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ALHEE A VE RO BREEM & P2 B HURO BIL A RS AT A L L. 204tz A &
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2 DREMIMEL RSN TN D, Z0HEBERBICEBABEEL . RO L UK
85m) %1 L C A @S O REMlK & HE L T 5, EABOHIGEHD L . AL
55m, BDELEIIA 50km, EHREBOEKAKEIA 100m Th Y, BHROIZIE HIE
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PEIRSNC 31T D AHp i oD 4 PR 70 VEEBR BT % SCBC B BRI R & 0 0dR L | BifR
DIENEETHD,

AETIL, £FRET [MUKBEOMROWIL] & OB EOHEED A r s 4 5
IR - AFROA | ICBT 2O RS 2 AL | BEOHFELEIT 5, £L T,
N OBEEDOMERRZ B E 2 7o LT, ABIZED B L BimXOHRRIC W Tk 5,

1.2 BRFEOWM=RE
1.2.1 "RAERLBEOER

LK EOHER CL 1 FEIC K E < 0 T LEIORED B AR FIEL TWD (K
#,1979), D& DX E~FKFT 0T CHIREED O R BIRH A B L 2 [ HiRE s
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BEIRLZBZ TR~ EETLTL D, TOL X, B TT 510 EEN 00— g
2> 5 V5 5 DREKIEJE DA~ L ClRrEd A FICH LB LHAL TL 5, £k, =D
REl TR B AR - KRSy 72 KSR B A & TR R /e HE I 4 HINC & 5 IR A R0 v
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5. $7pbhL, JLHEADEKIC X o THEGH SR8 LIRERS R SN0 | K%
AR EL TWDLPTHREBRBEBHRAL T 2LEBE2bND, ZDLHICEXDE, X
ThUZT2IILHE L THEABELDBARCE S T #IM2 & xR L TWBEEL
DIRPEEWFFEA L . IKIRD LA THIWIrC & 2 10 B 0D AHES~ D ¥t ARE 0D 20 % K & 72
REHEKNE L TEmL TV RICIKEMB S 5, NEBHOKEALRDLOTISEMLE L
T, EIK, EREMEKE AL, A e 012N T ORI S BB LS5 T . KR
(T <2°C), #a57 (S < 33.0 %0) 238> D (K&,1971), FUILZ D KA DIBEMEITINZ T,
SR 1T D MOEFIRCHEE 4 AN A O B RO F WBFEEE L+ L Tk =
ERRUITHDEEZ D,
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KB ELDMEIE A b O T OREIRROIFHERO R ES & L CTEEARWRE LT
MOITERY AL KK PE /K PE T AL HEE KK EEFZERTIC & » TR B Z o
IR - FHER D I MMEMNIT RO TE /1, Figl-21%, &4 (1989) ICL>TE & bh
121987 4E 5 AICRIT 2 AT b ¥ THADOREMEGBEEZRL T\ 5, BABNEBE
MEIRD 27 FTCHERD S K BESN TR Y, O OHHENRES & L CIHFEHICEE
BEMTHDHILERLTND, A7 MU T OEINE S EROHARES O ED
MIKTHLZ ENMOLNTEY | A EDHERO EEINSIIE KBS 005 EHD
KR 100~120m D REM L) & Bebifk T (43 - BiTE,1987). ARSEHEIRIC F5U Tk 2
~4°CD 200m LARDBANAFIET D (o4 AK,1985), MK ELAMEIC 31T 5 A 4 b
V5T DEREIRSIILHIE 12~3 A £ COLBHESMTH D & Ebh T\ 5 (JiH
5,1979), AREFHELIIPEING & REBMIZERICBEFNCHFEEL TODEDICRL . Bk
JRROMERCIIPEINES A @B AL PE S ) O KBTS DS . A KIBICRE
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WWICHER THFEL TW D DB NS 2 /8 TH D,

—fil& LT, Fig.1-31Z 1988 4F 2 AT KB ALK TITONIZ A b & S50 - {F
DRI IAMHE DR (Nakatani and Maeda,1989) 779, Sk M & 22V IR
s —Hr A L. PEIRTE 15~20 HRRE CHML L 7oA T =& L THERIBINIZ 04 L
TWb, ZORADENL, PESRG O B b iRE ST db 2 MEKIE~D IO %L
ERLTERY, MIMERRELELATIREBRBERO—DLEX LN D, AfiTR~AE L
INZ, TDXIRIFED A=A L L LT, B4 2~3 AICEBIANLBAN~TEAT S
IREBLINC D AR OHB B EF S, @BiwSh TE e (B2, AiES,1979), L
2L IFEDORBEIZ BV TR FEBEIS AT DRIC . T TIZEBNICFRRIELS 4L T
Y (BIxiE. Nakatani and Maeda,1989). Z DT &L EEBIITEA LIS O SNlR% A A
SALBFETDHI L ZRBRL T3S,

1.3 XWHMEROBREER

M DWELKIE RO WHR O IR EI KR - HMEDE R AV T, AKBRAHT O FiEn
O AHHRO KD Eim SN TE o, B THEAT D A7 & F8ioimkiEfas
24 S8R, BEFOBINERIZT T +aER®nBoZ LT, EFEIIC,
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BTO 17y Ame VW O BIMIROM S OBERRH Y . A7 b & T 85540 O RERE
WAL DI BEEB GO TV R, Z2o9HIC, HABNOEADERAD
FAMITER L, Bl LIS BR80T 2B 3B d, MEBIEEHTIZ L A
EIRWIZFELY, £Z T, KGR TRBEFOBIER 2 ANTIEAL . BEET V%
WTAHHROEFER L A7 b U Z IiOBEBROMBICOWTERYT 5, HiEE
TN HODAEPEIRDO L DR bOBRES D, BN TERISI 1 AORERYE
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T, BB INTEBEEROMEIEN G . RMROTEBED H 32 R+ o2 L aligL
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KOs B OB 20892 Z L8 a[fe L 2 5,
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MU MABNTEI SN REHER 27 A RORIEERE LTHW:, L
T\ MDNICETNAAERDNS | AT 2 F MR & > T Sh 7Rk o iS5
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Fig.1-1. Schematic view of Funka Bay and Hidaka Bay in the south of Hokkaido,
Japan. Solid lines show the water depth. Dashed line show the boundary of

each bay. (upper figure) Detailed bottom topography of Funka Bay. (lower

figure)
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Fig.1-2. Horizontal distribution

Kanamaru,1989)

of juvenile walleye pollock in May 1987.
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Funka Bay

21-25 Feb. 1988
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Japan Sea '

Pacllic Ocean

Fig.1-3. Horizontal distributions of walleye pollock eggs from fertilization to early

blastula stage (upper panel) and larvae (lower panel) in Funka Bay and sur-

rounding vicinity during 21-25 February 1988 (Adapted from Nakatani and
Maeda, 1989).
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1 ETRANTE L DI, AFOMUKEEDMEHRIT I E S TR LT~ 75 JJA3 8Kk 4 5 &
BN TV D, TTRUNCAHE TILEBET 2 FMEIC & - THAR S 5 A DR
WCHER L BUEET V& FIV TR b 7o 3HRLAS R & K TR R CAT 72 b 7o s sl
FER L DEBEZITR 5, TL T, FETT L THLNEABNOFHNEECSOWTR
4D,

2.1.1 MRANEBAOEREFNOREF

1994 % 12 H 3 H~95 4F 2 A 8 RHIZT TAFEDOWE BN D St.30(Fig.2-1) (1
2 /KIRAS KL ONGEE B2 | ALHEidE S T B I AAT & ALHRE R Lo T bius
(Anon,1995), St.30 (LR KB DIZIE F R DK 93m DBETCALEL TH 0 . KBS
BiX St.30 @ 20m & 80m ED 2 FTC. E/WEHBLENIL 80m B D 14 FTCIT2 b T
W5, TNENDORRIIEERS Fig.2-2(a) & (b) IRT, SRERFIT 10 HEICHELR
TOBNE (B - Bia - KIR) & 1 RERISEYIL . £ L C 25 BB ENES 2177 - T 6 B
[FHECT m Yy L7 bDTH D, 12 A PRLIRE, Fig.2-2(a) ® L TEOKIRENIFE R
CIEZRL TS ZEND, MERICLKIREL TSI E3bnd, £7-. BLRIMIH
ZIHU TR ICKEMEIMETLTE D, RBARKETERAAONRN LD, 1 ET
AT &9 RAKIR R IR B Z DAED 2 A HIRICIEEKIBRIC E IS HA L TE TV
WZ EDDN D, Fig.2-2(b) @ 80m J&DIHA~ 7 b VRERSINITHK 4~5 HELEDFHE
fEZ7"L | 15cm - s REDOBILR S VEEER & b 5,

KA (1981) IC & D&, AFOHABITIIIRY 7ELH L Y KX ALESTHRWILE
P~ D HIREHES T &R HMBILTER Y, Fig.2-2(b) OF#E « HEmiLmIC & - Thib
B SIIWGEHETH D /MR B X bivd, Fig.2-2(c) ix. RABLEIIR th oW kAT 1
FRICALIE S 2 EMTH Oz BB EE L A B mla 2 O THIVW BN 2 R L OSSR
SITHD, KA (1981) bIEXTND L IIC, ZOELHIELFL L 5~6m- s~ DL
~PHEADSEIKL TWD Z EbnDd, £ 2T, KEITH Fig.2-2(c) DRGS0 % % B
NE LT BEET V2 AV T, Fig.2-2(b) O - A% BT 52 L 2R_B 5, EW
DRT — 5 & B RE, 2 ORI s 2 AL R RO JR TR AL E - 2 A O
HETH AT R & H7 I & 2 M TR Sh iz Aa A B O R FRHREE L THVL D
DEBRIEMBLTHD,




2.1.2 KEZRTHBIEETIL

RIEICRIZ K 21T, 1994 4 12 A~95 4 2 AT TOMABIESMEMIC X < I’
SLIREZIRLIZZ e, BT fRERIE (fiXa VAU "5 2—F) OKEZR
TLET NE AW, BT /VOEHI NI DI EE 2T,

BHEET VO FEBIBRITEKBTIZT TR TOMHMEWVOREMIREZ & . A 2.5km
DT THRERGHEMFE L KRB L /-, Fig.2-3 ICAHBICHAW =T VHIEEZRY, €
T ORPARIEBBEEN & U, TOMITBESER 2 REL TH D, £z, HEBH
HWCRAT DBELB O KN B B X O % £ 1= S0 L B BEE RZ 1812> > T A
BRI A% 105em?s™ 10D 107em2s I ~BIBIC K E S L, P ARIOBE kS
RICBWTIETFROY v~—7 =)L K OB &2 ERL -,

an an
B o e
ot or 3

T, I AKNRZE, C = /gH, g(= 980cm - s~2) IXENIERE, HIIKEZRT,
AR W EE) SRR L hEikiRUE, TReo (2)~14) XTh 5,

ou & ou i ou T
at Yor T8y VT
an 9%*u  O%u Tz — Tbe
B ents (R LK St P s s D
fge 7D (31‘2 f 8y2) i po(H + 1) @)
v £ v " dv L f
= u— e —
ot 8z @ Oy A
on 0*v 8% Ty — Tb
— gt At | 3
Toy T (32:2 3y2) po(H +n) ®)
0 0] an
—{(H —{(H — =
Sl + )} + S {(H + )} + 5L =0 (4

I T, u,vid Fig.2-3 IZRE L 72 o, y T RIDGREEHITIER T . po(= 1g - em™3) 1T HEK
R, f=9.7TX 1051 Th D, 7, myld. o,y FEOWHEEIS I ZRL . BLFOXT
‘b3 D,

Tg = paCsz sz i Wg (5)

Ty = paCaWy\/ Wi + W2 (6)

ZZ T, pa(=0.0012g - em™3) IZKRRDEEE . Cy(= 0.0013) L EHIRE. W, W,
(& 2, y T RDEE (ecm - s71) IR o Tog, Ty @, y TIRIDOHRIEEBUS N2 R L | RO
2EANTEDNLLTOR TR SN D,




Tox = Ponu\/m -
Toy = povevVu? + v? .

