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t 7 A Paralichthys olivaceus V¥, KEFETE RO

PAYUNLEUFEECOBBEICARLTBY,
FOESFRITERILEIOENS S EOHEL &

nTW3B (FF 1997, %A, BF 1998), AAFIS T,
EHBE D K EEREEZRATERIRCH/MALTE Y,
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OB RL I OVEEEEEIL 7,388 b, 102/ T
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WEINTEY, B35 2048 (1987 ~ 2006 &) O
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ELEELRABEO - DIMEMIT SN TWD,

ATEIX, BARBALHYHATHEEHEOF T, £
t = 7 Hippoglossus stenolepis %R\ T, b K& <
BETHRETHY, BICEBHORERB VLD
BHEEO (BE, BT 1998), 7, KEBEIIKNA
REOA L L THEZE =—Xb&EL, MHTEEM
TR ENDEBATHD, £OD, KEE T
BLLEBBEELEAT, 2006 FDOEERIT 4,614
Ny, AESFITIMEHICERS (BHKESKE
BEMATES 2009), T, FEEEEZINISEL SN,
2007 FITIL 34 ER RO RE L ¥ —TE/MD
bE¥TC3IFRREZBADIBENEEINTVWS (K
EETTIEN 2008), HMIBEFIIABEOF TIIEDLEL,
1994 FLUE, BFE 2T HREZBATEY OKETIZ
7> 200), 2007 F I 37 EAF R 5 T 23,378 TR
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ERHORERE, AEE NG E LA OERK
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REREEOBMENER SN TV S,

IOLD R ESCEREHANEE L HET D
ERLERDIABOEMFEN LR ERD 2D, 2E
EHTAEEZXRE LERE, FRIBHNICED
LNTW5D, EREESFERICESWTY, HEo
AR EEFOC, SBETHEEORR, HER
BRENTE, KBRXIL, b T AORERESER

BEYNRY, DEMIZED TNV ETHEARAIK
MAEMFENMBRER/ D0, ERBBSERICRT
HABOBRMBEY PO, EBBLURE, RH
BLOER, oABLU0RE), BEICET IR
BEAYFRNIEL LTEVELDEELOTHB,
B, EWREITHEZAIIIREN RS T OR
o 2> & 58 3 RS A BRBERTHT DR ATIR £ TR %
BT, KWL THERENGREDOE 7 ADHHET
& BIKEE 200 m LA & FIVE & BB — 5% 72 i &
HTe L CERBE IS & FEA TS (Fig. 1-1), 7o,
AEOFEEEOX ST, EE, RE (1971) BX
BT, KT (1972) 20V, FRICETD DB Y,
EE#KOER 100 mm KFEOMEEZHA, €& 100
~ 200 mm DEFEEZEHER, &K 200 mm LA EDOEFE
RN REER B L RRA, EMHENDEHZ |
BElRAL Lz, IHIT, RiETIL 1981 Fb
b T A ANTHEHOKTE M ThhTEY, itk (A
THE) LbEEGRB IR TV A7 (RERRF 2000),
IR E LIS ORI T AT — 2220 T, &
ROBRREFICL 0 ANTEE &HB S - EERITx
8oL L, 28, RFFKOELAEOEREM T
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DOIFEEREE (ALEITE() OHBERIT 100%
Thote (REFBRWKERNE 2 — KEE),
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Fig. 1-1 Map showing the fishing ground for Japanese
flounder in western Wakasa Bay, the Japan Sea.
Dotted area shows the study area.
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1990 ~ 1999 F D - BREEMRFHR (LT, B
MOKERF L IRELT 5) (BMKEERE RREHER
£8 1992-2000, BHIKEAR KEEFBEHREHERES 2001)
72 5 TNZ 1990 ~ 1999 £ D RERMFREGRIHESGES
SREtER (LUT, JAEREEIRRET 5) AV,
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EEORBYICE LT, WERER, AR, HXB
REDHEMEHT I NEESRL TS, B
MKEFRFEHBET 20 LTHRIA L,

REMAE 19904 1 A~ 1999 4 12 A, =H
R DEMENFEHE KBTI BN T, BB
b 7 ADERRAE, RARAR L HfA (NIHES)
DI L OB IRIE DR A F /ML~ 179 ~ 365
H, 7,476 ~ 23399 B & Xt RICEM L 7=, BtEAD
2FIL, 1B 28ERRMEREANTAAVyF 7
TIZLD Lem BAICRIE L, $72, RARAR L KK
A (NIHEH) O#FE, FRABIZOERAOK
RELESOARETOFELOHF S — 2 AR
BETHZEICEVITo, BEMIZIZ, FIRAT
BEAEROXRM (A OFE, ERAITIIEAE
OWwE (Blk) OFEL, TOHBFDEME LU
Z— OKEREMEE . Z—2004) 2L, XK
AL R E R LT,

(2) BREBLUER

BE - EERSIVRE EHEMICBNT, 1990 ~
1999 E D BMAERFICE T A DRBESEGE N
TWDIRERETIT, HhEERME, /KR, S,
RpARIE &, Rifg, REEEM, BEEMR, TE,
FIBLVTOMDIBETH Y, FBIIEZELRLIE
B-giEickogEIh T, #05h, AEL
FE1 ML ERE LT AREREIR, NEER
B, RHE, KRAIEEME, EEEBR, TEB LU
THY, INLITLDBERITEMED 99 ~ 100% %
LTz,

BB, ABETIIMBRFBOME R LUV IDEK
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2 EIRAE TR BE 7 ADORMELMEHIFE
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WEGLE, (TURE, TEAMBEE, EHEETE
~OHFICET HRAERLHEEE N OO T Y
EORBREND, REBHRIZBIT 28 7 A0S A%
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HB EOMEAKIE 60 m LI TRESNTEY, v
ADBEBIIFEEERE (FR, FH) BILOKXH
eEwE (HH, L) BT, AFICHEZICS
o, FIMEOBRERT, FEMRERERAIC
SO RAE LTEARBREEACBRLNATEY, 20
WX RN VEERKIESOm UETH o7, FIHEI
LW, AFIAEEERRE (FIR, ) B
FOKRMBEBRSE (BH, RE), EENLEFR
DI THRIRWENES 2 B3 21 UME, ey, 3
H, BE) BT, 2WEARA LN, EEIE
IRy IBLUROEREARNTITOhTEY, K
OB THAI~5 AL, RAEEEEROR
W2 B8R 7 IRz TomRE s, BEEBOKE 70
~ 90 m OUFBIZ EERB BT SN Tz GRHEFFAL
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ik, REEBMEL/VEEEMN TR, e
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WIRY, FhENEEBEME, & T8 EREICE L
HTHRRFLT,

RESORBREEL BHKERHIORDIEE
50 4 (1956 ~ 2005 &) OREBAFIZBITHE T A
DRBEOHR % Fig. 2-1 1258 Lz, REOEMIE
BEIT18~93 hrOfETESHLTHY, A
B EOZ WM D WA ST BEIZBRYEL,
FORMIINR 12~ 13ETH o7, HIERHREL
72 10 #f1 (1990 ~ 1999 4F) g R OWR + 15 &,
1991 M LWMOBERAERL, 1995 E52E—27 L L
T 1993~ 1997 4E1Z1X 76 ~93 b L DEK MR HERF L,
FO%BB LT, 1999 FLEILS0 LT &R o7,

WIZ, R TREBLLZEL TS EEBME, HIE,
¢ - EEBB L OERMIZOWT, B3 30 4R (1976
~ 2005 ) OAHEDOFHEBBEOWE % Fig. 2-212
FLTc, EEMICLDBEMRIT20~50 b T, X
HORBEED 34 ~83% 25D TV, HIZZEOD
E 41T, 1983 FELIATE LU0 1999 LA IZ i, 1981
EL2BRVTROEL 58 ~83% & Eaol, HIME
WL ABERE, 1979FEETIES PLUTFThHoE
2%, 1980 ~ 1998 &FEiF 14 ~36 b b Emot, &
12 1985 ~ 1994 FiZi3, EEMICHEBETHREBE L
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Fig. 2-1 Annual changes in total catch of Japanese
flounder in western Wakasa Bay from 1956 to 2005.
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Fig. 2-2 Annual changes in catch of Japanese flounder
caught by set net, gill net, longline, trolling and
Danish seine in western Wakasa Bay from 1976 to
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Fig. 2-3 Monthly changes in total catch
of Japanese flounder in western
Wakasa Bay from 1990 to 1999.

Fig. 2-4 Monthly changes in catch of Japanese flounder caught by set net,
gill net, longline, trolling and Danish seine in western Wakasa Bay from
1990 to 1999.
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3 A b N ey S ._I-ﬂ_h—\_ ,_H_h—)-.__
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Fig. 2-5 Average annual catches of Japanese flounder in Fig. 2-6 Monthly changes of mean composition in length
western Japan Sea from 1990 to 1999. Vertical bars classes of Japanese flounder caught by set net and
and different letters show standard deviation and gill net in western Wakasa Bay from 1990 to 1999.
significant difference (Steel-Dwass test, p < 0.05).
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MRS R bR, p Jhan 1k
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BIHIEELA 2R 50cm LI EDEEL b,

& - BT, BE30~70cm OEELRY A XD
ETANBEINT W, 2REAROE— FiL30 ~
S0cm DEHIZH Y, TN LOMEENED HEIEIX
55~88% Th o7z, —F, £F& 50 cm LLEOEHEK
EHDHEEIE8~45% THY, 1 ~5HITiE30~
45% L EMh o T,

ERMBOSRMROE— NIZ, 2, 3AZKBE, 30
~45emiZH Y, TNHOEED D BEEIE 3T ~
N% Tholc, —H, 2, 3ARIFERSOm LLED
EDEDBEIEMR T ~ 81% L BEMo T2,

DED kS, EEMORMETIE, AE, 2K 25
~40cm BIBEFERELZ2-2TEY, $ - EBLER
WBTIERRRENEE 30~ 50 cm # A% L T,
Flo, 2~5 A2, WTnoBREEERTYH, &2&
50 cm B X DEEDIEERH -7,

REFREICEHDIESADME KIZ, BT A
DOBREFENTEFREICEDBMNEIZ OOV THREIL
7o BMKEHKEHLKRDIZBE 104EM (1990 ~
1999 4E) OFREFFTO L T ARBERED, BERED
REERIZCEDHEIERIE, 0.07~035% Th -7,
—%, RO T A DiRBEEEIT 87 ~ 226 B H
ThY, BEBEOREERICEDHEIEIT 1.6 ~
3.5% Tholo, £7-, BHERIDRLSE&ETIE, 7
ATBICENF NG 10 FHRRILE LT,

WIZ, BEZKHILORD - T ABLCLAED
IR, RESEBLIOTHEMD 10FE (1990
~ 1999 £F) D EFEFR R FHYE & Table 2-1 127 L7z,
HEFIZB W TE 7 AZEBRICR DL BEL T
DIREEEIL, ANOERBETHOLEEM TH-
oo FORBEREIZCEDD LT ADEIEIZ0.14% &
BNLOD, KEMOERELYEERETEIRBEDD
Tk, ATRIBEZCHEHMOBVARE THY, £EE
BTREED230% %2 5D Tz, EEBRICKRNT
ETAZSE LTV HFERE T, AEIIREER

T4.0%, RESEETIIII% 25D, &, €48+ b
AEA~DKEENELEN T, 8 L8 (15
FBL) T, ETATET27%, €8 T73% %
E®, FBIZKRWTERED EDAEERE»o T,
Fio, B T AOFHEMIS - EENI R LR (3,566
M /kg), ZAVUEREAORBEIESHEE N & (Fig
2-7), BRHBRBEERTHEI LIZLBEELLN
oo KRMTIE, ETARETENRETHHAUA
H=DBBFZICEESI N TRY, HBMEROR
WEREE LTEBMIT B,

BHKEFKFCINE, BoZbEHE LD,
ETAREFITATOREMX TREINTEY,
FOWB L DZRIIFNESIRICRATN S, 725,
ARV AR LR & LI D 2 D ORI KB LT
AEOBRBRAUBTD L, Hha2: 1 OIS TRy
WR LRI COMBEN LT,

Dbk Xz, REEHTIE, b7 AERBET
b5 EEMEY PLICERBEREICLVAESR
TEY, ZRHGEITIAEL, TEHBEEBEAE VN &
Mo, BILEHEE CORFREICEDDHEIFIRE
<, BRLbEERBREERERO—DIZMEMT LT,
T, EENIEEBEOSISEL L CTEEKRICEL
HEFEDOHENK LN TEY, 1993 En6II3EE 10
~70 FROANIEAEBBMIN TS RETIEN
2009), X 51T, 1995FE b, BEEALIELR
25 cm REDO/NEE T 2OBFKEEZR LEbEEE
FEEAEICOLRVBEATWS, Z0kd5lc, BE
EEDLOFEIFREICBNTE T ADMEMITIX
m<, fFRichrz v FFREC L BB R2ERD
ESC, BREBADHOFBEMICFAL TV 2
DEFREEABREOHERLEL SN TWS, F1
LDOFEIIE, BRBETEREBKICBIT LT ADE
BAMZEOMROERE L, ThIZEI< e T A
DEHDIEY HFOBREFBARFARTH B,

Table 2-1 Average annual catches, sales and market prices in each fishing gear for Japanese flounder in

Kyoto Prefecture from 1990 to 1999

Set net Gill net Longline and Danish Others Total
trolling seine

Catch Japanese flounder (a) 264 = 8.0 148 £ 58 69 =26 4.7 x32 0.7 =05 53.4 £ 16.0
(ton) All fishes (b) 21089 £ 8625 371 £ 160 261 = 37 1003 £ 94 12359 = 5796 35082 £ 12873

Ratio (%:a/b) 0.14 £ 0.07 4.00 £ 1.02 2.66 = 1.07 047 £ 0.32 0.01 = 0.01 0.17 £ 0.05

Sale Japanese flounder (c) 63.6 & 14.8 395 £ 172 251 £ 113 138 £ 75 1.7 1.2 143.6 = 42.4

(million yen)  All fishes (d) 2756 £ 376 324 = 111 334 = 49 844 £ 105 1228 = 130 5486 = 591

Ratio (%:¢/d) 230 £ 042 11.71 % 3.08 7.33 £293 1.60 £ 0.77 0.14 £ 0.10 2.57 £ 0.59

Market price  Japanese flounder 2466 =+ 332 2634 £ 505 3566 * 460 3108 £ 398 2483 £ 558 2701 £ 385

(yen/kg) All fishes 148 £ 49 897 £ 115 1293 £ 188 844 £ 99 115 = 42 184 £ 48
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F3IE FWmbBLUNRK

KEGEOHEIZBNT, SBAHOEHB LT
RECETS5MREIELEERADERO—DTH
b, BEOEREEET A FHIEITIE, EEEELLT
FEE CEBAE, FEEE L THREREREEF
WIEERSH D (AR, FH 1969, KK 1974; 822 5
1988), ETAIBKTEEMN ImTTHEL, F
FI10FEL EEEZ b (75 1997), FEECIEFRM
MBI RIEE D BRI L LR 5 AR &V
ERRHBORREFNERETHLZ b, K
BHEBIEISEHREOSHARE THDLZ L b,
AEOEHMETIZHBE L TWARY, —F, FWHEE
EITEELAEEEZET2000, EMEEDOEENE
HE<, BEHE TCOREERPAIRBTHDLZ &R
Enh, AEOEHETEE L TELEEEIOND,

FEHBWEICIL, B0 S ADEBRBIUHRE
BT AT, 8 (BRI, F 1951), HHEF
(=58 1975), E-A (B3, IR 1974; #H 1974; 114
i, BEE 1977, AH G 1978; YEE, £33 1983; /)NHY])
© 1985; R & 1986; NS> 1987; ¥ H, KM 1987;
FEdE, A 1989, B REIBHREET Y —, FiF
BIKERBIE 1990; BIRE 1990; &34 5 1992; RiJR
1992; BEME, HEE 1994; LI & 1994; FE S R KEFRER
Y 1994; /NED 1995; B, —3H. 1995; ¥ 1997; &
5 2004; HFT & 2005; & 5> 2007, AF & 2008)
BAHNSNTWS, LML, bTADEIIEDOMSE
WEDEREEE L THEYETRVWEINRTEY (&
BE1975), THEEHE AV | OAT (E
B 1975), RIEOMATIIERHECRIEFELER (B
TR) BAVWLRTNS,

BARBERETOE T ADKEERIZOVTIE, B
WAk o (LR, SEE 1977, /B85 1985; Nk
b 1987; $EM, 3 1983; dbHEE 1991; K B IR KER
Bt 7 — 1995; i D 2008) & SLEEIRLATE ¥
(HFT & 2005; R 1974, BB E 1990; {#[8F 1997)
TIEHREINTWAER, BRER LO%E DR EEE

TORBALR, £ITC, HEWRETEEEBE TEBS
hick 7 221, BA (RER) 2FHEL
L CTHEER L URERICOWTRET LT,

e It

E1E BREBESEBICRTIESADERS
FUHEE

ERBESERICBITOE T ADFEHERED
B8 4% % 58 %, Walford ® & 2= K & (Walford 1946)
B L OBR/NZHEEIZ LY von Bertalanffy @ & =
(Bertalanffy 1938) %#K®i=, FL T, AEOHE%,
> B ERI TR LT,

) MHBLUAE

FBHZIL, 198948 A 19 H~ 1998 ££8 A 3 BT,
FASHMENB TH D AERE, MEEL L OEBLE
R EREERER CHEBINTE T A 4364 B %
Az (Table 3-1), AL, ARk T2E (TL,
mm), KB (W, g) OBIE, EFERIZL AHOHE,
ER (RER) OWERITo7-, &k, &L, A
KRER BW) »oFANEWER (SCW) % Z L5
WrEEEL L, BARESFV LV CREL, FiE
B (BAYEFET M V-16D) OFENLT T 20 %
WHERLT, TV NVIZarA—F— L0 ExE
BILT=, 728, —HOoBERE, HAENCKE CHE
M7,

E 7 ADERE, ARAOLDOIIENREFTED
WRTETAHEARH 20T UNEYIS 1985; BiF
1992), BOREILIEEL RO H 5 ERMOFER %
B, BOREIZEL T, SFEHEEOKIE
FIRIERERAL & B, BA DD LR A~& ik
WIRo TEREBOE TOERM*EARR &HiD
FEREMILE TOMMEwE r & LT,

HEBERBTOE T ADEE & HAKIEE DEZRD
BEHZIE, AEOMRICET MR OH B ILINEE
W D EFERRBDETD 1961 ~ 1990 EDHEEKIE
DA BIEBME (KRBT 1996, HBEEREE 1997)
V-l LAY

Table 3-1 Specimens of Japanese flounder sampled from western Wakasa Bay in the study of age

and growth
Number of specimens Range of total length (mm) Range of body weight (g) Fishing
Sampling date gear*
Female Male Female Male Female Male

19 Aug. 1989 1 796 5500 G
11 Jan.- 25 Dec. 1991 41 77 296- 856 266-744 291-9900 184- 6300 G,S,L
12 Jan.- 11 Sept. 1992 258 168 215-795 236- 681 96- 6210 128-3780 GS,L
12 Jan-24 Dec. 1993 207 237 223-826 219-690 122-6900 98-3980 G,S,L
13 Jan.- 26 Dec. 1994 393 344 124-862 130-691 16- 8260 20-3980 G,S,L,D,T
9 Jan- 21 Dec. 1995 354 370 236- 582 231-460 130- 1907 119-999 G,S
7 Jan.- 10 Dec. 1996 354 286 252-792 240- 698 113-6489 143-3442 G,S,L,D,T
9 Jan.- 22 July 1997 332 375 243-690 234- 581 137-3421 117-2130 G,S,.L,T
13 Feb.-3 Aug. 1998 277 290 224-790 226-596 111-6306 98- 2498 G,S,L,.D,T,B

* B: beam trawl, D: Danish seine, G: gill net, L: long line, S: set net, T; trolling line.
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Q) RS & UBE
BREEE EASNEIC BT 5 KBRS OHE
W%, MRS TRBREOREIEEE L,

RBEAR MRS S 12 A0S 6 BICHEL, HE
DUEFE 1B TH -7 (Fig. 3-1), | ZFEHOREHH -

DOHIRY, ETIT1 AWK, i1 ~38iE, »
T 100% Thotr, FORIT4 ALBEEDL, 4
RIZIIMETIE 72%, HETIES5% 729, 5 RIZIdHE
HEE % 20% AEIZ72 0, 6 AICIZ0Ze T, 23
BEORZERFEOHBET, 2~3 I273~9%% T
ML bELEL, T0O#%4~5AIiL39~59%
WAL, 6 BIZid20% Riiizie o7, 3EB LR
DORFREDOHERIT, 3~5 A 63 ~83% & if
HELHELEL, 6 Rilid & 54% @b L, B
BRDEITB T B RERRE O HBEENFERE O
PITHER U T 50% 1272 HEEEE, HEfEE & 1 BEB &
V2HFBBORBRAETIZI4~5 A, 3BEBUBTIS
ATHoi,
ERBIMICBT 2 RERAFEOHBRRI L, &
REATIIMERE S LF | B EN D EHBTENn,
ZOBNBOEERVFHE LTHEHLETHDHZ &
IR ENT, FROWMRFEHIIL, FERG O
bR, AHLERRIEORFEREOHEREN
SO% WD T AR EEZ LN, BIRBIVE 2
TIE4~5H, EI3MLUBETIL6A L HE SN, BIE
PSR TOE 7 ADOEIRMIT2 A TH~6 A £H
THY, TOBEMTI~SALINTEY (5B4E),F
T DT ERFREE I EEORRR ) S HTIT— B L T,

| ZBERBIVC2EHOARATRAEDOERBBEARL |
~3 AL, BEHEEEEE TIKES 1 ETRLIE
WEEHIIC H T2 0, ZORES KD DT, KRS
FRICER U AR (A 1973) L—H LT, K
ERAROE KT, oW T H A EDEAKIER
E—HKLTEY (M 1974; (L3R, 4@ 1977, /~AED
5 1985; INEE S 1987; AIR 1992; /NES 1995), D
ERICEKROEENEL L NE, —F, 3&BL
BORBERFOHMBEIIII~SAT, 1 EBBE
V2FBEBORBRABT LV B o7, BEEEEER
T, HEE LW IRE DL EFEICFIFIEAYDOE
TADBEIATD (B4E), KEEOE T A DEIIH
H2~6AThY, 3BBLUBRORERENTES
BEEAIC b T AIREVERIZE L T, Eia R A
BRBBEELTCND (B4E), 1VHLaovabL
A T, ATEBROREICLZEREDOHADEAE
BOMAE SN TV 5 (Hatanaka er al. 1952; Hatanaka
and Iwahashi 1953), & Z X Ti, FHEB O CRH
BROZ EBVbiiTnad (L 1975, ThbD
Enb, 3EBLUBROAEAF ORI, KB E
EBICEFERORBPEBEL TV AFAEENSE W EE
Z b,

Female Male
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Fig. 3-1 Monthly changes in the occurrence of otolith
with opaque margin for Japanese flounder. Numerals
above each data point show the number of specimens.

