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Continental Margin of Amakusa-nada and Goto-nada in
Relation to Anchovy Catch Fluctuation)
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Table 2.1. The information of observation in the Amakusa—nada and Goto—nada.

The area of the sea Date Name of study
Amakusa—nada 13-14  April 2004 1a-13
Amakusa—nada 10-11  May 2005 1a-13
Amakusa—nada 23-24  May 2005 1a-13
Goto—nada 23-24  May 2005 la-m
Amakusa—nada 10-11  January 2006 1a-13
Amakusa—nada 24-25 January 2006 1a-13
-Amakusa—nada 10-11  January 2007 fa-13
Amakusa—nada 13-14  March 2007 Ki-K13
ADCP TF—# OfghrisEx, REM 5, 7, 9, 11, 13), EHREHREHE

Bl Ya—H A RLENERD
Instruments #F#>Y 7 » Win River %
L <& Vmdass 2b&EERE O
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Stn.la~e CHER A2 @ Stn.4~S8tn.13
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SELTRY, FOFEZIX 16 T~
19 ‘COZRMRAMNR & 22 - T iEED TR
HHND, 16 COLEROETEEMNE 80
miEETEL TV,

2005 4E 5 B 23-24 Bz Th, 7K
BRE & H ISR oRINIZiE Fig2.9 I
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MENZNETIEEILZ Lot RE
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HONEE, 1982) 73, LFEFIZH UL
ERBNAZ LEIARRIZ L - THER S
-, F7-, BREEOKSMEE L wtd
AT LT EoT, ZoikmE o HEWE
PRk OIE EE F<HIBR L TN A Z &3
S ERoT, BT, KIBOERT
DD, IO BEERIIRBET T
22§ - ERIZRBWT HIEKITHS L
HEA T2 LR ahotn, X BITEGR
SMEHRIZ S & -3 < HEEZKIB. DL 57D
5, oA AEKIT R e
DK AT &g L T e b D L eSS
i, RELHEE FHEiCERE LZ R



EARGR | Kl - LREERRIRCR T 3 REMOME LEFBLOZON Y 7 74U VR L OBE

BTY, #EIZ18 CLLEDOBEAMNE S
h, FZCEBIERAmE O B2

L, TEREREICIR - TRE#~IL L35
BRI LiefiidL e oo Tnaho b
EZohb, ZOBEKRITHERA2 &
BIEFHAD & D TRV, BIFRAS TH
iRy g byt ol w WA R ¥ SR s AN YD)
BAROIL EIZE B2 b DTHBZ L EIEHA
LT3,

AR TIE, ADCPIZ & 5 24858150
Sy ORAANC B | & fv CHEERR £ 3
ELTEY, £, KBEHEIE L OXRE
BEHLNTT AT ATHEERERS L T
& BRI B IR HEEO S 0% A
L7z, LaL, Winba< FREOEHR
TR, o AEENRKE WG
BTN, fRITFEIE EORIREY A U A e
HENREZ LD, BLNBIRRSRICE
ST, BREHIRIC ST A ok
WL hERMEIE L, & IZRIRFED
HAHNLEEEE I IE T 7-20064F1
H24-25 H DIFKGAA/F— il b R&
RE{GIER BN DT, Lizio T,
AZE xR E LTWAERSRIZE LTI,
1 BB DRF A o — /L DB B il:l:.ﬁgz
FINE L, A CB ORI
THDEHE LT,

FER A2 TERI XN =REKOERIZS
WTIE, BEEEENHIEETAES
(Fig. 2.10a) Ofhiz, ERETEIT DEEK

EEREL Tb\éﬁ%?ﬁﬁ%ﬁ’bé%/—\m
BHole, FIZIE, 1 ALRIZ 2EDH

E&ITo~20064E1 1%, 1 A10-11H
IR A2 CEIRI SN BB KBRS 7
(oA DR LR LW e DIzt L
T, 1H24-25 B IR SN 7-BEARITER
R T AR B EEK &8 L Cu vz,
FIZT, TS ¥4 775 A (Fig
2.11a) ZRWTZ O H OB R %
REREEEOEN OB L ThE, T

B, LR BICBHI S kdlE Tk
B) &L, 1A25 R cBHl S izkiLo
5h, KHEBLY bEAR  BESDDL
D% [ABEAL, EKE - (EESOLD
 [k#lC) &£ LT, #nEh%TFig
21laiz7 ey b L, DR, 1525
BICStns. 5~7IZHER L7-/k8IZ 1 A 11
PRI SN kBB T2 Dimxt L
T, Stns.9~13IZHI U7z kBRI
FNEFRRDAKBBAICET B Z LD,
I o DORIECEIRI S n=dbm & opEi
FERDKHOBENCISE L2 DT
Hofel LRI, ZTOTZ &L

BRIMEHRO/KIESATE WTEIK D> HHEES X
NI BKOERDENEERT T3,

ZAk@000iT, EEMBICHRE L/KE

M X AESUKRERIT — % & ATHR

DEGRINEBROFATIC X o T, JUNEH
BRI~ OBKDIGIBIC B L R IR
R O 2 RS MRS L OMRE PE R o
LORHDBZ EERELTWD, AR
BT LD EE) & KA E ORI
DOVWVTHRES LB R, RE# - Tk
B} AIbmE OISR S L < ik
ERETVERI A b 5 ARk L s B L
TWAZ &, REH - AEH~OWER
BTN RIR TR 5 R ofth s
EETHA L EFIRT I ENTE
77

7233, 20064E1 8 24-25 B iZITHBR AL
WAEIKIR « RS OKBECASHER LT W
B, DKL, Fig 2.11bITRL7-HE
SRR DDy hN5 X 9 128tns. 1a~3
OFEPLEBIZSMLTEY, 2005
£5H10-11 HFE T L Stns. 1a~3fF1Tiz
1434, 1 LT DR 5 AKBRD b
(Fig. 2.11d, Zh 5ix, WRIE»
(1999) BNMEL TV ABEL LI
HIRYED B REBA~OIREROFRH 2R
THOEEZBND,



RIGFRAERRBIIEHRE

NEBE (1982) FEEMRITERE b
L1z, BN AEEROEENER
& L TERMEEORELEH LTV S,
AHFFECoR LI-BGRANE B B b, TR
A2 E&EJr U T EEKIRER ST 5
W LFERER, b L IXERSEE
HEIEEER TN B BRIk & #k
LTW=Z &b, BEELbLIRLZS
DTHAREEREWLDEEZ BN
M, FOREBEICOWTIIRETH B,
A%, KR - N SOESHERIZ Sk
D, BBKBRAL EOBENEREIND Z &
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TR L2V,

THHIZ (1970) 1%, MEETEMRL
TAEHAO RGBS > SHEE ST foE
DAEL L, AEEILEE FEEE %
i SEEH P DI RYER CEIR S N Fp -
AR EL LTUREBICERE S D L
BLTW3E, AETHLN o2 K
B BT A5E, SRR oBE
7KEE &g Ui SR R LTV A Z e
5, ZOWERIZRT AERAEOBIRER
=RIER TR E1T 5 B CHRAZRERO—
DERBLDEEZLND,



BAMER « RERE - ZE#EMGURICSIT BEEROME L EHRIVEZONF 7 F4 U LRI L OB

3N RERMERZEAVEHES
FUBBHRICEITEHE2 2
FA T OMARROBRE

OISR - EREFEFNAELE,
T DEMINBERDEDIRTE - BRET
[FIE{ELL 2 B L T % (Deniro and
Epstein, 1978; Deniro and Epstein,
1981; Minagawa and Wada, 1984),
Z DIz HEEBIRE ORE R L
BN OBET D Z A TENE, 2
DB HIERR R A B H2Ne T 5 Z
ERNTES (Hobson,1999), #1213,
Suzuki et al. (2008) (FZHE/I[TA X
% (Lateolabrax japonicus ) DR
WOV T RS IE & R IR & DR D
BB BE LT 5,

