarios 2.
Exploitable biomass Fishing mortalit
Year Me an CV Medi an Me an CV Medi
1980 78. 66 0.27 75. 43 0. 32 0.26 0. 32
1981 76. 83 0.24 74. 47 0.28 0.24 0. 27
1982 80. 814 0.23 78. 48 0. 31 0.23 0. 31
1983 92.61 0.23 89.91 0.29 0.22 0.28
19814 103.81 0.23 101.00 0.25 0.23 0. 214
1985 126.22 0.23 122.50 0.23 0.23 0.22
1986 140.32 0.23 136.40 0.19 0.23 0.18
1987 162.56 0.23 158. 30 0.15 0.23 0.14
1988 220. 33 0.22 215.10 0. 17 0.22 0.16
1989 264. 70 0.23 257.50 0.13 0.23 0.13
1990 281. 77 0.22 275.60 0.16 0.22 0.16
1991 314.46 0.22 308.00 0.13 0.23 0.13
1992 345. 90 0.22 338.90 0.12 0.23 0.11
1993 345.14 0.22 339.00 0.12 0.22 0.12
19914 337.87 0.23 330.50 0.10 0.23 0.10
1995 296.21 0.23 289. 30 0.12 0.23 0.12
1996 250.12 0.23 244.10 0.11 0.23 0.11
1997 241.34 0.23 235.20 0.16 0.22 0.16
1998 178. 06 0.23 173.60 0.10 0.23 0.10
1999 168. 30 0.22 164.80 0.11 0.22 0.11
2000 193.46 O0.13 191.70 0.15 0.13 0.15
2001 214.69 0.12 212.70 0.18 0.12 0.17
2002 211.13 0.13 208. 40 0.16 0.13 0.16
2003 335.24 0.11 333.30 0.13 0.11 0.13
2004 382.43 0.11 381. 30 0.10 0.11 0.10
2005 403.42 0.10 402.60 0.12 0.11 0.12
2006 337.82 0.11 336.00 0.12 0.11 0.12
2007 373.91 0.11 372.40 0. 14 0.11 0. 14
2008 396.93 0.11 395.10 0.16 0.11 0.16
20009 271.48 0.12 269.60 0.18 0.12 0.18
2010 233.42 0.11 231.50 0.19 0.11 0.19
2011 272.13 0.10 270.90 0.17 0.10 0.17
2012 245. 29 0.11 243.20 0.19 0.11 0.19
2013 260.23 0.11 258. 40 0.16 0.11 0.16
2014 289.92 0.11 287.90 0. 22 0.10 0. 22
2015 261.56 0.12 260.00 0. 14 0.12 0.14

me d i
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Tabl e CH7. 6. Esti mat ed me an, CcV, and medi an

