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AEEREIT L -» THER S D HOERFEMATTH N
£ LA (P 52006). WX EHFhIc L8 giEiE
it EERR B THEshTs, +a&id
SVEBVIKRT L. 2058, BiEL L cofilfh
M AHETE, FCABICH~RSEEEF—7F -
HEPFENRMROBFIENTE Y, FTERIENFET
fTbhTVA LI UEEFmEZTH> L EFELVLOT
Brawh?2E0S BB Tas, #7775
S UEYFERNTRMROMERLREICE - T, "HiFEl
WA HOGEEFHEOPT T b mLBEELSV" LIS
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North Pacific Ocean : JEACEF % < AEEEHEER
B2) s»EERESSRLMlaTE L, EREFD
3 &Y ¥ OEEFHRERICHANEL T,

(International Scientific
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33 U2 (Prionace glauca) (3. # o4 2
fHicB L. BRRER dmicRESAB o+ 4 T, R
DOEFIR~HREFHONFHEDLICILS AHT S C
LhHmshTuwEd (Compagno 1984). 1AW arfhls
IZHLT, KB RREEH, KEERFRESHoq
icb b, LMk - THEAFFETI LV
HER TR AL - T0E T (hE1994) . BT

AKiRE56—280CEBIL VWL ¥ ViThichETH
(Nakano and Seki 2003). JbAEFIcHEWTIEERG-
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HHEENTVET (Kai et al 2017). la&EINGSE
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DO EWRFEM L. ISC Shark WG &SPC (REF 4]
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FEEA, kiBFshsy 2 EokE, 8. HH%
OF— & 2EERN " cilE, ELTvwET (®3).
CHSOBMATINRLEY ¥ T AP F— 2 £V

E3. |EHECHTsIvFUYSAORERS. SEICE,
1MEEAZIF U ADUDMmEFICTS BohiziE
ATEHDREDAEET > TS,

BCHRD 5 5, FichmrEritERodEiciiy AL
FPELITCHNMLET, —doEyHEEG. K[UE
it % 3 U, HEEFERE R AP o
Kt RESEY 7 v — 7, RILKKER AR ENER
oo Whick-TaiEsunF L,

O BEIcET 5% A — % — (Fujinami et al
2017)

#HEOHABICH L T, BSOS 1 X, BB
ZZREH], HHER, iR, B THERE
L F Lize FRic. BRIV TR, Ekoifx
Xy b ARAMOfEEOHHERES HEH, k1S
s h T EFRoS/NFhoRMEIzH LT, IE
BOPICES (HIEEERAL, A A 1FEESLDDE
HEFEDERL DBV EERELE L, .
FREHIc TR, BEAE U CHEREEEERES
A &ickb, FBFEBEOIPREPEZEHRlICaHr L.
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Eo4) offtEE+ LT, Efffobizugyodrs
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ment relationship) @+¥3 2 — % — O HEERHED ]
Lico4doF Lk,

2 HTHEEOD~ 5 2 —% —#F (Kai and
Fujinami, 2018)

FCHBOERFMMTIE. —ARAYICBeverton-Holt
MoBEERNE (HoBHBA 5L EERECED T
DEHETHICL LRI 200E L - EEF AT
bhiTtuvEd, E{OEFRETER. —BIELTF
(Z{ DA DEHZL{, MAETOEERHE
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(LFSR) #2013 icBF &, MIHTT T3 ¥/
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(HEERGOEEKRFEDRICES) VW) 2o07
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HET 2L ENDD F L1
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LFSR®D¥ 5 A — % — (Grcd B8) EHEELE L
CHICEDSrnl BD 20D 5 4 — 7 —DHALD
H4& Ao @0 onfiettdh s 1 @0 £ TEVAD
CEpTE, RO EREARZ(NE TS
LichREILE L, £/, COfld, hodlashy
OFAEEREENTEFLOYTREDHBVLELTHE
mEhFE Lz

@ zZoftoE st —5—

[ &E] WEEHSSVKETSH - 2198041zt
~T, BIEEREKE (EFERE0EKEH) THS
010MEAT IR, BEDRIc L hikEClEcEEd 507
A= —BEALTVIAERLFA oo,
GEFMOEE LS 51, Fif- kB AHEE
TAZLRENEYFE LA, ChETHVWOR T 2D
(1994) OkEREZEHF T IcHic- T, Bl
PGt BEYEO SV burn method & W9 Fiia il
B E k&7 L (Fujinami et al 2018)., i
ICHERESE A 5 & &, AR (19809FCHIF £ 20104
L) tREUBEOE(LEIEOWC LEHLMCLE
L7z (Fujinami et al in prep.”). HEkai o,

