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E1E #

il

t Z A Paralichthys olivaceus 1%, 7 L A B Pleuronectiformes 5 L A #E [
Pleuronectoidei & 7 A F} Paralichthyidae |ZJ& L, HAS, 836 L OV SR RIS
Dl o> TR 3 % (A B, 1986) . ~ ¥ A Pagrus major | %, 2 X% H Perciformes
A XX #i H Percoidei # 1 £} Sparidae |ZJ& L, AbyEE G - ALHOmERS B 2 R < B AR
DA, FAEEEE S - TR - BT YR - BB o TR AT 5 (A -
HH, 1986) , MfEITFRAEOEEREENZFETH Y, ENFHITI W TRE#
N THREE BT EN B STV AR CEERFIFRENRETLH 5, BMOEIC
BWT~ A TIX 1962 4RI, & T A TIE 1979 12 N TR i3 918 T TLA
K, ZALEI S8R, 41 R LT, BERAER HRY L LI 2E O Bt EH0,
2017 FFIZBNWT XA TIX 906 TR, BE7 AT 1,932 TREZ>TWD (OKPEN
It - ZUEHEE, 2019)

b T A OGIRE LA EIZATV, AFERELZERN TR S DI LTV 7o
20X, IMAEKMELZ TRIL CHEIERIEEEZRO DL Z ENEE LV, ZONNAEKYE
ZTPRT 572D, ED XD BRI LY 2 DFEOFERBEDELENIRE LD ZH S
MPICT DT ENEETH D, RO AELE B -CHIIAAE OfEITIL, &R
OHEEIZ S & LV, FEEGREINO &S ELEE 2 D BT, EE)NOEBR R EHRIZ 2
HEEBEZDND, LNLARRE, IMARETERICET 2RIV ThoffEc
BOWTHRRLTWD, BlxiE, b7 AKREEIERIFETIZ 10 FIC 1, 2 EREDH
BARREE DI BTN DS (R - R, 2000), Z OBECERIIIEL L5
2o TR, R CIERARER AWML T2 L R N LT & FFAT 5 & T
bH, RINGWA~DEOEEZ T 2 s, mfEclEInE THolchk
MENTIhenrotz, ZTOHEKD—DE LT, MGRFEOWHE TOITENIET 55 70
IR IR ENTE 2 (@RI, 1986),

FEITIINFET, ERNTIECIY, BT XOMERERICB W TR E R
O LR B & OBIRA O BE A A U, AR o0 B A
BT, RCEGETE HIIE 0 & EER R B DS HEFUSE & A e IEOFHBIRIR I &
D, S OIZITHEMEE L EO%ROBEMARE S AEREOFHBEMRIZH L Z &%
R U772 (I, 2019: AFa3C 2-1-1) o F£7o, SBEEREEO R A ZRIZ OV TR A



R, —&IZ, eI AMAMOFEERE LT IEPEETHDL Z ENHD
NTE7H (Blz1E Tanaka et al., 1989; Amarullah et al., 1991; Subiyanto et al.,

1993) , 7 IFD G ERGG AR VR RIS T 5 v T AHEF D RCE A HER
KOFFHIZ DN THH HMIZ L2 (Yamada et al., 2020: AGgXD 2-2) , ¥ X AT
WL, VIS EBRAOR S Av7o N TR B IRRED B S~ DM BIRE 2 K Bl I
L0 FHAICIE L, HEAMOBRAZDIE 0 ISR 2 eEghE & BEINA /) OIF(E
EHALMC L (UES,1992: KFH3L3-1) , £/, TDOX )7~ & A HeAICHE
B DORDIE Y EER RS D B OE RS X OZEM SIS T, il o
B EREOE N X0 EIEHRIZ R LR OB 1070012 0 ARE @V AT
Tl AERMICHEE L. (ILHE B, 2004: AGw3C 3-2) .

VibZb L2, HF4EOREELZTIE, WANIEICEIT 5 7 2 DMAREK
R DT D DRI ERRE LTz, ~ & A T BUREANIZE L TiE, AR PR film
ICHSE RREMDOIFAEE LI LIS B OBIREITIC O W TERB LR L1T-
7= IHIT, ¥ A OREEMEEZED D FIEICOWNWTELE L,



28 EJADRESHAA

2—1 E£FHNYPOEEEY EZOMA#E (LE2L—)

%< OWFFEMTIX, BETHICONTRHEEMETT S (B 213, Hewitt et al.,
1985; Folkvord and Hunter, 1986; Van der Veer, 1986), FIADIIAE TOAFRER & L
T, HUROH I B L 72 & 2R R R ST & 72 (Leggett and Kenneth,
2008), —#RIZ, YA XOHERKLREFIM E I TEIOZED, BREZ(CCH &R
T HEEDOHETS S GO EAFRIINEE D, BWERRITHEOSS DO LEEZI LN
T 5% (Anderson, 1988; Litvak and Leggett, 1992; Leggett and DeBlois, 1994) ,

IMARNZIBWTIE, FEEEREICER OLEY « WEBREIC L - THRESAFED KA

R, HeORBERBEICBITHEESERVNPRES LT TLIGAVH L L%
AHNTWD, I, DNEEZE& R ofrfadl], 1BAFABRAG L7ofrfadl], PIEEar 4%
T OAFFM], ERE% ORI JOREAE 2 ERFEERE L L TIES LT
% (Anderson, 1988), FHEMMOBFEIZZE TH Y, WOE LMD TREL (B8
5, 1988), ZOWEH (Ji~{F - HEfl) ORI ORREIZL - T, Lk OBEEREITK
ELET D, ZOREORY, T BRI E A E B 1| D5 E
B 2T\ D,

b T ADEFE A B EICATY, AL LZEN TRRZRbDIZL TN

2%, MMAEKEZ PHIL CHEIERBIEEZIRO D Z EDBARFRTHDL, DM
ANERHEZE TRT D708, ED X D eBiIc K 0 2 ORI OFMEED B (year
class abundance) 2R EDDNEHHINTT D & OEEMEITE N,

IO, EFTHRBEEA D LI LA EREEO BT EL 5 2 T\ DAY
HI7RBIG 2B L, MABKEICR b EEL G2 TV LD BERESCHEE
DIBRIZHOWNT, BT A 2@ LRAEOMAEM R ZEE Lz, Fio, ERaick
WT, TIEHOEEL T AREHOFERIEOGE, b T AHEAM OFEIRRE DS
ERIEMARE L OBREZRENON LIz L 25, KEPEILEIEXRIZ R W TR E
ORI SN, ZNHDZ L EERLT, LA ARE T ADMEND, &
AR 2 1% CIEAMNICBATT 5 £ TOARZMNRMBRIC OV T HEEMIZPT L, N
ANBIKHEL D DR T BEFEE DERN 72 EIC O W TR Z AT, ok, LA

ﬂ



2137 VA B 1 LA F} Pleuronectidae |ZJ& L, ALiECU v 7 lgle EICAERT 5 BIK
HTHY, ZNETIZZOMANERINTND Z L0 b, REOBEAEMRL A E
RIZEERL Lo, £72, ZNETRBHTH o7t T A BBUEREE DI A BRI
WTHBZE LT,

Kimz WO DI HT1=0, MEEOEBEZLUTOX S I1AT o7z, RBEDOIARIIVER
AMETHEZERD D, EITPEINBMAEITIND 2R EDFMIEOEAES L ERIND
(Van der Veer etal., 1994), —7J7, EWNTE 7 AMA®EEFESEGAEIZIL, MHEkEGETO
Rl % G oA —4Fln L AHE SN D RHEDFERIEOERED Z & 28T HAENRS
WV BT AHERERR L TRESG~DOMAR ELMESGEE bR LD, £T2, KiwT
SIA LS BI1E, & T A TIEBRUTIA U7 BB 245 L7 — Z 131
ENEFIREN TR ST, ZOZEND, BT A TIHEENMAT —4 % A0
7oo 7220, MOBREETIE, BIHA~OMAIZON TR TWAEHAE BN
ENDINAEMA (recruitment) & PFEFRL, JEHENA (catch recruitment) & IXXA) L
oo BIEIZIWT, (FAMIZRTZZRIE THRNOIARTE TOREEMIE, —KIC
HERIICFS MM 7 & LI B, T 2T, BT ADOMARZREASH CREkfA
immature fish) & L7c, REAWIDO S 6, BEGATEMATZ I (OF ege) - 17
(ffa larva), FRBSAETEH 2 HEAH (A juvenile) 38 L OUESB L HINA
AiE CEAAM (5 young fish) LFESZ L & L7z,

b T AMF - HEOEREDRE A7 — il (1967, 1974), m (1982) IZHE-
oo B AMERHORE SIZHOW TR O 2 BT 572012, #HEK
(Kwak and Park, 2016) |2 &V AR 2 2RICHE L TR— L, #EMEOHZOFEINNIZ
WX OREEZR LTz, 723, 7 LA A Pleuronectes platessa D25 — K ERFRICS
WTIE I ETHE SN TV ew, TERRARFM LA L 7= LA HD—
T 5~ 24 LA Pseudopleuronectes yokohamae |23} 5 #% X, (Kwak and Park,
2016) ZEEANCHWTHE L, @mXTORRITE T A & FERITR LT,

FEARFED G OWTIE, I, frfadll, HAads LU ek R & TEAH LG
HIEL LT, BIXIZFRAMOFERBEOERE, HMAMOEREOBE R L LIFRT
Ll LT, B AEEB0RREMKEICENT, FRAL5E T LIoHEABILIE O LTS 4 %
WEH XX LTI L Uiz, £BES T, BEFOFALEIKEERELE
T LEZOMHANRET 52BN TRINDL 2, [FEPIZH 2 W HAEK L



IReASE T LT ER £ CTOAF - M) 285 L C DEEEBEY) F/o3ic 15
R & L7z,

K CEIIHEI BT A LT VA AT, BET D L1, HMEBHTEINS LT
WAL, RIS R SER LERERAIT O IR 2/ LTV D,
Ui, BAREOPIIIM AT TAEBRL AT b A bND, Aiw T, B
DX RAEEREFT DA x5 & UCBEER RO & BRAIT T,

2-1-1. REBEEEZL EICLE-HELTEICEDLIETHMR

BAKHOG G, & OB OB 2 BTN - (Al - M2 & oM

T Lo TRT Z LITEYI T A, Tebh, EOERRERRHEN G, i,
IR~ OB R B L OSBRI DB ST O X 0 ISR EATE» O L
BRAET L THMRERVIEAEFE LB L OICRDEZNENDOBRRE T, EEEZ
Bl A2 ERNER L EZEZOND, ZOZ D, ZNODOAEEYZ &I EmM A%
T LT,

FHTIE, ZORHOBEEINEL 52 5822 W7 b D, KEWILR E
B FEIRNT O 20 (B A BGRET RS | i 7= & o, BPEVEM O B B 7 & OB FERTE
72 AR TR (il 72 b 0, & LTI A R UM E & OBIRICfiliL

WZER LT U,

[2-1-1-1. FlEHT) 12-1-1-2. SRR & BB SHEAM ~) TITFR BB & A hk
FHBGOMAEGORIZBNT, LA R T AZRWZEEE (LIF, ol
), VAR, £ 7 ADIAICEAEMTEZ 58 LTz, 3T 2 TlRbhize 7 A1k
T DA ONTIE, 12-1-1-2. FEBFEHI O REHHAE A~ OHD S b, 1(3)

SEOHEEMEICOWT) OF TR Lz, &7 A LSO BARSEICEE T 2 BEEAFE %
Table 1 {2, b 7 A B9 HBEEMIIE A Table 2 (278 L 72,

2-1-1-1. VAl

ZITE, REERBEOINY, FEHOO L, MEMTESN, #ilEL TWHIKED
REHICIER L, ORI & S aIc I T 2 -, M ailn IR R~ O Rk ot



FINT T, BEEA R OBURIEIR 217 o 72,

(1) Jn

t T A LSO BARIFIZ DN T, RO B 7 B 7 i 5E & KR B B O AR RE
e B8 T L\ Table 1 IZEEFR L, IIHALC DWW TU 1 ISR LTz,

IRHAD B T BA DO BB Lo TEBT 5, S HICHAEKIRA: E 8 ML 7
FHRIC L > THTCEDOSENMRED B D, MHEONEE LT, JROAEZFKDIZ
AT DL 7 £ OBFR ORI O BE BRI TR S VTV 5 A (Van der Veer and
Nash, 2001), St DEREDTES~DKBIZ OV TURT L A ERSN TR, X
7 A VA Reinhardtius hippoglossoides CIIPEINE AR L #INE L DEBLEI/RIR S
TW575 (Gundersen et al., 2000), MAEKAEL DOBRIT RSN TR, Vg X
— 7 5 v X —Pseudopleuronectes americanus TIFAEM ORI & T D% IZHEES L
Te NN B HE (g A & b 5 17 CPUE) IZ IEDAHBI DGR H AL TV 5 (Wilber
etal, 2013),

T LA RZEBNT, BT AV v v a i CILPEIN & & HER I OFARAED B IZIED
BN ® 5 Z EDREN TS (Geffenetal,, 2011), F£7=, AcifE TIIINIE AT
W7 B AR R B &, 2 ORI OEMBEO B IMA R LT 2 b & ik
EjCE 7= (Vander Veer et al., 1990)

b7 A T%H Table | & FEROHN THIEFEMECARBFIBIRICIER L THEAL,
FEARRE OO B 7 BTl 723 S0 % Table 2 IZ/R L7z, B T A TIE, S0 EHZEE)C
BT W9t TN T 63, JREIAE L ORRIZS D> TV, BIEROHMERIC
O THOESLEITEETH L0, (FRMLIEDEFLDOENRRE WD, IR

BRGS0 A TRV EE DS (Table2 @ i 1H),

(2) A TOfFfa

A CTOFAENZ DN T, FRREEOEEE 72 ST it 723 30T Table 1 @ i THIZHE
B U7z, ZORHIOFERREOEEL, R, BT RV EBRGIRNEN T2 2
EZ K DI KO BIEREE /2 BT KV, R T EDOZ N EMSIANCIRE D &
Bbhbd, Uy T v lETIE, 9—n /X7 T v % —Platichthys flesus T2 7 7 ¥ D
BIZ K DRI ORE R OFFNN & % (Van der Veer, 1985), AbifE TlE, Kiie —
EDKMBEIORT T 7 b OFAEITEE LICEIND X A X 2 TR EY & o
HWIZEDY, (FROAERERIZZ> TSI ERERM LTV 5 (Rijnsdorp et al.,



1995), KB OEBEEBHMIIO T 71 77 v A Hippoglossoides dubius {5 CTl, KIED&E
SNEFRELEALTEBY, FELAAEYMOEEITEOFERTIT RN ENBLES
N TW5% (Nakatanietal., 2002), L7 LZARARH, ZHbHOMIRIZENT, HEETO
kL T DBROIMARE L DBEE TII/R S TUVRLY,

TVAAMFRATRY v 7 Vil Tr 77 HOMBICL2ETHIISEZShD LD
FERNH DD (Vander Veer, 1985), ZZ THLENOLDOAFKREMAE L OBEE F Tlinx
S TVZRYY,

b T A TITMHEIBIC BT DRI O T 2 EEAICHE L7 RIE A b T, Ak
AR L DBRITR STV ey (Table 2 O ii HH),

(3) HFHmsH OfF ]