75, Tanakaetal (2008) IZ, H
REDDHE I FATADNTR
# - ERTERMAELEHR, NS

(JBEME) &4MNEME Ghet) oZE
FRLEEE DENE B BT LT3,
T ZTARETH, BB LA X TR
ELTEH & 7 FA U UBEROEERN
{REEEFR~, BHEOZIR & 5 o
LIZXV I FIFA T OBESRS, F
OMPREGERIRIZ DV TS LT,

SIMPETE

PRI L= & 74 U OIERIL,
2007 FF 11 B 55 2009 4F 1 BT &
7z Et 50 BT A(Table 3.1), 7,
J1 58 7 F AT DT TH HEED
ALY, 20080 5~6 A (27 /L D-F)
\CEREE U 7oA 60mm BLTF Db =
VR L, 28 LT LB DT
12503, FKFOEAL LT 2007 45 12
A (B A-C) \TEE L T- il ERE

90mm LLTFOHT Y ~FPEENTH B,
OFETH 7N A OFLERITH R,
N D OEEMIITEHIE THY,
FDOMDY 2 T AIEENDTE L
DTHD (Fig.d.1), £/, BEENDLD
FE B IZESTE, BEL TR ERNE
S LRI NTATIIREINTIER

(o7 Gd) bHET—2ELTH
Vo,

YT, BERBEmER U CEEREI
Fhifdolz, ERETHE L= BIEEL
AEL, FEHOHREEE L CREREL
(KL BT LTz,

Wiz, B PNORERNRL ST
BITOREEETEOTER RS L2 B
By & Lz BABITRRIC DV CER Y, BHEAR
SRR L, F OB THIEL T
b, Zaamib: AZ)—N (21 KK
X o TEARDRIEIRE 1T o7z, BB
AR AN AR Ui,
EA1110-DeltaPus Advantage ConFlo II
System (2 & o T, KL L 18C12C
BEU NN OHIECHE LT, 28,
TERNAEIY, KEFOERE EEY
e LTUTOXNEEH L,

§13C, 8 BN%o)=[Rsample/Rstandard-1] X
1,000

I, Rix B0 by LT
IN/4N th%E7~ L, Rsample (3% 71
DEIZEME, Rstandard IHEXEMEOET
BB,

3.248 B
HERNAL AT ORSE Fig3.2 12

T, BT, §18C MEIREICOBESH,
KR LT 7 0d § BC (1



RIR RKERRR IR E

TEEFHE L7106 18C LY
HEVMETH o7, TP NVA-CEBLY
o7 DF I, §18C & 61N (2B
CIHFITHEICSHE SN TWZH D0,
YU TIIWVAC EVF TN GIIEE1C &
§ BN IZBWTER Y 238880 b,

—F, vV DF EFTAGI D
§ BCIZ Wi, AR OB S 28,

§ BN {ZBWTix 7V E H, 1IZER
WRRBNE, TRHOFTINE )
NRFARNY w7 OHELE (Steel
Dwass #87E) X DVRERIToT, 0
MR §13C L §BN IZRWT, YT
JA-C EF 7 DF (p<0.001), 2
T A-C L G (p<0.01),
7 Gd &V DF (p<0.001)
IZOWTHEIDEVRZERD b, FEF
INCEE SN AR BT 5 &,
FFEARNZOUNTHE, 6 18C & § BN B HIC
BNWTH 7 C ORERRLARRS Y
ZVAB LY BIES, BEERIZONT
BNV EORRY L IADE LD
BVMEE Z2ofz, LUk, AFE
ETHHYT T NGI TL6BC & § BN
IEFERDOETH T,

D LD I EARERRIC L HEVD
5, BEERTHDIY T NVAC DR
ERIRAELLOE L, o7 C 3y
ZVAB L BEENNINE NS T
VINEIDEEDBNCHEET S EE L
BB,

FIT, EL §BCIBLITNGBNIZD
WCHBR AN - L 2 A, Fh bR
MEIEE T o7z (§18C, P<0.01; & 15N,
P<0.001),

—7, 60mm VA XLV /JEVEED
P TONTHE, RIUEETH-T
H §18C L §BN ITEWVWERLNE
(Fig.3.3),

HA2E  20164F

3.3%F ¥

[RE - BRITERNELL, Eo
BB ER A B LT 5 BT
BuhZeFiEThY (Hobson,1999), FS
& RETHE U EAROZ BRI D
BRI OEREDEVER LT
WA EEHILAM, Tanaka et al. (2008)
T o1 BEE DD & 7 FA4 U L OEFER
MR (Figd.2) LHER L THD
&, AR CTRERNAELS FDy o Tt
X, BIHREOELRTHE Y 7N AC
I% Tanaka et al. (2008) CEBEIZIL/=HN
R b b L —ELTWE (§
13C>ca.-17%o0, 615N >ca.11%0), 7,
FEZOERTHBHY TV DF D §1C
DB, FLMNERNFEROEARDE
(-18%0) ER LD, EDTH Y, K
YRR OIEADE (6 13C<ca.-19%o) 2tk
D LEVME TH o7, NG THERE S
BN {2 2WTOfE, Tanaka et al.
(2008) 2378 L7 B (U P SR
10%0 ; RYEEMEIE 6 15N<ca.9%) LV b
<, FBEOELEWHDTHoT,

AHFFECHE LA & Tanaka et al.
(2008) 37K LT fEN BHET§H L, 6
N OEDBIXAREIZIEE 2 RN b oo,
§ BCOEVNINE & A OBERSFT
OEWCHET A bDEELOND, =
DT OAMEETIL, BB F— 1200
TR LT BCRFERTIZ &
&L, MNZToBNO-EEITS Z & T,
& 0 AR R O REREBRIZ R B LB AT,
ERICHIRME TR, B IRAEREICD
W, & 1BCE § BNOWHFZ AW
ZERIRE ST WD (Yokoyama et
al.2005;Suzuki et al.2008;Yokoyama et
al.2009)

LA BRI 31T A EEEIRFTIC



EARER  KEl - LEEENBIIc BT s BEROMELEHRBLIVLZONF 754 U LR & ORE

XEWYEH DL 0D, Yokoyama et
al.(2009) 2R L7 ER DOBIERL L b R
OfEIY, AR TEHBF I FA TN
BT ALETAD § BCOELFALTH
STe b, AFERLEFHECRY
R & DORFEMEI R EN D,

Funamoto et al.(200413, ¥WEEHOD
BT FA T BECEFE~FREITEINT
HEWELTNWDS, KEOMFEOFT
2008 D 5 A~6 RITHE LI~ ThDE
ADOEENL, 60mm L D /NSWN T EdD,
INHITERIIHBAE LB EEZ BND,
EHIZ, ZH? §13C DEIL, Tanaka
et al. (200857 F Liz/NFEE DB & 7 F
AT 618C OEE FRRIZIENET
BHoleZ Lhrb, 20084ED 5 A~6 BT
BEINHFZ T F AU, BEH
W TRA U BICEEE L2 S, EH
ORICHEBOBRRICBE L CEizbn L
EZxz b5, £i=, VPV FI T
NDE LHA~BRCHEESN, RERNL
RKEEHEUVMEE o TWNVE, “hidbhT
WIEMBETIEH DD, NE CEERNE
EEORWVERE R L TV 2 L AR
D LEZ BN,

—J, HEOEART, BEEOERLY
HEERBFR RS, NEOHYERE
LTuNB, Bz, Yo7 A L Bl
LWz, 2oz ki, WmETHRESN
TR, W RE CIREI AR
EE RS o2 E 2R LT
HEBELND, b, NFRETED

NERRIL, BRI IhD &
7 FA TN B GERET B, &0
2 THIED (1970) DIEFREZZR L%
Dlipoie, Ik, oLzl ¥
TIWVATI2 AITEELZDTHY,
FE LT LEESEREL O, T
—RIC 10 A & 11 AiciREDO Y —27 3R,
BILDHI~12 AERLTNAZ Ehnb,
ERRORRIIPEINICERTTRETH S &
EZxz5hd,