mortality from the scenarios 3.
Exploitable biomass Fishing mortalit
Year Me an CV Medi an Me an CV Medi
1980 63.39 0.50 55.79 0. 46 0.46 0.43
1981 61.89 0.50 54.58 0.40 0.46 0.37
1982 65.67 0.50 58.30 0. 45 0.45 0.41
1983 75. 42 0.51 66.31 0. 41 0.46 0.38
1984 84.23 0.51 74. 28 0. 36 0.47 0.33
1985 102.27 0.50 90. 77 0.33 0.47 0.30
1986 113.89 0.51 101. 40 0.27 0.48 0.25
1987 132.28 0.51 118.25 0.21 0.48 0.19
1988 181.09 0.47 163.50 0.23 0.44 0.21
1989 218.10 0.48 196.00 0.18 0.45 0.17
1990 228.52 0.47 205. 35 0.23 0.45 0.21
1991 256.48 0.48 229.40 0.19 0.45 0.17
1992 283.12 0.48 253.15 0.16 0.45 0.15
1993 282.11 0.49 252.25 0.17 0.45 0.16
1994 274.51 0.49 245. 95 0.15 0.46 0.14
1995 241.74 0.49 215.70 0.17 0.46 0.16
1996 203.23 0.51 180.90 0.16 0.47 0.15
1997 196.20 0.50 174.05 0.23 0.46 0.21
1998 143.50 0.52 126. 85 0.16 0.52 0.14
1999 135.80 0.50 121.05 0.16 0.49 0.15
2000 157.12 0.46 140.00 0.22 0.43 0.20
2001 174.51 0.45 156. 90 0.25 0.42 0.24
2002 171.00 O0.46 152.80 0.23 0.43 0.21
2003 272.11 0.45 245.60 0.19 0.41 0.18
2004 309.21 0.45 278.05 0.14 0.43 0.13
2005 327.45 0.45 297.05 0. 17 0.41 0.16
2006 274.25 0.45 247.05 0.17 0.42 0.16
2007 303.59 0.45 275.20 0.20 0.42 0.19
2008 323.23 0.44 291. 40 0.23 0.41 0.21
2009 220.32 0.46 197.50 0.26 0.43 0.24
2010 189.40 0.46 170.90 0.27 0.43 0.25
2011 221.08 0.45 199.30 0.24 0.41 0.23
2012 198.96 0.45 178.75 0.28 0.42 0.26
2013 210.87 0.45 190.55 0.24 0.42 0.22
2014 235.49 0.44 212.15 0. 31 0.41 0.30
2015 210.86 0.46 189.20 0.21 0.44 0.19
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Tabl e CH7. 7. Effect of prior distr
model parameters K, Fusy amsd PB, P2015,
Scenarios K (10000 mt) r S Pl P2015 g5 MSY (10000 mt) FMSY BMSY (10000 mt)
S1  Mean 790.26 1.03 0.57 0.14 048 0.77 5935 0.19 346.66
Ccv 0.38 0.74 1.07 033 025 020 0.28 0.32 0.39
S2  Mean 615.85 1.13 0.56 0.14 047 100 5448 0.22 268.16
Ccv 0.42 0.66 1.05 034 028 000 024 0.28 0.39
S3 Mean 457.96 1.28 0.56 0.14 048 146 50.65 0.29 200.97
Ccv 0.49 0.57 0.95 028 022 041 021 0.37 0.48
S4 Mean 536.15 1.25 0.56 0.14 049 - 52.92 0.27 234.01
Ccv 0.56 0.60 1.00 032 026 - 0.26 0.41 0.56
S5  Mean 793.64 1.05 0.55 0.14 047 0.79 5938 0.19 347.60
CV 0.42 0.72 1.08 034 027 020 029 0.33 0.44
Change(%) 0.43 2.73 -2.49 -1.56  -1.58 2.86 0.05 1.13 0.27
S6 Mean 587.77 1.11 0.58 0.14 049 1.00 54.40 0.23 258.53
CcV 0.42 0.67 1.01 033 026 000 024 0.27 041
Change(%) -4.56 -l.66 414 270 3.62 000 -0.14 3.40 -3.59
S7 Mean 306.89 1.48 0.67 0.14 046 245 4787 0.43 136.54
CcvV 0.76 0.46 0.83 030 024 038 023 0.36 0.73
Change(%) -32.99 1570 1985 096 -3.81 67.82 -5.48 48.27 -32.06
S§ Mean 347.01 1.41 0.66 0.14 048 - 49.02 0.40 154.14
CcvV 0.74 0.51 0.85 031 025 - 0.24 0.41 0.71
Change(%) -35.28 1297 17.18 291  -1.65 - -7.36 46.64 -34.13
S9 Mean 457.85 0.93 0.69 0.15 049 146 5184 0.29 205.02
Cv 0.57 050  0.76 030 024 039 022 0.35 0.52
Change(%) -0.02 -27.19 2372 346 248 004 236 -036 202