HEOEAGBELRELRVEEDShEHATL,
ZOMALELT, GEEOE(LIEEHREAF L&
AHETEAL - (1980 FERDBIERHE (HES
NTVBAHEN L S8). 19808 I EEH RS+
SHCHE R L TOWEh - L FRA BIREGESE AL o E T
P, EFRGEMic W TRRFOHMBREZEFT I EIC
& L SEOEETICED, LEIGRIBETE 4
TAEENONR (GEHEEM) L5804 v 7» F7—
yELTERESNE LI

[BZF ] aEohTLEHG, hodifd s
FA—F—ICMHEENS S 2 AT, EEE - Ml
BlO AR CEOBEHMN—BRAITSH O, BilElo B
i Tid. Peterson and Wroblewski (1984) ick—
CHEEEmARVSHhE Lz, SEL 204FEICHV R
EEEEBET Sichich, HROHEFEICLS
EREEE L hThoZSERALEL L
(Semba and Yokoi 2016). T D%, AMHEFED+
NYOEFRFMTHVYS AR ~<— 2 DfEER
(Walter et al 2016) %@ L /- BARCEO#ER A
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5, dbRTERIFUFADORTEF. #MIEENGTHOE, BayEHNTNASREEET. EOEEN Beverton HoltB THRO=EA
Ricker8E&R L., TNETNOEOSEIHHEREREERT. SRTETEBaverton-Holt R OEF # 1 Base-case THL o7 (Kai

and Fujinami, 2018).-

¥ Fujinami, Y., Semba, Y., and Tanaka 5. Age determination and growth of the blue sharks (Prionace glauca) in the

western North Pacific Ocean.
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RMOERITMEER (ISC 2017)
=EHoEEFMIF. 201THEICBSP£ 554 EA L
TiTbhE Lz, RidBOMEIcX-T. SSiIck3
WS S L CEEIRE i L (GRibEIR
1971 2015%E), SEHOGHERROD 2710 7 ¢4
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HikRicbas o LBV boo, LA EFEDI VY
Fo4 i, EEHE ST aMlENS 0, BREOREEN
BB BETHRICHLELT Y TLERDH LI LM
Txicicdh, GEFHLOEEEN LdaZ &biTE
Lz REBORBREEICIELZ + — F59 27TV
EVohiF—yBEocEREsLTWA S, GE
sl DR PR EAEERE T AL S ICLHT £
Lo Atafsfidbbiasod, 25 LEROHEA
ICk =T ARG HAEHNCIHEL L, BTl R
FRRT A LTEEGBFOEELLEECHET AR
biFsoidTET L, FAZAV—THICEVWT S,
SWmFEEE Y, EREEREYOR 7 » 75 L TH
DA CLES, BEROSIERBICRM LD LR
CTuhET,

“HHLTEDLF— 794 v 7 hi, BFEFEG~
DHEREWHBETRIC YD EHERTEL-OE, &
THHEER >, VOEREZIETHVILL &
BT 2HBNERO ot ol O SEER
AELoo, TOHREEETLLVWEIEMD L LT,

gl &6 % B E D { S OBEOFEMFIRICEY
HATWELVWEELET,

—HOFE « WHOERICEL Tsiigicii-71-4
TOHILPSEBILBEL LFEd,

Ell=ha

Compagno, L. J. V. 1984. FAO Species Catalogue.
Sharks of the World: An Annotated and
Mustrated Catalogue of Shark Species
known to Date, Vol.4, Part2 ! Carcharhinif
ormes, FAO, Rome, 655pp,

Fujinami, Y., Semba, Y., Okamoto, H., Ohshimo
5., and Tanaka, S. 2017. Reproductive
biology of the blue shark

western North  Pacific

( Prionace
glaura) in  the

Ocean. Mar. Freshwater Res. 68 © 2018-
2027.

Fujinami, Y., Semba, Y., Ohshimo, 5., and
Tanaka, 5. 2018. Development of an

alternative ageing technique for blue shark
(Prionace glauca) using the vertebra. J.
Appl. Ichthyol. 530-600.

mE IR « JEPIRlE - TNk 2015 S BIEH
FEfli € 7 /vstock synthesis @ #iat 4 % B i
H7ks 81 : TH6-T61.

IsC  2017. Stock
projections of blue shark in the north
Pacific Ocean through 2015. ISC 17 Plenary
Report and Documents. 95pp.