T, RIETH LN BIEOERD
LERAARLE, REIRIABIZREL T
WD EERBLTWD, EBICHER
DERDHREEEBESTHZLILL ST,
THhOREE~FKED, HBIENL LT
WS ONTEHRCRAEL, BN THRE
L/ FlRetE SR+ 5 Z &2 B,

TANED (19700, BB T FA U VE
ZERE AL ORGE ~ONIA DG DO/
WCHNET B LHGER LTV L 00, KB
ZECTHENE U BT RN LD 5 HTiE ST
Yo, M TERIIEAE S/ VL
%, BEE~PEITRBI NN L
RNt RT L, ThbhRAE
BRTSAETHD Z L EHELMI L,
FEEHIKGZ 8T b ZRERLAR L DT
FERLY, BREEEINDZ 7 TA
DO/ NIRRT LT, Zhb
DT & BREER L UWEHEX THREIC
WEESNDHE I FATUL, Ty
B LIS DI D EITHIA LTV 5
LD LHEEND,
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B4E HBESIUABMREICESTS
HEDFA T ORRES

EERB LU EFX TS A ¥
JFALTEBRL =Y (KR 4~
6em), /PER 6~8cm), FPI(EE 8
~10cm), KPIEE 10cm<) DRI
WRIEBHRE S ENTHS, FTHETL
ICoFEERE 72 D EETIRE SND
=V, INFEWo /NI & 7FAT
U EBERIBEH RS L TR o TN D,
AN (1976) 1, RBEEB I UBEHEHEX
TRl S S/ NGRS R~ Bk E
IR SN D FIR AR TR ST
ALIELTNDS, LhLAaRL, <A1
U BRSPS ORERDE FED
TV 1975~1995 4E{Z1Y, TR
DRIBHR~vA T ThoTrZ &, TEFED
TWER L UOEFRE DN & 7 F A U
BT ARG DI L&D, X
BT AL E 7 FA U AR OEERT D
wfﬁﬁ%ﬁéw 1T 1960~1970 £
EHEENTARICEL 52/

ﬁﬁu%éo

—F, B2 ETIRAE~FRIRENE
FifrE T A EREHEEED L < iXEREE T
5 RERA I B ARMNBFEETSHZ
EEEBENZ R - TRL, ENB A E T
A T VT AORGE DR R
Bd B LTS EREME R RE LT,
5T, BIETIIRERNALEH
W, HEER L OB TR~EKE
WREESND B F 7 FA UV RESEICE
& LTONENBIA LT b OIZ X 0 iRk
SNABTEERLIE, LLREDL,
ERB X UOBEEMEA~DRF 7 F A T D
IMAERSeHER IR & OREEMIZ-D
WORET S iE T2 2y,

% ZCARETH, ITEOWEE & EikH
KBV TESEN L ERETIESN,

SNEN L DIMAREE B X bNDEFRAE
BRI U« /D) TR
V, FOEGEENOWTRETEMA S
&bl Thibb, REETRLN
db EiCEE L, SREEEECERRIC
ML TWE 7z —ZREBES
ADCP(Acoustic-Doppler Current
Profiler)iz X AHERT— & #FAWT, &
Z I FA T OIS AL EEOZSE)
1B & DBEREMEZ DV TR AT 2 &
L7,

4.1 M &

4.1.1 iR

=7, B ArEHES L UWER IR D
FEMREERBZEARL LTE D HIT,
eGSR HEKIZ 2V YTl 1986~2008 4R
=T, BEHEHEIZ- OV ERSAER]
BE72 1997~2008 % TOFEENHL FEK
RO AR DUV TEERAERED
SRR, bbb, BATHAH
WalEE (=) (BE 4~6cm), /I
PER 6~8cm), FP({EKR 8~10cm),
KPR 10em<)] & BEEDFSIE LR
DR (KT, 2009 ; —3#L, 1993) #
B TRHWT, EFERERLOEEL,
ks, ZZTOEELIT I ARERL
TWA,

4.1.2 BR - FRIREAEH

R e SRR IS HLS I CEE
LTWBHh &7 FA T DR - (FRaEE
ERICEFEBL, BRERZEEELLE
2008 LEZ RS 1997~2007 €£D 3-4 A
DF —F BTN, SREIEAE
(EEEHE) ZEE8 U7-EkBA WY 973y
b (PR 45cm, #@E#t NYTALS2GG,
Fyvathfa’ 0.8385mm) % FAVYCERE BRAY
L, YHEDS 150m LHEDGEICIE, ¥



BAER | K - LB ERNRIRICS T 3BREROWMELEHBLCTODIF 7 F A T VAL DRE

B EbHERmEmE TR L, TRELE
TZ 7 AR, BET 10% B
< U K CHEE LTz, 5N ERD
FBETFATIDIR - AFRIZDNT
P T o7k, F v NORKEE R
BB XU A v—HAD S 100m3 4
7oV DI - [FREEEH L, £FELAD
SEEHEE R DT,

4.1.3 ERMREEEIOHZHIFA7
95 AR

35 AIZBWT Ry T TRESND
REIR B RVERERIEE (Figd. 1) D¥F A
HEREYRWVT, BB L USRI
BWTEREPLEMEIRESINDIES
FREEFED/NEYEEIR (D) < /NIY) Jf
B O ERE U, £, BERE
BB 3T 2oafERERIZ, 1997
ENGHETTFA T FRCE L LS
EDBHEINTNAEZ &b (IIBE,
2006), BIRBRERERD T A fE
BT 1997~2008 E£DOF—4 %
2z Ay

4.1. 4 FZFICHITOIEREERO T ) —
T—4 (ADCP &7KiR)

SRR TR 7= —HE)
JEIR B IR ERERIGBERE L7z ADCP
(Acoustic-Doppler Current Profilep)(di
FESIE, CI60G) %AV T 2003~
2008 FIZHE S N7z 10m RO —
F BT Uiz, AVVERIRT — 2137 =
U—fi#E o 5 B, JbEzdh T B BAREF —
B (v—1F1) FigdDDHLDTH B,
mhoT—4%, BE, MEBRIIETT
AF—FT—5 L LTEHIN TN D7D,
IhbEL EICHEFER B HrbDAF
LT —& 7 3+ —< v MO EEEED
10m EROI-FER X USE- Bk OFtE %

B L7z, &blz, BbhifiEiieT

NG AT a—P—b Ty fmalriR
DOAREGICLHEAZEDHEE (Joycee,
1989) %#1T-o7x,

£77, WEE~DI - (FrEfAOEEIC
R TH HE L Y bIRERORT
BEIMRENWEZZENAT EMD, K
T —& NSO EL RETA L
BRI R THD, 7=V —8) Ea—

N EZTEEIC1 B 3 EIERT AT,
ADCP (2 & BT — & i KB mE
H U7 BFRRAOIH Y semiregular [EIF@
DF—F ERIFTIENTES (BAIZ
Ay, 2004), T h, BE ORI
ZITH L 12 HEEHITH D S HEINE
RICFHE SN A TREMEN SV, £ 2T,
EHIZH (2004) OFFEIZHEN, L—

b 12 Fig4.2 IR L HICER (K1~
K7) #REL, FEREFLELTR
Bl 5E2F0ELEDT—5 & LTHERD
WH LT D, F—FRENLEED
72N 2005 £ 1 H~2006 4F 12 AD5—
Zhb Ki, O, P1, Q, Mz, Na D 6
SEOFREREER U,

77, EEIFH (2004 2 Ky, P14y
R AV REICE, B0 Mo
SHE S HEIDIRIBEL L AIAEZED D S2
S OFFIEREZHR L=, T7ebb,
BHIEROEE Y OBRWET (AR, [
JAR) D Ma, Sz Z2ORMNFRFELD
SEEHE R VT Me 2D Se BEI0RR
MEHEFEH L, ZhbOfiEs%
ANTHRLIALE 3-5 A DBRERY H
BALTEY LU TIRITIC AW, 61,
PR E ERRC 7 = U TR B S hi kiR
i (FHERH, TI20E) ©oF—%

