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I. FUBIC

HIBREMERE O 7 E 2B - T 3SR T AR
P—E RO BEHLER D 5, EREA AR LR
B4 (Food and Agriculture Organization: FAO) DR+
Tick s e, FH1 AL 192 kg DKEYZERL
TEYH, T05H5D866 %M IELLEIHIN TS
(FAO, 2014), #IEIC BT 2KEMDEED S B, #76
% DS IC & B A (JR D IRMBIEIE) Th Y, W
ARANPANBICEZ 2 LAY —E RIFIEFICKRE »
(FAO, 2014), To & 5%, JPEAFHERE, FAOD
HHSX TR O D 6 %OHRIC L 27z 22 \»ws
RO IGREDOR 27 %I Y7 2 BHIGBEDLH b
(FAO, 2014), AEMESHFECRL EWIERE 2o T
% (Fig. 1),
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&, KPR AE LB ZE B (Pacific Decadal Oscillation :
PDO) % PDO index OFF 52841 % £ 5 K5 — e — &
RERDHARE DI TH B L Y — L - 7 b (Kawasa-
ki, 1983) & L 7z s (Bl 21, Takasuka et al.,
2008, Fig. 2) #/RL, &KffECchHDB L 35~ 50 FRED
F TN ZALT B, PDO ICHHGEL T, JbAEEDPE
B3 & O AR & B TR I KRR 22 S RF 5 2 R L
D5 10 FRECHEE2 2SI T2 I EPH6NTHRD
(Mantua et al., 1997), %7z, PDO®LY—L 27 |
WKHIGELCEY 7> 7 b OBERDRESLHT 2,
B 213 1970 FEARF DL o — 4 - o7 PRI, 8T
7 v b rBfERY, HEO R (Chiba et al, 2008)
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marine capture (tonnes)

Marine capture in major fishing areas. Data source: FAO (2014).

7 T ANETHEML 7z (Brodeur and Ware, 1992) @
xt L, ZZo#ig (Chiba ef al, 2008) 5 YU 7 4V
= 7 i T 34 L 72 (Roemmich and McGowan,
1995) T &L TWwDE, INb0EEELZ T, AfE
RELEPRECVEZEEZLNT VS, — /7, KA
OEFE LTE, A7 Y55 OEINGAOKERIHO
ZEHBF204FE T2 H L CE b (Shida ef al., 2014),
PDO % L & i3 T B Ein v Iic B Ic Bl 3 Ml 186 4
fR#) (Osafune and Yasuda, 2006) 7% & O BRI EICG
BLCEHL T AREEDSH 2, 2 TRICKFED
Bl &R U7, JERVEFEIRE) (North Atlantic Oscilla-
tion : NAO), RPFEVEETFHIEEZLH) (Atlantic Multi-
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Fig. 2. (a) Pacific Decadal Oscillation (PDO) index

and (b) fish catch fluctuation from the beginning
of the 20th century to the beginning of the 21st
century. From Takasuka et al. (2008).

decadal Oscillation : AMO), bHRE) (Arctic Oscilla-
tion : AO), EMRE) (Antarctic Oscillation : AAQ) %
ZNHIMBET ALY =L - 7 MG L2 10 05
B0 ER 7 — )LD fafER R I AR OB 4 i ot &
Tw3, HIRREELEIZC® LT 5 REELL AL
DTS 2T, Ch o OREEROHIREIEA OIGE
X, HIERBI o BlEEIC O %R d 5, C D, YW
18.6 A 4R Bf < M BR B D S 22 Bl i ffE 5 BREGZS BT A
L, EOX5%Ah =R LZ2ELT, KEEFRIIGEL
CELPZEHOPICT A ENEETH S,

KIRFTIE, RUBELEHIIKEERDOLE) G 2 58
PHBT 272001, TNETIRITONTE KL 258
ZHE2HTRNL, MEMEEET 5, F3fic, 20
MR AR 272 REL, FAHice YK
SRR 2 O FRIME LRI oW TRIB L, 5
ficHBROMED T I OVTEET 2,

2. ChETOHR

IKEEERZEBNOHARN2E 2 H & LT, “Growth-mor-
tality” hypothesis ( Anderson, 1988) 3% %, Z#ix, &

