HERIRIZ (LN 7 m~ 7 0k JOND FF OIBIVERL RIZE 2 550

2008 43 H BRI FTHL 66734  [LINEEL
FBEHE KBS Bz

F—U— R HERIER(L, Zu~sna, vFrF, O - fFAEmE, BE Il —ya v

1. & #

7 v~ v (Thunnus orientalis) 3 X OV X (Anguilla japonica) 13 & HIZHENED
KEXE FEERAFMCHDH, MAEICHET 2REE LT, [RENRWI CEINEZITY 2 &
MWETFOND, LIeho T, EINGNIERENLABOEREICHT, 2o 0&EHRE
ISPEING DBRBEAB OB EZ FOoTVWEEBLONS, —KIC, BREOEREE O IE
STWAHDIE, (FHEAMIC T 2EERRE L | IF - (FHERZ EING ) D EBFHIZHET 5
MBERE CTh D LS TWD, IIRAFHEMITIEKIICZ Lo WAL X > TEINME
e O RE I LI~ U 2R R NICBIE T E 50 8 D 23, I frffEfa DA £ %D
EREETLHEREO—2E7%, Leh> T, RELBICEWIREIEENE /LT, &R
~OMANEDZE LWEEZ S &Sk Z T REMENEL S, TNET, Zh=—=ma T =—
=%, HOINI VLY=L T b EWVS A, BHERA TV O/, TR R R
B E VR A OB E L OBRICOWTIE, Mix RIFENMTORTE T, L LRenb,
X0 RHIZRRELZENCE L TlX, ZO TN AEEED ZIZ, ZNETHED Em
SNTIR)oTe, HERRIRL S Z DX ) REBINQRBRABOOLS>THDS, 2=
— 2 FT ORI 7210 BT T, HIBRIRBRL A E A TE5 6 O BREEZZE) T A5 e 134
Bz b U7e, SO MERIEBR L TRIFIEIC L5 &, HERIRRR LA ET I Tr/ r~
73 XY X OFEIIER-CE BRI B W TE, KB ER., oo E b, EERDOE
b, BUEER 0L E ORI O BMRIHERREZBNE LD Z N TFHIESNTEY |
TN EREICKREREELRITT I BRI TND,

2 CAMIZE TR, HIERIRBZ LA H 2R A O G &2 T T3 8% BARMICH &
T D7D DWIED—B & LT, HEKRBE(LTFRIFEN AT —XIZES X,
BRIBRALICHE Y M ERBE AN 7 n~/ n B XN X OOHAEIRLIC G 2 52 % T
THZEEAME L, & ICHFEDIP - ffflgs@ieicis g 2K - 5y - & o
EENCEAEZEE, HEY I 2 —ya v 2AVWCERN R 21T - 712,

2. T—2BLUENFIE

ARFZETlE, HERIEBEL T — & 38 X O & g FE e KIEBe£ 5 v (OFES) 5 —#4
Wz, HERIBBEAL TR — 2 I RKMEES &R EE T L (MIROC) O Hi#E EERR A &
o7z, 2000 4, 2050 4, 2100 FiZRBITHKIE - oy - WO TRT—2ThH b, T
— X fEIE I 10°S - 44.5°N, 110.5°E - 179.5°E, /K FEAREE 1.0 EETH 208, ABFFETIE 0.1
FEMETF — 2 i LT =, OFES 7 — % O 7 /U REIR 3 Wi 4 B < 4ER (75°S - 75°N,
180°W - 180°E) T, AKVHEEIL 0.1 EETH 5, AWFFETIE, MERERILTHIT — % O
HAEOEHEMEZ A 9 72912, 2000 40 OFES Ofi#HT — 4 & AW THIEE 1T > 1=,
HIERIERRAL AT O MEME E DL DB EZ I LT 572012, AR TIX, Btk
ET NV E R TRBIRER 21T - 7, B & LT, HERIBEL THl7— & 8 LU OFES
T — X OFHE & V-, HERIERZ(LAT (2000 4F) & #ERKIERE(LE (2100 4F) TOZu~/
DB IO X0 - AFAEEEREE TR L-, 7o~ 27 ook FBHRFERICHES - T,
KIRT — & B EINRE I L OV EFEINGOZ L Z TRIL, 8 2O F IV AEZBELL, 7
U A 1 CIIEIPRE N U EEINGIIZE (L LW GEa . v U 4 2 CIEFEINRE NI L
W EPEINSE N HPRAIC BT B 8E. T U A 3 TIIPEIIEE L O eI & 1ok