2 T TSR D | 9f = 0.0026 & LT (BRI, SFUFA,1993). BEROSE
R EA:1X 2T non-slip &G4% AV e,

2.1.3 WBOEFOHELER

—fxIZ i ECRIE & BUEE & Y Lo JBGEE & T s RO A KREWE S
bhTWa, EFNVHATIIFREHOERIZIT 5 B EHEEIZ 1152026 3EET0.5
S OfEZ WM ST MR A R L |, W ERE L CRYRREEEZ REb -7, 20
R BIEIC B O ITVES S O & & O RABREE 2 5 Th oo, 2 {50 Rd%
¥a R UIGEDET N THBLENT St.30 ISR bWV ISR 5 E~R 7 hro
BRI % Fig.2-2(d) \IC/”d, E7 /A THEINZHES 2 MVRRSIE, Bllldn/-
9 4~5 HEHIOILN & R L > TB 2 8Hi2 K< BHEHL TWD, 0T Lid,
AZEOEKBOFNGREEL L TRERICER T2 HBHBIC L > TS TWaZ &
ZRLTWD, Eio, AR (c) &8l (b) KPET/VHEKR (d) OmE ORI IL#
WRERVBAGRI A b D, ALTEADS B HER 5 & &, BRI St.30 £ o v i &
DJ71a & g < Wfia & OALHRA TSI 2 EE TEBL TWLRTh D, RERIC,
1 ADH KA LN D X D ICHE AN BRI THRLS & PRt v ¥im & OBt
(kT 5,

Fig.2-4 (T, 10m - s 1 DA F LY 5 AL IR A KD 7o K —AR IR 2 75 ) 6 78
LA~ EEEFRIRIRIC A2 o7 5 BEROTNIBOHREERE R, EFHRICE
WT, AR RO FEAIEEOK & E2 FH AL #HiaEiZitoTnD, £L T, HAE
REZD ERHEY & KEFHEY O —ODWBERENTWDZ EBbh5,

Ky« =% (1990) b AT TR -T2 ET NV E R UKEZKRTET NV (BIEET V) % H
WT, JRTRFHNC & > THEAKBRIZZOOWMB R INDE T EERLTWD, LI D
IMOTERIER E LT, MEENMEICRT 27 ~ Uik & BEERIC L o CHplEA i LT
DARFEOMFERRZ YV | T ORI REAET D EMRL TS, LnL, #H0ET
WHBRFITHSTZET V& FRRICHERSENEZ PHIRBITE RWIEEETZ AL THY | €
TNUFEROEIRE L TEA+R2TH D, £Z T, T TRIEEETANLELNIZTN
5% ETCHHE—KEDHFENT VA DDFEmEITR D,




ZHVET, BKEBD L 9 22 BHROMEHIZI B4 2 RO ISERIEIL . Birchfield(1967)
ZIZ LU ® . Simons(1974). Bennett(1977) 72 & %< DFRFI L > THRLNTE /2,
Birchfield(1967) i3 BRARA 72 [ $EE D WIS HIIE % ¢ o 7o M 2 ARIC — AR/ JEDS S| X4 7=
BEDEEMREROHERL TVD, HEICHE TR B CTILRUE /) & R 533
ENT AL TCERESTER S, A& R R& OSBRI, —FH., Bk
HMOKEDIEWNFILTIE, BUSHE 2 VA Y IBRANT U AL BE—KkE2EkDx s~
ot (EESEAEANTIE W) DR SND, £ORRE LT, MHERERIIEZ K> 7o
(ZIERFRHE YD & SORERHEI Y D Z DD S D LR L TW5D, S OHEIE Y
t RO KERAS 100m (2 FE T D EEEK 50km O HFEFLOWIEMFL TH 720, Lidd
High & Ak A = X LK D ZOD@MB BRI TV D A[fEMERE X b D, Lol
R H | MABOHEEZ AW Ta 4 ) ok (f=0) HEaDOHEEIT/R>TH, LTI
WD X ONCEBNIC ZODMWMMB T I D, JRUE 10m - s71 D —FRE A BB 5 1~
Ko, I ZEEFRIBIZZ2 572 5 B&R DY & KA AOH B RE Fig.2-5 17”7,
f# 0D —ADYiNSE &L KN 3Hi % (a) & (b)IZ, f=0D7r—AOHEMBRE LTI
T () & (d) IRT, Fr—AL bIRER U REDTEE L R -7z Z >0 ERIZ
FERINTWD, KUDHITEL BRoTEBRERLTWVWD, f#0Dr—ADKAL
534t (b) 1L BHIRTIE LTe S ForAfiZm L, P RO (a) (AR & 134 < ¥
ETHY, PRCEBAMICKHLARZICHNDG =7 v fiiazRBL TWDH EIEE AR
W f =005 —RDKASM (d) 1. B HD 5 BB > TR 5 — 872 KAL)
FlZ/RY s ZAUTEHPRIBICHR ST Rp & Oyt JUS ) & E AR N T o A
LI THEI LERLTWD, —J, f0DT—RueHh D&, EARI IR
NG v A LT ARPLDFERIZIT IR o To BB STV BB, K< 5D &R
DFAVUI KOO ZABERE KLY > TWD Z ERDND, ZOFNTHNL, f=0D7r—2A
& RIBRICE 22 BB RIZ A > TR T D KMABIZ—EL TWD, UUEDZ &b,
2 VAV NEERL T —RATBNOTHHEKE P RIBICTER S 7z BB E & Dt
BWINFRCHR SN BERROMENE L CHRATEEE2 5, £/, ZOMHEN
X Fig.2-4 IZH B D L DI O CREMRoFih & 8k L. I peiiko i3
B8]V OPEAVHE PR A C BRI IRA L Z 2D 2220 5 RE/RL TV 5,

ULDEIEET NVERND | AFEHT 540 EUC K > TEABNICIZ Z-DO#03 i
B SHU, T8 U0 D B CI s 2 R R o0 il & X3 5 [ D diihu s B ST,
COREINIFIIX, 1994 4 12 A 3 H~954F 2 A 8 BIZT TIT R bk




NO St.30 THIFE SN 7Pt « M REZ L<HBRLZ LMD BEBRBWANRTO
= OB T DHEKBNOWRENEIL . FEHEIC & o ThHhE Sh 2K &5 BRI T H
HIENRBEIND, —F., T ORI TR LFE~ 78 E7S 8 B K & e & KK
RETDHT LITMA ., BOEEAHITON 2REIICHE YT 5, AT K X
R 6 DKL NS DD | MHEHGHIC L > TAEL ZBEROREELEZL LN
%, £ T, RO 2.2 BiTHIin FEBEBITRAS AT DA ZFO U G HfE o 7o 86 BRI D0
TOBBEITIZ ).
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Fig.2-1. Location(St.30) of observation on temperature and velocity.
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Fig.2-2. (a) Time series of water temperature observed at depths of 20m and 80
m at St.30 from December 1994 to February 1995. (after Anon.,1995) (b)
Time series of current vectors measured at a depth of 80 m at St.30. (after
Anon.,1995) (c¢) Time series of daily mean wind vectors observed at Muroran.
(after Japan Weather Association [1994,1995]) (d) Time series of calculated

current vectors at the grid corresponding to St.30. Wind velocities in this

model were two times as large as those at Muroran.




Hadiation Congition.

Fig.2-3. Model domain in Funka Bay and surrounding vicinity in the southern

Hokkaido. The isobaths in meters are also indicated. Shaded region indicates

the area of large horizontal eddy viscosity.
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Fig.2-4. Steady state field of the wind-induced current vectors calculated after

5days from the initial state.




Current Elevation

Fig.2-5. Horizontal distributions of current field (left panel) and sea surface eleva-
tion contours (right panel) under the uniform northwesterly wind conditions
on model day five. Wind velocity is 10m - s=!. Upper figures (a) and (b) are
in the cases of f # 0 and lower figures (c) and (d) are in the case of f = 0.
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2.2 HMEHERHRICHESEBER

A U 7 BRI GKIE R & O B AR FENE T, AFCHBAREM 7 o
Y EBERESND ZEN IS HBI TV D (Yanagi et al.(1989), &l (1988)), b ik
BHT7 L PDOBRATN = AL RD L DIZHBRITWD, LFHEHAHN R LD L
. REROWKIIOR SN TELS R0, FRBROAGFKEOER (RER) ikt
IR E RPIIBFEL TWD S, WG DIEESKOMAIC LY . HDEREL B
HL BRIV, FETo R il U7 BRI B & OB OB 2521, H DO L
FEL N2, LA - T, BRSO I & b K E < 72 2 EFT R &
NWRRWARET D, TDTDH, L I O ORGSR AT | SR Tl
S FECY D & D RSREPEBRVIA AL | RIETITARREWE 7oy MBEREIND L3
BHL TW5%,

ALHEEFEEBICALE T DKL, B b BT L HICB OB M L > TYIY
B S TC i HEERIDIIREZ L TR Y . £ DOYEKEIIM 55m Th b, BOHOIMU
(349 20~30km DE & FFOREMIASIEAS 0 | KIRK 150~200m D Rl 5 KEE 1000m
(ZE D BARDEEMF ISR TV D, MIREET—HRICBEGHISN D & BN
& HEARTKIRD BV KRBICIE, @I BVKBRERIND Z EnfEHllan s, L
L. KEBWIZIERE 2RO FTAI RN DT, FBReFAEICROND LD
RBMI7 a P ERGRT DT LA TERY, —F, MUVBEAHABITRb T\ H 42
DIELRBIZIE, XY 7KL Y REIACELSTHOWEE~EO R H AR E FE< Z
EBHBATVD, 2.1 HiTiE, TOAEWEEUZ & - THEAXBNIZ 2 2O@B BRI 5
LB KEZRITDBIEET VDML, BRI R L OE G | FEEUC L 5 K
PRER VLA B ZE DM KB TRECHIR L & 7 o TW D rIRBMEA /R L 72, K& - AF (1980)
. MEEEAEANC LD BN E B L ORITHIKIEA T b 72 03 b A MK B KD AR
SHL, EOBENKEBAKEDERIZKIBZ oy FBRERENTWDZ EE2RITNS
M ZOKIETZ B MY 58T 5 FEEHRADREEIC OV Tkl TV 2R,