BHE (1 206 EHEE LI Vb 0) BHEEOREIC
BoTwBEWIRFHTHD, KilT2ELLUTDI>D
FZZICHEIEN D, 1) “Bigger is better” (Miller et al.,
1988) : fAEMAKE VT Lic &k DHEE & 7k 2 A
L, BM L7745, 2) “Stage duration” (Chambers and
Leggett, 1987; Houde, 1987) : ff-fail o a5 72 KF i 2 F

CUID IR 2 2 iz & b AERED W 1T 5, 3) “Growth-
selective predation” ( Takasuka et al., 2003) : {etHEIRAE
OGS BENICHIEIN S 2O, RENIE
VHEEEEZRL T KO ER LD, EiO 3
DOEZBPTCVE K IICAZ B, LEEPAEK, &K
5, fFAUIHE, BEE (FROEERE) o>b0lh
WKLo TREENTWEPEVIHRTELZ->TWS, L
L, FERMICHETL 245EIEZ, 320 LEDGAICE Y
ThH, A2 EREEROBEAICL>Tw5b, D% D,
PRI D EDHE 722 2 LiThb D kiR,

SUELE L KEEREHOBREZRRGAICEL L
LNTERAHEE LT, EBRFEREERLE OMHECS
7B %G E T 2B 2 H 5, BRETES & oMBIR
OB 25O HETE 5720, TOHEIFRHEE
BRGEEE L ONIGEFD ETEMBFERTH D, B
Z2E, AR CR O BRLFHORIEIKE VLA D
SO, IR T O R T KR & AR IR
EHEE (Fig. 3), 7 b Bl it p /7 ek o g £ i 7k
WmOMEW E Eig, EBREPR LT LIENRINTVS
(Noto and Yasuda, 1999), L2 L, <A 7 > fFfnsy
s 200, FicRdiaRdtoscd b, HEET
FAT LD EENLZRERERTDOTIE AL LWV KA
bdb 5, #ic, Nishikawa and Yasuda (2008), Nishika-
wa et al. (2011), Nishikawa et al. (2013) 1%, E#GER
B R ORI AR ATE OV & i1, BN 5 Bl
Feiic 2 2 B OB AL, AKPEMXRHIERT
5L TAFRABERESEREBEOERE DDA
AV BAER, A OERRER L ToRFHY 7
Fv o broTv—nzgfsd, SftEoRTEEL
TRA T OREFRICO RN E L ERRL TV 5,

LD EEIC, BB L FRORRBE S T 2 7k
LT, HHoHBEORED S A0 REE % H#f
ELTCHMET 2HEDNH 5, HALlE, EagaEONE
B DRIV > L ORGSR 6 e AT, —EfGG
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Fig. 3. Correlation maps between survival rate of Japanese sardine (Sardinops melanostictus) and sea surface
temperature in (a) March and (b) April. From Noto and Yasuda (1999).

bz efR@shinwicd, BEEIRERLERERED
BEWNICRESIN TV LS Bz o, %< ofd
Ti¥, BRICHARZERT 2 EPEFERICE > T
EroHRTWwDE, Lih->T, BAHMARE2 TXTH
P TENE, ENH»6MET 52 LT, BEH
EWETHENTE D, £/, HAHARD RO
Bl (FAPERICHY) LRYE (FLB3EERR) Lo
Btep 6, HAHRGMESRE2 KT 2485 THh 5
LD, L OBETHEI»O LN TS,

RO A T E AT 2 FA T EZRNRE L
W cld, L 72 oo Ba H A o HE
(BRHUE T D BRI Y) 28R L 72 5 C O iR KR
LR L 7201538 % (Fig. 4; Takasuka et al., 2007), &
DFERICE D E, HY 7 F47210F 220 CTHEDIRKA
ERBDIIHNL, = A7 UIF XV EED 162 CTHED
RRICKR D, 2O, Ko, BEE, FRONEZ
L, AELEL3I SR LTwsAiEEEZRL T
%,

% 7z, Takahashi ef al. (2009) 1%, KiE7ZJ Tk <,
HRRE L AT - By 7 F 4T ORI - R
M DR & OBIRZ TR, HifE O BRI E KR
i THBEEOMBTcREINGD, <1 72Dk
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Fig. 4. Growth rates of Japanese sardine (Sardinops
melanostictus, open circles) and Japanese anchovy
(Engraulis japonicas, closed circles) as a function

of sea surface temperature. From Takasuka et al.
(2007).