A I B VR B~ o0 B2 B i 25 ) O A ) 0 ARl B 0D 8 EE 7 BT ik T e ST
Table 1 O iii FHIZHEHL U 72, AFRUTIEK N ANT & A E 720 IR THE K DIt & - TF
D ZLnn, ZOBREEEH O A OFREEO S EIL, WEER T H 5 KR -
AL, AEMERTH DR - Uk Sl Ko TEEMSIIFECEOZENRE D
BN DN, AR OREROIR A OEFERAEZ RV IZRET DN EOER
AR O EEMENFER S 41T % (Van der Veer and Nash, 2001) ,

o FMAEE (B 21X, A > H VA Platichthys bicoloratus: Tsuruta, 1978 ; Yamashita et
al., 1996a; ~ A L A: EifED,1986; A 7'V v =2 — )V Parophrys vetulus: Boehlert
and Mundy, 1987 ; ~ % LA Pseudopleuronectes herzensteini: 7K ©, 1998 ; Nakata et al.,
2000 ; 77 A J1 7 VA A Pleuronectes quadrituberculatus: Duffy-Anderson et al., 2010 ; ./
— W v v 7 Y — ) Lepidopsetta polyxystra ¥ & )N ~ 77 L A Hippoglossoides
elassodon: Wilderbuer et al., 2013) TiF, {FAMICZIHWT, sl L OWIY 72 &2 F]
H U7 E i HiR i~ O @ik L OSIRE (RREIRY) 728kt O 7 3 HEE
ENTWD, v T LA T, MEOEING)H O fls RN 22 8nE B 8) 217
IZLLBELIEEMHEET ML I ab—2a o LEERER, RIEMREDS 30
H#IZE RS E Tk S5 2 &R S h, BUED B 2 MGEE DRSS 23
ANEOEBERNZ /225 A[RMEA R S TWD CRKS,1998), £z, X—U v 7
DT Z AH T LA A (Duffy-Anderson et al., 2010), /—V v/ V—LBINy~
H LA (Wilderbueretal.,2013) T, MRIEWEDTRTIHMFF DI I~ DH 51258 <
L, RN RKYE L BRI 5 AlREME S HERI S v TV D,



TLA AT, AGET, Wik KON e & 2RI LIz a8 B IR Rt~ oD gk
PRI 72 S O AFAEDHER S TV D (Rijnsdorp et al., 1985),

b7 A THIrAEICREt I KO 72 E 2RI L2 a ik & ik Rk~ o 5% )
13 X ORI 22 i S S HEE S v T D GEBF 5, 1977 ; A, 1988 ; Tanakaet
al., 1989a, 1989b) (Table2 D iiitH), L2 L, iEDREIC K DI A~DREIIR
HTH D,

—J7, WM T, 2005 FO T A HBFERREE & 2006 4O 55/ NMEREEOTE
FRERNZ DWW TR S0 03 & 5, PEYIEL RIS 2005 42T 2006 £ L D $ %70 o
7oy, AR T OIF R OFRREED BT X BTN/ <, HEFREE T 2005 4
12006 LD EL oo, ZORREIY, EEHOFRDNTEFREEIZ M D 5 HE 7 i
AU D ELSENDDENARODNDNT K o THIEM O BFE T RITEMRIEF TR E 2 2E
AT D EHERI S =28 (Oshimaetal., 2010), {FREIM S HEMAYIZE D F TOAKR
BROERIBEFIIR S TR,

LLEX Y, BRHETIE, SRk o038 K5 Tl SR BPEHEW 73 i
RTED LVIREIZESNT, FEMOFEAREEHICREECTE L0 E I PR ER
ETDERBEEEHDTND, LLaRh, b7 X 2ELREEARICEVT,
TR (BF - f7fR) DFETIZEIT 2 &Rl A ZE/KHE & DOBTE £ TIEE S
TRV, 2D EnD, RH TR ARSI HIE T IMABORIEICE
TThHhDHILaMamT d2RMAzkL T0D

2-1-1-2. AR O pE S HEfA

2T, AN OHEAIICH Y TR EEED 5 b, INFIRADEEN D
U CHMAICE R 25K L L, TOREREZICK T oHMAH L LTolT
oo £, REBEREWOSBANLE 7 A THAMIMINCTY IHEZ2ERT L5 2 E DA
<EBLNTWDZ & (B, 44K, 1980; FF, 1982; Subiyanto et al., 1993; [LIH &,
1998b), & H BefE = &R E O RPEHEMIZ LI TR < RTF T DB EofafE & Be S
NTWAHZE (ILUHB,1998b) IZHEHE LT, FFICREHICBWTEEEL L7257
JEOSEOEEMIT OV T - Flalk L7z,

(1) BRI B17 - Al



JEAM~OEREE LD BRI K OERBOBIZ L, FESGS LAIREHIZBIT D
EHEHERBE (prey availability) 36 J OMREAS, 55 FEAKAFH 7 B AL FREHAS & L <@,
EARRED B OB BT D AREMENAH D, TN DI 50 Table 1 (E
T AR BASE) & Table2 (BT A) OVETENENEI L, 12720, e
IC R DB TG E E T A RV B (Table 1) TOAREH ST,

ZOBRIC L AR E LTI, R R VIR RO BAEICOWTOMERS Y,
B Y & IEREY & OWERIZ L0, FEHREEEEMITRES T <, iR R
AR & JEAMNCAERTH D LS 5z (Wouters and Cabral, 2009), & %k
BD Y INFH VA Cleisthenes pinetorum Tl /KR I 2 IFA TR AA AL
BERT 52 & (CFM S, 2009) &2 DORICERHED O ENABIZE WIBAO
HEG~MFEBRESND Z & & OMAEDEN, BEE THOHMMOERIEDE
FEORHICHEETHL LEZ LN TS CEED, 2005; i 6, 2009), Z Z T,
EEEHRBE DM 72 F K~ D, FIED X A IV 71T 5O EEED /B S
TS, HBEBEHPMAZBOREICEETHDL L FRTLHMELHLLND (V1
4 —7 7 v X —: Witting and Able, 1995) 1E7>, EARFRA O &K O K E 22
ZAIZ & 72 ) BEO—RFHRIED A A NS 2 2 &R 8T XY, ARRITEE
T 5 AREME B HERI STV D (FE, 1995),

FLA AT, HEEFREDOZ T4 FEICBWT, AT 2 i@ 72 TR BR 57
HERI DRI O B LM A BT T8 < 5289 2 wIREME DS HER S T % (Poxton et al.,
1983), D FRAFH L FERIZ, 7 LA A THEERFEN T D% ORI OFERREED S
FEORTICEETHS &ETRESNT, ZORMOEER, FERFEOEEDOEILB LY
MREITS T DM MEICIER L7eZ < OWFER R 6% (Zijlstra et al., 1982; Van der
Veer and Bergmann, 1986, 1987; Beverton and Iles, 1992; Beverton, 1995; Wennhage, 2000,
2002; Nash and Geffen, 2012), 1 C%, BevertonandIles (1992) & Beverton (1995) i

et T, SAERFOFEMIEDEE DR 3 FELUNTH 72 b Oy, F5EKIEE D8
DZEFEIE 200 fEITHIN L 72 ICBITAR T L 2 & 2 3is U, AR FE O & K7
IRE RS DS I B OREIHR S B LG oM L L TERTE 2V L7
TR LTz, THHOHZEICE Y, AEEBRHIC, fiEzind & LB ERFNRRE
PRISREDS IR < BAFRIC W T LTl 2 D 1525 ATREME DS/ RIE S U7e,

b7 AT, RIERSCREARORFE CIRRRIZRFAOERE, AEBHEORE, 7 3



FHFEOD 72 72 SI2 X0 FIKIBERINC S D17 - HEOHUERP AT L, FIEYIH O
R 24cm (KK 1.5cm) F TICRMMRBHREDNET DMHN H 5 2 L blE ShTw
% (-5, 1989; Tanaka et al., 1989a; Amarullah et al., 1991; Subiyanto et al., 1993; Eify,
1994) (Table2 D ivIH), D7, AHEKIBRYOMEEZ RO &+ 558 EAFH) 72 [
REGHEEARE OBRE OEHIR 21T T, YO X 5 BB ERICAR D% f#H 3+ 54
FEOEBEMENBE SN TS (HH,1988), ZAELBEH LT, HA (1994) 35K
FEOWFEN & T A OPIMIBFERIRICK L CRERLEL SO L REMZHEN L, 7
SEOBE L v T AR OFRBEOBEICBE LT, RIGRMEHATEORES T,
M EATH OT IO ENENDOEEDORIZAERIEOMBEEZRO TS, £72, 7
SHEDOBEERE o T2 1991 FITEET THEEZ O b 7 A HEAOBEHEEER 77% Th
ST, T IHDEE MR o 72 1992 FITITHEA OBEEEE T DTN 12% TH Y,
WAEOFHFIREZR 7 JFHDEEITITH 10 (FOENRH T FRLTWD, 72721,
1991 4F, 1992 IR 2 MERHEOR B LD b 7 A HEMEE L IBEMAEDO L5 L
DOEFRE TIEHA L NS5 T,

Cushing (1969) 1%, TRFEHOMAEOEBFKIZOWT, FHFEOEINIIZV 20
RESTERNZAT DN D DY, SMUITFROEEVEMIC R 287 F 7 kO EORE
IR DRI T T 7 N UV EFE SO N EAR T S Z LIk b, FEIREIN—
WRAEPEDIEE DN —ET T (v v F) RERERIENAELT, Z D2 DORFA
THEZIL (A YTF) NSRERIEL D) EWVWIHI vy TF—I Ay FEREH]
DTHRE LTz, T ORHUE, WFEREOR e O T RBEICK T 285 L 2 DR Y &
25RO BOMEOHAEBDEKICEHT LA GH 57 E (BI2I1T, Visser et al,
1998; Stenseth and Mysterud, 2002), XfFE72 & DERIE O FHIA B CHELENIERX L T
x REEEOMAREO K E S LEREM OB E O~ v F — I A~ v FBfE (Durant
etal,2007) Ziad D Z LN TE HAETFHRMETH S,

ZORGEIZ E VBB SN R E LT, BAE TIT B Rt o R A BRI AT - HE
o NENDOERNOEG— (v v F) BDEHA I TS (Wilderbuer etal., 2002, 2013;
=i, 2003) (Tablel D v IH), $7bb, WEHAN—V U 7VBICERT L7 T v by
R — )V Hippoglossoides elassodon \Z-O T, BEIVBLFAD SR, 7 - HEAW A8 T,
INABNC A 5 A3 F BPE IS DEEREY A XD 1978 42~2005 12072 DFEZEE)H
AT SHLTo, DR, PEINBLAE D KB 22 I AEBHBR BN B 72 i B S 1B IR L

10



TeRTHFEAERE (1 - HEf) 1L, OBV LOBBOIMAREIZ R 722 &N RS
7z (Wilderbuer et al., 2002,2013), HARREEEIZE DO~ LA TiX, EINTHS 2 A
THI~3 AMFAE L DRI OBEAIZINY A XD KRBUGIZHE S St A R & N
DRAUCIZE VBN DREmEDLZ &, BLU6 H OFIEMETE A & 70 5 R B
EaAXRAA NOBERENZ L, INHDO2BAOE— (v TF) DEBERED
FAEBRICRD EEZ BN TWD (&, 2003),

(2) BREBICE T 5 M

BB ORI L IMAEDOBIRIZEAT 2782 3k L7272 (Table 1 OvilH), b 7
A G RBEARZ ML TH 2 < 3ol

B 21X, REREEICLDER2HEEN L LT, FJH—U 7 TiE 19 EEEK
DT T ANT 7T H VA Atheresthes stomias, 817 EEEDH T AT LA, L2776
BERD Y 2 3 2 H VA Lepidopsetta bilineata DEMERDS, A X VA Limanda
aspera \ZIE S NT- 2 EBRHEE STV D (Livingston, 1991), L2vL, D X H 7t
KRB AIETS EAERBEDTERCIMAR & OBBRENRED L 512> TVEDONET
TR ENL o T,

BAREHE I OFRRE DO BE L IAZDOMIZBWT, BT7AT LA La—m vy
— /L Solea solea CHEILIEDFN, 727 LA A TIIABERBERD, ThERD
LN EWVOIMELH DL (les, 1994), WL b HEA W OFARRED BN R F 5 2
K& TIEE kS odz (Table 1 DVilH),

b T A DR —AFARRE B T D A O ERRAE O BLEE LI & & D IE D FH IR
FRIT, BARMEN R CIrIR IR AR IR, 1989; Kato, 1996; FUBRIFE SR AiH, 2002),
WP PVER (B AR vE 0. 60U - ATJEL 2001) 22 ETRONTWDR, T AHE
R OEREFOGENRELERITIINE TRENT I M >7- (Table2 DViHH),

(3) 7 IHEOEEDEIMIZHOWNT

INET, &7 ADMABRLEEEEDIEIICT 70 —F LIEMETH £ £ < ehn
ol ZTDOX 9 72H, Oshimaetal. (2010) 1%, & & RIpFEICALE - 2 KL O
WABEINETIE, 7 IEHOBENFIZLEL TEWERETEDLDT, b7 A1
NEEFEHIE IR L CREICERETE 5 2 & MR OFEREEDO B E D& S IZE#
BNDEERTZ, LL, KiCBIT 200 T, FEESRFICEWNTHHEICL-T
TIFOBENRKRELLETHL, ZOZLLEBILTE T AMMOEE LRSI EH L
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TWDHERI R ENTZ, b DOERIZHOWTLL FIZEERT 5,

IEFEALEIR RO FERLFTHO— > Th LRk (R CTEEIcE
M S VT I ERAR AN BT DD RFR T — 4% (JE38 5, 2001; Tomiyama et al., 2008,
2013) ZHHAGDOETHH LIZE A, 1995 ~2000 4% TDO b 7 A HEAH OFHK
ﬁ®%§&ﬂ%&n@7iﬁ@%ﬁ@iV&UAv7i0mmwwmmmmm:ME
5,1994) OBEOMIZ, AEREVIEOHHBE (n=6,R>=0.9730, P <0.001) 725G8H 5
ﬂk(ﬁgnoik,%ﬁﬁﬁm%wr,7i%@%§@m%%&wﬁ5%ﬁok:
ERWESN TN D (JEHES,2001), 2006 FOF5/MEREEE (Oshimaetal., 2010) &4
DT IFDOEET — Z IFELRENS DD, FENZE LB 2003 FOF—H
(Uehara et al., 2005) Z [T, 2001 4F, 2002 4F, 2004 4E365 1 T8 2005 4E0> 4 HMETE
7 A MEFIIOEAIE DO TSE LKTR 10m R0 7 JFHOEE & ORIZITm W IEDFAE

WERH BT (n =4, R%=0.8474, P = 0.0795), HFIT 2 D 4 DMEITIBW T BRI &
72572 2005 4F- (Oshimaetal., 2010 ; £ ©,2013) O & 7 A HEFA M OFRERED B E (19.3
& CPUE) BLOT JFHOEHE (1,826 HK, m?) X, WTILHMD 3 HE L~
THEMETH > 7= (Tomiyama et al., 2008, 2013),

F7o, Bl T AMAIOFERIED B LK Sm D7 JHDOEED 2 A EMIC
AEREWIEOMHBZGRD BT 1995 4F~2000 FE ORI OV TRFI LIz E 25, H
HUAERRRE N T8 A LT 1995 07 IO 8,720 fHE,/m?> Th o7 DIZk LT
(Egn,t?%%ﬁ%@ﬁﬁﬁ@%ﬁﬁﬁ@otmwﬁiw?iﬁ@%ﬁ@1n4@

K,/ m> 720, 1995 F L ORI TI8HELDOENRBD LT, 7 IFHDOEENME -7
1996 =D & 7 A HEFIADFEMBED BEE 1T 1995 0D T00.07 %5 (< 1/14) OIRE &
ol