AT, ETRANCILHEERFEKRELBREMR [ O LB (Lo TTRbI
1983 FFDBPT —# VT, BHHICIER SN D EEOKRZ o BRED L HIZ
FEL TV DOMERT 5, £L T, FIEET V& AV THEAKBYE DI R S 5K
W7 ar PSR, TR ET2KIRT 1 b OALE R OTEIRIC 32 Z40 A0 I
DNWTEET D,
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2.2.1 MRABEOBIZEREINBZKEZOVE

BUEEE LT, 198341 A 20-25 H L [A4E 2 A 8-15 BICALHEE K 2K E IR
e TO LB KK oTITRbIIKIR - W7 — 4 2R LT, "AEBEDERIC B
FTD1HE2ADOKIE - By« FEED 0m KFE53Ai K% Fig.2-6(a)(b) ICFHEHRL
fo OKIRSED A, =5 (1994) &V 5IH], —H&E), BI4E 2~3 AIZhE kB ~EE - 55
5y TRAES T b D IR AL T 2 (K4F (1979), K&« AF (1980)), LLTFIC
HLE~DEDIT, 1983 EDHEL. 1 HL 2 HOBROMICE 0~ BB
MAL TWIZ &ENbnrd,

£9. 1 ADOKIESEZ A5 L BAIX 6 CUUTTHIZL ., BamizaeA =il it 8.5
CULLEN<, BOBICKICOKIEZEE b o7 KBRZ oy MAEREATWS, H
Grhe % & B ST TIRIE — BRI T 33.95psu 2R L. E 7B A RIL IS N A
m< Ly B EAMES e o TWA Z LD . ZORIOE BRI KIBESITKFELTVWE D
EBDOND, KIEZ 1 MBS O THA & EMSAE XU5 L 50, Baokk
bIWERN & RBIBOM R SIEICH D, 2 HOBRHEZR 5 &, KR - BHSTH D
IR BB D EICERHON TV D, BEBIIMEIEABEAL THBIZH b b3, &
W DREE R T TABRVMEZRL TWD, REBBIIZOHEZEY B 5L 510H
H R LICHEAL TRV | ZO—EH3E OO HBHR~RAT AEFERLT
Wo, H7KIE - BorD 7 v MMLE R Lo REBIIAK Z A Z W 24 AT LG
o, TOE DT, 1983 FAFOMKBE LHICA L7 vy b 1 A DKIRBIC
XECSNTIHEED D | 2 A DIEBIMOBE /N AL S DG~ & BT &{bL 7=
ZEBDLND, AWETIL, IREBBIS AL T 2RICIBRENTWD AR o b
(ZIEH LT Ofgfr 2D 5,

[F4E 1 A OBLRIR O AR OSEWHE R % Fig.2-7 (/7”87 (Miyake et al.,1988 & ¥ 5]
A, —Hid ), KB (BBIR A & B) IRELLHEEE THRICEASA TV,
B HAMUTH 2B C & D DM B RNCIHSIR A KPS HETBHIFEL TWD 2
&5 Miyake et al.(1988) (XM KIEND HIEA~KBAHEH L TO A HEELIRZ 7=
DTHDHETRRLT, Fig.2-6(a) IZRLTE 1 ADKFESAKEPETEZD L, ZD
ST S DG XA OWRBHI TR S 72 BN OSIR T% BE D @&\ K B 165
ST BEWEZEL, HELBICKEBEZ o MEERERENTZbDEEI LN,
TI T, 1983 FFICBM SN BN D BHANBRE T T D A D= X L0, £FEDOH
HMHTEHBI SN 52 HETE L CERMICHATE 200, £, AFg4 2 F4H0E
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KR Z R MCED X I REEEZLT-6TO), V) 2 8IC5BL 3 R-OEET
F )& AW TR,

2.2.2 Z=RETHRRBIEETIL

T NVOFHREBIBIE. Fig.2-8 IZ/RT X D ICHAE R ONE D JEDHHER % 5 . KEk
Fi& 2.5km, SRELJTANS X HRKERZ 200m £T& L 6 & (0-10m,10-30m,30-60m,60-
100m,100-150m,150m-MIE) IZ 2 HIL 7o, S EIOEIEERIIHER S H 5 F IS
IRFEBBIOWMARIO 1 AETERE L, 19834 1 AICBHI &7 oy b3 KIRIC
KIFL TV T &ML D —E (33.95psu) & L CHEZITR o7, fEEEE, 7%
A7, #KIETEL, HERTEEREL . AV FRRRITLLTOES) HL, M
fil, KBROBRILB IR TH D,

ou  du . ou  Ou

—é-t--i-ué; véz-f-wa*fv:
1 dp %u 9w 0%u
ov v i v & ov & f
— +u— v— - =
gt = oz Y i e
1 Op v 9% 9%
Sy Ty 0 1O Sl L Wil
po Oy X (8:1:2 ks 3y2> i 022 105
ou - dv  Ow 0 (1)
or Oy 9z
d
5% = —pg (12)
oT i oT i oT 5 or
ot ' Bz By« o
T PT K, &*T
R (8:1;2 & 3y2> 5 922 1)

ST u, v KEEAN 7 bV wid SERE, TR, fiia VA4 U5 A—%
(9.7 X 107°s71) | pold FENMPAREEE ., gL EAIEE . Ap, AIZAKE - $HEF IO S
FEYELREL (1.0 X 10%cm?s7,1.0cm?s™1) 2R L. Kp, KX EHENKE - S8 M D
ML IE RS (1.0 X 10%cm?2s™1,1.0em?s™ 1) Z2RT, 6 IXEE N FHLERE & 5545
12D, TREIBRE RT3 A—FTLUTOL HICEERL -,

p & il
Tl o L<conkE
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2F 0, BENLERE CIISHEILBEREE Bov LERA S L. BEIC E T ok
PEETDHEICLIELDTH S (KH,1978), HEpix (13) R KR TE —EH
47 33.95psu & V>, Knudsen DX HEE LT, BEETOFREMEIE non-slip & L,
VR & MBS TOREMNFMHIIRO L TR EL 12,

g T
ou 3 >
p()Aza = paCsz Wz = Wy (14)
dv 5 5
poAz-& = paCaWy /W2 + W (15)
o _ gaQ
92 C (16)
PoLp
WEE T
0
poAza—:- = poriuvu? + v? (17)
0
pOAZES = poyivvu? + v2 (18)
oT

ZZT, pa(=0.0012 g - e 3) ITKRKDEE., Cy(= 0.0013) iTHEHEHEHUREL. W, Wit
2, ySTRIDIE (cm - s71) | a(= 2.0 x 1074°C1) (ZBUZRIAEKL. C,(= 0.932 calg~1°C1)
(SHEKO LR, QIXHBHZEL TOBT 7 v 7 X 42(= 0.0026) IIHEEAEBIR A R,

ATHDYIFRML . 2RI 15 CEH 2, WRSHE QIZBE - B2l (1997)
DEKB ORI FAZBEIZL (Fig.2-9). 0~-800ly - day™ (£9-400Wm=2) £ T 90
B R THIBEM S 7%, -800ly - day ' —EMET 120 B E CHEEFTR -7, UL
P, BESHROHZETNDONT & LIZHHE (Casel) & HEHIGE & AFE T 25 A
DREBD 2 DDN N2 EF L IZHE (Case2) #4772\, K7 oy MMEEDOEBIZ O
TEHT D,

2.2.2.1 BESHDHZENHNEL-EHHE (Casel)

LT BN ET NN OWE G E E BHALKANC 120 BRMEG 272 & & OB 85 &
AR LT, EOREDKBOBETHAHIRESID O RS > TH D, BAKREDA
RE KBNS 55m & UTHEEITR D L4011 COKBDOBT ., -5
FEM EDKETH D 150m THEEZITR 9 L4 COKBORT LD, BEHEDY)
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HiIKiEZ 15 CEREL TWDH DT, HEBMHEK 120 B HOBNAIRIZK 4 °C. Mok
i EOKIBIIA 11 CLe D LRI, WEDKRIESH 2 < O & RKETIUT AKE
DBENZ XD R TR 7T CHOKIBENEHDN S Z L BAHIFEN 3,

BAEET NV CHALIT R o 7C AT 120 REO 1EA (0-10m %) & 48 H (60-
100m &) DY KRB DKM % Fig.2-10 (-7, FREShE L ST, BHE
A DRTEBRDE N OB OIS KR 7 v v h 3B Sz, OIS 3~4°Co
KiEZEZ b7 vy PBAHRICR LN, BOHERIDICEYIS L 5 BRkE LT
5. 1EHAKD 4J8H & bBEPITIIRREFE D OFERVES TR S, BRIC LB
midAKIE, VA OB T REELAFICRDLF R TH 58 QBRI REN S
WAT Do —J7, MHEGEIC LY RS2 BNOARIEKIE ., ¥ 0 2 a2 4
(R OBARANCEBHANLEBERERHL T\, BERHEND AL - EBRNE B
HDKIBZERTC LS, BHEET NV ORERIIN 3~4 CTh o1, TEFLTELNT-
A OKIBIEDS 10~11 C L i ERBEEH b RS o 1 AKIREIC T - 7= DI &t
L. BHOKEREL 6~7CLH2~3 CHRRDBRELRLIE, THIXBATARS
IR & BIMDIRN KPR E L Tofodis . BRDOABKE < KIRIEFL A0 o726 D
EBEXBND, FREBAK 120 B B OB A COKIBDHEEN% Fig.2-11 \Z5731,
BOHREICTZ oy FAFELTERY , ME» D 50m FEMTE THEMICL CRAL
IEARRABER SN TWD, HEMRIE. BOo7or bOKRESK 2 CLBHSh
LoDEHILTVDEN, D7y MEREEHICH LS HBLTWD Lid S0V
W TRRb L, KESMEE LT DL, 19834E 1 AlCBRl S omo 7o k
(IE OO RORNEFEESL D RBRE L TO DI bbb, HEE RS O
W OIS & D eBRE R U7z, E2EMERICIN TS, Fig.2-11 O EkE
RIGBHE T AN H K 2 COKIRZEZ AL TWBH, Fig2-7TIRL=BHMBRC & D ol
BB DREMZER< St.3~10 TIXMEHF AT TR, KEHRIC S L <BAL—
R ERL TN D, WEHHOARZA N E U3 E T, BB OWE T
DHFET D70y MEEEBHBRTHZ LIXTE b olz,