BHhE 7 FATL L0 H% L QM HETH L OBRIE
DBErolzl b2WE LTS (Fig. 5), 2D &3IT,
HE»OHEE L cBEORELREM V5 LT, BRER
FLOBREFIRND ENTE D,
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Fig. 5. Growth rate of Japanese sardine (Sardinops melanostictus) as a function of (a) sea surface temperature
and (b) prey density. (c) and (d) are respectively same as (a) and (b) except for Japanese anchovy (Engraulis

Japonicas). From Takahashi ef al. (2009).

L»L, BaoHMmoRE? S, WHE cilllo 72
BEBESHEERETH 210 hhrb o, XEL TH#
WTE AERBIN IO b DICRESNTLE S,
WAl H 2> S FRELH & C OFHER ORI A TH b,
HFHEADP ED XS RiBEHAEIRASNTE L2 LR 5%
Wiz, BEF -2ty b o RBREE 2 EHEICHE T
BIEHLTERY, D%b, THX TR, FREAHDRER
LT3 EBROREOBIENRNHZ & %, KEEFRLE
PRS2 B P oD TH D, TDEIITKEE
A O L 75 A ORBIRE2E 2 LN TE
VI LD, ThET, [UMELEEKEEIROLEEICS
A DR MRT A LTl ODOREE ko Tz,

3. KEERZEBMAEORKO

SR HERINCREBR L 2 R BESAHTH - 2
&, KEBREB O L 72 Ao RERICEE
EDEIREEELEZTOWE0DE2FNSE Z EIXREN
750 T 7z (BREUE T O R & ERHUR O BREE D A A5 A]
fEChot), R[IELH) L KEBREEHOBIRETN S
ko, fritloRBRE LI NE, BA»SHEL
7L H 2 6 OERR EEELEATE, EORHOR
B KEBIREEC L > CRELR O BT A6 L 7
%,
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AR ORBBRIR OHEE X 1T O ik E LT, TR
e BRI SEAIN TV B, 1 DI R B E R
BRETNVOEANTH 5, BEETIVEH IR O
IR OHEEICBET 25013, BI0EIcb 2Bl %
R0, REO QR LFHEEEE DM Lick > T, #E
fRAGEE DR ELASTHRE & 72 > T B, 2002 4R ICHREN L 72 i
By 22— &k o CHEMHMREERIEERE T L &
L € OGCM for the Earth Simulator (OFES) 1T & % i
FHIAEBAA[RE L 72 > 72 (Sasaki et al., 2008), Itoh et
al. (2009) %, ZOWEHBERD /B 5 NIHEY -
KidHERAWT, AU BXUOHY 7F4 72 OREER
B OHE A A T3, OFES (& B - B F i
RS HEREETD, TREHC NI 2 008 % Bl & £
TNT—HT 2L ICMEMET 22 LT, BSOS
/KR D IR 72 Z B o HIIC R LT w3 (Fig.
6), ST, HE, MM, Trave—rhlick?
4 e BHE 2 e RTEIRE T VICE T 2 2 Lick -

i - A - B - BN - &g - B

- Bl - A - BEHE - BOA - 58 - BA
T, K OBEWNREE EKRGE2E LN TE S,
s T =2 FMLE TV DT % Fv 7 IR O fEBRBR
BOHELRALGNTED, 2EAFELZRT TV 5,
L Lans s, BEMEEBERERET VT —4
FfLETF VO hE MG H 27> T, WAREO
SEAEE L, 7 OWIARIKIC & o Tk 2 REBRBRE 2 R
AT 270D T = BEELRY, L) KERFED
BINTwd, BEORNEREZ TS FiEL LT,
R — A E L 26 fTbNTE L, TETI,
T—=hAINNWGTRORy TT Y Ty 7 EDELICXD,
BRIt - KR - BN b oy —2 BT LD
gL b, HHE - HEORZID» SR EZ, HEB X O
KD SRBELHEET B EMTEL LI B> TET,
#l %13, Kitagawa et al. (2009) 12, HA»sdkETco
rsuwsuiEERE#E L C\w5 (Fig. 7)., 7—75
ANV ZEDINEIZ & 5 T DfafE~DLEEHA]
BEE R0 TE TV R, NP HEfRANDEEIIRR
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Fig. 6. Interannual variations in weighted mean surface temperatures, observed and under initial model condi-
tions, for (a) anchovy and (b) sardine. From Itoh et al. (2009).
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Fig. 7. (a) Estimated migration routes, (b) ambient surface temperature, and (c) daily travel distance of an archi-
val-tagged bluefin tuna (Thunnus orientalis). From Kitagawa et al. (2009).

