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2017). £ < AEERFMO TOEIRSHE Tld. ERFHERER & &
BICETIVOZLEEDOBIIERE R CEN—MRIELDDH
% (E4),

—MRITHERERTMME IO 7 5 LORRICIEZAGERE &
HHBRD D B e &, Multifan-CL (Fournier et al. 1998) + Sto
ck Synthesis (SS; 7T 2006, Methot and Wetzel 2013) £R
AMER SRV I VI T7HBEVSNET EHZL, TS
DY 7+ 717 Tld. EROENREDAZEB)DORERY - 22
NEEWEZZR LBERIMEE CalgkIcG>TW 5, b
DFFHIC K > T BRPAREDRERREICL YR L EERF@%E
1D2DETIVTC—EBLTITASRDZR/EED TS,

5. BRZMERFAICE DS EERBEDENE

INSOEFHEET/IVICE Y BENSIHEL TOER
EVAERESEIEE IS, $<CAEOEREETIL R
EDERESB,, (EINFHAETRI TLEHZW) LAEK
#F, 7. BSRFIMOTE S B REE D E S (] SBysy &
Fus) EZNZNHET BT & TUREDERKENIEIN
TARBE (SB, < SBysy) ICH B T IREDREHLEETS
(Four > Fusy) ICH T2 D HIHT L TV B, Tl EMENEIE
HORRBITK Y SBysy DEH DR BT E IR Tl SBag aos (FIHA
ERED 20-40%ICH =2 ERE) . By (MAEHZY D
EEYPREBAILLIEF GERINSEIRE). SBy, (YPREF
DOBEFRETRTHRICBVTEROEEARRICEIT 2 ZTNO
107D 1ITEBFCERINIERE. BEBENICEETER
BRELEZOSNTWVS,) EORBOEEELEBEICADE. &

B BUTHL
(R%ISE SRR EpPnmE leumﬁ
v F—ahERRD
I T ———
scmranes | mmana
71;{{\; J\ v ;%ar.ijb::rf‘iiw o FHAEREMN

v ETIEFRREIC

o IAZ
o ENERE

JEL

LTWBST—20fR o FBAAEES
E XA ? o R RE

v F—REETLFE wE
EDFEIERNME /
ENTLBM?

4

X 4. A ERHMEE 7 )L (Stock Synthesis 3) TOAF:#S O ¥ O RHEDIEE
BEICEDEREEMENEREE LICETIVOBREEZT > TV S, AEREPADEIES ZDEE
{BIEDVWTHEEEBIN TV 3, EREREDETIVBENICHT ZUTH S LU ENETILERL

TERREZFHET 5o

Copyright (C) 2020 JKEEFT

KEERRZS - BB HEHME  All Rights Reserved

02—4



SHTFEE EFRBREEROERR

02 HERFEROEHEERFMICDOWVNT

TRREDZIEN TV S, BRE & BEKEDBEDE L Z
EEEEBEDLIC L TRICE LOHTERIE R THEIN
F1EF A BN AXERKE SRS ICTIEROIHRE
nfezépsmEroy b (K5 EMENTWS, BREE
IZBIFBFHNT 7O0—F & LT BLEDREEDIELHSD
EERESEHOSL COED. AL R T TCLEREM
BEERTEGK RLIBEBLLS ETREAALHS (AR
£1999). HE 7O FOERFICRS5NB K SIT. Z DM
RFFCAERIFTHLMOERERDERICEZELD
DH B (EILIFH 2019),

DX BERZEOMITRIRFADEREMHKT ST
LT SBDAEESFDEBREBENE LHOSND T ENZLY,
FRFRTIEFROMAZDEEEELER LI LT RAE
DHEE TREZIITIFGEPINEBRETEIEEICE
BENREDLSICELT B EYZaL—YavIickUFE
5, KEES O Y OTI REQRETEIEBH TR
WEBBITERTNAEREDY T 21 L— 3 UERICS L
T RO BEEEREEZ R T 5FHREORFIMOTEE -
TW3 (WCPFC2017), £fe. S+ 70D KD ICEEH
BRETAM & MRIEN B IRIENZ ERENE TCOEEREBD T X ME
RICEDE . EEBBLZAE L. FRDAEELEET ST
EHdH % (BEIFH 2015, IR 2017) WTNDHEICE K.
FRFADERZ EEEIEOERERETCEENICGEHET S
T LT EEBEEBOZYMIZHINZH. EEBIZENETR
MICESSNTWEWERITIEZ DIV £ EDIFE L &
BEEEORIREZ K LIELIEERE TS (B 2013),
6. 5%