Kai, M., Thorson, J. T., Piner K. R., and

M. N. 2017. Predicting the

spatio-temporal distributions of pelagic

assessment and  future

Maunder,

sharks in the western and central North
Pacific. Fish. Oceanogr. 26 : 569-582.

BHEE §0 « iRk 64 2018 3 w5 U 9 2 ER29E
EHEE R ERORN

Kai, M., 2018. Stock-
recruitment relationships in elasmobranchs :
Application to the North Pacific blue
shark. Fish. Res. 200 : 104-115.

King, J. R., Wetklo, M., Supernault, J., Taguchi,

and Fujinami, Y.

BLCEFS Y ARAATERES [ \OREZNHYES ST LF UTA0H |9



M.. Yokawa, K., Sosa-Nishizaki, O., and
Withler, R. E. 2015. Genetic analysis of
stock structure of blue shark (Prionace
glauca) in the north Pacific ocean. Fish.
Res. 172:181-189.

Kleiber, P., Clarke, 5., Bigelow, K., Nakano, H.,
MecAllister, M., and Takeuchi, Y. 2009.
North Pacific  Blue  Shark  Stock
Assessment. NOAA Technical Memoran-
dum NMFS-PIFSC-17 : 1-83.

Mangel, M., Brodziak, .J., and Dinardo, G. 2010,

Reproductive ecology and scientific
inference of steepness: a fundamental
metric of population dynamics and

strategic fisheries management. Fish Fish.
11 @ 89-104.

hE AR 1994 JLAEFRCAETEI v+ Y F L
O & B B X Ul BT A NI
HIEAREMAR HAHRE #8315, 141-256.

Nakano, H. and Seki, M. P. 2003. Synopsis of
biclogical data on the blue shark, Prionace
glauca Linnaeus. Bull. Fish. Res. Agen. 6!
18-55.

18 Skt - Bk 758 - Shelley Clarke - il #5
+ 2006 RGFETHSH TEBS Lo AAESEY
A HOGRFEE -ICCATH # BEFNFME7 —
2 vaw7-. HTlEE SH. Nodd 143
149.

Nakano, H. and Stevens, J. D. 2008. The Biology
and Ecology of the Blue Shark, Prionace
glauca. In Sharks of the Open Ocean.
Biclogy. Fisheries & Conservation. Eds by
Camhi, M. D., Pikitch, E. K., Babcock, E.
A. Blackwell Publishing. pp.140-151.

and Wroblewski, .J. 5. 1984

Mortality rate of fishes in the pelagic

Peterson, 1.,

10 | ECIZEIZ 3 Y ANERTENET L ORENRUES D ICCFEN I LF UTFADE

ecosvstem. Can. J. Fish. Aquat. Sci
41:1117-1120.

Rice, J., Harley, S.J., Kai, M., 2014. Stock
Asgsessment of Blue Shark in the North
Pacific Ocean
Using Stock Synthesis,. WCPFC-5C10-
2014/SA-WP-08. 83pp.

Semba, Y. and Yokoi, H. 2016. Update of age
and sex specific natural mortality of the
blue shark (Prionace glauca) in the North
Pacific  Ocean. ISC/16/SHARKWG-1/06
24pp.

Taguchi, M., King, J. R., Wetklo, M., Withler,
R. E.. and Yokawa, K. 2015. Population
genetic structure and demographic history
of Pacific blue sharks (Prionace glauca)
inferred from mitochondrial DNA analysis.
Mar. Freshwater Res. 66 @ 267-275.

Taylor, 1. G., Gertseva, V., Methot Jr., R. D.,
Maunder, M. N. 2013. A stock-recruitment
relationship based on pre-recruit survival,
illustrated  with application to spiny
dogfish shark. Fish. Res. 142 ! 15-21.

BEAR., W, LS., #00E e R,
ELEHE 2014, RUTRHEEGEE S CA A M
fafn oFIER Lic 4 2 @BER. EHEREED
7% 12 :19-34.

Walter, J., Sharma, R., Cass-Calay, 5., Ortiz, M.,
Brown, C. 2016. Scaling natural meortality
rate as a function of length or weight with
an  application to  yellowfin

SCRS5/2016/116. 19pp.

tuna.

