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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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E1E FLOIC
B2E BEBRRBEDILICLAERBOERELR EHE
ZEHCEDLLLE 2 —
1. FEH
(1) i
(2) e TOHAEE
(3) BrA i A
2. BB O KE SRR
(1) HEBREIZBT 247 - #AH
(2) REBIZBIT B HAH
(3) 7IFDBEEOEEMRICOWT
(4) &I AMPHEICEELT
HIE NMABRKEOREERICHLL LY 2—
L. 7V A4 AL T3 OMBAEREO LS
2. 7V A4 AZBTHMABKEDREER
(1) AOABAHEZEEADS 2 4R EE D BB O P
(2) 7V 4 ADOEKERICBIT 2 BERFEN 2 EHE
G
3. eI ACBITBIMARBKEDOREER
(1) &35 X0FRBRICBIT HBEREN 2 BAE
RS
(2) e ADERBRICBITLERLEFECICEDLS
AR EERE DO RkE
(3) MEHTOL I ADAEZERICHMELT
BAE LYa—DILOESHBOWME
LLYa—DFld
2. 6T XDOMARMEICET #7284
3. g%
B
SR

EB1E LI

¥ S5 X Paralichthys olivaceus &, # LV A4 H
Pleuronectiformes % L 4 # H Pleuronectoidei & 3
A ¥} Paralichthyidae 2B L, HA, B ERT
WY THBRREbEoTCLLS AR TIEFEND &
T (%& - H, 1986), € DJAVHIEIC K S5 18
DEBOE N T KU 5 X ) ITEFREEICIZES
MTHEHELZEIRDLNLEENTWS (B, 1997
Tanaka ef al., 1997 ; IUA 5, 1998b ; A 5, 2006 ;
Tomiyama et al., 2009), REHE Tl2ibEEHE -
AN HARME - KEERCEFNEICHDA5 7L L
MNP 2 OB CHENIZELZ LI L R ERER
T3 (Shigenobu et al., 2007). HAE#ETIXO0, 1%

BOBEFBHBICHBENERYE D H05, TOBELRE
EDBRLGEDPLBFEBERLMABEOBPBIZHE N2
BRICRDEENTw2 (HF, 199 185, 1997),

LI ARRPEOEELIRESZREDLIDOTH S
P, 2017 SEDEFAKEE L F oY, KFEIRER
BEAELL- N, WA NSRRI, BRI
PERRBEOMENL - B0, R OCHAMWEL - B SR
FEASHRAL - BIT W BT I T WD OKENT, KERF
% - BB, 2018), ASFEALERRRETIZ 10 4RI 1,
2ERBEOERBERHOBEIAONTVEDY (R
BEH, 2000), COBELERIEILILIFPoTw
B, BARMEIL, ERLHICBWTREKZ A THE
HRmEEPERSNTYS ORET, KEWDZE &%
B, 2018) WO CEELRMENRETLH 5,

ZLDOBEAT, RETAHRONTHTENKT
TAHHEEFHEENTWS (e.g. Hewitt et al., 1985;
Folkvord and Hunter, 1986; Van der Veer, 1986),
AEOMAZTTOARERE LT, R HEICH
BLAREA REHPREINTE L (Leggett and
Kenneth, 2008), —#&iZ, ¥4 XOWRKRPLREET ML
T DOEALD, RESLHEEICHT 5 HEEONH
FIEHOEFRIVELEY, BOERRIIEU2L
bDEEZHNTWS (Anderson, 1988; Litvak and
Leggett, 1992; Leggett and DeBlois, 1994) o

MARNIZBWTIE, BEREICEAOLY - R
BIC L o THRERPEFI A B2 2, B40%
BERBICBITDEEBRY)PRELKEGTLEEEND S
EEZEZOLNTWAS, S, SERLFOFAR, EH
B LA, eSS 2R BoFAR, B
BOMAHBRUOREAI 2 EVRETERE LTEES
NTw3 (Anderson, 1988). HEEWH OBMEEIL R
THY, BIELBOTRKEL (BB S, 1988), =
ORI (I~ - feAH) ORDOBEIZL-T, M
BOBWMBEIIKRE LSBT S, ZORHORY, T4
bR EERESNZED 1 o0 S 2RO
{oTWb,

v I 2ORHFRERZBEIEIAT, AEREZZEN
TEHRENZDDIZL T L7012, MAEKEEZTF
AL CHELRBEELRDOLZEPRYRTH D, F
DMABKEEZTFHT 72012, EDXD HEEREICL
D ZDORBOFEBFEDOEE (year class abundance)
PRELZOPEHLPICTLIENLETH S, Z
DIzHE2ETIE, BEEMZ D LICL-ZERED
BECEEYEZ CWAEBFNLESLEAL, n
ABXKBIIRDZELH5 2 TWSHEERDNLHFER
RPHEFOBBIIONVT, T X EETREEO AN
FELYa—L7 B2, BREEICBWT, 73IH
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DEFELeI AMAHOERBHOERE, I xHA
HosgHoBELREMARKEDBEREELE
Na#rLize s, RFELFERICBVTHRED
HRPRBENz, ChOoDZ L EHBRLTEIE
T 7 VA A Pleuronectes platessa %2 ¥ 5 * ORFFEH
5, FEABEZBRCEAICBITT S COEREN
BREPHES L OBERIZOVWTHEMICOTL, MA
BKELZRDLIBEFEREBRLZOERZEIZDOWTO
Wl ERAT B, TVARZIAVABIVAH
Pleuronectidae {28 L, LR v 7 ik SICAR
THREETHY, TNETIELLOHMANERH SN
TWBIEhD, KLY —QEANSHEE L %
72, TRICREHTH o2k F A HBRERBEORE
BERIZOWTHEE L, SHIT, F4ETIL, H2F,
EIEDL Y a—#HRE2T LD, FHAERTELED
12, VE2—HEPSBOLNLRHEZREL, €O
HERIET B7-DICLBEEEbNAMET—~ %2R
P4