LREORROMEL AL SWBEEB L LT, £FABRT 5 EIC L 2KEROMEDR
BEEFL TORWIEDEEION S, 2.1 HiTIE, 1994 f£~95 FEDLZFTHN S h
TR BRRE R A AT 5 MDA EN N & LI BIEETF V& FIVWCEHBL =, 20
AR, BNDRELIRA L CO DRI IE . L4 2 AL A K VS O i B c g
REEERTIEEERLZ, £2T, ROF—RE L THEAH L BISHD 2 524+
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HETRHEZAARI,

2.2.2.2 BESHERIGNZENNEL-GHE (Case2)

Fig.2-12 (2. 1983 4 1 H D LMD AN 7 MNVEKERII % RT, BT — 713K %7H#
(1983) Z ML . A FRIEEIL L B RKEERO BG4 AV CTHIWZ b D Th D, HEE
BB 1 A 20-25 RiZATbi, EHHRIOITRONDEID 1 A 10-20 H £ TOH 10
A, AL D 5~8m - sT1D AN EIR L TV e,

HEROBABRPBBU B THoIZ L 2BEL |, WIAHZMEI L7z 120 B %O R
(Fig.2-10) Z& #1315 & e UJRSAIL 6 B DHITRV, £0% 4 B D 130 HEE T
AR Z1TIR o7 (Fig.2-13), WAL DEIL ., IXEEXB OB HICH-0 . 2.1 8T
LI L DS, TS THEBU EMETT /LD o )7 IS S 4 7o RS (6m - s71)
D 2 fEDEGRG 21T 2 o T,

JA 2R THD 2 BHED 18 B/KEKESAX%E Fig.2-13 (2R, HWEAH
DHTITIRSTZE AR R Fig.2-10 & T 5 L | BOEHOKIRZ 22 b3S 02 2
EDCRML TWDH I &S, THd 1983 4 1 A D#ELYI (Fig.2-6a) (2 B b ALK
WK AACUTTCRTH D, BT 6 B (126 B HLUR) (T bbb T, £
DEkH 7 1 b Fig.2-10 TRLIE K S REB L2 ROICHEY S L 5 BRI+
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AEIRLU T2 B L BB ORRIZEEE X D &, SEDKIBAFESAK & Ot T 2 DR RS
&0 ELBRREOFIGHN A FHHRL TWHEEbRD, ZDZ Ehb, EABELEHD

16




AERZ B MIBUZ K> TREL EDKEFTZELIETEY, Z O+ 5
i 5 7] 0D ALV JEVAS R ] C b KL Fig.2-13,2-14 O & 5 RMERI D 84 2\
7 KiRT7 v v MEEDS B EMICOI YV FETH 2 E 2 RMLTW3,

INETERL TELMKD T B MTOWT, Miyake et al.(1988) 2Kk D & 9 72
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Fig.2-6. Horizontal distributions of temperature, salinity and density at the surface

during 20 to 25 January 1983 :(a) and during 8 to 15 February 1983 :(b).
(adapted from Miyake, 1994)
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Fig.2-T7. Vertical sections of temperature along lines A, B, C and D during 20 to

25 January 1983. (adapted from Miyake et al., 1988)
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Fig.2-8. Model domain in Funka Bay and surrounding vicinity in the southern

Hokkaido used in three dimensional model. The isobaths in meters are also

indicated.
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depth) and Level4(60-100m depth) calculated under the sea surface cooling

after 120days from the initial state.




A Temperature (°C) A’

Fig.2-11. Vertical section of calculated temperature near the mouth (A-A’) under

sea surface cooling after 120days from the initial state.




Time series of Wind Vectors (m/s)

{ st /
+ 0 o /

Rl iy o

-10 % ) S % S b )| % LU L .0 } JORsE ] A ¥L_

Muroran

1 5 10 15 20
January 1983

\

Fig.2-12. Time series of observed daily mean wind vectors at Muroran in January

1983. Shaded region in figure indicates observation periods by R/V Ushio

Maru in Funka Bay, and surrounding vicinity.
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AHITIE, BESREBMIMB AL TV 5 1996 4 3 A2 CTD & ADCP % VTt
i & B ORISZHE L . B EBREI— R 3T DI R BN O K - SRR b
IREEZHALNCTHZ L2 HME T D, SHIC, ABHTHLIZ/KIER - HyEE A
WTBMET VHAZITRV, hEBRWOMEL ERAIC AL 5 - L 2R 47,

2.3.1 1996 ¥ 3 BIZHIT SR ANERDBEOEDRE LR

BUEHIRNIT 1996 £ 3 H 5 H~13 HD 9 B, JbMEE KFEKEZTHEEMR (BL &
AL ZHOT, H&EDLEKBOHERE X RICHEBR 21T/ o 72, CTD BLHlA
KOG T & 12 ADCP Ot % Fig.2-15(a) & (b) ICENEHRT, CTD B#l (Neil
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"RONIT =2 DHEMMA LT, 2B, AUERICRT DWITRME, B FReME I
EA~T/hEL<, Bo7z ADCP 7 — 4 0Ll & R ET 2B T bl o 1z,

2.3.1.1 REBRIOKE -159 - BEHESE

JKER 50m DK » Hi5y - BEE (0 ,) DAR¥EIAIRE Fig.2-16 (2737, X O
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MEBROASUT, BIRTH DI B L PEEBEREEL L TWDH I &b, REBN
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B9 5L, FEBRBOTHRMU~BENT 200 T, P22 5y D KSR kEslift i
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XHIE— RN THONT22 ADCP 7 —# & fR A - R 2.5° #F12, Faio (20) & A

WTEBAIR L 7=,
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b i ZWi N exp(—L?/T2) (20)
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the CTD observations from 5 to 13 March in 1996. Figures on the broken line
show 200m water depth . Each of A,B,C-Lines represent the vertical sections

in Fig.2-17. (b) The solid lines indicate the ADCP survey lines used in this

study.
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Fig.2-16. Horizontal distributions of observed temperature:(a), salinity:(b) and

density:(c) at the depth of 50m from 5 to 13 March in 1996. Shaded areas

indicate the lowest temperature, salinity and density, respectively.
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Fig.2-17. The vertical distributions of observed salinity from 5 to 13 March in 1996
((a):A-Line,(b):B-Line,(c):C-Line).




40’
(a)
cicj o i
42°Nr
5-12 Mar. 1996
Sm
40’ 1 ; ; 1 1 1 1 i Il 1 1
20 40 141°FE 20" 40’ 4P E, 20
40’
(b)
20°
i -:.,:sz
e o o
4Ny —=> 20cm/s ‘H”\ \'i“
| 512 Mar. 1996 \
oom
407 I : , | L I 1 L L
20 40 141°F 20° 40’ TEP R 207
40’

T

20"

42°Nt
| 5-12 Mar. 1996

105m

Hdrk. 20 40° 142°E 20’

58 1

40’

20’ 40’

Fig.2-18. Interpolated current fields by ADCP measurements at the depth of
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Fig.2-19. Three solid arrows show the velocity components at the depth of 8, 35
and 55m, perpendicular to the A-Line between St.107-108. Solid line shows
vertical profile of the geostrophic velocities after fitting to the ADCP velocities
using the least squares method. The bottom current velocity of 12.2 cm - s~!

can be estimated.
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Fig.2-20. Horizontal distribution of the estimated velocity at the sea bottom.
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Fig.2-21. Domain of Hidaka Bay and Funka Bay on robust diagnostic model. The

isobaths in meters are also shown. Inflow and outflow boundary is used in

calculation of model adding in-outflow conditions.




Table 2-1. Grid intervals in vertical of the model.

Level 1
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7
Level 8
Level 9

10
30
40
100
150
200
300
400

10 m
30 m
60 m
100 m
150 m
200 m
300 m
400 m
500 m
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Fig.2-22. Horizontal distribution:(a) and Vertical section(A-Line):(b) of calculated
current field by robust diagnostic model. The shaded area indicates the nega-

tive velocity.
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Fig.2-23. Schematic diagrams of inflow boundary condition. It is assumed that

Vimaz. 18 the maximum u-component velocity at the center of the open bound-

ary, and Vj,;,. is the minimum velocity at its both sides. Velocities between

Vinaz. and Vi, are linearly interpolated.
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Fig.2-24. Same as Fig.2-22 but in case with inflow and outflow.
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0.7sv:(b) and 1.0sv:(c).
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CIEHL, TOMEEREHONCTIIEEZHWET S,

3.2 WLERIZHES R4 b4 S BREX A58
3.2.1 REBRBHNATEOASH - FRAOZMSHEY

Fig.3-1 1% 1987 4= 2 A 18~21 HIZ$!F 5 Norpac net DERERIZ L D HFRE S T- %
ABRBEMNA T b U&7 8 KOMFRDKELFEToh 5 (Nakatani and Maeda,1989),
IRDFEABBE XIG L TH DD DB RAIRD A3 L3 > TV DR TR E T
Do HRAEBBEDINOYEN Y FOREPRFFRIILUTOL 515, BABRE 1,6 3
D RIAOEEIIE O EHAE DA TRLIL, BRIZIKIZEAE ML THRY, Zhicxt
U, FEERRE 4 8L 5 DIRD A0 E BED @ VORI TE 02 b BN P REICBEIL |
FRINC 22 LIBRTEBEICOAL TVD, LFEOEABICIE, PN T7TELGH LY
REALFEGTHRNLE~TE AN E AR EFES 2 ERMLNTVWS (KE,1981), ZD
JEUZ & o Thb & 2 Wit DIFLE & BLADS el E CRINC 7z o TREBERICPEIRL T
WD Z & 2ETIE., Figd3-1 DR b U F 58 - {FRD KIS 40 O i85 Bk o B 8)
(378 AR O B RT R A CREA H S 7o IR FiEIC B> THBRA~X STV 5
R THZ LB TE D,

KIZ, D 19872 ADARY b U & 78 - (FRRERFATRIC I T DM St.30 & B4
St.3 DKIR-HEHEE A Y7V b E LT Fig.3-2 12759 (Nakatani and Maeda,1989),
Ay hUF T OERERITH D 12~3 AIIBN - B4 L bHERSGL TWAHZ Ln3b
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225, 122l 2~3 A DS St.3 BN LY HIEE - KESOHEANBENIAD . 1
EBBREABEOBICHFEL TWHD I ERTRRENS, LiL., 2 & bR - {74
FARERFD 2 A 18~21 BTk, ¥R EBEBIIBRNICEIL TV,

3.2.2 KEZRTINMEBIEETIL

2 BT, BB A AT M AT R D HER O TR B ST XK REWEAS B L TV B
EBRTFRENTZ, T2 Tk, Fig3-1I1Z/RL7Z 1987T4E2 HD A7 k7 & SR « {FMHS Ik
BRI L DFNFIET T, EIRG» D REH~BESN D0 E 9 & BIET V% v
THRRAEL TH D, D Fig3-2 THIX DT 198742 A, 2 BETEEL 7= 1994~95
L RERICEN - B E LHERELIERMITHE 0T, 2.1.2 HiOKE K EiEE
TNEFERLE,

