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A new approach for setting TACs: Development and implementation of
a management procedure for Southern Bluefin Tuna

Hiroyuki Kurota'?T, Osamu Sakar?, Norio Takanasur® and Tomoyuki Iton?

I HhE CABMEZHS (CCSBT) T, 20114205 TACOEZICE M) (MP) Aibigdrz. T OMPDMEH X
MRS PRI & LTI R TH B, AETIX, CCSBT T20024E0 S8 E - 72 MP D PSR & T 4E 8 F 92 HE
OWTHB L7z, MPIZBISF— DO TACEHETAH720D0—HEDOT VT AL THY, MEMNEY I 2L —Ya vl
L0 ZOWREDEH S, AFEEMEIT L CHfE T, 2oBFHOHNICEE L0 RIINS. YIalb—YarvE
FIVOLEK, MPOT IV X LADOMEEE, MPROVEREILE, REEoORE, SHHEORHY, Bl a—-ht—iHo
HIITOWTE L7z, CCSBT TOLEBRIGHBIAFEASENZ BT 5 45 BRI EFAT 0 41 O F8 I & BF 0 A 360 B
EHOMAEICERT 52 L 2R 5.

The Commission for the Conservation of Southern Bluefin Tuna (CCSBT) has implemented a management procedure
(MP) to guide the setting of the total allowable catch (TAC) since 2011. The implementation of the MP in the CCSBT
was the world’s first case for regional fisheries management organizations. We reviewed how the MP has been devel-
oped since 2002 in the CCSBT and it has been implemented recently to the management of southern bluefin tuna. The
MP is defined as a pre-agreed series of algorithms to specify the TAC based on monitoring data. Candidate MPs were
tested by extensive simulation work using an operating model, and then a MP, which shows robustness to a variety of
uncertainties and meets management objectives, was finally adopted by the CCSBT. This paper overviews a series of
discussion topics: the construction of the operating model, the development of MP algorithms, the performance com-
parison among candidate MPs, the selection of the MP, the set of management objectives, and the review process of the
MP implementation. We hope that this pioneering work done by the CCSBT will contribute to the further development
of management strategy evaluation in Japan and the promotion of science-based fishery resource management.

Key words: management strategy evaluation, operating model, CCSBT
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EHOTHL. HF_OURIIE, FFMIEBRLMREEHE L v
HTH5. BEROBEMROE G2 B/ & CHEEE
WCHBGEET A 2 LA TlE R, S0 RIZ, ol
EBNCE o TRRBHNTH A, —HIC, FHAREL LT
[ RE DR AL, [HEREORE], [BIEORHE] 2 &
DET SN BDY (Punt, 2006), T 6D HEA TR
ERT H LT L v,

INODBERPEHEIIEAG, D0 TEIREHICHEEL
EL75 L0 IF IR arERTLALARE AR
77 H% (CCSBT: Commission for the Conservation of Southern
Bluefin Tuna) TH 5b. EMHKDO—D %R L7-DD
COFBRIEEF A2 A, CCSBTIX20024F & 0 Jfafv] fg
(TAC: Total Allowable Catch) Z D LH L\WT 71U —FT
H %W )30 (MP: Management Procedure) O B %8127 F
L7z, BHICEAEOHRWIA D o 72 b DD 2011 I RHEA
L, HEHEEAEEEE L TR oS HO 7
MPLIZHOENLOEDOLNITNITY ALIZLDY, M
RMET — & 5 TAC % P 5 I EHI#H )V — )V (HCR:
Harvest Control Rule) T % (1, 2014). Bz, [CPUE
AHAED 5 10% LS 31U, BAEDTAC % 5% S &
5] o7z X912, CPUEZL EEIRBNICH T 2z
MP~NAJIT 5 &, MPNERCHIFIREEZ HIBT L, Zhi
INL2TACEM N T2 L) A A=V Thb. LA,
MP D HARGERE LT, [EHEGK] o [EFHEkg] 7
EbHwensgas, ATk 885 28w, X)—
WA R CTOBEBO RIS I A8 [HE%] &
W) B R TS 7