L7eido T, BRiEIc W\ T, sEFEREEDOREDTZDITE, [HD—EDKED

b T AMFROBEE OS] (Oshimaetal., 2010) (2T, ZH 56 OIFROKRDE L 72
TR LT IFOBEORES] O2HBREROEG— (vyF) BREREETHD L
EZ B (Table2 v ), b T X EBAERBEORAZERNIL, [(HEEBRRICE TS
7 « Hefall) OIETHIA L7z Cushing (1969) DO~ v F — I A~ v FAGERIZ L - Tl
HTELHD LM ENDITD, 2O~y F—I A~y FERGERICE > THIITE 51
O BAEFHOMIE (Wilderbuer et al., 2002, 2013; &, 2003) & OFHBINED 5 23 272,

b7 ADWEENMAEIZONTE, ik LY, FENELENTZ 2003 47 —
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% (Ueharaetal.,2005) ZBRE, @5 RIDEOERBERIZIIT 5 1995 4~2005 FFD 5 5
10 MED B T A HEAIOFERIEDEE (Tomiyama et al., 2008 DT — X #5|H) &K
TWEEALERBEIC B W TR O IR E 70 5 1, 2 Wi R CGEE G, 2013: &5 IR
DIIED R AR 2 R AR RIS X X UMERE - il Shie T — 2 %51 H) &0
BAMRN G, MEOMIC L HEEZREWVIEOMEENFED biv/e (Fig. 2,n=10,R*=0.6676, P
<0.01),

LLbEX b, Bl o 7 AFERBHCBNT T7 IHEOBE L b 7 AR OEREED
B Te T AHERMIOFMRREO B S AR BNENEAEE R EDHBR
fRiZdHHZ & (Figs. 1,2) ZE—OWRIZB W TRTZENTEL, DF0, TIH

BEICXVHE SN T AR OFERIEOEE (Thbb, BREINAET) 73,
ZOBHDMABKEZ GHET LI EEAWRICAHTIENTELLDLEEZE X BN
2o

LLED X912, ENICBWTHBIFHR TOR 7 IO EE — b 7 A A OFR
FEOSE — R IMARE M CIEOMHBRRR A ON I EREZLTOLIITELE LT,
FT, W T, KEGEGUDEMENIAL, EERESGE R WERERNIELE
MRAY T LR B e R T H D (R, 1990), Z 22k T AHER D EHEEEL L
MBIV U NTT I | FEMESREE L CABEICEHBOAT S L Sbn T
(IH&,1994), F7z, WEHREIT R &OBUH OIR G802 &I LI AEPE 123
m<, 10 BT 1, 2 EREOE I ARBERBEORENROND Z L (JkE - HEH
2000) 72 L, BT AOREENENTS HB LIRS E S Dil, AOAEER S FE
WHEN TR LTS L2 Thd (FEHH,2013), LabHEREETIL, BERICK
DRI 72T M - B T ARERGIECATTIGMA R E0RE, RIIIChI o TiThh
T&7-Z & (Tomiyamaetal.,2008), [ESZHFFEBRFEIE NKEMNTE - BHEWHBIC L2 T
A KA R BEO B IRRE M FE MG S IR &l L Titbh, £ Z Cid@ERfo7
—Z OIEMERFICE -T2 8 GEH D, 2013) RENRZBET LD, L EDZ &
5, b7 AEBERBEOREN L OND Z &7 & O BHHROMWIEEE, BLORL
CT =2V TV TOREERE NPT LN, ke [7 IHEOBE b T AHfh
MOFERBEOEE ] Tk T AL OFRREO B —REMA R MoIEDM R
MR GNTEZ & ERSBER L TWDDTIERNA DD, ko L0, HAMELF
CHTES ¥ N7, 1989; Kato, 1996; FUEDATA RIS AiH, 2002) CWS VAR (iR IR
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R v A - BiIJR, 2001) (2B WT, B T AHEREAOFERREEO BT LRI AR &
DORNCIEDOFHBIBMER MR LT Z & D, A B EOPREICT JFFHEDO FHE
EERHER DO BN ED X 5 IR L TV D E 525,

2-1-2. MAEKEDRAEER

ZIZTIE, 2-1-1 TREENT, FEMEAY (7 IH) oBEICLVBlESNT L
7 A MR DO FARRED BN, £ D% DOEMERFOMARKEZFET 5 Z L1k HH
£% (Figs. 1,2) (THEA L, b 7 AHMAWIOFERIEOEED, BAEMICED X 512k E
DO OWTHER L7z, £DOFES LTIl I — 1 v R E T b EBE R AR E R
D1IOTHLT VA A= L L, MAEOHMWAEEL 208 LA LA
R - L, BEBEM, ERFRBEORRDFEERESCHLN LHERI S D
b 7 AT D e O AEARIE OO B DU E BLA F6 K O LR AR O FE AR ZEIRIZ D
WCHEHL L=, VA R, ZOEWFOMEORELN 19 K5 100 FLL RIS
bR L, HEEHICEATHMENEB LA TH D (Gibson, 1999), = HIZ, E
T ARMO BAFEOHEMAI OFNRE (Table2 O ivIE) IZVEH L2 D, MAKST S E
7 AMERTEDO TR ER OHERI 24T - 7=,

2-1-2-1. LA ALt T XOHMIANE L O L

BB TRORKETH L7 LA ZTEHT DH5EILE T A L#EETHEARITZ D
2, BT A LOHAEZLOELEANZNESbNTEY, WAEOE 7 AT L
A AT EZEIZ L TR M ENTEMmE AR, KFmTh 7 LA ZDWFEE % <
SIHL7e, 22T, e 7 XL U A AMMIZET HEE - F)KY - liE%AEHE
L ORRELR ML D504, BtE7e & O ik R4 Table 3 (ZHEEBE L 72,

MfEIZ BT DR B Z L Do, BB OMMAERXEL A5 L, HakTo
IR - A7fdd 3 KX ORI O RTINSV, £, REG~OFEF A X
b RIS @y (Table3) . PHAETOIN - {7l (&7 A: B, 1982; FJi - 44
K, 1982; Tkewaki and Tanaka, 1993, 7’ L A A: Shelbourne, 1962; Ryland, 1964), &
DI FEIRA~OF M O F@E (v 7 A 1EE 5, 1977; B, 1988; Tanakaet al.,
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1989a, 1989b, 7’ L A A: Rijnsdorp et al., 1985), KEH~DHFES A X (b T A: M,
1982; B&EH-5, 1989; Tanaka et al. , 1989b; Amarullah et al., 1991, 'L 1 “A: Van der Veer et
al., 1990) [MFE CRALIEDS VY, WifER] CEEE IS 872 D A8 P RrE LY, B 7 AE
JEE 1% 7> BilFvk i 7 IS/ NUSIEZ RO & LB T T 7 b s Uk
Zord (B z0E, BoA 5, 1982; JAH 5, 1990; Fujii and Noguchi, 1996; 11 &, 1998a,
1998b; M, 1999; BF 05, 1999; HH 5, 2006; JNEE, 1987; LEH, 1995) dicxiL, 7
VA AFEAER P AL D2 L TH D (Poxton et al., 1983; Le Mao, 1986;
Rijnsdorp and Vingerhoed, 2001), kB L Z BT 591 Xidt T A TIEZL < Ok T
BREA) 10em TH L 25 (R, 1992; A « i, 2001; 7 H, 1999; Yamada et al., 2005),
Sem EHEE SNDWEHE S —IBIIEA D QBT PNERZEESCE: Yamamoto, 2006) , ~°
LA ATIEEE 6~12cm ((KEHR 5~10cm) ([ZKBH N OLIMEE~OBHNE Z 5
(Macer, 1967), ESH N LBH%EOE 7 A XAk Z L#HBEE (Fl 21, KD,
1994; JNfE S, 1987; 7785 5,2001; L2H &, 2009) 35 @KEAE £ 725 (4EH, 1995;
Tomiyama and Kurita, 2011) (Table 3),

UEXY, TR LT LA 0, AFREIORME, WEED b IR~k
HIERLAEY A X &0, ZEM DG FIEM E TCOERBOFLMERFENZ LB G005
(Table 3),

2-1-2-2. LA RZBITDHIMAEKLED R EEK

T LA ATIE, IN - AT BINASUTIRIEN N £ T DK F B B FE OO B
REOFEROBHICEY, MABKENRE L ERABRF SN TE (FIZIX
Zijlstra et al., 1982; Van der Veer, 1986; Van der Veer et al., 1990; Beverton and Iles, 1992;
Beverton, 1995), ZiU6H SEmSCICIER L, AREFAIREHE O Bre 58 F B % X5y
T, FFRBEOBEOREBERNEZEH Lz, ST, LA ADOFKIBFREZ T =R
K & 72 DR ORI OWTHERHE L 7=,

(1) INAEKUEIZEEDS B AL HE D B BE DR E IR

T LA AZBNWT, ERTFHRFHBO R 5B BERIIL A~GHIE T 7 20T
Sz (Tabled), T720b, AHNE HHEHTOIN - {7, B ENE THFkl
OfFf), CHIT TEEERE: FED & FET T EZOMF - HEAGY), D #IE TE#K
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FEOTERENEFET T LT BbAER 45cm (K&K 3.5cm) (CRZET 2 £ TOHAM, E
i IR 45cm (KK 3.5ecm) LD b REWT A XML |, FHNIT TBEE O 0-1 5%
FE - B BEXOGHNE -2 AN AR) Tho (Tabled), DHIE E HICE
T 542K 45em (KK 3.5cm) OBWT 5L A, EHY v T ICB T EY
+ 2 4H Crangonidae |Z L DHEADHERILT N, HEE EHICIOYA XEHITIKTT
% Z & T® D (Van der Veer and Bergman, 1987)

5 LENTNTHRF SN HEIT 2~5 OFPHTH - 72725 (Table 4), Zijlstra et al.
(1982) 1%, W T v T L HWHZBWTA-C-E-FBLOGHD 5 Flz oW THiESR
R U, BEECIRAIDEAEY) D 5B OHE S O AR D BB |2 B B R R AN
HBEISMEN B WA, BEE ORREEE LT LA 2 0—1 wifft - Z0d (F#) OFmREE
DEJE Tk U TEERAICEBI L2 E Uiz, RULK Y v 7 P IcBIT 57 v
A AIZDUNT, Van der Veer (1986) (X4 ] (A-C-DIIUEMH) DERTAIIE
BEmY B, MEBCoREEIR - 73 (AH) L 2R 45em ((RE 3.5cm) LV b
REWHA X (EH) BIZBWT, EBTEMMEOEEOLEEREN 1,72 FTERT L
TeHwHEN D, WA OFEINIIN A BEKHER R £ 5 &\ 5 5 BERRSL 7e SR E G % 42
"B L72, & 5IZ Vander Veeretal. (1990) 1%, AbyE CITFIETE 7% b 2K 4.5cm (K
R 35cm) £T DH) O Py IO EIC L D HERFRRFETIE, MAED
ZEITITNT & A EREET, FIIIEEED RS RN Z D &y O B BN A 72 {1
RETAEHAEIC X > TIMABKENRE L O L FOHERI L7, 72720, Zhb 25
TLORRORERIL, CHl EEERE] O ERA L EREEREIERE~D S KA 72
SNl &EThD,

ZOZ LICB# L, Macer (1967) , Nash and Geffen (2012) 1%, C #¥lIlZH T DE
55 DEREEUNZR TN BUE S0 2 HEFH D FERRAE D B EE D5 FEARAFHY 70 TR T8 08 A 25
ML’ B X B OMEERE Lz, 2OX I ICEASFAEINTELT LA RTBD
Th, AR O R 22 B AR E AR 12 BT 2 U Ze PRI E 72+ 01710
TV RN EFEH ST % (Nash and Geffen, 2012), Z OFEHGIZE# L C, Beverton
and Iles (1992) & Beverton (1995) 73, dtifED 7' LA ZIZBWTA-C-DBLUF
HETERR, DO D & DR ~DIRM S L UXE(BREOAT - HEAI O
DB T DRFAEROBEIRE SRR, Bk Lz B0, KRS (A #)
DIERRBEDE DL, DT 3 HELUNTE o= b o0, BEEE (CH) 12X 200
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FCHIR ISR T L2 Z L 2lE LTV D,

Q) LA ADEFEIE VT B 5 FEAR AT T B AR B Sk A

g—n Yy REHLE LT BRSO T, & EIEE % FER AR 7o 8 R EGR fitk
MBI L, ED X5 RBERICEIVIETENEGS RDDNITHONT, %< OWFFEHIT
PITE T (B 21X, Lockwood, 1980; Zijlstra et al., 1982; Van der Veer, 1986; Van der Veer
and Bergman, 1986, 1987; Beverton and Iles, 1992; Beverton, 1995; Witting and Able, 1995;
Wennhage, 2000, 2002; Nash and Geffen, 2012), HTH 7 LA A TIE, KB EFEDIE
U3, AR A XD b L O REISA T D Masatte SICER LR A 6
% (Lockwood, 1980; Zijlstra et al., 1982; Van der Veer, 1986; Van der Veer and Bergmann,

1986, 1987; Beverton and Iles, 1992; Beverton, 1995; Wennhage, 2000, 2002; Nash and Geften,
2012),

Z T, TTITEETTZ 10 X 2 REMZRUIFER L E AR LT, T LA ADKKiE
TR 2 Bh I IE T R I R & 72 2 R0 O FEKIZ DU T Table 5 (Z3E#E L 7=, Table 5
DIERIC 1= > T FICHBE LTz, LA RCBWTERD LB C # [HEH
] (Table4) D% EERAFHY B AL, 6 OMARBKEDOREITHEL
/HEBEZONZ, ZOZ LD, HBEEEETOT LA ZMFANEEL T T L THEMA
2R BRI R E DO BRBSICER Le, 22T, o 81 BEdmEflofrall ),
lc 1« AEIEIEAR: A& ICH L AFIKSE TEZ O - AW BXO Td ¥ F%aEo 18
WA T LICEZOHAE) o 38 (Jofo B~D #H &, BEiid—8 L <
WRWDT b~d #l& L7z) Y B, EORENIFETRETITEN 2 ER A E <
25D DINE, FmXOERI;AL TE SH2T T Table 5 1T LTz,

T ORER, EREG OB ERTFH 2L EIE, WA IRO I & s A AR ORI
#2 Z ¥ (Vander Veer, 1986), F7-ZERBLHIIRAR & 72 o IZERHE O BE RN A
5 EENENILIK L= Z & (Beverton and Iles, 1992; Beverton, 1995) A3/K &1L CU 7z
(Table 5), 7' LA ANEREMHEINLT NI ERERICERENTEY
(Wennhage, 2000), BFAMZEBWTH ZORICHR KO TRICDH Z L bHEEI LT
% (Nash and Geffen , 2012),

7E, ERESE T H A OMEM OB ERTFI I8 & HEE LT-WFFE T, HER DFE#K
FOSENE—7IE LLERIETRDRRITR D & S D45 (Lockwood, 1980)
R, TEV Y AL DMEBICK VMR O ABECERNPRERICR D Z a2 HEE L
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#f%¢ (Van der Veer and Bergman, 1986, 1987) &4 5% (Table 5).