LU WGH &2 T NEERE LTz, IF - frafiff4 30 HE & L, &7 U FZih» TR+
B AT 72, £7-. BARMECTOWMPSRFRIC OV T HRFBHIAZ1TV. B AMED FEINE I
FAFTHIEREREL OB O T HRET Lz, 7T ¥R HBIERICB W TCIX, dbRiE
WA O KBLOBE R S5 34.5psu DS 7 12 b & 142°E ORRFR DA . % BEIN
L HOT 200N EBEETRILEZ, £, EINGOOLRESL THD HARNFEET
DY - AR A 200 H & L7z, MERIEBRLATHE (2000 4F35 X OY 2100 4) OHEEEING
MHEEINICTH D 6 - 10 A2 200 HE DR B &21T -7,

HIERIRBRAGAZ A O AKIBREIE DB O E L BRFT 272012, WHEOIF - (O RERKIR
ElEKIREDEEZ—HZ EICREM L, WEHEZE L TR U O KiEKR 5 Ot
fided & LTFR LI,

3. BRBIUEE
3—1. ZJu~lu~D¥

OE - TIPSR B S ICEE S, B4R LA, > U4 1 TldHhek
IBRALET: CHE R EIIA LN -T2, — YT U4 2 BEO 3 TlxW b HERIERE
LRI T L. 2N 12 & 131272 o 7=, ZHUTHHERIERZ (LI 5 KR EF- 072012,
PEIRIRFHIC K o ISR E T T 2 EES M L 2 SICERT 5, @IS,
F U 1 TR, #IEKIRBRALRTO 23, IN - AFRD XV S KIRICIE VKR BB L7 2
ERIRENTZ, —HTYFUA 2, 3 Tk, HEREBRALE D EFN, IN « AFAH LV i /KiE
WCIEWKIRZRER L2 e Eniz, U EDOREENS . BRI - TEEINSG
S OWRERENSEAT D Z LIk 7 u~ oo 3IAKTED L, KEOSHA, T2
OO ANHERIERE IS L USEE2 TR WAL BIED 13 IR DN H 5 =
Embnolz,

HAMEIZ RO CIE, Y2 RNIC R B S IS S, 2B L iksk s, o -
TR TR (2 36 1 2 fci KR 2 & OB FEEUIC . HIBRIRIZ LRI CHHE 2 200D b
oty TOZENS, Za~Zall - fFREERER X OWIAERICEESY RIET X
D IR ISR L OVKEAEOEITE L b D LE X LD,

3—2. UFX~0F¥

O - AFA AR B B S, B4R LR ET, HERIERR{LAT#% Th
TN U7z, Zauid, HIERIERRALIZAE 5 fiEhAEE O 22 iz X - THeAREHE ALl Fs &
ORI O FRE N L S 4172 2 212 K - TEIISE O PR ZALICERNIEH L= 2 &
E 51T, HOREEDZAITEE S PEIISE DAL BT X » T I v & F AV Tl < Bl
IAFENDEARE S 2 72 Z SRR T 5, @B S HERERR LR O3, ks
WZRBWTHR « (AN XV Rl KISV KIEZRBR L2 R Eniz, 26 0ER XK
0. HERIERELICEE O BEIRES R X OSSR L T4y & a0 28 b7 B ONTKIE ES-
. U X OUHERICAERICER T 5 aTREES R S T,

ZO—FT, Wy Tay bodb it EIRG oI Bk, B oEIEEOE & e D
WILOESEZ 720 L, BAOEITENCEEZ RITT B2 6N5, BITE, EIIG O
X 1IN 5 THY . 3 DOWILNZEDIEDHEM TH D EINTWD, Zith Ol
FOFRDG . MOUFILE T, EURA 2 P TORADWERFTCENFE L L TRE
IR PEINSGTEAICE L TR Y | BEEOHRLIZHFG L TnDH EBEZX NS, L LR
5. D 3 oOMEIL L FKEOAMEREIE L 720 5 piLAETN LD bEEETIEZ LWy
Z e, HERIEBALICHEE: - CREIFGOMEN X H12db E L=8E. BlAOEINRIER &
OHAEETENCE L EZ 726 L, OWTIHAEEONRZIER T SEL 2 ENBEIND,

PlbEoz &b, MERIER(LEO U7X 04K, I - (fFRomsEft L LE/aOE
IHEFATENC R E S IKFT DD EE X HILD,




Effects of global warming
on the early life stages of the bluefin tuna and the Japanese eel