AWEWHOLICH2Y, HEEOEHZUTO LI
Tolee MEOMARIERBT TEERLI P T2
ERBRARICNbAREDERHOMBEK L EFEN
% (Van der Veer et al., 1994), —7F, EHNTE S 2
MAREESEAICE, BRAROREAZ SR —
ERMEBEEINIREDERBORFERDZ L & 37
THAEDVE V. T AMAZIE L CRBH~OMAR
ELEEBE R ONS, FAREHTHIHL AT
ik, B ATREHIIMALLEFRRZTZREL
P =P RBLAERREN TP oz, 2D E
P, T XMEMAT—F AV, 2L, o
BAHETIE, EHAOMARCOVWTRRISRTWEHY
EHLENZ b INEMA (recruitment) & IEHR
L, #¥EMA (catch recruitment) & iXRXFIL7z0 &
HFieBwT, FANZBLERETHEIOMARE T
DHEEEREZ, —RICHAHRLEAI R EEFITND
A, ZTITIE, eI ADOMAR ERBEAT CGREA
immature fish) & L7z, RKBEAHDI B, KEHLE
EHIRTZ 90 (90 eggs) - AT (fF4 larvae), K
BEHAEEIR 2 RAL (A juvenile) RUBRERBH
B SMAR E CE2EAY (B young fish) &S
ZEE L7

v 7 AP - HADOBRBORE R 7T — Vil (1967,
1974), ® (1982) Zfto72 I XHAIOKE &
OV TEHHRLEORKEES T 57012, HBERX
(Kwak and Park, 2016) 2 X W AEZ€RBICHEL T
B— L, MEEOBROFEMNICRLPOKEEZR LT,
B, TV A0ER-FREAKICOVWTIEINET
WEINTVRVD, BRENSESBNENL -

AV ABO—HMTH2~IH VA Pseudopleuronectes
yokohamae \= B Z¥HEN (Kwak and Park, 2016)
FHWTHREL, iXFohkRIILI 2 EREMKIIRL
A
ERBOBEICOWTIE, W, FAH, #AHK
OHERERL TR LESTEEL LT, HEFA
HOERHOBE, MAHMOERFEOBE L L LER
el IR ZEOCRERHIIBNT, BEYE
T L7 DU R o AR S A v & XX L TR A
B Lz, BESTIE, FRPOFALEELE
BEET LEEROMEAPRET 2HELPTFHEINS
e, [BERPICHIHBAOLEREEELET L
BE#HICTOMF - AN 20BLC [HEEEHE]
FIHAC [BEERE] & L7

R TEREILT A - TLAL R, Bl THLD
2, MEBTENSINTFARZRAIL, BRBRICE
FWEINERLERBZT)MHEEREZALTCY
%0 —F, BAEORIIMAERAT CEBFRETHE
THEORONS, AT, MEDOL ) RAEERZ
BITHFZENRELTLEL—EERTo

£o0E REBREBESLEICLEEMBOEZELREHE
ZEICEDHBLE 21—

BAEEOGE, TOREEB OB BN -
P - AR CORBFERILICHE > TRTZ L
W TRV Thbh, ZOERBEHEE,S,
BEY, RRBAOBEREE R OERARD,ORE
BAEHO X 9 ICREEE»SERYET LTHAL
TOEEEGEZEL LI CRLEEFNENOBRET, B
WEBZXRT S ERPRLLEEZONS, ZOZ
LS, O ORFEICIN U7 Hi % 8 EEEOR
Bz 54 L7z,

FHTIX, FORMHOBELEHICHEBLSZAHE
EFolzb o, KBERTN T EF BN B EREH
Higg cn-d 0, HBREYOEESHEERZED
BEARTEN 2 BABREHEE N b0, LT
AmE OBRICHN DR LTEICE L.

M. BEH] (2. FEARH > S RBHREA~]
O TIIRFTEMR L £RENRFZOMAGDEIZB W
T, TVAREL I A2BWAE246E OUT, o
#38), TVA A, I ADNEIZERERNIEE ST Lz,
ST B TELNZE I ACBTAHMAICOWT
M2, BEBEY S O RFHRALTAN] 0ffiod b,
[(3) 7 IFOEEHIIOVWTIORTER L7z T/,
AR D ARTE RIS OV TG B R AT S
B - ZRLOO, I ARBEBICL o TOLRRAE
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BTN RENEE [(4) & T A MREFEICREE
LT] T L7z,

v g XN REEICHE T 5 A% 2 Table 1
12, ©7 ACET 584N % Table 2 (2R L7z,

1.