W#tcdhH 2, LicBoTC, T—=hARNNE TE2HNT,
IKEBIRENC & > CEE A O R 2 51
T201F, BRTREIAAETH 5,

&) 1 20 LWEAiE, HAOEMBEY - Fbd
ATH 2, BB L7ZED, BHEIR#HS LR VD,
BSES M e BB E L Tw s, LEs->THAOM
Hr EERRE corc s, FREAIORERIRE %
HET LWL R E, ZZCIHEEHSN 200 HA
DEERLERMAELTH 5, HAOMRLERN AL Z
o 7= fEERREE offtE Z 0 b Dl Devereux (1967) %1%
CORVER%2RED, TEOSHHEMoRm i k- T,
DEOWEE AV HRE 20, HFARICGERI N

TERE SRR TS T 5 LA E ko T E
Too MEEET 2 2F 4 FMEBIRFOMERLERAALIE, B
B3 K O B 32 L E MR & KRS % (Kim et
al., 2007), %< OfafEIcB T, HHOMEELERME
ey, T 5 3914 P ORI A 61 2 KDOMEHRE
TERALAR L — AGRBIGR M LA L 7o R E 2 R T, O F
WHADT 73+ A4 M, FEMEFEFcERsns L
# % 51 % (Kitagawa et al., 2013; Fig. 8), L7223 -
T, BSKOMRLERMELOERE HOMELTE
Rz 672 L5 & & TREBUKIRIBIE A2 HEET 5
ENTED, B, HOofuy: - AL ahTic & 2 #
B A5 A BE D HfEE T k122 > T Amano et al. (2015),
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Fig. 8. Stable isotope fractionation relationships for inorganic aragonite (E, G) and fish species (others). From

Kitagawa et al. (2013).

BN S (2017) B X 02 DB HXEICHE L O TEHEIC
I Nt

FHE D REBR AR IE IE % B A e R E ML AR 2 & HE
ET B7-012iE, 1) HAH AL AR A b L
BTES, 2) HlIbH L7 MEORECEREDOBRELE
ALK TES, L) 20052 & kF
s, 1) iIKo0nTld, BEE~A 2o vkl
FEh, HAIHEGLSELEAHEROEEICH > T
B 10um AL CHAZUHIT 2 2 LD AEEL oo T
%, 2) DWW TE, LERNMEKE RS ORER I
PO EEMOEFICE > T, BHI0ugBETON—T 1
VAWM HEEE o TS, E5ICEEICREML 2T
FEEHOCDZET, 02ug TOOHTOAIREL B> T & T2
(Ishimura ef al., 2008), TN 5 DEMERFICL->T,
NF T IR CH A D & REERERSE D HE 72 A3 7]
HELR->TETEY, ERICA 7L DEABEREM
fifkz Ao RBREHEORADB I b T3

(Sakamoto, 2016)

7ei2l, CoOHERHEHAT 25AICE, DMCHRRS
FREPBETH D, £, FRHEKE D EREfT
1, RO EEZ T 50, HAMELZERMEKE %
Bk E I EHTE RV E WIS 5, Wi,
BRSO RE R T, AR & KR IZIEE U L RE
TEHILDTED D, BUGHKDMERLE A
bhrnid, BEKROHEEI TR TH 5, HGHKOM
RLERNARIE, RFECREKDBICHAE S 2 RN
Bl KELSFEIND, COkd, Iy 3L,
BISHK DR L E RALAR L & BIES & I BRIk
HBIA A 5 15 (Legrande and Schmidt, 2006), —© %
b, (FHEMD B S 2 o EKIR 2 BRE 2 BT 513 &,
HOoWRLERMELIEL 55, —JiT, HAERBI
W, BICER - EIE R DY, AR - (R A
BUPSHEET 5, KPRl HARRZMEE Cix, W&o
AR 2 ORI DNRA L T b7, KR - 5
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Fig. 9. Expected otolith 00 values plotted on a T-S diagram. Red and blue lines show respectively the T-S pro-
files of Kuroshio and Oyashio pure waters. Dashed contour lines denote isopycnals. Color tones with solid lines de-
note expected 00 values in fish otoliths calculated from the aragonite-water fractionation equation [1000 In «
(aragonite-water) = 17.88 (1000/Ty) — 3144, where o (aragonite-water) is (00 aragonite + 1000)/(J5®0 water +
1000), and Ty is temperature in K] reported by Kim et al. (2007) and a salinity-water 6**0 relationship (00 wa-
ter = 044 salinity — 15.13) empirically determined from water in the western North Pacific by Sakamoto (2016).