Mar. 2008, Department of Natural Environmental Studies, 66734, Naoki Yamaoka
Supervisor ; Professor, Shingo Kimura

Keywords : Global warming, bluefin tuna, Japanese eel, larval transport, numerical
simulation

1. Introduction

The bluefin tuna (7hunnus orientalis) and the Japanese eel (Anguilla japonica) are
important fisheries resources. Since they have limited spawning grounds, it is
considered that environmental changes in the spawning area probably effect larger
impacts on their stock abundance. Major physical environmental factors such as
temperature, salinity and flow structure affect survival and growth of the fisheries
resources. A great numbers of studies about the effect of short and middle-term
environmental fluctuations such as El Nifno, La Nifia and regime shift on fisheries
resources have been conducted, while studies regarding of global warming were sparse
because of difficulty of predictions. Recent years, studies about global warming are
exponentially progressing together with the advance of computer technology, and its
predictions have become more reliable. It is considered that global warming caused by
the elevation of temperature, the long-term and rapid change of salinity, wind-driven
and thermohaline circulation largely impacts on the stock abundance of the bluefin
tuna and the Japanese eel.

This study was conducted to clarify how changes of physical factors caused by global
warming affect early life stages of the bluefin tuna and the Japanese eel. By using
numerical simulation, this study focused on changes of temperature, salinity and flow

structure during their larval transport in particular.

2. Data and Methods
For numerical simulation, predicted values of temperature, salinity and current
velocity data in 2000, 2050 and 2100 of MIROC (Model for Interdisciplinary Research on

Climate) were used. Current velocity data in 2000 of OFES (Ocean General Circulation

Model for the Earth Simulator) was also used.

To clarify effects of changes of flow structures, Lagrangian model was used to
simulate larval transports in this study. Three scenarios about the bluefin tuna, based
on the prediction about changes of the spawning season and the location of the main
spawning ground, were assumed. Scenario 1 : spawning season begins earlier, while the
main spawning ground will not shift geographically. Scenario 2 : spawning season does
not change, while location of the main spawning ground shifts. Scenario 3 : both
spawning season and location of the main spawning ground do not change. The

numerical simulation was conducted according to these scenarios. The larval transport



in the Japan Sea was also simulated. For the Japanese eel, the location of the spawning
ground was prescribed by the salinity data. The larval transport for 200 days from the
predicted spawning grounds before and after global warming to nursery the ground was
simulated.

To clarify effects of changes of the temperature, an index of deviation from optimal
temperature (henceforth L(I)) was calculated. The L(I) was defined as values multiplied
differences between optimal temperature and experienced temperature of eggs and

larvae day by day during larval transport.

3. Results and Discussion

3 — 1. Effects of global warming on the bluefin tuna
In scenario 1, there was little difference in the number of survived larvae (henceforth

SL) which transported to the nursery ground within larval period between before and
after global warming. In scenario 2 and 3, SL became 1/2 and 1/3 after global warming,
respectively as larval mortality increased with temperature increase. The L(I) indicated
that larvae experienced less optimal temperature during larval migration after global
warming in scenario 1. In scenario 2 and 3, L(I) indicated that larvae experienced more
optimal temperature after global warming than before. These suggest that, result from
the elevation of temperature by the effect of global warming, survival of the bluefin tuna
in the early life stage will get worse after global warming. For the worst case, if the
bluefin tuna makes no behavioral response to any changes caused by global warming,
the survival will become 1/3 of those before global warming.

In the Japan Sea, there was not so remarkably difference in SL and L(I) between
before and after global warming. It is probably because temperature and flow structure

will not substantially change after global warming.

3 — 2. Effects of global warming on the Japanese eel
The SL became slightly larger than those before global warming. This reason is not

only the current velocity of the north part of the North Equatorial Current and the
Kuroshio became higher, but also the northward shift of spawning ground allowed more
larvae to be transported into the Kuroshio. The L(I) indicated that larvae experienced
more optimal temperature after global warming. These results show that the survival
in the early life stage of the Japanese eel will increase in number by the effect of
changes of salinity and flow structure and the elevation of temperature during the
larval transport. These changes caused by global warming will affect positively survival
of the Japanese eel in the early life stage. Since it seems that the Japanese eel uses
three sea mounts near 15°N as a milestone of the spawning migration, the northward
shift of the spawning ground will probably make it difficult for them to seek the
milestone which affects their spawning migration and causes inefficient reproduction.
These suggest that the survival of the Japanese eel in the early life stage depend

larger on the adult spawning migration rather than the larval transport.