Ay b F T UICET VR OBBNI ., HEBISHHED 1 2T v/ EiIct A
T=F STV, ThRbb, HBERAt = nALIC Xo(2n, yn) DBRFNCTE
FELIZRLFD t = (n+ 1) At BB OB ITRRE BV CTHELX T2 S,

1 d
Xn+1=Xn+V-At+§-E£V~At2 (28)

7 MV ViX z, y F R DHERSY u, ve =1,

Ay b UF TR L ICET VAL FORAMAR % Fig.3-3 ICRAHITRLE, 28 b
DHIEKEE 100 mATER DM LIZdH b . 27~ & T OEIBAR KT 52 L DT
EOBMHTHD (P4 - BiTH,1987), KETNHEIIROERNRGFERY REL S
CEBRERTII RS EERNRIDMAIRORHELEBI Z LiZhHD, LoT, EFN
R FHRAEFIZ LESOBFIL 7o, SDICAY M UF T OESIMIZ 12~3 AT
ERMICOILDZ N0 7 VESNRIZIIE B EHA (24 BEEE) ICHL WA F2 R
BLAHBAEEZT o7,

3.2.3 ETIVHFOEHHEER

TTWVCEHBTOIRAEBRRYAS b UF FIOKEN ML LT, Fig.3-11Z;RL 7= 1987
42 A 18~21 HOBURREZBAT, M LEHERMIX 2.1 SIicHER LI X DI, 1987
FEOZEMTIIT 5 B RER 2 5L 7offiE Bz, 7 AVHBEICHW RO
H YA 2 Fig.3-4 127 d, 1987 4 562 m L7s 1995 420 A B & Rk, JbvE~7
DFFAHEH BB L RO HEIRL T,
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AT b UZ TIRDZRAEBRBICEDE TICLER BEIIENERIC L > T, FOBA
ERRE->TWD (FA -« AilH,1984), Fig.3-51% -1~13 CIZ BT 2BEKBRIZ KD
A REBRBIECETCORBAERL TW5B, Fig.3-2(b) IZ;RL7= X 91z 1987 48
LFEKBOKIRIZL 3~8 COFHEAILH o7z, £Z TEFNAHEICIL, Fig.3-5 D 4~T7
C (REBRIR) ORI RBEABEZ AV TEF AR TFRABO KLY LA
RAEBPEZREL I, EFNMMER L -8 RABPE B OFEM A Table 3-1 12733, &
TNHREIZRBNT, 15 BCFRICRE T2 ERELLZ LT, 2 A 22 B 08D
FAEBRPERIII M2 BET 2720101k 15 BU LRI O EYBATT L v sich
Do T, BXEFNEEIZ2H 1 BZ23EBBBEE LT,

AHRBASATR 3 B EOEKBEAORNS & EF NVRIT534i% Fig.3-6 12577, JiD%
RABPSIRAHOKRE STREAL, BOI< OB LICEBL -EF AR FDEL
Db DIFEEHNC I - TR M & Tt S =25, B 0FRIE & I —EDE Y DEF L
RFIEB O OBRRIBIC D> TRALZ, ZORAFAILAME & 22 WHmT
b, ADBE (Fig.3-4) i D b0 0, HHRENHASTITIERORKHES RS h
Do TRDL, BOHIBITIIRL FEBNICBHSE L BRAX OFNBEEL. 2D
FEALILTE B T oyl U BFEHEl ) & KREFHE Y D Z 5 D% B L TV e,

KIC Fig.3-1 1R L 72 2 A 18~21 HOBBA R E 2 A 22 B 0 BEDEF N O FERE R
EDOHBEITR D, Fig3-TOEBIC2 A 22 B 0 BEQDEFNMIZ X B8 « {FE5040 %
To T ORI L HFEAEBBER DI & AFRD ALK ZEBNVER L . Fig.3-7 D FEIC
RUTZ, BT NWERICEBWT, RBAEBME 1220 3I1CET 3 REIE Table 3-1 1277 L 5
(5 HETH D, CORKTITETF VR FIIBONOEBA~NEATIEFICEEY ., 8
T/ (Fig.3-1) L b KL< TWD, AR 45 5~k &5i2 10 B
EL ., BRIV BRQUCET VR FONAOENIBE L=, Ll ., Bllcs
DRI MIIBREIY b ELBRRBCA Fole Nz RLTWD, RFHEA 15 AL
RICBIT DM Z TT WAL L 1oRLF O 53 At BB 50 A & RIARIC 78 B ~F O L3 BE)
Uiz, BBl SHT-08 « fFaDAM L LR L TETFAMHBENT=DHADO LS, L LREL BR
PICHEL TWD OO, IRZILEE L (X6 & 2 O PR LBNICBAL . {74
MICHELEBRCBBH ST LW I BBIERICHEL T2AMIC < BEIh TV,

Fig.3-8 1% 22 H 0 RHIZAFARIZ R o TV D ET VAL FDOKER (a), £ DRIFH3BFE
(S TZBES (b), EF VKL FORTEBRNICRATE IR FOHEEA (c) KL TWS,
Fig.3-8(b) Z# 5 & . BN TIFRE RO TR FIIB AR RN OBRITBALE., BA
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YR BE D FR AR BRI b W R R & RAR D o 7o, EHRRRER (1) 1L,
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TREFRSIL, r(t) (TBNYERBEOBRXBEERT,

Fig.3-9(b) ® 0 BIZ/RL 72 & 51T, EFAVNOEME & U CHALBE 1 28I RE
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Z DO (1989) DIRMITHE . AFEIZH W DK ERBITL B EE ., EE RIS AN
TERRBVRER I L U 1 A —F —/h & 10%em?2s— D% v -, SHEBME AL
WEOFEFASNLEL TREMEHIZ 1986 412 H 1 BHE Lz, HBEICHW-=ERD B ¥
BJRGES 7 bV DRI & BB DIKEL A DR AL Fig.3-9(a)(b) (273, HEAM
PICTERR SN £ BV 7 =B L W BRADKIZDR L Z]ESh TS,

BNRE R DRI L R U 2 ERBEEE Fig.3-10 1R, BT HKBERMIC
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X N=0
0<N<50
< 50<N<100 ® 300=N<400 . 600 <N<700

® 100<N<200 ® 400=N<500 . UL
®200<N<300 @ 500=N<600 =
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Fig.3-1. Horizontal distributions of five developmental stages of eggs and lar-
vae of walleye pollock on 18 to 21 February 1987. Samples were col-
lected by vertical hauls with a Norpac net from the sea bottom to the
surface. [Stagel]:Fertilization to morula stage, [Stage2]:Blastula to first
gastrula stage, [Stage3]:Apparentry germ ring near an equatorial position
to blastopore just béfore closing, [Staged]:Completely closed blastopore to
embryo reaching three-fourths of the yolk circumference, [Stage5]:Embryo
reaching over three-fourths of the yolk circumference (adapted Nakatani and

Maeda,1989)
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Fig.3-2. (a) Locations (St.30 and St.3) of observations on temperature and salinity.
(b) Isopleths of temperature (solid line) and salinity (broken line) at both
stations from December 1986 to March 1987. (after Nakatani and Maeda,1989)




Fig.3-3. Initial points of model particles of walleye pollock eggs released every day.
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Fig.3-4. Time series of observed daily mean wind vectors at Muroran in February

1987. (after Japan Weather Association,1987)
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Fig.3-5. Relation between the embryonic developmental stages and the days of
cultured walleye pollock eggs after fertilization of 7 tested cases for the tem-
peratures from - 1 “C to 13 °C. Dotted area indicates fertilization range used
in calculation of the model (adapted Nakatani and Maeda,1984). [I]:morula
stage, [I1]:blastura stage, [III]:first gastrula stage, [IV]:closure of blastopore,

[V]:embryo as three-quarters of the yolk circumference, [VI]:embryo as the

yolk circumference, [VII]:50% hatching




Table 3-1. Days of each developmental stage after injected in this model. Each

period is estimated by the duration(days) of the embryonic developmental egg

stage based on the laboratory experiment by Nakatani and Maeda (1984). (see

Fig.3-5).

Days

Condition

Stage 1 0 ~ lday
Stage 2 1 ==2day
Stage 3 2 ~ 5day
Stage 4 | 5~ 10day

Stage 5 | 10 ~ 15day

Larvae 15day ~

fertilization ~ morula stage
blastula ~ first gastrula stage
apparentry germ ring near an equatorial position
~ blastopore just before closing

completely closed blastopore ~ embryo reaching

as three-fourths of the yolk circumference
embryo reaching over three-fourths

of the yolk circumference ~ just before hatching
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Fig.3-6. Instantaneous fields of the calculated current vectors (left panel), and the

horizontal distributions of modeled walleye pollock eggs(right panel) at the

intervals of three days.

- Slagel
Slage?2
Stageld
Staged
Slago5

Larvae

* Stagoel
Slayo2
Staged
Slagod
SlageS

® 0 0 o o

Larvae

. Slagol
Slaye2
Slagel
Slaged
SlageS
Larvae

. Slagel
Stage2
Slaged
Slaged
Stago5
Larvae

® 0 0 o o

. Stage1
Stago2
Stagod
Slaged
Stage5
Larvae

- Stagel
* Slayo2
®* Staged
® Stage4
. Slage5

® Larvae




0:00 22 Feb. 198

Fig.3-7. Horizontal distributions of modeled walleye pollock eggs of five develop-

mental stages and larvae on 22 February 1987.
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Fig.3-8. (a) Horizontal distributions of modeled larvae on 22 February 1987. (b)
Traces of modeled eggs from initial injection points to those on to 22 February
1987. (c) Closed circles and closed rectangulars indicate initial positions of

model particles and those that intruded into the bay as a larvae till 22 February
1987.
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Fig.3-9. (a) Time series of observed daily mean wind vectors at Muroran from 1 De-
cember 1986 to 31 March 1987. (after Japan Weather Association [1986,1987])
(b) Instantaneous fields of the horizontal distributions of passive tracer con-

centration on that is a unit value at the initial moment. Contour interval is

0.1.
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Fig.3-10. Remnant functions of passive tracer concentration in the whole Funka

bay based on the calculation of Fig.3-9.
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3.3 BEBBIZHES AT OS5 IEXIAE
3.3.1 KEZRTAKREBEETIL

2.3 BiTT/RL 72 1996 4 3 A OMEEBLRIRE RO . mEEBIIL B &8 oEiigE Lic
IR ENWNTH Y | WETFIZB DT HH 100m - s~ O FT# % £ o T NEER 722 Hish
BEZ Lo TWVDLII &R bhole, £, TOMBII=KRITOZEET VL, 0.4~
0.5sv BETHD LRI SN, ZNODHEHE S LICLLTOX 5 2 EBIHET V& HE
L. WEBRBICHED A7 MU ¥ Z i@ 2l T, 3. mERBSIEERN 2 it
WEZRTZLns, 2ETERNCHEET fmEUOKE K TIMmEREET V&
FEHLE, AWi-eTF Vg% Fig.3-11 171, EF VO BRKELRFEEEINAKIE
200~300m & W ORVVEIEZ H o TWVWH I &b, BARKER 2.3EOBHET VL [HE
U 500m &ERELTC, AW FBRARIT (2)~09) XTH 5,