Z @D CCSBTIZ BT % MP D % & 3 J 13 % 54 B o JiE
Bk, EELERTH D05, FRELHDOHAETITIIRD
hEVHISN TRV, 2T, AT, CCSBT TMP
DORFERHEMICHE D - 7B X, PSS AR CHE
ElZonwTE Lo, b, PIORIEDOKTRHIE N
2DV, P (2004) % Kolody et al. (2008), Kurota et
al. (2010) ZETER SN TV, FAMPERERICE
ORFEOMELBMALI-dbD L LTERE (2012) 7 5.
2512, MP DR ATELIEE R ORI K725 1%E 2 MP
OFE AL AR 7 £ 12D\ T, Hillary et al. (in press) Tk
RHENTWS, CCSBTO Y = 74 4 b (http://www.ccsbt.
org/) THRPRAXLMPIERIZOXEHMET, MPD
MRk % EPHAFHFETRRH SN TR 5.

IFIVIONERELEAENETE

G (2014) I2HEV, BERT . I I nidE RO
FRE IR U < A L, JRISA ¥ FERE HULIC KT
DFERD S K FEHEDOVEERIC T TGRSR L. £~
FAYTHRREELS—AMTF ) 7ILHREICH F AR
ASHE— DRI TH D, EIRAC DIREIC D A
BER SNV, H—0R ML L TEHINTWAS.

AT, PR

KESFRAARE2 A=V, KEI1S0F 0 B2 5 KM
D=7 THbH. 10KAHETERANBT Y, FHFarld2s4E
DEEZEZSNTWAS.

ARIEW 2 PR L LT HARD I Z MR EDT1950 4548
MBS, =25 7OEEHOEH Lab
B HERIZ 1961 SE SRS DT b v E BT F0k
HARIZCEZEMNE ColBEoHFERFILIH -2 0D,
F—A M) TOEEHOFE EMHEDOTKEICLD, 1980
ERMO T TRHAT b YU EOHEI BN Fo%k, B
FIREDOEALZ LI2X Y, 22 EOMER BT 5 —7,
—a—Y—=F U F, HE BB AYFAITICLBIER
MBENET 572 b 1) EZOH, BFEFAOHKED
BED, I9REFEIICHER, F—RA MY T, 22—V —5
¥ FIZ X % 3 EM &SRR S 7zt 19894 I HR
Z TN %NS D CilE S, EENREENGE -
7. LT, 19%4EICZoBMAZARNILT 2T
CCSBT S LRt 3 EIC & 0 #ar 87z, 200041 DARE,
E, &3 (EXRICFEKREREEOA Y N=), £ V1Y
TOMEL, BE, FELEERIETMEL TV 2.
1990 4EAX A 5 2000 4R IE O MG R IZ 1 55 T b o
L2H M URETH Y, BAKEEIIERED10% Kk
e S, SRS 5.

BAEOT2MPNTIIZME TEWT, 1V P2 T7UA
DIE Z AR IR ORI T EIZ4 10O KM %
WHENREL, 4V FAYTIIEINGICET S 101
DOBMEFHRELTWS., F—ZA M5 7T, 19904
DB, 240 fMmfx PEREBTR T2 ERPEAIR
D, TOMYZMHRTAF—A LT TRKETHOT X
ENRTLRMETH D, FEAEDIF I TIIAARICH
Ish, savxroliEsikEh~rsroo—feE LT, F
WZHFRHEE LTAESNS.

