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Early survival on Japanese flounder Paralichthys olivaceus

and their recruitment mechanism: A review

Tetsuo YAMADA *

Abstract: To reveal some ecological factors determining the recruitment levels of Japanese
flounder Paralichthys olivaceus, previous studies on factors affecting the early life history of
flatfishes, such as quantitative fluctuations, developmental stages, and ecological conditions
were reviewed. Many studies focused on the determining the effects of the timing of final
settling of larvae and presence of settled first juvenile stages on year class abundances of
juveniles after settlement associated with the drastic ecological changes of the metamorphic
transition to the benthic stage. However, little quantitative information was available on the
early survival of eggs and larvae of flatfishes that were present offshore and transported to
the coast. Estimates from European plaice indicated that year class abundances of juveniles
and yearly recruitment could be strongly affected by various factors, such as food availabilities
on nursery grounds. Similar inferences to those described above have been found for Japanese
flounder on the coasts of western Kyushu. Further, some studies suggested that mortality
during the period of settlement would have a large impact on the total mortality in the early
life stages of Japanese flounder. As results those analyzed by previously published data in the
Northern Pacific, a significant positive correlation was found between mysid abundances and
abundances of juvenile Japanese flounder. In addition, previously published data suggested
that the yearly abundances of juvenile Japanese flounder were significant positively correlated
to their recruitment in the Northern Pacific. Then it has been hypothesized that the number
of larval and juvenile Japanese flounder individuals surviving during settlement is regulated
by the mysid abundances. In the Northern Pacific, it has also been hypothesized that the
strong year class strength is organized when successful transport on some great numbers of
larvae Japanese flounder will be matched the occurrence of enormous mysid abundance on
nursery grounds. Based on the integration of these knowledges, to examine survival strategies
associated with the quantitative fluctuations of Japanese flounder in all over Japan, inspecting
the significance of mysid abundance at settlement on the coast of western Kyushu was proposed.

Key words: Japanese flounder Paralichthys olivaceus, early survival strategy, successful
recruitment, settlement, flatfishes
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v 7 X Paralichthys olivaceus 1, 7 L A4 H
Pleuronectiformes # L A #fi H Pleuronectoidei & 7
A #} Paralichthyidae (2 & L, H A, @} 5 kO
WY TR I TR L 04§ 5 B4R —Ff
T (A - Hi, 1986), Z D)L\ #iPHIZ K 550 A bk
DOBRBLOE W% KWL 5 X 9 (AR I3
MTHZELENRBDOONLLEENTWS (H, 1997 ;
Tanaka et al., 1997 ; 1L 5, 1998b : HH 5, 2006 ;
Tomiyama et al., 2009). AHEHEE Tk HEE VG -
AN H AR - KRR R NS D725 7 i E T
HVEER 2 RO CHEIZMICER B 2 LR EAREN
T\ % (Shigenobu et al., 2007) HAR#ETIZO0, 1%

DB ER DD 5205, TOREERE
& DRIRZ & 5 EIERE G L M AR DRI A &) 2%
BRICR L EEN TS (HP, 1996 ; /TS, 1997).

LI ARFEKPEOEELZWENZHED 1 DOTH S
A5, 2017 SE OB PKHE L ZOBIIL, KFFEILEHR
REASEGAL - B8N, WS PREERAE DS - 3%, B AR
HERREEAMCAL - BN, R OTHARMVEE - WY iR
FEDSHAL - IX WV E BT ST B OKEFT, KERT
78 - BERRE, 2018) o ARFEEALESRIETIX 10 4E12 1,
2 EERLPE O HBAE BB OFED T STV B A% (PR
FEH, 2000), COEBRLERIIZLILSGHhoTw
W, R BARREE, ERNLHICE W TREM R N L
WO FENRBH SN TV D OKEST, KIEME -
BRERE, 2018) MO CEELRBMNLHETLH 5,

% DEHMT, BETHIZONTHEENF LT
TOHLHEPMEINTVS (e.g Hewitt et al., 1985;
Folkvord and Hunter, 1986; Van der Veer, 1986).
AEHOMATE TOEKRERE LT, SR EICH
WL 7oA AR DR E I NTE 72 (Leggett and
Kenneth, 2008), —#%12, K44 XD KRLFEE I
I FTEDOEALDS, BRBALRM AL I T A2 MEDN
FISZEOAFRNPFE D, BOAERRICH D <
bDLEZS5NTWAS (Anderson, 1988; Litvak and
Leggett, 1992; Leggett and DeBlois, 1994) .

MARNZBWTIE, FEEEREICEGOAY - WHER
B & o THRERELED kA B 20T, Hx 0%
BEBEICBIAAEEER)PRELLHTI2EHE505H 5
EEZLNTWS, I, DR e R oMUy, 8
ZBG U740, #I s 2 k5 -t o fF ], Z2RE
BOMA R ORBAI 2 EVREERE LTHES
NTw% (Anderson, 1988), F&H #IIH O WFEIL 2 W
ThHY, BPERIMBOTRKEL (FBFES, 1983), &
ORH] (JI~AF - Hefa ) OWPOREICL->T, DL
BOMABIIRKESEAT 5, ZORHOWA, T4
I A BRL SR 1 >0 5B 2D
{oTWn5h,

v ADOEFEME BT, RNEHELZZEN
THBHM 2 D DIZL T 2D12iE, MARKELEF
WL CTHIERBEEELRDL I EDPRTTRTH D, £
OMARKIEE FHT L7201, LD L) I X
0 ZF O OEMRIE DB (year class abundance)
VBRELONPTHOLOPIZTHILEVBULETH S,
D=0 2T, BEBRRKZ L LIC LK ERED
BEICHELT S Z T ERBANLRBEZ 5L, 0
AEKREIIRDPELZ 52 TWD EEbN b EEER
REBOBBRITONT, T R % EH LR OB
xR LEa—L7 FIZ, ENSBIIBWT, T8
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DEELE T AT OERREORE, T AHEM
WoEmfEoRE L BEMARK L OBREENE
Nt L7z A, KPFHELBEXICEWTRED
MEBRPREB &R ThoDZ & EMRLTHE3IE
TlE 7 L A A Pleuronectes platessa %t 7 X DWFEH
5, HRARZRCEENICBITT S TOARENY
e BRERHIL L OBRIZOWT S IS L, A
MAKELZ IO LHFERRETOERNLE LTV TH
WM Z KA, B, TVAREHILVAEA VAR
Pleuronectidae {2J& L, dbifERe 7 v 7 v ik EICAER
THRMEETHY, TNETILLDIMANER SR
TWABIEDNS, ALV a—0RELENGHE L2, T
72, SNETRBHTH -2 5 X BEHEERBEDT A
BRIZOWTHELR L7z, SHIT, FATETIE, 25,
EIBEOLE2—fRET LD, FEERTELD
12, LE2—FRILHEONIRFEZREL, T
HEBAET 720 EEBbNAMIET —~ %2R L
720

KimZ IO H12o72), HiOBMEZLLTOLH I
Tolze BEOMARIIHERMATE CHEEELN T2
FEIBLCE TN 2 R O ERBED MR & RS
% (Van der Veer et al., 1994), —7, ENTL I 2
AR EMESRAIIE, HERAET O RN %2 & T —
FEHESNIFEDERFOLGRED Z L &7
THENLZ V. T AMEAZIRL TREH~NOMAL
ELIEALGEDRONS, TR THIH L 723Xk
HiE, &7 A TIZEIMITIA L EMARE7Z 1) 2 408 L
2T = RIEBEAEFREN TV Rz, TOTE
No, BT AMEIMAT—5 2RIz, 72720, o
RAHTIE, BIHANOMAIZOVWTRRLENT WS
EdL W EnLINEMA (recruitment) & FEFR
L., #EMA (catch recruitment) &1XXHI L7, £
FHIZBWT, FANERELLRBETERLOMARE T
DFRBEREL, —BICHEANRLE A2 E L En s
A, 22T, BT AONAR & ARBAN CRER
immature fish) & L7zo REAMDH 5, WEHA
EIAHT 2 5P (U0 eggs) « A4 (fF 4 larvae), MK
B AN 2 M (FEFL juvenile) L OVBCE B8
B SMAR E T2 AMAM (35 young fish) &IPAR
Zk& L7

t I AP HEROBREDIEE A7 — Vi3l (1967,
1974), w (1982) Zfto7zo T AREAMIOKE X
WZOWTIEmXHOREZFEZ T L2012, HHERX
(Kwak and Park, 2016) X W fkEZERICA LT
w— L, WEMEOHROFEMA G L OREZ R L 72,
B, TV ADER -ARRBEBIIOVTIIINET
WMEIN TRV, TERENSEEA LB L 72

HAVABO—FTHAH~IHN LA Pseudopleuronectes
yokohamae \Z BT 5 HHA (Kwak and Park, 2016)
TR L, WP ofREIIe 7 X ERERIIRL
72

SRR BRI OWTIE, I, A, FEAIK
UEEBREL ETER LELIRELEL LT, Fl2I3MFA
WOEMBED B, HEAMOEBRREOBEL & EIFLR
el eI AZELRABIIBVT, BKEE
T U 7= f 0T LR o A0 ) & il ) & 13 X LT AR
We Lz, FRBERYTIE, BEPOFALEEREE
AT LAEGOMARET 2HELNTEINS
oo, [HEPIZHL M- OLERELRELET L
T TOMF - fEfW] 2L T [FEREEY]
72IEHA [ & L7

K TEIEH LT A - T A R, BikT5L9
2, MERTEN SN THANZBIL, NEBICHE
R S NER LEBLT I MMAETELELZALTY
bo —H, BEAREOPIIIMEIZT TAE L %2 58k
TAHMOEALNS, KT, AIADOL ) LEFHERZ
BT LfErENRELTLE 22— EEETH 72,