A by Z TIRER L IeET VAL TFORARA % Fig.3-12 12777, ET7 NVRLFO#K
AT IR EBRBI O L > T, B TR~ @EINh D Z & 2MEL ., B
i L DKER 100~400m DEFHREFIZ 1 E-3oLHBAICESIL 7, iz, 3.2 Hi&FH
U<, BHEHH (24 FlE) CHLWVAIFE2EBE L HALITRo 7, £oftl, 7
W FBEAKOEFEABR B 3.1 8L RU SO EH L7 (Table 3-1),

3.3.2 NERIDHEBEL -RKIAEOHNER

NEBBOMN G RET DD, 2.3HOBMET NV & FERICET VEEERIO
"5 0.5sv OMBAZWMAIE, RUMEZTHEN (EREARBEATEL) 2264k < X I
v e

FHAEBASAT 30 B B O & FRAEBRBIIRLIF D KESFi % Fig.3-13(a) & (b) TR
T, WALERit, 2.3 #iT/RL 72 ADCP BUKERSCEHET NV ELEL L D ICH BB DR
HEUT SR\ ORI Y D PR S TERR S AU KBNS ARG KRFEHE Y DA A 5
b, 2O &b, KEZRTETNVE AV THIRERBOREPRMNEEZ T
TLEMTEXALWVWHIZLEAEBHLTWS, A4 kU 5 IR0DRABFERRLF DA K4S A
(Fig.3-13(b)) &A% & | JRDOFABREICIEC THEBRB O LML b Tt~ & mn
I T, FRDFIEB BRSNS > TV DRFRALN D, ABN~EEIN
HETFNBIFIIZ OHBERRENS 2L AN, TOZ Lid, A7 b UF T OIRH K
BEHE L THON TV OEABANBERBOMN ORI L o TEshdEn), &
NETEZOLNTXZATHD (1979) OKH L 13E 5 JIE A V=X LBRFETDHI L
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RLTWD, BEBBMABICEWTH A7 b X ZIlmERRIZE., iz X ->Ts|
ERIENIREFBRKELFELTWAEEEREZEZOND, 2T, KETIZZD
WEEBOmMNIZMZ, A HE LTRZEZEEL -IMEET NVORELTR S,

3.3.3 HERMLWEREHEL RS AEDOHERER

EPRHNT, 1974~1994 £ X TOER THR 7 B B2 Al m) %2 TRl R B EE &
AT, AL 1~3 H D% A BT, Table 3-2 TR L1z, ZOFRNPL ., WES
WIBRWALTL 2L 0b TV 2~3 AIZBWTYH, 1 ALRUCERAOILE~EEY
DEDEZERLTWD, ZOZ LRI & - TR 34 5K (2.1 #1) 25, HF8
AR ORIC b AR TR I TVWD Z L ZRL TV D,

RIEICRH AL 2 EBEO 0.5sv OWMBEZ WA - i SHRMTMz . KETIEE
T VEIRICAFEORKRHRALER (x B M)5m - s D 2 FOKRESITH D 10m - 57!
DEE R A E TR oz, DWREBRBOHZ2EZER LA LR <, ALK
% 30 H B Oifth & B RAEBREHIRLF DK Esr4i % Fig.3-14(a) & (b) IZ7-T, HREBO
Retfidtm Bicid, A e R KREEHE Y O EBRBOMABER I TS, LAL,
A BB O ERWIC T ER I EonERB O & X5 RO REEHE Y OB RS
AU, BEKENICIIREHEY & KRFHEY OB RSN TS Z bbb, ALK
PRI K> ThESN - ZDWxE, 21 HiOETFTAVRKERTH LRI LD LFEL
ERBHTHIRT A2 &8 TE D, T2bh, KEOBRWGHT CILEN T & HEEREES)
DIEIENT v AL T2 BRRHB R S, PR TILRIG S & EH BB N T o AL T
BRI TR SN HERAMOMEL L 25, MEINIZETAVRFOL DL DI
IREBBOTNIC L > TRESILTV DA, — B ABN~RERIC K > Tk s h
TWDZERbND, BMABA~OBEERIT 3.2 Hi Tl ~7% 0 E 0 i b AE
AN~EE ST, £ L TEBNORIHIE I WAL D> TEBRA~LBESN DK FERL T
Wb, #oT, A7 b UF T OREB~DIF@EIZ L > T, WEBBIHAMICENTY
JAWZ & o TR SN DRERP HBEREFIZRTCL TN LENZLLND,
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Fig.3-11. Domain of Hidaka Bay and Funka Bay on single layer model. Isobaths

are also indicated in meters.
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Fig.3-12. Initial locations of model particles of walleye pollock eggs which are added

at 0:00 am every day.




Larvae

Fig.3-13. (a) Horizontal distributions of current field calculated by single layer
model under the constant in-outflow conditions after 30 days from the initial

state. (b) Horizontal distributions of modeled eggs of each developmental

stages calculated under the same conditions.




Table 3-2. Frequency of wind direction for 21 years (1974-1994) at Muroran. Fig-

ures indicate the percentage of frequency.

Wind direction

January February March

N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
%%
WNW
NW
NNW

i.1 1.5 0.3
0.8 0.3 0.2
2.2 1.2 2.9
5.2 10.6 13.2
0.3 3.0 3.2
1.2 i 3.7
0.8 1.3 2.6
1.8 0.5 1.4
Fel 0.8 Tl
2.8 1.5 2.3
0.6 0.2 0.9
1.5 L 1.5
29.0 30.0 22.7
37.6 31.9 30.9
7.5 7.6 8.4
6.5 6.1 4.0




Fig.3-14. (a) Horizontal distributions of current field calculated by single layer
model under the constant in-outflow and uniform wind conditions after 30

days from the initial state. (b) Horizontal distributions of modeled eggs of

each developmental stages calculated under the same conditions.
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34 AT MOFSOEBRRENCEALIBEBBORETL
3.4.1 R bFOFSHBEBREORELIL

VKR UMIRTIIEE 10 Ao 3 AEToOHM. A7 b Y& 5 (Theragra
chalcogramma) D3EEIRBLAREZ FRIZ 4~11 F U BRI TWE, AFXhoF S
IR (A) L IREYOFRMR X D RO 7= BAERBEO RBEHRERK (L) OREE{LE
Fig.3-15 1279, ZOXIE, ZJR5 (1995) DAEREREFME % O FEICE T L TRV -
LbDOTHD, 2T, 10 H~12 AORBIBVEORBEL L TR REA T3S, 22
T, —EDORBEZFETIIE, AXFFEOEIIBAR. LITSERFEROMHRALA
EIEHDTENRTE D, Lid 1980 FFEBETHRITE < . T DFEREED 5~8 D EIRH
RUICEHER LICEITHT=D 1985~1988 FEDHEBE b2 O LIcZ &b s, F4 (1995)
(& 1980 4EARBEDS AL I EDOWBMRNS 4 T BELHEVEL 2L, BLFo¥kE
HIBRR A ONRNZ &b | BIREBICRIT 2AEFOMOALEZ R Y OEEMZ R
LTS, £TZ T, ARBOMHAMSHIRRKE SOBETH S L/A OBREZEAL (1977-1986
) 2R DL, EFERIT 1980 FFICRFIZHE <, 1977,1978 4E & 1984~1986 4RI (&N - 7
eBbND, ZOXKIREBRBOBERMDOELZREBNHHEINNE, A7 vy
FRFOMRTHLAIRBICRD L EX DN D,

FD 3.2 KO 33 EIZIWT, AT b U F IS O g b RE S T 5 KiE
~O I ERRIC Y, AR 5 ALTEEUC X o TR S 7= KETIC & D s EHE
THOIZLEZBHEETNVORERPOEML L, Z OINREERICIT 2 91 EEL 9]
HAEBRREELTIERDO—DLLTELLND, LR MO ER(L, T72b
b, EBABOMARRLHARS, ALEEICLE O RERDOKE SOBREEIT L T,
EXBA~DOIOBERIIRE S R ZT I L3RS D, €2 T, KETl
% 21 4B (1974~1994 4F) IZ R DIMHFEREOREELERX, A7 v ¥ 704K
ROEETH D L/A ORFEEE ED X <R TE 2900k A 0 =X LDV TR
T D, FrT, 1980 SFOBMWARKBOFIZERL, A7 by ¥ FRIREOHEMIIFSL
X ARBERICOWVWTEREZITR o7,

3.4.2 MRAEBRAICHBTIBERBOBREE

(1) REAKIBDOBREERL
EKBRLOWFERRELRRTOIRME=F Y ZERL LT, BROLmibicikA
2 T (Fig.3-16) OinRARER 8 D, ALR D ¥ /KR I Al K 2B A3 o = e
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WA FERERRIC & o T, BRIDKEKRIZRKREKEZLROHRAEERTCL >T1H
1ERESNTND, AEHTTILER « HR.E bIC 1974~1994 £ £ TD 21 ERIICHOW
T, A7 MU X FERYPEETL 1~4 AOKBERZERL /-,

ZWE HROKA KB ZHAL . H#ABORERE LT Fig.3-171ZR LT, M
HRDE R BORBEENT —UBEETHEZ &0, W OHAOH EKIES
AOWT OB L DA R AR FORERNY — o 2 RETH LB TEBES
Do BABKIRE 25 AIRT L AL DIET 2~3 AICH Y . IEKIED BRI VEIZ 1T
3 HICERBKRL ROEMBHALND, [FROAEXERY BEI-T- 1980 i1 FEAKIR
DHBRIBVMEIZHY | ZERTHEBEKRL 224K < BN T4 AICR>TV5,

T HKEFI AN DAL, AL RIS T OERBOEED L/A(Fig.3-15) &
1~3 ADKBDERERINENNRF — (Fig.3-17) BELPTWBZ L THh B, T,
1980 £ 1~3 A DRFARBEEL 22 TND T &b, KEBEVEIZY FRDE X
BOBRNEW S BBBERBREINDS, LML, A7 bUFTOIR%Z-1~13 CETDJA
VKB CHREERL 2R, 0~7 CTERWIMERAE L, ABRIZHT Dk
BB L BE SN TWS (F4 - BilH,1984), Zhvik, KBEDORELRILOZE
BE 2~3 CREDEVWREER S NUF FIOARIIKRERERLYEX TS LITE
AW, TDOZENL, AT MUZ T - FRZIVEREKBEEOLDOLY b,
Fig.3-17 O AR E 82 M BRI RE S DML OEV, TR0 5 2 TR IRGEICTE
B HBZDWNBOBANPEETHDLEX L, £I T, KICZROWFKBIEORR
5| (Fig.3-17) & AW TERDVWKIBRDE L BToWKIBROEZ ML . F4EGOE QAT
BT D KA K53 40 DEN & /AT,