BHEICERODBAZE & REDXEXRICITET 22 &
DEEHITER LT LA L, RECEFEFM CIEEARLE)

HEICET ARV EHEIARTD TH B Z< OERFHIE
TIVCIEBRAERIEEIRS T —EEREL TWLWBDHIRE
RTHY . [RIELBEREDRTERXT — IVOEIHERE)
RBICEZBEEICDOVTE BRZOEDANDEALIEE VD,
EHAEER W RWDIE T2 ITIEEA TULEL (Puntetal. 2014)
LA L EFREOZ(EMEREEL B C TRRERE DR
ZEREENREICE R AR EE BT 5702 = b+ (CLIOTOP;

20

18
16

14
1.2
%
210
w
- 08
06
0.4
0.2
0.0

0.0 0.5 1.0 1.5 20 25 3.0 35 4.0 45 5.0

SB/SBysy

5. #ME70y b O—fFl, REBAFFANFOERE & REKE
DRFEZERYT (E#k 2019b)

BT OEE () Tld BIRED SBysy & 1 % < BIBKIED Fysy £
EWIREETH B, —75. ELDFEE (Fr) Tld BIRED SBysy &
WD CORBKED Fyy KW BWVIRETH 2.

Brill and Hobday 2017) &HRMEETNTW 5, £fes TNET
DEFRFHBE T IVIEE—BICRE TN DHEH o fed
Ecopath FEREREEDEREEZ NS ETILADBELEEE D
TW3 CKIF 2010, 78 2013), REDOERHBEE T /VIEY
TICHGVEMTHHD. SBRIETNSDERZMA o, &
SICBERETIVMEREINS NN H S, ThOoDET
IVHIREOERERICEDEETRA CTHIHSERTINS
NEFETH S,

wEE

{AFELAIZY b
KAECHY Tz b
EKEERMEA < AESHERD
KBESHERTIV—T
‘|H E4%

BE K

Aires-da-Silva, A.M., Maunder, M.N., Schaefer, KM., and Full
er, D.W. 2015. Improved growth estimates from integrated
analysis of direct aging and tag—recapture data: Anillustra
tion with bigeye tuna (Thunnus obesus) of the eastern Pa
cific Ocean with implications for management. Fish. Res.,
163:119-126.

Bravington, M.V., Grewe, P.M., and Davies, C.R. 2016. Abso
lute abundance of southern bluefin tuna estimated by
close-kin mark-recapture. Nat. Commun., 7: 13162. Doi:
10.1038/ncomms13162

Brill, R.W., and Hobday, A.J. 2017. Tunas and their fisheries: sa
feguarding sustainability in the twenty-first century. Rev.
Fish Biol. Fisheries, 27: 691-695.

Carvalho, F,, Punt, A.E., Chang, Y.-J., Maunder, M.N., and Pin
er, KR. 2017. Can diagnostic tests help identify model mi
sspecification in integrated stock assessments? Fish. Res.,
192: 28-40.

Fournier, D.A., Hampton, J., and Sibert, J.R. 1998. MULTIFAN-
CL: a length-based, age-structured model for fisheries sto
ck assessment, with application to South Pacific albacore,
Thunnus alalunga. Can. J. Fish. Aquat. Sci., 55: 2105-2116.

Haddon, M. 2011. Modelling and quantitative methods in fi
sheries. 2nd edition. Chapman & Hall/CRC. Boca Raton,
USA. 449 pp.

FFA—EZ. 2001a. VPA (Virtual Population Analysis). /n BZ7K
EERRER: (R, 12 FEE R AH I
EEREE —ERBNFEHRE—.104-128 pp.

THa—E. 2001b. HEREDOFE. In BAKEE RRERS
(fR) , T 12 FEERTMMASRIIHESERESE &R
FRATFEHARIE — . 162-164 pp.

FHA—E. 2006. EIFAEZERICEIT B VPAS KUBEEF
EICDWT . In (BF) BANEREERZERT EREEME L 2 —,
KEEREEHER] F375. 14-33 pp.

Hoenig, J. 1983. Empirical use of longevity data to estimate

Copyright (C) 2020 7KPEEFT KERRIE - EEHIE  All Rights Reserved
02—5



SHTFEE EFRBREEROERR

02 HERFEROEHEERFMICDOWVNT

mortality rates. Fish. Bull., 81(4): 898-903.

Ichinokawa, M., Okamura, H., and Takeuchi, Y. 2014. Data co
nflict caused by model mis-specification of selectivity in
an integrated stock assessment model and its potential ef
fects on stock status estimation. Fish. Res., 158: 147-157.