GKEE5m) 22T B EATCEHE

ZIRD, FHTTBW,
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4.2.1 hBHFA 7L BFRETNES
WORRZEE

EERAEROKRE BT AEMRIC
FESIHE, A E T FA U ERERERD
&EiE, % 17AT30mm, 244 T
50mm, 3%7H C65mm, 478 T 80mm
Tholr, ThbEBEEMOEHNIEE
(I=V ; {&E 4~6cm, /N ;&K 6
~8cm) A5, FERAFHIFAERBEN
1 7A~8 FATAH=Y, 2/ H~4 FHT
AP E LTHEBIND LD EHEINS,
Tz ENE, ATYD 4~8 HOWHIE
B, /NP0 5~9 BB SRS
FEORBERE L Ui,

Fig. 4.3 [CHEEILEHIES K UNEHY
KiZBITBATY - /INPIEERREED 1
H 1 E%7% D iREEREORER L,
INBIEDAEEREROBIGERT,
ple, PSRRI, 1B 1Ym0k
BWENELEI T 2006 FEIZXT 5%
EOWEEEETRLIEBDTHD,

9, MEHE T A 184700
EERIT, A UUBREE LT
1986 A 1995 FiZ0MT T 0.13~
042 Tholem, =AU -oT
BB TFA TN LT 1996 F02 5
2008 FF TOIRBERIIL 042~1.0
WHEII LT, 50T, EOITY - s
PEREIRIERI 5D D ERFRAEFDT
A1E, 1995 £ELIFTE 12~56% Tih o7
DS, HRIFAULIEEREINEML T
1996 FELIEOFEHAROEIEIT 43~
89%TH Y, MEIITEELRENHEDDL
- (tHE : p<0.01), —JF, TE{kH
iz d =Y - /INJeRRaIfBERIC
56D A FERAFOEEIL 4~91%T
B0, HEEALERMIX & REROERER L
Vol

4,22 AMBIHBITEIHBRIFAIL
B - FREEOREER

1997 D 2007 EOREEHICRT
BAETFATUIN - AFROFIEE &
BB X OVEEHE OFESHRAERDO 1 B
1 B 0 REEORSELEZ Figdd
BLO Figdb 1md, 7238, I (4
OEERRMN 3 B~4 A THBTD, F
ZERARERERY 4 A DRSS AR HE S
<HDE L,
BRI AR FROBEIRSIE
FROREEBE R U0, “hb &k
R X OWERBRIC BT AFRERAERED
BHEEBTEORENERITLERER, @
HORNCEELETRD bk o Tz
(Fig. 4.6), 725, 1997 Fi300 -
FANEL B2/ LT, R
DOEFRAFROWERITH <, WP -
fFRBERERDED- T2 2005 FEIZIL,
FERAFORBERITET L

4.2.3 HEHLIUAEBBRIZEIT55E
RARRME L MRERDERO LS XA
ik & ORBE

FERET 3 A~b BlOfEND YT
ADFEERT, 4 AUEIEZEZ 65,
—JF, WL LR IS Db ¥
7 FA U NIGERICDOUVWTHERET 5,
Thebb, 4 AURNCRE L=,
ISP DB 2D B 7 FA T DER
FBbETDE, %45 A~T H, 5
A~8 Blipolz, T, FigdT7 I
WERTEEERD 3 A~b AT T R
R L, FORARINGES LTS
JUBEHBHRICBIT A B F 7 FA U HF
EHARED 1 B 1EYT ) ORIEELELD
R AERT, WaOMIZIETENR TN
K CHEERIEOMBENIRD b (GFE
HIK r=0.64, N=12, p<0.05, Fo{gih
X ; =0.58, N=12, p<0.05),
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4.2 4 HFICHITAENEROBRET L
KRDEE

2003~2008 FNDE4E 3 A~b B (E
BRIZI3R0% 10 BfE%ZEir2 A20H~
6 H1O0R) lZoWTEEREZRD, #
DA EEBNEART 4 I FAT T T AT
Fig. 4.8af TR LTz, Fi, BEDHEE
FAHEEERIC R 2 KB OE BRI E
Fig.4.9 {TRd, FREROEERNRIUL
EFEIL Lo THRERHDLLOD, FoiE
LA~ Fi3db~TE OREER
BEHLTEY, HEEahdbazoE
EZMOHBERIT 59~T9% Th - 7=

(2003 4F 61%, 2004 4E 77%, 2005 4
60%, 2006 £ 79%, 2007 4E 59%,
2008 £F 70%) (Table 4.1), &bz, 4%
TEAIZIT B0 & OFEEERO 5 bk~
A& OFADEERE, 39~75%T
ot (K1, 75% ; K2, 70% ; K3,
60% ; K4, 75% ; K5, 66% ; K6,
58% ; K7, 39%),

YT, BEORERORII L OPEE
& FFRCAIE SN IR OTEE) L SR
& ORISRz OV TS, 2,
Fig.4.8 {ZAFEC LIz RENT, db~TRmZ
DFRZERNREETHO IO 1C/REE
OFRIR EFNFRD b - 23R Uiz
HDTHD,

2003 £ (Fig4.8a) : 4 A 21 HIZ K2
BT 45 cm. s ORTETRA R B,
XHiZ5H 26 AiZ K3 T64 cm. sl
FAVEFEAA R BB i LR /o R TR
Wbz, TDH%6 A 1 btz
b bk l, K1-Ks T©6 A 4 AL
40 cm.-s1 Bl EOdb~FAE O
OB, 5 A 26 Bz 1L.5C/BLE
OB ARAKBEF VRO, KR
20CEMNE 28°CH &7,
AR MER THERS LTz,

2004 “F(Fig.4.80) : 3 A 29 HIZ K1

Z D1k,

K5 T 40 cm. s ' PO~ A& DR
NRRLH, FEEHID 3 H 28~29 HiZ
1.9~2.1°C/H ORBRAB EFZFED 5
iz (Fig.4.92H8),

2005 #E(Fig.4.8¢) : K2-K4 128\ T 3
A 26 BETIEHETRARbREES, Jb
Rk L, 4 A ERET 20 cm. s
DL Eodb~F M & Oftnsiks Lz, dt

EFRFD 8 A 30 BT 1.5°C/H D&
FHENR B, TO%LIRLIZHFEL 4
H 5 BLUE 19CEIZ/Z 2755, 4 A 10

(2 BRI Uiz (Fig.4.9),

2006 “(Fig. 4.8d) : 3 H 22 HIZ K2-
K5 128\, 85 cm. st A EDIE~E
& DFWNBA BN, T ORKIHET
K5 T 46 cm.'s1 Thotr, AKET K1-
K72BWT 3 H 22 HiZ 15CETho
7B, HreZHIRL 3 A 27 Hicl: 16C
HLiy, K3 Ti% LIC/RDKE L&
BEHOLNZ, &5, 5 A 5 Aidix
K3-K6 T 40 cm.-s? 2 Eodr~FEmx
DOFRR BN, FORKHERT Kb T
54 cm.-s1 Thotz, 7KRIL5 A 5 BiZ
19°CETho7els, R4 EHL, 5 A
12 8z K1-K5 T 0.9~1.1°C/H DFEZE
KB EREBRO N, £, 5 A
21 Bic K4 T 39 em. sl DI~ EZ D
Ao, ERICKL T12C/HED
BRI D _EHENTR b= (Fig.4.9),