CCSBTIC & 3&E

CCSBT TIXTACIZ X 2 HOE M2 £ 28 I E & L T&E
L TWwW5b, TACIKERICE S h, FNLEFNOENOE
MIMEERIC L D FEIEEEZ D> TITHI 2 LIZR ST
W3, BREBZNOETOREBRREZIEE—HPEIITH
D, FEPHEFNL ETHEBEZED D T EATE DA
BEHOMENIKEVE, BEIEENHELL 22560
5.
TACRFH#ZHAE» L ORH IO E, FEOFHE
ATBRER) o2 ARXFHENRET 5. FFRAR
MM EoOMEE (20-3044), MOrdkE, RS AL (4
2T E) ohd. BLER LB SR NVIIAREREDS
O E T, MBEROAEEREZIRET 572012, #
3H DI H O EFEATRE AR, IR0 T KNS A%
EERATD. FEEM ARV OMERIZARICRESATEBY, #
AIFRFZEESTTACOBERIIAETELRVWEATY,
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AR S AN DME O WIR 2 AFZHRIIRT LN TE L.
INETIT, LA - K=V (TAYA), Yar- K-
T AFVR), VA ATHR) (TAVH), TF 7%V
X (TNEVFY) Bl HREEKEOHE EEE D
OKEGIRF LB AN ZHED TS, TOHM I H
IVHIEE Xl O EER R Ok, mibI /. 230 %
WA OREIZ§ 2R DY) — 5 — 2 Y55 2
E3HD, MPHHZEICOWTR/SVS 23 — ¥ — %5
7.

1990 4E4X, CCSBT Cl& TAC (& & JHFEAM & 35873 o &
PICESEHEL TV BAMICER, FFHEEs
CPUE (Catch Per Unit Effort), F#iflifiERE R 07—
yxb &, Fa—="ZVPA (Virtual Population Analysis)
IR EHFFMETVICE Y, #HEISHAETTOE
R WEIE R E2HEE L, BHROBUREZ BT 5.
EHIT, WO O—EDERDD & T, FRTFMEAT
V, fFROBIRRIE L NI X ) B R TACZ RET 5.
L2 L, BEIITEFRFMGICE 2b b AMEFEED, Zo—
MO EREZFMEIC L, TACOEERELZWF 2. Bz
X, CPUE 5 At Atk o G i % [Cm U 72 B iR ER L
EMET A, WINITIED D o 7278, BIFEIFEREL T
WRWIGETIZAR D L AR TREINPICI - T, EliE
BEARTEHROBMIIEL->TL B, FiZ, 3F3I<7
DX, BEOWMDIZTFT TR TACKREIZL 285 H
FEE AL TERES T W 23 S A9 KRS HR N LT
LA, COMMEIZENE RS, TO L) BAMEFEEIC X
D, 1990440, FHERE S TRIFHGA RICAET
ERVILNEL, TERLAETOARARES TTACH R
ETERVIRIAF N2, X512, ZOBFEIRBOAM
FM %R T 5 72012 1998 4F & 1999 4F 12 Ffli E M7z HA
OMERELD Y, BP0 EMHEY 72w 2 L Fik
THEF—A NG T o a—T—F ¥ RO HAZ EHE
FEECHPFT IR T BICE o 72 UM - 5@, 2002). 2000
I E N7 TIE, S OMBEIZERH TF S FLTIX
HBOWERZPBI LN, ZoOMKRHELZ EZ >
CCSBTIZBIF 2 R% 7T ut 2D ML % R 5 EA
F o7 LA, I I~ 1d 1994451 F S E KR
HA (IUCN) DLy FY A MIHBGEIAK G
Hi) LLCiBBENTBY, BABWREOBILA,S D
BB HEDE W, 72720, 209U A5 4 ¥ ZICIZME
BRI N TWD (KE S, 199).

MP D5

COE)BEHROITEERT ) 2T 720, RERAEKT
DEFEDL &, 2002FEIIMP ORI LN IEE - 72
e B O 1L 2000 52 HIR FE - T 7225, 2001 4E 12
BERBRPLOERLIREL 2T, MPOREIALER
WX WARBENS. WERD XD ITEIRFE R TACH &