F2E HBEREELEICUL/-ERBOEELREHRE
ZEICEADBLE 12—

BB OYS, TOKREEB OB Z BT -
P - M2 CORBERIES LI > TRT I L
HETTIE R Ve bbb, FOERBENEMDS,
], RIS O R A e OV AR 2 S E
AT O X )\ REEE N OSBRSS T L CHifL L
HOWEEEREZEL LI EENEFRNOEET, &
WEB) %2 XHT 2 HRPRRLEEZOND, TDZ
WD, NS ORI U728 % 5 BEAFZE O f
Rx2GH L7,

KHITIE, ZoOMNHOBREHIHELS5 2 L%
oz b o, KERTEN 4 &8 EESRATIG 7 AR S
MM It - b o, HRAEYOBERHELEZED
BEEARAFIY R AR BGREBE RS [l 72 b o0, 2 LT
A& OBRIZHN 2D OIZFER L TIEICEH L7z,

(1. ] T2, BERARIA S BE LRI
DO TIXIEEER & ABFNHROMAEDLEIZB W
T, TVARE T ARBRWI-EBEE (LT, st
KHE), TLA R, I XDONEIEEARITRE 58 L7,
SWT AR TEONE F XIBITBHARIZONT
& 12, AR S EFEBHEANAN] oo 5,
[(3) 7 IWOBEMICOWTOR TR L7z F72
VEAE D AR I D T AT S 09 2 T 2 S
B - EZELOD b T AMBMIEICE o TOLRREE
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FEINZB D L BEAEZEE [(4) & T A iR 2B
LTl THM L7

v 7 XU O REBITH S 5 BEANZE % Table 1
12, v AT A MEENFE R Table 2 ISR L7z,

1. FHEHA

ZITI, BRBEERBOINY, 7o) b, e
THEIN, FELTWLIREORHNIZIEEL, s
MEBIIB T AAH, WMEED oI RIRA O E
DO T, BEEAULOBLRILIR 2 47 5 72,

(1) SREA

bS5 X PUNORMBIHIZONWT, ERBFEOBEELR LI
ik 7= 78 % & 5 H BB 0 L RB 21 22 B4 451 Table
1ICHBEL, BRI OWTIE 1 ISR L7,

S D EREE O BT BAORRLEIZ K - TEH)
T 5, SHICHERKR L ERWEMIMW 2 ZERIC
Lo THTERDOLENRTEL LEDND, HIFEDON
HFELT, BOEZKNIHET IEERLRNLR E
DO BEROFHI O EEEIZIRE SN TV SA (Van der
Veer and Nash, 2001), fEEEA~OREIZOWTIXIZ
EAERENT VR, BT AT VA Reinhardtius
hippoglossoides TIIPEIIHf & & RITEL & DRI HE TR
BENTW5SD (Gundersen et al., 2000), HIARAK
#LOMBREIRENR TRV, T4 V=TTV
%" — Pseudopleuronectes americanus T3 4 [ 0 #50
e ZO®RIES NZIMARKE GRIEEMA & Bb
5 1#M CPUE) ICIEOMHBEZ DTS (Wilber
et al., 2013)

TUAAZBWT, T4V v ¥ 2 i TIREN R
EHEAIOERBEOBEIZIEOMBERH S Z LEAIRE
nTwb (Geffen et al., 2011), F7z, JbifECTlZUId
BB AR AR BRI BERE 03 &, C D4R
BEEDBENMARE EMET DL FIREINTE
(Van der Veer et al., 1990) .

v 7 A TY Table 1 L AHOB A THIEH R AE
EWHGITIER LTI L, FMEOEEER &Il
N7-F L% Table 2 IR L7z, &7 AT, Jfio=
MEBNZET 2058137 TE LT, IMAREDOHM
RIZTHo T, BFEOHERICE o TIHORERY
WEETH 505, FAULEOEROREENRKE W
D, HOERENLTREIZHFEVHEATH NV ER
bihn (Table 2 i H),

(2) e TOFAE
AT O AN OWT, FEHRBED S Z &1l

N7z i3 Table 1 @ i HIZHEH L 70 Z DR D4R
OB, WA, B TE VB EBGR D
BN LI XU OB 2 &12X ), FIC
WEROLENFEEMMICREL L EbNE, Ty
FUWETIX, I—a v INX<H VA Platichthys flesus
T 7 7HOMEIC L MM OKE LI LTHT] &
HZENLZENDH D EDOHEMNIDH S (Van der
Veer, 1985), dtiETi, K& —EDKMR T T 7
Y7 b OFAEHE LR DY 4 X Y T hMERA
WeoMBIZEDLY, FHOARERICE->TWSEZ
LRI ENTWAS (Rijnsdorp et al., 1995), MK
OB O T 5 7V A Hippoglossoides dubius 1+
T, KROFIVERELLALTEY, FELMH
BAEYOEBEIZFZOFERNTIE LW L BERINT
5% (Nakatani et al., 2002)o L22LARHS, Thbd
DOFRIZBWT, MEBTORTR L ZFOHROIMAR
EOBEE TIIRIN TV RV,

TUAAFATIET vy FrilETr IV HOMEIC X
BIECHHIERI END EDRRENDHBA (Van der
Veer, 1985), TZTHENLDOTEENMARL D
B F TlIRIN TRV,

g ATIRIMEEICBI AT L EmmIc
IR LIRS T, MARLOBBRIERINT
W\ (Table 2 M ii M),

Q) EFERBOTAE

WA S 0 RN O 12 R 0% ] o AT £ o0 AF R
RED S &\ 7253213 Table 1 @i BUIHER L
720 AFANLBEKIIDNT E A E R WIREETHlEK DS
IoTHIZNAZ LR, ZoREEHEEHOHAO
ERFOEEL, WAMERTH LK - T, W
MERTH 5 HE - Gl LI & > TEEMILYIZIE
CEOLZENRTE S LEBEbN sy, [FAaoMEKDR
RO %L X TR ) IS AN E OB R
FMOEEEIRHEEN TS (Van der Veer and
Nash, 2001) .

i D ZAKK (e.g. 4 ¥ H L A Kareius bicoloratus:
Tsuruta, 1978 ; Yamashita et al., 1996a ; <2 H L 1 :
FED,1986: 4 > 7)) v ¥ 2y — )V Parophrys vetulus:
Boehlert and Mundy, 1987 ; = &' L A Pleuronectes
herzensteini: K7k 5 , 1998 ; Nakata et al., 2000; 7 A
71 7 U A A Pleuronectes quadrituberculatus: Duffy-
Anderson et al., 2010; / —¥% > uav 7 v —)
Lepidopsetta polyxystra . N7 < 7L 4 Hippoglossoides
elassodon: Wilderbuer et al., 2013) <Ti, fFallics
WC, WX R OIW 7 &2 I L 72 ih &80 5 iR E
BWAOZE L OERY (FEEIY) 7 ki O 7210
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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 in chapter 1

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

Water temperature, flow and timing
of spawning

Higher water temperature during the

first feeding period

Wadden Sea

North Sea

Funka Bay (Japan)

Van der Veer, 1985

Rijnsdorp et al. , 1995

Nakatani et al ., 2002

Transort process on pelagic larval period from offshore to the coast

Kareius bicoloratus

Pseudopleuronectes yokohamae
Parophrys vetulus

Flow and/or selective tidal transport
to the coast

}Northem Pacific

North-west of America

Tsuruta, 1978

Takahashi et al. , 1986
Yamashita et al. , 1996a
Boehlert and Mundy, 1987

iii P. platessa Selective tidal transport North Sea Rijnsdorp et al. , 1985
Wind speed on insuftlated flow Sado channel (Japan) Suenaga et al., 1998
Pseudopleuronectes herzensteini ive ti
p Z Flow and/or selective tidal transport Sea of Japan Nakata ef al. , 2000
to the coast
Pleuronectes quadrituberculatus Successful both the transport to the Duffy-Anderson ez al. , 2010
Lepidopsetta polyxysta oast and the future recruitment by [~Eastern Bering Sea }W'ld N L 2013
. t al.
Hippoglossoides elassodon insufflated flow riderbuer et at.,
Determination of year class abundance
P. platessa Food availability of settling and/or ~ Clyde Sea Poxton et al., 1983
the other flatfish species settled fish Portugal coasts Wouters and Cabral, 2009
Van der Veer and Bergmann,
1987
North Sea ~ Pihl, 1989
P. platessa ' ' Van der Veer et al ., 1990
Predation of settling and/or settled Beverton and Iles, 1992
fish - Beverton, 1995
Swedish west coast Wennhage, 2002
7 Wennhage, 2000
. Laborat - ’
P. americanus (Labora oy  Witting and Able, 1995
observations) . >
iv Flatfishes - Minami, 1995
Cleisthenes pinetorum Successful transport to the coast to Fpr}kg Bay and its Kurifuji ef al , 2005
settle vicinity (Japan)
Successful both the first feeding
C. pinetorum under best temperature and the Funka Bay (Japan) Hiraoka et al. , 2009
transport into the bay
Flatfishes ] (A comment) Van der Veer et al ., 2015
L Density-dependent during settling Zijlstra et al ., 1982
. Western Wadden Seat- Van der Veer and Bergmann,
P. platessa phase mainly 1936
- (A comment) Nash and Geffen, 2012
Organizing the strong year class strength
Hippoglossoides elassodon Matched factors of both the Eastern Bering Sea Wilderbuer et al. , 2002, 2013
successful transport on some great
v r numbers of larvae and the occurrence
Pseudopleuronectes herzensteini of enormous prey abundance on  Mutsu Bay (Japan) Takatsu, 2003
B nursery grounds
Determination of year class abundance on nursery ground juvenile only
Atheresthes stomias 7
Reinharadtius hippoglossoides Eastern Bering Sea Livingston, 1991
vi Lepidopsetta bilineata — Unknown

R. hippoglossoides

Solea solea

}North Sea

} Tles, 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 in

chapter 1

Section Ecological process and/or conditions determining year class abundance

Pelagical eggs periods offshore waters

Targeted species for studies:

; below the same Environmental effect Study area Authors, Published year
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