LIL, Table4 & Table 5 KGO NTRREE L DD &, IBNFEBIZEIE L A2 RER
B CEIEBIARIE) 2 BHEFAY (ERRE TIERE) O, T72RbLAERBROT - HAa
2, A ZTIIIMARICR bR 2 K 9 708 R 2 BRGSO = 12
EOFTNET L TREHFL EFHTE D,

2-1-2-3. BT A BT HIMAEKEOREER

PR L7727 b A ZDH R ZR—RIZ, b T AT D MM OFEREED B DR E
FRIZOWTHEH L, F/2, b I AMOBEEOHAMOBRRIZIER L5,
IMAREEh T % & T AEEEEO T AR OHER %175 7=,

(1) & T XOFEIBFEINT I 1T 2 5 FEEURATH 7o {1 AR SibsAs

B FEARAT R 72 (B ARSI IS B ) ¢, NSO OB A — A BIR O 8RE o 28 8)

DERIIE, ETHEE LHEFORNBEENH D, £72, £ 2 TITEPEHEM O S
M PLEREE 22 ERBMEIAE B o TV D EEZBILD,

FHEWEHICBIT 2EHREICER T L, LA AT, FEENE—VITET
LI & BB ED DS ED R < IR DRI —B0d 5 & W O B3 5 (Berghahn etal.,
1995), [RIERIZE T AW T HEEDEA R &R e 7 IO BN E—
JIET DN T2 Z LR ENTWD (BFR, 1974; Fujii and Noguchi, 1996;
Furuta, 1996; [LIH 5, 1998b) (Table 2 D ivIH), Z DX HIZ, LA A (Table 1 Div

) BT ABIAL T, FEEIIEEEHED ORI FRREOSMREEY LRI L T
BT 5 L5 Th D,

B FEARATRY 7o B RS Ei A A O @ = 2358 < 72 2 W REMEIZBEE L, Daugherty and
Smith (2012) (XFH MDD 3 MR T, FUBARREE T FE (K A7) 72 8 AR5 £
AR IC L0 FICRER DS BN D 2 & ZoR LTe, oo BAARKEC b SRR BRI IR < BlR
B FRD BTV S (Macer, 1967; Steele and Edwards, 1970; Nash et al., 1994a, 1994b;
Geffen et al., 2011),

BB L B S THIA LTe 2O 7 LA 2 BBAEREE 1 A0 BEOHT B
FAREZ KBTI R T 2 8 BERAF R 22 (B R EGR EREAE 23, 0 R O HEFUI D FERRAE D 5
FEDIRTENT K E 258 % JAF T A RetE S HEHl ST D (Geffenetal., 2011), 1995 4F
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(CREPEALER AL E S 2 0 B A = C BB & 22 o 7o b 7 AEIRTEC & KRB
R EENAR & -2 8 (JEE - BEM, 2000; Tomiyama et al., 2008; Table 6) 7>, AfE
IZFBVT b ZE D SAEAREEE (R 03 B Tl LR L 722 0, BREOHAHIOF
FRHED B E DR EN B A LFE T ARt ENEE SN D, 20 Z L LR L T, WM
£ (1994) 1%, 1981 AE~1988 FFIZHHB IR FLHREEE TIXRBH O & 7 A HEFHEEIZ 200
GEZx DEEEN A HITED, HEABEEITRFC 1982 2 L 1984 FEICm< e (1
Zh, 1447 B LV 30.64 fE{K CPUE), — 1983 4 & 1985 FFEITIE < 72 o 7= ([F], 0.34
FBET0.15 fi{K CPUE) Z &b, HERBEENEN S TEDOREIZE T A 1 ADAE
RN 5 D17 - MEAZHW L IR LR, REHOHMEENE L IR ko
7o IRBME 2 HEHI L 72,

SiRD LBy, FEBREHICH D v T Af - HERIZI T D5 AR 7o B AL i
MO ERERIE, 7 I EOEMAEY O 'R RIZ L D HEROEITIZHE S TE 1O
KT oRklEfE o8t (FEFE 5, 1989; Tanaka et al., 1989a; Amarullah et al., 1991;
Subiyanto etal., 1993; Bif7 1994) 72 EH &%, AEMIZIIHRICZE S bDEEZI LN
TWb, TIT, BT A LMo RS S O o EFE I 0O % BRI 72 A4 i
PR D38 < AEREFRIBLGUC DWW T, R OFRKE, 5 KRR 72 B R E S o i -
SRRFICAET 2B & ik L 72 (Table 6)

HERI O EARIED B OREITHE LS D RE ORFH O TIL, tho B4R
BT, BIFEICHA L7-[AIFE 1 7% (Nash et al., 1994a,1994b; Geffen et al., 2011), =
B Y% =3 (Van der Veer and Bergmann, 1987; Pihl, 1989; Van der Veer et al., 1990;
Yamashita et al., 1996b; Wennhage, 2002; Nakaya et al., 2004), 35 X UMl fE (Steele and
Edwards, 1970; Lockwood, 1980) 72 7%, £/t T A THLRMNCHEELZE T A0 1
ke (B4, 1986; JERFHE D, 1989; 14 &, 1989; Tanaka et al., 1989a; Noichi et al., 1993;
Oshima et al., 2010), =t ¥ ¥ =¥ (Seikai et al., 1993), B L ORTH e 7 I nE
Pseudoblennius cottoides <°75 7 78 ¥ Chelidonichthys spinosus 72 £ O a5 (Noichi et al.,
1993) 23, TNEIMEHF L L THRE SN T, RIFREX B CIE7 I HEOBE
PAERWGETICE 7 ADFIEPETTLEENERDLZLIZLY, Koe T AITHL
SHBINTZZEREDHEEIN TS (Tanaka et al., 1989a; Noichi et al., 1993),

LLEX 0, BB 7B AR SFREE MER L T DR P 82 — oo B
HBEEE T ADOMT—EHT2HEN LD 572 (Table6), 2D EIZLY, BT AITE
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WTHT LA REFEUL, FEBREIZBWO TIMAEKEZRE LIS 5 HE KT 72
EAEFREE SN TN D b O EHERI SN, LR - T, ZOROKERICZKIT
LEFEIL R b DO TH Y, I CARIZHD D EITENZERE 2N E L
7ZHUA (1994) OEREZ, Kl XoTHIFFTEL 0D LW L7z,

(2) & 7 A DOFEEEEINII T 245k L IR TR D 2 R O ke

b 7 A MR OEIATFEIREST B2 EOIRHREE TR T 2 HER DR ITIER L,
oD BARIE L DHERZITWVRR D, BT ATBNTED L ) RERCHEREIC L 0 kE
BB TN IR 2 IR EE DI AT D DN DN THEE L 72,

B FEARAF A 22 (B R BR B AR D SR EE A BT 5 BIRICHOW T, A0l TIEATITRK
WIZSTAECHAR LR b B2y N LT 5 &, BEFRICRAE L
Tl A RTKET DR BT e (R AR BRI R O R EE N85 < R D Z L IT KDY, b
OHEFRDP LB CTREICAEZFRD , RS EBERRBE O AU I D TREME DM R S
T\ %  (Van der Veer and Bergmann, 1987; Pihl, 1989; Van der Veeretal., 1990) (Table6),

BT ARE G TOWE - MRERIERT 2 L, ZESETHIE, EBEOKT -
B MEORB S, L O L HEE) L2 ATE LIRS AE S W IREBIZ 2 D
FIREMEDMERI ST 2 (I, 1988), RIFRFEORNETIE, FESOT JIFHOE
FEIZHI 10 f5DEDN & D5 Y72 2 MEIZE W T, ZAlEEZEMOe 7 A ciddm L
TZEBEEN L Ipofe (BL4,1994), —J7, 7 JIFDOEEED & < SPRHBR BN 47 72
I, EONICERE S T LCHERAICAR D & & BICHERIREEN DT 5 Z &N T
HIZEITEY, R L OBEMRFR 2 EREGREIEEORENTH 2D D EEZ X
HILTWD (B, 1994) (Table6), ZD X 972t 7 ANEL TOME - i BIRI AL
NP SIS BT DRI RS H, RHNCEIE LIZHEANEIKT O 7 A%l
BT HBEIL, EEVEY (AT I7T) OBEEICEI>TRESEHTLHI LRI
(Douetal,,2003), J72bob, fMOFKMHFE—EIC L THEEMOEELES LIS
& (3,000 3 LT 5,000 iR, L) 1Zi%, BEMRNEGE (1,500 fE{E L) &0 HAEEK
FofFaRHE SIS, ABICESAEK L (Table 6),

LLEDZ &G, HEiLIET SFHORENH HIGEIIE, FHIZEE L 7 AH
U X 2RI O - HEFRITIHT 2 /e & O IR AT H) 22 (B RS ik g o
FREENFS < 72 D FTREMENE X b1 D (B4, 1994; Douetal., 2003), & 7 A FrlRs LRt
INAEE L CHECMNCHERICE R LIEARICRAT L, BEEZBBT L2k, ho

Iy
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S8 (Wennhage, 2000) & [R] U<, fl&EITd 2 Magatt & M <95 £ v A Fhe
B EmELEBZ BN,

(B) KBEHTOE T ADEZEK (ZEE#E L T

b T AR DORAIAD K EHIZ I T DHELMEIRFEOERE (Table2 O ivIH) IZHEH
L7z, ¥ LA TiE, HaBERmMEIc Lo, aiisams raaiiciiL, %
FAEREN KV 2 AT 58158 (Johetal., 2009) <0, HEFAHALIFEE TIZFEIZ L » TlkE
W O MEAR AT D85 (Johetal,2013) BNHERSNTWS, LA AHMAD
AEEFRD LIRIEIA & OBIRICOW T EHAMITIC & V& U7z Geffen et al. (2011) 13,
R—hx U BIZEBNT, R FAREEO BN A F KR O R 72 5 2 B2 M L,
AT DA B, BPEHREE N E N 2 & 5 L OME/KIR OB TRt DS EV Z L ITi
K92 @ W EERAFN 70381 (5% B FIZE LT 0.1269: 1996 4-~2000 4F) %R L7z,
ZAUCxF LT, BMOFERT, SAKRICEYEWVREEENGONS Z LT, Bl
(ZHIERFE DN D T ENTERWETR (7 0.0724) &80, FREEO EREDTERL
TG LT eHEE LTz, BT ATIE, REES (2007) 2SHEM OBCAERAUIRIT I L O
BILRAE 2 AT L7 IR, A FIRO B WIS & KBS I U ClcR 3E OO E R &
VMEMERFEL, ZOHBE LTT JFHOEED v — 7 FRFJE L 7= MM O Rk R H
N, TIHEOEEDOEY— 7 KLSMIEFIR LIZHEA LD SEALTWDZ 2B 60Tl
7

ZOEDIT, BT AOMBBEIIZRIEINT D Z LN DREFEOY A XDRRD
FRBH 5 —EOHMIT O > TR AERICEN, ZREEIITFANIERER L CEES
FETLHMAICRDZEAMVIELTVWE D LEDOND DD, FETLIZT IHDE
FEIIREIICEB L, TOBENE RDRHICER Lt 7 A EERBEOEZEZ Y 2
m < R oRER, TN OMEEREERE OFEMBEO ERELTEMT 2 Z LI 5 S
Do RIZZOHAEIL, BT AIRST, FERICN FARICRDLT LA ALY 2N
LA 82504 < ORBEICBWT, RN THLAREERS X b5,
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Table 1. Studies on the relationships of specific and/or multiple developmental stages

and environmental effects for early life history to year class abundance of flatfish

Section Ecological process and/or conditions determining year class abundance

Pelagical eggs period in offshore waters

Targeted species for studies:
below the same

Environmental effect

Study area

Authors, Published year

Flatfishes

Pleuronectes platessa
Reinhardtius hippoglossoides
P. platessa

Pseudopleuronectes americanus

Transport and flow

Unknown

(A comment)
North Sea
Northeast Arctic
Northern Irish Sea

New York and New
Jersey Harbor

Van der Veer and Nash, 2001
Van der Veer et al ., 1990
Gundersen et al. , 2000
Geffen et al., 2011

Wilber et al. , 2013

ii

Pelagic first larval period in offshore waters

P. platessa
Platichthys flesus L.

the other flatfish species

Hippoglossoides dubius

}

Density independent mortality by

jellyfish predation

Wadden Sea

Water temperature, flow and timing North Sea

of spawning

Higher water temperature during the

first feeding period

Funka Bay (Japan)

Van der Veer, 1985

Rijnsdorp et al., 1995

Nakatani et al ., 2002

iii

Transort process on pelagic larval period from offshore to the coast

Kareius bicoloratus

Pseudopleuronectes yokohamae

Parophrys vetulus
P. platessa

Pseudopleuronectes herzensteini

Pleuronectes quadrituberculatus

Lepidopsetta polyxysta

Hippoglossoides elassodon

Flow and/or selective tidal transport

to the coast

Selective tidal transport

Wind speed on insufflated flow
Flow and/or selective tidal transport

to the coast

Successful both the transport to the
oast and the future recruitment by

insufflated flow

}Northem Pacific

North-west of America
North Sea
Sado channel (Japan)

Sea of Japan

Eastern Bering Sea

Tsuruta, 1978

Takahashi et al. , 1986
Yamashita et al. , 1996a
Boehlert and Mundy, 1987
Rijnsdorp et al., 1985
Suenaga et al. , 1998

Nakata et al. , 2000
Duffy-Anderson et al. , 2010

}Wilderbuer etal. 2013

Determination of year class abundance

P. platessa
the other flatfish species

P. platessa

P. americanus
Flatfishes

Cleisthenes pinetorum

C. pinetorum

Flatfishes

P. platessa

Food availability of settling and/or

settled fish

L Predation of settling and/or settled

fish

Successful transport to the coast to

settle

Successful both the first feeding

under best temperature and the
transport into the bay

L Density-dependent during settling

phase mainly

Clyde Sea
Portugal coasts

North Sea r

Swedish west coast

(Laboratory
observations)

Funka Bay and its
vicinity (Japan)

Funka Bay (Japan)

(A comment)
Western Wadden Sea}

(A comment)

Poxton et al. , 1983
Wouters and Cabral, 2009
Van der Veer and Bergmann,
1987

Pihl, 1989

Van der Veer et al ., 1990
Beverton and Iles, 1992
Beverton, 1995
Wennhage, 2002
Wennhage, 2000

Witting and Able, 1995
Minami, 1995

Kurifuji e al ., 2005

Hiraoka et al. , 2009

Van der Veer et al ., 2015

Zijlstra et al ., 1982
Van der Veer and Bergmann,
1986

Nash and Geffen, 2012

Organizing the strong year class

Hippoglossoides elassodon

Matched factors of both the
| successful transport on high numbers

Eastern Bering Sea

Wilderbuer et al. , 2002, 2013

v
Pseudopleuronectes herzensteini of larvae and the occurrence of high Mutsu Bay (Japan) Takatsu, 2003
prey abundance on nursery grounds
Determination of year class abundance on nursery ground juvenile only
Atheresthes stomias B
Reinharadtius hippoglossoides Eastern Bering Sea Livingston, 1991
vi Lepidopsetta bilineata r Unknown

R. hippoglossoides
Solea solea

}North Sea }

Iles, 1994
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Table 2. Studies on the relationships of specific and/or multiple developmental stages and
environmental effects on the early life history to year class abundance of Japanese flounder

Section Ecological process and/or conditions determining year class abundance

Pelagical eggs periods offshore waters

Targeted species for studies:

. Environmental effect Study area Authors, Published year
i below the same
Paralichtys olivaceus Unknown Absent Absent
. Pelagic first larval period offshore waters
" P. olivaceus Unknown Absent Absent
Transort prosess on pelagic larval period from offshore to the coast
Kiyono et al., 1977
Tanaka, 1988
¢ )
i P olivaceus Successful tlransport to the Sea of Japan Tanaka et al., 1989
coast to settle Tanaka et al ., 1989b
Northeastern Japan Oshima et al., 2010
Determination of year class abundance on nursery ground
Fujii et al. ,1989
Tanaka et al.,1989a
Food availability of settli ’
v P. olivaceus 00¢ avarablly OfSCHENE  Western coasts of Kyushu Amrullah et al. 1991
and/or settled fish :
Subiyanto et al. 1993
Koshiishi, 1994
Organizing the strong year class
Matched factors of both the
successful transport on high
1 th
v P. olivaceus numbers o arva~e and ~e Northeastern Japan Absent without this review
occurrence of high mysid
abundance on nursery
grounds
Determination of year class abundance on nursery ground juvenile only
Off Niigata coast, Sea of Japan }Eato, 1322
vi P. olivaceus Unknown ao,