Tabl e CH7. 8. Effect of prior distribution 1in

model parameters B, F, Bratio, and Fratio in
Scenarios B1980 (10000 mt) B2015 (10000 mt) F1980 F2015 Bratio2015 Fratio2015
S1  Mean 105.98 356.63 0.25 0.11 1.10 0.64
cv 0.37 0.28 0.33 0.23 0.26 0.41
S2 Mean 78.66 261.56 0.32 0.14 1.07 0.70
cv 0.27 0.12 0.26 0.12 0.27 0.37
S3 Mean 63.39 210.86 0.46 0.21 1.08 0.72
CvV 0.50 0.46 0.46 0.44 0.22 0.30
S4 Mean 70.52 244.98 0.43 0.18 1.11 0.69
cv 0.55 0.49 0.48 0.48 0.25 0.33
S5 Mean 104.40 348.95 0.26 0.11 1.09 0.65
Ccv 0.42 0.32 0.34 0.24 0.27 0.44
Change(%) -1.49 -2.15 3.03 3.17 -1.31 2.51
S6 Mean 77.48 260.23 0.33 0.14 1.10 0.68
cv 0.27 0.12 0.27 0.12 0.26 0.36
Change(%) -1.49 -0.51 1.71 0.47 3.18 -3.29
S7 Mean 40.38 129.19 0.73 0.35 1.01 0.82
Ccv 0.62 0.60 0.41 0.41 0.23 0.29
Change(%) -36.30 -38.73 58.60  68.92 -6.87 13.53
S8 Mean 45.67 153.27 0.67 0.30 1.06 0.77
CvV 0.62 0.60 0.46 0.48 0.24 0.33
Change(%) -35.23 -37.44 56.30 66.08 -4.57 11.71
S9 Mean 62.79 207.72 0.45 0.20 1.07 0.72
cv 0.45 0.42 0.42 0.41 0.23 0.32
Change(%) -0.94 -1.49 246  -0.86 -1.60 0.13
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Table CH7.9. Probabilvsy yundebedingf eventi cshtdh
to 2020 fr-omse¢e hseendbrises .

2016 2017 2018 2019 202

S1 0.8lcat 0.36 0.34 0.32 0.30 0.2
0.91cat 0.38 0.36 0.35 0.34 0.3
1.0lcat 0.39 0.38 0.38 0.38 0.3
1.1Tcat 0.40 0.41 0.41 0.42 0.4
1.2l cat 0.41 0.43 0.45 0.46 0.4

S2 0.8lcat 0.39 0.36 0.34 0.33 0.3
0.91Tcat 0.40 0.39 0.38 0.37 0.3
1.0lcat 0.42 0.42 0.42 0.42 0.4
1.1Tcat 0.44 0.45 0.47 0.48 0.4
1.2lcat 0.46 0.49 0.51 0.53 0.5

S3 0.8lcat 0.37 0.35 0.33 0.31 0.3
0.97Tcat 0.40 0.39 0.39 0.39 0.3
1.0lcat 0.43 0.44 0.45 0.46 0.4
1.1l cat 0.46 0.49 0.52 0.54 0.5
1.2lcat 0.48 0.54 0.58 0.61 0.6
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Figure CH7.16. Kobe diagram of scenario 1 sho
bi omaswsy (Bnd@d rel ati vewmdyi sonfi nRga cmofritca | siatuyr y( Fd/ uFr i
red dot represents the stock status in 2015.
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Figure CH7.17. Kobe diagram of scenario 2 sho
bi omaswsy (Bnd@d rel ati vewmdyi sonfi nRga cmofritca | siatuyr y( Fd/ uFr i
red dot represents the stock status in 2015.
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FigdHe. 18. Kobe diagram of scenario 3 shows t
bi omaswsy (Bnd@d rel ati vewmdyi sonfi nRga cmofritca | siatuyr y( Fd/ uFr i
red dot represents the stock status in 2015.
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2) Member stock assessment report: JAPAN

Stock assessment was conducteéetfal .t R2BOINOr NP

TWG P SAMP17 ) . Model s empl oyed -9 macteh eb iaonmaal syss i d
model s. The models account for process and m
bi omass indices such fBer stammardi akedf CPNET ise

Japan, Korea and Riusde mendaesntweddr vaesy fhhy hkapan
indices observed are not synchronized possi bl
survey gveunbdsoppsions were considered for sel
and developed a wide range of model s/ scenaric
as types of production function, hyperstabil:]

I n di sctugefil dmFakeyetT WG, Pa8§Aerte dataset and sp
assessment for the Pacific saury stock asses:
meet the agreement .

The popul ation dyntame cfsolilsowiondg!| ¢ euwatbhi ons:

B={B., B.f(B) € }& u~ NOL?)
_© aBg§@
R S

wher e
B:. the biomass at the beginning of year

¢: the total catch of year

u: the procetss error in year
fB): t he product-Toml frusien) on (Pell a
re the intrinsic rate of natur al i ncrease

K: the carrying capacity
zt he degree of compensation

The multiple biomass indices are modell ed as

l.s =B exp(v ;)
Vig ~ N(QS?)

wher e
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(2) Diagnostics and caveats

The models were diagnosed with respect-1Y 0 sh
resipluatls (see3)Fiagwdr er etRNdspecti v4) pabStendar(d
residual plots showed that the residuals are
i's homogeneous across years.
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