P. olivaceus
u ! coast to settle

Successful transport to the

Kiyono et al., 1977
Tanaka, 1988
Tanaka et al ., 1989a
Tanaka et al ., 1989b
Oshima et al., 2010

Sea of Japan

Northern Pacific

Determination of year class abundance on nursery ground

iv P. olivaceus

Food availability of settling
and/or settled fish

Fujii et al. ,1989
Tanaka et al. ,1989a
Amrullah et al. 1991
Subiyanto et al. 1993
Koshiishi, 1994

Western coasts of Kyushu

Organizing the strong year class strength

Matched factors of both the
successful transport on some

A P. olivaceus

nursery grounds

great numbers of larvae and
the occurrence of enormous
mysid abundance on

Northern Pacific Absent without this review

Determination of year class abundance on nursery ground juvenile only

vi P. olivaceus Unknown

Kato, 1989

Kato, 1996

Wakasa Bay, Sea of Japan Maeda, 2002

Hiuchi-Nada, Seto Inland Sea  Takechi and Maehara, 2001

Off Niigata coast, Sea of Japan }

PHEE I N T WS, Bz, ~H LA TE, MEDORE
GE s & OGN GERY R EBE 217 &
DEBLZBMEETVICEY) VI 2 b= 3 v LK
B b 1) LRENSHED S 30 HERICEKSGMHEE T
Bk I s 2 EDHERN SN, JAREIEET 5 RETRDO
BEREGATMA R OB E R 2 B W BEtEAVRIE ST w
% (KK ,1998) F7z, XN=V Y THOT FTANT
L 4 2 (Duffy-Anderson et al., 2010), /—¥F>a v
7= VRO =H L4 (Wilderbuer et al., 2013) T
&, WCETRE O S AMF L OIR B A O Hii 5 125l < 28
L, &ENZIMARKEEBART 5 A HEH S
Twb,

7L A4 AT, dti#ET (Rijnsdorp et al., 1985), WX
RETEI OI 7e & AT L 7200 A 3800 5 IR i~ &
R RO FTEI N E T 5,

v I A THFAIICIRER I @MW = Ex2FA L
72 AR S IR RN O Z B 1Y K OV AR 7 i 6 A%
A EINTwE (FH S, 1977 H, 1988 ;
Tanaka et al., 19892, 1989b) (Table 2D i JH) . L L,

ik O DTGB IIH S M SN TW R,

—7, WEBEHIZB VT, 2005 FED L T A HBAE
FRAE & 2006 4F- D F5/NMEREE O TE R ERICOWT, B
PUBLAE IS 2005 4EAY 2006 SE L D D Lo 7oA, A
BT O ORI O B IEWETEN R L, HE
AEE T 2005 FEAT2006 £ L D L e oize 2Ok
BRI, WA O AN RHRIZ R A 9 ol 2 i
) FLENDNEN VDI X o TRl O RELE
UHRICERBEM TR ERENET L LHEN SN
(Oshima et al., 2010), HkE#EfRICBIT 2 EREFED
ERMIBETE R SN TV,

DRy, BMARETIE, BEWEN O fIEAE RS
TIXB LM I EE R AR T & 5 & v ) IGELS
HoWT, BEMOFAPERGCEZETE 0L
PHBEEZETLFERPEEEHO TS, L LAk
BH, I X EELRMEEEKIZBVWT, BEH 8-
f748) DTS 2 B2 FFERMARKE L OB
BETRIHINTVERY, ZOZEH5, KETHR
RZEKBRICBITZEEIMAREOPREICEETH
5 LEHEmT A RMAEKRL TV,
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2. BEEREHDSREHEHAEA

Z 2T, AR SHEAINICH Y T 2 BB
)L, IFEBAOEEH, HEREE B U CHEMICE LI
WMAFRBRE L, KIOEEHCBT 2HAICZR
ENT e T, REHENEWHIBEILE T X
MEAIIMENC 7 IFEERT L2 LA MSNTY
5L (eg 4k, 1980 i, 1982 : Subiyanto et al.,
1993 ; I &, 1998b), F&H BRI\ 45 OB
IR AR AR AR oML R 3hTnd
& (HES, 1998b) ICHiEH LT, HICEEYIC
BOWTEELMRAEWE 227 IFOBEORTNIC
DWTHHF - il L7ze 72, I AMEHECBY
THEFRE Lo TWARIY A ZIZERE YT, W
WA M 2> S 8 - 835 L L I, AR
BT & SRIEES & OBb D IZD W TOMENIEE
B L 720

(1) BEBIEICH T 217 - Al

JKAEIANOEE RS TR CATBORINEL, &
JES D L IIERICB T 2 HEEY O m WA RENE &
MM REEE (availability) B OBEE2S, BEAKMFNZ
TARBGREGEEE LTH &, FRHEOBEOEHI
M BT AWREND L, CNOICHT 5mIE
Table 1 (¥ 7 X Z B 72 54KH) & Table 2 (8 7 £)
DIVEHTENENEH L7, 72720, BEICL 5%
it 7z slid e T X 2RV R (Table 1) T
ORI I NIz,

COBRICEBWRE LTI, RV MTVRRED
O BAEFHIZOWTOMEND Y, WEHEIEXKE
BEoOWRICEY, FEREEAMIIEES TS <,
SRHE Y O B AR & R W BB RE A KB AR LK
ERICAERTH 5 Lm0 57z (Wouters and
Cabral, 2009), W KED Y 7 NF L A Cleisthenes
pinetorum TIX KL T BT 247 A HDE FIE
BRI T52 L CERS, 2009) & ZDO%ICHPEAE
W D53 A A BATRE BN O 75 KT 2% % &
NoHZLlOMAEDED, BIEKZETHOMMI O
WHEOBEOBRICEETHLEELZOLNTWD (F
BED, 2005 RS, 2009), 22T, fHEAEHO
FH W REEEA S WA RSO, BEDOY 4 I ¥ 712K
592N OEZEEIRREN TV S,

HIEBEED, MAROREICEETHS LFIRT S
MEIRSNE (94 % —7F5 v ¥ —: Witting
and Able, 1995) 3%, BAKIAHOHFEBEOKE
IEREEACIC & b 7 O BT O — I IR 1L H3BE £ % B
BEBHIEREITIY, ERFIEET LRSI

Wb (FF, 199),

TVUA AT, EEfEDOZ I 4 FE (Poxton et
al., 1983) IZBWT, KEHICB T 2 HEED DS
A pEE & R R EE DS, MEAUY D4R O B EE R HIA
ROYUEITHR BT 2RI S T2, il
ORMEFE MRS, LA ATHHERBREZOHD
A OERMBEOBEOPREICERTH L L RSN
T, CORMORETER, FHREEOSEDOLEL K U
BT A5 MICFER L72% L O A 6N s
(Zijlstra et al., 1982; Van der Veer and Bergmann,
1986, 1987, Beverton and Iles, 1992; Beverton, 1995;
Wennhage, 2000, 2002; Nash and Geffen, 2012), HC
b, Beverton and Iles (1992) & Beverton (1995) 1%,
JbiE<TlE, SMEBOERFOEEOLRINIHELUN
72072 OPHERBHROZFIL 200 F5I2H N L 721412
ST L2 L 28 L, 5KEE O BRI
L EAKGRERRE M A R ORE IR B LA 1K
B L TEHETE W EEREELL, IO
W& D, HEBERIC, BERRO L LRERENZ
KEZBFEDE S RAHEICBWTHBELTGEZ V2
WREMEARIE S 7z,

LI XTI, RRFIRRPREARR O RTI3ERE M
O, BEAFORE, 7IFHAGFEOSLELY
W& ) BB D HAF - HEFLOHLERAHETT L, AHIE
MW OEE 24 cm (RE 15 cm) F CTIIEM % WEE
PETBHWEPH LI L bFHE SN TS (IS,
1989 ; Tanaka et al., 1989a; Amarullah et al., 1991;
Subiyanto ef al., 1993; #LF, 1994) (Table 2 ®ivIH),
D7, HEBEOMEILZ IR0 &3 5 HEAKLEN
LR ARBER R OREOERIKEIT-> T, LDLH
72 75 RS HE IR\ A % S 5 2 AF 28 0 T ML A HEE
EhTws (HA, 1988), 2o Z & BT, H
A (1994) FEEKMEOWFEN L 7 X DOMEIIFEEIE
R LTRELMELHDOAMREELHEN L7z, 73
FHoEELe 7 AfAMOFERNOBEIZHLT, K
WFIRF SRR OB T, iAo 7 IO Z
NEZNOFEEOMICHEBELRIEOMEZEDO TS, £
72, T IFOBENE - 721991 £ IIHF KL T HEHE
D 7 AMBMOBEBERRSE 7% THo72h, 73
OB DK AD - 72 1992 4F 11T HE A O FBAE AR 1T
DIP12%TH Y, WEOHANIEL 7 IFHOEE
IR0 0ERH o EMELTWB, 2721,
1991, 1992 FE I BT 2 M EBAHED KBS DO T X HE
MEELEMAROSZEL OMBRTETEWAL2ICENE
oz,

Cushing (1969) &, [fMFEOIMA DO EBERK IZ
DWW, FAFOEINIZV I vikE 5 2B D
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NB0, SMUTFROERAEMIIR 28 TT 27 b
NEDOERAEME LMW T T 7 b Y PEESH
LEEAMELEIT A L2 XY, BN —REED
HELHHRICY v FF UK E RERBENAEL, 20
2O TILEZIE (I A~y F) /NS REMRBE
EhBbo]l by F - I ATy FRIFEEMO TR
WMLz ZOWFHIE, WEMEHOAZ LT BEICBT
LR L ZOMBAEYE 25 RROYHOME DA
EOMRICHET IR LD L% E (e.g. Visser et al.,
1998; Stenseth and Mysterud, 2002), &7 & OBRES
DFEHEF R LR L TH 4 2 B o ME 4R
DOREZ LAY OR LDy F - I ATy FHR
(Durant et al., 2007) %9 5 2 & HTE B AEER
LTHETH S,

CORFIC L D EHF SRR E LT, SR TR
BRI O S A BRI - Moz 2o BER
DE— (v F) BEHINTWS (Wilderbuer et
al., 2002, 2013 ; &, 2003) (Table 1 O vIEH), T4
bhH, WEHNX—) Y FICERTSE7 Ty Ay R
V) — )V Hippoglossoides elassodon (22T, FEINEMA
PO, R - MEAIERT, MAMCESL K EE
FEIC BT DARREEY 4 X 1978 4~ 2005 £ b 725
SEEBHIRN S N7z TOFER, HEINHAREITRE
AR PR A ORI T BEEE A VB S IE K L 72
PSR (F - ) & FoBRFEHUEOBRBD
MARIC o722 LRI SN (Wilderbuer et al.,
2002, 2013), HHREBERBEO< L A T, EIIYT
H5 2 A TH~3AIEL ) IRKEDEE I A
X DORELIZHE D ST A X L ORI LIZ X
DHREBEINEEL L, KU6 HoBEMICARE
WErabRREE AR POBENBVWIE, 2
NSO 2ERDE— (% v F) PEBAERIEOEAE
HIchbEZZ5NTWS (i, 2003).