68 i - A - B - BN - BiE - B - Bl

<M - B R - BB - R
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Fig. 10. Schematic view of a combination of otolith d'*0 information and a fish growth and migration model. Bro-
ken line shows the migration route estimated by the model, and solid line shows the migration route corrected

with otolith 00 information.

Lo ERREAC T — 2 ke LI ko THHEWIC
o Th, ATEERAMILT 27— %oz, Ly
L, BHoOBEZERMELERIET -2 L LTHY?
T LT, WnRFEBOMREMNGLT 2 2 L TE S, fk,
VAT, HERREDEERIEER T 7OV IR R B B
FRRETADBHAEIN, EERELHET LT
5 K91 o7 (A2, Sumata et al., 2010), &5
I, ERFEEREAERETVICE > TEHESh 28R
Ty v EEBET LHEBORE - F#EE T VORME
bfTb T3 (Tto et al., 2004 ; 2007 ; 2013; 2015), <
D& S REFNERMHATE, MAoREOHED
WCHHAAT Z EMAREL 2 B, T 05 O FERE — [l
ETNEHABRRLERMELEHAGDE S LT,
N E TRATEETH o AT HE I D RRBREREE & ik itk
DIEEDTREIC 72 5 Z EDIFE s 5 (Fig 10),
COBRICEEL 500, HAICEHHENEKRIh S
oo 2ERT 2L Th 2, AEHOHA
T, AFOREOEMRIC, BHTESIER S, HE
B ORI REE & x5, BRSNS &, BLH
OHEENAFREL 220, BUEE TV EflAaBbE 56
OWHHEPAHE 225, BRRLED, BRI

MR OAEEPEREHIC L > TEHETHL EEZILN
Twb, ZOkd, FitfoFARE 2L, HE
BT IC & 2 IREIEDOHEE, MBLERMAEL IS
L OCHUHEE T VI & B REERERE Lk (5 5\ I3 ElEE) #
BOWEEITI CEHPEETH 5,

4, THYNEFC

KEITIE, <IN E2HICE > T, BHABRIRLERME
B REHRIC, EDOEIIEIO>DPE2ER D,
< KRB, 1980 EREZFELIRE, A RDME
EETHDHY, BFIC—E, mBRERESFREL TV,
Kamimura et al. (2015) 1%, 2002 ~ 2011 sED 5~ 6 Hic
B O AL & 72 2 IR A KIS TERALL 72 = ¥ (i
FOHEAH ARG 6, BEHEREREZHEEL Tv
5, eEsnmtHIE, 3H20H255HT7THT, 4
ko TIMELHOHLIZEEIL TWied, $XRTDET
L T4 ARfboifisIRE Ttz BLHO%
BARIOERL 7201, 4 AL ofFfEfICEE U T
2115 L, HEORBVAEICEMAEL L CHAEIE
zrepmanz (Fig 11), %72, B HREGENT D 517
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oMz #HEL, MARLHET2 L, EELED
FHEIBIFR (r =—086, p <0001, n=10) 2823 Z L
T&Ef, D&FD, HNKEERRECE, FREORE
&L, FRIBPEVE I, MARISREE0)
“Stage duration” fiZi (Chambers and Leggett, 1987 ;
Houde, 1987) #2850 37> T\ 2 AlREEA R S Tz, £
7o, =N REICEE LT 5 LS N B ERE
Eio 4 ~5 ADRAKIR & R L DBIRERRS &,

B2 EoMBIBR (r =063, p <005 n=10) »%&
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Fig. 11. (a) Recruitment as a function of mean daily
growth rate of chub mackerel (Scomber japonicus)
in larval and juvenile stages hatched in April of
2002 to 2011. (b): same as (a) except recruitment
per spawning stock biomass (RPS). From Kamimu-
ra et al. (2015).