(AERFE R KETHEBE RS E - R HED—
RELTERBEINATHET,)



.u.mi'
2« pna.qsu-no

BRF@EICH T I EYMERROEEHICONT

DoE - FCSERYE FIEBEERSL—T HIESE

FUSIC

AT, KEOMFEEEREScientific Reportsicig
= A3 “Impact of biology knowledge on
the conservation and management of large pe
lagic sharks”™ (Yokoi et al., 2017) OHNEIZ2WT,
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FiEEh T R ORER ICREERSAREICEENT
W5, @RS EOEYIFEN S5 £ —F DTFRICK
TRSCELS, $hroBREREENLTVELVE
ThHaHILHMAIGNTED, EFFHORFEIC TUE
DRHBEZ HELEEFEAGNTT, LL, ThET
DEEGFEMTIE, £33 A — s OFBIcoLTIRIE
LALER[ENTVWEHATLL,

FCT. AfcbE, BEFRIcEVLTROERL/S
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Adult female sharks

FEhoGotMEOEWEEOREEET 55, 5F
flcERr L £ L7,
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BinEThHh, EEFNTEEREE oy s va v E
FhDZi—2LLTE{RHIGATVET. —A.
C OfEEBHEmME G, HETHERE T VLS bR
TEIEMTEE . K iciibEkEAEHE: 7
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EAL VDN ETNWIWEEPERE D/ 25 £ —
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TAlEFLE2EEL, BEoNEick-TEIRTL
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BHEMEREhREA0.38 T, mEmARENT R

Longevity of female sharks

=g Survival sssp Adult male sharks involved in mating

ﬁainh

—9 Adult female sharks involved in mating
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0.195&£ 0,533, 74  # O E KB ME b
0.102T, m/hE AN ENREN000TL0.318LHEFES
nNElLi (Fl) IvFYFAEZ2VTE. HEO
FiEGE S B TE s o ARSI, SR E B
ETL@BDEHATLLEY, 7443, HEEHE
Efli CHEE STV A L 0 S EEEEMESE LS
AffEAREEhE L ().

COFEE. SBROGEFNIC L - TEECHEEIC
HaEELZOohET, PIAE. ICCAT (KFZE ¢
AHEMRHEREBESS) it A T4 ¥ A ODGEEMT
3, FFECEVERBESDE ARG shTOET. L
AL, RO EEEEENEE O - G E 7 v
CPUEARES AT OMNAHETETLE A,
AHERERERA VB LIk b, CPUEZE S % £ 3181
TXx AL INEFRFLFHRVBEONE T LAHFFEN

ERT M TROLEETEYVZFORBCBER
LZlElOWFE» S AT A BHOBHFET, xbH
EREWrOlRE,. KRICBET A bDTHE T &M
flnE L, lELT, 7492 OFIERELD L,
Ao EH BRI R EELEA TV LD,
fokAERTT (2 [), EORAFEENIE L
I EBEETHEIREEML. FCITEL 0 6 HFVE
&, EEs iR RE R LTS, 2F 0,
i o AR O HEE T A EETHE RO FIC KR E
BEEEB5ZTOAT LML LA, MOHEESR
HEREO I E TOREG 6 ~2Li& & IEFICELIL <
H-TOLETH, ChdEEERIcERT SRKICK
EUEBELTLALD T, BEMNICAEC - T
WaDhins s, AL THLAERERERCHET
2TH, REMNEDERICHIBEL TL L0 DERE

£, AR EOAS D, R E L TR R 7
BEOHBELTVES, Bic, 749220 TR. &
= AFRRErERtiERes Oks  (Yoko et al, 2017) —ZF&EE, 54y D5 LIAARERE.

| fRéTE M i HECHWE=ET

FoFYF A median = 0.384 (0.195-0.533) BAF ‘Two-sex age-structured matrix population model
0.28-0.41 AEE Bayesian surplus production model
mean = 0.337 (0.250-0.428) AP Age-structured matrix population model
median = 0.286 (0.237-0.334)  dbLAMAEFE Age-structured matrix population model
mean = 0.30, sd = 0.045 AEE Bayesian surplus production model
0.169-0.599 | N s Euler-Lotka equation
mean = 0.297 (0.214-0.373) SEPEEEACEE Euler-Lotka equation
mean = 0.259 (0.198-0.317) AR AEE Euler-Lotka equation