(2) RBSZICH T HAH

B OHREAN & IMA R ORI 258 % ik
L7275 (Table 1 D vilH), t I X% &R A
WML CTH L hh ol

Bz, AEMAESICIAREREHAME LT, ¥
BAN=) TR EEEOT I A AT T I H
L 4 Atheresthes stomias, 817K D H 5 A F L
4, RO2T6ERIAD Y 2 23 24 L A Lepidopsetta
bilineata D ZHEMDS, I H AR H VA Limanda aspera
CHEINZ ERHE TN Tw b (Livingston,

191, L22L, 2D &) LR REHERT L ERE
DR MA R E DBRBED X H 2o TV B D%
FTRRING o7,

RAAEMRAMOERHOBE L MAZOMIZB W
T, BWIAHT VA La—uav )Xy —) Solea solea T

HRIEOMMEY, FL7LA ATRAR MR,
ZhEhE LN L) D H D25 (es, 1994),
WEN LA OERBEO BN T Z2ERN T TIEF
KENLdro7- (Table 1 DvilH),

Y T X O —AERAE IR 3 5 HEAT O AR R AE O B
LIHAEMA R E OIEOLBIBIRIZ, HAWINRE
VIR R0 g, 1989; Kato, 1996 5 SUHRIF A k3% < 1 H,
2002), WAL (ZRBREEE © R - §ik,
2001) ZRETRLNTWAD, T A OERE
DEEPRELIERIZIINETREINTREP -7
(Table 2 ®vilH),

@) ZIFWDODEEDEEMICOWT

INRET, eI XOMAREDEEOMBIICT 7
O—F L REHE DL Lol DL I,
Oshima et al. (2010) 1%, WERIBEBICMET 5K
AL O E B EEIRE T, 7T IHOBENEIIE
ELTHWERETELDT, &I AMPAIERH%
WD L TREICERTE 2 2 LA OFERFED
LBEOEIICHEHBENLLLEZ 2, L2L, KWk
J 208 T, BN RICB W THEEICT IHD
BENKELSLEHL, ZoZ L LHEHLTL T AHEM
DBELRELSEHLTOLEBRIREIN, b
DERICOWTLUTICFERT %,

KFPFHEATBREBEOETERERD—DOThHLHE
B il (M) CHRRICEBINEET
MAZICBIT 2 HBORET—5 (FE#RS, 2001 ;
Tomiyama et al., 2008, 2013) %HAEGHETHITL
728 Z2A, 19954EH 5 2000 4EF Tok I Ao
ERFOBELKEMOT7 IH (BFigfE: v 27
INT T 3 Acanthomysis mitsuburii: 1HWH S, 1994) @
BEORIC, AE2EVIEOHBE (n=6, R® = 09730,
$<00005) 2@ 5 N7z (Fig.1: %28 &, 200L;
Tomiyama et al., 2008 D7 —% %51f), 72, Ui
I BT, 7 IHOBEIIKEINRCT ERE -
T2 EmEIN TS (JEES, 2001). 2006 5ED
/NEMBE (Oshima et al., 2010) L0 7 IHD
BETFT-IIHFELEVDIOD, FEIELENT
2003 4ED 7 — % (Uehara et al.*') % BT, 2001,

* 1. Uehara S, Kurita T., Tomiyama T. Yamada T. Fujinami Y. and Yamashita Y., 2005: Growth variation of juvenile
Japanese flounder Paralichthys olivaceus on nursery grounds along the Pacific Coast of Tohoku, Northern Japan. In:
Book of Abstracts, Sixth International Symposium on Flatfish Ecology. Kyoto Univ. Maizuru, Japan, Session 3-O-09.
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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 flounders (>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.

2002, 2004 4E K OF 2005 4E D 4 2 4ETR 5 X HEAL o
ERMBEOBEE L K10 m RO 7 IHHOBE L O
WCIREWIEOMBEED 5z (n =4, R® = 08474,
p = 00795), FFICZ D4 0EEITB T HBAERE L
725722005 4F (Oshima et al., 2010 ; 3EHS, 2013)
D T A MM OERBEO B (193 Ak CPUE) &
O7 IFOEE (1826 A m?) &, wIhdbtho 3
MR LR TR EETH o 72 (Tomiyama et al., 2008,
2013)

F72, Blzide g AREMIIOERTED B L KR
Sm D7 IFOEED 2 ERMIA B R FHVIEOHE
R B 7z 1995 4~ 2000 EDENZ DWW THET L7z
EZh, RBAEMBENEAE L1995 FE07 IFHOE
FE1 8720 Mtk m? Tdh o 72D LT (Fig. 1 8
5, 2001 ;: Tomiyama et al., 2008 D5 —% %5|H),
© A I ORI O B EEAE D > 72 1996 SED T
SFOBEIRLI4MEAM® &2, 19954 & 0 R
TTI8MEDH DEDPED SNz 7 IHOBENKL -
721996 E D & T X fE I O FE BB O B (1.8 1A
CPUE) 121995 £ Db F 5 007 15 (<1/14) DK
E ol

L7255 T, BFHHICB T, FEBERENR
D702, [HEr—EDOKEDOL T AMFOHEF
D] (Oshima et al., 2010) 2Nz T, ZhoDfF
FORDOIERD [RBLZTIFHOBEORS] O
2EHROE— (v F) BPDUELRENHTHLLEZD
N7z (Table 2D v ), b J A BRI D5 A B

= 7,000 1 y=154.29X+1105.69
£ 4 R2=0.6676
g = 60001 p<0.005 o
EX 2005
ERE
55 50001 <
22 -7
S 2 4000 -~ o0
<
s '2 -, 1995
S 2 3,000 <
°c 3z 3 s
52 1997 P
_g 9 2,000 199§ ~ 1999
el @Q} o
= 1.000 1998
s — 0 (3001
2 gy O
[3 © 0 2002
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Abundance of0-age juvenile flounders
(Average CPUE)

Fig. 2. Relationship between abundances (average
catch per unit effort (CPUE)) of 0-age wild juvenile
Japanese flounders (>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 flounders in
the Northern Pacific from 1995 to 2005. Data from
Tomiyama et al., 2008 and Kurita et al., 2013.

Kix, (1) ZEBRICBIT S - A8 OETH
4L 7= Cushing (1969) &< v F — I A< v FRHIC
Lo THHATEL DLW SN IZD, 2Oy T
- IAT Y FIRFIT L o THHATE 2o B AEHEON
7% (Wilderbuer et al., 2002, 2013 ; &, 2003) & o
FUMEDSD AR 720

LS ADMAREICDOWTIE, Lo sBh, HED
F L BN 2003 4E 57— % (Uehara et al. * ') 2B &,
R SRIRREOEREITIC BT 5 1995 4~ 2005 5ED9H b
10 24D 7 XA OERM O EE (Tomiyama
et al., 2008 DT —% &HIH) L RFHEITREEICS
WTHEDFEMARE 25 1, 2iREMAR CEH S,
2013 : 5 R O AR RAK & iR e Icy ] S ;i
L MEHE - SEH R S N2 7T —F 251 H) L OBR» D,
MEDOMIZHHE % mWIEOMBE D 5 h 7z (Fig.2,
n=10, R*=0.6676, p < 0.005) .

DLy, #foe s 2ERHIIBNT [T IHD
EBEEe I AMAMOERFOEE] [T XM
DIEBAE O & L fEMARE] BEhEFhERERIE
DLBIERICH S Z & (Figs.1, 2) ZFE—D#HRICE
WTRTZENTEZ, 2F0), 7IFOBEIZID
Bl shize I AMEAMOERBOBE (Thbb,
WEWET) 2, ZOBOMARKELZ SHET S
E BRI AT A TE D DEER
bbb,

U EDXH12, ENIIBWTHBERTOA [T 3
FOBE - I AMEMB OFEBEEO B - FEINA )R
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¥ MTIEDWHMEEI RSN 7= AR S N7z1E
RBEDUTOLNICESE L2, 7, Wl T, WK
B e EhEIMEAL L, FREY L R D EERD
B M CHEMHT 2 B TH ) (HIH,
1990), S ZiZe T AMAOEERIREYE 2D 3
VYN T I HAVE SRR L LTS #PH L R
ST ALEEbhTwd (ILHS, 1994), 72, %
AL L & B OR A8 & A RIS LR e
HEL, 1042, 2EREOL I X BLBERED
FENEOND Z & (JER - HEH, 20000 &L, ©F
ADOWHRFENTH Hlk L2 L Sbh, Ao
ATEBR D BN TR LT L) Ths (FH
5, 2013)c L b W8N T, R X %Mk
W7 IH- 7 AMARERLATHFLE L E25R4E,
bz TN TE& 722 ¢ (Tomiyama et al.,
2008), K UVEIAWFZERFE A KENIZE - 2B RS
£ % T AREALE R HE O G WAL S 25w B Uk &
L TiIrbh, FZTIIRBRNO T — 5 OiEHE
PHRICE o722 8 CGEH S, 2013) RENFFITFOLN
bo EDZ EH6, WUETHE - EDLODT—
FH T TORENRE NPT, ko [T
SHOBE - I A OFETE O B - N A
B MoOEDFIBRS R SN2 & ERBERL
TWDDTIELRNA) D olbobBh, HARERR
CGHris b g, 1989 Kato, 1996 ; HUERHF #5461 < Ail H,
2002) RWOTPNIEIN R (FRIEEREEE IS ¢ B - B
2001) IZBWT, b T ARERMIOFEMEED &R &g
AR & DMIZIEDQIBIEBERD NIz &iE, 2
CCTHB L7 IHESOEELREAEMOBEIZLY
I AMERWOEFRHEOBEN YT 5T L & FH U
RENEH TEHVTWS I L LRSS,