ZITiE, BREREONH, FAH0S L, Wam
TEIN BELTWLIREORIICERL, e
MEBIZB 2748, MEED SRR OHFH
EHOFAIIHT T, BBEHROBRIER LT - 720

(1) P&

S APANOBRMBIFICONT, ERBEOEEL LI
ik -0 % BB BTERERLABZN L HAEIC Table
TICEEEL, SECoOWw TR i HITR L2,

WHOERBOEREIFHADESLEHIC L - TEH
T 5, SHIZHESRPKEBREFEEMIMEERIC
Lo THIEERDLENFRTLEEbNS, HIFEEON
HLLT FOAZRYICELETIWERHNLRZE
OBBROFEMOEEH IR IN TS (Van der
Veer and Nash, 2001), fEEE~DOEEIZOWTIZIZ
EAERINTWER W, T AH VA Reinhardtius
hippoglossoides TIIEEINF AR LRIV L DBEEDITR
BENTWwWABA (Gundersen et al., 2000), MAEK
BEOPEMRIIRENR TRV, T4 V=TTV
% — Pseudoplenronectes americanus CI35E B O # IR
Bl zoRICEEINIMAEKE REMALED
3 1% CPUE) ICEOMEZEDTWA (Wilber
et al., 2013),

T4 RZBWT, L7 A4 v ol TIIERNE
LEAHOERHOBECEOHMENDH S I LITRE
NTw3 (Geffen et al., 2011)o F7z, deilETIZIPHH
B S e EARRGR AR X, Z ORI 04
WAEOEBEPMARLMEETL2HDOLERINTEL
(Van der Veer et al., 1990) o

5 2 CH Table 1 ERBEORNTERERME 4
BENHSBIOEB L CEHL, FREOEELR LI
N3 % Table 21277 L7z €I ATIE, SilioE
MZEENCET A2 ERITLbNTES T, MAEELDOH
BRITF Do TRV, BREOMEICE > THOESRE
WWEETH LS, [FRIBEOEROLZENRRKE W
D, BHOEENLRMEILDFVEATHEWER
bhz (Table 2D i H),

(2) HatgToniFal
MEBMTOFELITOWT, EREEOBEE, B2l

M7:fw3Cid Table 1 @ i HICEEB L7z, Z DORHADE
BMEOERIL, #E, BETE LV EE GRS
BN-Z LI 28 UTBEREL LD, FiC
WCEOLEVPHEEMIMICRES EEDNSE, Ty
FUWTIE, F—av XX VA Platichthys flesus
TZITVHOBEBECLZ2FAMOKNE RBTIT &
BIEINBZENDHDEDOMERNDHS (Van der
Veer, 1985). db#ETIL, KiR& —EDOKERT T T
Y7 MNOREICHELLEROY 4 X v 7R
WMEDOERIZHDLY, FROARENICILZ>TWSEI
LI N TS (Rijnsdorp et al., 1995), MEXE
OB O T 5 H VA Hippoglossoides dubius 1F
AT, KEOEEPAERELEALTBY, FELH
BAEYOBREZZOTFER TRV EPEEINT
5% (Nakatani et al., 2002), L2L%&25, Thb
DIFFEICBVT, HERTORCRE ZDROMAR
EOBEE TRRENTVARY,

TUA AMFATET v FUilTr 55 ORWEIL L
ARETIFIERIEND LOKERNED BAY (Van der
Veer, 1985), CZTCTHEFNLDFETEREMARELED
BEE TR IR TR R,

B g A CRMAEBIIBITAFAMOETEE 2RI
HEBLAFEIALAT, MABEOBRIIRINT
Wiy (Table 2 i 3H) o

Q) EREXHOTAR

WERD O INERNOEEREN OF AN OER
BOBEZ SN 72530 Table 1 i BIZEEE L
720 FEIZERIINIT L A ERWIRE ClEAROTENIC
o TEENZ ZERDS, ZoBRMEHOFAMO
ERFEOEEIX, WHENERTHHKIE - K, £W
MERTHHAHEE - Jlid &I X o THEEMMIZIE
TEDOLZENPRTE L L BbEE, FAHOEEDHE
FRIEAOBERLEERY ICHETIHRA R EDER
FMOBEEREIEH I TS (Van der Veer and
Nash, 2001) o

oo BRI (e.g £ ¥ H V4 Kareins bicoloratus:
Tsuruta, 1978 ; Yamashita et al., 1996a ; <25 L 1 :
EiE S, 1986: 4 ¥ 7 v ¥ 1 — )V Parophrys vetulus:
Boehlert and Mundy, 1987 ; ¥ % L 4 Pleuronectes
herzensteini: XK 5 , 1998 Nakata et al., 2000; 7 5 &
B 7V A4 A Pleuronectes quadrituberculatus: Duffy-
Anderson et al., 2010; / —H¥ v s v—J
Lepidopsetta polyxystra B U7 < 7V 4 Hippoglossoides
elassodon: Wilderbuer et al., 2013) Tix, FAEHICH
W, RETMREIW R &R L MmEeEr ol
BAOZENROERY BB LimEEoft
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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 ef al. , 2000
Geffen et al. , 2011

Wilber et al. , 2013

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

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 ef al. , 1996a
Boehlert and Mundy, 1987

il P. platessa Selective tidal transport North Sea Rijnsdorp et al., 1985
Wind speed on insufflated flow Sado channel (Japan)  Suenaga ef al. , 1998
Pseudopl. ini ive ti
seudopleuronectes herzensteini -Flow and/or selective tidal transport Sea of Japan Nakata et al,, 2000
to the coast
Pleuronectes quadrituberculatus Successful both the transport to the Duffy-Anderson et al. , 2010
Lepidopsetta polyxysta oast and the future recruitment by [~Eastern Bering Sea }W'ld . . 2013
Hippoglossoides elassodon insufflated flow !iderbuer et a. ,
Determination of year class abundance
P. platessa Food availability of settling and/or ~ Clyde Sea Poxton ef al. , 1983
the other flatfish species settled fish Portugal coasts Wouters and Cabral, 2009
Van der Veer and Bergmann,
1987
North Sea L 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
P. americanus (Laboratf.ory r Witting and Able, 1995
observations) . g
v Flatfishes - Minami, 1995
Cleisthenes pinetorum Successful transport to the coast to Funka Bay and its Kurifuji et 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
. . . Zijlstraetal ., 1982
I Density: d.ependent during settling Western Wadden Seal Van der Veer and Bergmann,
P. platessa phase mainly 1986
- (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 ~ numbers of larvae and the occurrence
Pseudopleuronectes herzensteini of enormous prey abundance on  Mutsu Bay (Japan) Takatsu, 2003
_ 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