517z (Kamimura ef al., 2015),

CORERD 51, BAKERPFROEREEZ 7251 T
W EPHEIIE NG, TORBAIEL W T E AR EAT
% 7-®ici%, Kamimura et al. (2015) THRATL T 3R
A TERILE Nz 4 HEZh o~ Y o3Ffans, Bl
Z, BEA~5HICEBLTWSZ E2AHT 2 0ES
Hb, IHITX, IEMER~ VR OEREREE & #EE L,
AR EoRBKiRE K CEBIRE2 B2 2 LN TE
niE, Kiic & 2 EEN LGB Od», FEENDS LL
FEHEIERE O GO I H AN B O ZTRD LN
THE & 7 %5, Kamimura ef al. (2015) THWTWwW2HH
AE ORBRLEFMARIT A, FRFICe A NORE
—[ELEE FVSHEEI N, WHEP 5, N ORBIKIR
LN A HEE L, Z OfEEE LIc B 2 A RIBRIE & HE
ETHIENTENR, < ANKEEREEOIMARLH)
DAH=ZRXLDIGANTED LD TE B,

5. BE

TZET, RBEEFKT 2KEZFROIGE 25 5
29395 2T, | DORERT® - I A HEFRII O RREREREE
DWEAAREL T2 ITIEIC OV THRRTE 72, L 72
e f o AR O H iR 5 BLH B & R ERE
%, Z L CHADOMEZERCAKLIN D &85 L 727K
% & N KRLERMAELZHE L, BE I
fiti % RE U 72 S BERR — [ € 7OVIC & % R JRIE &%
BRBRIR DR L2 E T 2 L5 ICETNIRT A —
YT 5 LT, BERRREHET 2 EDTE D,
(LRSS E T % Z & T, #RBRL 72KiRIc iz, [l
R LIcB U BB O HECTE S0, T E T
BE T o T TAFHER O REERERE & R OBIRICEE %
HEZRELLET DL EEZOND,

S, RAEZEENCN T 2 KEBIROIGEZHS 2 ic T
%9 AT, NRAFORICH b wEY) 2 HE A ORI
ZHEML, REERREOR R EICED S EHEE
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3, BaRE 27 —A4 7L Cw 3 ENOMEEKEICE
W, @& PDO 1YW 186 FIRE) 72 & D AAAH I K
G L BRI OREATENE, ThsoREMEHIC



70 i - A - B - BN - &g - B

W BKEERDOIGEZFRDL LN TE D,

MEFEBRIE A H) & DR - B & OBARZ I~ 5 M
PR —mgEE 7V & LC, NEMURO.FISH (North Pa-
cific Ecosystem Molel for Understanding Regional
Oceanography. For Including Saury and Herring; Ito et
al., 2004) 73, 75 v o b BN EREE W RICH
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shi et al., 2007) Tix, PDOCXHIG L7875 >~ 7 b
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TE 5,
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7 ¥ (Okunishi et al., 2009), 7 (&&E1Z 2, 2007),
AV A4 A (Kishi et al, 2009), 2—m v 8hs 7547
> (Politikos et al., 2011), ©% 254 7 (Wang et al.,
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A review of 1ssues on elucidation of climate variability impacts
on living marine resources and future perspectives

Shin-ichi Ito!'*, Tetsuichiro Funamoto?, Osamu Shida? Yasuhiro Kamimura®*,
Motomitsu Takahashi®, Kotaro Shirai!, Tomihiko Higuchi®, Kosei Komatsu',
Takaaki Yokoi!, Tasuya Sakamoto!, Chenying Guo', and Toyoho Ishimura®

Abstract

Various studies have been conducted to elucidate the climate variability impacts on living
marine resources. Larval and juvenile stages are critical periods for the recruitment of living
marine resources. However, limitations of observation methods for directly investigating the
environments that larvae and juveniles experienced have been obstacles to our understanding.
We reviewed the previous studies on climate variability impacts on living marine resources
and discussed how reconstruction of environmental histories of larvae and juveniles is impor-
tant for our understanding of climate variability impacts on living marine resources. We pro-
posed a new, integrated method to reconstruct environmental histories of larvae and juveniles
using otolith oxygen stable isotope analyses and fish growth-migration models. Together with
the growth estimated from otolith daily increments, it is possible to elucidate climate impacts
on larval and juvenile growth through environmental histories of larvae and juveniles using
their realistic migration routes.

Key words : otolith oxygen stable isotope ratio, living marine resources fluctuation, fish growth-
migration model, reconstruction of experienced environments
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