(4) EFAMRBEICEELT

EHNZHIZBNTREBE R T AR HEER S
NTWb OREIT, KEMZE - #E KM, 2018), A
THERR D BROMFOODY —VH—2L LT
M@ S, N TR i A O FmahEE R A RS
RKEINTWB,

—J, eI ANTHEORHI A ADEEBEL RS
&, OTONNIORTH A Xh 5, RATRKIMOMR
WA ANEEDS>TEZ, 22T, RHH A 2k
HL7%G0EED e 7 ARG OBLK %2 DUV ISR
L 720 2016 4F1C 37 EHF R R DE 1412 » i TH
72090 RO v I AR R ATER S L7z hs, AR

2B BRI R B G B IR A Ao R EEA
T, &£ 8 cm Uk 10 cm KiiiAt40%, 10 cm 2Lk
M 41% % H o7z OKERITE - HE KM, 2018 O 7 —
TR THDEHIZ, EE8em Mt 10em M E
HEDORBOBFRY 4 XiF, AwTdHBBT S8 b
I X OMPEFRICES T, ENOE L Ok (i
PR S VE R iR, 1992 R - AiE, 2001 ; H
A HEVE SRS - A, 1999 5 KL IR E A
Yamada et al. ¥ IZBWTEBEE»SBET 544
A (&ZEMH10cm) C#YT 2, ZOH A4 Xk
Vo L7z THIRO v 5 X A THN K IIEND%
DB T, MEB~OBEY A X% L T
WBZEIZRY, WMEEBICH B —EDRREREID D
5355061, ROPEICBTABUIROE T A ik
¥0% X, Ao ARET) % R L CRE
EfToTWA LWV THB/ETIELWEEDbDNS, &
vz, g2 AT A X0 KBLICE L
T, MEBICBITA e T X ORFEENICHET 2%
BEPBOTAELTNS, TOZEIZHEBRLT,
Yamashita et al. (2017) 12k F X 2B 5 BEMKRLT
1 7 AR 2o W T, M DI O S 4E#C
72 5 AR R AN R &2 ) RO LR ZRF LT
Wb,

BB, eI RIBNTARLELRELBIY A X
(&E/10 cm) DTOBRES 4 A28 L725EAI
X, R CTHEONRHTH L7 IFLEOEELRE
BHEYOBENRKRE I ARAOEBE (Thbb, B
BINAED) ZHELTWAEER (Figl) 2&0, @
)72 N LR BORBUC E o TORBERICBT 5 4R E
FEJIHMRN Z &N & B R O K & B EAKAEN 2258
TS XA RS IEN S ze o2 LITBEERL
T, WRBORRAEENIZOWT, %% Tomiyama ef
al. (2017) &, @&V A C FUBAE AR 358 A L 72
2005 AEICBVWTRRL T AR EHEORKT 24T
22 FFTICBWTESIZ4T7 HREO L 5 A HK
i (B0 LE 10 cm) 21T 7288 % %17,
AL HESITKRKE T ADBEREDK T 2B E
ENWEETEZEFV Y I 2L —Ya VIZXDRL,
BRI S A R O i B B B I X 1T 7 B & AT
DU 7ze Tz, HBAEBRBEORAFITEY L VIEI
BWThH, B A TR L) RmEAICKE
BTN LR EIE S 2RI RE SN TY S
(B, 2006, 2007) § b bHATFRIFFRICBWT,
HEmESTOLANTHENREA (2K 88 cm)

* 2: Yamada T, Kurita Y., and Yamashita Y., 2005: Utilization of shallow nursery grounds by juvenile wild and released
Japanese flounder, Paralichthys olivaceus in Miyako Bay, northeastern Japan. In: Book of Abstracts, Sixth International
Symposium on Flatfish Ecology. Kyoto Univ. Maizuru, Japan, Session 4-P-23.



v 7 ADEXFRY) & IMARENZE

OFMATE, BB TRELSEB L, Bk

OWIME-> THERIET L2 L2 SR I T
Wb, TOX)BREINMIROKTERE LT, o
BRWRBEMOBET 22 TR L, WEBEAOBRE L4
PR RE O AR B 0 U et 2 &8
HEINTWD (B, 2006, 2007) .

FIE MABKEOREERICEDLAILE1—

RECTIE, F2|THMAL LTREBSN, 2E
fEEAY (7 38) OBEICIVHEESRe T A
S OERBEDOBEEDS, TOHROMARKIEZRET
5l bR (Figsd, 2) IiEHL, b AfEf
W OEMBED LA, BAMIZED L ) IZHRE L DD
WZOWTHENM L7z, 2OFHE LCdbig —a v o55h
FTRODEELZMEEHRTHL T LA A E2R—- L
L, WifEO@HIANGE &2 ol & L7z AR BRI i i & 3
oL, HRBERE, ERENREMORL LR
HE:BE (ecological process) RHL LM I b

2B DA O ERBE O B O PLE BN L OV H

71

BAERBEDFAEERICOWTER L, 7L A R
ZOEWFEOWFEOE LA 19 ALK A 5 100 £ DL E
CHRO, BmEEICET AR B LA TH
% (Gibson, 1999), X512, b J X o RO
I ORE (Table 2 ®iviH) 1ZHEH L&25, MA
B3 % I AMEAEHEOEREROHEN %17, 4
BOWIET —~ ORFICEN D MA 2 AL 72,

1. 7L R EET A DMEREFELDIE

BAREEONRFRTH S 7L A AT BH%81L
I XAEBRTERMICEZWD, T X EPAET
OEPENZVWESbNTBY, TAPEOL T A%
X7V A AMEZZEZICL T MENTE mAH
BV, KHTH T VLA ZADOMEESLFIH L. £
T, I RAET LA AMMIZBT 5 3EY - AEfE
W - B SAE R O E SRR oG 4, s
D ILEHE R % Table 3 12 L 72,

MBI BREBFEBE D0, B EE Y
OFMBRE R THL L, MAERTO - FAaI K&

Table 3. Comparisons between ecological characteristics of Japanese flounder and European

plaice before recruitment

English name

Japanese flounder European plaice

Order (Suborder)

Family name
Early life stage / Ecological aspects

Pleuronectiformes (Pleuronectoidei)

Pleuronectiformes

Paralichthyidae Pleuronectidae

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 Ogi Y dpg I d Mainly Appendicularia
Pelagic stage of larval fish comparativel (Oikopleura spp.) and adult copepo Oikopl 2
P y (Paracalanus sp.) on the posterior stage (Oikopleura spp.).
*|
Transportion similar Larvae were transported by flow and tidal from offshore to the coasts”
Pelagic and/or . L Settled final stage larvae (P.olivaceus:1.0-1.3 mmSL*A; P. platessa : 1.0-2.0
. Settling similar «5 .
benthic stages mmSL ) on the shallow nursery ground complete metamorphosing
. . *7
Main food items s 1L Pol BEnt}tuc am;nals fel d
of juvenile fish Mysids (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 1o, approximately 5-10 cmTL)
of juvenile fish begin to migrate from the shallow nursery ground to the deeper waters
L 12
Main food items dissimilar Fish*II Belnthlc anlmzﬂls (1Polgcl}11'a etg mostly,
of young fish 1 1 (also Decapoda) clams secondly, also Echinodermata

and Crustacea)

* 1: Minami(1982); Kuwahara and Suzuki(1982); Tkewaki and Tanaka(1993), % 2: Shelbourne(1962); Ryland(1964), ; * 3: Kiyono et al.(1977);
Rijnsdorp et al.(1985); Tanaka(1988); Tanaka ef al.(1989a); Tanaka et al.(1989b), * 4: Minami(1982); Fujii ef al.(1989); Tanaka et al. (1989b);
Amarullah et al.(1991), *5: Van der Veer et al.(1990), * 6: Koshiishi ez 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), * 9: Maehara(1992); Takechi and Maehara(2001); Furuta(1999); Yamamoto(2006); Yamada et al, *?,* 10: Macer(1967), *11:

Shibata(1995), * 12: Rijnsdorp and Vingerhoed(2001)
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U BN O AIZEDENE . T2, KFE
Bi~OEFIRY A X b FERICEUEIE Y (Table 3),
WA TOI - A (eF 2 B, 1982 &JF - &
A, 1982 ; Ikewaki and Tanaka, 1993, 7 L 1 X :
Shelbourne, 1962; Ryland, 1964), &80 5 iR
O oERRH®E (v X HEHS, 1977 H
W, 1988 ; Tanaka et al, 1989a, 1989b, 7L £ A :
Rijnsdorp et al., 1985), WHEH~NOHFETF A X (e 5
A EE, 1982 S, 1989 5 Tanaka et al., 1989b ;
Amarullah et al., 1991, 7L A4 A : Van der Veer et
al., 1990) ZFfE CHEUMEDTE V., M T 1T
7 B AR, b T XPEIREED ST
IFR/NMIBHEE RO E LB TSI v bR Ry
b AEWMERT (eg BAS, 1982; EH S, 1990 ;
Fujii and Noguchi, 1996 ; IIH &, 1998a, 1998b : v H,
1999 ; ¥ 5, 1999 ; HH S, 2006 hNEE, 1987 ; 4
H, 1995) oiZxtl, 7L A4 AF#ENRY P AR
E%b 2 TH5H (Poxton et al., 1983; Le Mao, 1986;
Rijnsdorp and Vingerhoed, 2001), &Sz 5
F A Xde I ATIELE L OBHTEEHN 10 cm TH
BHH (FIE, 1992 ; ®E - mi)E, 2001 ; H, 1999 ;
Yamada et al. *?), 5 cm L HEE SN D HHE D —HFICE
Rohd (T NREERES © Yamamoto, 2006). 7
LA ATIZEE6~12 cm ((REHR S5~ 10 cm) 125K
B0 S MEBA~NOBHEIHEZ 5 (Macer, 1967). H
B oBI#BOe I A XM LHEE (g &
K B, 1994 Mk 5, 1987 #riE 5, 2001 % H
5, 2009) TARKMER L %S (%H, 1995;
Tomiyama and Kurita, 2011) (Table 3),

DEXby, e 274 R, Ao, o
GBI S IR O R R ARG A Ak L
O, FEM>SEAY T ToLEROFEPEIBW &
W% (Table 3).