65
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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:

Environmental effect

Study area Authors, Published year

i below the same

Paralichtys olivaceus Unknown Absent Absent
. Pelagic first larval period offshore waters
1 P. olivaceus Unknown Absent Absent

Transort prosess on pelagic larval period from offshore to the coast

P oli
u olivaceus 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

v P. olivaceus and/or settled fish

Food availability of settling

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

Western coasts of Kyushu

Organizing the strong year class strength

Matched factors of both the
successful transport on some

v 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 }

PHEEEINTVE, B2, AT, MEDE
PGH S O AESEIICRIRN L SEBE21TH) 2 &
DERLLHEEF VIS I ab—Ya v Lok
B, b)) EBERIKDS 30 BRICEEEMNEET
Wk ENnN5 Ll s, BEEIEET 2 WERD
BESIMABEDOEBERIC R Z2WEEEIRE S LT
5 (KK ,1998), F7z, R—=Y Y FTWDT FANT
L4 A (Duffy-Anderson et al., 2010), /—H¥>ruav
7Y —=IVRU<H LA (Wilderbuer et al., 2013) T
1, REFHOBIGIMTFADBRBAOEWRIZIERLFE
L, BREEMAZKEL BRT L TREESHEN S
TWwb,

TV A4 ATk, LT (Rijnsdorp ef al., 1985), IR
PR O 7 &R L 720 &0 S IR 0%
R @ EREOFIESER ST 5,

LI ATHFAIICRERRTEWY R EZFAEL
7o WA ORI O Z BN K ORI 7 X 4R
BrAfEZEEIN TS (EF S, 1977 HP, 1988
Tanaka et al., 1989a, 1989b) (Table 2MiiiJH). LA L,
BT OFROERBRIEN &2 SRTHR LV,

—%, WEEBRIZBWT, 2005EDL T X EEAE
BB L 2006 FEDOFPMNEBRHEOBBRERIZOWT, E
PRBMAEIT 2005 EEHT 2006 SE L D DL o f2As, WA
BTOFEHOERBEOBEICIIWMETENRL, #
AFETIZ 2005 EA 2006 EL VL holze TOKE
BRIy, HREYOFEMNRREBICED D K# RN
I ELFNDIDPFENRLZ VP L o TREH O RHEIE
TERICERBHCRELREDET S LHEH S N/
(Oshima et al., 2010), HX%BERIZBIT2ABREARED
FERREFIZ R XN TV RN,

DlEX Y, BAEETIE BEREEENOFRIIERS
TREFEMLCHEREY SR TE S LW HREIR
HEoONWT, BEHOTANEERICEETELNED
PHREELETHERIZH 2 EDOTWE, LIrLE
Mo, eI XA ELREAREKIIBWC, BiEY O
) ORTICHET 2 B0 RGP IAZEKE L OB
BECRFHIN TRV, 2T Ehb, KRETH
REEEBBIZBIL2BEHTMABORBICEETH
2 LEHRTAIRMERL TS,
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2. BEGRE, S HESHEAREA

TR, FAM> SHEAIIICHY T 2REERED
1L, BRBAOER;OEAEL B TCHAICELR
HrgZEARE L, RICKEHIIBITHHARIICER
ENGT 7. 72, REBREVIBEA,»SOL T AT
MEAMORC T IFLHET LI EAELALATY
52k (eg 5#k 1980 ®, 1982 ; Subiyanto et al.,
1993 ; WM &, 1998b), HEBEBEICREOIEAY
WCHBHE KT 2EROATEE R 2SN TS
ZE (hE S, 1998b) I2HVEH LT, BHICEEHIC
BOWCEELREREY L 257 IFOBEOEEMIC
DWTHA - BBk L7ze T2, I AMMEEICBY
THREERE o TOIRIEY 4 XICEEENST,
HEFLEOWE» GEM - ERT 5L L DI, AHEE
W & REAEET L OMb D IZOWTORAERNEZ
MLz,

(1) BEBRICH T 217 - #AaH

EEPINOEREZ ) BELTEROBNEL, &
KED LIRERICB T 2 HRAEYOEEENE L
MATREE (availability) RUHEEY, BEEEFEN:
ARG EEL LB E, FRFEOEEOEHIC
M HETLINEENED S, O ICET M
Table 1 (BT X &RV RM4EHH) & Table 2 (v 2)
DIVEHTENEFNER L, 72770, B8IZX5¥
W72 id e T A R RV BASE (Table 1) T
DHREIH I NI,

COBEICXABRE LTI, BVMNIVBRD
OBREEIIOWTORENRD Y, REHLERE
WEORBIZL Y, - FELREBEWINEFTR TS,
SR OB VAR & FRATREESERKBRE LK
AR TH D RO S5hiz (Wouters and
Cabral, 2009)c B KED VY I NF H L 4 Cleisthenes
pinetorum TIZEKIB FIZ BT 5 FAHEME B
BEBEDTL L CERAS, 2009) & Z2o%iciErs
VOB EVARICE VCENDOE RS MFEAL % E
NETLLOHMAGLED, BEETROMRATOE
BBEOBEOBRIIEETHLLELZONRTVS (F
BES, 2005; FRS, 2009), &I Tk, SEEAEHO
FIHTERENEVWEERE~D, FEDOF AL I VFICH
E32MhOBEBESRIRBEIN TN,