2RECEEROBER £k (L) tEAE B
ORI - b EELRECHEARD bh, KD
ERABE LN (Fig 3-2),

B : R = 0.02319 TLO%% (r2=0.9422, n=2219)

(1) &K
HE R = 0.01827 TLY%5 (r2=0.9163, n=2,150)
2) K

HRE KRR ERLESE O EITo 4
R, MXOBEZIFBFEESRDOONTZOT (F=
33.57, p < 0.01), LLTFORBIZEDS AT, K
BN RO BRI B D & SRR 2 L L E
ERWTIT 7,

A S LA b, MEIT 9 B, ML 10WmBEET
DOEWE (r;) OFHMEX Fig. 3-31ZRL7E, | EH
OEEOEHET, M T WREE 2.86 mm, 2
BEAS 2.60 mm, S EREEAS 2.5]1 mm, 8 EREEAS 2.35 mm,
HETIL | BRBEAS 2.78 mm, 2 $HEEAS 2.42 mm, 5 EEE
23224 mm, TEBE 207 mm Thol, HEHEL L
B OZVEIEEBRBRO/NIWERMBRD b,
—7, 2EBLUEBEOREICIT, SWHEMTEYRE
DSERE T DI & B b o7,

T, SEERTE - REEmiY, MTI13, H#HT
15, BREFIIMES 862 mm, A 744 mm Th-o Tz,

BEXOHE ML o W, HIL 10&WEETOFE
BEE ARV T, Walford ® EZX (Walford 1946)
EERLIEZA, BOE 10 WL AV —E45K
W, MRS DA AIIE-ER BICIET, B
HIFIC TR SN T WD 2 & 2R LTz, HOE 10
HOPHRBIEIMHLIV/IEL, BI0KHLE
IWMBENORDEEEN LD LI, OB EEEA
FHEBH O TRILIN, 2B, B 1 WRICEEE
AIZENIVVERLED Y, BRAORENPLYET
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KO HELENEHARAOBENOROEZHELE
F O H/IEL A D Lee TR (Lee 1912) MERD LN
DT, EARD (1985) ITHEVy, F 1 HOEHHE
IR S b | IREEOEEEE AV,

Wiz, FPHBMROEENOBEHRE»SANHED
B I0WREARWT, MHEEOSE 9 Rt E TOTEYHE

| Female

1

Otolith radius (mm)
S

0 ' 5(')0 N 1 600
Total length (mm)
Fig. 3-2 Relationship between total length and otolith
radius of female and male Japanese floundet.
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Fig. 3-3 Mean radius of otolith annuli by each ring
number groups for females and males of Japanese
flounder. “n” and “r” show the number of specimens

and otolith annulus of “i”, respectively.

8 FIRIBVEEMEIRIC 1T B T A DIRELEY LI

i, (1) BLUQ RiZkVEEH () OFKREED

HELE (TL) ZK®, Walford DEZER % fERL L

7= (Fig. 3-4), & RiE—EAR (M TL., = 0.7981 TL

+176.4,2=09981,p < 0.01 ; f : TLi,=0.7898 TL, +

142.6, ¥ = 0.9989, p < 0.01) _iZ3F T von Bertalanffy

DL E R (Bertalanffy 1938) IS TIXE 50T, &

EZENLRABERD AT A—X2HEL, FHhLe

EOBFRIC AW TKREAEZEE,

M TL,=873.6 (1 - exp 022550599y (n=27214)
(3) &

M TL,=678.2 (1 — exp02360(m09920) (3 =2 136)
4) &

TL, : t R OHELS2E (mm)

FROmBARRFHITEINES - h—H L2k
Mo, FEROERD (It 7 AOWHERIIIIET 5
tEZ N,

R, AV Ea—F0OT7 ) r— a7 by
=T ORELRARE, ERIZEN, ThALEAWTE
LRI L Y B 5 A D von Bertalanffy O &R D /%
TA—BEHELLHREALEL TWD (D
2004; AL & 2005; 8 S 2007; HH 5 2008), %
T, HRELEOFRTHHBOLTHEDIZIRRE S
NTWBIERFE/NZREE AT (R 1995),
von Bertalanffy DRERD /T A =X 2 HE LT, T
— X IEERE L A UHEREOSE 9wl F TOEEY A
V5 8 1 BEFEEMER L L, IR (2001) i2HREVy,
FE Y 7 b x 7 MS-Excel Microsoft %) @
IR —F AWT, EERNETRD B2 IHE S
LTCENRTA—EEHE L, TORKE, RD von
Bertalanffy DR X% 57,

l&ﬁ . TL,= 844.6 (1 _ e)‘(p-o.2481(1+0.6176)) (5) :—CQ:

jEE CTL, = 617.6 (l — exp—o.3201(1+0.8601)) (6) :_ct

BEUZDVT, Chen & (1992) IZHEVy, FEETH
xRt Lz 25, FEENED LN (F= 1040,
p <001), HORRIIHELIVED Z LBHLNLTH
o7,

RN ZEETRDIEER (6), 6 RX) &, &
ZRETRDEZEER (3), @) X)) LT, &
ENREF G ERDIBIZRETHNNTA—F KDE
DERE L b K&, WERROHESRE, BT
RIEORKOFBPHETSHET, TIX6mMETHT
nNbREL, TNOLEBZIFHTIIEEREDOH
BLRMNKE o7 (Fig 3-5), MA T, MEOH
BE2ROEFHETIVBEETH -7z, WIEOMTE
BOME2ELZ 4, SACRBINTETADERD
ERE L D &, B/ TREOFEEITMHE - b
IFIFEREIZE L0, EEREOFEME LR -
HA4MFECHEAMEY b E D oTln, BERIET
ROIEERIE, RNZEETRO R E AR
HEEAES, HEARIIENES VETELE RS



ZEMRBESACEY ()] 1999; AFIT 2001), &
WREEIC BT 6 R CRIR/NRIETRD R
DOFMERAECHE N &b, RERE L TTG)
BLOOG) XRLVBELLEEZL LN,

(5) BLU (6) ROMEMBEOHELRIL, i1
FREFIZIIMEDS 279 mm, HEAS 277 mm TH Y, MEHED
EIZEAE Dol 2 B CIIMEN 403 mm, #E
MB30mm &72Y, MHETENRE LK, HEDLE
N E & bITIER L, TS EL E TS HE X
9 100 mm LA ERKE D72,

MR O2E TL (mm) S{RE W (g ORI,
w7 XY —XTREINE (Fig. 3-6),

W - W =5.3203 TL>1? X 106 (r2=0.9877, n=

2,218) (1) K
T - W =17.6506 TL>*" X 10 (+2=0.9837, n=
2,148) (8) =
ARE—RNCER L CTHSEOWNETo R,
MROBEXIIIFEESR DO (F=3328, p
< 0.01),

T, (1) BLO Q) RICHERROHELES
RALT, stBEEES RO, FFEEEHEIT, W1
FECIIMERE L & 200 g (ZTE 72 7200 DS, MEIVL T 3 A%,
MEVETE 4 53T 1,000 g 2 #B % 7o, MEREDIREZILNN |
BCEHOLTLTHID, M2BICRDIEBWELRD,
MG E & BITIREZENILN Y, 53 ClIoRE
ITHED 21535 < 1272 o7z (Table 3-2), & T A DK
ENRMBCRELRDZ LI OEE,LHRESNLT
B0 (A 1985 FH, FBHE 1987; MEES 1987;
TEEE, T 1989; B RLEEE T X —, BFER
JKEEFRERIE 1990; &L 5 1992; B 1992; FEH, #%
B 1994; AE)11 & 1994; F8 8 RAKERERS 1994; /INED
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Total length (TLi+1:mm)
s
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Fig. 3-4 Walford’s diagram of total length (TL))
calculated by mean radius of otolith (r;) in female
(solid circles) and male (open circles) Japanese
flounder.
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Fig. 3-5 The von Bertalanffy growth curves of Japanese
flounder estimated by Walford’s method (dotted line)
and non-linear least square method (solid line) with
observed sample data (solid circles).
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Fig. 3-6 Relationship between total length and body
weight of female and male Japanese flounder.
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1995; AL, —3FL 1995; FIBF 1997; [EHI 5 2004; K]
L5 2005; B2 S 2007; ILA S 2008), MEHEOREZE
T AARSIEEDIC ST A AR ET A8 ES
Z‘_ct 50

Table 3-2 Estimates of total length and body weight at
full age for Japanese flounder in western Wakasa Bay
using non-linear least square method

Age  Total length (mm) Body weight (g)

(years) Female Male Female Male
1 279 277 226 211
2 403 370 712 525
3 500 438 1418 889
4 576 487 2208 1242
5 635 523 3001 1550
6 681 549 3740 1804
7 717 568 4396 2005
8 745 581 4959 2161
9 767 591 5431 2279

SEERBICSITIRELEER BARETHE, E
TADKRIGHEE TR E LD ,@ﬁﬁr%m
EOBRVWOIHAZ EBMENTWS (F 1997),
_T,aﬁﬁﬁmﬁﬁfmxﬁwméé,ﬂbﬁ%
RRBO P THHERORRDOMRY H 5 B AED
EHXRENBE CNBYS 1985), FEEAKBSE On
RO 1987) BEOLREBE (R 1997), 260
RO NMNILTERE (X5 1992; B, —Rh
1995) ¥ K OJLMN TR (/MBS 1995) & Bk LT,
B, ITNDOWBRICET AEABORERIT, LM
L (VMBS 1995) ERBRE, Wb Walford
DEENETRAWTHEZINEZLOROT, BhE
EHEIR CORRRGEZRIEICL I RDE 3) B
LU @) XEBICAW,

EREEBERICBI AMERNOE 7 AD2R
W, T TREC, BETHEHBSBE TRTERE
RHBEINETOMEEHEAKE o7 (Fig. 3-7),
—77, MMALERRNINE R (DL) OFE &
Hp &, MRS, DWTROEMBIIBWTE, K
BROREN/NEhotc, MERERRBICEIT DHE
EEEOL 7 AD2RIE, WDRGFOHOER LR
&, S~TRETHBOBRIZERT VEAARD
bihic, LT, MBWHEOIZITFEICMNET LE
BTSN COAROLEIIERT L TH - 72,
B, IO EEFRBEOB/N_RETRO KR
(GBI O RX) DETLRALTH-T,

b ADORRICITHBRERRD Y, $®(ﬁhﬂi®
BT AIEEREPRNI EIKTFERETLHRED
nfﬁo(ﬁlwﬂ,%wﬁﬁkbfaxﬂ%@ﬁ

10 EPE T HHRIZ BT D E T AOBEAYZERTE

A TOBABRBDOEVNHATEBINTWS (G5
1994; /NES 1995), F I T, MEBHRBCBITHEK
BORE L BKEBEOBRICOWVTHRIT L, LINFE
EE» O EZRBETORE AR, AL, B0
EHIEEEL< (Fig. 3-8), BIETHEEIMNETAHE
e TEEHE I CORE/KBIINREE P OFALTH
ofz, AFEIL, SHE T TIE, #BAKIEBN 10°CLLTR27
CLAEDOZAM: CIIEEET, 10 ~ 25°CORR Tk
EREVIZEBEEAZ WV E IR TWAD (Iwata ef al.
1994), XTEEBERIEK T, RE/AKIED 10 ~25COH
R OHEIKIE SR, TOHBDKIE DA
FERMABIZE, TR0 EnD, BRI
THBEICITIEEE T ADREICHE L2 KiBE&EED
HENERL, POTOHFEOKELILOEBE LY &
Wi, AEORECEILERE LD EE L LN,

Wz, MAKBIZCERNT A EZADOREO®EILE
WONWT, FEHROE 7 ADEERICEIT BE R
FA—H EELHKBEOBGELHBRE L, von
Bertalanfty D R D /3T A —Z CRRENIEITH &

HERIBZRETDHK (JIE 1982, BF 1985) DOfF
i, HECIETE/KBEEFRERIEOHEBARD LN
7= (Fig. 3-9, y =0.0334 x - 0.3927, »2=10.8992, p <
0.01), %7z, Walford DEZRIZB O THIEEDRK
EREAZFRLTVA YHIFOMEE, MTEIREOWERIZ
EREFWERASH Y, FXHKBEOMICERRIE
DOFEMRERD bz (Fig. 3-9, y=16.531x - 120.65,
¥?=0.8798, p < 001), —F, HETIE, KOE (=
0.0208 x - 0.1629, »2=0.6322, p > 005), Y& A D
B (y=159764 x + 32.003, ﬂ—oxn,p>am)&
LELHKIEE OHEEICIIEEREIR D N2 o
t%@@,_nawﬁim&ﬂﬁ_,ﬁﬁﬁmﬁ%
EREFEER CIIERBROKBRIGE LV XE D
277,

X EBBIBICE T, KEOEWEOER TIX
MO ERELE AKTERMTREL Y
BREGEEH CHEITHICRADIIR L, KEDVEN
FOWEHR TIIPBORRFEITES, KELERE
T LEMbLEVEMEBEINAE, T2 LiE, A
ARETHEEIN-E 7 AOEBEKSEILTER
D, dto®kdEE TIIEOEBEE L ) EHAD S
HEEGEEL, BEOFMRRVETLE (1997)
DML b—HT D,

—%, REOHMENET IHENBIL, FTHREALDE
T3, 45 (NEYIS 1985), HBRAEBLUA
JNAEVER Tt 2 5 (MRS 1987, &35 1992, A,
—H1995), NINBEEETIRIETHY UNEDL
1995), EOWBIIEEEH TH D, ZE, Fito &
I, REORENEOERIEEERE VD, HEER
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i, FBERECNINLEEREELFAL 2B THo 77,
AE, EFRETELEHO L T 2 0 BRYERBICIL,
MEHE S Lee TR (Lee 1912) Db, =D

M, BAEOLFERREDOE I AL LHES
NTWa (LR, #A 1977), Lee BBORERICITE

RHDN, EO—DIIHEDOEVER OB EEE,
b R SRR BT N XV MEERE D el 2 R
HET8ENDHD (Stanley 1980), B AW TIL,
ETARBERVWLAEFa~EEMEET 5 Z &4
LNTHEY (F1997), Lee A DFER N AFED 47547 -
BIGXCBRLTWDAIELEZLNRD, DI
LIZDWTE, BeEBLVUETETE T ADKE
G R E b EEMICIRETT B,
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Fig. 3-7 Comparison of von Bertalanffy growth curves
for Japanese flounder in Tsushima Current area.
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Fig. 3-8 Monthly changes in surface water temperature
in Tsushima Current area.
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Fig. 3-9 Relationship between surface water temperature
and the parameter K of von Bertalanffy growth
equation and Y intercept of Walford’s diagram for
Japanese flounder in Tsushima Current area. a:
Aomori Prefecture, b: Niigata Prefecture; ¢: western
Wakasa Bay, d: Yamaguchi Prefecture, e: north-west
Kyushu, f: south-west Kyushu.
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BIETCIE, SEBEMEOTTY, mizfiEd 5L
RGN E &R LB Lot E R E L T
T T ADHRERRENERIZLY R, FEHHIC
I OWRIEEEENRNZ LR RL, FORERAIT
A TOKEBEEICHDLZ ERERHLE, —FH, K
BENNIWE BN A EREFELERAND 250
FASHPENE (AEIREBR L UMEE) CTEHEBHOL
FADOREEWHE LI Z A, BELREENRD
b, FITAHTIE, MEBETOE T ADKEL
BRNEZBEEL, REEQEREIZ W THR LT,
(1) HHEHBIUFZE
TRERAFALEBICALE 3 HARIEE (L& 35° 37", X
& 134° 547 ) BLOMTERE (dbiE 35° 347 R 135°
11') Zxtgpigi s L (Fig 1-1), AZEREIE, 18
40m, B3 13km P—AKOHVIKETEANE L, M
BRHEISIE 40 ~80m, E& 150 mBL U850 m D
AR DHAN KR THEIIBE DOV OB B LEET 5
BHHERNE TH D, EHEE, BTE 7.13 km?, £ EN
501 km> TH Y, EHKEZENLEFNTmBLUE
m ERAKEZIZNEFNL2mBLIR14m THD (B
HRAF 1968; 2/, BRIF 1983), B ORFEIL, AEE
BNRS0EA m?, FEREN29BF m* & REL LN
TEBY, FE &SRR EXRTRAT B EEED
BIELZETSH (REMF 1970, %F, 8RIF 1983), B
NTWAERBEN, ARRECERME 8, +
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< aHTHE, W XEGE, FERME CIIERE, A THY,
ST 7 A LIRS L 0 KE 10m LIk TR
BN TWD,

B DOKIE L BEREROT — 213, ZEBEO T4
FHRASEE O T ROKER ERER R RER
BEEREREE S A= 1991, 1992, 1993) | %BIA L1z, 7K
BEBRFMERIT, WEOor I 20ERERLS (A
35 VR TS AR 1L S8 33 X ONBAT R R SRR I SE) DK IR 0.5 m,
2mBITI0OmIZEBNT, 1989 4 7 A~ 1991 ££ 8
BiZA 1 EBIEENT- 3 DDOKEROFEEHEZ AV
7

AL, 1989 FT7TASBENS 19148 A 31 F
DRI, AERIEBER L OWEHE T, fEC L0 RS
ENzbe Z A, TREFN3SETR, 25TEERAWT
(Table 3-3), MVETix, ATLFEEH %AW EHBGT
RBERPD, 7 AIRRICHENBA~BET S
EEZLNTNADT (FIBS 1987, AT SLIBF
T H—1992), BENTEINTERIZDEIO 1 HEO 8
A3 BETIZ (Be®EHE 1, 28) BATHEEIN
72 1989 AR & 1990 FfFDEKE R & Liz, R
ik, FAlE L TKRBITF®IZ~A A 10CLLF Tt
BIREL, ERBIZRB VTR T CER, 28 (7L,
em) BELUMEE BW, g ORHIE, EHEBICLDHE
OHE, BARHBLUVER (FER) OFHLEL
T BRNEHEER (SCW,g) ORIEEIT- 7z, HHER
BOERX, BIEOFEICESE, SA B 2NE
HEM¥EAL LTERBHOOEE L, £, #HA
DOFBREOCHEIEL LTEBE (CFH) #KRALY
KT,

CF = {(BW-SCW) / TL% X 10?

AE, BHEIFELE2RD3IFEDOHLTRDENR,
EREESEEOE 7 A 02k - MEBEGRRI BT
DA REREIHE S L3 L0 bETFTREL -
(Bt : 3.0501, W :3.1159) =% (BIEF18), I
WEEEENRKE WVERIZ VHIMICERKE A
b, FIT, EEEIZONVTIE, 2E S5cmAL0L
RMERR Z & TR R LT,

BARABDICOWTIE, ARTRD LN EYE,
RH S (1965), HEEF (1969), REF (1986) I XL

B (2002) 29V, FIEEARR VKA OSEEREE T
EELE, BNEYRERERDO SIS - T,
2R 10cm L EDOE T A EFRIZ, BEREDOEE
L LTZEBER (ES) BLUBARHEREK (S,
SHAMMBROBIE L L TEEHAEY () #BEL T
EEOHEE (%0) %, TREFNLUTORICL
Dk, B, SCIE LT %0, EEEYD SR
BPEAETEBEROLEXMNRE LT,
IES=a/ b X 10

a: ZETHoT-b T ADRE

b: BEFABE LT ADRE

SCI = SCW / (BW - SCW) X 10

%0; = ¢,/ d X 107

e BBAEY I EEELTOEE S ADRE

d: BERRDOLNIZE T AOREM

77, MEBETOL I AOREZFEMT S0, K
EF1H0ABHNET —Z AWV T, BEREBHRE
W (MBESERY) TOIEOTH (%14 5 A)
BRAOERBIGHFESL, £k 10 ~40 cm O H5EA
BIO | BAOIEWE 2K, @& LERL~,
B, eI AD2E (TL), K& BW-SCW),
fERE (CF) BIUHEANEYMEERIRK (SC) o
WIS, ¥ @2 % Mann-Whitney’s U-test F 72 14
Kruskal-Wallis test 2 AV TH S/KHE 5% THEL,
Steel-Dwass test 12 & U ZEHBE LT,
(2) fa8

BKESLUVBEBRERE AROKIER, AEK
Tk 8.7 ~ 26.0°C, FalfRyE CiX 8.7 ~ 26.5C DHiHH
THB L (Fig. 3-10), W& CIRIEREBEOFEHEIL %
AU, MBOKEE, 1 ~3 I BIELS, 4 ALL
BERL, 5 6 BICXI15CEBL, SbIZTAMDL
9 BIZT T 20 CL LOEEMEIL 72, TD%IL,
BTL, N~12 8T 15Cx~7-, FAEHME
L COEYEE, AEERE T 16.7C, FMEET
W 173CTHY, FEREOFREN TN, TOE
X 1ICLIRNTh - 72,
AROEFER I, AFRE TIL4.8~10.0 mg/l,
R REHE Tid 4.6 ~ 11.0 mg/l TH -7 (Fig. 3-10), @
BoOBEBRERY, EENLOSKFINT TELS, £

Table 3-3 Sampling records of young Japanese flounder in Kumihama Bay and Aso Bay

Sampling  Year

Sampling date

Number of  Range of total

area class specimens length (cm)
Kumihama 1989 5 July 1989-31 Aug. 1990 2055 9.4-39.9
Bay 1990 8 June 1990-31 Aug. 1991 1532 8.2-30.6
Aso Bay 1989 31 Aug. 1989-30 Aug. 1990 67 13.6-38.9
1990 5 June 1990-30 Aug. 1991 190 12.3-37.8
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Fig. 3-10 Seasonal changes of water temperature and
dissolved oxygen concentration in Kumihama Bay
(solid circles) and Aso Bay (open circles).

ENLFEFIMTTRVWVEREZ R L, REHMZ
BLCOEHEE, AFRIEETIL 7.6 mg/, MEHET
69 mg/l THY, AERBOEVEN-T, K
BNCA B &, 2m LLE TIRAZERE S 9.0 ~ 9.6 mg/l,
FERHE 78 8.8 ~ 103 mg/l TH Y, MBI CHELE
I8V, KIE 10 m TIHAEIRED 4.1 mg/l 123 L
RRIERYE Tid 1.5 mg/l & BRI (& o 72,
ESADHE AEREBLIUMBRETOE T X
DI e DR & MERERIZ Fig. 3-11 1Z7R LT,
AEEED 1989 FHR OO T2 EIL, 1989 £
9 B 25 1990 % 5 HF Tid 17.0 ~ 19.8 cm DFH T
R LTEY, TOHEICIETHEEOEE 2B
BN hot, M 1mE’ D 1990 F 5 B DF
2REF 183 em Thot, TO%, FHERIIHRA
WZHEINL, 19904 8 21t 21.8cm B L, FT-,
MEOEHLR B L IZIIRBOHEEBEZTRL, W1E
BRFIZIL 187 cm, 158D 8 AZix223 em TH o7z,
1990 ERRDOFEE L, MBEORZIT 1989 £k L3
EfETH Y, 1P OEH2E 320 em 125729 (M
188 cm, Hf 18.6cm), 1 5D 8 B T 22 cm THh o 77,
—7, FIEREIZBIT 5 1989 ERDOBEDOFEH L2 E
W, W L RRATE O 1990 4 4 ~ 6 A2 25 cm TH
D, AFREBLVEEICREL, RESAIZIK30
em (ZEL, F72, HOEHLREIL, 1990 4 12 A
IEK26em THY, BES AT M em ITEL,
1990 E/FEDFE L, MHHESIIZREOREZTRL
EHLEREWIED S BIZid26cm Bz, 18D 8
RAiZiZ32emiZE L, AZREOE 7 ADEHE
FIIMERE & S ERIB L 0 /N, EgEo2RE
A IR TT7~8cem, 1O 8 A TIL8~12cm
THolz,
AERIREIZBITAE T A0 1 BROEHEET
1989 G AR DHED 56 ¢, WS 58 g, 1990 AR DHEM 61 g,
MNP 60g THhotz, £72, 15D 8 A DEHEEIL

1989 year—class 1990 year—class

4[]_"T 51630\519172540187]1217 TR2 5507 1 621020 %B65
3271579 9224138410 3415
i 4 t*s"fg
i i o V4o
Ey (2NN CU AR PR L AR~
= o 4 wirPefsvd &
EN pppety ettt 0904 ¥ N
s Pppetipes byitoet oo
£ 0,
g)w_n 2 IZ S)lﬁ ZI 5 IIES ZZSEIES!]JM 6 B33 17BN 4N BTG
2 24 CTIMBEEEE & I0 3
« . *
= . 69 . 11000
S 30 . 19 9 &
TR TR ALY
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] RS AAA LA N PR R TS
IU rTr T T T T T T 7T 11 T T T T T T T 1T
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1989 1890 1990 1991

Fig. 3-11 Seasonal changes in total length of male and
female Japanese flounder sampled from Kumihama
Bay (solid circles) and Aso Bay (open circles).
Circles with vertical lines show means with standard
deviations. “n” shows the number of specimens with
upper numerals from Kumihama Bay and lower
ones from Aso Bay. Asterisks indicate significant
difference in Mann-Whitney’s U-test at p < 0.05
between the two bays.