2. TLLRIZETBIMABKEDREER

TUAATIE, B0 - AFEEI S IA 723 A
I TOXREER DOEMFOEE R ZOEEEDBIR
XD, MARBKIEIRE ZERIFIMEFINTE 7
(e.g. Zijlstra et al., 1982; Van der Veer, 1986; Van der
Veer et al., 1990; Beverton and Iles, 1992; Beverton,
1995), IO 5@MICHEH L, ARENLIFHOR
%5 EERMEEZXG LT, RO SEOUEERN%E
L7z, EHIT, T A ZAOFEMARZ iR
WK E DR ZOBERIZOWTER L 72,

(1) MAEKAECED ZFRBOEZEORER

TUAAZBNT, ABENLFBORL LHE
BRI A~GHETo 7HIZa SNz (Table 4),
Tbb, A TERCcoOI -7, B [
BRI oA ], CHlG [EEHE  BKp e b
JRSE TEBOF - M), DL MEREO RS
BHEZTLTH54E 45 cm (KE 35 cm) (2F3E
THETOMMM], EM [ 45 cm (K& 35 cm)
Db REVY A XXMM ], FIIZ (B 01
WAL - A ROTG N T1-2iEmAR ] T
% (Table 4)o D& EMIICBIF 54K 45 cm (K
£35cm) OBFKRTLEIAR, Ty FViCE
I} 5TV Y v 2 Crangonidae |2 & B HEfA DAL
P, EEEEDICZOVA XZEIIETTLIETH
% (Van der Veer and Bergman, 1987) .

ST NZEN TR SN MBI 2 ~5 O#iHT
Ho72Hh (Table 4), Zijlstra et al. (1982) &, PH#ER
Ty FUVHIIBWTA-C-E-FERUOGHo5HIC
DWTHRERZ I L, BEIISEREY o 8 H
A OERBEO BRI D S TR EEE A BT 5
PR RWS, BREOREEEIZ 7L A A 0-1 kffE - 35
] (F ) oFEMREEO BT L CRIERANICRK

Table 4. Quantitative studies on the year class abundance of European plaice

Each ecological process specific period on plaice from eggs to catch recruitment

Literatures

Period A C D E F G
Primary population
Offshore Trans:p ort on oganizing the year Starting period
. Number of . pelagic larval  Immediately Larger size  Late summer
published . pelagic eggs ) . class completed of catch
Authors Sea area periods period from  during, after . than the length  for 0-1-age .
year . R and first larval settlement until . recruitment for
investigated periods offshore to the the settlement length 3.5cm 3.5cm plaice |2-age plaice
coast ) -
(maximum)
Zijlstra et al . 1982 Western 5 . A" . P! P!
Wadden P! [ p'!
Van der Veer 1986 Sea 4 "
A
Van der Veer et al . 1990 2 p! A” P
North Sea . A"
Beverton and Iles 1992 4 p* A p*!
North- and 5 *) *
Beverton 1995 Irish Seas 2 A A A

* 1 P indicates that there is data. ; * 2 ‘A indicates that there is not data.
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WHIL7z& Lz WMUKTERT v 7T Uit BIF5 7L
A 2122w, Van der Veer (1986) 134 (A-C-
DRUEH) oFEBENZEBLID FIF, WEE
TOFREN - (A (AH) ¢2&Kk45 cm (kK 35
cm) LD REVWHAZX EH) WicBwT, EM
\AERTE O BEOEEREAT1/2 F TR T Lz3H%E)
5, WMEROFEIIIIMARKIENRE 5 &) BE
BN 22 ARG 2 $RMB L 720 S 512 Van der Veer
et al. (1990) 1%, LFETIIBFRZETH,LERK 45 cm
(k&35 cm) £T DH) oLy v aFOMAI
LD BEMRGFNRIETIE, MARBOLEICIZITEAL
FEET, MO REITRHEINIREZ S L&
FEFR AT 7 B AR BT HTARAE 2 X o TIMA R AKREED P F
LZH0LHUCHERN Lz, HLINS 2L DORKDM
RESZ, CHI AR OB EARLER 2 WAR L &
BHENOS KB R ENEh o722 L TH D,

2o Z &I L, Macer (1967), Nash and
Geffen (2012) X, CHIIC BT 2 KB B O BRBILSE
I HBLE S 5 HE AN O 4R O 5 O % AR
7 DL R AR B F AR A8 S 1R A S 2 P L 72,
COLICRALSMRESNTELZT LA RAIZBNT
b, HECBREEO R EAKLE N e ARG E R IR 5
BELRMBE TGO TRV ERHSNT
W% (Nash and Geffen 2012), Z O¥EHICEI# L T,
Beverton and Iles (1992) & Beverton (1995) 7,
DTV A4 ZIZBWTA-C-DRUFHFE TR,
BN S B HEADEH D L LT -
HeA A DIERLEE D BIEIC B D RAELEROBEITA X
CEZY, LBy, FRIsHE (A oF
MBEOBEDOERNFDLT D IHEUNLE 7200, &
AR (CHD) 1213 200 f5 2B MBI BB TF L7z
ZEEMELTWD,

(2 L1 ZOBEKBEICH T 2 REKEFENLEGE
SRENTRAE

T—ay e Hul e LREBE O TIE, HK#
FE DB FEARAT 1) 75 MR RGBS B L, o k9
BERIZEDREERIEL BDHDONITO20T, %<
DOWFFED TN T &7 (e.g. 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 L 4 A
TlE, BREEBEOLCE, MK A XK
O BIE S 2 a5tk 2 ZI2iEH L20gE 05 i 5
5 (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 Geffen, 2012)

ZIT, TTBTFI0@mLEREN @R L
RLT, T A ZADFKBIEZ I TEI KRR
& B R F DB IZOWT Table 5 2L 7=,
Table 5 DYERICH 72> TEMTFICEE L2, T LA
AIBWTHBOLBY CH [#%)Ki## ] (Table 4)
D AR 2 WARKGREIEREDS, TN o DMIMARK
EOPREBITWELBELLEEZZONT. 2O EDD,
BRmETOT VA AFAPEREZET L CHEAICR
HHEFN R EOBRRIIER Lz, 22T, [b#:
BREWMZEMOFAI L, Tcl : FREE  FERPh & &
JESE T EFZOT - M) RO [d ) ERBEoFER
VERZET L-BHOMEH ] o 38 (ko B~D
WLV, BEIE—HLTwEvwoTh ~dill
L72) ZHh B, CORICECTRECICRES S
WAL 2B Dh%, @WXOFRIE TE L7227 HFEIC
Table 5 IZ/R L 72,

ZORR, EERENOBEKGFWRETIE, TE
WOREY EWELAEHENOMISEZ Y (Van der
Veer, 1986), F7-ZRBHIICHRAL %o EHFHFEOE
FEAFEMINICA D EENEFNEB L 722 & (Beverton
and Iles, 1992; Beverton, 1995) 25/R & LT\ 7= (Table
5 FLAAPEREBIHAEINRT W & HVEE
MIZHRENTHBY (Wennhage, 2000), FFHZHBW»
THZOMRMICRADECHICELZ L DHFEEINT
% (Nash and Geffen , 2012),

B, ERETHROMMADEEKFN LRI E
g L7-ArgECid, MEAMOFERMOBENY — 2
WCELEBICHTRPIRRICR S LS NS5
(Lockwood, 1980) %, ¥V vy 2HICXAHEICE
DREAIO HRPE TR R KIS R S Z L 2 e L0k
72 (Van der Veer and Bergman, 1986, 1987) ¥ .5
% (Table 5),

PLE, Table 4 & Table 5 T hf#Eonis L
D5 L, BEEICERE LR GG 2
Ll (BREETER) OB, ThobbBREeRD
17 - M iz, 7L A ATIIIMARICR D EET S L
9 7R R BEARAE Y 70 M8 AR BSGR B A A O f8) &\ 2HE D JE TS
EPLTREMNLLENTE S,

3. EFXICHITBMABKENDREER

LR L72T VA ZOIMAEX=-ZIZ, ©FATBIT
LZHAMOERHOBEOFREENITOWTEAL
Too F72, B I XARMMORMFEHOMAML OBEITIEH
L7255, MARIIT % e T XMEEREEO R E N oH
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Table 5. Mortality rate, year class abundance change, and/or vulnerability during larval and juvenile
stages of European plaice

Literatures

Each ecological process specific stage on plaice from transporting pelagical larvae
to juveniles that have been completed settlement