DORERIZOVWTEET L L VIR EITRL Y, TACHE
WCHHT AR EEO TV TY XA, EREOBRRC
DVTHFIZAELTBL L) MR TH S (H
1, 2014). Z OMREIIINEG E B TP & o3 42
BdHY, PHEEROFEZHI L L-EHIEZ 5 TW
5 (BRHEHS, HRIY). MPO# 2 IZEEHEREE AT
RANCRFE S, 19944 12 ET45 #7580 (RMP: Revised
Management Procedure) & XI5 MP ASRH S 7z (HH,
2002). L2L, BEHEMESFICEATAEEM/MLL TV
Wiz, EBRHHEEAEATEIVESEbR T 2w,
CCSBT 2 3B1F % MP @ B % 13 Hudul 60 S 45 BRI 1 [ B3l
HRBRIIKCLOT, EEMEZESTE LN T
TIAEPEN TV DLERG D .
MPOBHFET—HRKLELRZ Lid, MPOT VT X AL
AHCH FH HESR O HIRFNOR IR KR LS D
LB TBPRITNER SRV ETH D, %
BT TROONLVERN DL, BHERAEHHRE
(EFEHERRENGO R L) REEAKX, IEANEMb I
JED BT o 72, M S A VDK E 2 Km L, @i
KERMLAZZED D o720 MP EIID & W) FERT 2%
FHNCMAZ T, IF I~ unls, BHEOMERLIBED
MeFp% EAMTZ /D00 E V) A4 X — T 2B ER Tk
HIAHZEDPICHEETH 2. ZD720I2, B
B B TR R A D L ICE BB R EERE D E A Z K
D, LELEAIWREICS SR LM EERT L E 0D
ROMY 2 ARKAEZBEERFRRAMTHE LT 72,

ARL—=FT 1> TETIL (OM) DOERK
MP (3 FE % Bk % e AFEFEPEICH LT, HIETH 2 LEDNDH
5. Litof7zE, REBEOINMANVILGETO VR
WAETH, ) FLLEBEHTELIMPHHBANTHY, DL
ZO LS HMPARIETENE, TOARMEEEISH L TiE
R E SR L. TOREDOZD, T, IF3Ivr00
HIRBREEZ PR EET VE T 2 — % RICE
b, INEF RV —F 4 ¥ Z7ETIV (OM: Operating Mod-
e) LR, OM ETORI > I~ 7 ugIc, MPAEE
ET DHTACICHE - 72X TV, BFEEOZLE Y I 2
L—>ar$528T, MPOMREZ T 5 (Fig. 1).
I E2—% LTI, W HLTHEHOIMDIHINLD
T, BARTATTICHEDSSMPETANTEL., DX
Iy Ial—T 3 X BMP O T T 2 KIEE
PHHEEIE STl (MSE: Management Strategy Evaluation) & & I
I 5. Bl Tk T LD Z YD OM Z o 72
YIialb—varviZihvmEFgshtws RIS
2015).

OM IR T H AL F T L7z, H—REEZ i &
L 724 A O i & FIAER S Z D OETVTH D, iF
W OB OBE 7 MBS IIER L Ty (Kurota et
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al,2010). I+ I~V 7 uDERBEREL BN L0, IF

I uOMESOED LIC KRBT — AR T
FFRLHHETELIIICHADIST XA —F ZHEE L. =
N & &4 (conditioning) & IR, Z D FMAFT ok
(HMEE, BEOBRIFMEIZIZMLETH Y, FEE
CCSBT TlZ Z D&M L7-OM 2 B M€ 7 Vo
N=2 L LTHHHL TS, HWizr— & iy
®, M oRE - ERHE T — %, (22 MCPUE, #itZe
BEHBRAEC L 2MARRE, FREHT - 2L8ThH
5., INLOTF—% LIEX G EDEYERN S, 1950
FARA 520114 F TOE PR, MR TER, MAR,
WEOKRE - SERPLRINE R L0 X =y 2 HE L. W
ERERIRD 8T X — 5 R HIRIEEHRIZOWTIE RO X 9
WL OO IRE L THITL, AEFEEEZZE L7
ez i E =D OMFTET NV THE L TV D & W) Bk
T, TOETFIMIIHEREREIMEE TV (BRH, 2014) &
IFENBETVO—FETHS. OMPMPD T T T Ak
AD Model Builder (Fournier et al., 2012) &9 C++ % X —
2k Lzt 7a 7 5 A 5iETHINZ. 2O0M
[T CCSBT S MBEIICBASE L7z 7 a7 5 L THh A 728, Stock
Synthesis (Methot and Wetzel, 2013) 7 & @ BEAF O & JEFAT
V7 MR LA T, IF I uofFtics
bE7HMPCET MR LR T .