1989 SEMBDHENS 92 g, A 106 g, 1990 LE#K D HE A
86 g, WEN100g ThHoto, —FH, MEKETHOE
ADOFEEEIL, 1 I 1989 FEHEOHED 216
g, 1990 M DOHEA 221 g TH Y, 1990 LB D A
WIEERD4AT300g Thotz, £/, 1HEDS
A OFLGREIL, 1989 FREDHEN 268 g, HEA 445 ¢,
1990 ZEAR DREDS 346 g, MM 343 g ThHot-, AEIE
BOE T ADOFHEEITMREE LFEEEL D /XL,
IR OREZ IR 1 BRIZIIN 160, 15D 8 A
115 180 ~ 340 g o 72,

NEIRE, FEED L OSSR EREETT A
BEINTHO I BEO2EBLUMERELX D L,
BIERE & BB EEBROM TIXE B L EILR
Niginotzh, AERETRMO2EEL Y LE,
BEEELEEIC/NEDN o7, (Table 3-4), METIZ
KERELD D 72 7> o Tz [rIEFHE D 1989 FEfE DEF &
T, ARBRBTO2EB L CEEIIMO 2 R L Y
BEREINEL, MEBTRORE Mo,

2RMRAIOFHIEREL, AFEERE TIL0.84 ~
1.03, BAEEHE T12 0.94 ~ 1.10, E5eiEmEER M T1X
087~ 1.04 THY, 2K 10~ 15cm ODHEEZR T,
WO A XTHERE S S AERBOESR L /N
ot (Fig 3-12), AXEE TOEMER, 2&
10~ 15ecmBLV30~ 40 cm TiHMMD 2B & F
EEZ ol (p>005), 2K 15~30cm T
Eho 2 MR L O BEIEVWER (p <0.05) 285
H B, FIENE CTOIERE Y, FHEETER S
EA_REEIEDES (p <005 ddhomd, AE
BB LD BERIENEIIRD bk o iz,
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Table 3-4 Mean total length and body weight of 14-month-old Japanese flounder in
Kumihama Bay, Aso Bay and western Wakasa Bay

Sex Sampling area year class,  Number of Total length Body weight
specimens (cm) é)
Male Kumihama Bay 1989 311 200 15a 70 £ 18 a
1990 96 204 15a 75 = 18 a
Aso Bay 1989 5 30,0 £32b 280 = 80D
1990 11 307 £20b 309 £ 59b
Western Wakasa Bay  1991- 1997 485 295*£32b 290 £ 121b
Female  Kumihama Bay 1989 372 203 £ 17a 74 £ 21 a
1990 168 208 18b 80 =24 b
Aso Bay 1989 2 332 %£22bcd 415 £ 51 abed
1990 12 326 £19d 373 £ 61d
Western Wakasa Bay  1991- 1997 534 303 £33c¢ 316 = 131 ¢

Different letters show significant difference (Steel-Dwass test, p < 0.05)

2355

A=1631 18 46027961876 27015021983 122 8 16 626 916 556
== Kumams Bay (1389 year-class)

0271 Kumitrama Bay (1390 year-class)

0 Aso Bay (1989 year-class)

RS 450 Bay (1990 year-class)

— weslem Wakasa Bay (19811 Tv rc

Male

n=1237 13 2 14264

Female 4

4953821387 434233103188 20152108 M 5 722489

1}

25-30

20-25 30-35 35-40

Total length (cm)

15-20

3-12  Variation among the three bays: Kumihama
Bay, Aso Bay and western Wakasa Bay in the mean
(x SD) condition factor of male and female Japanese
flounder at 10-15, 15-20, 20-25, 25-30, 30-35,
35-40 cm in total length. Vertical bars and different
letters show standard deviation and significant
difference (Steel-Dwass test, p < 0.05).

EIREFEEERIZ R A L 7 A DR AYEHIE R

ETADBREY FHREEOHER, BHNEHO
RATICHE L7 b T A DRI, AERED 1989 4
% 1,952 Bk KUY 1990 4% 1,479 B, B &RiED 1989
Fik 64 REBLCI90FRHZ 12 R 20T,

AERETOARNDOEEE (ES) 1%, 1989 E#
T 31.6 ~ 78.5%, 1990 FF#k T 25.0 ~ 79.4% @
FEPHCHER L7z (Fig. 3-13), —F, M#R#ETO AR
D IES I3, BARE N DI olzZ L b H Y, 1989 &4,
1990 FEfE & & 0~ 100.0% D LG TEE L7z (Fig.
3-13),

AEERETOARNDOEANETYERIER (SCD 13,
1989 Sk 1% 0.56 ~ 2.42, 1990 EE#%1E 0.47 ~ 4.86 D
BB TR L7 (Fig 3-13), —%, MEETOA
B D SCITE, 1989 EH#E I 0.19 ~ 2.93, 1990 4E #% i
0.40 ~ 4.52 TH#H L= (Fig 3-13), SCI DFEHZEAL
W2, R TBRELEWVIRD o T,

A, AERECIIEERE LT, AEL

BRELT5), R\ THE £EE FEE T
" 1989 year—class 1990 year—class
EJQ“WNNﬁHWSIWmTZSm B %53 419 648 628412
100+ 11121 61432828 2 WniRKYI IBE 4

Month

Fig. 3-13 Seasonal changes in stomach emptiness index
(SEI) and stomach content index (SCI) of Japanese
flounder sampled from Kumihama Bay (solid circles)
and Aso Bay (open circles). “n” shows the number of
specimens with upper numerals from Kumihama Bay
and lower ones from Aso Bay.



AERBIUHERELEHEL W, BEZFHELT
Wik 7 ADREMMEE L TOHEE (%0) i,
INZEIRYE TIE 1989 FBHR A 65.8%, 1990 GE#kDS 58.4%
ThoreDs, FIEE TIE 1989 £k 25 81.0%, 1990 &

WM 943% EEETH o7 (Table 3-5), & T AMRIE

BE L TWieE &8, AERE T EE, &
BTEINEEEIZ I FA UL ThoTz, —FH, B
BEAEEL-E 7 AOHEE (%0) 1L, AXE
5 TIX 1989 G4k 2% 38.1%, 1990 E#k 25 48.1% T H
ST DT L, FAEEHE T 1989 /DS 19.0%, 1990
FARB T5% EAERBLVBEEZEIEL7T, TO
Yo, MEETIIIZEALDOE T ANRER B
LTzt L, AEIRE CIHAEL B L@
EOEIGNIEE L VBEEICKS, 4, 5SEIOEEN
T IEPLT U POBRBEAEE L TV,
ERAMEER D %0 OFEEEH 5L, AEK
BT, 1989 FMHDOBF AL, w7, 8 AIZIEH
R AR LT AR O HBE (69.2%, 76.5%) 13
B\rBELEZEEOEIE (30.8%, 294%) £V &
Motz 9 BT ORBRKRIIHEEL, 10 AnbH
FE2AETIRIZEACOEE (87.5 ~100.0%) HF
HEBELTREY, LrbZholduvnyhbaEo
HEEME LT (Fig. 3-14), Lo L, 1990 F

3AUBCE, AREABEL-EROEIESAED L
(37.0 ~ 76.4%), K-> THERELFELE L-EER
BOMEML (29.1 ~63.0%), WAENERT HRE
128 AE TV, £, ZOEMEICIE, AERBX
UCHRBEXBELZEROIZE ALY (883% BLD
85.5%) DUZHEYEERLTEBY, ThoESR
BEITFNFR2ED58.2% B X UN34.6% % 5T,
1990 ERR DT AL, HEO6ABLIVT AILIEHR
RRIBAEEE L I-EIE (60.0% 3 X 1850.0%) 2NAE
(20.0% B X V'35.0%) LD &Eho7hs, 8 BiCidE
DOBMRITFEL, ANLREIAETIHIZEAL
DR (76.9 ~ 100.0%) DNEIFELIFEEE L Tz (Fig.
3-14), L, L, 2 AUBZITAELSEE L ZE®ED
E|EMNFL L (250 ~65.5%), Lo THRELE
EEL7-EERBFOML (417 ~ 87.5%), B3I\
OFFEEEOEIENEVIREIL 8 A THVWE, £
7 BERB I ORREAEE L EEOIZEAL (&
bt 86.7%) NEFEAMEPFREALTRY, £h
LEAEEIZENENRED 45.1% B LU 474% %
L7,

—77, FIERHETIZ, 1989 OB AL, 1990 FD
SAESARKRE, AEABELTIWEZE I ADH
BT 750 ~ 100.0% &m0, £, TDIFE

Table 3-5 Percentage occurrence (%0O) for each prey taxon in the stomach contents of
young Japanese flounder sampled from Kumihama Bay and Aso Bay

Taxon Kumihama Bay

Aso Bay

1989 year-

class

1990 year-
class class class

1989 year- 1990 year-

Polychaeta
Unidentified Polychaeta
Crustacea
Mysidacea
Oniscoidea
Gammaridea
Caprellidea
Macrura 11.
Brachyura
Unidentified Crustacea
Cephalopoda
Coleoidea
Osteichthyes 6
Clupeidae
Engraulididae
Atherinidae
Percichthyidae
Terapontidae
Leiognathidae
Sparidae
Embiotocidae
Mugilidae
Callionymidae
Gobiidae 10.8
Pleuronectidae
Unidentified Osteichthyes 48.8
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47.6 56.6

i

Number of flounder with 480
prey identified

447 2] 53
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A& (81.0%) IXRBROAEREEEL T, 1990 &
IZOWT G, FE, BEZEE L ZEROEIE (80.0
~100.0%) BEL, FOIEEAL (925%) 1TEE
PEAL TV,

D& DI éENMmUL®t7Xi A E
NG 1&%#6%$_,M%ﬁf FFE, 13
AE@@%ﬁﬁﬁ%%ﬁbfwtobﬂb,%éw
LEEOARIEE T, RELBEELZEERSEDY,
Rbo THBRELEBE L -EE B L, MEOHE
B EIXIZITEE Lo, £, FhDDOEHIT
TIFEXPTEERVORBRELAFER L TE 7 ARE
EDL1L/ 30061,/ 2%8, BRETbaIaxy
N S EA B LB, SEELEELE
b B bz,

AFEBIZBWNT, REOHLEZEE L TWERK
D SCILVE 1989 FE#% TiX 1.47, 1990 4k Tix 1.56 T
Hol-DItR L, BREOLEZEHEE LEED SCI
3 1989 E#& TiX 0.39, 1990 FE#E T 045 L {Eh -
Tro 72, FFETE, REOA2EBHELAEED
SCIVE 1989 FE#ETid 1.64, 1990 £/ TIL 1.55 TH Y,
AR D 5 & fFER LI B D SCIIE 1989 4K Tid
0.21, 1990 E#ETIZ 022 THH-, Z D& DI, |
ELY, FREAFEAL T T ADSCIIE, &
FEERELTWEEIERE ETHSNNZEN T2,

1989 year—class 1990 year—class

B17 65221612 2 62 '8 2710248 58 S AAN TR 42D A0BENB
1 21 2142132 (] 5456 44833

Occurrence (%)

JASONDIFMAMJIJA JJASONOJFMAMIJA
1989 199 1991
Month

Fig. 3-14 Seasonal changes in the occurrence (%0) of
fish and crustaceans in stomach contents of Japanese
flounder sampled from Kumihama Bay (solid circles)
and Aso Bay (open circles).

@) &

FEARTE TEERVRIR N DA FEIRTE L FERE THEBE O
LT ADOBRERBIEE THBRLEZEZA, 1EDS
ARERICIXEHEE TS~ 12cm, FEHEETI80
~30gDENPDHY, AERBTRMEEL VEE
WHEREDZ ENbrol-, £/2, 1BOTAR
A TERLFEIEGEROFHE E B &, Rk T
HER, RELLEINE D o=oIcx L, AEE
ETEEETH 10 m/phEL, BERH 14I0BE

16 EPE TR BT D T ADREEYLHTFE

oo t, EbIC, WIBKOARIERBOE 7 2
DERER JOHREDOEHEE, SBEHMEOF Tt
FHR ONEES 1987) LB ERBE (LR, A
ww)mﬁ_ﬂmotomzf,éﬁ%&%_m@
L 7= Y IR i FE b A SR TR C h AT B 1R R0 25 e 7 7R 38
IR L VK, AEERRBOLND I EBRED o7,

BEFOBEE TREEZERZELER S LT, £
EREOEKEPLEYMDOERBLUE, BFHRFZER
EMREm 5 T3 (Yamashita er al. 2001), BiIHEi T
i, MBERBCBITAEIEAOE 7 XA DREEY
mﬁﬂﬁﬁTélk%%btobﬂb,%%ﬁ@&
MR IIZIER R AIB T A BEERNE TH Y,
AIBIZ iﬁi@ﬁﬁfk%ﬁ@w@@6ﬂf(ﬂg
3-10), EAFEESREIIAFIRTE LV MERMED 5 HBMEW
HEE2RL, MBETOLE T ADOREERKBROBT
BER - Vo HFEYNIRREERICE - TE LR
LOLIEEZX OGN T,

—%, 7 AOBRABTHOREERNLIL, T
WLV A OERNERE CEREICRRZD Z LM
bihol, TMEOE T ARERMZIDZIF AT
VRONBERYORBEETRE LTV, FERYE
TIHHIZERAFREFE LA OEGENAELERE L T
DIZxH L, AFRIRBCRESENLLEFICIFRES
ﬁﬁbt@%@ﬂAiéﬁ%ﬁﬁbt@¢£iﬁ%
L, EHIEFRELERL CWEEKDOEISIT I
/3#61/2em#otoaﬁﬁuV®t7Xi
BAEBMETHY RS 1979), FWHEZIFA T
%4ﬁf3,77/,hfﬁ%ﬁ&76(%§,ﬁ
B 1972; A&, B 1998), LiaL, AFEERETIH,
EENPOLEZIINT THEROBEELIHEHOTE
BEEICTHDHERFEOT A (54 1980) L= bLig
ERIELTBY, SOI—HOEEEIANRELE L
WI o EREOH=E, 2FFALAEITHE (5
1980; /ME & 1985), t T A DBRNEYMEEK LEER
FEOREEYEERKBRT S (NED 1985; (LA 1998,
Yamamoto ef al. 2004; HH 5 2006) Z L vh, AZE
EZBIIBITAEREBLUCESOBEAMEOLRL
W, REDEETHADZ I FADRNERRED
INIBEDRZICEVR I - EBNEZOND,
FREOBEMNERSYTY O ) —EBIFRE L KE
WX D@ (Thayer ef al. 1973), 7 23 1 EED
BEEXIHIZ I TFAT RN EELVNEY, TIE

BEEREHEARNT, £ES0mm U EOE T AT
T IFEOR T+ L RBEERE LR (LEDL
1998), ME THBRELZERL TV 7 ADFAR
WwEREEH (SC) X, ABEEZERL TV IZERFLY
BEEIT R b, TIEREORBREITE
BELIBEDOE T A& - TREMNIZH 28Tk
WeEZLND (ILHED 1998), AEERETEER
JUEFILE T ABERDORENRARND FHRERE~



LHERIOBMICRE 2B, HEEANEFAEEZMED
OIREOHEZBRL-ERZZ20N05, Wi
DABILS, 6 BIZIZ15C2#EL, 7T~9Ri2i1iX20
~25CHE T ADKEIZERbE L ZKBRGTH -
7= (Iwata et al 1994), TN EHEDZ Lk, AEIEE
TEJAORENBNLERIET, KESERL TR
R Hx AEFNHLERIL, RELBEZHLT
TR BEOHERBHETE LRI LIIHY, HA
HLBOFREORRICLE R/ NIEESARE LR
BOEREECRER b RSN, £ 77,
IO, AEEREOL T AFIEEOHREDEN
ORI BT, IBMERREFECEREETER LY
HoTWhEZIENLLEMT OGN,

EPBEIER TIY, b7 ARHAR T TIIEE
WAL SMT 208, BEHLUBICIIRRICHED
SEBEILERT D OFE, RHF 1972), AXKEET
LEAHLUEICR R L REEESEN~BE)
L, BRDBI/NMEENBERNICTE S L FTREM
HLEZONLD, L, BEWREESER COEES
OHFIIFERERADIICRON, 1 ROEEE T
BB NORELBEIILZ (B6EHEL 2
&1 BE, WE1972;), T, AEERELWENET
TN EROATHEE 2 AW ZRMRARTD,
WFEAEOEED | BEORKEE TERNIZHAL TV
7= (RESRFSLMEEE® > & — 1991, 1993a), & 517,
BEED & L IIFERE O AN THEE OER KRR T
bLRERINLTWVS (FIBS 1987), oD &
L, AP L 1 RDO8EETOMICBESKELL
RESOEED Z S BA~LZHBE L7 FIREHEIT/ &S
<, AERBREBEDOE 7 ANMEEL VN TH-72Z
ERMBIZBITAE T ADOBIHFEROEWIZERT
HEEIEZIZL WD,

WIZ, AEEBIZBWT, EENPLERIINITT,
EHERELL EDE 7 A DEEICARAIKLEERTH D/
REFART2HERREL Lo BRICONT,
BT AREDEBBEAREOSMRAEN LB L -,
AHIETE T ADOKREZTAELL 1989F 7T A6
1991 £ 8 A £ TORDOAEOEMEITL, FIEIF TIX
452 kg, AFERETII95kg TH Y, BNEBEL -
D DEIZT 2 & FERHED 90 kg/m? (2%t L, AFEIRE
75 140 kg/m? & 72 0, A SRR O I8 R A3 R B D
15 BE-o7 (Table 3-6), & B2, AHIFETHE
LI EE T ADAMOEEEE LA U
EHMPICHEE CTRESNIZE T A DORERE KD
5&, MEREORN2 TRICHL, AEEDSTIIMN?2
FRERY, AEERBTOBMERNSZY OBER
BTN TG LI, £, mEOE
TABEEBEERE LI 1990 FB LT 1991 £
BHERETH, AXZRLCTOBRMNEEYSY OB
BWRIBIIMTERE D 4 (558 % b o 7o GREMTSLEE

UE—1991,1992), Th6DZ b, AEERET
Db T ADOWBEL, FEELLT, EETHEY
1515, BETIZ4~TEEL, ALZRBETEIEED
SREERFEELVBEEICEVEHER I,

Table 3-6 The catch of piscivorous animal in Kumihama
Bay and Aso Bay from July 1989 to August 1991

Taxon Catch (kg)
Kumihama Bay Aso Bay

Crustacea

Brachyura 450 29
Cephalopoda

Coleoidea 422 0
Osteichthyes )

Anguilla japonica 3147 109 *

Sphyraena schlegeli 150 30

Lateolabrax japonicus 6144 358

Platycephalus indicus 1179 * 32"

Paralichthys olivaceus 995 452

* The catch from January 1990 to August 1991

—7, REHEATICEE CREINCANETE
TACHEMHEETHARMEL LTI, AXF
(%, IBEF 1978), v FF (UM 1986), T W <A (¥
&, AH1998) 72 EMNH o7~ (Table 3-6), HFIZAX
FOBMBRIITE S L, BT ABBRICHTD
ARXXIEBEREDOHIL, AERRBTIL6.61E, [FEHE
TIXO08ETHoTz, T, AXFOEMEHEY -
D ORBEIY, AEIRE (862 kg/m?) TIIMERE (71
kgm?) L OBREIZEhoT, XL, BT ALREL
EAEEETHLIIFOBEMEREY Y BERT,
FRIEHETIZE 7 AD 105D 1 IZ b7 (6.4
kg/m?) OIZxiL, AEERETIEE 7 AIEHET 51X
E£hole (128 kgm?), FOMICH, AXEET
ISREAEEE 751 0, PoEBIEESNTEY,
AEMEMORBER I UoMES bGFEL D ZW
T EMMEbILE, INSD T &b, AEIRE T,
FIERHE & LT, BT ADODMEENBEICIE VD
Z, FEEREAETIAXFOow AT FORRNEA
FBOSMELE WD, L b/ NAESZKLTE
NBLIUOER TORSENME LW ERHEIND,

EBVEEYEIR T, £ AT 1 BOKELRI
KB HENSHERCETEE~BET5 (FB6E
1, 28 5%, KF 1972), AEEETIE, 958
DRI I RADRERENBEEICEI L, 2RA
Ubo@BREII DN Ehb, 1BOKEDR
W3 < DEERBA~BE L TV D FREERE,
LENoT, ARERETOE S ADNHET | A
DBA~BET HRIOEENLEBEICHT THERIZ
RBEEZOND, T, RBIZBITAE T ALR
AXOAFBRBREOWMB L LD L, AXXORBE
FIZIERAFEL S ADRBEEY ERI->TRY, FiICE
ENLKBIZHEIZL Do (Fig. 3-15), BB T
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BRAEHOA XT3, 4 RIZEANSEAL, #ELL
BICIIEID I DBEA~BEHT 5L N THEY (¥,
EEF 1977, #£ 1979), BRI TORXFDHFAENRL
REIXE D ADDHENSEVWEENLESE L LEE
LTW3, ZNbDZ b, AEELTE I AWM
BEERENORRBLRE~LERLEEENSE
EiI, HEOSHIBERABLOBEBMOBANE D KX
WEHITHAH L E LD,

ML Tix, BEIHFORERERRLD, H ¥
TFA TR BEOHFOSAENSE T &R
B TWD (B8 1979; F, 1% 1983), Lol
NG, FMETIEENLDABIZREERNSE L SN T
WRWI ENG, AU EO/NABEOSTMEL
Bl 2 M T — ZidAen, 5%, WS CEAY
BEXEMICAEL, b7 AL I/NEIAEY K
PENBLOEROBEAIZODWTHRIEL TWKE
BHA9,

AETE, EI7AOKREZEZEDLERE LT, /7
TR KBS G EERHREOEEMEN TSN
o ZAVEBABEOBE VHER CHRINZEL T
HEM, BROE T AFRELE EBICEA~BHL,
VS T SR UEIR & B T F L LATE DM IR < oA
THEEZONDZ 0D (RS, BT 1983; FUg
5 1987), ZAbOERTERAWRE EREDORE
BLELTAHWSEHAILIE, AREREED LILFES
BLOREOBWNEGRH L OXBINBEEL 25, L
NlL, ZORIZDSVWTHE, AXZEBLEOL 7 AKKA
WL AR AR D M B BRSO RAE I T B OB WEE T
FEaRE (Bl BHERTIZEnd (EP 1988;
R SEEE 7 —1992), T bLEEEL L
BHANC L VMR TE D EER B,

1000~ Kumihama Bay

Q. o
/Q' ‘O‘ - _o,o\ g ©

Catch (kg)

ONDJFMAMJI JASONDIFMAMY JA
1989 1990 1991
Month

Fig. 3-15 Monthly changes in catch of Japanese flounder
(solid circles) and Japanese sea bass (open circles)
in Kumihama Bay and Aso Bay from July 1989 to
August 1991.