Wakasa Bay, Sea of Japan Maeda, 2002
Hiuchi-Nada, Seto Inland Sea  Takechi and Maehara, 2001
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Table 3. Ecological characteristics of Japanese flounder and

recruitment

European plaice before

English name

Japanese flounder

European plaice

Order (Suborder)  Pleuronectiformes (Pleuronectoidei) Pleuronectiformes
) ) Family name Paralichthyidae Pleuronectidae
Early life stage / Ecological aspects Species name Paralichthys olivaceus Pleuronectes platessa
Difference
Spawned eggs similar Separating
Small copepod nauplii and invertebrate
eggs on the first and Appendicularia . . .
Food items similar gg PP Mainly Appendicularia
; . (Oikopleura spp.) and adult copepod .
Pelagic stage of larval fish comparativel Oikonl, 2
P Y (Paracalanus sp.) on the posterior stage (Oikopleura spp.).
*1
Transportion similar Larvae were transported by flow and tidal from offshore to the coasts”
Pelagic and/or . .. Settled final stage larvae (P.olivaceus: 1.0-1.3 mmSL"™; P. platessa : 1.0-2.0
. Settling similar v
benthic stages mmSL ) on the shallow nursery ground complete metamorphosing
. . *7
Main food items Mysids™® 1l Pol Bﬁmhlc amr}:lals fol q
of juvenile fish ysids (small Polychaeta, syphon of clams an
copepod)
— dissimilar -
Conversing food Food items of juveniles P. olivaceus ¥ are conversed with growth from mysid to
items on juvenile small fish and those of juveniles P. platessa 7 are consistently fed on the benthic
fish i i
Benthic stage animals, respectively
Migration similar Larger juveniles (P.olivaceus * and P. platessa "o, approximately 5-10 cmTL)
of juvenile fish begin to migrate from the shallow nursery ground to the deeper waters
P 12
Main food items - Figh™! Belnthlc amma;f EPolélcllll'aetg mostly,
of young fish (also Decapoda) clams secondly, also Echinodermata

and Crustacea)

> 1: Minami(1982); Kuwahara and Suzuki(1982); Ikewaki and Tanaka(1993), 3 2: Shelbourne(1962); Ryland(1964), ;  3: Kiyono et al.(1977); Rijnsdorp et
al.(1985); Tanaka(1988); Tanaka et al.(1989a); Tanaka et al.(1989b), *4: Minami(1982); Fujii et al.(1989); Tanaka et al. (1989b); Amarullah et al.(1991), *5:
Van der Veer et al.(1990), * 6: Koshiishi et al.(1982); Hirota et al.(1990); Fujii and Noguchi(1996); Yamada et al.(1998a, 1998b); Furuta(1999); Noguchi et
al.(1999); Tanaka et al.(2006), > 7: Poxton et al.(1983); Le Mao(1986), * 8: Kato(1987); Shibata(1995), 3 9: Maehara(1992); Takechi and Maehara(2001);
Furuta(1999); Yamamoto(2006); Yamada et al.(2005), * 10: Macer(1967), * 11: Shibata(1995), * 12: Rijnsdorp and Vingerhoed(2001)
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Table 5. Mortality rate, year class abundance change, and/or vulnerability during larval

and juvenile stages of European plaice

Each ecological process specific stage on plaice from transporting pelagical larvae

Literatures to juveniles that have been completed settlement
Period b c d
Survey site, Sea . .
Number of periods ~ Transport period from L . . . .
area and/or During, immediately Primary population generating the
Authors Year that have been offshore to the coast on
laboratory . . . after the settlement year class completed settlement
. investigated pelagical larvae satage
experiment
Most abundant in June
Maximum numbers of larvae and juveniles during early July
Lookwood 1980 Port Erin Bay 2 . .
Maximum density-dependent
mortality rate immediately
following maximum numbers
.. Western Wadd .
Zijlstra et al . (C 2 Mortality rate : 0.03-0.04 d ™ 0.01d "
. . . Variations in year class Maximum density- Variations in year-class abundances:
Van der Veer 1986 Wadden Sea 2 abundances: 62% dependent mortality 30%
Maximum density-dependent
Van der Veer and 1986, Western Wadden 1 mortality rate up to 0.04 a' by
Bergman 1987 Sea shrimp predation during a short
period after the settle
Variations in
Beverton and Iles 1992 . .
Beverton 1995 North Sea 2 year-class  : Highest— Rapid convergence
abundances
Wennhage 2000 Laboratory 3 Vulnerability to predation: During- > After- metamorphose
experiments
Field survey and Den.sny-depend.ent mortality by
shrimp predation could have a
Wennhage 2002 laboratory 1 o q g
. stabilising effect on juvenile
experiments oo 1
population size
Nash and Geffen 2012 North Sea 2 Highest mortality rate during the settlement

>k : Bolds on the gray color indicate the possibilities of maximum density-dependent mortality rates during each ecological event specific stage
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Fig. 1. Relationship between peaks of mysid abundance at a depth of 5 m and abundances
(average catch per unit effort (CPUE) of 0-age wild juvenile Japanese flounder (>5 cm
total length (TL)) on shallow nursery grounds off Fukushima Prefecture from 1995 to
2000. Data from Watanabe et al. (2001) and Tomiyama et al. (2008) .
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Fig. 2. Relationship between abundances (average catch per unit effort (CPUE)) of 0-age
wild juvenile Japanese flounder (>5 cm total length (TL) on shallow nursery ground off
Fukushima Prefecture in each year class population and total number of catch recruitment

of 1, 2-age Japanese flounder in the northeastern Japan from 1995 to 2005.Data from
Tomiyama et al. (2008) and Kurita et al. (2013) .
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2—2 HEBESBICETLEFALRE

A BWT, BAEHEAIETE IR 012 & 2 B A D TR iR s
Y (Gibson, 1994), LrL7ZRAN S, B HICET D EPEHERE, o8 EOHR
DFEENRE AFELETHRERLE L CLHE LSS (Tomiyama et al., 2013,
2017), VOV R LA 2 A RHRBEIC X o TRRNE T B, HERUTIESC TR E T 5
ZEIZkY, HEENLENLT SR, mWAEZFERD LAY 5 (Johet
al,2013), ZDO X DI, EHBHEREE L HERAOREDORMMR, Th o OELH 22
ZEE, MABEEZEET 572 DICHEETH D,

ZNETOHET, b T AOFEEEREAITAARBZ TIIECT IFHEERTD
ZENHE SN TWS (Tanaka et al., 1989; Amarullah et al., 1991; Subiyanto et al.,
1993), 2O XSS, T IFOEEITE T AHEMORESCHANIRIZ I T 2 BRI
I % 5 %2 %5 (Fujii and Noguchi, 1996; Yamashita et al., 2017), Iz C, 7 J¥ED
LT AHAROEEOMIZIEOMBENBLZ I TS (K3 2-1-1-2), L7l
BB, T AMAOEBEARICET 2 AITT IFHOSENMRWEEIZ ISV T
Z LW, WHENEOREERE ClI e 7 AHEMITT I L AR By 2O Y
AT Vv aBlOEHEZERT % (Yamamoto and Tominaga, 2014), Z D X H It
TANT IFETSICEETE 20 TIE, EERHRESMABREIZEL T\ D
AREMEN B Z BN D, AL 51ChTo> T, £Te 7 ADEBEELH
T HZEDBMETHD,

A CIE, 7 OB E P RGG AR EREER TSRS T D B T AR ORI &
O FEEEE & ZDFELEZH LT H X HNET D, 22 TS5 FMichic
LDt E D LT, BT AHERORE L EREROBKREmET D,

MELE ik
SREE Y IE 1995 4R, 1998 4E, 1999 4E, 2003 4EFS L TN 2004 £EIZ,
WH T NI RR M R PR AT o= g R R SR ThiD ik (AT, PESRIDF)  (bkg 33057~ bk
33°58', HIE% 133°03'~133°05", /K 3km) TIiT-o7- (Fig. 3). PESRINF=IZB KL

H 72 s KO 2 AT D E £ 72 TWRIED X O 22 LR B 2 B T dH
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%, FEHEITIELE <, FAEHMICHB VT 30.1~33.2 TH D (Table 7)., FAAIK
IZBT DWW O AZITB LZ 3m Tholo,

BRERE KA 7 AYEHEAL, BROMBIRC, 18 2m, &S 03mEIE
fE1m, &S 02mOE—AFr—/L (WFh EE 24mm) 2 HWT, /PNLOMSL
BEARIZ £ 0 e 3.0km (1.6 / » 1) T443M (8 200m) HAE L CEREMITEE
L7z, BMEERELT « 7 7 L2 % /L GPS (eTrex20xJ, Garmin, USA) ZffiH L T
E L7, MAT, ImEDOE—2 Fa— L& HW T R HEREEE 2 5odk L2 W ETER) 70 8-
EH 1T o7, 19954, 1998 4F, 1999 4, 2003 4Ed3 L TR 2004 4E12 5 A £7213 6 H~
8 HET, AbH7=V 2~5 RIDBE TKIE 3~4m DR /K C BAMEFH A 4 Fh L 7=
(Table 8), TREE SN 7-HEMUITM L CE DICMIEIRAE LTt FEBREX TRLIF-
7o

BIPEHEMIIESRIN D 1 E S (Fig. 3) THHOMMIFEZ, 0.6m OBE, 0.5m OF
EDZV 3y~ (BHA0.76mm) % HWT L.5km, B (0.8 / v k) OBET2 5[
(%9 50m) BLWTEAE L7z, VD Ry MIZKE3I~4m OB T 1998 42, 1999 40 6
H~8 AICHM L7z, MA T, 1998 4E & 1999 HIZ 31T 2 fHEL DT A KFRL DO1FE )3
RinoTole®, 2018 ED 1 Ahn 8 AIZEH 11 MIORIBROFMEZITo72, £V X |k
12 &0 BRE SN BPEVEIT 5% KA L~ U A K0 ECEERAE LT,

KR 1995 4, 1998 47, 1999 4F, 2003 435 L TF 2004 EIZFBW\ T, 5 H~8 HIC
PSRN DKEE 1.0m OFETIZ v 7 —& »— (Hobo water temp pro, Onset Computer,
USA) ZREL CHHAET=4Y 7 LI,

REBEANSDT—FDINE LB KARE 7 AWMEE I TEEREDT — ¥
£V, 100m* H72 Y OEEEZRDTZ, Ry FOREDNRITZE L R0 o0,

KIKE 7 AHERUTIE — A b — I L H84EY () K 0ERIL72%, 10%1F
KBEN< ) AT LTz, FEROREIL 0.1mm OFAE CTHIE Lz, &~ AR
A K DEARDIEIEE Lo T, MO B IXFARBEMEE T T L7z, 1998
FERVTER 100mm %82 5 HEROREMEAEEIID R0 oT2720, BREY ST
(23R 100mm A O HEREEAR D % Iz,

ZEHEEEOEGITE T AHAICB T 59 4 ARERE (10mm Z74) 3 L O
SN HBTERRE LTRDZ,

HEFOIBEETRIE 43R 5 720 HNAEWHE (SCD) AUz LV FHR L,
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SCI = SCW x (BW —SCW)! x 100
SCW I IHNEWEREZ, BWIIMAELZ T, EHHMIENEYREOFHEIZE D
7=, HINEDEEIT Kruskal-Wallis test 33 & OF Scheffe D E LL#IZ L 0 A MH LW
A XPEAR T LT,

HNEWIL, 7TOOFXEAEMRE (W7 F AU TR, ~EHE, ZOfMomHE,
T, vV ATy a, TOMOREHE, BIOEOM) ICHEL, EnEh
OfEAEE L HEAFE LTz, SPRHOHEE (T Hyslop (1980) DORFEZEEFEE (IRD)
WL VRLT,

IR = (%N + %W) x %F
Z 2T BN IXTEAEWHIZERD T AEM OEEEEIE, %W IXEAEYTIZR
D HLNTEVEM O EEES, %FIXENEYWTICRD SN EEYOHBIRTH 5,
EFEREBEERERIIENEND 10mm kB LOERENDOAIZOWTEIRE I ZEh
ZNOEHHEH OFIG (%IRI : Cortes, 1997) & L TRD 7=, %IRLIFAEARY A XA/
SWEA G EERG) (21RO otz

R B3 D @BIMEZ AT 5720, BIRMEFEETH % Chesson’s o (Chesson,
1978) % 7 SORILHERE (WX 7 FA U UAFf, ~EHE, TofofdE, 7 I,
DY FTEYya, ZOMOFEE, BIOEOM) ITHOWTEHE Lo, &#IRYE o
IR TR LN D,

@ = (/n)/ ) (1i/m)
1

ZITrRIIBRNEMTOEIER | OEEEEIE Z, o IBREDOEEA i OFIE 2R
T, mIAFEARE R, AEHIT0 L 1 OMTEHL, 1L/ m LY EVEEZED

FEHUE, RVVEAZROBBRMELHET D, 1L/ maxHfre L, SEIL T SO ER
2T 7272, NI 0.143 L7 o7z, 1998 4FE & 1999 4EDZNENDERET — & >
HBERMEZ RO, TNENOEEEB I 2BIREO A EMIX Wilcoxon £ IENL
REICL D ZNENOEICONTHRIE L, £77, BEBEEZEOE T ANRL D KE 72
MWD B T X LR TR DEHEIWEZ R T E ) a5 700, BIRM
Z 2 OO (10~19.9mm & 20mm LA |) IZOWTERENORER Z LIk

Too BEARB DI NT — 42 GEEKRR) 127z,

31



1998 ££46 L TF 1999 41 0.6m MEDE V) % b THRE SN BEEVEMIZ OV T, B
NEY ERIREIZ T 2 7 FA4 U A5k, B, ZofiofidE, 7I8E, v)¥xy
Uxa, TOMOFBIE, BIXOZOMOREL 7 >OREZHHE LT (Table9), B ¥
I FAVINFRDAT Y =IO RBEFREZ ATV DL RREERH D DD, K
R TITEATEZ DL HDE Lz, "M A~RT M H72 0 OENENDOSSEREDOE
BELTRDE, Ry hOREDRIIZBE L2 o7, VIFXTEY ¥ 2TDONT
X, FEEOHAFEH] (Yamamoto et al., 2004) (ZH-3%, /JRIEEK (KK 14mm R
i) AAEWZREE & W72 LT, 1998 4F & 1999 AFIC W TIE Y U X ey v ad i A
AN ONTOT —ZBFHATE 272D T, 20184FIZBITH VI XUy
2O/ A X EEROEEEIEG 25T (6 AR 57.7%; 6 A% 49.2%; 7 A mi:
78.0%; 7 A% 94.6%; 8 A 87.4%), 1998 5 1999 £ £ THOT —H IZZ 5 Dl
B Lz, FEEKE 7 AMAICE > TOE LT, EREBAENHAEEL LTO
B (B m?) % 2018 2OV THERE L7z, MiO#FJE (Van der Veer and
Bergmann, 1987; Taylor, 2005) 7256, KEH A X (> KK 30mm) OV &=Ly
2 %45 20mm KO b T AHERIZ E > TOBENRBRE & LT,

PHEIRICBIT D e T AMADKRERE L 7 ADFEEEE (Y#h) SHER (6 A
1 B0, X)) &oMOBEMREIFRICELVHEE L, BT AHMADRRMERK
(X EHDMBUE SR 272D T, ¥HZEDOERRSMDE— RICHGENDLT
— X &M, 1995 4F, 1998 435 L TN 2003 FEIZRBWTIL 6 ARPEND 7 A%
TOT =22\, 7THEBEIZE— FRELNRD -T2 1999 48 & 2004 2DV T
6 HRIEND 8 AREDOT —2 &2 iz, fERHREOE(LEZMES 2L EBRLT, &
R 80mm Z#E 2 5 b T ATV E LD LD IRVKBICB 205 b D L
RE L7z (H,1999), ZOH A XD T AMMAITFHEIRICB N TEIZ 7 Hoh )
58 HE gtk (Figd),

b 7 AR DO ERE OFEEEN KT T KIROMEBEZFR 570, Kb T 2
HEF D BRI DM O FABA % Spearman ONAGZFABIFRENIC K 0 FHME L7z, Z OfEMTIC
BWT, 6 41225 7H 31 HETOHROHAKIRZ L, FEICBIT HREE
ELTHWE, $Teb T AMADEIRO LR FZ A I 7 L EREDOMOBERE
BRI, BEOFEERIAILTERDDHTD, FAZEOE—RIEENDT
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— 2 EHNT, I AHADORED 12mm IC23ZE L7~ H B % Bk O EEE ST
BWTHBEAE LT,