FRAT I W 7o g PEBL B BRI AL g KB K EF T B E 20 £, BET
awnwbooEe LT 1 A (1978,1979,1980,1981,1983,1990,1991,1994 4E) & 3 A
(1975,1977,1980,1989,1991,1993 4F) iZ4T - 7= KIRBIHE R 2 EH L 7=,

AFCEEAHIC X DHEREVEET D12, REDKIEAKIELAT Z OO
RS R 7R EZ RBLT D LB TE 5, KRES CEBEME LT, EWMDO 1 ADK
BRI LREGEL L . 2 2D N —TZ ) 1= REOKIBKESH % Fig.3-18
IZ/R Lo, BRONOEEIT 1980,1983,1990,1991 4B, #7-\ MEIT 1978,1979,1981,1994 4E &
2%, W7 NV—7DRTHENE BIOHIHLAKBHEICHLLRBNRHALND, 1A
DI KB EPME (T>5 C) 1B BIMI A THABIC KBS EL . @7V
(T<5C) TIRFEICENI BN S L <138 0TI R TAKIBEBUVERBR AL 5,
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BV R RZKIRDED AT KIBS M ORIL . LAFEOWHERAHITLE S BARNORTER
DBENTRATIBERCRATE S, 2.3 TREBERAHZME L Lz 3 Kok
EETFNVHAZITY, RCHBESHETH > THKRKEORNBANDOAIRIIBIM T
ERERY ., ZOBRNSOKIEZE (BEZE) (BB SN BEROBERSRBAET S 2
E&IRLTc, —h . MEKEDHBIONEILA LI DEBNB BN TERARE 22 5%
Bud. MEARHOKEIZT CREHATE R, Zh b OEOKIRESSEMICIETL T
WBHZ &L, T THRURIRWISEMEN S M LTRSS (33psu LA T DR 4y K
B) BB O~KEBWL TR EEILND,

WICAKIEME 3 CEHREAL LT, Z2WO 3 HOKBREERLND 1 A & EEKRICE
WED 2 DD N—IT50F, REDKIBKEZ A% Fig.3-19 IR 7, BOWVERR
1980,1989,1991,1993 £, M7=V MEIL 197519774 L 12 5D, 1980 E75 1 2 BR\WNT ., fhod
FERXTIN—T DR IERL T2 KIBI A Z TR T, € OREKIIE BB A TH
IS KR B < . b WTeVKRBBOILRRMZ AN DR TH D, T TR 2N
DHELSHED DHETL T, 3 ADEBEARMISITRERBRBEZEL TV LEXLND, 17/
DEZFHEDBED -7 1980 4F13 4 AICRIBAKIRE o7z (Fig.3-17) T &b, 4 ALL
REIZI BB BEZEL b D LHRISN D,

WK TEYE O~ DI E BRI BEOA S - OHEFROKIESIC K& < B LTWAHZ L
BPhrole, £Z T, KIZZ DHRFBWILDOM S DBEEEIZOVTHND,

(2) IREBLB OREEZE(L

Fig.3-18 & Fig.3-19 TH7 K D12, {EKIE(KE 5 TRARATT G D EBBIE O
(CBIET DRINCE KB EUOKIRSES KESEREINTWVWS, L, wEAEHEICHE
9 ZKIBAE T & i EBRB O @K A 5 KIBIE T % ¥h R /KR O K% 51 _ECHBRIC X5
TERNZEND ., BEBRBOEERYZ I FEKIBET —F 7120 OB 5 2 L ITBEL
W, HE— IMEBNIOM S MR TE 28R U T E R EKRELTB 2T EE4 A
T TV D BEEMMOMEBIERN H S (72721, 1981,1989,1990 £EiX KAITH D),
EEEIIRE B DO ALHAK 200km (28 V) | FEBBIOWI I M H> b A THEAE O Lz
L T3 (Fig.3-16 ),

BEEE PP O ¥ B AR 5y KD Bl B S o iR BEROMELZ R TH 00,
EOWEVIERER S ICITBERBRERILBH DT, €2 T, hEBBOEEMEICX
AR 72385y OEREBTE A2 VT, UATICR< 25 Z o0 B CHh BB O & D4
BAbERRTe, O & oikkeil EDEE K DEEDS Y % KER 100m (Z351F % 33psu FHE
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BROBEFERE (Laz) T, b 20 & DIXEHELDO TR S % FARD AR ME (Smin) TR
RI¥Tle, 2B, ROTHEFERE LS (TABEIZIIT 5/KE 100m OHE A B D phih
SHERTH D, T TERESKOERE L TRAT 33psu DAL, BABIZIBOTH
EBMIRKEHB S D2BEKTH D (KB,1971), Fig.3-20 (2., 33psu ZAEHMR O BE S
PR (Las) 2 28R T BAEEDE (Smin) OERFELE R CTRT, BEFHERENS Y o
DL, 33psu LA T DR 537K882% 100m LR E CTH > TWRWETH 5,

RYWED D DT DITREBEL ToBFEELE L THBNITE Vb oo, 1978~1980(F
7ot 1981) 4F, 1984~1987 4E, 1992~1994 FE DA WML 33psu B HER L . [RIRF
(BB E > TWD, —Fl& LT, BEFEREOEWZ BRI R TRENREDE Y
DEEBH X % Fig.3-21 (29, BEFBEREOBIAEILAKEE 100~200m O FEffifmm Lic
ETEBRRBIED Y | BERRFEEROMEEZ R, —J7, BEFERESE o 0ED
RS 7K03 50m IR DR G IZ < 603 0 . BEMIIC R SN 7o BB TR OREIX AT
DD, TDXIITT~8EFEREDRM A7 — /L CIREBB DM & OBAELLHB R E
Do T72DH, L/A 2RI 1977~1986 EDHIMNIT I Tk, 1978~1980 4D L/A
D EFAE 1984~1987 4£D L/A DRB/NHID 2 BIOREBRBOBRE Y otz HEx
Liv, BEBRBIOMS L A7 M U¥ T OABRIITHARZBERIEIADRR, £, B
B OBIWROH EBIZ X 2 KIBKFEZAOBENEFHEIZR L 1 ADWREKIE (Fig.3-17)
EIRFEBBIOM E ORFRINC b AR BEMRIIA LNV, T2bL, REBMSHAE
(CHRVMEID | KBTS O EICAERAKIR 22 KSR B L T AR R 22D & ) BRI
FHDIIR, TDT Lk, EKEE OB~ R OB Z £ D thopBE
BRADOHDZ & 2RRLTND, £ THEKEBEEBIZEEY 525 9 — 20K T
&b DHEE MR DOREERILZTHRD,

(3) MEEHHIDORELEAL

BEH - A (1997) 1 1974 SF O ABEL OKER - WEEBLRIE R Z VT 1 4l
L TOBNEHAZIToTWD, ZOMITERID 1 A~4 Bt 2 BBELOF — 4 %
AT, BEEmXE QH & IEROBINZE QN OFEBIfRIT 21T o 7o/ R % Fig.3-22 I
Y. MEOHBIIE < (FHBEMAEK r=0.931), BEMRER QH % AW TERDOFINE
QN #HERHRTE D2 & B8b2 5, 7220, BB QH 2349- 50W - m 2 CIEKRD
UV QN 3R (MEmEeH) 2> 6 1E (MEHEMER) IZiC TW5D, 2 2 Tk A BB DR
A —VCHRAHORELRERIDILEBHNE LTS, -50W - m ™D
B QH ZHMEL L72HWEHEATY . BEEOIEROBINKE QN % &b 5 REHEH
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TEDHEEZ,

FHEERIIBEE - /) (1997) QYT E FAERIZL T, BEWICEIT 5 B EHDOKIE -
SR - BEEEE AWTHE L7, Fig.3-23(&ZM) IC=BHM D A kIR Tw & B EHL T
B QH ORFEELERT, £3'. 3~4 A DFE QH OLBIMESBIIZ /N E VT & A8
DD, Tk, ZORHHOKIB-TIBZERHEIMIZ/NE L RD1DTHD, HHEHEH
MTHD 1~2 AT 2F# QH X FEKIR Tw & IXEHENAHOBERICH D, ZDH
PRIL 1~2 H OKESEHVEIRE RERMESHB H o722 L ERLTWD, £I T,
M R HID LB R & 2> o 7o 4F (1974-1975,1980,1983-1984,1986-1988,1991-1992 4E) (Z
EHL., ESHBPKT L3 ADKIREEZA5 L& . MEAHBKE WVECLTL HIE
AW IR TR, D X S ITEROHGE QR B OE T 0 EEE O KR O R4E
EALEZBHATE 2, 23 FTHI- X I IT@ToW R EBEI OB OB ER & OHER DK
BSHIIXERNTHDLLEXL DD,

(4) FERADOREFERAL
ZAFOEABTHEET 2FEHEILILERTH Y . £OXE ST CEm L i~ HEmmn
B GHICRET S0, MABIRZBET2REREBET 5, &2 TiIE-ST 3
AOIETERY WIZHEBEL, AmE 2 EZEL T WW| OFUS O TE OREE{LZH
e, BEAZOREL S WIW| DA F8) L ZR Ok FEAKIR Tw % Fig.3-23(G/) (2777,
ARBIELOBENIHDHOD, JEIGS WIW| iX 1975~1978 4 & 1984~1985 4E|T
/&< 1980 4RI & 1986 FFLARRII LI R E W Z L35, BUSSH WIW| &k
KU Tw OREAFEZRALZ BT 5 & | ME@HAB KT L7z 3 HIZR W TRAIC RO A
b d, T4bbL, IS WIW| OREREIZHEKE Tw BZENEWVWIBEKTH D,
I T, AmICWEOMBEMIT 21T O &, MEAEIL1 A2 045, 2 AiC 043, 3 Al
0.69, 4 AiZ 0.21 L7225, KIZ, 1977~1986 DAL /1 W|W| & A7 L/A(Fig.3-15)
BT DL, 2~3 AICBIT DAL ABRBOBREEMNAY —UBELPTNDZ LA
DD, KT, 3 ADEUST] WIW| DRRERL/ NS — 1 1980 SED WAL EZ /R L |
1980 FEDFWARE L/A DEL—KL TW3D,

3.4.3 BEBRBEATEIASOHMEREIZODLVTOER

TIZT, 2.1 BiTRLIEAEOFEAIZE S REFNNZ — (Fig.2-4) H DL, B
N ORI MBI OREH EIC b KERBIBRINTWDZ LD, EAE
5 0O AR 0 B EMISIC I IR ER B OB TR & iXiE & OV R S
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TWd, TOX I RREWMIIEBRBOBET2MI 5 2@ LEXOND, £
BR. IREBEIOMEL 0.5sv & LAFOREHMRILERZ N D E LT VEHER R
(Fig.3-14) A5 & | "ABB ORI © B BB O LIk EBE & 13dm & ofth
MR SNTc, ZDZ b, LREEIHE S REFRDMIFIZ X > THIZW R EBEIAD
REKTBTE DB~ OB MRS £4 S, MABERAOKERRIKE BT 5 X TNWE5
AR E X OGN D, L/A OBEENEDXIGTEZD L | BAEBE OWOAKED
W, TROLILEOFME (E& LT3 A) BEBL ., BB OB o k%
BNSWVEEIZRELICFERBEOEER VB BRVOTRRVLLHEIN S,