RERZ. 2013 BEEREEELPATFATEFEHOECAHER
DER. ZHEDDBH S, 5:9-14.

TBREFSIE. 2019. Y A REEBKRTE. In KEF - KEHRK
HERE (R, TR0 FEERAEERDIRNR.
http://kokushi.fra.go.jp/H30/H30_30.pdf (201911 B 15
=)

B, 2013, BEERERETIVOEG. BHEDDEDL S,
5:15-22.

EHREIT. 2014, BRIl E T DAE. In KEKESHEL>Y
2— (R, X7 ODEREEYS . 183-196 pp.

EHXT 15 B SieiX - FBEE. 2015. TACEZEES %
FLWTO—F 2SI O00OBEANORKEER.
IKEBEMZE, 79: 297-307.

Kurota, H., McAllister, M.K., Lawson, G.L., Nogueira, J.I, Teo, S.
L.H., and Block, B.A. 2009. Can. J. Fish. Aquat. Sci., 66: 321-
342.

Lorenzen, K. 1996. The relationship between body weight
and natural mortality in juvenile and adult fish: A comparis
on of natural ecosystems and aquaculture. J. Fish Biol., 49:
627-647.

Maunder, M.N., and Piner, K.R. 2015. Contemporary fisheries
stock assessment: many issues still remain. ICES J. Mar. Sci.,
72(1):7-18.

Maunder, M.N., and Punt, A.E. 2004. Standardizing catch and
effort data: a review of recent approaches. Fish. Res., 70:
141-159.

Maunder, M.N., and Punt, A.E. 2013. A review of integrated
analysis in fisheries stock assessment. Fish. Res., 142: 61-
74.

Methot, R.D., and Wetzel, C.R. 2013. Stock synthesis: A biolo
gical and statistical framework for fish stock assessment
and fishery management. Fish. Res., 142: 86-99.

AREMEEAER. 2019. 157 bR BAEAR. In KEFT - KEH
7% HERE (R, TR0 FEEERAEXERDIRNR.
http://kokushi.fra.go.jp/H30/H30_59.pdf (2019411 A 15
=)

Muhling, B.A., Tommasi, D., Ohshimo, S., Alexander, M.A.,
and DiNardo, G. 2018. Regional-scale surface temperature
variability allows prediction of Pacific bluefin tuna recruit
ment. ICES J. Mar. Sci., 75(4): 1341-1352.

FREREISK . 2017. MUSAEEIRMEEIIC 1T 5 MSE (EIREERET
) DERFERM. GIEDDBEH S, 13:6-10.

FRIERE S - BERA - 78) 11K & - BT, 2019. v O 70
KRIFF. In 7KEFT « JKEMISE BEWE (1R) , TA30FER
BaEEROIRR.
http://kokushi.fra.go.jp/H30/H30_04.pdf (2019 11 B 15

=)

Nakayama, S.-I., Fukuda, H., and Nakatsuka, S. 2019. Model-
free time series analysis detected the contributions of
middle-age spawner biomass and the environment on Pac
ific bluefin tuna recruitment. ICES J. Mar. Sci., doi: 10.1093/
icesjms/fsz129

NRC (National Research Council) . 1998. Improving Fish Sto
ck Assessments. National Academy Press, Washington DC,
USA. 177 pp.

Pauly, D. 1980. On the interrelationships between natural
mortality, growth parameters, and mean environmental te
mperature in 175 fish stocks. Journal du Conseil Internatio
nal pour I'Exploration de la Mer 39, 175-192.

Polacheck, T., Hearn, W.S., Miller, C., Whitelaw, W. and Stan
ley, C. 1997. Updated estimates of mortality rates for ju
venile SBT from multi-year tagging of cohorts. CCSBT
SC/9707/26.

Punt, A.E., A'mar, T., Bond, N.A., Butterworth, D.S., de Moor,
C.L., De Oliveira, J.A.A., Haltuch, M.A., Hollowed, A.B., and
Szuwalski, C. 2014. Fisheries management under climate
and environmental uncertainty: control rules and perform
ance simulation. ICES J. Mar. Sci., 71: 2208-2220.

Ravier, C.,, and Fromentin, J.-M. 2001. Long-term fluctuations
in the eastern Atlantic and Mediterranean bluefin tuna po
pulation. ICES J. Mar. Sci., 58: 1299-1317.

Russell, E.S. 1931. Some theoretical considerations on the
“overfishing” problem. Journal du Conseil International
pour I'Exploration de la Mer, 6: 3-20.

AT, 1998, BEEED ABC. TAC HINR < HH B4, A
WL E, 5. 200 pp.