18 BB ARSI BT A E D ADWRT L T W5

HEAE REHLUES

R, EINCET A MRIE, MEOER L REI
BAd28MRE EHIC, REORFAMENMEIZE
WTHEHRLS ZEDTERVWERNARTH D, Bk
EEEE T, FEHADOHERESCHIA 7 —
Vv, FNOLHADHEFEILA DN L HBHE R
Ent, g b OFADRENTRINTEY
(JEEF 5 1977; &, /R 1992; Kinoshita et al. 2000),
AHEBRIIBITHE 7 AOEFRBEEFEPTE EnD
b, BB, EINCETIBRIIEECHH, FRE
FBERERICBIT D T A OB, EINCE L T,
ATENROMEISEH (GI=4£HEBEEX 100/ TLY)
WEDS S ESRH L AMFRR/IEDOREIXIH 50 (F
B, &S 1975 EE, K 1977), RBAVERLRRY
A RIZET /AT, e, ATFERBEREE,
BUEY A AN BFERITIIMSE LTV T &R
HEEO R REEFEDOFHMAREE BN & WD [ER S
0 (B 2001), S L GAEFERORBIRGLE T
ZERELTWS EEFBRS AN,

FIT, KWE T, BRLETER CREIR
Tobe T ADOWT, AFBRRERERICMZ, HIRE
BIZLVABBROBRAEZHETS LI, —H5
DM 2 FERIC IR OB R L O TITV, RUEVE
i, RCEAY A X, EEDNEAZ: b ONCRRBVEER O ML %
WELE, £, XM CENNSHORALLEL T
WA IERBBAROBERFT A A L, EIFIZONT
bR L7,

(1) #HBELUTHZE

1992 % 2 A ~ 1998 4F 6 A |2 F& 3R E MEi 812 1
WCIERR, EEM, A, NEEBRERB LORE
WL oEEINF-2E215~892ecm Dt T A, I
672 B, T 5SSO0 REFEHIHW (Table 4-1), #t
AL, 2K (TL, cm) , (K& (BW, ), £TEIREE (GW, g)
BLUBREWER (SCW,g) DRAIE, AR L
HZHBIURBAECHERTo, RBHOE 7 4
OFEIT, AIE TR ERY 4~ 5 BIZINEREE
2z 5, HAOEREHBIVTNOEDL Z DN
BRI 2 EEATRBY, MERTAVD LRI—EHKT
HEIRE T CEMBE D Y RBER DR TRANE M
AT, KAETIHEEE | A1 B2EREER
EARGE Lol 2 AV iz, ATERR O BRE OXIEL,
FIIREEIZ L 0 Table 4-2 DEHEIZ LV IT o7, F 7=,
1995 4 12 A~ 1996 F 6 A TR I 7o 118 B (£
£ 43.0~892cm) DOIFRIZHOVWTIE, T VET
BE#®, BEICL AR 2ERL, A0S
BaiTol, ERRAERES (GSD &, ®RIZLY
Rz,

GSI=GW X 10* /' (BW — SCW)

ETERORAED L FOEIZEINTS LB s



HRCEEROHBEEL 2R 1 cm BEREIZRS, RO
NIRRT 4 v B ERVTEERREE (T
PR (JEE 2001, 2B, RNFA—FDaB L

U'h Ik, MS-Excel DY A "—% AWTER/N_RIEIC

FOEHL,

P=1/(+ exp—(a+bn))

P BERMERIZIT D EAEES

E 517, 1992 ~ 1998 FED WD 528 EEDOH
B 28R A RIS, RBEVEERDOHELE (00 (I +
2)) 22K S cm EOMRERINIFH~, MEHRIZEL
TiE, HEEEELDS 1 0 1 THAINENE 2IERTEE (A
B 1975) (X OBE L,

1994 £ 1 ~ 6 RIZATHLKGTHE TERIZLY
BEINE I 2ADERYERAEREZ AV THRIE
L, BloeEHRks LTE LD, £, XESY
ZELCWDIAFR, BREZBS L CIEEERERF
MEENOERBIEMERELT, 1994F 1~ 12
A OHEYUEENG, RNFEORBGET & BRAEER

PRE L, BRI 1 BY -V DEREREEL LT
1.0kg K&/, 1.0~40ke 2, 40kg Ll L& K
LT, BEBFIL, BEBIUREDCEK 255
REZITAY V2 iz b, EBEFMHT IR
DRBHOWHEX %2 AW,

2) R

HTERDOEAKR  TZH LIS OHEREIZ DN T,
EE (1989) [ZHEVVERBFEHII IR R I DR ZR I &
FrTeo THRE BRI 86% 23 SREEARHILART, (AR BA
BLO THIR] 11 R A R T8 1 RIFEEREA L
BeDEEBEIT 3 - 72 (Table 4-3), db)I1 5 (1994) (24
VN, 51 RSN B ERHA DA 0> BBt o> SR BA SR A o B K
EFOEIZEINTAIRALTEE, I8 12 T#A
BH] BLO THEN 2#mxizbo, B [akBag
F LU EORBREOEENENICHZY Lz, £2T,
ARFFETIL, T TRRRGET ) U EORBED L D
EREBEEE L, —F, HX, BEEICBROR
Lz [EE) Oobok, BREENICERSZEA

Table 4-1 Specimens of Japanese flounder sampled from western Wakasa Bay in this study on maturity

Sex Sampling date Number of Range of total  Fishing gear *
specimens length (cm)
Female 18 Feb.-29 May 1992 138 21.5-79.5 L, G
27 Jan.- 1 June 1993 100 25.3-87.6 L,G
18 Feb.- 10 June 1994 39 51.6-86.2 L
7 Dec. 1995-3 June 1996 120 43.0-89.2 L,G,S, T,D
6 Mar.-4 June 1997 156 29.3-69.0 L,G,S, T
13 Feb.- 7 June 1998 119 42.1-79.0 L.G.S. T.D
Male 18 Feb.-6 June 1992 72 23.6-68.1 L,G
27 Jan.- 1 June 1993 128 23.8-69.0 L,G
18 Feb.- 10 June 1994 20 32.4-69.1 L, T
13 Feb.-3 June 1996 35 38.4-69.8 L,G,D
6 Mar.- 14 June 1997 159 26.7-63.0 L,G,S
13 Feb.- 8 June 1998 136 32.0-59.6 L,GT,S

* D: Danish seine, G: gill net, L: longline, S: set net, T: trolling.

Table 4-2 Maturity stages based on macroscopic examination for female and male Japanese flounder

Sex Maturity
stage

Macroscopic description

Female Immature Oocytes invisible, ovaries orange colour
Maturing  Opaque oocytes clearly visible

Mature Transparent (hydrating) oocytes present among opaque
oocytes and/or in ovarian lumen and/or oviduct
Spent Transparent oocytes absent in ovarian lumen and/or oviduct,

ovary wall loosened and wrinkled or thickened and

sometimes bloodshot

Male Immature Little or no sperm in seminal duct
Mature Testis enlarged, creamy and white sperm filled in seminal
duct :
Spent Little or no sperm in seminal duct, testis atrophied and/or
bloodshot
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fro MEDORRBERE X, GSI A 1O ETHERL, %
o E A GSI1.0~ 15T 11%, GSI2.0~ 25T
57%, GSI3.0 LA ETIEER90% LLETH -1z, HED
BEEEIL, GSIA 02 L ETHEL, o0&
GSI 0.4 ~ 0.8 TH# 40%, GSI0.8 LA L T 70 ~ 100%
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Fig. 4-1 Percentage of mature female and male Japanese
flounder in relation to gonadosomatic indexes.

FHE L UHERY A Xk 2 RBEED HIRRKR
BHIC L 2RBEDBEVE TE AT HERT 5729,
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FREVER I L O GSI2.0 (M) F/-ix08 (B) BLE
OEEDOHRFE L FEOBFEEZR T, 1O
2@ LHEL, ZOHBRRFT2HETIE6%, 3
~ 108 TiE 75 ~ 100% T& - 7= (Fig. 4-2), F 1z,
GSI2.0 LA L DEEDOFEEBIHIREE, 25T 7%, 3
~ 10T 78 ~100% TH Y, MABEEOHERE L
FIER U Th o1,

—F, HWORREEDOHEREL, 15 T3%, 2
T51%, 3~ 10 TIL 83~ 100% ThH-oT-, £,
GSI 0.8 LA EDEFEOFEBIHBRFRE, 15T 2%, 2
W% C 53%, 3~ 108 TiL 93 ~100% TH Y,
BEEEIZIERER L TH -T2,

REY A XERETT A0, M#ERNIZ (5E3 #
EOHRT HHMICEBE LT, RBVEERDOHIRE -
2ROBFEER - (Fig. 4-3), HORERER T2

BER6cm M bHh o, TOHBRERL £2F 42~
46 cm TId 10 ~ 30%, 2% 47 cm TiL 55%, &&
48 cm LL LTI 70% LA L ThH - 72, HEORBER L
2R 316cm OHEL, FOHMBEET, £ 31~
35 cm TIE 30% K, £& 36 cm TiL 55%, £& 37
em LA ETCIE70% LA ETH oz, 2F MR O
e P oaPRT oy R, #iErp=1/
a+ eXp(20.7459—0.439771)) , HExrp=1/0+ eXp(l9.6084—
0BTI) TR I, FEBBALEE (TLw) EEREN
472 cm, 36.6cm Tholz,

ML 2 ~ 48, HiZl ~4BOEEIONT, &
EEICRREEOHIREK L 2R OE % Fig. 4412
R, D2, 3T, EFE0OEKE & HICHE
BEOEENEL B AERANRALA LN, £z, 2~4
BT, FRL2ETHLEBACHFNRAEEROEE
BEWEARRED bz, b, ERBIOBE L
BEBAEOHBEEOEMGTYH, REOEMPBERD L
iz, —7%, D2, 3@%TH, EEOEARL LI
BEEEOEIENE L LAHEMRAR LN, F—
YA XTOEBIZLEZHBEEOBRVIRD LA
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Fig. 4-2 Relationship between ages and percentages
of each maturity group for Japanese flounder. Solid
circles show female and male mature fish. Open
circles show female fish with GS/ 2.0 and over and
male fish with GS/ 0.8 and over.

Table 4-3 Histological examination of ovaries for female Japanese
flounder sampled in 1995 and 1996 in western Wakasa Bay

Macroscopic Number of specimens
maturity Developmental stages of oogenesis
stage From chromatin-nucleolus From primary yolk stage
stage to yolk vesicle stage to maturation stage
Immature 31 5
Maturing 1 31
Spent 1 9

20 ERETEMERIZ T AL T ADREEYFHBE



100
Female

Py

E]

£

g 0T

[=5]

=

s

f e

[=5]

[&]

o

(a7

[ 1

2030 4 N 6 MW 0 K
Total length (cm)

Fig. 4-3 Relationship between maturity percentages and
total length for female and male Japanese flounder.
Points for both sexes show the proportion of mature
fish in each class of total length at a centimeter
interval. Solid lines show a logistic function.
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.4-4  Percentage of mature female and male Japanese
flounder in relation to total length and age. Solid
circles, open circles, solid triangles and open
triangles show 1-year-old, 2-year-old, 3-year-old and
4-year-old fish, respectively.
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Fig. 4-5 Monthly changes in gonad condition of
Japanese flounder, based on the gonadosomatic index
and mature fish appearance. Horizontal thick bars in
the figure show periods when mature fish appeared.
Solid circles and vertical lines show means and
ranges of gonadosomatic indexes, respectively. “E”
, “M”, “L” in each month denote the early, middle,
and late 10-day periods of the month, respectively.
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Fig. 4-6 Monthly changes in gonad condition of female
Japanese flounder of 3-year-old and over sampled
in 1996, based on maturity stage criterion (top)
and occurrence of fish with postovulatory follicles
(bottom). “E”, “M”, “L” in each month are the same
as in Fig. 4-5.
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B LaMNETRICT0~75% % Hd7-, (&) FEX
2 ATENGHEREL, TOEIEEE3 A TaE TR
30% RiFETH oD, 4 A LA L FTAITIE100%

T MK ER R Y2 — e 7 — T3S 88, 2010 21



\2ig o7z, 5B LA (728 EEROEIE T
Lia®, sﬂiﬁ#aTﬁ 1430 ~ 50% THERS L,
6 B EAINZIL20% R & e ovo, —FF THERI EiF
3, SAEAMrLHBEL, ToEEIZs5 A EarL
AL 20 ~ 25%, [EA TAICIL 40%, 6 A ERIZ
W 80% A FENENBZ I, £, SAELA»LTH
i, BO TRBGR ) AR 25 ~ 40% HE L7
25, N D DIRBIZITHEINMRIER SR D b v, £72,
WO THIR) BEEOIRICYL, 6 A FAO 1A

RAE R, HEIRRIEIEMAEED LT,

eI IR A Fo@EEKIZ3 A LA GHEL, %
DEISII3ATHAETIENB%UUT ThH-1M, 48
AL 90% 2B L, 4 APAENTIE 63% &R
BT 52, %@&SHT@ifulw%f%%b,
6 A EAIZIE 80% IZAET L7,

Table 4-4 Sex ratio with results of binomial tests by
length class in mature fish sampled from western

Wakasa Bay
Class of total length Number of Sex ratio
(cm) specimens

30-35 6 1.00 ",
35-40 53 1.00
40-45 105 0.95
45-50 144 0.72
50-55 109 0.40
55-60 89 022
60- 65 77 026
65-70 50 0.26
70-75 11 0.00
75- 80 7 0.00
80- 85 1 0.00 ™
85-90 3 0.00 ™

ns: ot significant
+ : significant at 5% level
-+ . significant at 1% level

Table 4-5 Sex ratio with results of binomial
tests by age in mature fish sampled from
western Wakasa Bay

Age Number of Sex ratio
(year) specimens
1 2 1.00 ™
2 68 0.90
3 220 0.54 "
4 170 0.49 "
5 76 0.30
6 34 044 ™
7 24 0.71°
8 15 0.67
9 9 0.67 "
10 8 0.50 ™

ns.: not significant
¢ : significant at 5% level
* : significant at 1% level

22 E B BRI BT A T ADIREA Y YIS

HREEDOS 14 XBE L UEHFOMELE  REE
EoOEREEINOMIE, 2K 30~ 50 cm Tid 0.72
~ 1.00 L HEOEIENIRFICEL, HIILK 30 ~45
cm TIL 95% LA ERHETH o7~ (Table 4-4), —F,
2 50 ~ 80 cm DHEHLIE 0.5 Rl & HEDEI S KL,
¥ lZ2F 55 cm LA E TN 3% B 5T,

EWBIOMEIE, 28T 090 THY, HOBE
MNEEEICFTm» o7 (Table 4-5), 3L LTI, S
(030) BELVTE (071) E—FOHEIRE - 2735,
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R Lz, AEHBAELTEELACOREE (85
~100%) 23S mll EThHotz, 3ALA~S
AT, 2835 ~45mBERTHY (35~
76%), %23 B A~4 BRI 60~ 76% & &
Wiz, —F, @F S cm Ll EOEED LD HEIGIE
3 APA~4 APANZIENLOD (16 ~35%), %
FLLIA DBERAIZ 1T 38 ~ 100% & 5Tz,

EEHonbd 2 AFbE~6 A LAIICBITSHE
FROWEX PSR % Fig. 4-9 12 Lz, Ik
HIBEEFROBPEELEMIALNT, BEENED
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BES0~90m DR Thot-, MIEX TOEE I,
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Fig. 4-7 Seasonal changes in catch of Japanese flounder
caught by longline in western Wakasa Bay in 1994.
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Fig. 4-8 Monthly changes in length frequency
distribution for Japanese flounder caught by longline
in western Wakasa Bay in 1994.
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Fig. 4-9 Catch by size of Japanese flounder caught with
longline in western Wakasa Bay in 1994. A grid
square with 2.5 minutes in size was defined by the
Kyoto prefectural government.

(2) &%

BRER AR TREEROEZEL L TRV
WEREERIC & AAFBORRE L, EfEHESC
L HNBEORBEREBEBEIMIGLTEY, HDO 5
Bk | L EO@EERIE)IG (1994) ORLTICED
EWCEINT ARAICEZE L, £/, [EEEF) U
FOEEDEDAEIEN 50% EBL D GSI L, HT
H20LlE, BETIEHOSLLETHY, )L (1994)
VERAOEUEL L= GSI, MED 2, HED 1 LIFIE—EK
L7ze 2E 0, KMETRWZETERO L E ITH
AN L ZUMNEMIT B, $£7 GSING HAK
AEEOEHEL L THK TH S &I,

BREHS L URBRY 4 X REEEOHERR
D30, FLABIMERIIMN 28, WA 1B, KR
AR D 5 HEIG M 50% B HEENE, W3
B, B 2B EE L DN, RAERICITHENZE
BERBbh, BTHEOBRIZIIERTHDI EWVD
NTW5 UNEDL 1996; B 1997), Ak TORE
Bsh4EHR & B Ut BER Ik T35 &, widAkiE
B (Ab¥EE T RAKERREIE 1995 K0 1mE
<, IWRE (BEE, 1R 1976) LHBRALE (hni
5 1987), AuMNALEMEEE (B{S, —H 1995) &RIL
T, JUNEEEHEE OMNED 1996) LY | HE®BTH
v, HExdbEE (ke B RAERRE T 1995)
& 028, WEER GEE, LF 1976) LEHISRALE
(ke 1987) LV 1EBEN-T, £, REET
75% LAk DWENSRREAT B BRlniE, L AL PRIk (B A,
—F.1995) LRIU3IBECHY, duigE (bHEEFR
AREERBRIBIEH 1995), WRE (W@HA, LR 1976),
B EALEL (gD 1987) L0 1 EHEL, MNEE
L ONED 1996) LV 1 BEEmTH T,

—%, BBV XIWCEL T, BE2R 42 cm
LRVELEEYD, £F 47 cm T50%, £& 48 cm Ll E
TiL 70% LA EOEEBEINCEETHEHESNT
(Fig. 4-3), HEIZ2F 31 cm D>H A LD, 2K 36
cm T¥, 2£F& 37 em UL LT 70% LA L O E A
BT A LHEEINT, AR A XL,
TL2R 426cm, HTE2E3.6cm THY, EEF, #H
(1977) DBAMEE TRERE N LR LA XD
44 cm, HE3Tem LHADE, HETIZIERIC TH o7
2, BETIZ/NEhotz, HETIHE GSI DRV TR
B BB s (Fig 4-5), GSI DA% v
THAEGEZHET 2 ER/IRRAERIIERLVD
RENC 70 B Z EDBTRBRINT,

Ehi, RALEHBLCEELOBRREBREL
LA, MD2, 3BATIILEROEARE L HITK
HESIIEEHD, A—R2RTHLEERDT IR
ZEAENEL, FEARETHLRUERZZOLNIZZ
EME, RANMEY A X TRl ERILEEZ
NTWABHZ Lo (Fig. 4-4), —F, HED 1~
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3MATIE, EBMICEGRRL, 2ROBKRE LHIZ
RBAEEOEIANEE-T-Z &b, HOMBITE
L LTS A ATHIBSNTWA Z BRI,
ZDEIE, YA X EERPRACBLETRE
NMHETRERDZ LI, ThETEIATHELN
Ty, F, BBIZOWTIEREICEY A X056
BESND ZEBEVD, RIFFRFERIIVA XLFE
AL DEBTBMLETHHZ EERL T
5, ETADCHRBRLTHOABLED T, §HED
BEIZOWTRETA2LERHS D,

EIRH MoOABERONIBBZE T, &) EF
TRWET2 Ad4q, BWET3 AL HEL,
P E b5 ATEAHD WL EAETHLR,
I OEBICIEIRN TR TWa B2 bhi (Fig
4-5), THET, ERFHPLZOBIICEL TIE, =
WAFAR O (75 1982) MO AETHR O RETE
# (GD O (JBE, #4 1977) »oimEIh TR Y,
EREVEER IR TOREIENL3 ~5 A LHEESNT
o, AR T, EISEBEEMR & —FL
TN, EESROBAREREEITAY 1 W A, KBTHRHT
1 AULE, FIZEOEETHZ ERBFLIRINL,

—7, R TOEIRERICONWTIE, £FTE
FERDORERB OB O LHET S Tz (0B
BF, #1977), &I T, HERADOREBHERB LV 1996
FErxXBRELT, GSIIMZEREBROBAEDHER
BLUHEIRL IR DORA M S EINEEIZOWVWTE
BL7, GSIWZ4 A ERICEKRERY, FOEHHE
DWBDIRPEHRD E, ZOEMNENORIRAEE 2
LNB, LL, FO%D GSIDETIZESHTH Y,
5AFBETCEHNTROBED GSTHRAEEDE
HEEZBL2TEY, 4 A LAPLS AhEE TE
ROBEA L RERADREVNTWA T L AR S T,

RICHAETH D &, R EFET2 A TEA»L
HET2H00, 3 A TAE TREOEIS KL, 15
B UTOBRENEEAETHDD, EIRD
BEl vz, 4 A LA TEIE, 27T I
B EETEDENTEY, I OEHICIZEIRINE
AThoToEHEIND (Fig 4-6), 512, SAL
D TAZE, TRBRF] < THI) O@EER
HER LD 208, Zh 6 0IRERICITIPEIN %R IEEIR
b7 (Fig. 4-6), BEIRGRIEMIL, ~A U v (R
1997) B E I FA T (@A 1992), A& 5 (F,
=E 1979; BA S 1990) TIIBEI% 1 ~2 B THS
HRR L OB EEEL 2D LBFHONTVWS, b
T A TIEE OB FTREHARILIA S Tide v, &
fElZ~ A~ U 72 Y (Yamamoto and Yoshioka 1964;
7 1969; BE & 1983; Murayama et al 1994) L [E U3k
FRFRAEROZEENETHD Z L5 (FE, 1L
A 1992; L)1 S 1994), & OHeINETRAL & EHAR Tk
BIARRE & 72 DFIBEED BV, 5 A LA L TR M5

24 EIRETEEHEIRIZ BT D b 7 ADIRE AW 5

Bagh | R [HEF) OEEIHEINE# AR, =
ORFEICIE T5RE) BELE N L0 n, KREL
TEINEBAThH- B2 N3, 6 A LAIIZIE
IZEAEMN THER) BEiEL 2o, FRbnEL
ITHEIR R IERA A o TV D B, EIIRBEVLT
WBZ Ebhotz, LavL, IR EEoHici
ORER A AREALART D BRBE D IR IN & £ o 7o fE I & HER
L=z &b, 6 A LHEEIROKIRIZITV D LA
RSN B,

LlED X Sz, MDD GSIRAREROMAE, HEOR
BEROBREERNLART, 4 A LALBLRELS
ATHETIRIZEALORAMNEINIESLTEY,
T DEFEAMEINER L E 2 b, FEIRIE T SR
T 1996 STz mDNA & V7= &R 45 4 i
ERRETHE, £IA5NI4 8 LAHGHBELED, 4
ATA»NL 68 E@Ic£<,5s ARAEILEXRERL (B
B, 199), W TOINOHMEN K L LV IFHIT
GSIRAETEIRRBAE 2 P b AT EINEY & i
HETH, BT ADINIER%?2, 3B THLETZD
T (ZE5k, 1988), M2 5 DMAIXE 2 12< <,
RO HIR OIS DM COEIEH LT 500
LU LEbhs, TLT, ZOBHIIL, £HEBOK
RETHD L, R BEOHBEIEX DRFEHML
[HBR) BUEDS K% b DT T, GSI TAHB L
BAMEICE LR b0 2B 036k < #f23
BRIZRBEEZLND,

XTBEEI TOE 5 A DEIS (FOBEH) 1,
AMEEERE CIZ12~4A8 1~38) (EDH
1996; B & 2004), RERBETIZI1I~58 (2, 3
A) (B, —H1995), WnRsETE3I~5A G,
4 8) (A 1997), SWMRIBETIE3IATA~SA
LA (48) U 1974), RERIEHIBETIEI ~
58 4, 5R) (EFHL5 2005), FHBRAEHKET
X4 ATA~7RALA (5 AhE~6AHa) (N
5 1987), IWEERETIE S AFA~6 A Ta (LR,
WA 1977) THY, ThEOEOHRIIERILHA LD
DL THOEBIRIZEBEVWERAEH Y, BRI
B COEIREIIEET I RERITGELR L
B ThH o7,

BB EROMEL ZREERER TIE, HOTHR
BEESHET 3B BT 2 RAEKEOMK ISR
50cm #RICELRDIHIZEOIBERMAH Y, Hioek
30 ~ 45 cm TitH, 2K 55~ 80 cm TIHMDOEIE
BENENREICEWVRER L 6N, KR TD
BT ADERMNRAESEIZE, B 31.6cm) M (426
cm) THRERERSH O, FHU EOEEIPRET D
2EbLH G6ecmLAtl) L 47ecmlE) TiIKE
KBRED, 2R 30 ~45cm TIHT L& A EOHENFRRE
RTHDHZEnD, TRHDY A X THEHKAEEXD
HHEPRBEICEICRT-bD EB 6T,



ESADWENRY A XL RERLY, NI T
HOBEREVRZIZHMTHONA TS (BFR
1974; /INFR 1974; 4B H, LR 1976; /NBEI S 1985; A
X, —3 1995; EF 1997), F7-, BEREBOFHRRE

BT, ENERICHR L T ADOHEIZOWT

LRAFOBEEBRRD LN TS (NEES 1987), =
O DBEIL, WTILHHEREIZ L RS A XRE
RABZERREEINTERY, EREETERICES
WTHARBERARLFEREATELZEEZEZ LN &
25, 2R 50 cm RiFEDO /NS A X THOE GV HE
EIIBWI LI AERBREOE S AETEIESR L
H b,