2007 4£(Fig.4.8¢) : 3 A 2 Hiz K5 T,
3 H3BICK3K4 T35 em.s1PA LD
FEZE oAb~ FA & O ASTRD b,
FTD%, 4 H 9 HETIELRNE-L,
FOMOBEREEIZ 3 A 17 Bic K2 T
66 cm.'s! Th-ot-. KEIZOWTIT,
3 A 10 B2 RK4-K5 T 1.0°C/ B LA ok
R EANSALRE, 3 A 17 BETIZ
éfféi-c 1.0°C/ B LA LR/ e7KiE EF-

FDH BN,
2008 £(Fig.4.8D : K2-K4 { _m\—c 3
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A 15 BB 5 A 19 BiZdb~HRIE D
TR L, ooz 3 | (3
H19EH, 4A290, 5415 8), 1T/
HELEDOAKIB EANR BT,

PLED X Sz, db~Fh & OEREH
B L OB Z SRS LT A
Ze7KIB_ EEDFRD BN ABEFNR LN &
A5,

FITEDIZ, BEREAKREEDR
EEHELHALDIZ, 3 B~5 AD
F—F AR D LR ARy 2004 FRITD
W, SREHEEAENTE O/KIRS AT DRE B
ol L REROAE) & OBREERET LT
(Fig.4.10), SEiod~y7- X 51z 2004 4E
3 H 29 BAHEIZSEBROBIRAEIC
o TRY, KEDHE: LENED L
nbd, £z, 3 ALWO K4K7 & 5 A
FAO KI-K7 BT HERBORE
DLERYE TH D = L h3bhhnd, R
DY (Fig.4.8b) & RD &, WTOEF
HZ Y 34 cm.-st LA DAL~ E DO
N bz, —F, BERKRELA
#D 4 H LAH»E 5 A EAITIE7KIEDE
ELEEIFRDONT, SBROMELN
BWThol, 2HIT, 5 AF®IZIZ
20.5°COAED K7 55 Kd iZ@h-T
CHET IR H b, ZnEX
JE~EmE DD K6 b K2 IZH
Mo TIEICHIR L TWaZ & ddbhnd
(Fig.4.8b), Bl ED X 5 kiEA LR
& Ab~F A& OREROXGEAE, i

FECHFERRICRD b,

#H2ETIE, 2007 £3 8 13-14 BiC
FERSArER R CERR S - db RS,
FERE D 6 DR AL EIZR L T
A EERBLTWS, £ZC, Zodk
b e mEER] (2007 4 3 A 13 B) I
BRI T DN R OMERE E @
Lt Bt 7 (Fig4.11), LERSILENE
WCiE, T O 10miETE R 56cms?!

OftmE OBRERMBERIENL TS, —
7, BREHBHEOEERDS D, K1-Kd
DEEMOME AL SmTHY, F0
10mIEOFHEE BN 43 cm. s1 TH o
Teo Ffe, ZOBREROME TERSME
{87 HHFE U= b _EEREALED
R L TWZEBROME & B<—&L
Tz,

43% %

4.3.1 BESLUHEBBRICET5HFE
RERORR & IMAGER

1960~1970 FARUITHEE IS L U BT
X THRESN T\ F rFA U
DUVNVT/NI (1976) 1%, BFERAEFED
FAER, AFRERBIUSREEIZ L > T
WO « TNAPKRE IEREND EHEE
LT3, AEITEEREHICOV TR
SLIRSR, &7 FA U OEBEEN
W U7z 1996 ELAREIS, /NIGEIR O
MHEERDE< 2, FENLREKEICH
BENAEFRERENEDTNHD D &ﬂ
L3N,

T, A UUIPBITBT BIEED
FRTH otz 1995 FELIENZIE, &7
FA U VEEREROBI IV
ML Ao, IO LN, W
BB L OWEBKIcRBIT A E 7 FA T
VORI, EEREROTEINREL
BHELTWBZEERLTED, 1960
~1970 ER0/NINA97T0)DEIRE % X
<—&T 5,

—F, FECHREOWIET IS
BT A O - (FRADSTEBE LFER
F U PR OFSREFHOIRBERE L O
BURIZ DUV CIRET LSRR, 2 BAmE
7R BREMIERD B o T,

5T, 1997 FITHETIRESh
NI DR T —4  (RIFRREK



EARER  REYE - LEESEHEIRICR T AREROBELEMB L OF0ON 2 /54 U VAR L OEE

PERBRIBORFERT—H) 2L, /b
BanE<id 4 REFhEHEZRTY
B, TOED 3~4 AIZIIEE#ET
IR - (FEBIEEASRESN TR

(Fig. 4.4 B XU Fig4.5), E3=Tib
AT XD ITEERARED, AN O
ARETHHZEEERETHE, BRI
BIFTAEIFAULOER - (FRE, E
BRI OIS HIFIEE L O
RAEE SN TV ARIREERE WS D &
L b,

FO—HT, SREIEEIEE) b RRE
&Ry &3 AR R ERE R D Y F
AR (3 A~5 H) LBEBIUE
IR DT &7 7 F-A U L FEFRATEOWR
EEORMIZE, BEREMRENRODLN
7= (Fig. 4.7), T DI &L, SMENHD
IAEFEL TN D EEZ DN AFEES
AEFEOIMAEIR & L TSR =
ETHhHZ EERLTNS,

4.3.2 BEFEORRERIZH T LHKRERD
TRIERE
AT, BRCE 2EICBWTERE
B TR K Uiz i & iR oEEl
FERDD, SEEEE ST el 5 DR,
D603k EiOFEEZ RH L, %Sk X
U S#E~DIN - {FREE & OBhEEZ
L7z, LLARRL, TS
RN AR b D THY, Zodb B
BT FAT DI - AFFHERDEEICE
X DRCE R FEEICRMET A 2 L iIdE#EE T
Hole, FIT, AETIIEREEED L.
OFERTHHH DD, TR T =V —I
FHE S ADCP (2 &k AEHIR0MEs:
R TRIEIRT — & OSHTEITY, EEE
DA EFEBWTOEIZE 3 A~5 Al
EEERROSE R RRAE L TN B Z L R B
WL, T &N, KEECEHBIEN
7= b _EARAHEE R KL OB I ~PR -

(FRERIEICE 2 AREBRRENZ L B
RLTWA,

T, BEROEE L AKBOREICD
WTIRET L7o#ER, B R~ mE o
PENDERD b - BRI KR 028 -
ABRALNAEHINEL, 2004 EDE
HEICEAINTR Ui K D WKIEORRH
EENT, BREROTE L XD TEREIC
BRE L TWAZ Edibhhotr, EbITiE,
RER S & LR HEE BV ClRIEE
BHERBIF/ LN, 2007 £ 3 A=
BUZIBNT, W TR S 7z db B
BT BBIKDGA L L <—F LT
7= Z b (Figd. 1), EBilodb LfEn
B b OIRKIBOW . & R BEhE
BLODTHHT LITREEINT,

7pd3, FRFIARAT C5 DL SREERERLC
B BEIW R OZ STV T,
BEECHWA Z & D TE AT —HNES
NTWaR, S lizk 5T 2007 4E 3
A FEERAGEREE (10mie) TR LR
TSR L, AHFFE CHREIBBRIZ BT
HEE SNTREROTEERAE @EET
56em-sl, %EIL 43 eme s, WY
Jerm& oty I REREWVIIR bR
Mofr, LT, FFETELSNE
BREHRRRIZISIT D P AT OHEEE
BERZE TH D & HBT Lz,

4.3.4 BEBELUABED LRV F4
7L RERERRERICHT ARERT
[ y[0) 2 -3

RO BB D I~ B F M OFRALE,
B - fFHEAOEEZB LT, BEBILW
FEIHR DA & 7 FA U IR T
2 RIST RSN D, £2C, HEIE
e (K1~K7) TEHLNEEERDOS D,
b~ & O A SEEIIBA~BH O
TRTOHRPDOWTHEEL, Thiis
BEHE# (transport index) & E#wLTHE
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ER L OEEME 0L & 754 U&=
FARHAER L ORSEMLERAAT, 2
LB L 05— 2 ORBR S HEHE
IZit, REBLETFT—ZORE 1 BOF—
A & FRV TR Lz,