Period

b

c

d

Survey site, Sea

Number of periods

Transport period from

During, i iatel Pri lati ting thy
Authors Year arca and/or that have been offshore to the coast on uring, immediately TUmALy popu aton gemerating e
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
Zijlstra et al . 1982 Wesmg Wadden 2 Mortality rate : 0.03-0.04 d 0.01d "
ea
Van der Veer 1986 Wadden Sea 2 Variations in year class Maximum densn?/- Variations in year-class abundances:
abundances: 62% dependent mortality 30%
Maximum density-dependent
Vander Veerand 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 X
North 2 - : Hi — R o
Beverton 1995 orth Sea year-class Highest apid convergence
abundances
L
Wennhage 2000 abo'ratory 3 Vulnerability to predation: During- > After- metamorphose
experiments
Field survey and Den.s1ty-depend.ent mortality by
shrimp predation could have a
Wennhage 2002 laboratory 1 T . g
R stabilising effect on juvenile
experiments 5 .
population size
Nash and Geffen 2012 North Sea 2 Highest mortality rate during the settlement

* : Bolds on the gray color indicate the possibilities of maximum density-dependent mortality rates during each ecological event specific stage

WEAT-720

(1) EZ XA DEBEEBEICH T 32 EEKEFNLEFEER
HitAE
W BEARATI) 7 MR RO AR L2 B\ T, RPN RO )

DOWE - HEBROBEDOLEFH O RICIE, T ITHA
FEHAREOBWMEGRYH 5. £/, £ TRAPEAE

Yo LW BB 7 OIS AR o TV H EE
Zbhh,

HEGEBRC B R ORI HWREE IR T 5
&, TULA AT, HEENFE—7IET LHHH &
BHAEY O BREAE L 5 ZIEMSS =BT 5 & v ) BURDS
&5 (Berghahn et al., 1995), FkkIZE T X 2B WT
DAL IEA I E R REZR 7 IFOEENY —

IET B2 —5 T 5 2 EATRENT WS (B,
1974 ; Fujii and Noguchi, 1996 ; Furuta, 1996 ; ILH &,
1998b) (Table 2 DivIiH), 2D X 912, 7L 1 A (Table
10ivIH) de I A3EL T, HFRAEIIEREDD
FHWREOSM AR E ) LML CEZICHMT 5
£9TH5s,

B FEARAT 1Y 7 M AR B S B D ) & A5 < 7% B TR
PEIZBE L, Daugherty and Smith (2012) 3o

Flp 2 3MAITHBNT, FBRAEMAE L5 BEARAENY 2 18
KRB X D ISR ENENSE 2 2R LT
b EARKE T b BRI ICIT)A R EBE D
LN Tw% (Macer, 1967; Steele and Edwards, 1970;
Nash et al., 1994a; Nash et al., 1994b; Geffen et al.,
2011),
BRIBFICE VEBEH TRAL72E BT L A A5
AR 1 A S B EE OB A 2 R ICHi&T
% B BEARLEIY 20 MR BGR BT B 25, 0 i O REf I D 4E
WM DOBEOYEIIRE B %2 RIT T REME AN
WENTWD (Geffen et al., 2011), 1995 4F 12K
JLEBIALE T R E RN CHBERE L 2o o T
AMEABREETH KRB 2 REmSRE /228 (8 -
JBEH, 2000 ; Tomiyama et al., 2008 ; Table 6) 75
AR BT D L E O FLRRAE AR R AT R TR
LifiER L2, BEOHMAMOERIEDEZEDOIE
B RIZTRE L EREShSE, o2k d
BIfR LC, BlA (1994) &, 1981 4F~ 1988 4E 1218
BHTRIECIIREG O I A REAEEIC 200 £5 % ik
ZBAEEEHIL S N2, FEEEIIAFIC 1982 4 &
1984 12 e ) (N ZFh, 1447 K O 30.64 1 4
CPUE), —7 1983 4 & 1985 4E I %2 - 7= ([, 0.34
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Table 6. Comparisons between ecological characteristics of density-dependent regulation on
newly settled and/or settling fish of Japanese flounder and other flatfishes in the field and under

experimental conditions

Predator of newly settled
and/or settling fish

Higher intensity of
density-dependent reguration

Lower intensity of
density-dependent reguration

Japanese flounder the other flatfishes Japanese flounder

the other flatfishes

Japanese flounder the other flatfishes

0 and 1-age larger same 1-age larger same fish
fish species*l and species *3and crangonid

crangonid shrimp’l<2 shrimp*4

Growth retardation on
strong year class
strength*7

Different fish species*5 Different fish speci-’;:s>k6

Growth retardation on
strong year class winter

Lower intensity on
Lower intensity on predation by lower
predation by 0-age larger density of crangonid
same fish species on shrimp decreased

significantly during cold
*10

higher prey density ™’

strength*8

Rapid development on ~ Rapid development on
settler fish reached settler fish reached
appropriate nursery appropriate nursery

* *
ground ™! ground ™"

* 1: Minami(1986), Fujii ef al.(1989), Goto et al .(1989), Tanaka et al .(1989a), Noichi e al.(1993), Oshima et a/.(2010), * 2: Seikai e al .(1993), * 3: Nash et al.(19%4a,
1994b), Geffen et al .(2011), *4: Van der Veer and Bergmann (1987), Pihl (1989), Van der Veer et al.(1990), Yamashita et a/ .(1996b), Wennhage(2002), Nakaya et

al (2004), * 5: Noichi et al .(1993), * 6: Steele and Edwards(1970), Lockwood(1980) , * 7: Watanabe and Fujita(2000), Tomiyama et al .(2008), * 8: Macer(1967), Steele
and Edwards(1970), Nash et al. (1994a, 1994b), Geffen et al.(2011), *9: Dou et al .(2003), * 10: Van der Veer and Bergmann(1987), Pihl(1989), Van der Veer et al .(1990),

* 11: Koshiishi(1994), * 12: Tsuruta(1991). Wennhage(2000)

O 0.15 flifk CPUE) Z &5, MEMBEIED - 72
SEOBEIZE T X L RAEEBRREICH 217 - M %
WMLUCHBELZMER HRELOHMAREIE L (KL
7o 72 REE & HEW L 72

ot By, HEERHABIIHE L T AT - fMh
BT 2 HERAN AR BEO L2 ER
i, 7TIFBZEOMBEDOENARIZ L S LD
HEATITHE D W O T Rk o s b (IS,
1989 ; Tanaka et al., 1989a ; Amarullah et al., 1991 ;
Subiyanto et al., 1993 ; Hlf, 1994) %&b &D, &
FEWCRTERICEI2DDEZZ5NTVE, £2T,
v T X LMD L O O EFED B AR 7
TEABGREERE M < ERFWBZIZOWT, HiEHE
DOFEHH, B EEARAE I 2 AR AR BGH B RE O B - 55K IS
THHLE LB L7 (Table 6),

eSO ERBEO BE ORI L2 EED
M OWE TR, MOREHIZHE T, HidEIZsEAEL
7ol 1 %4 (Nash ef al., 1994a,1994b; Geffen et al.,
2011), =¥ Y+ 23 (Van der Veer and Bergmann,
1987; Pihl, 1989; Van der Veer et al., 1990; Yamashita
et al., 1996b; Wennhage, 2002; Nakaya et al., 2004),
B b fafdi (Steele and Edwards, 1970; Lockwood,
1980) Z &%, e S ATHRINIEHEEX Lz S 2
0- 1M (B, 1986 ; HEI5, 1989 ; %S, 1989 ;
Tanaka et al., 1989a ; Noichi et al., 1993 ; Oshima et
al., 2010), =¥ ¥ ¥ 3 (Seikai et al., 1993), KU
7 e 7 N Pseudoblennius cottoides R° =77 K7
Chelidonichthys spinosus 72 & OMffE (Noichi et al.,
1993) 7%, ThzhfiigZ e LTHiEshTnie, &
WIS 2 I35 Tk 7 I FDBEIMENFTIIC e 7 2D

HEERVEPFTLEZREPELRLZILICE), Kloe
FRAZHMLLigEIN R EEEN TS
(Tanaka et al., 1989a: Noichi et al., 1993) o

DLE XY, BREEARAT Y 2o ARG S ARG 05V L C
WHBFOWEIN Y — Lo BAHE e I X DB T—
BT HHRD%L N -7 (Table 6); 2D LIZLD,
LI AIBVWTH T LA ZLFEILL, HEBRICBV
TR AKHE % Peig U1 % 88 BEARAE 19 70 I8 AR B R Fi i
WA TV b NI N, LA T, 2D
BORBEHCBIT BIE R ZDOTHY, MY
FCERICED A EIZZFNIIERE S v L6
fi (1994) OFERE, KX ->TddHHBEIE L
TELHDLHMW L7

(2) EZADEEARRICHITAEREFETICEEDHZE
HEERE DR

b I AR O BB EIRES 7 IEOFH TR 2
EOEHEW RN 2 A OINEITIER L, o
B E DB EITWRDS, eI X IIBVWTED X
I R EE LRI L ) BRI BV TIA I H
LR ATT DN D DD WTEIL 72,

B BEARAT 09 7 AEAR B S R O SR EEAEB) 3 5 Bl
FIZOWT, dLilE TIRAFTITEAKIRZE o 210 &
HERDIUET Y TFEMET L THIRT 5 &, BAEH
BUCRAE LT VA RIS 2 % AR 2 AR5
TEHBREORENEH b LIZXY, Eho off
APWEL TREICEZRD, RICHEBERFEOTR
WA BH W REE SR ST w5 (Van der Veer
and Bergmann, 1987; Pihl, 1989; Van der Veer ef al.,
1990) (Table 6)-
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I ARELTORE - HEMRIEET S, &
R TINCE, WEEEoKT - #o3Eto s, X
OVILAE & ) L 72 AT BV LI WD U WiIREE
W DA REEASHEN S T B (H, 1988), FIR
BREMOFIETIE, FERLOT IFEOEKIH 10 55
DENRD BB % 2HPEITBWT, BEENoO
T A TIIEE L CEBREINS L oz (HA,
1994). —F, 7 IHOEEMNE  SRRHEY o FIH ¥
REIEASE VAR IZIE, SRR 2% T LTHEMAIC AR
HEEBDICHHIREL LM T AL LN TEL I LK
D, BEE % & OB EARLN 2 BARBGR SRS O L 23
B bbneEZLNTHS (B, 1994) (Table
6o COLI %I AWELTOWRE - BRI
Y BB B KA R A S, BINIEER L
e B IR O 7 AMFREZHET 28, R4
W (TIVTF3I7) OFFEICL->TRELEDTL L
AREN7 (Dou et al., 2003). ThbbH, MWOSKM,
I LTHEEYORELZ L LaYE (3000
KO 5000 ALY 12iE, EWEMEVIEA (1,500
LY X bFEFOFAIHAEINILL, A
2% L EFR L7 (Table 6),