EEMBBED, MABROREBEIEETHHLEETS
WMEbRoens (4% —795% % —: Witting
and Able, 1995) 134, EREFEFOEZEBBEOKAX
LIRBAIC L 7 ) B0 —RIRIL 2 8 & & B
BB EREICEY, ERFICHET LIRS LR

HWENTwE (F,199%),

T A XTI, EEWRDZ 54 Fi& (Poxton et
al., 1983) I2BWT, WEHICBT 2HBEWOF
AW EAATRED, HAHOEREOBELMA
BEOWREICHE ZETATRESEN I TS, fil
OBRMBFLFEIIZ, TV A ATHERARSZOHD
MAMOERHOBEOREICEETHS ETREN
T, CORHORTE, ERHOBEDOEAK UH
BEZKT 2 HE55EICER L2Z L ORISR NS
(Zijlstra et al., 1982; Van der Veer and Bergmann,
1986, 1987; Beverton and Iles, 1992; Beverton, 1995;
Wennhage, 2000, 2002; Nash and Geffen, 2012), H°C
%, Beverton and Iles (1992) & Beverton (1995) i,
#ETIE, SMUBOERHOBEOERENIFLA
2o7:b OPEREEDOERIZ 200 REITHM L 221
BHITET LA L 28HEL, FREBOFBEKEN
REAREERHREISMAROREIHR BB LS L1
BELTERTELLVWILEERLZ, T OB
W&, BEARIC, BEZEDE LBERENE
RELGWEVL BREEICBWTEBLGEZDNES
WREMEAVRIE S N7z,

o ATiE, RFELEREDGE TILARZFA
DR, ERARORE, 7IHAGEOSLRILE
KX DERBRIZH LT - HAOHERIETL, FE
P O2E 24 cm (KE15 cm) T TRABRBE
PETZEBRIHL L dMEIN TS (BHDS,
1989 : Tanaka et al., 1989a; Amarullah et al., 1991;
Subivanto et al., 1993; 814, 1994) (Table 2 DivIH).
DO, EEBEOHAELREIRD LT 5FEKRAN
HZEGEAGRIEOBREOELRE 21T T, LD LD
REBDPERICA NP> E R 20RO EEE SRR
ENTws (H, 1988), THZ L DE T, H
i (1994) 3EFERBREOBIES L 7 2 DWMBIRFELE
CRHLTREZEEZ HD A RELZHI L2 73
HOBELe 7 ARAHOERBOBEICHLT, &
FEBHMEOKRTSL CIE, MALHAOTIHNZ
NENOEFEEOHIIAELZEOHBEZRED TS, &
7z, TIHOBENEP o191 FXEESTERE
DT AMADEMMAERN 7% TH o728, 73
B OBEED o 72 1992 412 3 A o B M AR
bIP12%THY, WMEOFAWELT7 IHOBE
KRB IOBOEND o EREL TS, 72751,
1991, 1992 FE BT HFHAEOKREFTH O 7 A f
BREELMARDOZEL OMBREITCRIHALH IS AL
Polze

Cushing (1969) 1%, [AHOMAERDOEEHEIZ
DWTC, FHAFEOEINIIZ V2w » 2R EIIciTh
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Na%, SMUTFROEEEDCR2B8HM TS V7 b
MEDEBEDE L IEMT T 7 Py BEESR
DREAAVELET A LICE Y, ERES—REED
BEARIICT Yy FT ISR E RERBEIEL, 20
2ODHNTNEZE (I ATy F) PNEREREE
Ehbo] EWVWIAIRYF - IATY FIREL WO TR
MLz, Ol BEABOALOTEEICBIY
LR L ZOMEAEYE R BRONBOMEDFRE
EOBRICEI LR D D% Y (eg Visser et al,
1998; Stenseth and Mysterud, 2002), &{ER & DR
DEHEFRLFEBER L T4 2B RO A5
DRESLEREYORED Y F -3 A7y FHR
(Durant et al., 2007) %335 I EASTE B ARFH
LS TH b,
CORFICIVFEBEINLERE LT, BETIR
FERERFOREERICT - AMOZREROER
DE— (v F) PEHENR TS (Wilderbuer et
al., 2002, 2013 ; &#, 2003) (Table 1 v IH), T4
bh, BEX=) Y FEICERTLETIIYy PAy R
V) — v Hippoglossoides elassodon \Z2WT, FEINHHA
POUE, A7 - HAMERT, MABICELSRETR
Bz BT B EEEET 4 XD 1978 £~ 2005 E£12b 705
EEBDWN SN2 ZORE, BEINRAEINTKRK
G AEYOFHTRESBVRBRICEE L
PREER (F - HA) &, ZOBRTYYLOBED
MARIC R o722 EBRBE N/ (Wilderbuer et al.,
2002, 2013), HFHEEBREO AV AL T, EIHT
52 AT~ 3 APEE XY EKRBROEEICINY A
X DORBCIZEE D SUFRY A4 XL O KB bIC X
DVHRAERIPET AL, RU6 HOFERICERAE
MeiAREHE IR POBEFEVWIE, 2
NED2ERHOAE— (v F) PEBERBEOREE
HizkstELZLRATWS (i, 2003),