ST E W B S O D 7 &
7 FA UL EEERAERRRIER & ORI
Fig.4. 121277 & 2 e BB IEDOFEED
JWd bz, 0 —RmE DR
DS, WBER L OTEEHE ~Dh & 7
FA TN - FRDEEIIRE < B
TWAHZEREMTTEY, Zoihns
WaB BT AR OTFRNT & o THRDT
BELREHRLR->TVAZEERLTH
3,
72, /NEIEAN20021T, SRR

T AFHEOFER & U T20044F4 H o
FHEDKIRL1T-24°COUBRITH & 7 F A
TIAFRBA B L Qe Z L EHE
LT3, 200444 8 Q¥R EHEBED M
BOKIBIZI8~20CE TH o7l &d»
5, ZO&XICHRSEPEIEHRIC S B
B I FA TAFRBDHLTONVEbLD &
HEIhS,

LDz &ind, RER LUK
THEE~FEMEBIEBEINDI D E T TA
U EREFRERNY, EFOLOMAICE
IETFELTRY, SRl 4r—
HHMDFEZETOE 2 OFENL, WER
R Viickii A R e STy R b/t Z 1 e =3
PREER B X TWNA T LShoTz,



EARER | REH - A BEEMNRIRICEIT IREROMIE L EHMBLUZONF 7 F4 U LRI L D>

B & =

TR, IREE OBREHEREIC
FIFA SN BT, BREEHEREICD
FR EIABKEE ERNTZEOTER
VERED—>TH D (FiHEIZH, 1995),
ARFSECH, EEERRESREROILER
WAL T DM CIRBEEND I 2 7 F4
T, LIS DEFRAERE (NESER)
ERRE LT, FOIP « fFHEAOEREC
Do D REHE - FIBEOXFREOFR
IZBET 2RI TR ATV, BEROE
L EBNOERER BT R L LB,
BB TFA T DIEGIEEE ORREIZD
UNTHRR B T2 72,

5.1 XEHM - IREICHITH R ETR
B RHRFE SRR T 2006 E 5 B 6 B~
24 BT L 7-ARBERIZ X HBRR
B, BN« fFHEAREEIC ) B IS
WTIRRRH A 7200, B2kt
T BT EBNERBRTHD T & IHER
Sz, FIT, 2004 F£~2007 £ 1
~ 5 HWCKEHET 6 B, TE#EEmEd
BRI T L |, FAEMICEE Sz A
D CPIZ X3 24 FFH 50 o DFEEH%
1TV, FNFUC OV T ORI 2 i
ELEBEREZEH L, TOHE, X
B b hUSE R A T T ez db k
MBS L TWA L, RE#OIERWN
L AL S ROz O i TR < 40cm -
s1THY, ZOFIUIREROILIRICA
B3 DHEE~DI - (FHEAEE I EE
BEELTNBI EB4ghot-, £in,
SREHR R T b A LA ek LT

[T

BY, FORKIMHET 55cm-s-1 Tho
7=

X5, FRIER Lk E OBz
WTRETT B7-91T, REGEB LS
e AL, FE R A R O HE AR 5
L BGRANREIR DT 21T o T, Z0kE
R/, i Ut Eamiensime s L< i3
RS FE T e BiEee L 7Bk a3 A &
LR LTERY, REBET TR T
B L UERICB W T BB IR LT
BEZTTZ EBDhole, ZTOZED
b, Zodb HRIIREE SRS D
IEEENBHUR LizEkodt Bl s
THH0 LRI,

5.2 RERGHELLZRW-HE2HIFA
2O FREORE

W, TEHhXs L OVEHIE CFE,
MARFITIEENTHF 0 FA T HE
A (BF 50 @) & LT, ZERMKRE
(618C, 6BN) HHTEITV, WBEBX
UK TR ENA DX I FA T
DOINABERZ DV THRET Ui, F OfsE,
WEIZAAENTER LI FZ7FA T
T OREFA LT DR (Tanaka et
al.,.2008) NOIEET D &, FFCEES
NIz & 7 F A TDRE « BEEZER
PRI R R L, $MAEICH
WINTHF T FA T INEMEE RS
Z EBghoT,

FRREEINT= T Z 754 U U0,
IR T D AR L HEE S NS,
TDTZ L, FEREBIEITINGE
THHMEL, ZORBEEEZITVRED,
WAL TEREEZEZBND, E£z,
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HERB L UEIpE NI NED D 7
TFA TN, BRBIRELTELE
Z6N3H, ZhbORERMALSEA
EHE R LS &5, TNBIIRAER
WABICEHEL QWb D L HEgR S
Nb, ZOZEiE, Thosmds L]
PRI DMK TRE L2 Z L 2R
LTW3, Thbb, FERERIIEIC
B33 L O X LIS DN TR
Uiztg, BB L, BEKERARET
WarSds & O R DT R CRAE L
TWB LRI,

ik, MRAFGREBSNE 7 TFA
U L OEERN AL, FRETHREX
ey b AORERIAE (Yokoyama
et al., 2005; Suzuki et al., 2008;
Yokoyama et al,, 2009) XV HE<L, F
T A Gt BV - R TR S
NI=h B 7 FA U OEERARE £ 15
IEFEDE Th -7, ZDZ &I, BA&
F\WEINTh 77 FA T RERE
MBEEELTERELOTHAFREEE T
LTEY, TMEn (1970) MERLEZ
{RFEE SR LTV D,

5.3 HEH L UEMMRICETEhE Y
FA 7 ORIREREE

WHER L OWEEHIX 2 331 B -4 1986
~2008 4E, 1997~2008 ££DH & 7 FA
TIARET — & L ERERAVTERERR
AR IB B O R T, EORER,
BT~ VYRR LI E7FAD
THMEN LigD Tz 1996 LRI/ N
DIEIERIT (5D DEEERAEREO LD 39
~82%I TN L TWA Z L, EmiiH

KizouvTh 1997 FELUIGED/ VIR DI
BERIZ 5D IEERAEBOLENTEY
T8% E/NZ EDBRENE oz, TD
T E MR DD T F 7 FA T
PLCESRARFEOTENREEELT
WBHZ EERLTVD,

i, WERIOHEEHXKIZRT S
BEFEFRAEDWRN & REHRE BT
LEIRBREEERON ¥ 7 FA T
5 A (1997~2008 4E) & DEENE
IZOWTHRET LSRR, MR OBICISs
ERTEOFRBIASRD Hivi: (L : r=0.64,
T : =0.67), Z0OZ & IiXHEHIR O
A E T FA U RDEES OIS b
DOIMATRKE EFLTNDHZ L ERL
T3,

FIC, FERAEREOIN - HETEREC
B5 LT\ A0 B EBERE £ I
R 2720, SRR 517 =
Y —f) (ZEE L7ZADC P T 2003~
2008 R ZHERTHY I HIE S iR T —
ZEH LI, K4 3 A~b B OWWEE
BEREH L, FOME, HREHEECE
I B ERORESFEL 59-79% L m<,
REFRTIRW T EFEERITEAE LT
WAZERHABNERoT, Fe, S
AERHEE VT 20074583 H 13—14 B
|23 L - R b dbm & o
R (10miETHRA 56em s1) i3, =
DFFZ BRI CE b/ b & DFEE
RO BESE Bk 86—43cmsl) &1E
FE—HLTEY, WINLbEERFOF
TREEES > B L TR b=k o
AAIZ X < R LT,

X517, EREVERRCISE Hab~FFM



BARMER | REE - EEERERRIMICE T 2 BEMOME L ERBLGEONF 7 F4 U VR L OB

DFORORIEE (FsfR) LML EE
X DT & 7 F A UL EERAEREDN
BE L OBRIC OV TRE LR, M
FOMIZHE R IEDOFARY G : 1=0.85,
Faii : 1=0.85) 3G biiz, D i,
EREREE BT A db~FF RO A H
BT FAT I - AFHEOERE B LT,
W& & PR OWIE~DOMAIZ R E <
FHELTHBZ EERNRLTNS,