PloZ ens, BEELAT IFEHOREND LLE
12, BEMICEREL-e I AMAICLZEKHED
7 - MEAITRT 5 3 v e & OB ARSI 2 A8 AR BGR
Witk DML EI R B WREME S E 2 bh b (B,
1994 ; Dou et al., 2003), & 7 AFBEAEMEIBIKL
TR ITHEAUCERE LKA INICRBAT LB %2 BldG©
52 L2k, o AE (Wennhage, 2000) &
F UL, MEEICHT MM b U T E 447
B EmELEEZ SN,

(3) BB TOETADEEERY ICEHEL T

b 7 X R BRSO BE P52 BT B HE SRR
DOERE (Table 2 DivIH) IZHEHLTHRIz, ¥ W
LA Tix, BAHB®BITICED, [rss e
AL, BRMRAERNL YL EKRT 285
(Joh et al., 2009) %, HEMBILIRETIXHFIT L - THE
BE DR EARD AR T 5BE (Joh et al., 2013) 78
MRENTVDE, LA AMMBOAEXTRY & s
A& DBRIZOWTH AT & Y & U7z Geffen et
al. (2011) X, F—=bx ) YEIZBT, F—ER
HEOWHEMA SN AR OR R 2 2 2B L, Wi
Wo% L, SERAEYWORHTEEEIMENZ & KO
EARROBBECHEEREIENC L ICRERT 2EHWE
AR 22 38T (G349 H BIZE T3 01269 © 1996 4F ~
2000 4E) ZR L7z SHICKH LT, HBIMoAEEZ,
EKIIC & ) BV ERENE SN Z LT, BN

WERE,POENL Z LB TERVIELTH (17 0.0724)
LR, ERBEOEHOBEICHFSG Lz L e L7
v g AT, KRRED (2007) A3HE i OB ORI
ORI Z 94T LR, S FIR OB HE & KIS
(23l LR o R & B WA TSR L
COBHELTT IFHOBED Y — 7 KHIHRE L 72H
FDOBELED, 7 IFHOBED Y — 7 B LM EE
LRI IERTVLEZEZHLNI L,

CDEHIZ, eI AOEBABMIILHEINTE L
PORBERECH A XDRG 2AF003H 5 — & O HIH
b7z TRREBICHN, ZRENTFAMREE L
TERZE T LHMICRLZEZHIELTVHE LD
ERDLNBEILOD, FEICT IHOBEIITHMICE
B, FOBENEL LLBIICEKLL S AEK
HEOAZTRY BEL B4R, 2h o ORIKEEE O
ERBEOTHREZRK T H I LI DTIE RV L
WEND, TZOBMEZ ©IXIRLT, HER
IRV PRABEIZRB T LA AR AT VLA L2 e
Z DRBBFIBNWT, HWWLBRLTEIRZVwAL M
bbb,

BA4E LEL1—DEEDHESEDHAR

AFETIZET, H2H, FIWTHRRLLHIL, £
HEORE B EREWEA &, T, e
NOF R R OB R S RESAER O Z N
ZFNOBRRET, RNZE ORI M7 H R %2 5L
7oo F 72, KFEFRALERHEX O Hp) % JCIC BLBAE R O
FEFERICOWTOEH L 72, KICEAFEOL T 2D
AR CT A I hEToEMERMLIZLET, A
W& D EPNT T R 2 B, SHRI) MR E
Wz L7

1. LEa—DFE®H

BAHICBWT, BEMTIE, oA &Y 13E
B R L ORBOEREES/RESNAL TV S
B, MARBANOEEBIZONWTIRIFEALYSRIZER
T\, T A ATHEINE &AM OFERRED B
WCIEDAHBEAS ), F 79PN B BTG 2 AR AR K
it B X, Z ORI OB D B BTN A= & A
BM3sEDERELDH, I ATRINOENE
BICET 2RI R SNV, AR TOFAICE
WTHRLEICHT2MAND 575, FBEREMAR L
DI FE TR IN TRV, EEHEN TR, 1
B O TR T A6 0, WEED i
WAOWEBEOFEIHEE SN TVD, LALID
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B OB 2 AFGBRR I S 28N Tw iR v,

HECHEFEII BT B4 - MEAICB VT, ZREEMNED
AN ORI 7 R BRI LI PR, FIRE THO
SERRBE D BB % 28 S8 DB OAFAEDSHER S T v
b0 TUAATIX, KEHICBT HERAEY O WH
FTRREE 7 &%, M OERTFEOBERMAR DR
NGRS BT ARSI EN SN TBY), eI AT
&, JUNTE R TR FERIREON TS L LB I,
HICEFE BT 2 ARSI L TRE %
WHELZ 5D LN SN TS,

BB BT MMM EMARE 22 IIMARD
BIERICEE§ 2 wmifgeld, £<dar-72000, b
5 X A FARIE TIE DA AFRD 5 7z,

ALY 2—1lBVTH4OSER R &ML E5%
Mz 72k R, RPEREACER I BT, RUBAE R
DI T H R E W OF A E S L CEidh b
B, TAbLYHNRESRIEETHL, L)
EDPRERTFREINTOAEHTH S, TRICHLT, KA
LY a—IlBW MR L ZR LR,
o, BRI OFAPRERL EINLI L L,
ROMBLHRDT IFOBENEKTHS LV 2HEHR
BE— (vvF) LT, BEBARICHEL T AT - HE
FMIOEXRY) ZHELTWD EDRFLZIEL 720
F 7, [ g B THEAN O REINA R L IEOH
BiChd LT 57—y HIBERICLD, ZOMhoiEE
THAEBEDLSMA T CTREOEBIHES NS &
DAL % 3. T

CORFEDBRT, TLA AL T ADHEMEE
WCBIFAHRZGHL, I A TEERHARIIBNT
T IHFOBEEEIC L) A OERBE D BREEATPLE DT
b, ZOMAHOERBOBENZEDOHOMARIC
K& BE 5 2 5 L OBE (Figs. 1, 2 2H) 21572,

B, UEOWY FEDIIBWT, ENTEHFY
HEHEINTI hdo/zds, I—u v/ 3k Bl clds
JEHBEAKREL 70 —XT v 7ENTVWAL I L ER—
A2, INETOHE (B3 Table 6 Z) »2H
5 ATHHERBICENEZE W,

2. ESADMARBICET M ALES

INFET, BVEOL T XOMARMEICET 50
7% (e.g. Oshima et al., 2010) TiX, I—a v SO
HEIZOWTHhDTEbN TV [EIRLLEKE T
IR E BEEM R FESA L, 2 oW OB
DRESIZL > THEANYLMARKEGTED (eg
Van der Veer, 1986; Bailey and Houde, 1989; Van der
Veer et al., 1990, 2000), FEZEOFMBI O E &L

ERVIINBLOEENIC L o THEKFD (eg
Bailey and Houde, 1989; Gibson, 1994; Van der Veer
et al., 2000) WZHEFL] LIRS TE2LD
Thb, LLZFDH, Gibson (1999) #%, F 72k
\27 > T Van der Veer et al. (2015) 2%, FAKRMHIZE
W [AEREFE IS BT 5 B EEARAEN 2 AR D B EE D
TR EGREAE 0 J5 25, IR o AR EGR HiBERE X 0
DL, MARKEDOTEIZHG T2 WREMED D 5 |
L DB AE IR LTzo TN S RA A~ DRI 70 A 7
FIZEACIZEE S BR S N7z R BB i~ ORI FE 109 70 A
HEEPE (e.g. T, 1987) 1I2BWT, 412 Van der
Veer ef al. (2015) 1%, BEBERICBIT2ERFEOE
FEIER & RAEAR 2R §2%, K5 TR OMERLIIX
T BEARLE 72 AR RGR B E A E I L, AR D B
ARESELILEFR L, hkoil), ShofE
MICE o THONTHENTHS [7 IFOEEITLY
HE SN T AMAMOERBEOBED, TOHD
MARKELZDBET LI EICRE] BEhdbEL
TeFEHOHRI L HbE, KPEIIBVWTb LT XD
IMAREREICRET 5 2 E CTORHLE RIETHERH
LBbhs,

3. HRRE

INFTICABRRAEBD, JLHADOKFEHEI R
ZBWT, EBEMBORED-OIICIL [HD—E
DREOL I AFAOHE OB TMxT, Zh
LOMFASERL, FICEBE THERD?ODOROE L
%5 [BBLAT7IFOBEORS] O 2B HNOEG—
(v F) WRELREMHETHLLEEZ LN (Figd),

BB, BI AT, 7IFHOBENEKERIZH
BT A7 - MR R 2Bl L, H Ui
BOWTHAMOBRIIMAR L EOMBICH L L) B
BRARENT, Thbh, KPFFEETREICBNT,
BEERATI R AR BGREREREIC L D, 7 IFOEE)S
HEBFEICH D T AMf - AN OARBE B ET S
ET AT M RICXY, RSNz LT
HAD [T R & Ch A EREICB W THED

Matching

ral N,

. N
Successful The occurrence of / Organizing the'
transport on enormous mysid i \
| strong year class |
some great numbers abundance on \ )
\ 4

of larvae nursery grounds iy strength S/

N -
_________
Factor 1 Factor 2

Fig. 3. Matched factors organizing the strong year
class strength of Japanese flounder in the Northern
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