(2) RBEHICH T 2HAH

BAEOMRAM L MAREDOBRBRICHET 2R HRE
L7:%% (Table 1 DvilH), 95 2 2&LEAESMK
ZHBMLTHE L Ehd o7

Bz, BEEERICLIIERGBARELT, B
WR=) 7 BT VOEBEEDTIAL T TTH
L 4 Atheresthes stomias, 817 BMBED H T A H L
1, RO206 BN Y 2 A 2 H LA Lepidopsetta
bilineata D HZHEMAD, T H AT VA Limanda aspera
CHEI R e P#EE I N Tw 5 (Livingston,

191)s LA L, Z0 %) BERRHBEET & FRLE
DERPLMARE DBEFRBEED L ) I TRBHDHh
FTCRARENE o7,

BRAHEBAHOERROBELMAROBIZBW
T, AFGAHTVALa—ays¥y—)vSolea solea T

BERIEOMBED, 727V 4 ATIEHEEZ BB,
EhENRRAONZE VI HED DB (Tes, 1994),
WINLHAHOERBOBENRELIERNT CIRE
k&N orz (Table 1 ®DvidE),

t I XADE—FERECET HHABOFERBEOERE
LEMAE E OIEQILBIARE, HAELE B
AR INRE, 1989 Kato, 1996 SRR #5461 R H,
2002), WP AELE (BEERBEELT XY - iR
2001) ZETROLNTWBY, b5 XA oERE
DEEFIREIZENIINE TRENTEE o7
(Table 2 ®vilH),

(B) PIWNEEDEEMRICOWT

INET, LIRXRDOMAREZEREOHHICT Y
U—F LAMAEIDE VL edole 2D L) 2,
Oshima ef al. (2010) i, BEEBRBICVET S K
SEREALER O H B ARSI A T, T IEOBEIEIIR
ELTEBVWERETELDT, &I AMFARIBELERS
R L TKBICERETE 2 2 AN OERED
BEOBMSICEHBEENLEEZ . LIL, KR
JBANT, HBEBENECBYTOERCT IFHD
BENKELLHL, COZLEEFHLTLE T A/M
DBELRELLEHLTVAIEEITRENT, Thb
DOBRIZOWTLIFIZEERT 5,
RKEFFELEBBEROFERERO—2THIBE
B (F2ER) TEBERERIAL-BEE
WRECBT2BBOLERT— % (B>, 2001
Tomiyama et al., 2008, 2013) ZH#AEDLETHIL
el Z A, 1995 FEHS 2000EFTTOL T ARAYD
ERBOBELKESM OT7 IFE (SBE: IvrY
N T I Acanthomysis mitsukurii: 1IH S, 1994) @
BEOMIZ, AEZESVWEDHE (n=6 R®= 09730,
$<0.0005) 25 & h 7z (Figtl: ¥ #E 5, 2001
Tomiyama et al., 2008 DF—% 25| H), T/, UZ
BRICBWT, 7IEOBERIKEIEVIZEE L
el FHESNR TS (FEEDS, 2001, 2006 ED
§9/NEMREE (Oshima ef aof., 2010) ZFHEFOT IHFHD
BEF—FZEIHFELLZVDOD, FEIFIELLERS
2003 £ D5 — % (Uehara et al. ') ZB\vT, 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 O-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 48 B 1X 2005 4E D 4 H4ETE I A Ao
ERBOBELREL mRBEOT IFHOEEL O
BV IEOHESRD bz (n =4, R = 08474,
p=00795), FHIZZDAPEIIBTHEBRERF L
75722005 4 (Oshima et al., 2010 ; EH S, 2013)
D AANOERBEOEE (1934 CPUE) &
U7 IEoEE (1826 Ak m® X, wFhdibo 3
MR EBRTCEBMETH o772 (Tomiyama et al., 2008,
2013),

Tz, BlZIEe T AMAHOERBEDBE L KE
Sm DT IFEOBEO 2ERNICAE LB WIEOME
HIERD 5 M7z 1995 4E~ 2000 FEDB IOV THRET L7z
EZhH, RBESBIBELL 195 E0T IFOE
B 8720 A m? Th o 72D LT (Fig. 1 158
&, 2001 ; Tomiyama et al, 2008 DF— % %#5|H),
5 AMAMOERHEOBEMEN 721996 FE0 T
SEOBREIZ LI EAEM® & 2D, 1995 4E & O
TIIELDENRD LN TIFHOEEIME, -
721996 ED e G ARAHOERBEOEE (18 MK
CPUE) 13199540 b3 2 007 15 (<1/14) D& &
Ehol,

L72Ho T, HEEBICBWT, EHRERBEDR
DO, [HH—EDKEDL I AMFMOBE
DHZ]) (Oshima ef al., 2010) 2R T, #hbDfF
BORDIFL D [BERLTIHOBENES] @
2BHROAE— (v F) PUELRFBETHEHEEZD
7> (Table 2D vIE), &5 AHBERMOEE

7,000 1 v=154.29X+1105.69
e a R2=0.6676
2= 6000 p<0.005 1)
£ x 2005
£ 5,000 1 -
] -7
S 2 4,001 -7 0
<&
S E L’ 1995
S 2 3,000 -,
= 1997 e
ERR Py 504
2 000 q 1998
S~ - Q001
Rl Gy O
S5 0 2002

0 5 10 15 20 25 30

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 ef al., 2008 and Kurita et al., 2013.