5.4 fRFRIFHEOMILICEITT
JUNBEROR & 7 54 U OEHRY 2
BRTHENZS>WTIE, ZEE T/
(1976) @, E-EREFEEERK TG
E(2006) DIENH DITTERV, NI
978N IHERDO I Z 754 UL DR
FRIZONWT, FE# 6 A~6 A) &
HAEED (11 R~12 B) o35+ H
T U OIRIEEN S F OEDOFRR L FKIAT
NENOEEINERBEN TR TE5E L
TWD, UL h, ZoOFETERH
FeHh Y, AR SN TVAERTO
FHERLTER, £, IWEE (2006)
%, ERSREEERCRT 5 REDOY
T AWIEEL, 3ACRITAEIRRRT
TEHEHR—HDOI X 7 FA U L IEERSL
FHEAIEE ORSEMEICER L, 2R bl
FEDONTEEOY T A EHEEREHOM
ANE & B KR ROBE L VIRES
o e&LTn3, BiE BRSERTL
ZDE L FITEINTY T ADRNTHE
T TN 5,

—7F, BRIV RME CRE~E
MEITREEND I F 7 FA T AZDON
THE, JBEFAlE LTHES SN FEEE

7RV, ARHTSE TR BV RS O,
EEIS L U X G~ Bk i
BWINA/NEL (=D, /NP OB Fs
FA U UEBFEAREORERT, EE
BEDIESR CIRE SN SEEDT T A
EER I OMEEYEE DI LB & 5
BECRHE L QWA BEE~EKED H B,
&LIT b A~9 Bt A2FEFRARD
BEEIIEIC3 A~4 AAEENELHES
NBHDOT, FROMRICEINTIE LR
ORI HIRER A TR Z L 25 ThE
Thd, T7bb, 3 A~4 A0SR
L 5 A~9 A FTORBER U
X DFFREATRER - OREM 2R
Uiz, FORER, WTHICOWTHEE
RIEOMHBRRD b (BE r=0.88,
p<0.05 ; TR, 7=0.85 ,p<0.05),

T, REEERIOY T AR
3 A DESNE AT 5 & o (s
B, 2006) 3BV, BHNCRENLTH
2IT5 ECHRAREREBAOND,
0, MEBIUERRXIC BT AFEE
~ERKED N Z A U LR IR
ERPERIZBT 5 3 A OREINE & DR
EIRSTHRI, TORE, MR E BT
TSR IEIVE L FOMBEERL, TR
MR DWW TR R VEBERRRD &
Ni(=0.84, p<0.01), DT LHH 3
H O &R FEREERIZ BT DINES,
FERBRH T U7 RS BT
DEEDT T ARBETHASDED T
LI LT, AT RIOBESL X I
LA EBFRERDLDEZZS
N5,
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DX ST, AT L
VERHX O &7 7 FA4 UL BRI, +
DOIRMEENERN %, AU L D00 - 17
AREORE FIRE BV CTRN LT,
FOFER, BIRTRIOERE L 22 BN
TRCHREBRDEENC BT D FT s i
BAHZLBNTER, LEURBG, A4F
ZTH, EEMHOIMAELEICES4
5 LEZ DNAHUEEFE (Hjort,1914)
SOHIHHEEE DRI A(Cushing, 1975,1990)
LT BT B AR RS T -
TV, 5% e D, BEORVIRNT
ARl A FETEX B L 512 T
< T=ITiE, BEE S H - eREAin
YR DFRINEEEN oL T A DRI ZESN 2B
THYERR, EYFHERIZOWVTIREA
B - T D & L bl JRR
FEID A B = A LERLMTLTNL Z
LRRARTH D,

Mo

ARZEORITE LUOARRILDOE D F &
DIZHT- Y, FIRITTE > TR D
i LR % o I RIFAFHEEE T E
FRRE I GEA TEHORZR LET,

A LE LV ELDBRITHIY, FED
E, 0 2B T-RIGKFESE &
HEBakiE L, RFEREEER 2HEHEL
BLURHERZERR LORTFELIC
JE L LB L BT £,

ADCP % Ve FRAES IR Du T, R
SATECE ABER K EERRERT )1 55
K, JSTATERE AKER SR & —
oKL, JSTATEHRE A VEHEROKE
PRy T HMERIC B T E 4 TE

Wi, ZTACEHREMLA U LIFES, ¥
1% 21 46 FIZ ZKIRE SN iEUH BRI
i, EVESRTARAT I OV T B R OB E
PRI EATER E Lin, (L DEILE L
EiFREEbHIZ, FEEEBITVERLE
3, MMSIATEOE ATEHER K EERFSERT BRI
FHRITITARBE L DAL TRE
BEERIHERTEV, I 2ITE R
HoOBERLET, £, | BEEZEZ
DR X BRI R R A ER
BTN E IR R IR ER, Rk
REFEWEERRE FREERE T

U, HMHROFEEDT 400 THA%
B Z L TaREL RN E LR, ZZICE
<L LB ET, FUETHETHIC
BT o TITRIERIBEKERLE, FlF
FANFHRELR, 7KEERROBMRE BRI IEE
iR HTIEBERTEE E Ui, T ZITERS B
WERLETET,

Rk R G /KERTS, —ILEEEL,
MSTATHOE A VEHER K EERFFERT K F sk
gL, ISTATEOE A PEHE R K EERT AT
HR ST Z 7 4 U DARRIC
OWCEERIBRAEZTREE L, A5
ITBAEN KEREGNIRE L F— BHRE
Btizid, 7= U —3%ES! ADCP it
BRLT, REFESERIMSEZETEL
Tz, RlGRERIEREICE 7 — iRz
TREIIRRIC B ZHERTE &
KRz, AFHREE R BEREROREEETH
& ¥ Lz, RIGRBE/KERGS 1BFEE
FROF 2 IIAREEV £ L HDIH
Tro THBIEZTAEVW-fh, BEOEET
HEEEE>THEHEE L.

PLEDTT 2 ~DFL L D DREEHOE %
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Figure 1.1 .Location of the study area, AK: Ariake Bay, AN: Amakusa-nada, As:
Amakusa-shimoshima Pen., DJ: Danjyogunto 1S., GH: Goto-fukuejima Is., GN:
Goto-nada, GT: Goto-retto Is., HD: Hirado Is., KK: Kamikoshiki-shima [s., SK:
Shimokoshiki-shima Is., SM: Shimabara Pen., TS: Tokara Strait.
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Figure2.1. Location of transects (Lines A 1,A2and B) for ADCP
measurement and STD/CTD observation {b). The solid square (MO)

indicates the mooring station for tidal current observation.
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Figure 2 .3. Tidal current ellipses for M, (a), S, (b), K, (c), and O, (d) tides, based
on tidal current measurement conducted at 60 m depth of St. MO (see Fig.1b)
from 9-24 May 2006. Bold solid lines in (a)-(d} indicate the tidal residual current.
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Figure 2.4. Spatial and temporal changes in the tidal residual
current (daily mean current) at the depth of 30 m along the Line A
(see Fig.1) in the sheilf region of the Amakusa-nada.
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Figure 2.5. A composite image of NOAA/AVHRR on 11 January 2006 with
daily mean currents at 10 m depth along Line A 2 (a), and vertical section of
temperature and daily mean currents along Line A 2 on 10-11 January 2006
(b). The solid squares | and Il indicate the areas of high temperature.
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Figure 2.6 .A composite image of NOAA/AVHRR on 25 January 2006 with daily

mean currents at 10 m depth along Line A 2(a), and vertical section of
temperature and daily mean currents (b) on 24-25 January 2006 along Line A2.