TAF A ‘median = 0.102 (0.007-0.318) 4K “Two-sex age-structured matrix population model
mean = 0.132 (0.093-0.166) JERTEF Age-structured martrix population model
0.014 KPEFE Euler-Lotka equation
0.073 KPEFE Age-structured matrix population model
0.058-0.059 JERTEF Bayesian surplus production model
0.058-0.062 RIATEF Bayesian surplus production model
0.075, 0.050 | N s Two-sex stage-structured matrix population model
0.010-0.079 | N s Two-sex stage-structured matrix population model
mean=0.030 (—0.047-0.101)  dLAEF Euler-Lotka equation
mean = 0.114 (0.056-0.170) #Y 7H+4=TF  Euler-Lotka equation
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LEEUHMELGWES, Chit, ot 2 Ep=5

olicbYT A MIEHRL AT T,

a b
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Cumulative survival rate up to age 40 (%) Cumulative survival rate up to age 40 (%)
c d
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Cumulative survival rate up to age 40 (%) Cumulative survival rate up to age 40 (%)
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1. EREEEMOR LSRR TE. £, BT
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HBH 7)) Ly TE BERADS T A - FHEEDFRER
ICHEASZ 505 TT, Al A ETERKHEE
OFESNETH O . RERHEE L BT RKBEERD
ERMEOSNEVLENB LAY, KEORAE R T
B0 5 2 =% (L) B#DIcHEESNTLES
e s b 4, B, KEFTRLBAVSH
Tl Avon Bertalanffy@kER 2, —FEoREE k
Db ETRECHEBRA(LIVEETLICLEEZEELT

WA EFALTE., Ll Al s Eodicil
KRERCEDERRBARZSELAEL, BED
KER,SHEES i 2RAMEEERE < L2 HEED
HiESHEshTWAELBDET, TH LAED
E%von Bertalanffy® iR T#HT & HikickE
HeEshtlhztAi, REAOKERN Loi-HITiE,
FHBAEOFEL T TRUEL, Yy TV I FH S~
PEMOKEL VLAHIBHRICHVT, FufES£T 5
MEBTTETVWALALARFATVE T,

=3 A P s

LElOHX . B SKEROYETEHLL —
EEL SN AMREEH-> THEL £ L, KENM
il E Lichs, REMICHEERLATEEL T,
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Bicid, W TERER L cEBRSEMEs SR o
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LT oo 3 ER]. s FOTRE
LTl FcEInFHATLL, oK
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—+#— Barmeio st al 2016°
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MY vo¥s b 7 72 4 —DEVRFHEECBER
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CEhbLhTHAN, SERYEZHNETLET
WEEOF4icbLTbEtsahidEued,
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Yokoi, Hiroki, Hirotaka Iljima, Seiji Ohshimo,
and Kotaro Yokawa. “Impact of biology
knowledge on the conservation and
management of large pelagic sharks.”
Scientific Reports 7, no. 1 (2017) : 10619,
Daortel, Felix

Etienne Rivot, Julien Million, Jean-Pierre

Emmanuelle, Massiot-Granier,
Hallier, Eric Morize, Jean-Marie Munaron,
Nicolas Bousquet, and Emmanuel Chassot.
“ Accounting for age uncertainty in
growth modeling, the case study of
vellowfin tuna (Thunnus albacares) of the

Indian Ocean.” PloS one 8, no.d (2013) :

eG088A.
Ochi, Daisuke, Hirotaka ljima, and Hidetada
Kivofuji. A re-consideration of growth

pattern of skipjack on the western central
Pacific. WCPFC-SC12-2016/SA-1P-08, Bali,
Indonesia, 3-11 August, 2016. Harvard
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oE e T CAEAENS L L F oS TR
ThEHOFHEL-TVET,

@ AvAroEmikE

EiEEmE 7 AT, WRED “EHRINE 18
HEHEEOLBICEEL L IEMEH TS, fEOE
i KEAINET 5 Hikic 3, ARMEBCE S WA
R#kiE, B, FHE. BEAGSoBHECE SO E
Wl R, B P R o L R R R
BifohE 4, PREKEFED S v 4 ERGELE 7 v
T, FopikEIHRERMKT— 7 Ic&bE L LHIC
HEShTVET. COHREABRCHESAERE
OHRESOAEELELDELE (W3). 2O
HEOROAERFENERICEA 2 EEIC> LTI,
P, RRCET AT XEHETED STV E
KRET 2L, KEABROVESICGLVBEVERTHA
LB EMS, BHEROHEMEEVES L HEL
TREL G LA EZ ORE T, L, ZOK
ERRERERLREAMBRICE - TET B0 CtET
AP LECTEDEST, ColERicovTHEK

B3 SEihcEESNEDREIEAEE A YAORESL (RE © McKechinie et al., 2016). EFUKHTHE - DB =hzERBNERIC
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