FiE, (1) BEBRICBITAF - #Aal] 0ETRHE
AL 72 Cushing (1969) D<= v F — I A< v FRIHIC
SoTHBETELD DLW EN BTN, Oy F
- IRy FRHNC &K o TEHAT X 5 oo BRSO
22 (Wilderbuer ef al., 2002, 2013 ; B, 2003) &
BAEDS) PASR 720

LI ADNMARIZOWTE, BlnbBy, HEHN
ZL BN 2003 E7— % (Uehara etal *') 2R &,
RBERIBRORBIRICBIT S 1995 £~ 2006 FDH H
0o s AMAHOERBEOEE (Tomiyama
et al., 2008 DF— % %BIH) & KFEILIRFIICS
WCHEOTARE 25 1, 2RIEEMARE EHS,
2013 : & B R O EM AR 2 ek S ;X
LM - E@ B I N T - 25 H) L oBER;S,
WHEOMIZDAEELRBVWIEOHEYED Sh’: (Fig2
n=10, R’=0.6676, p < 0.005),

DEXD, BHOL I AERBIBNT [TIHD
BRI AMAHOERBOEE ]| [ XHAL
DEJRHOEE L IEEBMARK] e ENERRIE
DOLHIERIZH B Z L (Figs.1, 2) ZR—DHIZE
WORTIENTER, 2%, 7TIBOEEITLY
HEIh e AMAHOERBOBE (T4bb,
WIBINED) 25, FOBROMARBKELZLHEET L
LI AR EHBICRET LB TE R DLEE L
bhab,

PUEo ki, BRIIZBWTERERTOA [T 3
HoOBRE - AMANOERBOERE - BEMAR
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Bl BMCEDWHBEERONS T —F PRENIE
BEUTOIICER L, 9, BHBEHTIE, K
B2 aUBMRASL L, TRREHE 25 HRR0
EAEMROCTHBENERZBENSEMTH Y (HE,
1990), Z eI AMBOEELRMEREY L2 D 3
VIUNTTITEMEEREL LCOR#AICRYME
FAiTEEEbh TS (ILHES, 1994). 7, ®
BRI B L B ORI E MEBICH LIiEERE
AHREL, 1041, 2EREOL I 2 BRERED
EEMEAONAZ L (JER - BEH, 2000) 2L, ©J
AOEERVENTH ER LS LEDN, XED
EFERDFEHEBNTZE LWL L) ThD (EH
5, 2013), L2 dEEERTIE, BERICL ZHE
W7 I8 -7 AMARAERLATHRT 2 ERE,
EHich o TiTbC&/22 & (Tomiyama et al.,
2008), K OFEIZBFIEBASFIE AKER T - BHEHBEIC
X5 I AKRFELBRBEOGFFMBEIFER L
WL CiTbh, 2ICREEREMOF— 5 OEHE
PHFICE o722 8 (EES, 2013) ZEVRITLRN
5, Utz &hs, BUTHE - IEDZDDTF—
FH T VT OBENREP o/ L, ko [T
ISEOBE -5 ARAYHOERBEOEE - BEMA
B#] WOLEOHPIBBEEROh/ -2 & LRCBEMRL
TWBDTREHHI Do D EBY, HERERRE
(FF&E - g, 1989 Kato, 1996 ; FUESHF &5 - B H,
2002) RPHWOAMEDNE (BEEREEDE: R - fiE,
2001) 2BWT, I AMAHOERBED BT & fk
MAZEOMICEDBIBEBRIRDLNZZ &I, 2
CTHH LT IESOTELEEYOBEIZLY
eI AMAMOERHEOBEI T S 2 L LFH UHEE
BENEBTEHNTWEZ & EHEEINS,

(4) EZARRBERICEELT

ENEHICBWTRBEEL T X REBEEIER S
nTwab OKEIT, KENE - ZHEFBE 2018). A
THYRE L BBROEFDO DDy —-1p—2, LT
MEST bR, ALHEERFEAOTRIMRIERLRAZED
KEShTw5,

—F, eI ANTHETHOBRKEY A ADEELHAD
&, DOTCHOMBRORIES A s, A TKEORK
WA ANEEboTER, £2T, BT A4 X2k
HLUZBEDEEDL I ABERKOBIRE LT IIR
U720 2016 212 37 B BIBEDOER 1412 » i TH
712000 FRO b I AEHRIRASEM S W7z25, FFE

KB A2RMEREIC D 2 Y 14 AloRKE S
Tk, 28 8 cm Pk 10 cm Fi%4540%, 10 cm Pl E
AA1% % 7 OKERFSE - SE#E, 2018 07—
TEHH) e TDEIIZ, £E8cmPE, 10cm B E
R EORBOBIET 4 ik, AmTHHBBRT B, ®
5 ADOMBETRICESTE, BROSL DR (8
FREREEE o arE, 1992 ; ®RE - 5T, 2001 H
AR ETEER B B W, 1999 KEHIEBE HE -
Yamada et al. *?) IZBVWTHREE > OBUT B4
A (£E#H 10cm) KHELSTEh, OIS X
Vo L2AoTHIROE 5 X ATHEERBIZENDOS
K OEBBIZBWT, WEB~NOBHY A4 X&KL T
WHZ R, MABIZHE—BORHEEIITH
L3545 BEEICBILZEROL I ARGHE
0% 3, MABOKREREDZFE L CREE R
EffoTVua o THBETCREVEEDRL, &
vz, v X NTHEEORIEY 4 XOXRELICEL
T, MEBICBIIBL I XADORFAEENICHT L%
BELPBOTCRELTWESE, ZOZELIZHERLT,
Yamashita et al. (2017) 3k 5 A 2B BERE
B 2 AR BGR SR C oW T, AR OSERIC
bl B UEN L EFE R R R) MEOLEEERS LT
w5,