The solid square lll indicates the area of high temperature.
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Figure 2.7 A composite image of NOAA/AVHRR on 11 January 2007
with daily mean currents at 10 m depth along Line A2 (a), and vertical
section of temperature and daily mean currents along Line A 2 on 10-11

January 2007 (b).
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Figure 2.8 A composite image of NOAA/AVHRR on 14 April 2004 with
daily mean currents at 10 m depth along Line A2 (a), and vertical section
of temperature and daily mean currents along Line A2 on 13-14 April 2004
(b) . The solid square IV indicates the area of high temperature.
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Figure 2.9. A composite image of NOAA/AVHRR on 11 May 2005 with
daily mean currents at 10 m depth along Line A1 and A2 (a), and vertical
section of temperature and daily mean currents (b) on 10-11 May 2005
along Line A2. The solid square V indicates the area of high
temperature.
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Figure 2.10. A composite image of NOAA/AVHRR on 13 March 2007 with daily mean
currents at 10 m depth along two transects in the northern Koshiki-shima Is. (a), and
vertical section of temperature and daily mean currents along the transect (Stn. K1-
Stn. K9) on 13-14 March 2007 (b).



EARMER KA - LREBENBIRIC RT3 REROME L EBR L PEOL 4 2 F 4 T LRI L O

35

20

Temperature (°C)

bkl 10-11 Jan. 2006 24-25 Jan. 2006 ||
—| @ Stns.1a-13 @® stns.1a-3
] @ Stns.5-7 -
— @ stns.9-13
10 T 10
34 Salinity a3
b) Stn. C) Stn.
la 3 5 7 9 11 13 13 3 5 7 9 11 13
0“1 F( T T /l T T 0_! ,I T T T T T
J | _34.1 —
= [ag5 s JNBE _ ‘";(J <——«L__35.3<
E E
= f g £ 1/\/—\{4'%_,
S5 m : o SO_A/'{ M6~
N (& O
i 341 B
100 + __\——J 100: —-\—-—/

Figure 2.11. (a) A temperature-salinity diagram for water masses observed along
Line A on 10-11 January 2006 (the water mass B, shown by black dots) and on 24-25
January 2006 (shown by blue dots: Stns.1-3, green dots: Stns.5-7 and red dots:
Stns.9- 13). The water masses A and C correspond to higher temperature/higher
salinity water and lower temperature/lower salinity water than the water mass B,

respectively. Vertical sections of salinity on 24-25 January 2006 (b) and on 10-11 May
2005 (c) are shown in the lower panels.
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Table 3.1. Engraulis japonicus. Samples collected in and around the

Tachibana Bay. Sampling

Sample Date of  Numberof BLrange Location
capture fish (mm)
A 12-Dec-07 5 82.7-84.9 Ariake Bay
B 12-Dec-07 5 715-81.1  Tachibana Bay
C 6-Dec-07 5 48.9-59.8  Tachibana Bay
D 26-May-08 5 47.6-55.1 Seihi Area
E 13-Jun-08 6 33.2-56.2  Tachibana Bay
F 27-Jun-08 5 45.3-57.7  Tachibana Bay
G 5-Dec-08 5 20.6-349  Tachibana Bay
H 6-Jan-09 5 42.9-56.6  Tachibana Bay
I 8-Jan-09 6 46.8-72.1  Tachibana Bay
J 13-Jan-09 3 38.1-43.1  Tachibana Bay
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Figure3.1. Engraulis japonicus. Sampling sites (symbols) and migration
route of anchovy for spring (solid lines) and autumn (broken lines) in and
around Tachibana Bay as suggested by Anonymous (1970).
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Figure3.2. Engraulis japonicus. Stable isotope ratios (5'3C and &'°N) of

anchovy. Data of Tanaka et al. (2008) are also shown as square symbols.
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Figure 3.3. Engraulis japonicus. Relationship between body length and stable

isotope ratios of anchovy.
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Figure 4.1.The target areas of this study. TB:Tachibana Bay ,
AN:Amakusa-Nada , KS:Koshiki Strait , SK:Seisatu-area , GN:Goto-
nada
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Figure 4.2. The stations used for the analysis of ADCP data
obtained from monitoring by a ferry boat crossing the
Koshikijima Strait.
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Figure 4.3 . Time-series of catch index (see the text for details) of
small-sized anchovy in Tachibana Bay and percentage of the spring-
spawned anchovy in 1986-2008. Solid squares: catch index of small-
sized anchovy. Open circles: percentage of spring-spawned anchovy.
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Figure 4.4. Time-series of the egg and larval density of
anchovy in the Goto-nada in March-April, 1997-2007. The
time-series of the catch of small-sized anchovy in Tachibana
Bay is also indicated for comparison.
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Figure 4.5.Time-series of the egg and larval density of
anchovy in the Goto-nada in March-April, 1997-2007. The
time-series of the catch of small-sized anchovy in Seihi area
is also indicated for comparison.
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Figure 4.6 .Correlations between the egg density(or larval density) of anchovy
in Mar.-Apl. in theGoto-nada and catch of spring-spawned anchovy in
Tachibana Bay (or Seihi area). a) Correlation between egg density and catch
in Tachibana-Bay. b} Correlation between larval density and catch in
Tachibana-Bay. c¢) Correlation between egg density and catch in Seihi
area,and d) Correlation between larval density and catch in Seihi area.
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Figure 4.7. Correlation between the catch of spring-spawned anchovy in
Tachibana Bay (or Seihi area)and the shirasu catch (March-May) in the
Seisatsu region to the south of Tachibana Bay.
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Figure 4.8 . Daily variations of the tidal residual current estimated from the
ADCP data obtained from a ferry boat crossing the Koshikijima Strait from
20 Feb. to 10 June (see Fig. 4.1 for the stations K1-K7). (a) 2003, (b) 2004,
(c) 2005, (d) 2006, (e) 2007 and (f) 2008. The arrows on the both sides of
each panel indicate the period of prominent north-eastward currents, when
water temperature recorded by the ferry boat showed a rapid rise with more
than 1 degree per day.
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Figure 4.8 .continue Daily variations of the tidal residual current estimated
from the ADCP data obtained from a ferry boat crossing the Koshikijima
Strait from 20 Feb. to 10 June (see Fig. 4.1 for the stations K1-K7). (a)
2003, (b) 2004, (c) 2005, (d) 2006, (e) 2007 and (f) 2008. The arrows on
the both sides of each panel indicate the period of prominent north-
eastward currents, when water temperature recorded by the ferry boat
showed a rapid rise with more than 1 degree per day.
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Figure 4.8.continue Daily variations of the tidal residual current estimated
from the ADCP data obtained from a ferry boat crossing the Koshikijima
Strait from 20 Feb. to 10 June (see Fig. 2 for the stations K1-K7). (a) 2003,
(b) 2004, (c) 2005, (d) 20086, (e) 2007 and (f) 2008. The arrows on the both
sides of each panel indicate the period of prominent north-eastward
currents, when water temperature recorded by the ferry boat showed a
rapid rise with more than 1 degree per day.
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Figure 4.9. Daily variations of spatially averaged sea water temperature (at 5 m
depth) measured by a ferry boat crossing the Koshikijima Strait from 20 Feb. to
10 June, 2003-2008.
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Table 4.1.Frequency (%) of the north-eastward and north-westward
residual currents in the Koshikijima Strait in Mar.-May, 2003-2008.

N-W N-E Total
2003 30% 31% 61%
2004 30 47 17
2005 20 40 60
2006 20 29 79
2007 22 37 59

2008 21 49 /0
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Fig.4.10. Daily variations of the sea water temperature (at 5 m depth)
along the cross-section of the Koshikijima Strait (K1-K7) in Mar.-May
2004.
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Figure 4.11. Spatial distributions of the tidal residual current around
the Koshikijima Islands in 13-14 Mar. 2007, superimposed on the
distribution of sea surface temperature detected by a satellite on 13

Mar. 2007.
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Figure 4.12. Correlation between the catch of spring-
spawned anchovy and the transport index that is defined
by accumulated north-eastward velocity at the Koshikijima
Strait.