REORE L L LITHERBELT 2RZIMMORK
FIZbA b, TORRIEEGSRE (Flb 1963),
MERE L X B AERRRLEMDE (JED 1958; 4/ 1971,
Kuo and Tanaka 1984; A%F, #37K 1980), MEHEDORE
= (RIE, I 1984; /& 1991) BET LN D, E
FALECEFEDO Y T (W 1958) LA
L4 (5[ 1971) TiE, s & bicEORERN &
FOMELORY REZIC R LBEENL LN, FORE
RIS HEL VFETERMNFE L, FOBEWVWI LICX
ZLanNTVWD, EREESERTOE 7 A DERK
BIZETAHRITRVD, HEMIIOVWTHEEIESE
| Ei Tl L DIl L e &b 10 AR
HEHOND, E, FBFE T3 RU EORRE
EOWLESINE & & B ILFEDOE~ROIRRITRD
bhieinolz, THHEDZ LD, REBIHOE T A
DT, 27< b 10BALE TR TERE
BXOFEMIIKREREBRT RNV BOLEZTINWES D,
7o, MERBICBEL T, EIATIRINE THE
ENTELY, AFEOEERBEIZBOLTHLEME
AR A FOMMIREB O L D LR A2 RET 5 H
BIIBH SN hotz,

—F, KREVEIZHENZ VI L 3ok T Hh 8
ENTEY, FORRAIMBEOREEIIL D L &
nTwWa (NEES 1985 IS 1987, HX, —3
1995), HBIEFEEIFEHL TO & T X OREITMRHEIC &
DELY, EILE 710 em U TIERICKET 20
Wxt LT, HMIiEeE S0em 2B 55720 hOEE
HEOCHLLERD LN (E3EF1H), 2K 50
cm B X AEENY, METIX 3BT, HTIE 4%
EThY, FORERES mBLU60 miZET S
T TORMIE, HTHBLZEEBLVI1IE¥ETH
LKL, HETHBLF I FEBLO3IFE¥E2HE
T2 (E3EFELH), RFECHABEEDOLE S5
cm LU E OB THOB S NEEICE N0, H
BEEIZEE A~ ENELS, 2B S5Som LA EOREER U
TEETHY, TOEBEIIR—YA XTHLELHD
BVEL D W Z ERnEZBND,

T, FEEHITIE L, 2 BRRIEREE O REC

BEREIZR DR MN A DI, AUl Tl th
ERMNMHECTRLY, 2RFBORREE b MR THE
ERBEVDRDoTZ 0D, ThORMEDRR -
FRREEZEZ T,

PLEo X Dz, BB vEETEE CREINE O A E
BIZH N A XX B MHEEEORY o, MM TR
BRI E B A ARERMPBRLED T L, B UM HE
DREEZEICIVELEI Elbhoats,

EIE EHREEIEER CRABE N TEILL LD
2K (37 cm Ll E, 48 cm LA E) OfEEOEKE
, 2k - KEPRGRKX (E3EF1H) Lokod
& HETITRKI 520 g KA B, METIERD 1,200 g LA EIZ 72 B,
INSIHEYETAEEIL, SETIIROLE, Fo
KEBsy, L TPO—EHTHD, ERBIZLIDRBL
Ve FAOLERRIZI2 A EA~6 A LATHDY
CORFHIIEFEOE T A OEINE &l —% L T
7o F 7 EBOBMBENE— 7 I1I2ET S 4 5 EAINT,
HERE L b GSIDRLEWERHTH Y, EINOEIIC
Yo TWND, ITNHDZ Lok, EEIIEINHD
RAZRERE LTEY, FORBIERY HED
BOBAERH HBREHETZ D,

FEMBIZ LV B T ARSI NT-HETE, BRER
B OEIAZE 50 ~ 100 m DIEHTH Y, i
B, W, KRR EOEBEEAL Y, EEILHD
POERERMPEEOEETH S (EHF S 1969), &
E®ICE, BT A DOEINZIZAE 200 m BLEIZ K
h, HIFRREEE U Ca RS ORI /R
BN BTV D (MR 1974; 588, LR 1976; &
H, HF 1984; BAEY o v 7 & T AP 1990; HE
1994; 7 1997), BEFEBEEHIZBITHE T A KA
DOEBRBIIEEOEINGICIET B MBS EH
ZTND I s, REEIIBT DEENETHD
EAHTRWEASS,

—F, KEESOm AEOR IR CTHRET I EBEMRL
L UM, 7KIEE 100 m LLEDOHEIR CRET IR
BHEICL > CTHOERFICRANEEIN TV, &
I < OEFTRKEE 100 m ARSI T H EININIT
PHTWSEEEMN I EVD, Fhb0EE TITHRA
ORBHFTIRTEL TEY, To@EBELDLNT
Lk, EINMGOHRE L L TTUIhEntEZ 5N,
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EPETEEBIRICRIT 5 T ADRMEICET 28

781, INE TERFHAHERSE L L TIThAT -

BY (BT, K 1972; ALK 1972; &4, HIF 1978,
ZH BAUK 1982; B 1982; T& 1990: Ikewaki and Tanaka
1993), EAMLIEIM B2 EficRon (5%,
REF 1972), £ EoMmBEA Y, Em, R
WCHANPORAE TORALAFEHERIZDE LA
EOBMEEEROICEE L ZHER2ENICATY
iR, FLTEHRETIE, #AEILRAHETO
EREREEROL 7 A 2 XRIIBATHRELE
L, AUHRICBIT A AROERERFSRORME
WIDOWTEY £ &7,

FREAE RIL, JEEE, ARES (1971) OREEMIZLY,
HEWSRLE2REMBRICL Y, HA, HA REA
BILIUORAICE S L TERELE,

FE1H MAODENY
ERBTEERAEE TIE, b T AMAIIAEER >S4
YEIR E TOKEE 30 m LR OB EERIRIZIAL F LT
W3 (EEF, R¥ 1972, F 5 1977; 7 1982; RAERATSL
WEEE L Z— 1993b), A Th, BEWRBEBETOML
KRB REOE VR TH 5 H BIF OEDE, £
R T AMBAOKER L ENTWD (B, K
% 1972; FE 1982; 1987), % LT, @EDEELEL
W B 2HAOE I A DRMICET A5,
WTINLZOBEEBNFOBAATIToELDTH
5 (R, KB 1972; dbJE 1972; =¥, B 1978; &
1990), AHFFETIE, BHEJNROREZIZNZ, R
FHBESEORS D2 SOMEIR, ThbbEKE
WY 2 ANEIE O K FHE A RIERT O A Ik & B
MHEDIRVPIE Th 5 R PHETAE IR OAERERL D,
HHETI2OWHRIIBN T T AfALTEL
FRNLOERNEYE2RE L THABOBMEIISNT
et L7,

(1) #HBLUAFZE

R, 1989FE6 A1 BB LT A 14 BiZHiE
WO RTHEFAEETOELE (KES~ 20m),
199246 A 11 BB LU 19 BIZHBIEORFEHA
EFIRTOAEIRE (KB 1~ 5m), 20004 6 A 21
RICHR)INW O EEMOBERE (KE 1~ Tm)
IZBWT (Fig 1-1), NEOFTEEE LVRELT
2R 242~993mm Dt T AKKHAE, 29 F,
3 RERV, A, BETI0%EAkELTY
CTEELTEREICELIFY, 28 (7L, mm) B
FOMEE BW, mg) #FHAIL%, BASYEZHEH
LTEDER (SCW,mg) #@ELT, LT, BN
OEEAEM %, RHE 6 (1965), FIEL (1986), 14 (1993),
WE S (1994) 1ZFEVy, FEEARIRY T OSIEEE

26 EPIE T IR 51T D& T ADBEEY FEIRE

TEELE, £, AEERBOREHIOWTIE, 8
EWHOER L EFEE, BRIEZODWTIEEAD D
E ok, BAERCOVWTEIEAYOEKEE, Fh
FREBEBNCEEIL 7,
BNEYWHAEHEOMITICN 2o TiE, BT AD
HECREOHEZE L LTEHE (JES) BLIUBHNEY
B o (SCD, EAMMROEEL L TEELEY
() ODHBRE (%0), EEL (%W) BLUOEEK
te (%N, FEEAY () OFEXTEY e HIAL O FE Al FEEE
E LT, Cortés (1997) OFEIC L AEMHEEE
fe¥t (IRI) (Pinkas et al 1971) DEFRE, FNFh
TRz Lk vk,

IES=a./ b X 10

a: TBETholmbt T XADER

b: BENEMERAEL - 7 XADEHK

SCI = SCW / (BW-SCW) X 10
%0; =c .,/ d X 10

c A I EBHEL T ZE T XORE

d: BERRD LN T A DKREH

%W, =e/ fX 10?

e: ETAMEBELTWEEAY i OERE (mg)

[IEENREDLNTZE T ADEATHEE (mg)
%N; =g/ h X 10

g b T ANEEE L CWfBAY | OFEIRE

b BT ABEE LT RTOEEAYOREE
IRl = (%N; + %W;) X %0;

%IRl; = IRI; /5 IRI; X 10°

R, IESEB L N%0 X x?-test, SCI ¥ Mann-
Whitney’s U-test 3 7 i Kruskal-Wallis test {2 &£ ¥ 122
M DZE% B KYEE 5% THRIE LT,

(2) #R

3ODOERICBIT A T AADEREEKEMDZE

BE (ES), BRNAMEERELR (SC) BLUKHEAE
YOHBRRE (%0;) % Table 5-1 iZ;R LT,

IES Y, BAEETIZ0~208%, HEETIXO~
200%, AEEBTIE 0% THH, WTFROBRTY
B&hrsoiz, £, XV A XD IESIZIIEIEM CER
RERBED LN o7 (p > 0.05),

ER MR O SCI DFHEEITH Rk T 0.63 ~
1.72, AEEETIZ202~492 ThHY, AEERET
BEUVMERN AR LR, 28 20~ 60 mm TIIHHEH T
HEEZDPRD LN (p <005, —F, R—#EHRD
BR32REMBE TR SCIOAEEZREIRD LN
prolz (p > 0.05),

BT AR L TWEEWIE, BRIETIRT I8,
I PEBLVOAE ARETHTIHA Iox
B LU S, ARERECET IE T—vEEB
FOBETHY, B THEBL TEEIA TV
X7 IFEOHRThHoTe, TIFED %X, Ak



T 93.5 ~ 100.0%, H R TIE 83.3 ~ 100.0%, A
EIR TIL 80.0 ~ 100.0% TH Y, WTHOEERT
BIZFEAEOREENT IPABLEL T, £/,

T IEUSDOEAEND %0 1L, FHEETIEIaE
FAN 32 ~412%, FIEEMN 0~ 364%, HERETIL

TUEEE I aZUED 16.7%, AFEEE TITAEN
42.9 ~ 83.3%, T EHHM 20.0 ~ 57.1% ThH o7, FF
12, && 40 ~ 100 mm Ti¥, AEERETOREL X
T EEHD %0 B OEE L v EBIZE» T (p
< 0.05),

BEAEYMEEMK (%W &, BRETIEHT IE
2354 ~100% % 5HTEY, WTFDHAXDE T
ALTIFEEEREL LT Fig 5-1), —FH, A
EERETOT7 IEO %WIE, £F 20~ 40 mm TiX
7% L Eh o Hb DD, £&K 40~ 80 mm Tid 34
~45%, 2K 80~ 100 mm Ti3 16% TH VD, KA
BEiEEENMERB A SN (Fig 5-1), £z, [
B CTORED %W iX, £&% 20~ 40 mm OFEKTIT
6% IR E A dro o3, 28K 40 ~ 80 mm TIL 45 ~
65%, ©& 80 ~ 100 mm TiL 73% TH Y, KEEGE
EEBWHERARA LN, £, FBETOZEED
UYWL 1 ~ 15% DFEHTH -7,

SEAY OEEEHAR (%N) X, BARETIET I8

BEOBRASREEICEL o7 (Fig 5-2), AEIEE
THRT7IEOUNNER20~80 mm Dt T A T
80 ~ 83%, £F& 80~ 100 mm TIL57% TH Y,
THOV A XTHLT7 IFEBEHKL L& 5D TV,
—F, BEED %NIL10~28%, = TS~ 10%
Thy, MEOHDIEESITNTHhOY A ADE Z
ATHED o,
AEREBETOEEAYORMNEZEERE (R)
X, 7 2 K 6,150 ~ 16,663, T bR A 132 ~
1,271, FE N 796 ~ 8,400 T » /-, K EEEH D
%IRI Y, 2K 20~80mm Dt T A TiL, 7 I@EM
70 ~ 92% & ML DERAEWFE & L BEEICEm o 7 (Fig.
53)s —FH, 280~ 100 mm OEKTIIAED
Y%IRI A3 53% L& BEL, 7T IHEOME (39%) % EME
DT, Fo, TEFED %IRI i3 1.0~ 8.0% L&KM o77,
1RO T AREE LT IEOEHEEEIT,
FAETIE3S ~ 87 @, AEERETITIS~99
BETHY, 25K 20~ 80 mm TIIRADOREEIE Y
BEEEER SN, —FH, 1EDE T ANELE
U7z BEEO B AT, FBAE T 1.0 ~ 1.3 {EF,
AREETIE 13~ 26 @KRTH- =, TOMOEEA
YT, a2 ERBAETIO~ 19K, =
HERAERBET LS ~ 23, ZRLFREHEINT

DB 8I~99% L KEmwEEDHDTRY, IaxbFHeE YR

Table 5-1 Feeding conditions and food compositions of juvenile Japanese flounder in western Wakasa Bay

Sampling area Class of Number of  /ES SCI %0
total length specimens (mean = SD)
(mm) Mysidacea Gammaridea Macrura Pisces
Hakoishi Beach ~ 20-40 11 0.0 n.d. 100.0 18.2 36.4
40- 60 18 5.6 n.d. 100.0 412
60- 80 35 11.4 n.d. 93.5 3.2 3.2
80- 100 24 209 n.d. 94.7 10.5 53
Yura Beach 20-40 5 0.0 1.72 £ 0.75 100.0
40-60 15 6.7 0.63 +£0.22 100.0
60- 80 5 20.0 0.78 = 0.58 100.0
80- 100 6 0.0 1.00 £ 141 83.3 16.7 16.7
Kumihama Bay  20-40 6 0.0 492 =329 100.0 333 50.0
40- 60 10 0.0 4.76 + 451 80.0 20.0 50.0
60- 80 7 0.0 4.45 = 3.48 100.0 - 57.1 42.9
80- 100 6 0.0 2.02 = 1.74 83.3 50.0 833
IES: incidence of empty stomach, SCI: stomach content index, %O: percentage occurrence for each prey taxon in stomachs
n.d.: no data
= Yura Beach Kumihama Bay E Hakoishi Beach Kumihama Bay
Ew — — Em — - -
= 0 = - - -
=} = ]
=g = —
— o = a ':::
g 20 i Tg 0 I _
— 1 1 [ T 1
= 0 50 N0 ) 1 - 0 i w o0 i 100
s. s . e o
Prey composition in weight (%) Prey composition in number (%)
ﬂ Mysidacea D Gammaridea E Macrura Pisces [] Mysidacea D Gammaridea E Macrura Pisces

Fig. 5-2 Prey composition of stomach contents in
number (%N) by size of juvenile Japanese flounder
sampled from Hakoishi Beach and Kumihama Bay.

Fig. 5-1 Prey composition of stomach contents in weight
(%W) by size of juvenile Japanese flounder sampled
from Yura Beach and Kumihama Bay.
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Fig. 5-3 Prey composition of stomach contents in the
index of relative importance (%I/RI) by size of
Juvenile Japanese flounder sampled from Kumihama
Bay.
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SHiT, ABETIE, ARERLIBRESEORLS
Sh IR DR RS DRV N DA EIRBICR
WTH, ETAMART IELERLLTNDIE
DR Ih, FREESERICBWVTY, Mok
E R (5K 1980; BF 1982; M 1987; (LE & 1998;
T H 5 1999; Yamamoto et al. 2004; A 1L & 2005; A
5 2006), 7T IEMNHERPOL T AL TRVE
BREERITHAZ ENBALMME 0T,

—7, AEEETIIMO 2 L L TEEOH
BUEE L ERILENEL, FIZE2E 80~ 100 mm T
HARBEOHEMNMEEERENS 7T IHLVbEL, A
N7 IR TERER - T, HAHOD
T A0RMIE, ~NEEHONHERL ENEVEAEM
IR T, 7 IFEOL VBRI & R TR VE
BTHREMIZBITIDEENTWD (UNMES 1985;
(LA 5 1998), AFELEEIZ RO KR TO R
Mg LEATHAHEMDORVANBETHY, ~NEES
HETFADOHFNRE o LTEY (LEF
1979), 7 WAL VEMKMEROR BE (B 1990,
RS 7 — 1993a) LR AE (REFE
MAKERN & — RFER) CEIRENREICER
S2TND, TNHLDI Enk, EREFELRBERICE
WTH, NEEHR EOHFNS O BRSEMERER TIX T
SEOBELRRKMEEREL O LRSS L XTT I
NORFE~OEMDOEBRNBEZ > THBE T ERbh

277,

28 EPETEE I3 D T ADREADENIFZR

E28 FROBM

EIREVEREIRTIE, 7 A 32RE 10em 282
THERIZED ERBHMEN L OMIEE R4 K
L, MEPHEBR~OBEIGERIILLEBEZLN
TW5 (JBFH, KE 1972), L L, RESRIZITE
RYDOE T AR ETHRER LI X, AEE
BEST DFREMEOE V- RHMEES KE 100 m LIET
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B10~20em Dt T AEHBBABRFHAVE, BEe
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~ 199 cm D44 B, HrHEMOHAE N 2K 102 ~ 193
cm D46 B TH -7, HevBRITAEMRETEREIC
BbLIEY, 2K (m) BIUWE (p) #RER,
BAZYZHE L TCE ZAFEL, AEOHE &R
WROFETHEEMOSEREEE Lz, £/, #18
HOREHZ>WTIE, fHEYOBEEREZ SEERIC
HE L7z, BARYOREREID, &7 2ADEEE
WREDHEZEE LTZEEE (ES) BLUBNAMER
B (SCD %, PRAYMBEOEIE - L TEEHEHD
HIRE (%0) %, FhThEiE LR CAFETRDE,
X B, IESBILOSCIX, Bifh&RBROREIERIC
L VERBOZEEZRE LT,

MAT, HAEHLEAHOBERROEWV T
Hilw, BERDIESBLOSCI %80 3msTo
MEROMEE LB Lz, ZOB, BEADHEIL, HAL
A Ui CERE SN T RERE 07 —& 2 v,
Fim, ADMEIL, VA XBITFT—FEEELELD
Huv,

(2) #&

LS ABEBDEBE (ES) 13, EBHOREN
26.2%, HIMBAS 38.6%, HTEM@N37.0% THY, E
BERERE S RREMN - TN, BEETHEERELER
Dot (p>005), £, BRFYERE
% (SCDH OEHEIE, FEEMBEI 431%, FENS
4.10%, HTRMN 4.59% CTHY, SCIIZHIBRERTH
BREERD LN o7 (p > 0.05),

fRAEME L O RBEE (%0) %A 5L (Table
5-2), BEARABOEL T AT LALORENAELYE
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PEHEAL TV, REOFTEIIFZ IFALTID
%0 23 43.7 ~74.1% TH Y, WFhoiaEoz=REH
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JFAVEBELTVWE20EDY LOSEMNY

TAEOIFREEE L TNz, ¥ 7 FA T LS
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WAL CEENSED LN 29BN Y b, fBE
YOBEEBHETEEE T AI R B THhHo, +
DHL, RELREBHELTW-EI AE2IERTHY,
FNONREELLAHEOBEERIIIEL LY 1 ~3
K TH -7z,

HTEAMREI D IES (37.0%) 1X, RTEIO 3 MBIk O
BO~11.4%) LV FEEBIZENP-T (p <001, —FH,
EHFRD SCI(4.59%) i3, ARIRBEOHRA D SCI (4.00%)
CIEIBFEREZERO LN (p > 0.05), H
BEOHA (0.92%) LE_THEEIZEN-TZ (<
0.01),

Q) EE

AHFGE TR b BB R BT 2 B A
DETADEFIR (IES) 1322 ~45% THY, X
BT3B DEEER RO 30% B OE L hE Lo
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DEFBENS0%FHTHDHZ L (JNEE1987) Lt
NRTHRERBENR D205, WTFhoi

EOBRE OB BREGE T COBERELZE L TV
BrEZLNS,

AR TIE, BEAFOL T ADITLAENAEY
BEELTRY, BELAENLRLEZ, AELLT
I E 7 FADDOEEFESVBEEICELS, VIR
HOBEREEEN TV EIBRBRH -, B
O FGABIWEZ I FAU L RERE LTVIZEYH
i, BREBAITIEFRERE (8FE 5 1982; IRk,
1987), BEERINE (R 1974), ZREEOHRTME (&
K 1980), AFEMITIEHEALRE AL)IIS 1991; LLHE
5 1998), EHMEEEILE (FED 1977) 7 K&
A B, TOELNY T AHPHAROEE TH
S>lBELHD CFEL 1977, BF S 1982; LA S
1998), BEFETERMHR TIT, W ¥ 7 F 4 U OFH
B2~ 11 ACHBEL, HROKEHTT~8AKB
FU10~11 AL &h (K, 8K 1978), b T A
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LTWd, REE T, v&#7F AU FHEDE
ROFBIIAKE TS m LR E SR TEY (REF, &#AK
1978), B RJIR O THE/KEE 20 m BL7EIZ % < HET
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WO TIIAZEOmM BT LDATBELE O
LTWa (5 1977, b DT &k, EXEE
FEERHEE Ti%, BEAYOL I AIEB)I AR ED
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Table 5-2 Taxonomic composition of prey items in the stomach contens of young Japanese flounder caught
by set net, gill net and beam trawl in western Wakasa Bay

Taxon %0
Class Order Family Genus and Species Set net Gill net Beam trawl
Crustacea Mysidacea Unidentified 04 34
Decapoda (Macrura) Crangonidae Crangon spp. 34
Unidentified 1.2
Osteichthyes  Clupeiformes Clupeidae Etrumeus teres 0.8
Sardinops melanostictus 5.1
Engraulididae Engraulis japonicus 43.7 74.1 51.7
Unidentified 5.1
Aulopiformes Synodontidae Saurida spp. 0.4
Gadiformes Bregmacerotidae  Bregmaceros japonicus 0.8
Perciformes Apogonidae Apogon lineatus 0.8
Apogon semilineatus 24
Sillaginidae Sillago japonica 37 6.9
Carangidae Trachurus japonicus 15.7
Unidentified 1.6
Leiognathidae Leiognathus rivulatus 55
Mullidae Upeneus bensasi 0.8 34
Sphyraenidae Sphyraena pinguis 0.8
Callionymidae Unidentified 04
Gobiidae Unidentified 37 10.3
Unidentified 36.2 18.5 31.0
Number of specimens 254 27 29

%0: percentage occurrence for each prey taxon in stomachs
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MRNERERRDIELEZOND, £ T, KiE
200 m LA OB RBEEERICBW T, SER¥ER
FONTREE BV EREREIC L W SRR

30 P TR

BITDE T ADREEWFRIFIT

ARBLURABHOE T A ZHBILENEMRES T
VW, FRSDEMIZOVWTRE LR,
) HEBEUAHE
BN, BT IVEIR T I989F S A 18 A
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SEFR L BADORE T OBIEDORE LV IESKA
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PR THERE SAL7Z BRBEEER (3.6%) LD/ h&Ev (5
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m OWEEMEE TOLRWVEEIRIZSMLTEY (b
1977, REF & 1982), RFEOFHBEICEETHE T RIZ
o TRBEEREEMEEZL D, WX IFAT
VIKRWTHLSBEE SN TWEZATEIL, ELEED
DKE 60 m LLR THREST 2RI TIEA HFITR0nE
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AV, R TIEAL, =T Thotz, £, FIZ
7K 50 ~ 100 m DI THRET A EB T~ TV Y
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SXRRTT U Thol, BT ADRYDNEITE

BB COAHORBREIIEREINDZ b (B
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Table 5-3 Taxonomic composition of prey items in the stomach contents of immature and adult
Japanese flounder caught by set net, gill net, Danish seine, beam trawl longline and trolling in
western Wakasa Bay