BEWFEM T2 <, MPRIBHOOME L Tfi) 56&
AHEFEPEOIR L R b2S L ) EEIZ R - TL %, CCSBT
DOMBFETIE, EELAHEEOERLEL LT, 87 X —
e DOAMEFNE (FAERR E BRI, KO
7= ¥ OFHEFENE (CPUEREHEALTFE), ETVEEOR

Performance
measures

decision

TAC
(implementation)

MP
Evaluation

Figure 1. Conceptual overview of MP development using OM approaches (Kurota et al., 2010).

EFENE (CPUE Tl O FE MR EIROME) % &% EE
L7z (CCSBT,2011a). Bz X, OM CIZHAERMBRE L
TRN—= b V=BV bREREL TWB25, —#WIZ~< 7
O 7 EOFMEH TR A EEROLRIEELY. 207k
W, A7 4 —7* A (Mangeletal.,2010) & M:-EN 2540
BEREITNSG A= E2H 5P UDIREVSODME (2O
T10.55,0.64,0.73,0.82,0.9; 2 TlAFNEN%2 ¥+ +
EIER) ICEE LT, o855 2= 0w iio7z. L
"L, TOE, ETNVOHEE/RNSOMTL 79,
ZNSOTF) A O EEEZ &9 2 5 0H KD
MEE 2%, SHMOOMBETIZENZENLD Y F Y TR
WG L TCEAZDITLIEICL. LEEIEHLET NV
DY ETHEINTT—IDVPELIEEOZELTHA. T
bbb, BEIZXLYF)FOEADT EIIBNT—5 %
IHATEL Y F ) F I EREERMRZLALTH, B
MDA F ) F IR B L 2 ERT 5. Bk
X912, MPOFHII CIXFEHMN IR L FENZF TR, &
TREDS TN F ) FZE)RUTE LR RL20, 8
T A — Z D5 AG DRI E 3 O NV EE 2L T &
bdH D, HRIECERL EMOARTHEEEOERICOVTH
RIS IO A DT % L7225, CPUE Tl D4
EBERINE O ED L 512, BEMFROHIWCEAZFHATIC
B L2 BEWNbH o7z, Rl BEROMAGLEIZLD,
320 BY O FVFEMEL, TRENOYF ) FITHE
EARAZDITAHIZ LT, REHIIMP DT A 22000 >
UAERAELZ. ZOYFUFDEy bECCSBTTIE[Y)
TJ7 LAty b EIFY, MP%ZEHET B0 E 2
HYyFUFEy bELTHHLZ.
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V77 Ly Aty b TEEINIATHEEEOER DA
b, MoAHEEN (1212, CPUE & &ifw & OIEHE L
BER) e ki (Bl ZE, IMAROZR) ZHEELL
FUFEMEL, MPOX SR 5EEEZHNZ. 2h
5DV F ) FITBIT S MP ORI [HEEET A N LI
I, HENEEZELT, BTodFr)FrAHEsI .
AL, MAD R WHER R o2 R &, ERIE
WIZHELWIRRTEZ ETHEIATE 2008 vy BEhcH
whHitzz.

DL, MPDFT A LD, 72 EADYF Y F
HEL, BA R EEE L2, YREENOZ L
B AMREE L H B, 20X ) HBITM Z IRIEIZx T LT
i, TAZ V=] (FBil) L) BRRED 7T —F v —
FedHoMrLOMBEL. YIal—Ya Y THRITES
CLIWERAED B0, MELZE AWMLY 2
T, SHLICHEENOZ LI L EHHAICHELTE
CSEDEETHD.