S

ESAMBDEELERE b7 AMAOE—IREOEEIL, 1995 4F03 7 H A1
6.28 fE{A (N100m?), 1998 7% 6 H - 6.24 fH{K, 1999 4EA% 6 H A1 2.91 &
K, 2003 403 6 A% 3.67 fEMR, 35X 102004 7235 A% 4.02 EETH -T2
(Fig. 5), FEXIAOIZ @ WEE LT 1995 236 LT 2004 FZ2FRVT, 12T 6 AICEIZES
i,

b7 AMROEY A XL, TNENOHOERICKRERERPBE SN LD
D, BFETEHOETE & BITHMLT (Fig. 5). HREEEEIX 0.82~1.33mm,”
HOMTEH L, KEmORERE (1.33mm, H) %2003 FI2Big2sh, RICH
VAR (1.31mm, H) (3 1998 FITBIE ST,

AKX S A 8 AIZTTEAL, 16~26CThH -7 (Fig. 6), V¥ HREE
AL &SRR & O (Spearman NAAZFHBEFREL: .= 0.60, P =0.23; Fig. 7) (2 &K
DFEHERZA I T LD (= -0.10, P=0.84) |ZHHE/2FHEEBRITIA SN0
olc, HEDEERZA I 71E2004 45 A%FARNT, 6 ARTEICER L7z
(Figs. 5,7)»

ESAMADEEERE 2K 9.5~99.9mm £ TO 1,042 RO KIKE T 2 Hfh
(a9 fEkZ & de) OBFENEYZ 1995 45, 1998 4, 1999 4F, 2003 415 L T 2004
FIZOWTIHNT, ZbDoH, BOPIZENR ARV E T AR 186 fElk
(17.9%) Tho7-,

ROEWZEBE (26~64%) 1IKF L H 10mm BEk (2K 10~19.9mm) OHEA T
O, —HRHBIERONZEFEE (<10%) 1% 20mm L TH 7z (Fig. 8), 1995 4
& 1998 FEITHNT, EHFIT 6 ATk BIRS A2Y, ZOBBRAITIIM LT, 1995
fF, 1998 43 LT 2003 FRIZB VT, ebmWZAERRIT 8 Hichlggahiz, Zhickt
LT, 1999 FFi2i%, EHRIT6 Hlom<, 7THE 8 AIZEMN-7-, 2004 /5 AND
8 HICB T 2ZEBERIT B L TaENoTZ (>30%),
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HARWIEE (SCD 1%, 1999 £z fRr< AFITFHBV T 20mm fER L D & 10mm HE
D7 BB ENAKD > 7= (Fig. 9), 1995 5, 1998 35 L V2003 0 6 21T 5
b7 AMEROENEWERIL, TABIOELIEX8 ALV O AEREICE NS, T
XLT, 1999 FICBIT D 7T HOENEMIEEIZ 6 A LV bAREICEN>T-, 2004 4
IZBWTITA MO B NEDIRBIITAEREDA LN T,

KOS LIEEAEMI N Z 7 FA UV AMFRL TV XYy aThole, BAEY
(TR - BB LOAMTEREZ R L (Fig. 10), 10mm BEHROFHAER Lk
T AMEAIZ 1995 AT T I E V) X o vV a2 FSEICER L, MoOFEIIRITE
WETVHZTEY Y aZEa L Tz, 20mm MERIZH D b T A HA O EEEEHVE
IV XYy aEZ I 7 TFA U ANFRTH 72, 20mm kO e T A H
BICBRINT D Z 7 F AU AFRD%IRI 1E 1995 FI2BVT 79%, 1999 FEI2H 0
T EmMole, —J, VI ZTE Yy (X 1998 4F, 2003 43 LT 2004 123
WTk T AHEROENEW CTEL LT,

BB S A CERZ R LTz (Fig. 10), B ¥ 7 F 4 T AFADOEIAIE 1995
6 H1Z280%, 199547 AIZ 53%3 LTV 1999 4F 7 HIT 52% & =N Ehmn o,
7Y ZTE Yy =d 1998 4F, 1999 4, 2003 4E35 L TN 2004 E0D 6 HIZBIT kb E
A TH Y, TNENO%IRI X 81%, 47%, 9% L 1UN86% Th-o7-, 7 A
IZBWTH, 1998 45, 2003 FF LTN2004 FFDOT U X BV ¥ 2D %IRIIL 6 HIZ
X, MxIZE < 45% L ETH -T2,

1998 4E- & 1999 4FIZBWT, ¥ 7 FA UANFHTOH, HEZIEOERIE
(Chesson’s o) MBIZEIH, NEBHEH, DIXTEYy a7 IFCBWTEA
BRAOBRPENBIE SN (Table 10), LU, WH 7 FA T IAFAITK
L CHEOBRRENBILZINTZ199F6 H2 HBX U7 H 16 HIZBWTT I8, ¥
UZT BTy 2k UM O FBIRICHT 5 IEOBRRENBIE <7 (Table 11),

1998 4F- L 1999 2BV T, 2K 20mm LV & KEIOREREO & T A HAIZBW
T, DEITTA VMR L TUEE A EDLA, IEOBRIRMENBIEZE I L2 (Table
12), £72, 3X_XTOHEHHE (7 I, vz vya, BLXOMOHEBIR) (23
L CAEOBRRENBIZINT 1998 4F 6 H 8 HIB L TN19994F 6 H 15 HIZBWT, &
R 20 mm KD & 7 AHEAIZBNTH X 7 FA T UAFRIIHT 5 EOBRPUIE S BLER
Shic, ZTHUTK LT, 1999 FIZH W TENENEE 20mm LA 35 T 20mm A

rIH
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D T AHERDIERIZIBNT, BZ T FA T NFRA~OADEIIEDPBILE ST 6
H2RERIZTTA 16 AL, T XTORBIEICKT D IEORBIRMEN B Sz
(Table 12), L L7223 5, 1998 43 L TN 1999 4RI W Tk 7 A MO 2RICE D
LINEH, TIFBLOU I XUy 2ltx LTI E A EDGE, ADRERME
Z L,

EEREYDEE U XUy 2L 1998 4F & 1999 4 & b ITEREE U7 iR
W cELS LT (Fig. 1), /MEO T ) 22y 2 ((KE 14mm Ki) O HF
BJD/SA A~ A1F 1998 1T 591.4mg,m?, 1999 42 238.3mg,/ m? L 72 0 ic b o
2o BHEHERL RIS 2 REIM R Y — L IXWETREECH -7, T70bb, U X
TEVYaOBEIT6 HOY—r 2z %, THESAZBL KT LA, ZHZ
% LC, 7RO EEIIWAEICB T 14mg,/m? Kl & 72 0 ks L TR o 72, B
BT TFATAFRITZED Ry FTIRIEEAEBREIN 2o T,

ESAMALERBINYIVAIED YO DY (4 @R

2003 £ L 2004 FEIZB T HE T AMRELERSNE Y VX2V vy a L OROY A
ZBRITEETH - 7= (Fig. 12, Spearman JIENZAHES; 7, = 0.62, P < 0.001), 2% 20mm
R OFHRBIE L= & 7 A MR 6mm R O/NY A XD ) F e Py ak
Ea L7 (Fig 12),

2018 D 1 AND 8 AL TORESEIRFICHIT 28K 20mm KiHOFHAEE LI-E
T AMRDEE L LT, BROBENHAEEL L TOV Y XYy aDBEITF
HiRZZ b L7z (Fig. 13), K& 6mm KifO/NEY A XD 7 ) Z =¥y aDB i
X5 ARPEABEIML, 6 AR 160 B,/ m? O —7 2R L1z, ZOFR 6mm
KO D Y Z Ty aid 6 Hg B E TEWEEEES THER Lz, K& 30mm L
FEORMOY Y 2Py aDBEITWFEIZBNTS HRYL 6 Hirtlcy—2 %

RLUT.

5

P

AWFFEIZ X 0 WEE N TE I BT e T A RO L ( 4 (WX 7 F
A UVNFRAEZINIOTE Y v a) [TITELENRLLND Z ENRHALNI -
77o ZOZ LI, MOWFEETIET I8  BICEET 5 7 AHEMAIZBWT (ILES,
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1998b; HH' &, 2006; Tomiyama et al., 2013), #IHO TR SNT-FHTHDH, £z, A
BEHIZBNT, DI XYy ainit 7 AMHRICE > TEEER B RO THER
L7 TWVWDZ EE/R LT, BEFRE Gl 7 ARERIZFICT IFEEARAL, K
WTY U HZ Yy apBLUNEEHER EOMENEE TH -7 (Yamamoto and
Tominaga, 2014), FAVEIICHK T D 7 AMRIITEICV I XYy a2BRLTH
722 &h 5 (Fig 10), BHEENTHIBATHICE 7 A HEAD EER TR AEY S Bir - T
W Z EIXERICET D, ZO@EWE, BRI T IRV T O B
FICEKTHEEZOND,

1995 - & 1999 FFIZHBWT, T ADHERNEMIED DN 52 7 FA T AFRD @
BIGNBEINT-Z L1k (Fig. 10), FEIZX > TEEMICHIH SN DI TldZend
DD, L LTDOHZ I FAUINFMOBINEZRLTND, b T AHRIZL DA
B Y FA TN A~DOENEEEEIRPE (Table 10) 1L, 2O Z E2HRFL TS, N

T, /MO E T AHMA (BF 15.5mm L L, 13 A EIEAR 20mm 2 x5 A
R) M19954E & 1999 T Hh X 77 FA UV ANFAZER L CW T Hp 2 Lz, =
NETHH I FATNHRIZEEIMm B2 5 7 AOHFANLBEINTE
2 (1L 5, 1998a, 1998b; HH, 1999), % 7 FA U AFRIKIT 5 216 0E R
IATHERIC BT 58 7 AHMAOEREAREICKITH 1 OOFETHLLEZ DN
%,

WTHNOFEBEER LT T AHEH (2K 10~20mm) OEFFICBWT/MID T Y 4
TEV Y aDEEEINE T FAUUNFROESG LY bEhoTn (Fig. 10), HiEK
L7t F AHEFIE, 19994FE 6 A2 HIZBWT/MID Y ) Z ey 25 LTED
BIRPEZ R L72 (Table 12), AWFIEHEICI T 52 B0 ¥ O EEIL 6 ANG 7
HIZHT 1998 4 26.9 fH{K,m?, 1999 4 19.8 fE{A,m? 35 L U 2018 4 91.1 ik,
m* ThV, 5H~8 HDREHE OZ (6.7 A m?) (Yamamoto and Tominaga,
2014) KV bEIZENoTe, MDY Y 2Ty 2T D T AHRADOERE
PEE, 13 A ORI LUOMRICB W TELRI 2057228 (Tables 11, 12),
BERVIZTE Yy 2idt 7 AMRIZE > TORENZEEREHTHY, BT 2
HRAOBONEANERYEHICHE L QD EEZ LN, BRI CIX, v ¥z
Dy 2T o T AHEROBRRMETAZ/RLTH Y (Yamamoto et al,, 2004), Z D
ZEMBINDOT ) F o T AR X T FA U AR EE TRV
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Dt T AMRITE > TONRFEEELE L COBREEREEZRI-T B2 N5, H
L7cFEFMUBE O~ a T AIZBWTBEINTND (KR, 1974), v~ LA
I E DB T 2N~ A 5 = Pinnixa rathbuni % %84 573, BEBRMITEL, X
BHpEEzHoTnd B2 LD,

TEY Y DHIFE R LOWHEE L REEOMAER & L THREsh T
(Van der Veer and Bergmann, 1987; Phil, 1989; Van der Veer et al., 1990; Wennhage, 2002;
Nakaya et al., 2004), 1ESCKHS, ABFZECITETHE EMIKEZ Gt 7 A MO EE
L LT/ ) oy a@BEERZHM LI, LLRB S, RIS
BT 2% 10mm PR D & T AHER D EZEE R LMKV E AR IHUAR I & R
L2 RSET (FH, 1999) OJFRR E 225030 e, LnLRRS, ZEvy o
IZRDIEWHEEEZ ST, BE30mm 2H2 5 K0T ) ¥y v apB TR
WFZEs CITFR IR - 72 (0.3 IR /m? Kiik) .

b 7 A D ABEEEIL Imm,/ AFHECEB Lz, b 7 AMAOMEL, &
B FAVNR/NOT ) F ey azF b LIEERE, 8L 7 A0
RN LT D 200C~250C DUk (Iwata et al., 1994; Fonds et al., 1995) (25 > T
XxabhTndenzsd, KEFZ6HICS ALV L EL, /Ml ) Zxoey
¥aLT7, SHLHEANT6 HICKVBENEN-T2Z s (Fig 11), 6 ARTEICE
FHEEITE T AHMADOKEICE > THRITHD EEZBND,
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Table 7. Monthly records on surface salinity (ppt) in the Saijo coast, southwestern Hiuchi-

Nada

Y Month

ear May June July August
1995 33.2 32.8 30.5 31.7
1998 32.1 31.5 313 313
1999 33.1 32.2 314 30.4
2003 33.0 32.8 319 31.7
2004 33.2 32.3 31.1 30.1

Data were recorded by Ehime Research Institute of Cultivation Resource.
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Table 8. Juvenile Japanese flounder collected by a beam trawl or a

sledge net in the Saijo coast in 1995, 1998, 1999, 2003, and 2004

Towed area  No. of juveniles Total length (mm)

Sampling date () collected i Mox
1995
1-Jun 1080 9 11.3 15.8
16-Jun 1683 101 11.3 34.2
22-Jun 1484 72 17.5 48.1
27-Jun 1589 65 16.5 63.2
28-Jun No data 33 16.5 61.3
3-Jul No data 2 33.2 48.1
4-Jul 446 28 25.2 606.1
7-Jul 973 10 342 79.2
10-Jul No data 3 42.2 61.2
11-Jul No data 5 74.2 125.0
13-Jul 1146 5 57.2 85.0
18-Jul 919 9 30.8 82.4
26-Jul 1350 9 50.8 83.0
31-Jul 1316 25 44.3 104.0
4-Aug No data 1 102.8
8-Aug 1000 5 66.2 80.0
17-Aug 471 1 74.2
28-Aug No data 13 61.2 128.0
1998
26-May No data 3 15.0 22.2
5-Jun No data 2 13.8 25.2
8-Jun 1468 65 11.8 479
15-Jun No data 6 12.1 51.5
16-Jun 828 42 9.6 543
22-Jun 913 57 14.0 83.7
26-Jun No data 2 44.7 60.7
29-Jun 1113 11 22.4 50.0
30-Jun No data 3 39.9 68.3
6-Jul No data 7 49.0 78.4
7-Jul 1268 9 36.4 100.1
13-Jul 959 16 40.2 109.5
17-Jul No data 4 49.2 108.3
21-Jul 1287 29 49.0 126.6
27-Jul 904 12 50.0 120.1
30-Jul No data 6 72.1 115.3
3-Aug 1191 15 54.1 116.1
4-Aug No data 15 73.4 141.5
11-Aug 530 2 65.4 73.9
13-Aug No data 2 91.2 133.6
17-Aug No data 7 67.7 122.7
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Table 8, Continued