{ERABF - F 830N 2019. YO+ HRA Y TS m@iliE -
BK. In 7KEFT « JKEEME BEWE (1R) , T30 FEER S
H(ERDIFN.
http://kokushi.fra.go.jp/H30/H30_53.pdf (201911 B 15
=)

EREEN. 2013, EREEBFHICHIT HFR/N\Y FEBHY
BFEEBWE OV OOYHREREICEE T 25T, /K
2R, 37: 85-145.

EREEN. 2019a. F/\ X BWEKTZE. In IKEFT - KEME -
BEHE (R, TR0 FEERAXERDIRNR.

http://kokushi.fra.go.jp/H30/H30_12.pdf (2019 11 B 15
=)

EBEEN. 2019b. X/\F REBKF¥. In KET - KEMRE -
BEHE (R, TR0 FEEERAXERDIRN.

http://kokushi.fra.go.jp/H30/H30_16.pdf (2019 11 B 15
=)

EE 7=.2008. Mt ETIVET— A A ZV T FEADKESE
TERRATAN\DISH . Kb > 2 — R, 22: 1-85.

HiL - KEME - ELRA - BAFE - fRA— - ezt
F - 1BA R FILF—BA. 2019. Y. In KEEFT < KERT
7% - HERE (R, TR0 FEERAEXERDIRNR.

Copyright (C) 2020 JKEEFT

KEERRZS - BB HEHME  All Rights Reserved

02—6



SHTFEE EFRBREEROERR

02 HERFEROEHEERFMICDOWVNT

http://kokushi.fra.go.jp/H30/H30_76.pdf (2019511 B 15
=)

PTAREERK. 2006. Stock Synthesis II, & < TH LWERFHETE
TV EEVY—FMEY TR, 2:7-11.

Takeuchi, Y., and Takahashi, M. 2006. Estimation of natural
morality of age-0 PBF from conventional tagging data. Wo
rking paper submitted to the ISC PBF Working Group Mee
ting, 31 January-7 February 2006, Shimizu, Japan. I1SC/06/
PBFWG/07.

Tanaka, Y., Minami, H., Ishihi, Y., Kumon, K., Higuchi, K., Eba, T.,
Nishi, A., Nikaido, H., and Shiozawa, S. 2014. Relationship
between prey utilization and growth variation in hatchery
- reared Pacific bluefin tuna, Thunnus orientalis (Temmin
ck et Schlegel), larvae estimated using nitrogen stable isot
ope analysis. Aquac. Res., 45: 537-545.

Tanaka, Y., Satoh, K., Yamada, H., Takebe, T., Nikaido, H., and
Shiozawa, S. 2008. Assessment of the nutritional status of
field-caught larval Pacific bluefin tuna by RNA/DNA ratio
based on a starvation experiment of hatchery-reared fish. J.
Exp. Mar. Biol. Ecol., 354: 56-64.

EREB— - SRiEX FREE-RE.2019. 23370,
In JKFEFT - IKEERRZE - BEHAE (R) , TR0 FEER AR
BIRDIR.
http://kokushi.fra.go.jp/H30/H30_20.pdf (2019411 B 15
=)

BEMT.1999. FEHM T 70— FDXKEERESENDEA.
=¥, 105:2-11.

BEHEZ. 2011 AEEROEE) & EFRFHUImIC DT . In 7KE
T - KEREMELY 2 — (1R, FR222EEERAEER
DIFI. 26-30 pp.

Wang, S.-P., Maunder, M.N., Aires-da-Silva, A., and Bayliff, W.H.
2009. Evaluating fishery impacts: Application to bigeye
tuna (Thunnus obesus) in the eastern Pacific Ocean. Fish.
Res., 99:106-111.

WCPFC. 2017. Harvest Strategy for Pacific bluefin tuna fisheri
es.
https://www.wcpfc.int/doc/hs-2017-02/harvest-strategy-
pacific-bluefin-tuna-fisheries (2019511 A 15 H)

Whitlock, R.E., McAllister, M.K., and Block, B.A. 2012. Estima
ting fishing and natural mortality rates for Pacific bluefin
tuna (Thunnus orientalis) using electronic tagging data.
Fish. Res., 119-120: 115-127.

AEIAE.2001. 7OX Y2 3 VETIV. In BAKEERFRE
Wa (R, TR 12EEERMMARIBIMESEREE
—ERBINFEERE — . 92-103 pp.

KIGSERR. 2010 BFERRERIZ EFIY—F & MEY
7 X,9:29-34.

Copyright (C) 2020 7KPEEFT KERRIE - EEHIE  All Rights Reserved

02—7