Taxon %O
Class Order Family Genus and Species Set Gill Danish Beam Long- Trolling
(Suborder) net net seine trawl line
Cephalopoda Sepioidea Sepiolidae Euprymna morsei 0.2
Teuthoidea Loliginidae Photololigo edulis 2.1
Heterololigo bleckeri 0.1
Ommastrephidae Todarodes pacificus 0.5 2.6
Unidentified 2.5 1.9 32 10.0 5.3
Crustacea Mysidacea Unidentified 3.7
Euphausidae Unidentified 0.1 1.6 0.9
Decapoda Penaeidae Trachypenaeus curvirostris 0.1
(Macrura) Metapenacopsis acclivis 0.3
Metapenaeopsis dalei 0.1 10.0
Alpheidae Alpheus japonicus 0.1
Crangonidae Crangon spp. 33
Unidentified 29 1.4
(Brachyura) Unidentified 0.2 0.9
Stomatopoda Squillidae Squilla oratoria 0.1
Unidentified 0.1
Osteichthyes Clupeiformes Clupeidae Etrumeus teres 0.1
Spratelloides gracilis 13
Sardinops melanostictus 1.9 0.5 5.3
Konoshirus punctatus 0.1 50.0
Engraulidiae Engraulis japonicus 31.4 37.2 444 60.0 12.3
Unidentified 1.0 0.6 4.8 24.6
Salmoniformes Argentinidae Glossanodon semifasciatus 17.5
Aulopiformes Synodontidae Saurida sp. 3.6 0.3
Bregmacerotidae Bregmaceros japonicus 24
Ophidiformes Ophidiidae Neobythites sivicolus 0.9
Beloniformes Scomberesocidae Cololabis saira 0.1
Scorpaeniformes  Triglidae Chelidonichthys spinosus 0.1
Lepidotrigla sp. 0.1 0.9
Platycephalidae ~ Unidentified 0.3 1.8
Perciformes Apogonidae Apogon lineatus 0.6 0.3
Apogon semilineatus 8.5 0.1
Sillaginidae Sillago japonica 0.6 0.7 50.0
Carangidae Trachurus japonicus 6.5 05 95 1.8
Decapterus maruadsi 0.5 0.9
Unidentified 1.4 1.3 1.6 5.3
Leiognathidae Leiognathus rivulatus 12.0° 0.1
Haemulidae Parapristipoma trilineatum 1.0
Nemipteridae Nemipterus virgatus 0.1
Sciaenidae Atrobucca nibe 0.1
Sparidae Unidentified 0.1
Mullida Upeneus bensasi 9.5 0.1 1.6
Pomacentridae ~ Chromis notata notata 0.3
Labridae Unidentified 0.1
Pinguipedidae  Parapercis sexfasciata 0.1 0.1
Blenniidae Istiblennius enosimae 0.1
Ammodytidae  Ammodyles personatus 0.2 8.7
Liparidae Unidentified 32
Callionymidae  Unidentified 0.2 1.7
Gobiidae Unidentified 0.5 6.1 10.0
Sphyraenidae Sphyraena pinguis 0.2
Sphyraena sp. 0.1
Scombridae Scomber sp. 0.9
Pleuronectiformes Paralichthyidae  Paralichthys olivaceus 0.1
Pseudorhombus pentophthalmus 0.9
Pleuronectidae  Hippoglossoides pinetorum 32
Pleuronichthys cornutus 0.1
Unidentified 0.2 4.8 1.8
Soleidae Heteromycteris japonica 0.2 0.1
Unidentified 0.1 0.1
Unidentified 52.1 368 254 200 43.0
Number of specimens 1260 945 63 10 114 2

%Q: percenlage occurrence for each prey taxon in stomachs
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Fig. 5-4 Seasonal changes in percentage occurrence
(%0) of fish (solid circle), squids (open circle) and
crustaceans (closed triangle) in stomach contents
of immature and adult Japanese flounder sampled
in western Wakasa Bay. “n” shows the number of
specimens.

Table 5-4 Taxonomic composition of prey items in the stomach contents by length classes of immature and
adult Japanese flounder caught in western Wakasa Bay

Taxon %0
Total length (cm)

Class Order (Suborder) Family Genus and Species 20-30 30-40 40-50 5S0-60 60-70 70-80
Cephalopoda Unidentified 1.9 1.5 18.8 40.0
Crustacea Mysidacea Unidentified 6.2 0.5

Euphausidae Unidentified 03 3.6
Decapoda (Macrura) Penaeidae Trachypenaeus curvirostris 0.3
Metapenaeopsis dalei 0.4
Alpheidae Alpheus japonicus 02
Crangonidae Crangon spp. 4.7 1.5
Unidentified 1.5 1.3
Decapoda (Brachyura) Unidentified 0.4
Unidentified 02
Osteichthyes Clupeiformes Clupeidae Sardinops melanostictus 0.6 0.3 23
Engraulidiae Engraulis japonicus 39.6 40.2 16.3 14.3 18.8 60.0
Unidentified . 0.6 1.0 23 3.6
Salmoniformes Argentinidae Glossanodon semifasciatus 0.8 7.0 7.1 18.8
Aulopiformes Synodontidae Saurida sp. 0.2 0.5
Scorpaeniformes Triglidae Chelidonichthys spinosus 0.2
Lepidotrigla sp. 02
Perciformes Apogonidae Apogon lineatus 04 0.3
Apogon semilineatus 3.6
Sillaginidae Sillago japonica 0.9 0.5
Carangidae Trachurus japonicus 0.4 0.8 47 14.3 6.3
Unidentified 1.5 1.3
Leiognathidae Leiognathus rivulatus 0.2
Sparidae Unidentified 0.2
Mullida Upeneus bensasi 0.3 3.6
Pomacentridae Chromis notata notata 7.1 6.3
Labridae Unidentified 03
Pinguipedidae Parapercis sexfasciata 03
Bleaniidae Istiblennius enosimae 0.2
Ammodytidae Ammodytes personatus 4.2 143 7.0
Liparidae Unidentified 40.0
Callionymidae Unidentified 1.9 1.5
Gobiidae Unidentified 9.6 2.0
Sphyraenidae Sphyraena sp. 03
Pleuronectiformes Paralichthyidae Paralichthys olivaceus 0.2
Pleuronectidae Hippoglossoides pinetorum 6.3 20.0
Pleuronichthys cornutus 0.3
Unidentified 0.3 2.3 12.5 20.0
Soleidae Heteromycteris japonica 0.2
Unidentified 03 0.3
Unidentified 334 36.4 55.8 50.0 313 20.0
Number of specimens 530 398 43 28 16 S

%0O: percentage occurrence for each prey taxon in stomachs
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B OE T AL, EEMIC—EFHNLRAENILLNS
VAT END Z LI LA RN, FDED,
BEFENOEONLIERIHOL T A0S - BE
WETAHRBEHFAOTHY, THEHOHE5H
DREEEBLIZ LN TELVWED, RRfarfE-T-
EERARRBOERELE LY, —F T, %, b
T A DB AAERWN AR &, BT LA
BOTHEHDOALEEORBERTHR TS, &
FADANIREEIL, BREELRIKBELRAED
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SEBERETT LAY (HFEL 1997), T0#
HLRZAEFR UHEREAERETHE IR THA (N
B, BV 1983, Bk D 1994), F 2 CTAREITIE, B
EREEETER L 7 AOREBEBHEOHM

BT D0, ALEE AV CUE#RMRHARE

1TV, TOBBERNOEBHOL ZADHM - B
BIZ DWW TR LT,

(1) MHEBLUFZE

19924 10 A 21 BiZ, E T ADOKBER L SN T
LEEESEEOBR) I A (B, RE 1972,
B 1982; 1987) D/KIE 10 m HA T, EEHKRARE
Ehi L7z (Fig. 6-1 DJERA A, RERIZIE, EEM
HILHEL L F—T1992F5 8 8 BizsHfbL, R
THRERME TRBEN T EHYL2E 192 cm @
t T A AL 4,800 2% Av /- (Fig. 6-2), #3RA

550N Japan Sea

Kyogamisaki

Hojyohama

Tango Pen.
350N~
Washizaki

Wakasa Bay

1IN

T T 1
13510 13520 135°30°F
Fig. 6-1 Location of release sites of tagged Japanese

flounder in western Wakasa Bay. Alphabetized closed

circles show release site. A: off Yura Beach, B: off
Honjyohama, Ine Town, C: off Point Washizaki, Ine

Town.
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Fig. 6-2 Length frequency distribution of hatchery-
reared Japanese flounder released with a tag in
western Wakasa Bay. “n” and “X” show the number
of specimens and mean total length with standard
deviation, respectively.

34 EPLTEERHEIRIC R B8 T AWK LY FEHTFI

AR UOEBETICEZRELEE LT, BEL
bA T CHEERMITICKR L, EREICE, Ao
EZ1TmmOTITARAF o2 /T o H—2 7, BER
12 mm, EX 0.5 mm OEDOF T RF v 785 4 2
JEBLIELDERWE, T4 A7 ITIEERE S
RICF L HF R LT,

EHAOBRTHEL, BEZLENLOBHRSE
kot T, BIRA»SERBFTE TOBEBEE
LT, ¥ EoREEML MK ECFHAILE, &2
B, BORETS S0km LIAOEFE%, EHETEERGE
W) &Lz, EHi, BRI OWT, BROH
M%, FIREEREBEONKIEDOEL (#BA, 1973)
WESE, KENSBBMICET T AEEIZYS - 5 K5
B (19924 10 A) ~ 19932 A, HEKENS £
SIZE U ARFEICE-5 19933 ~5 A, AaBILA
RTAFEICHEZA 1993 6 ~8 A, BEKEH»S
BOBETLHEHICH D 1993 F9 H~ 1994 %2
B3 L1994 4 3 BLIED S >OEARIZ i) TR
L7,

(2) #58

ERAIL, RFEE%D 19924 10 A TA1 5 1994
£ 11 B ERETIZ 730 ENER SN, TOERBERIT
15.2% TH o1z,

REHARI O BRI (Table 6-1) #A 5 L, 19924
10 H~ 1993 %2 AITiZ47TT BB ERHE S, Fhb
OBMEIE TN TEREEREE ThH-7, [
WHANTOBRBRAEFELIAD L, HRANLD
10km LN T 431 EXBHINTEY, BHEBHED
90% & HH TV, 28, BIRADS 10 km IR O
WY, RKIESOm LLETH o7,

1993 F 3~ 5 BT 128 B FH I, Thboo
BREHHI TN TERLETER TH o7, HETH
DOEHEHOWRIT, BiA2 6 10 km LN T 90 &,
AN S I km LR T3TRTH Y, 70% 5T
BN THERB I TV,

1993 F 6 ~8 A MENEHIN, 055
0 EOBRMBAIIFEREEMEH TH o7, T,
FEVEE COB/RBIRONFRIL, HHRAH S 10 km LA
NTS4RE, HRA»S 1lkmLET2B ETHY,
68% MM AFHE TEB I T\, —7F, RER
LS, EERIERET2R, BREFRTRE
TR, FRERSEETIESAFERE IR, Bk
ENLFNLOBEMEFTE TOBRBEITHSS ~ 120
km TH-o77,

199349 B~ 199442 A1213 29 BB I T,
B OERREIL, HFREESERTIZI24E, &
ERIHRNFBLOCBRARTKETHEIE2E, B
W BRAEMETRIBTHTn, T, E3E
TEERHEIR AN TONRIL, Biitms b 10 km AN TOE
HRANS Nkm BUETI3ETHY, HEAEA» DM



Table 6-1 Area of recoveries of Japanese flounder released at young stage in western Wakasa Bay

Number of recoveries

Western Wakasa Bay

Eastern Off north Off east Off Tottori -
Period of recovery Wakasa coast of coast of Shimane
Distance from release site Bay Hyogo Tottori prefectural
Prefecture Prefecture border
Z10km 1lkm= Unknown Total
Oct. 1992-Feb. 1993 431 40 6 477
Mar.- May 1993 90 37 1 128
June- Aug. 1993 54 25 1 80 1 2 1
Sept. 1993- Feb. 1994 9 13 2 24 2 2 1
Mar. 1994- Nov. 1994 2 7 9

NGB COBRHBEERNE N, o8, BHRBE
LA CTOHEBOBRYIZII0~ 12 A THY, K&
RO OBENEHEIL 80 ~ 200 km Th -7,

19943 ALUBIZEIERNERESh, ThHD
FHEFMIT N CEREESER TH -, TON
UL, BERANS 10km LN T2 B, BIEADH 11
kmLOUETTRETHY, BIRAD»LMNTIBET CHHE
ENFEEIP LD T,

PEn XSz, EZAOHFHENL BREED
5 A E CRBEFREETERICB LN TV, 61,
FEIVEIE T bR AD S 10 km BN THE S L= EE
DEIED, BMREH»GRE2 A F T 90%, Bt
BED3I~5 ATIET0% % 56, 1TEAEPHITA
FHE THEHEN TV, BREBFEOKESZEIZ L
BT8O 6~8Bihd L, PEPERANDL
100 km R BEAL 7 SR ERALE R 20 B RRRE G F
RETHEIND Lo b00, KKELT
REFIIFEFBBREER CHERINTEY, REE
NTHORIRAMETOB#IERTHoT, —F
WIRBED 9 AUMIZIE, EREETER CTORR
EHRAD S 10km BL EBEN - BERS ERE 22D,
BEANACTOBFRELRE B L, £72, BRK
BEOKETHHEIIHZ5 10~ 12 AiZid, BERE
BB RERCEE - BRREMMI ERIRA5 100
km DA EBEN - AR CH B S L,

(3) &

EREEEEIERAO B RIF ORICBOTE, b
T AIKES mBTHRORESICERL, MAHIIIX
FTOMEIZHALTWAER, 2 10 cm (272 B ED
LK 10 m FUTIZE CHMmEE L IR LIZ L, &
HIZ2E 14~ 15cem Ll B 7% 5 & O YLRME
MALVBEELLRY, 11 AUBICIIHABORE
BHSMOEE~BE#T AL a3 TS B, K
1972), AT T, b T ABHAHORELE» LB
H4 288, BRIFDOEOE 5 ADREH L S
NWARFT, BHT VA XIHEYSTE22E0E T

ANTHEE (Fig. 6-2) #AEBMB LT, EADH
WRAEADE, BIBICETOIRRBEDS A E
TIIEPREEREE COLBFRH SN, 2 THKR
A6 10km LIRDOBFI TOBRRMSIZLAETH-
7o

ERBBEEEE CINE CIERSINLYFEOE
T AANTHEE OEBBRARIZBV TS, ZlAa
D7 EHRBBED 6 AE T, 1E&AEPHKE
E»L 10kmBANTHREIN T (NE, HHE
1983; FIE S 1987), £/, AARBRRESHTERS
b T AATHESOERBRARIZBNTH, &
w1 ERIARSMETERIN TV A ERNEL
<, ETANTHEE I & b | REE TR
TN O RERBEHIL 2N EEZ B TS (A
A7 a v b7 AHE 1987, 1988; 3 1990), —7F,
FEELERRKE T, EHARROAEERE
BENL, REBBHED L T XA RKADEEHH#
FEEINTNWDE, FNHICL B L, FiBERILERRE T,
REBPOBHLAEE2E 15Sem LD E T ATEIZ
K20 ~70m 2oL TEY, EKEBEHIZEROR
TRR~BEIT 2L 00, YRAIIKBERMT» S
WBEA~TIEEAEBBE L2 EENTWD (IS
1987; ZLE, HNRE 1987), 7=, BERERETIE, £
F10~25 ecm OFEAIICITEL LTKESOm LLE
Wt LTEY, RBEBMENGKFEFmMIZIERE
SBEILBRNEINTWVD (BFR 1974; HEER 1983),
BT ADATREENE, BEE bR KRR L FER
DOHFERART LR (M5 1997), £
BOLRRALFRUEBRFEERETH 2 L HRB S
NTW5A (NEF, 7 1983; Bk 5 1994), 77, A
wO LIz, FRESLERRBE TORKAD B
FAENSL, BT AR I1IRE CERERMINLR
ERBENILARNI ENRBENTNE, ThbHD
TEnh, ERETEEEEOR BRI 0K TEEL
e T A OWTIE, PR EbMIRIERD S5 A
T T, 1FEAEBHREBIHEDKLE 50 m LIEIZ S
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FHLTWBEBZTEIWEASD,

0%, BIEPBT COKENARICERET S
WMBED6~8AICRDE, —HBAKRKEDID 100
km BN MR HAEERTLERIN, BT AD
BEMTENTERIZ R DR R I, LaL,
KARE L CERBERBIE TORBMBIREL S,
S HIZEMEEANTH I ERAMETHERI TN
B EMNL, L OEBITEFRERMTICSML
TWB EHEINE, B, ZOREICE, BT A
ITTRBIAY A XDLRE 25 cmIZETHEEZILN
5 (E3IEEHE,; NI, 9 1983),

XHiZ, KBEPETTLZIANLZRED2 Bith
TTEREEDER CHIEREESRECEIL
FIHBIR PN C b IR D BN B AT TOBEMMA L <
ol, —h, BREREDBESLSIN - BIRREM
T2 E D FHE A H BT~ 100 km LL_E B 7 M
THLHEMINDIL R, ZORIZIIE S AD
BEMTEINER 22 EDNMERIND, BRERTE
WoOv 7 A, RAREZRVEERBRARICLY,
Kb AIZBEND | RU EORBATIE, BH
O R HIEVEEE CRIEBOBBZITOEEFLVD
T EDFEFREINTWD GBF, #1977, £, F
BROE T ARBEBOREMBENL, HREREDER
ZIILY, R BARBRESHIZBONTHRED LI
TW2 (JEEF, #1977, LU, #8E 1977, EH 1983;
JNEES 1987; AAMEY 2 v 7 b T AHE 1987, 1988; &
KB 1994), RIFRTRDO LN 1 B2 IR E A E
HMAOKETHIICRY 2 EHEBENT, BARER
BIZBWTERBAHOE 7 A IZBBOICEDLRD
$EBEROB EHFR~OBEITINIZETHEER
HiLd,

UEDZ &b, BREBEREBHRTER, KEL
e T A, SRl Ebl LR E TIERESMED
BHIRIZ WML TRY, TO®%KESETT LD
LA TRESBMENLHETA~DEL, &
B~ 100 km LL_EBEN 7t B b SeHEigis & TR
FLAEREEZET BV FHPONsH, B/ ¥
—VEARTLIENERIN,

E28 RRARAONEHSLUVBE

CHETIC, BFREBASEBE T, 4FICLB
NOREE (1, 25AR) FHBRITERBIRARR,NIT
PNTEY, BEGERNOARBEOE 7 ARKAD
—HREF~REMBES®T A EAERIN TS
GB®, # 1977), LU, XEJLSMIEBKTRR
DOEBBGIH D2, BHEATEE, KELLER
EEHTC, BT ARBEAEKOSAA - BEER T+
SYWHERR X T,

T, FETE, HBHREEIERIZEVNTESE
DHLEFIEEINDE T AREA (1, 2BA) %

36 BB TMPHIZ 8T B8 T ADOMEEMFERNTF

HMEITAERBRRR LT, TRETIKELNLEL
FEORBEDODHREED T, KHRO L 7 ARKA
DEF - BEERIC O W TR LT,

(1) MHEBLUVAZE

1 BRAR OERBRRBRIE, 19955 A 2805
TAIRRBOMIZIIE, 199645 A 27 B»57H3
AORIC 9 EER L, BRBITIL, 7 ADRE
b & S AMR)IFT A (FF 1982, 1987) DIKIE 10
m A E Ui (Fig. 6-1 DEFiA A), ZERiLimRR
Wi, B2 BRI LAY B E CTORIZ, KA
D26 10 km LA O CRIMERS L OBERIC L v i
BN KBREDF )G, agelength key (3 FEF -
18) KLY 1B 22E08E*AVWE:, %
OEREMmE L HHAEKIL 1995 F0RBTIILE
20.5~39.7cm, 216 &, 1996 EDOREKTII 2R 224
~39.0cm, 293 B Th-7 (Fig. 6-3),
2RAOERBRRIL, 1974488055
A 26 BORIZ, TEICH > TER L., HRIEEAT
W, B OE ORI FARET AL O K 90
m DA E Lz (Fig. 6-1 DA B), EHATRR
BRofE AT, BB RBLUYEBIZ, WEFTE
b & L BRI EEHEIRICBV T, ER, s
SJUEBEBRCIVBBEINEZRABOTNS, age-
lengthkey (B3 EFE 1H#]) 2LV 2ICEDHER
30.5 ~4l.6cm @ 89 B & v 7= (Fig. 6-3),
WENOEBBAMRBRICBWTYH, #HRa0EER
(em) Z#RIEH, HIRMOBELIZBEHED O TE
HEBERZEZELT, LS FE@ TR
B Uiz, EENE, 1 RAKIEEADOER 12 mm,

0905
w4 e R
o ] —I_L.
50l al
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© 807 =3 T
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Fig. 6-3 Length frequency distributions of 1-year-
old (1995, 1996) and 2-year-old (1997) immature
Japanese flounder tagged and released in western
Wakasa Bay. “n”” shows the number of specimens.



EX05mm, 2EAIEA VY PEDER 15 mm,
EX05mm® Atkins Bl Z 255 v s 85 o 27 (A
%, FE, 1969) &, FNFNEEBINHEOLTF &
BLESEAATE LD FuT,

BEBROBERIET, BEEREPLOFERE

W&o, MR OBEMEHTE CORMIIT, i
roOFBEMAEEAIL 7, 2k, @i s HRRED
FaFR & 72 AR B 225 40 km LI & TEHETEES
ik &L Ui,

(2) #R

1TRAOBHEERE 1995 FIERAT N 1%
BlY, R4 6 Ahahs 199649 A TaIE TOHM
WS4 BOSEEEN, BRHEII250% Tholr, Z
BAOBRMEITE, BEEBESER» L SRR
BRETOHETH -, BFHAOFKN (Table
6-2) A D&, BIEHEB L2V 1995F 6 ~8 A
34 BAER SN, FBRESILT X CEREEEER
Tholz, EbIZ, TDOIHL30BVHEFEARNH 10
km LN CTHEB SN TV, 1995 F 9 A LI ER
BENREBL L, BEPEETER CORMIL LS
BThole, £7z, RHEHRATIIKIRANDS 11 km
L EBEN - BB COFBOEEBREM L, —KF
EPE TR L D TE S T, 1995 4E 11 A IS ER
BRESHBETILE, 19954 12 A~ 199 F2 AIl&
ERILEIRFET2RE, 19964F 4 AICBE - BREE
HEB LUOBREERBETE | EEEEh, K
A b BGITE COERMI, RERIHKBEU
ST TND 100km 282 Tz, £72, BB E
S L ) RO COBRMEFITEETH o2,
1996 FIIEH MM E N~ 1 AL, RE6ATH
D5 1997 4 5 A TARIE TOHRKIZ 64 BXER SN,
FHERIL21.8% ThoTr, EHAOERBIIL, &
PLVEEIEIRA b BE - BRBE L E TOGEET
Hole, FREBOBEIKIN (Table 6-2) %42 &,

BRBEFLZRVI96F 6 ~8 Bl 47 BRFH SN
BRI TR CERBEBRLESR TH 7=, 20T
b, BEAD»D 10km LN TC38 ERERM I T
7o 1996 9 ALBIIEMEHRNKREIEHIL, &
ETER COBERL 12 B L0752, RMEBEAT
LFEAD S 11 km UL EBEN 7= HET COBRHEIE
WL, —2%, 1996 4F 10 ~ 11 B2, FFtsn

5 100 km LA EBEN Tz, BERREERET4 R, S
BREBEMETIEEHINE, F7z, 1995 FEDR
BR & RIER, BIREEMER LY ROBHR TOFERE
X7 oz,

QHEORBERE2 T LD L, OMREED 6
~ 8 AICERBASER TR LSS FHEN, 98
UBIHEHERAREBL T3, OFFEEHE
N T, MAEE#D6~8 BIZIiZ: A YOFER
ERBEREANE 10 km LLNOFFTTHHH, 9 A
DA H R A 0> 5 11 km LA LBEN - 35 FT CO
DEERREZ D, OBKELIZED 10 ANLEED4
AECoRIZE, BERRRBCERERTORRER
E, AN, 100 km LU EBEN -V OUER T HE
WEND LI D, QFREERERE W KOWE
HWTIEE > EREEMMNZY, & FilcEY
HILBEBDOFEEMBERD LT,

JRABADEEHERE 1997 FIERARENE 2 5%
BiX, RE4ATAMS 200054 A TRETOHME
W3 BV HEHEIN, BREEIZ348% Thol, &
BmAOBERBIL, EHEEHELL O BRERE
WEECTOMBETH -z, BB OBRRI (Table
6-3) #HDHE, HIKEMBRV1997 FE 4 ~8 AT
16 BAHERE I, BBV L ERBES
W Th oz, 1997 FF 9 A LRI 138515 78 S ik
T8RERH&EN, T0H5 LD 3 RIL 1998 49 ALK
OEM CTholo, —F, ERIEEIEER L 0 V85 T,
1997 £ 9 AICRBILEERAUN TR, RE 10~ 12 A

Table 6-2 Area of recoveries of Japanese flounder released at 1-year-old in western Wakasa Bay

Number of recoveries

Year of Period of Western Wakasa Bay

Off north coast  Off east coast Off Tottori- Off east coast

release recovery of Hyogo of Tottori Shimane of Shimane
Distance from release site Prefecture Prefecture prefectural Prefecture
border
=10km 1lkm= Unknown Total

1995 June- Aug. 1995 30 4 34
Sept.- Nov, 1995 4 3 7 1
Dec. 1995- Feb. 1996 3 1 4 2
Mar.- May 1996 1 1 2 1 1
June 1996- Sept. 1996 1 1 2

1996 June- Aug. 1996 38 5 4 47
Sept.- Nov. 1996 2 4 6 4 1
Dec. 1996- Feb. 1997 3 3
Mar.- May 1997 1 2 3
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WERBERMIZETIE, 19984 3 BiZ BRIERES
WETIEIBMINE, 512, 19984 6 ALK
b, BRERSKEBLVBRERTVETIE
TOBMINT, 2B, BKE»LEHOBEREBH
ECOEMIIVTND 100km 282 T\, £z,
B EEEIR L D ROBIE COBREAITEET
Holr.