£ ZTEREDOEKIC, FHE 3 ARSI L 2RETE BEBRBIOMEERZEZEL
IEBAEET VEAZITRV . FEEDIRDAARENZ = BED L IR DO B
D

Fig.3-23 TIX& A EHOILHER D DRUG S & U TRERILE TR L 7223, 22 TiXE
FNHEDHN S LT3 ADHEYAZANSD, ETREOICEDEEL -RA[TH
5 PaALTE RSy D EGREIZ B H LA 3 A OEDRHEE R~ 7z, 1974~1994 FEETOE
WCHBH =vie 3 A D B EGEZ AW TEED B8k [ O RRYK % Fig.3-24 1278
T, HFOMHRE ARUOEMEITHAED 3 HOWEITERSY D B L EEEEZ =T, 3AD
VE AL VE B4 D BD SEEMED B & K E o TR RIEIC b i 72 X D WS ABRROBES R
TL/ADBRKREVEZTRLC 19804ETH D, ZDEIL 3 ADOFANLHEEE TOM 20
HEIZO= b | thOFIZHEA_ILEBE~EOFEASBKL TWeZ &2 b, —F, Rb¥E
) EGHEAEAMED o T FE1T 1985 5 TH D, 1985 ATV AL ER YO AL AL,
BIEGEMEAR 0.41m - s7H /S <, HRU MM b EI o7 Z E3b»nd, Zd 1985
2L [AARIC L/A BMEVMEZ R U7z 1978 SRIZEE L TH . 1985 4E & [RIAR 7R D EH [ %
ARLTWDHIZ EDRDND, £ZT, TNHDRAISHDS & TREISNDET VR FD5T
ARG —BE DX DITRRDOH, FEFED B EEEL HBE S & UiIBaEETr Vot
BE{Tirolz,

L/AM/NEVEEZRLU 1978 4E L 1985 4E, L/A S KEVMEZRLT-4EE L T 1980
FEOHBEREEZ FTNER Fig.3-25(a)~(c) IZFRT, WTFhOHBERERLAED 3 HOH
EHEERE, HEMMBEEZ 3 A1 BE L., HEMIAE 30 B B ORAEBRIIKLFO
KEFHEZ R LT, BV E Y bR I EIZEWth 2 b R EBRIC K- T, 3
AR 2 KO 4 DT NVRLFIXE DO THA R~ Lk S TV 58N Fig.3-25 D&
DOENZH RN D, 72720, BB -7 1980 FEDRAEERE 4 DEFNALFDH, H
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KBBOFEFRNOBN~EBEIN TS, —F., BIFEA 15 B U 3174
ETMEL e BEDET VRLF/KERMEIEL, BOFEI - 72 1978,1985 4E & A
2307 1980 FE & T AL B3 9H% L T35, 1978,1985 dE DR D EF LKL F
AR, MEBRMBO TG R~ LEBHREN, REHTHIEXBA~LBESN DD
DITEP L 2H B2V, 1980 FEDFRMI O KEGMHIL, HABA~NLEL OET
NRLFR RS, E1B OO LICbEEL OFEFNVRFORARHLND, =
i, Fig3-14 THESINIE L SICEDOMEANICE D, MABNIZIZIBORE 27228 5
Wxh3 . BB OB LICIZREBE & (X5 R Th 5 KRFHE Y Ofh s RS
TeEILK2T, ZDX IRk bleoliz,

RIEIICIWV T, L/A DS KEVVEZ/RL 72 1980 4Ei% 4 HICHKRIEAB LR 05,
4 A LIRS BB DB o T D TiX 7 v EHERl Shvic, EBE. KA (1981) 1rg
KIBND St.30 THET- KB TEED B, 1980 EIIT 0 E BB DM KB ~DFEAD &
4 AU EBRBOBRAR D o7 Z L ERLTWD, £ T, %D 1980 EDOET
WEHE (Fig.3-25(c)) T, WEBRBIOMN KRBT HHMA « HHEMGZ Y BRE . 1980
£33 ADBEHEOHREETNONLE LHBEEZITR oo R% Fig.3-26 I~ d,
EBBOWMAZZBERL THRW=DH, BAEBR 2 KP4 DETFNVALFOEL L, HEE
(TR Sk g Y OB DO > THE SN D, (FRIIOKEFHHEHDE | ]
BB Dtk & N 2 - 3HERE R (Fig.3-25(c)) LRIL K DB R E CHRABEINT
W5, £z, BEBOREM EICOES  OFAMOBRE 2~ TE7 VR FBR 3L TV
LT ENRDOND, TORERPL, BOBNEIZIZIAYT b UF FFRBEKBNIZT TR
<., BADOEH LI bEESN TSI Enb, HRES BT LS DEL
VRIS AT N UX T ORBRIC D T L Z2THRL TWD,

LA B ORISR B X DWNIBICOVWTDEBTHHN., A7 b UX F{FRDE
BRICITEHADRBREOEBEMEB BRI TVSD, 4 - BiH (1993) X BEEBHMHBH D&
DEEAEMBRRLZFHMT DL 2 BRI, TOXEBEAMTHINATVEH/ —T I T A
EHEL, TOXMBEOFHEREHREL TWD, EHUTEDE, HEV 100pm O
NCRRy hCERESNTERBDOIAT V) —7 VU ADHGMEEIL 1~2 A TidE
{.3RICRDLEWTSH, £7-. Nakatani(1991) I EFICE KB TERE SN DHEAD
%<2 APHUBROEETH L &b, SHEMBEDE N 1~2 APRICELL T
EEDOHERIC L 2BFERB BN L ZHEML TS, LoALRB6, 1~2 AICEET
% Oithona BN ILHAV 100um DY KRy b iHiRd 5729 (Nakatani, 1995),
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EROFECRBRENT- ATV —7 ) U AOEAYREEZ 8/VFHEL T2 "Tae
HRH D, THITHL ., 1995 FEHFIRESNTZHADOE IIHBEOE WV 1~2 AIC
B U T2 EEDAEEZERY Thole (BA,1997), 1995 XA TV —7 VU 7 ZAnH
MU 7z 3 RICIREBRBIOMWRAY H Y . BHMEKERKEICR T2 b, 3 A
HAT V=7V U ABRBHL THEKBRE CIMFROBEIRDESE T 5 A6k
HOHDHZ L2TFRLTVWD, ZHDHDRERIL1~2 AICEET D Oithona &/ —7 Y
TDANART MU TFROBAEYE L TEHBTHIZ LEZRTLOTH D,

ULz &b, 1985 FLARROEE H 726 Uiz 1980 4£i%, 3 A oLl E (Rkik)
KD ES (F& LTHEAEBRN) SRAF b U & T DR RO HIEIZ R THRIZE
<, A T4 AETHEBBOREBOLROVEKEBRETHY . R MU T{FRADEAE
MREBFETH o2 b DL RSN 5,
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Fig.3-15. Upper panel shows the interannual change in catch of metric tons of
walleye pollock in number at the fishing ground south of Hokkaido(A) and

accumulative catch numbers in each year-class(L) (arranged from Mihara et

al.,1995). Lower panel shows the interannual change in L/A.
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Fig.3-16. Bottom topography and schematic diagram of the Coastal Oyashio, south
of Hokkaido. The observation points of coastal water temperature (Muroran
and Usujiri) are indicated by the open circles. The hydrographic observation

lines off Erimo are indicated by the solid (1991-1995) and dotted (1974-1988)

lines.
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Fig.3-17. Four panels show time series of monthly mean water temperature at
Muroran (thick lines) and Usujiri (thin lines) from January to April. Symbols
of @ and O indicate the month when minimum temperature at Muroran

and Usujiri is observed during these four months, respectively. Shadow areas

indicate the positive value for Usujiri minus Muroran.
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Fig.3-18. Horizontal distributions of the sea surface water temperature in Funka

Bay and surrounding vicinity in January. Left(right) panels are the years when

monthly mean water temperatures at Muroran were more(less) than 5 C.
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Fig.3-19. Horizontal distributions of the sea surface water temperature in Funka

Bay and surrounding vicinity in March. Left(right) panels are the years when

monthly mean water temperatures at Muroran were higher(lower) than 3 €.
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Fig.3-20. Time series of the offshore distance of 33psu contour line :Lgs (solid line)

and minimum salinity : Smin (dotted line) at the depth of 100m off Erimo.




Fig.3-21. Vertical distributions of salinity observed off Erimo in the years with
larger L3 indices (Left panels : 1974,1979,1986,1994) and in the years with
L33=0 (right panels : 1976,1982,1991,1995). Shadow areas indicate low salinity

water less than 33psu.




Muroran Jan.-Apr.1974

(W/m?)

250 - : o
200 += .
150 ==
100 4=
50 +

QN o+

- 50 4=

=100 ==

r= 0931
150 4=

2200 ==

.250J-

100 4+
150 4+
200 4
250 4

Fig.3-22. Correlation of net heat transfer QN and sensible heat transfer QH

through the sea surface, using the heat budget data of Isoda and

Hasegawa(1997).
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Fig.3-23. Left hand panels show the annual variations of monthly mean sensible
heat transfer : QH (thick line) and water temperature : Tw (thin line) at
Muroran for January through April. Shadow area approximately indicates the
period of sea surface cooling. Right hand panels show the annual variations
of northwest componet of monthly mean wind stress : W|W]|(thick line) and
monthly mean water temperature : Tw(thin line) at Muroran for January

through April. Shadow area indicates the period from 1977 to 1986 when

L/A(relative survival indices) is calculated in this study.
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Fig.3-24. Time series of WNW (west-northwest) component of daily mean wind
at Muroran in March of 1974-1994. Positive value is WNW (west-northwest)
component, negative value is ESE(east-southeast) component. Dotted line and

numbers in right side of figures represents the monthly mean wind velocity in

1l

unit m - 8~
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Fig.3-25. Horizontal distributions of model particles calculated under the condi-
tions of in-outflow(0.5sv) and wind(on March in each year) during 30 days.
Wind condition in 1978:(a), 1985:(b) and 1980:(c). The years of (a) and (b)

correspond to the year with lower L/A(relative survival indices), while that of

(c) corresponds to the year with higher L/A.




Fig.3-26. Horizontal distributions of model particles calculated by the daily mean

winds in March 1980.
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Fig.4-1. (a) Schematic flow pattern before the inflow of Coastal Oyashio.  (b)
Same as (a) but after the inflow of Coastal Oyashio.  (c) Schematic pattern
of walleye pollock eggs transported from the spawning grounds to the nursery
grounds before the inflow of Coastal Oyashio.  (d) Same as (c) but after the

inflow of Coastal Oyashio.
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