MP DAERL

CCSBT T L7 MP 1L, EZMCPUEL A —A ST
KEBTOMERBHRATIC L 2MARERRL L% A7 —
ZFELTTACR*HETHLDTHSD. MPET A MTHER
i, CoHEERABML, "EoBREEREOT—5
EOMMPH I EN L RROBER IR T — 5 2 H T,
MPIZX DIk DTACZ B ET % (Fig.1). OMIFZ D
TAC IZHEWSED T b NG 0, BEDIF I T aD
HilEEBHEERE Y Il -1 T5. ZOEFEIN
BFRERKICKOEX, BFOKROTACE MPIZ X Y EHEET
b, FENEFNOYF)FIIHLT, TONV—T%20124F
M5 20424E F THED R L TR TFMAEZ 1TV, MPOMRE

L7z, MPAYELSET A DX CCSBTEARDTACTH D,
HEARMWICHWEM N O BBEEGIZIEMSE L. M
CPUE & 2t H A HRAS IS X 2 A8 803 TAC S & AT
M7tEHT, S8 M6 L CHHWREZE Ebhd Ln)
HEPTRIINZ., 2BOMETIRMET— 7 2 384 3¢ 51
EBIEREZ ML, S 5ICNROMARZES) CRkTPH
DAMEENE) bEB L. MPOBEAY Va—LE LT
&, BiETTOF—% (7L, MAEERIEEDODL D
FC) 2T, B & EDF3EROTAC GAERIEFE LiE)
REETHI L RMELT.

MP (Z &I E O E 2 H w2 s L, B4R
BETHEr Va7 B2 7V TY) 2482 H
DHONEL, —FHMELDIOTEEVE T Oy s g
VETNERM S OT, @EOBRFECHEbND X9
HHMRET IV (B ASHREEEIREHEE T V) 2 H W
MPIREEN o7, THIZERERLHERREZICD
DR TOVMPALIN-Z LR, F—F DkFE 4 F)
FHTTRE: % 8 L CHiMi e 7V TR Z T 51380

HHAOMM S5 MPIZG- 2 5N TwhnwZ e, Y771
Aty FEFTH2000F)FICHRBBKEFHAEZ S
RPN HEE R E O o7z Bbhs. LYK
PR RMEE LT, iR ETFTVIEEET VORI
A LTZBOHEREE W E WS HELH 7200 Lk
WA, CTORICHET 2N A IS BROBETH S
9.

Bl LT, WM 72200 MP 23T 5. —
DIZHADBIFE L72HK7 (MP&IZBI%E D K412HEDL)
LIPIEN D BA TV TY ALK MPTH S (Kurota
etal,2011). TOMPIE [#@E744MDCPUED ML > ||
& NEEEMOMARIRE HEME OXN] 6 2h
ZNTACZ KD, TORNHZRFWITRTT 5. MPIZ
WL ODOFEINT A= I WREFTNTVWDLH, TACHZE
IEDFER PN B L) BT A= HPRIINTE. D
—20, F—AFF ) 7HBA% L72BREM (Biomass Ran-
dom Effect Model; Hillary and Preece, 2011) & ML % €7
VNR—=ZADMP T, FTEME B S K2 Y H
IR BRE 2 E L, CPUE & N A R S BLE O &R
wEFROM, MARZHEETS. 2L T, Thboif
EE HEEE OXRD2 S TACEHET 5.

MP O 5Ff

MPIZKE KT T3 o0@in, (MR ORK L], [
BOLRE] [BEORE] OISz, HEOEH L
LT, RO KL BROREIERBIRVZES
. THITMAT, R (TAC) OFEFHZ/NS L
WEW ) BRAEICHSERRE 2 SN, AU
REEESEY, BEORE AV TRILLAEDT A0
DEIHIT, COBRERWLT, REMICTACOETIZ]
I, ZEIFEO LTI +3000 MY gD 5N (B
A, TNOEOHIFIDY) A7 LHAIFEM L 72) 2 TE
WhHEZPRELZ). SROH3DOOBMBICHT 5EREZ
ERINEHIIS 572012, 87 4+ —< ¥ A2 WL oph
HEL, TNOOMEE R TRHRTFUMOMREELERY L. £
NZENDO3DDOBUIHT LT 3 —< v ZBEOHIE L
T, TRSEMOFYER, HEROFELHRONY
TR ORANEIRE R ESFITEN S,