PEDX ST, 2maoBRERcx, OBRE
D 8 A £ TR AR OEFEEEEIR TR L%
<HEHEIND, OWRED 9 H LB E L b HRiE
WCOBEESHLE L L, SRR SE DR
A DD 100 km BLEBEN 7= FE 5 O T L B
SINAHEIITD, QFELEEBEIRL VESFDE
BMTIEE - BHEBEABZY, L) 1RALKE
BLEHEIEO O, £, AHERTHERS
N-RBEIRERREED 22.6% & 50, 1 53R (9.3%,
7.8%) WHAEETH T,

() BEE

ZHE TICAES # TIT b - Z R e ER T
BRAPHRAELS THREINEZEFFANEZL, v 7
A LB RN CTAER L, FOBBII/NEE
ThdEEZLNTERE (FF1997), LnL, Ei
B 100 km LA EOREBBEH L R LEEFA S22
<AV (FBHS 1971; 3RAR, 38 1974, |IIF, 4@HE
1977; JE#0 1983; MNEES 1987; AF 1990; (Fi#E, Fi
1993; K 5 1994), S BTk T ANKEFIIE T, &F-
BRIz EE WO EEHREEAITY Z &b —5D
WIRTIIRBEIN TS (ZF, HF 1966; f@H 5
1971; A, 38 1974; |L3R, #&HE 1977; —F 1991a
b; {FEE, SFFH 1993; Bk & 1994), 35315 76 5 HEIK
DT ADNTHE, ZhE TIZTbh i EiR AT
RBER»D, LFIRE I ERLT SN REK
(1, 2R PETBENCY 2 ~DORIEH
BEIEITH Z ERERINTHD JEH, # 1977),
£, FRORERBENT, KETLHELIERD
£ oI, BREERER L ) AFORFRSCAINE
R ER D HEMEIR D b T A KRBT DV T HAER AL FT

REIZL VR INTEBY, Zi 6 0E kS ELE
BTLHERBEINTWD (B6EEIH), 207D,
FERE SR CAEICREIND IBULEDE S
ADOFIIIEHFRZEORFOEBIENLBALTE
FREESBEELTWS EEX LN, REEO 15%E
BEDE T ABLT L ARIBERIZEE, K& LEZHE
OB THELINTWARIRTIEERZY, I5IL, ®H
DRI RLENNEmBEE R F CIERAE SNz E T A
FEAD, BPEEIER L BEH O SRRHENE
WA THLHEREEN TS Z b (E6EEIH),
BEICAZOZEFHMBRICHAHC O EERITES
2> B OB R T E I VE SV CIRE S s IR
THdIELELDND, 2D, EPLVEIE
WMTEE, BRELITE T ARBABLFIIHTEE
EITHME IOV TIE, ZhE TOEMRATR
BERNLIILT LLHALATIEI o,
ZHATK L TAZED | R OEB AR RRIL,
ETADEBERE SN TWABERIA QSO EER
R T (B 1982, 1987), 5~ 7 RiZREX
NRAe T A2HNTERINEZ, BB DR
THE, RELZE T A, Yl bl &ich
55 AEETIERELRBHIITLT, SHIZ1IED
8 AEE TIHIT & A YW AUE B O B oA
TAHZEN, ALFEEFRAVEZYUYRAOKRES 1
DIEBHRBR R EhLRB AN T3 (B, K
B 1972; 7B, % 1977), oV, KFEOLRA
X, BEOREBIOBHNLHE LT, FHRER
R OB RN OBRERESGE L 1 BATHD
EEZLND, EFOBHER (Table 6-2) 245 L,
BIRED 8 A £ TIXBEMBET N ERE EIERAIC
[BEIN, 2 THURESMMETOERMIEEAL
TholeZ &b, ZOFHE Tl 7 X IIKES
FHEMNBIFEAEBB LN EEZONRDS, —F, 9
B LAREIE, EIRTEVEEEIR A T OBERIB TS A
NHBENTBEI~BAZ D, ZOBEICE T A
I EBTENOHE~BE LIED D Z LIRS
Nz, 62, I0ANLEED 4 A ToOMICI,

Table 6-3 Area of recoveries of Japanese flounder released at 2-year-old in

1997 in western Wakasa Bay

Number of recoveries

Period of Western Off Near off
recoveries Wakasa east coast Oki east coast
Bay of Tottori  Islands  of Shimane

Prefecture Prefecture

Apr.- Aug. 1997 16

Sept.- Nov. 1997 l 2 1

Dec. 1997-Feb. 1998 1 1

Mar.- May 1998 3 1

June 1998- Apr. 2000 3 1 |
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Fig. 6-4 Location of release sites of tagged immature
Japanese flounder in and around Wakasa Bay.
Alphabetized closed circles show release sites. A: off
Point Amazaki, Togi Town, Ishikawa Prefecture, B:
off Cape Kasa, Kaga City, [shikawa Prefecture, C: off
Cape Echizen, Echizen Town, Fukui Prefecture, D:
off Keshima [sland, Maizuru City, Kyoto Prefecture,
E: off Point Washizaki, Ine Town, Kyoto Prefecture.
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Fig. 6-5 Length frequency distributions of immature
Japanese flounder tagged and released around
Wakasa Bay. “n” shows the number of specimens.
“A”, “B”, “C”, “D” and “E” are the same as in Fig.
6-4.

ERERRER COBRBERELSBOTHE L BT,
BEECEREREL & OMITAN D 100 km LL LB
NEEFEHTHLERINZ I D, BHEEHELS
WIRCEE, BELLE T AL —H2AKETEHIC
5 ~RIEBEBENT5 - LIZBALLTH 5,

T, 2RAOIERMRRR T, | KA LR,
JKIB FREHEAICTES ~ DR IEEEBEI D EE8® H 41 (Table
6-3), THEEF, # (1977) MEHMMABRERAL O
SR L7 L 00T, 1 BEBCIEBEY IO B RS
MBI BB LT e 5 AR, 25BRONKET
B> TEA~BE L BEBLZLND, £
7o, 2ERAOHEFER COFRHEAN I BALVE
W EMD, 2ERERCIE I B TS~ OB
HEPEVEEL DI ENTRINS,

—%, SEORBRTIE, |ZA, 2BALLILEE
BENHAYTAES~OERHEBEIIE - <R
LT, BEORBRIZBWTHEFNRBRWI &b,
EAIRETE MBI O b T A R RE B AREILH THRE
INTWBEIBRKREEEHOIL LBE (=L, H
1966, BHE S 1971; A, HiE 1974; (LR, tEH
1977; &K 5 1994) HiThlWEH#EIND,

FIH BREHSHBFBARICHHTIRMA
BOEH

BB I UOE 2SI oEHEMRRRICE Y, Bk
ETESEROE 7 ARBAE, BEANTEE, Ak
LizbDEED, —EHOBEENKIETBRIICEGT~
BB THIZ EBbho, —F, REFLD
HOBHABESLCHNNBRBEDOL T ARKKADOSH - B
BRI OV TIIE LA ERAMN L, EBRBRR
BROWE DRV, FZTAETIE, BERE)LEE
FHABTERITHT TORREIER CAERA DIFEH
BRRBREZITY, TROLOERNGEE L TEBENZ
DWTIRET L7,

(1) MHBELUVAE

1990 £ 10 A 7> 5 1991 4 11 A2, ERBEHE
WA OEBREEREBICTTOS #FTT, BT A
426 B % E3 i Uiz (Fig. 6-4, Table 6-4), EHE
M (Fig. 6-4 DA C ~E) TORIZITREN S
WEVFRETRGEL CEE LTHIBIZ L v B I
T Kk, ANIRHBRE (Fig 6-4 DS ABLUB)
TORITITEFN TN ORIREF L TRIER LT
ST L VBESNERRAERIREL, FhboH
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o
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EVEREERER CHERBIN, TOHI>LEREDH
FEFTIEHIRA L D 20 ~25km B85 Th - 7= (Table
6-5), R TIE, MRBEDNI A, 6 ABLV9
Alcb | BT oBEINnT, —F, ﬁ%“@@zﬂ
IRHRADD 130 km BHOBWREBEREBET, 10
Hum3whnﬁﬁ®%m%%%nﬁf,%n%nl
ENEREENTE, 5610, BRZ4«EDS BB LD

WWHBRERBLEBLOERERINETI
BT OoBRIN, B, BiA LY 6 km UL EEEN
723 LR OEIRIEB W UERRAOER L 2o
72

FH& ¥ B B 7 OF IR IE 7R TR S 7oA kA
W, BRE#D 1991 4F 11 821 B2 5 1996 &2 A
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» o7 (Table 6-4), fZFHAIL, HEEHEE PO
F£2 A28 B E CICHmAS T (15km L) TI13
EDNEH SNz (Table 6-5), D%t EREFLR
BT, RREBEDSALBAEDIAILL1IE
TOBRBMIN, —5H, BEIFEDO 1 BiZiE, it
A BH 100 km B OEERILE KR T, 9 AKX
420 km BHO L ORI IRET, 11 A BBURR
HinET, TnENIEBHINT, & BICHE
HRAEI p A%D 1996 E2 Bizh, BERBBEEG
RTIREHEINE, B, FREENERL 2
WL EFOBE T, ERAOBRIE o7,
IOE D, BIREEEHEE TOERMRER T
2, FMEEA TOEZEBAOERIIEREZD 11, 12
A 2P0 EEIAETCOHMBICERLTEBY, £

Table 6-4 Details of tagging experiments of immature Japanese flounder

near Wakasa Bay

Release site* (Depth)

Date of release Number of Number of Recovery

release recoveries rate (%)

A: Off point Amazaki (50m) 15 Oct. 1991 65 6 9.2
B: Off Cape Kasa (69m) 17 Oct. 1990 82 17 20.5
C: Off Cape Echizen (90m) 26 Nov. 1990 82 9 11.0
D: Off Keshima Island (75m) 6 Dec. 1990 104 20 19.2
E: Off point Washizaki (65m) 19 Nov. 1991 93 19 20.4

* See location of release sites in Fig. 6-4

40 BB TEHEEHRICRIT Dt T ADIRELYZ AR



Table 6-5 Area of recoveries of Japanese flounder released at immature stage near Wakasa Bay

Number of recoveries

Release  Date of  Period of recovery
site” release coast of  Fukui

Noto prefectural

Peninsula  border:

Off west Off Ishikawa- Eastern

Western Off north Offeast Offeast  Offnorth  Off north
Wakasa coast of  coast of  coast of coast of coast of
Bay Hyogo Tottori Shimane  Yamaguchi Fukuoka

Prefecture Prefecture Prefecture Prefecture  Prefecture

A 15 Oct  Mar.-May 1992 1

1991 June- Aug. 1992 5
B 7 Oct. Oct. 1990- Feb. 1991 4
1990 Mar.-May 1991 4

June- Aug. 1991
Sept. 1991-Feb. 1992
Mar. 1992- Apr. 1992

C 6 Nov.  Nov. 1990-Feb. 1991 3
1990 Mar.- May 1991 1 1
June- Aug. 1991
Sept. 1991- Feb. 1992 1
Mar. 1992- Apr. 1992 1
D 12 Dec.  Dec. 1990- Feb. 1991 13 1
1990 Mar.-May 1991 1
June- Aug. 1991 1
Sept.- Nov. 1991 1 1
Dec. 1991-Sept. 1992 1 i
E 19 Nov. Nov. 1991-Feb. 1992 13 1
1991 Mar.- May 1992 1

June- Aug. 1992
Sept.-Nov. 1992
Dec. 1992-Feb. 1996

* See location of release sites in Fig.6-4
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Male Female [ Unsexed

Fig. 6-6 Length frequency distributions of adult Japanese
flounder tagged and released in western Wakasa Bay.
“n” shows the number of specimens.
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Table 6-6 Area of recoveries of Japanese flounder released at adult stage in western Wakasa Bay

Number of recoveries

Year of Period of Off west Off south
release recovery coast of coast of
Noto Ishikawa

Peninsula Prefecture

Eastern
Wakasa Bay Wakasa Bay coast of Oki coast of

Western Off north Near Off

Hyogo Islands Shimane
Prefecture Prefecture

1993 Apr.-May 1993
June- Aug. 1993
Sept.-Nov. 1993
Dec. 1993- Feb. 1994
Mar.- May 1994
June 1994-Feb. 1997

wWNN

1997 Apr.-May 1997
June- Aug. 1997
Sept.- Nov. 1997
Dec. 1997-Feb. 1998
Mar.-May 1998
June 1998- May 2000

—_ N

N=Rw]

1998 Apr.-May 1998
June- Aug. 1998 1
Sept.- Nov. 1998
Dec. 1998- Feb. 1999
Mar.- May 1999
June 1999- Jan. 2001 1

Q0 ~) — WL N
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Fig. 7-1 Location of sampling areas of 1-year-old
Japanese flounder in the Japan Sea. Alphabetized
closed circles show sampling areas. A: off
Shikanoshima Island, Fukuoka City, Fukuoka
Prefecture, B: western Wakasa Bay, Kyoto
Prefecture, C: off Cape Kasa, Kaga City, Ishikawa
Prefecture, D: off Niigata City, Niigata Prefecture, E:
off Tenno Town, Akita Prefecture.
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(Fig. 7-2),

1996 FIZ @R, FEMN CGEHREBEIER), A
MNERBIUOHKAROAFRLETHRESINZE T A
1 A OEEESEICE, BRRNE & EREEL
WEHROMEZBR FBIEE TEEREENRD LN (<
0.01), BT LL TIXIL oW E AR D
LipWER M B o 7= (Fig. 7-3), £/, BEEESK
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A EDEERERBERMIICOMLTEY (F6&E
%1 E, B, #1977, MEES 1987), AEFFEOMR
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ELEABTHAEELLND, APETIE, Fh
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AAMBINE T, & 723 1 mOKELUBICIERK
BB, —HMOBAKINROHEALEZ 2RIE

Table 7-1 Specimens of 1-year-old Japanese flounder sampled from five areas in the Japan Sea

Number Total length
Mark Sampling area Sampling date of (Mean = SD, cm) Fishing gear
in map* specimens
Male Female

A Off Fukuoka Prefecture 5 June 1995 181 27.1 =22 277 =21  Danish seine
(Shikanoshima Island)

A Off Fukuoka Prefecture 12 June- 1 July 1996 224 29.7 £24 30.0 £25  Danish seine, Set net
(Shikanoshima Island)

B Off Kyoto Prefecture 15 June- July 20 1995 444 29.6 £ 3.1 303 x33  Gill net
(western Wakasa Bay)

B Off Kyoto Prefecture 22 May-22 July 22 1996 250 3114 £35 315x38  Gill et
(western Wakasa Bay)

C Off Ishikawa Prefecture 30 June, 5 July 1995 126 259 1.7 262x14 Gill net
(Kaga area)

C Off Ishikawa Prefecture 15 June-24 July 1996 153 255 1.7 267 =*x17 Gill net, Set net
(Kaga area)

D Off Niigata Prefecture 19 Oct. 1995 94 278 £ 14 282+ 1.6  Otter trawl
(Niigata area)

E Off Akita Prefecture 23 Aug. 1995 98 244 £ 1.0 246 =10  Setnet
(Tenno area)

E Off Akita Prefecture 5 Aug. 1996 146 25012 249 = [.5  Setnet

(Tenno area)

* See location of sampling sites in Fig. 7-1
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Fig. 7-2 Frequency distributions in dorsal and anal fin
ray counts of 1-year-old Japanese floundér sampled
from five areas in the Japan Sea in 1995. “n”, “X” and
different letters show the number of specimens, mean
counts of both fin rays with standard deviation, and
significant difference (Steel-Dwass test, p < 0.01),
respectively.
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Fig. 7-3 Frequency distributions in dorsal and anal fin
ray counts of 1-year-old Japanese flounder sampled
from four areas in the Japan Sea in 1996. “n”, “X”
and different letters show the number of specimens,
mean counts of both fin rays with standard deviation,
and significant difference (Steel-Dwass test, p <

0.01), respectively.
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HBEAITO LB bho TRy (FIES2, 34,
F1997), EFERBIEIEER T, BN TEE, &K
ELEXRBRAPBE~BE L, XOICEFOHEEICE
B, BELEREEPBE L T FIEE1~38),
ZOH, REROL 7 A OGREEIIBRH O]
“TRRDZ ENTRINT,

BARBIREDOE T X 1 mAOEER L OBEES
HICHBMERPAUERERIC D WTHRF L, &
FEOEES L OB OBRIIZFHFRIII
F, TNOOEBITIEAETEED DIHATHE TIZ
EEICET D (FPIU 1967; B 1982; Fukuhara 1986),
EABIITRMORESRMGFIZLIVE(LL, WAKERED
EWIEEARBIIER D Z L ARETFEBRTHIISNT
W5 (FED 1994), 22T, SEHICB T 5L S
AMFAOHIRBEHOWAKIE & LT 2700, BARHE
RKEMEFRBAT > TR OKERBRIF~DT
— MNREORER (F1M 1988) LEFOHMR (GF
B, WEF 1972; B 1982; i, FJE 1992) 5, b
FAFROERFHZEEBIETIL4 A, BB
TEERHEL & TN RIBETIES B, FIBRIKNAETILG
A, MBRLEETIEZTAEL, FN6DORD EAD
WKEBERAN, 2B, BKEOT—FiL, BAHE
T =2 2R EICEBEINBAREOIRE 30
ER (1971 ~ 2000 F) OF— 2 OEHE (EHD,
2003) DA, ABFIEO KA DBRBEIEFTITIC
BITHE T AMFEOHHKE (0~50mE) (FF,
R, 1982) OEE AW, FOWEKERIL, BHE
T 14.8°C, BRBTEEHEER TIL14.3°C, AR
DR TIE134C, FBRIKETIH147C, BKERRE
FETIX163CTHY, FIRUETIIXEOBIEIZY
<, KEDEBWVWHE T AOESBOMBHERIC
BELTWAZ ERFEZE, L L, KERBE T,
FNOGXVEIMBTAHBRUE LY bFAOH
BEFEHOKERENICL 22D LT, 1 RADYE
BLUOEBEEABIHRBRUBEDO I RALVFEL
DigholzZ Eih, TN HOHEEE ToEERED
BWEFAHOKESREL T CHRETESZ LEFEY
2y,

—F, FHED (1994) 1%, IR ORE EBREREMN S,
b T A DOEIER I OVEEEE RO E I AR LS
WEGEHERSBET A L 2ERL TS, BR
WIKEDOE 7 AMAITIT, EREEBMEEZEICLT,
B 5 DOEERESI DL VERE &3 h OEIERESREK
DLIREKEED 2 >0 [RE2FE) OIFEENTRE
E T 5 (Tanaka ef al. 1997; Kinoshita et al. 2000;
ATE 2002), $7, BAREOE T A2\ TiE, &
MEBCEBRBIE RN D, BEEEEEZEIZ2O0D
REICSUDHE B EESATWS (BLE 1988; KA
1991), ZNHD T L, ABFFE CHERLTEEHER O
T AN BRAOEER L UOBEREESEREST



JNRBED I ZALIIEEREORWVWELbL>Z LD
D, FEELKBRINED |BALII2IELLE
BIZER - TWEZLELEBEETE, ThLORE

b, BARBIEICBITAE 7 A | BAONERSL

UEIEER B OB R L@ BT R DEE
BOBES»RE SN,

F2H BRILZEMBEHICATIHADERES &
UEREREE M

AEI T, BREESERICER Lo HADOEE
BIOBBEESREY 4 hEICDI>TREL, VA
AR DEER L OBRBERBORR I LHADER
HIEIZ DWW TRE LT,

() MHEBELUVAZE

REHI X, 1996 ~ 1999 D 6 A HAICHERE T
ik THIEMBICL VER IR 2E 100 mm R
WOMA3MSEE AV (Table 7-2), #EE AT,
1996 £ £ U 1997 1L B fH44&  FHE BT I3A] 0
M, 1998 FFEd8 LUV 1999 Fix BT R BJINT O i
DWT AL HIKEE 10 m LLEORM RN THfE L7+ (Fig.
1-1), #EEAIE, BEHMS ETESIIC 10% MK R
W= ACEVEEL, ERECFELRED, 2RE
7oA RE (mm) ORIE, HER L OBEBSHOE
BEIT-T, 2B, 28 30 mm REO@EEE, FH
& LT R ZERE (@R, B 1987) 2L T
A FR LT,

BREFI LI, ARRE TR I OBEEESK L
DfE T, Pearson DB ERMBPBE L RO, HAD
YA XL FEEBCEERBERRO SN HEEI
i, BEF T 0RBRY BEICHRAEZ/NERERE,
FRMEE, KRBBEED 3 SOSV—FIZRS L, &
TN— T RO ER L OB EERE S 30 = % Kruskal
Wallis test Z FAVNTHRE L, Steel-Dwass test {2 L ¥ £
\HER L7,

(2) #58

1997 ~ 1999 £ DOFER T, R L FEB LI OE

BERH - ORMCEEREOHEBEIR DO (p <

0.05), EROKEVWEEIZ FELEOZVVEMS D
7= (Table 7-2), —F, 1996 EOHA T, FE &
Bt L OMICER AR D e o7
(p > 0.05),

SR &TELH L ORMIZEORBNE D SN
1997 ~ 1999 FDOHA T, ERODRKREWI L —T
EEFEREOEHERRE N7 (Fig. 74),
WNEUEE & REHEUE D 70— 7R T, 1997 0
TEERZHRWT, MEEKELEEENRDDL
ni- (p<001),