Sampling date T0W6<12 area  No. of juveniles Tot.al length (mm)
(m°) collected Min Max
1999
2-Jun 695 6 12.5 16.0
9-Jun 366 10 11.2 16.3
15-Jun 138 4 12.9 15.6
24-Jun 835 14 9.7 25.8
30-Jun 462 10 10.6 56.2
6-Jul 1116 18 17.6 54.3
12-Jul 2260 13 22.7 88.7
16-Jul 488 4 29.3 43.8
21-Jul 969 12 18.5 57.5
29-Jul No data 7 60.4 90.8
30-Jul 786 4 27.3 77.1
4-Aug 965 7 25.8 72.9
11-Aug 495 2 61.4 81.5
13-Aug No data 6 66.0 78.9
26-Aug No data 4 84.3 99.0
27-Aug 4313 16 41.0 119.0
2003
13-May 526 1 16.9
21-May 768 1 18.5
2-Jun 1134 7 12.3 16.3
12-Jun 721 25 11.0 33.6
20-Jun 187 4 30.8 58.1
27-Jun 1090 40 24.0 86.5
2-Jul 725 11 27.9 50.8
17-Jul 73 1 60.1
12-Aug 163 2 72.1 85.7
19-Aug 481 3 55.1 69.8
25-Aug 222 2 63.6 72.0
2004
17-May 647 26 11.8 23.8
19-May No data 8 11.9 18.6
24-May 974 20 10.3 26.2
1-Jun 985 35 9.5 45.4
15-Jun 130 3 23.5 82.0
22-Jun 903 28 21.9 76.3
5-Jul 482 7 35.0 67.2
16-Jul 630 7 44.9 92.0
3-Aug No data 1 76.1
19-Aug No data 5 54.4 73.1




Table 9. List of benthic organisms collected by a sledge net with nine hauls in the

Saijo coast during summer in 1998

Total

16371

Phylum Class Order Family Species No. of individuals Weight (g)
Arthropoda Malacostraca  Mysida Mysidacea Archaeomysis grebnitzkii 39 0.10
Archaeomysis oshimai 71 0.25
Neomysis awatschensis 1645 3.04
Decapoda Penaeidae Metapenaeus intermedius 8 0.07
Penacoidea sp. 11 0.02
Sergestidae Acetes japonicus 12 0.10
Pasiphaeidae Leptochela (Leptochela ) glacilis 40 0.40
Palaemonidae Palaemon sp. 1 0.01
Processidae Nikoides sp. 1 0.01
Hippolytidae Eualus sinensis 2 0.04
Eualus sp. 3 0.02
Heptacarpus pandaloides 1 0.03
Latreutes acicularis 1 0.01
Latreutes planirostris 98 0.62
Hyppolytidae larva 20 0.03
Alpheidae Alpheus sp. 43 0.10
Crangonidae Crangon uritai 12828 562.46
- Mysis larva 3 0.00
Callianassidae Callianassa japonica 22 0.05
Upogebiidae Upogebia major 39 0.29
Pagroidea Paguroidae sp. 19 0.02
- Graucothoe larva 3 0.00
Majoidea Pugettia quadridens quadridens 5 0.03
Portunidae Charybdis (Charybdis) japonica 1 0.09
Portunus (Xiphonectes ) hastatoides 14 0.10
Grapsidae Acamaeopleura toriumii 151 1.14
Hemigrapsus penicillatus 1 0.02
Pinnotheridae Pinnotheres boninensis 1 0.00
Trytodynamia japonica 1 0.05
— Megalopa larva 213 0.31
Ostracoda — - Vargula hilgendorfi 1 0.00
Malacostraca ~ Stomatopoda Squillidae Oratosquilla oratoria 3 0.18
Amphipoda Ampeliscidae Ampelisca brevicornis 30 0.17
Ampithoinae Ampithoe lacertosa 4 0.02
Ampithoe valida 3 0.03
Corophiidae Corophium acherusicum 1 0.00
Gammaropsis (Gammaropsis ) japonica 1 0.00
Ischyroceridae Ericthonius pugnax 137 0.16
Jassa slatteryi 2 0.00
Pdoceridae Podoceros inconspicuus 2 0.00
Guernea Guernea sp. 15 0.07
Pontogeneiidae Pontogeneia sp. 1 0.00
Anisogammaridae  Jesogammarus (Annanogammarus) annandal 1 0.01
Melitidae Melita rylovae 1 0.01
Pleustidae Pleusymtes sp. 2 0.01
Lilieborgiidae Liljeborgia serrata 7 0.05
Liljeborgia sp. 7 0.01
Lysianassidae Orchomene breviceps 15 0.06
Oedicerotidae Synchelidium lenorostralum 16 0.02
Phoxocephalidae Harpiniopsis vadiculus 4 0.00
Argissidae Argissa hamatipes 1 0.00
Dogielinotidae Haustrioides sp. 2 0.01
Caprelloidea Caprella gigantochir 5 0.01
Caprella kroyeri 3 0.00
Caprella scaura diceros 19 0.10
Caprella subtilis 11 0.08
Isopoda Idoteidae Cleantiella sp. 2 0.00
Synidotea hikigawaensis 7 0.10
Sphaeromatidae Cymodoce japonica 1 0.01
Chordata Osteichthyes  Clupeiformes Engraulidae Engraulis japonicus 2 0.02
Gasterosteiformes Syngnathidae Syngnathus schlegeli 5 0.63
Scorpaeniformes ~ Triglidae Chelidonichthys spinosus 1 0.15
Platycephalidae Platycephalus sp.2 Nakabo, 1993 15 0.36
Perciformes Sparidae Pagurus major 2 0.03
Ammodytidae Ammodytes personatus 5 5.62
Callionymidae Repomucenus valenciennei 1 0.47
Callionymidae larva 43 0.37
Gobiidae Eutaeniichthys gilli 1 0.01
Favonigobius gymnauchen 6 13.93
Gobiidae larva 460 3.02
Pleuronectiformes Paralichthyidae Paralichthys olivaceus 7 2.88
Soleidae Heteromycteris japonica 7 0.57
Tetradontiformes Monacanthidae Rudarius ercodes 75 1.97
. Tetraodontidae Tetraodontidae sp. larva 2 0.05
Mollisca Gastropoda Opisthobranchia  Philinidae Philine argentata 59 13.98
Bivalvia Mytilida Mytilidae Musculista senhousia 2 0.11
Veneroida Veneridae Ruditapes philippinarum 5 0.09
Mactridae Mactra chinensis chinensis 6 0.10
Gastropoda Sepiida Sepiidae Sepia (Platysepia ) esculenta 1 0.50
Sepiolidae Euprymna morsei 41 10.37
Teuthida Loliginidae Loliginidae 2 0.16
Octopodiformes ~ Octopodidae Octopus vulgaris 14 3.02
Annelida Polychaeta Phyllodocida Goniadidae Glycinde nipponica 1 0.00
Nereididae Platynereis bicanaliculata 1 0.04
Nephtyidae Aglaophamus sinensis 1 0.57
Echinodermata Ophiuroidea Ophiurida Ophiurinae Ophiura kinbergi 4 0.09
0

The species identification of benthic animals was performed for samples collected by sledge net in 1998.

In 1999, benthic animals were not identified at the same taxonomic level as 1998 and therefore the data were not included in the list.
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Table 10. The selectivity index (Chesson's a) of juvenile Japanese flounder for the major

prey items in the Saijo coast in 1998 and 1999

Year Prey item Mean Range Selectivity
Larval anchovy 0.839 0.000 ~ 0.998 +
Gobies 0.004 0.000 ~  0.029 -
Other fish 0.088 0.001 ~  0.558 NS

1998  Mysids 0.005 0.000 ~  0.033 -
Crangon uritai 0.008 0.000 ~  0.061 -
Other crustaceans 0.006 0.000 ~  0.049 -
Others 0.051 0.000 ~ 0.299 NS
Larval anchovy 0711 0.000 ~ 1.000 +
Gobies 0.061 0.000 ~  0.694 -
Other fish 0.056 0.000 =~  0.500 -

1999  Mysids 0.059 0.000 ~  0.365 -
Crangon uritai 0.053 0.000 ~ 0402 -
Other crustaceans 0.059 0.000 ~ 0.523 -
Others 0.001 0.000 ~  0.006 -

Data of+, —, and NS indicate significant positive selectivity (P < 0.05), significant negative

selectivity (P < 0.05), and no significant differences against neutral preference (o = 0.143),
respectively, as tested by Wilcoxon signed-rank test. Details were shown in Table 11.

Table 11. Seasonal changes in the selectivity index (Chesson's a) of juvenile Japanese flounder

for the major prey items in the Saijo coast in 1998 and 1999

Prey item
Year Date Larval Gobies Other fish Mysids Cra;.zg(.m Other Others
anchovy uritai crustaceans

8-Jun 0.998 0.000 0.001 0.000 0.000 0.000 0.001

16-Jun 0.976 0.002 0.018 0.001 0.002 0.000 0.001

22-Jun 0.994 0.001 0.003 0.001 0.000 0.001 0.000

29-Jun 0.937 0.004 0.046 0.004 0.000 0.000 0.008

1998 7-Jul 0.821 0.000 0.030 0.000 0.001 0.000 0.148
13-Jul 0.976 0.001 0.018 0.003 0.003 0.000 0.000

21-Jul 0.849 0.029 0.115 0.000 0.002 0.005 0.000

27-Jul 0.996 0.001 0.002 0.000 0.000 0.000 0.000

3-Aug 0.000 0.000 0.558 0.033 0.061 0.049 0.299

2-Jun 0.000 0.000 0.000 0.365 0.402 0.233 0.000

9-Jun 0.988 0.000 0.000 0.004 0.001 0.002 0.005

15-Jun 1.000 0.000 0.000 0.000 0.000 0.000 0.000

24-Jun 0.990 0.000 0.000 0.009 0.000 0.000 0.000

30-Jun 0.994 0.000 0.000 0.004 0.000 0.001 0.001

6-Jul 1.000 0.000 0.000 0.000 0.000 0.000 0.000

1999 12-Jul 0.400 0.100 0.500 0.000 0.000 0.000 0.000
16-Jul 0.000 0.000 0.000 0.267 0.210 0.523 0.000

21-Jul 0.991 0.000 0.001 0.001 0.000 0.000 0.006

30-Jul 0.962 0.000 0.000 0.025 0.007 0.006 0.000

4-Aug 0.927 0.003 0.000 0.070 0.000 0.001 0.000

11-Aug 0.000 0.694 0.221 0.015 0.069 0.000 0.000

27-Aug 0.988 0.001 0.003 0.006 0.000 0.001 0.000

Neutral preference (o = 0.143).
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Table 12. Size-related variation on each date in the selectivity index (Chesson's o) of juvenile

Japanese flounder for the major prey items in the Saijo coast in 1998 and 1999

. N of juvenile Prey item
Date Size ;hssrfﬂm) with prey in Larval . . Crangon Other
of juvenie stomachs anchovy Gobies  Other fish  Mysids writai crustaceans Others
1998

8-Jun 10.0-19.9 18 0.993 0.000 0.000 0.000 0.000 0.001 0.006
20.0- 40 0.998 0.000 0.001 0.000 0.000 0.000 0.000

16-Jun 10.0-19.9 8 0.000 0.000 0.000 0.000 0.130 0.000 0.870
20.0- 25 0.977 0.002 0.018 0.001 0.002 0.000 0.000

22-Jun 10.0-19.9 3 0.000 0.000 0.000 0.000 0.111 0.889 0.000
20.0- 50 0.994 0.001 0.003 0.001 0.000 0.001 0.000

29-Jun 20.0- 10 0.937 0.004 0.046 0.004 0.000 0.000 0.008
7-Jul 20.0- 8 0.821 0.000 0.030 0.000 0.001 0.000 0.148
13-Jul 20.0- 9 0.976 0.001 0.018 0.003 0.003 0.000 0.000
21-Jul 20.0- 21 0.780 0.040 0.163 0.001 0.006 0.011 0.000
27-Jul 20.0- 9 0.996 0.001 0.002 0.000 0.000 0.000 0.000
3-Aug 20.0- 7 0.000 0.000 0.558 0.033 0.061 0.049 0.299

1999

2-Jun 10.0-19.9 5 0.000 0.000 0.000 0.365 0.402 0.233 0.000
9-Jun 10.0-19.9 13 0.000 0.000 0.000 0.103 0.040 0.093 0.764
20.0- 7 0.995 0.000 0.000 0.003 0.000 0.001 0.000

15-Jun 10.0-19.9 3 0.998 0.000 0.000 0.000 0.000 0.000 0.001
20.0- 23 1.000 0.000 0.000 0.000 0.000 0.000 0.000

24-Jun 20.0- 15 0.990 0.000 0.000 0.009 0.000 0.000 0.000
30-Jun 20.0- 8 0.994 0.000 0.000 0.004 0.000 0.001 0.001
6-Jul 20.0- 18 1.000 0.000 0.000 0.000 0.000 0.000 0.000
12-Jul 20.0- 7 0.400 0.100 0.500 0.000 0.000 0.000 0.000
16-Jul 20.0- 3 0.000 0.000 0.000 0.267 0.210 0.523 0.000
21-Jul 20.0- 12 0.991 0.000 0.001 0.001 0.000 0.000 0.006
30-Jul 20.0- 4 0.962 0.000 0.000 0.025 0.007 0.006 0.000
4-Aug 20.0- 5 0.927 0.003 0.000 0.070 0.000 0.001 0.000
11-Aug 20.0- 3 0.000 0.694 0.221 0.015 0.069 0.000 0.000
27-Aug 20.0- 9 0.988 0.001 0.003 0.006 0.000 0.001 0.000

Neutral preference (o= 0.143).
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Fig. 3. Location of the sampling area (C), southwestern Hiuchi-Nada, Seto Inland Sea, Japan
(A, B). The star in (C) indicates the sampling site for prey organisms. The thick red line in (C)

indicates the sampling area for wild juvenile Japanese flounder (0-year-old) along the coast.
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Fig. 4. Temporal changes in mean total length (+ standard deviation) of juvenile Japanese
flounder in 1995, 1998, 1999, 2003, and 2004. Broken red lines indicate the assumed size of

emigration from nursery grounds (80 mm total length).
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Fig. 5. Temporal changes in the total length distributions (left panels) and density (right
panels) of juvenile Japanese flounder in 1995, 1998, 1999, 2003, and 2004. Daily growth
rates were estimated by linear regressions from data included in modes (red columns on the
left panels): 0.88 mm d! (r*=0.89), 1.31 mm d ' (¥ =0.91), 0.82 mm d"! (r* = 0.79), 1.33
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respectively. Arrows on right panels indicate the settlement dates estimated from the linear
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The density on right panels is shown by mean + standard error.
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Fig. 6. Seasonal changes in the daily water temperature at the 1.0 m depth in the Saijo coast in
1995, 1998, 1999, 2003 and 2004.
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Fig. 8. The proportion of Japanese flounder individuals with empty stomachs in 1995, 1998,
1999, 2003, and 2004, in relation to total length classes (left panels) and month collected
(right panels).
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Fig. 9. Stomach content index (SCI) of juvenile Japanese flounder each year in relation to
total length classes (left panels) and month collected (right panels). The SCI is presented as
mean + standard error. Juveniles with empty stomachs were included to calculate the SCI.
Different letters represent significant differences among size classes and months (Scheffe’s

multiple comparison test).
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Fig. 10. Stomach contents composition (index of relative importance, %IRI) of Japanese
flounder each year in relation to total length classes (left panels) and month collected (right

panels). The number of individuals analyzed is indicated above the column.
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Fig. 11. Seasonal changes in the biomass of prey organisms (mg wet weight m) in 1998
(upper panel) and 1999 (lower). The month and date are indicated below the columns. For
Crangon uritai, small individuals <14 mm body length were recorded.
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Fig. 13. Seasonal changes in the proportion in the size distribution of crangonid shrimp
Crangon uritai in 2018 (upper panel). Seasonal changes in the abundance of C. uritai as prey
or potential predator for newly settled juvenile Japanese flounder in the study area from
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IZOWT, K VFEEMRMIERLETH D,

61



Table 13. Number of red sea bream released in the present study

Releasing Number of Mean TL Method of Classification
point Date individuals (mm) marking of groups
Moorage July 14,1989 60,000 62.9 ’89,1st R.G.
Sandy bottom July 20, 1989 10,000 63.3 Tattoo on either 89, 2nd R.G.
area body side

Sum 70,000
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Fig. 14. Outline map of the study sites at Yaiga in 1989. Dotted lines indicate census lines.
©1:°89 Ist releasing point, ©2: °89 2nd releasing point.
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Fig. 15. Map showing vegetation and substrate in the sandy bottom area on 10 July 1989. R:
rock, St: stone, P: pebble, G: gravel, Sd: sand, Fs: fine sand, M: mud, A: Sargassum, @:
Zosteraceae.
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Fig. 16. Map showing vegetation and substrate in the sandy bottom area on 7 August 1989. R:

rock, St: stone, P: pebble, G: gravel, Sd: sand, Fs: fine sand, M: mud, A: Sargassum, @:
Zosteraceae.
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Fig. 17. Distribution of fish observed on census lines in the sandy bottom area. Open circles

show the size of ‘school, aggregation’ type individuals and solid circles show the density (/2
X 10 m?) of “solitary’ type individuals.
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Fig. 17. Continued.
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Fig. 18. Changes in the estimated number of fish after release in the sandy bottom area
(5,760m?) from 14 July to 14 August 1989. The upper part shows the change of the >89 1st
released group and the lower part shows the change of the *89 2nd released group. [1:

school, aggregation, @: solitary.
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Table 15. Estimated number of released fish in the study site (2,900m?)