MP OFFi 247 9 BRHICE R 2 2 L1, FHoOMMEM O b
L—F*+7 (CHER) 2 ELLALZETHD. MP
DORFEEB L CEMINZ &I, 3 o0 % [ G
723 MPIIAEEE S, 4RI TR ORK L] & [HHO
], BIXUOTHEREORE] L [HRORE]IZIE ML —
R 7HMAETHIETH L. 2% ), BEORELEL
T5E, MERORMLERELYHLIHEREIIESS %
Bwv, 2ok RGE, BEOFHEREDNNT VA0
EDHIZOWTEHEHERAERREOGEN AT RTH
0, WFZEEDIRRT BTSSR b LA b R AT D
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Nz, B bHEONT + —< v ARE —DOOMEICHE
L, “oEfbE T 7T 7 a—FbE2 50508 (i
M5, 2015), EOOIIEENEFNOIREOEADIT 2 L
HEHENDEENVEL 2572, CCSBT TIIHEA LD
ML= FF 7% A THEREZRDOL L EHEA
72
IN6ED L — N4 7 OFFTEIE R % 5 MP DETE % HiK
THBICHMEE 2 5. Bz, [HERIEIZ VD, BE
BOD %L 5] MPE [HERIID RV, BliE1S
X %] MPOBELZHWTL L) 2BETHE £ZT
CCSBT TiZ, HBEAERIIT 570, GIROYENLE
IEEFE’%(?E%?J:“) %MPO)/\7X Y ERELRD
e b’a*:tt%ctt. BIHBT (B ERE % g
%%@m%*ﬁt@@@ﬁag%@ﬁ%f@@éﬁéi
EVI)LDTH D, EWAE (20354:H 513 20404) R
R (60%, 70%, 90%) DEMIC X > T, FROEIHR
HEGESAKELSLEDY, MPOEELEPEDLLLELH 5.
7B, CCSBT DAl OB HEL [HAGIHR% 2020
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I 1980 4E K IEICIIE KB B | Th o 7275 DHITER
DA RISIEN T EAB L 72720, MPOBZEIZE DY
THMHEED BLE L2rbiv:., LiLoE e 245 8L H 12
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Figure 2. Results of future projections (left panel: catch; right panel: relative spawning stock biomass) under nine MP candidates for
(a) the reference set and (b) an example of robustness tests (non-linear relationship between CPUE and stock biomass) . Trajectories
are represented by the median (thick line) and lower 10th percentile (dotted line) (CCSBT, 2010). BREM_1 and HK6 were selected

as final MP candidates in the MP workshop held on June 2010.
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fEdl & LT A (CCSBT, 2010). 45D MPIZIEE ZDH, WHOF—FIZEBOMOEHTOFEF (0
Y F V) FOEEET A NTYH, BiEEEHWERTHEX FER AEOEREEIW SR o 72) ATV, 20114E
H5HIENTELNDFHGIS 7 (Fig. 2b). 7H O##ZH 42 CTHK & BREM O LI 23T b v 72 23,
Bali MP
Observation [Simple stock TAC decision rule \

assessment

Longline An.nual .trenf:i of non- TACL
CPUE Non-juvenile juvenile biomass \
biomass <
- Relative level of non-

W

Aerial - juvenile biomass
suer:/l: Juvenile TAC2 ﬂ
indexy biomass [ |™ Relative level of

juvenile biomass

¥ ¥ N

e\ /
Figure 3. Conceptual framework of the Bali MP. Biomass of juvenile (recruitment) and non-juvenile (sub-adult and adult) is estimated

by a simple stock assessment (biomass random effect model) from longline CPUE and aerial survey index, and then TAC is deter-
mined based on trend and level of these biomass estimates.

(a)

Spawning biomass (10° mt)

Catch (10° mt)

2015 2020 2025 2030 2035 2040 2015 2020 2025 2030 2035 2040
Year Year

Figure 4. An example of future projection under the Bali MP (upper panel: spawning stock biomass; lower panel: catch; CCSBT,
2011a). 2000 trajectories are represented by the 10th and 90th percentiles (shaded area), the median (thick bold line with squares),
and 20 individual realizations (thin lines). 20% of unfished spawning stock biomass is represented by a dotted line in the upper panel.
CCSBT decided to increase TAC gradually from 9,449 to 12,449 t in 2012-2014, though this example shows an increase of (a)
3,000 tand (b) 0 tin 2013.
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