() &z

1997 ~ 1999 4 |2 3 He % P8 IR 1k CHE S - HE
AT, REEEOEER L OB RESRKT/NEE
BELVEBZEWIENALNC R >T, HHERB X
OB EGESR B O R 7 B0 E D I B P E T SR A
THEENET-HATHLI 2O, KRBT
LT ADEIRY QATHEH~6A LA, $4FE), &
KIBOEEREL (A 1973) AT, BREICHE
LSO S W RAEEES /N EE L L KR
DIBRVBET TCE--Z L1225, LaL, BT
DOEER L O BERAMIIFRP OEAENEVIZ
EEL D (BHED 1994; EWES 1996) = &b,
REVEEA/PNREEEL D BIEKRERB LTS
EFBENELD, Thbb, NEMER L KEEE S
TIEENTEIRNRLD Z &R0, FENESED
BRDROBEHRTHA I EAHERENE, KA
BB L OVNEE N EH SN, BEEo2
B, FHAaPOREERE (RTH 2002), JP05H{LE
Ml (427K 1988) 78, TN Eh2A Ta~4 AF
), 4 A LE~5 AFELHEESIND, T bR
B, AT AUNAE TR B D IS RE TE SRR, %E
LR RIS ENOHFIRRIGR CORBEOEINEDY (5
4 JNER 1974; MNEES 1987, HIfX, —FH 1995; FIEF
1997; JE# & ; 2004; FFIT 5 2005) CEEL, HE
EVE SR TOEIIEI I HE LRI —FH LT,
Tro BT ADICIFRIZBIENETH Y (7 1982),
BFEAEEIRL 22 ~ 33 BiZ kA (27K 1988; Noichi

Table 7-2 Relationship between total length and the number of fin ray for Japanese

flounder in western Wakasa Bay

Number  Range of Pearson’s correlation coefficient
Sampling date of total length
specimens (mm) Dorsal fin ray Anal fin ray
17 June 1996 49 13.2-50.0" 0.01™ no data
11 June 1997 93 13.4-54. 0.24 0.29
18 June 1998 83 26.8-96. 041" 0.34
14 June 1999 119 20.7-7 0.37 0.40

s :not significant

: significant at 5% level
* 1 significant at 1% level
** : standard length
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Fig. 7-4 Frequency distributions in dorsal and anal fin
ray counts of juvenile Japanese flounder sampled
from 1997 to 1999 in western Wakasa Bay. “n”, “X”
and different letters show the number of specimens,
mean counts of both fin rays with standard deviation,
and significant difference (Steel-Dwass test, p <
0.05), respectively. “S” “M”, “L” in each year
show small-, medium-, and large-size group of fish,
respectively.
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TR JOBEBESEOBWL, BEEOS VAR
EFhoBEEETHD TEHE PEHICEREH
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HTbh? HEH) BENALICENTERETRZ L
WEVAELELDEHEINS,

—7F, 1996 FDHADEES L OBIEHESREIZIE
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ST, TORRE L THRHIDECHADHEER
PMDEL TR > TV ENEBZ NS, EIE
BRI BT 5 EERHOHADOHBEFEXIZIET,
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% (BTH 2002), 1996 EIZTEEHHADHIR DL
NEM AN TZO 0D, B#HOLE/NE
Dol=Z ERBEINTHS (BIE 1998, 2002), =
NODZEND, 1996 FICid TEHEE)] NEEL T
HIRL, E225% A XOEFMICBVTHEES L
ORI ARENE LR o L HE SN,

IOX oI, EREEREROMMANL, TOWE
EEOEW)L, RECEETIEFEHESND
(PR &, BN THEETLIHEERESTNO M
Fe#t) LR L 2 oKL VERYSIo T
WA I ENRBEINT, 1996 FED X HiZ—FH DEMEK
HEREBTIERIHILOD, BEVEORRD2
OOEEENEERZEZ THRTAIRRIL, £
MBI TIE 1990 45, 1993 B L 101994 FiZ b g &
NTHWBZ EnG (ATE 2002), FIEALNDHR
TRV EELLDNE,

FBIW EWEADEEICETLI I RAOEHE
BrUBRBHEEROELL
AAMEIRETIE, BT X 1 BAOEEE L ORE
BEEIIIHENERRA LN, F—#R THLE
WXV ERENRRERIER b ALNT (FBTES |
1), &I T, AETIXEREERERO | A0
R I OVBEESREE T IR THEL, B
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(1) BHELUAZE

HEHZIE, 1994 ~ 20005 D 5~ 8 Az, HEE
BB OREN L T ADHEES THHH BRI
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Table 7-3 Specimens of 1-year-old Japanese flounder sampled from 1994 to 2000 in

western Wakasa Bay

Year Sampling date

Number of © Range of total

Fishihg gear

class specimens  length (mm)

1993 17 May- 22 July 1994 196 232-382 Gill net, Trolling, Set net
1994 7-17 July 1995 168 236-396 Gill net

1995 22 May-22 July 1996 247 240- 400 Gill net

1996 24 June-2 July 1997 178 242-345 Gill net, Set net

1997 29 May-3 Aug. 1998 155 226-370 Gill net, Set net

1998 21 June-21 July 1999 101 241-382 Set net, Gill net

1999 29 May-1 Aug. 2000 71 244- 355 Set net, Gill net, Beam trawl

S DWW T, Kruskal-Wallis test & F U CTEEHL ]
DEHBEL, Steel-Dwass test 12 L 0 LEIE LT,
F77, 1996 ~ 1999 FAZIZ DWW T L, FIEIORERK
DOffa & B L OBBESEA TR L, Z0E%
Mann-Whitney’s U-test {2 X O BRE L 7=,

AR I T 2B FHROEER I VEEO Tk
S LT OHEF DHEIXKIE & DREIT, Pearson DFER
MR E R, HAKRE, BT ADOEEBIV
BEESLEMARE SN AFRAYPORE L LT, 1993
~ 1999 FIZAAMET v v 7 OWFEBRFEE (BAE
FOKEERFFTAT 2009) 12X 0 EHRIEH (KEREROK
B -4BOSt1~4) TRIEESNET —% (K
FFRMHKERNE & — REK) OFhb, BT A
FROBBEEHHTHE4~68 (EF -« FF 1992)
D& A ERIZ, FROSHAKETHHERE (KFEO,
10, 20, 30, 50 m) (FJ&, $K 1982) THEIE =N
TEE AV, TR OEHETRE LR,

(2) 8

1993 ~ 1999 FE{ED L T A | A D FHEEREIL
WHETILT73.7 ~ 719K, BEEETIL 559 ~592 KT
%ok(ﬁg7ﬂ W%¢ﬁ®$W%%ﬁ(%%ﬁ

<mm &mfm%ﬁ&@?ﬁﬁ B (CERERES
BT52 A, BEEMESLHSIIAR) B ot (p
<0.05), —7F, TNLLUANDOERDEESRLIL
%%%x&#%3~ﬂ9$,§%%%ﬁ#%0~
592K THY, EREOET NI hoT,

1996 ~ 1999 “Efk DR L OB EESL K Y, Al
EOREROHR L LB LT, 1996 £/ O 1 R &
HADOMIESRKITIE, BEARZEIRD b7 (p
> 0.05), 1997 4 X TN 1999 EHE D 1 5RO g
ZB0L, RARBIOPERORE L IXEEREILRD
Lot (p>005) B, NIOHAIVEE
ol (p <005, —K, 1998 FHD 1 AT
W, BEREEEI - VW TRWThOY A XA L
LEEBLRERBOON RN bDD, EHEFESEK
BRBEOHAIVFEEIZLZ (p<005), MEB
SOHFBOHA L ITHEEEN o (p > 0.05),

R AR A — 1R L BRI

EREEHEIRORE TD 1993 ~ 1999 F 4~ 6
B DOEHKIBIZ13.6~148CTH Y, 1995 ~ 1997
FEH13.6 ~ 13.8°C LKL, 1998 4 148 CTHRLH
Motz, KEHRED 5721995 ~ 1997 FEEEND |
BADEHERBIL, FETIL 772 ~T19 K, Bl
TIEL 58.5 ~ 592 REMOFKL D ZUVMEMMN I H AL
7= (Fig. 7-6), — X, KBRS EM -7 1998 F R
ENO | RAOFEHERBIIANRD X 512 FkE, B
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Fig. 7-5 Frequency distributions in dorsal and anal fin
ray counts of 1-year-old Japanese flounder sampled
from 1994 to 2000 in western Wakasa Bay. “n”, “X”
and different letters show the number of spec1mens,
mean counts of both fin rays with standard deviation,
and significant difference (Steel-Dwass test, p <
0.05), respectively.
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Fig. 7-6 Relationship between shallow water temperature
during April to June from 1993 to 1999 and dorsal
and fin ray counts of 1-year-old Japanese flounder
sampled from 1994 to 2000 in western Wakasa Bay.
Solid circles and numerals show mean counts of both
fin rays and year class, respectively. The regression
lines; dorsal fin rays, ’=0.735, p < 0.05, anal fin
rays, r’=0.655, p < 0.05,
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Table 7-4 Specimens of immature and adult Japanese flounder sampled in western Wakasa Bay

Life Year Sampling date Number Range of Range of Fishing
stage class of total length  age gear*'
specimens (mm) (year)
Immature 1993 17 May-22 July 1994 196 232-382 1 G,T,S
1994 15 June-20 July 1995 444 231-396 | G
1995 22 May-22 July 1996 247 240-400 1 G
Adult 1993 29 Feb. 1996- 15 May 2000 61 407-642 (3)*-7 L,G,T,SD
1994 12 May 1997-5 June 2000 181 378-686 (3)*-6 L,G,S,D,T
1995 12 Mar. 1998-25 May 2000 106 380-650 (3)7-5 L.GS,D

"' B: beam trawl, D: Danish seine, G: gill net, L: long line, S: set net, T: trolling.

2 All fish becomes 3-year-old in the sampling year

DRTE, BiER L OBRBESRROHE, LRI
EOHE, ERMOFSL (RIEFR) LLo2FHmOE
ExAToTe, AMBOMRMAEL, ARBEIZLVE
4 EOEREEFONTHIE L, R BEERER, T
Rt UL EOBEOEEEZERAE L (B45E),
e R L OB EEIE ST OV Tid, Mann-Whitney’s
U-test 17 & 0 REA & BROZEELRE LT,

(2) #%R

1993 R DI E D FHEREIL, RALA 763 K,
BERIL 737 A, 1994 kT, RKE 753 EK, K
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Fig. 7-7 Frequency distributions in dorsal and anal fin
ray counts of immature and adult Japanese flounder
sampled in western Wakasa Bay. “n” and “X” show
the number of specimens, mean counts of both fin
rays with standard deviation, respectively.
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Fig. 7-8 Frequency distributions of the otolith first
annual ring radius of 1-year-old Japanese flounder
sampled from five areas in the Japan Sea in 1995.
“n”, “x” and different letters show the number of
specimens, mean first ring radius with standard
deviation, and significant difference (Steel-Dwass

test, p < 0.05), respectively.
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n”, “X” and different letters show the number of
specimens, mean first ring radius with standard
deviation, and significant difference (Steel-Dwass
test, p < 0.01), respectively.
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Fig. 7-10 Frequency distributions of the otolith first
annual ring radius of 1-year-old Japanese flounder
sampled from 1994 to 2000 in western Wakasa
Bay. “n”, “X” and different letters show the number
of specimens, mean numbers of both fin rays with
standard deviation, and significant difference (Steel-

Dwass test, p < 0.05), respectively.
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Fig. 7-11 Frequency distributions in the otolith first
annual ring radius of male and female Japanese
flounder sampled in western Wakasa Bay. “n” and “X”
show the number of specimens and mean first ring

radius with standard deviation, respectively.
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Fig. 8-1 A conceptual model of stock structure of Japanese flounder in and around western Wakasa Bay.
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Studies on the Fisheries Biology of Japanese Flounder Paralichthys olivaceus
in Western Wakasa Bay

Koji Takeno
Summary

Japanese flounder Paralichthys olivaceus is one of the most important commercial fishes in Japan. This
species is widely distributed in the coastal waters of Japan. Japanese flounder grows faster and larger than any
other flatfish species in Japan with the exception of Pacific halibut Hippoglossus stenolepis. Therefore Japanese
flounder has been selected as a main target species for stock enhancement and since 1994 more than 20 million
hatchery-reared juveniles have been released off the Japanese coast each year.

1. Fisheries

Annual catches of Japanese flounder in western Wakasa Bay from 1956 to 2005 have varied from 18 to 93
tons. Cyclical fluctuations in annual catches occur with a periodicity of twelve or thirteen years. Flounders are
caught by set net, gill net, longline, trolling and Danish seine. The catch by set net accounts for a greater part
of the total catch in this area. Annual catches by gill net have been nearly equal to those by set net from 1984 to
1996.

Fisheries of the flounder are carried out all year round in western Wakasa Bay. The main fishing season was
from March to May and November to next January. In the former part of the season the flounders are mainly
caught by longline and gill net, and in the latter part of the season are mainly caught by set net. Most fish caught
by set net and gill net were 25-40 cm in 7L. The mean size of the flounder by longline and trolling were larger
than that of fish caught by set net and gill net.

Annual sales of the flounder in western Wakasa Bay from 1989 to 1997 were about two hundred million yen.
This species is one of the most important commercial fishes in this area.

2. Age and growth

Age and growth in western Wakasa Bay Age and growth of Japanese flounder were estimated from
right otoliths (sagittae) of 2217 females and 2147 males sampled from August 1989 to August 1998 in western
Wakasa Bay. Examination of the outer margin of otoliths showed that an opaque zone is formed once a year,
and a single annulus is formed during the period from April to June. The period of annulus formation closely
coincides with the main spawning season of the flounder in this area.

The von Bertalanffy growth equation for females was TL:= 844.6 (1—exp 024 (*06176)y and for males was TL:=
617.6 (1—exp 03201 ("0860D) ‘\where TL: was total length in millimeters at age ¢ in years. Females above 12-month-
old grew faster than males throughout their life span.

Length-weight relations for females was W= 5.3203 TL*!"* x 1076 and for males was ¥ = 7.6506 TL*>%0' x 1076,
where W = wet weight in grams and 7L = total length in millimeters.

In comparison with theoretical growth curves for the flounder in the Tsushima Current area, the southern
population grew faster than the northern one at an early age. Growth rate of the flounder at an early age in this
study area was intermediate of values for the Tsushima Current area.

The growth of young flounder in semi-enclosed bays In order to clarify the growth of young (ca. 2
months to 15 months post-hatch, size ca. 9 to 40 cm in 7L) Japanese flounder in semi-enclosed waters, we
examined their somatic growth and condition factor in two bays, Kumihama Bay and Aso Bay. Specimens
sampled from Kumihama Bay showed lower growth rates and lower condition factor values compared to those
from Aso Bay. The stomach content analysis revealed that most of the flounder preyed extensively on fish
throughout the year in Aso Bay, whereas approximately half of the fish sampled in spring and summer showed
stomach contents of the flounder had changed their diet from fish to crustaceans in Kumihama Bay. Although
there were no significant differences in the mean stomach contents indices used as an index of feeding intensity
between the two bays, these indices for fish that fed on crustaceans were significantly lower than those that fed
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on fish. These results indicate that the inferior growth of young flounder in Kumihama Bay was due to the low
availability of small fish prey such as Japanese anchovy and gobies during the high growing season in spring
and summer.

3. Maturity and spawning

Age and size at maturity and spawning season were estimated from macroscopic and histological observations
and measurements of gonads using 672 female and 550 male specimens sampled from February 1992 to June
1998 in western Wakasa Bay. For females, 5% of 2-year-old and more than 75% of the 3-year-old and older
fish were mature. For males, less than 5% of 1-year-old fish, 5% of 2-year-old fish and more than 80% of the
3-year-old and older fish were mature. The minimum size in the mature stage was ca. 43 cm in 7L for females
and ca. 32 cm in 7L for males. The length which half of the population matured (7Ls,) was estimated by logistic
analysis as 47.2 and 36.6 cm in TL for females and males, respectively.

The flounder in the mature stage were found from late February to early June. Gonadosomatic indexes of
females generally increased after early February and peaked in early April, when the percentage of occurrence
of mature females was 100%. 20% of females showed spent gonads from early May and more than 80% showed
spent gonads in early June. Based on the 6 year data set, it was concluded that the spawning season of the
flounder in this study area is from late February to early June with a peak during April and May.

4. Feeding habits

Juvenile stage (size less than 10 cm in 7L) A total of 148 juveniles were sampled in June and July 1989,
June 1992 and June 2000 at three areas, the open sea, the outer bay area and the inner bay area, in western
Wakasa Bay. From stomach contents analysis, juveniles fed mainly on mysids in all waters. Juveniles over 80
mm in 7L shifted their diet from mysids to fish in the inner bay area.

Young stage (size 10 to 20 cm in TL) A total of 868 young flounders were sampled from July 1994 to October
2001 in western Wakasa Bay. From stomach contents analysis, young flounders fed exclusively on fish such
as Japanese anchovy. The stomach content index was significantly higher than that of juvenile fish. 1t was
considered that the dietary shift in the young stage was their feeding strategy to gain a maximum growth rate.

Immature and adult stage (size 20 cm and over in TL) A total of 4925 immature and adult flounders
were sampled from May 1989 to October 2001 in western Wakasa Bay. From stomach contents analysis,
feeding habits of immature and adult stage was clearly piscivorous. Many flounder fed mainly on Japanese
anchovy throughout the year. Some fed on Pacific sand lance, Japanese jack mackerel and gobies. A few fed
on cephalopods and crustaceans. The composition of prey fish of the flounder differed with the depth in their
habitat.

5. Distributiens and migrations

Young stage In order to clarify the distribution and migration of young flounder, 4800 hatchery-reared
fry were released with a tag in western Wakasa Bay in October 1992. A large number of fish were recovered
in shallow waters less than 10 km from the release site from October 1992 to August 1993. During and after
September 1993, the number of fish recovered near the release site decreased, and some of the fish were
recovered in the western area located more than 100 km from the release site. These results suggest that the
flounder, that settled in shallow waters of western Wakasa Bay, stay near the nursery ground until the summer
of 1-year-old, and then migrate toward the off-shore area and/or the far west area in the autumn and winter of
1-year-old.

Immature stage 27 tagging experiments were made in western Wakasa Bay. A total of 599 flounders of
1- and 2-year-old were tagged and released during the period from April to July in 1995, 1996 and 1997. A
large number of flounder were recovered around the release site until August in each of the years the fish were
released. Though the number of recoveries around the release site decreased on and after September in each
year the fish were released, some of fish were still recovered around there until the next summer. After summer
in each year, some fish migrated westward as far as 100 km from the release site. However, no eastward
migration was observed in these experiments. These results suggest that the migration pattern of immature

64 EPIETEENERIC 31 D T ADIBEEYEHTA



i

flounder distributed in this area is characterized by an inactive phase of migration in spring and summer and an
active phase of westward migration in autumn and winter.

A total of 426 immature flounders with a tag were released in and around Wakasa Bay from October to
December in 1990 and 1991. 73 flounders with a tag' were recovered near to and in areas to the west of the
release sites. 24 flounders migrated over 15 km from the release sites, and they were recovered mainly on and
after December in the year of release. But, there was no recovery in the eastern area of release sites. These
results suggest that the westward migration during the immature stage is observed usually in and around western
Wakasa Bay.

Adult stage 13 tagging experiments for adult flounder were made in western Wakasa Bay. A total of 278
adult fish were tagged and released during the spawning season (from March to May) in 1993, 1997 and 1998.
Most of the adult fish were recovered within 40 km from the release site with a few exceptions in which fish
migrated westward in winter or northeastward in summer from the release site. These results suggest that adult
flounder that distributed in this area tend to stay there throughout the year.

6. Stock structure

Regional differences in morphological characters of 1 year-old fish in Japan Sea In order to examine
the regional differences in dorsal and anal fin ray counts and first ring radius on the otolith, 1719 1-year-old
flounders were sampled between June 1995 and August 1996 in five areas, sea off Fukuoka, Kyoto, Ishikawa,
Niigata and Akita prefectures in the Japan Sea. The mean counts of both fin rays were significantly different
between the southern areas (Fukuoka, Kyoto and Ishikawa) and northern areas (Niigata and Akita), high number
in the former areas and low in the latter areas. For example, the mean counts of dorsal fin rays of the flounder
were 76.6 in Fukuoka, 75.3 in Kyoto and Ishikawa, while they were 72.5 in Niigata and 70.9 in Akita in 1995.
Similarly, there were regional differences in first ring radius on the otolith, large size in southern and small in
northern areas in 1995. It is considered that morphological analyses using dorsal and anal fin ray counts and first
ring radius on the otolith are useful to demonstrate the stock structure of the flounder in the Japan Sea.

The difference dependent on body length in meristic characters of juveniles in western Wakasa Bay
Dorsal and anal fin rays in juvenile stage were examined from 1996 to 1999 in western Wakasa Bay. Large-sized
juveniles have significantly higher number of dorsal and anal fin ray counts compared with small-sized ones.
From the growth rate in the juvenile stage, spawning season, water temperature condition and current velocity
of Tsushima Current, it was considered that large-sized juveniles are spawned early in western Japan Sea, e.g.
off Tottori and Shimane Prefecture, and small-sized ones are spawned later in western Wakasa Bay area.

Annual changes of meristic characters of 1-year-old fish in western Wakasa Bay Three meristic
characters of 1-year-old flounder in 1993—-1999 year classes in western Wakasa Bay were examined. 1-year-old
fish examined, except for the 1998 year class, had over 75 and 57 in dorsal and anal fin ray counts, respectively.
Their fin ray counts were equal to or closely approximated those of juveniles that settled early in the season.
These facts indicate that 1-year-old flounder growing in this area mainly consist of the “western population”
almost every year. Mean first ring radius of otolith of 1-year-old fish of both sexes in each year class were
closely approximated except in the 1998 year class. Therefore the growth rates in this area during the one year
after hatching are almost fixed every year. Judging from the three meristic characters, 1-year-old fish in 1998
year class mainly consists of the “local population”.

The difference of meristic characters between immature and mature fish in western Wakasa Bay
Meristic characters were examined in 887 immature and 348 adult flounder sampled in western Wakasa Bay
with the focus on two distinct populations. Dorsal and anal fin ray counts were compared between immature and
adult fish sampled from May 1994 to May 2000. Adult fish sampled in the spawning season had significantly
lower dorsal and anal fin ray counts compared to the immature fish sampled in the same area. Considering the
previous reports which showed that there were two distinct populations as resident (lower fin ray numbers)
and migrant (higher fin ray numbers), we speculated that the higher fin ray number population migrates from
this study area westward at 1- and 2-year-old, whereas the lower fin ray number population stays in this area
throughout their life.

The first annual ring radii of the otoliths were compared between immature and adult flounder sampled from
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May 1994 to May 2000. The mean radius of the first ring in adult flounder was significantly smaller than that
of the same year-class immature one. This phenomenon was observed in both females and males. Considering
the previous reports which showed that there were two distinct populations as early settlers and late settlers, we
speculated that the early settlers with a high fin ray number grow fast and migrate westward at 1- and 2-year
old, whereas the late settlers with a low fin ray number grow slowly and stay in this area throughout their life.

Stock structure inferred from morphological analysis and tagging experiments
Details of stock structure in western Wakasa Bay inferred from morphological analysis and tagging experiments
are given as below.

Juvenile stage Two populations settle in western Wakasa Bay. One is the “local population” spawned in
western Wakasa Bay between early April and late May, and the other is the “western population” spawned in
Tottori or Shimane between late February and middle April. The “western population” settles early in the season
compared with the “local population” in this area.

Immature stage The “western population” and “local population” that settled in western Wakasa Bay
remain near nursery ground until the summer of 1-year-old. The former are usually more abundant than the
latter at 1-year-old. Most flounder of both populations migrate from near nursery ground after the summer of
1-year-old, and the “western population” migrates to western Japan Sea such as off Tottori and Shimane until
the adult stage. It is considered that westward movement of the “western population” is a recurrent migration.

However, immature flounder migrate into this area from the northern area such as the coastal waters of
Ishikawa and Fukui prefectures in autumn and winter. They migrate westward like the “western population”.

Adult stage Adult flounder consists of the “local population” which has origin of juveniles spawned in
this area between early April and late May. Adult flounder in this area is not so abundant because the “local
population” is less abundant than the “western population”.

7. Fisheries management

Stock enhancement It is important for stock enhancement of the flounder that hatchery-reared fry are
released in a condition of the same size as the “western population” because fry of this population grow faster
than the “local population”. The optimum releasing season for 30, 50, 100 mm in 7L is between early to middle
May, middle May to early June, and late June to late July, respectively.

Stock management [t is necessary that immature flounder are caught in the size of 30 cm
or over in 7L which is the commercial size, and that adult flounder are caught with attention to
recruitment overfishing because they are mainly caught in the spawning season in this area. The
“western population” migrates in a wide area over the range of the prefecture, therefore we need to
work in closer cooperation with other prefectures for fisheries management of this population.
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