Number of fish
Aggregation Solitary Den-sity of
Days after sohtary;z
% %
release L.goup™ Hgroup™' Unknown  Total L gow”" H.gowp”! Unknown  Total  (A)/(B) ,Zﬁ/Shz
(A) (B) (ind/)

0 610 606 521 1,737 112 56 0 168 2 0.34

1 275 160 63 498 97 71 0 168 1.4 0.35

2 97 238 41 376 264 134 11 409 2 0.44

3 19 45 0 64 123 82 4 209 1.5 0.39

4 0 0 0 0 138 130 19 287 1.1 0.44

5 0 0 0 0 193 108 7 308 1.8 0.34

6 0 0 0 0 182 52 0 234 3.5 0.38

7 0 0 0 0 82 52 0 134 1.6 0.36

8 0 0 0 0 115 48 4 167 2.4 0.3

9 0 0 0 0 89 56 0 145 1.6 0.38
12 0 0 0 0 152 45 4 201 3.4 0.31
13 0 0 0 0 123 37 0 160 33 0.28
14 0 0 0 0 141 33 0 174 43 0.27
15 0 0 0 0 74 7 0 81 10.6 0.26
16 0 0 0 0 59 22 4 85 2.7 0.26
Average 67 70 42 178 130 62 4 195 2.9 0.34
+SD 167 164 134 458 53 37 5 86 2.3 0.06

* 1 L. and H. group indicate the fish reared under the low- and the high-light intensity, respectively.

* 2 Total number of observed fish/total area of sections where fish were distributed.
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Table 16. Comparison of the incidence (%) of section where solitary-type fish occurred
between rearing groups

) * 1
Incidence of occurrence

Days after release L gow™’(A) H gow™’(®) Unknown Total (A)(B)
Mean + SD 15.1£5.2 6.8+3.3 0.4+0.6 20.146.3 2.8+2.2

0 11.8 7.2 0 17.9 1.6
1 11.3 8.2 0 16.4 1.4
2 26.2 12.3 1 31.8 2.1
3 13.8 8.2 0.5 19 1.7
4 15.4 12.3 2.1 23.1 1.3
5 23.1 11.8 0.5 323 2
6 18.5 6.2 0 23.1
7 10.3 5.1 0 133 2
8 15.4 5.6 0.5 20 2.8
9 9.2 6.7 0 13.8 1.4
12 17.9 5.6 0.5 23.6 3.2
13 15.9 4.6 0 21 3.5
14 19 4.6 0 221 4.1
15 10.3 1 0 11.8 10.3
16 8.2 3.1 0.5 11.8 2.6

*! Incidence of occurrence indicates the percentage of the number
of sections where solitary-type fish were observed to the total number of sections (= 195).
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Fig.19. Map showing study site (2,900 m?) at Kanzaki cove in Hakata-island, Ehime
Prefecture.
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Fig. 22. Change in the aggregation size composition along the census ropes.
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Fig. 23. Change in the total number of observed fish in each aggregation size class along the
census ropes.
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Houde, 1989; Gibson, 1994; Van der Veer et al., 2000) (ZIRE D | WV HREENE X DL
T&7z, LrLED#, Gibson (1999) X Vander Veer etal. (2015) 23, HEAKFHIZH
W TE AR 31 288 BEAR AT B0 72 AR 0 BB O (B RS b A 0 5 2%, V%
W OB AR L 0 L3RS, MABKEDOREICEG T2 AREMERH D) LD
kA R Uz, I O JEA I~ O BN 72 AR REERI VAT AL O IR D VIR AL E
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P~ OFERF RO 72 AESEE T (B 21X, 4, 1987) (28T, HFFIC Van der Veer et
al. (2015) 1%, FHEBRICHIT DEMBEO BTN E RELBZRTHN, BFEET
& OHEFINT I3 E IR R AR B EHE MER L, FRBE 0B E 2 ZE S5
ZlEFERLE, 7 XACHLT, Loy, SEIOTIcE TR [T
SHEOBEICLOBEENT-E T AHEAMOFERAED BN, D% DM EKYE
EOHET LI LD ET2HEE HbE, WAEIZENTHEZ ADIIA
BREIZBIT 5 2 E TOMEGEE (1 21F, Oshimaetal., 2010) O FLE L & Ritd 2 4
EhndoHEEDbh D,
ZHETICEARIZEFBY, AR KRPEHEICE RN T, ABEREOFAE
DI=DIZIE, TREOE 7 AMFRAOHEFEORED IZMAT, ENLOFRANEEL,
FICERTTEENDDIROEE LS TEERLET IFOEE] O2¥8 RO~ vF
NBEREIETHD EBEZ LN (Fig.24), IHIZ, BT AT, 7 IFHOEEN
FHIEBFRICH D & T A7 - HERAMOAZRY Z2HE L, W CHEHKIZB W THER O
BRI R &L IEOMBICH D L) BRI RSNz, T7hbb, KFEEILE R
FECRWT, BB B ASTEEEIC L v, FEAROBE NS RBRICH
DT AME s HERMOABREERET S &35 7 — 2 EFERIC LY, HEANET
LD EY v 2% (RiaC2-2) OBECHIATES) LEEL, Zhad HGH
1) & L7, FRERC, KRR RIS T, HEAMOFEREE OB EIXZ D
HBOWEMARE S EOMBICHD Z L2 RHTZ LN TE, MA T, HARMEHR
BRI, W NI R Sl TR OENIMAR L EOMBIZH D LT 5
T — ARG O, HERH OFERAE DB R D% OIREINARE L ED
FERIIZ & 2 BFRIT, RCEEALERR R TRl Lo K 512, FEREERAEY O S
L0 b T AR OERBEOEENRE D Z & LA UHENE NS CE T D
ZELHEIND, £IT, WA T L AEEEELNS (B8 A E CHERD
B2 % L DIREIZEY, &7 ADEFEIEZIFH L, EREEZsnTHmL
T THEAGH O BN R OHEBI IR BT 51 Lo, MR 2) BE Iz,
SHBOTEIZENT, b7 AHLIIOEREDO T & D% OIEEIMARE L D
RAMGEL, (G2 PPN CHNLT 2 2 L 2 FEET 5 ENEHETH D,

R 1IZHOWTIE, B B RT3 T RE 2 BN A BRAAORTE T (R, 1992) (Zif
A LT 0 EROFEA AZHET D2 ENNETHD, ZNDHOD 0 EAMDE
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R 1 OMRGENRFRETH D, £D2HOIZ, TIFH /N X2V alBlUOh ¥
7 FA T AFROBAFESR, HROAEEY, HMEMARLE WS TEROFHEPLET
B 5,

YA REEOERICE D CEERRERM~DOILA

B3 F 3-1 & 32 THROLNTE~ X A B OAERRICEE DWW T, R AT O =
JEALIZ DWW TEERT S,

FEE RO B RNERIREIRA~D EREA & HAEE~OFLETH L0, ZiuE TEHN
D% < DI I T 2B S5 E TIIRARER O AL B REE T IR F 4 R L
TE7ME 25 (EH, 1996) , H B IR & RIREIUC FFEA S 5 72 O3B BRI
BNDRRPARAIR T D EENTWD (b, 2016), & HIZ, KiEDH (2012) 1354k
BRfSERMICBI L C, ifiE ORIEROM 2K, BEMICHLRLSED 8D
(2, KRG E 2 D400 - BSR4 i/ NRICIN 2 5 TR 2 it L2 i v
LRV EFRL TS,

1962 FEIZBAMh S ie~ F A O R F R OHELE L OHT LT, 17 - M2 Pl
(CRE D AR TE M T Oz, FilE (B 20F, P, 1980; HH 5, 1983) | 4%
FEB IO (21X, 7, 1980; Tanaka, 1985), A8350T (FZ1F, 1674, 1980; E#%
5,1983), &M (BlxiX, K7, 1980; A&, 1980; Tanaka, 1985), B¥&E (5D,
1977), HJAHME (BEE 5, 1980a), 4340 « Bk (B121E, BEE 5, 1980b), FEHI B4R
(B ZIE, G5, 1975; 54K 5,1977; B D, 1983; KAR, 1984) 72 & O ZEOHFENR
HHID, ZDH%, 1980 L 05 SCUBA & AW - EEEBIZIC L 5~ & 1 Hifl
HOATENRCARRIZE T DM AT D X 912720, Wl ot S vz AL
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F 72 1A U A /K8 C RIFR AL E A ) U CHEM A TE) 2 7= - B AR (R L 2 722 oiE
D BiEATE A S LI B R MBI L, AT - il LOMEREZE (L LY, i
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THED, 1999,2002), & A HAIZROND DXV X, oL EHIITERRICE
Wz R s 2B 2 B L, ZFORRE LT, EEGRE, BMEEORGE, X
Uz o ERBESND (FED, 1980), ~ & A BURFEE 2720130 28
R L, fEIREE L~V CRAMEERITH T2 2 LI2 XV, BICHIR S /A REX
ZORBEHNOLHRINTLE D (R 3-1). ThERER~F A LR~ A D
FTEZD L, RARTAAEERHERRES TRDIIY 2/F->L 0 bl A LN~
B A BB RERIET UL, JelcieblE 0 2 L R ERRE O e 2h i
KV, REMLEBRADOE XX NESGITHL L TLE S /RN S 5, FERRIZ,

TR I W T IR BE TIIB N OREINAZEO T, FHiifans RKMA 4z K
B SR 2RI RE SN TWD (R 5, 2012; dkH, 2016) . FHEHGRIZE

T, WD RIRBA~OE Z WL, RWEIRA D S, @EAE L ng 3

Ak, 2001), ERERREOHENDH, FENE (T ZA ) OEPL HETRITH
IR RWVIETH L LIRE SN TS (KiE,2004), £ 2T, Kam CIEIRAREH
EDRDITY ZKLBAEERO L, Lb NLHEENRREMAD FREAICRD 2 L
D CELEELWHIRDO X A I v 7 2 FLCERB L OREEZIT ),

R~ & A T ER lem B~ 10cm B O WM 2 KB R CTAEET 5 (Fa -
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5 (B, 1998), BRREFEORKRY XA TiE4 A28 leom B CTRES~DH
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DR E D L D127 (TR 1999), EDRIFEEIIHED 720X 0 A XDk
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< A ANTEER 10cm 12725 S1FET X TOEEPKREEL D EEIcBEHT 550
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Fig. 24. Matched factors organizing the strong year class of Japanese flounder off Fukushima
prefecture, northeastern Japan.
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Fig. 25. Density of wild juvenile red sea bream population without release (A).
Replacement of wild populations by stocking due to early mass release of juvenile red sea
bream (B). A recommended timing of mass release with consideration for effect of prior
residence of juvenile red sea bream (C). Data referred from Abe and Yamaoka (2005),
Kudoh (1999), Ochiai and Tanaka (1986), Shimamoto (1998) and Yamada et al. (1992,
2004).
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Summary

An understanding of mechanisms of recruitment dynamics of commercial marine fish
is important not only for the promotion of resource management but also for the
advancement of seed release strategies. To ensure successful stock enhancement, the
release of hatchery-reared juveniles should be implemented without reducing wild
resources; however, seed release strategies that reduce the negative impacts on the existing
wild resources have not yet been implemented for the release of red sea bream (Pagrus
major) and Japanese flounder (Paralichthys olivaceus).

In Chapter 2-1, previous studies that investigated factors affecting the early life
history of flatfishes, and their survival processes at each developmental stage are reviewed
to reveal the ecological factors that affect Japanese flounder recruitment levels. In
northeastern Japan, a significant positive correlation was observed between the abundances
of mysid and juvenile Japanese flounder. In addition, previously published data suggests
that year-class abundances of juvenile Japanese flounder are positively correlated with
their catch recruitment in northeastern Japan. Based on these data, the number of larval
and juvenile Japanese flounder individuals that survive during settlement is hypothesized
to be regulated by mysid abundance. A strong year-class abundance is also hypothesized to
occur when successful transport of high numbers of larval Japanese flounder occurs
simultaneously with high mysid abundance in nursery grounds in northeastern Japan.

In Chapter 2-2, juvenile Japanese flounder prey utilization pattern in the nursery
grounds in southwestern Hiuchi-Nada, Seto Inland Sea, where the main preys are non-
mysids, is discussed. In these waters, larval anchovies were found to be mostly consumed
by juvenile flounder in 1995 and 1999, while small crangonid shrimp (Crangon uritai)
were the main prey in 1998, 2003, and 2004. It is suggested that juvenile Japanese
flounder prefer larval anchovies; however, abundant small crangonid shrimp function as an
alternative prey when larval anchovies and mysids are not available in the study area.

In Chapter 3-1, the behavioral characteristics of juvenile red sea bream that form the
basis for selecting an appropriate stocking method are discussed. The behavior,
distribution, and population size changes of hatchery-reared juvenile red sea bream were
studied following two releases in a small fishing port on Tosa Bay. Three types of behavior
were distinguished in the released fish: 1) school, 2) aggregation, and 3) solitary. The
number of solitary individuals in the first released group increased according to a logistic

curve, which suggests the existence of a carrying capacity for the released red sea bream in
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the small fishing port. In contrast, the number of solitary individuals in the second released
group did not show a distinct increase. Differences in the recruitment patterns to the
nursery ground between the first and second released groups suggest an effect of prior
residence mediated by the territorial behavior of solitary individuals from the first released
group.

In Chapter 3-2, two groups of juvenile red sea bream were reared under either low or
high light intensities, and subsequently released into a small inlet in the Seto Inland Sea to
evaluate their behavioral and population size changes. The low light intensity group
showed predominance over the high light intensity group, both in the number of solitary
individuals and their area of spatial distribution in the small inlet. Between the two rearing
groups, differences in these characteristics led to differences in the number of individuals
able to acquire their own territories during the behavioral shift from aggregative to solitary
living that occurred 4 to 5 days after release.

In Chapter 4, an outline of the future perspectives of the study; namely, continuous
monitoring of prey availability for newly-settled juveniles, is provided. It was found that
year-class abundances are necessary to understand the fluctuations of Japanese flounder
recruitment in the Seto Inland Sea. Specifically, the match-mismatch hypothesis
explaining the prey availability of mysids or small crangonid shrimp and the feeding
preferences of newly-settled juveniles should be tested over a period of multiple years.
When stocking red sea bream, an early mass release is not recommended as it would

threaten the growth and survival of the wild population.
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