BB, eI RAIBVTHLL LORERBEYA X
(EE#H10 cm) DToOREY 1 X 2R L2EEI
X, X THEONZRKHTHAT7IFLEOFELRE
REYOEBENPRRC T ARBOEE (Thbb, B
BINAT) #WMELTWAEME (Figl) &), B
Bl NTREBREICE o CORBERICB T 2488 £
BRI L B HREOR S L BEEREN L
TR EBIWERESHERN SN, ZOZ LIZBRL
T, WRBORFAEFEIICOWT, H¥E Tomiyama et
al. (2017) 1%, FRBFIRRECHBERMSFA L7
2005 FICBVWTRREL G AIEEREDKTHFEL
7245, FEFFICBWTESIIHMT RO T XATEE K
i (REEO2E 10 cm) 21T 28 %%,
AEE DD EHITRKL 7 XAOEEREVRTHHE
ENTREZEFLVYI2V—Ya VIZLORL,
HBERBRERORERRFEI QI3 LEH
D ize F72, HRERBOREERICEY LEWVER
BWThH, BREATEEREHIC I D BOREZICKE
LEEEKENLRETHSEX 2 EEIHRESINRTVS
(278, 2006, 2007). T 2bbAFRIBEHICBENT,
HEMBZEOLALEYKER (&R 8 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.
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DEMFIRZ, BHRBUTHE-> TRESEBL, KKK
DM THBEICET L2 e 2 EPHEEINT
Who DX BIRIMEROMETERE LT, B
BROBRBMOBET 72 TR, ABHEADBR2E
HRITE IS B ) B AR B IE A U7 TRt 22 &F
EEEN TS (B, 2006, 2007),

£3E MABKEOREERICEHLBLE1—

ARETHE, B2ETHHNAE LTCREEN, £E
R (7)) oBEICIVEEIN L A
BHOERBEOBREN, ZOHBOMABKELRET
52 Lt 5B% (Figs.1, 2) [ZEEL, b7 AHM
HIOEBFEOBEY, BAEANCIEDL ) ITREZ00
WCOWTHR L7z, ZOFHE LTREI -1 v 3R
FCTRLDEERGAHEBRTHL TV AEZNR-2 L
L, MEOWEAEER %l d LB L&
WL, SRFTEE ERBFNLFMORLLE
FExME (ecological process) RHE» Sl s sk
FRAZBTLHMAIOERROEEOREER LU E

71

BAERBEOREERICOWTER L, TV 4 X,
ZDEYFOHFEORERH 19 iR 2 5 100 £ 2L |k
KHRY, BEEHICHETIRRIERL-AETD
% (Gibson, 1999), X51iz, I A RMOBEMAMEOH
A OB (Table 20iviE) ZEBELAMNS, A
BT A7 AMEFREORBREROHER 21T\, %4
BEORRT —<OREICEF MR L EHL /2,

1. 7L REE T ADPEREFERDLLE

BREWEORFETH S 7L 4 AT 2H%
L5 X EBNTEARIIS WA, €I R L UBEFSR
DEBEDRLEVEESLRTE), RPEDOL 5 XH%E
BV AMEEZSZC L TRV EFNCTELAEH
BV, KRTLT LA AOHEEEEIH L. 23
T, I RET LA AT BT B REY - BEER
- REBAEYRORBEBRBEOSS, ALY
DILBH R % Table 3 1ZHH L7z,

W BIT B REBRE L 056, BYERREY
OFARRERTHRS L, WMABRTON - FAMBE

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

plaice before recruitment

English name Japanese flounder European plaice
Order (Suborder)  Pleuronectiformes (Pleuronectoidei) Pleuronectiformes
Early if Josical Family name Paralichthyidae Pleuronectidae
arly life stage / Ecological aspects Species name Paralichthys olivaceus Pleuronectes platessa
Difference
Spawned eggs similar Separating
Small copepod nauplii and invertebrate
. L eggs on the first and Appendicularia . . i
Food items similar . Mainly Appendicularia
Pelagic stage  of jarval fish comparatively (Oikopleura spp.) and adult copepod Oilon ) “
(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 . o Settled final stage larvae (P.olivaceus: 1.0-1.3 mmSL™; P. platessa:1.0-2.0
benthi Settling similar v .
enthic stages mmSL ) on the shallow nursery ground complete metamorphosing
T
Main food items g Pl Bﬁnthlc anu;als el ]
of juvenile fish Mysids (small Polychaeta, syphon of clams an
copepod)
———— dissimilar o
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” 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
Main food items dissimilar Fish™! Belnthic z:lningf'12 (lPochI}aet: mostly,
of young fish (also Decapoda) clams secondly, also Echinodermata

and Crustacea)

* 1: Minami(1982); Kuwahara and Suzuki(1982); Ikewaki and Tanaka(1993), * 2: Shelbourne(1962); Ryland(1964), ; * 3: Kiyono et al.(1977);

Rijnsdorp ef al.(1985); Tanaka(1988); Tanaka et al.(1989a); Tanaka

et al (1989b), * 4: Minami(1982); Fujii ef al.(1989); Tanaka et al. (1989b);

Amarullah ef al.(1991), *5: Van der Veer ef al.(1990), * 6: Koshiishi e al.(1982); Hirota et al.(1990); Fujii and Noguchi(1996); Yamada ef
al.(1998a, 1998b); Furuta(1999); Noguchi er 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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CEERRENOFAIIIEDEI SV, /2, RFE
BANOEFKY A X FRICEUESE . (Table 3),
WEBTOI - FARE (v o2 8, 1982 B - &
K, 1982 ; Ikewaki and Tanaka, 1993, 7L 4 & :
Shelbourne, 1962; Ryland, 1964), & bIiGRE
~OfFAMoEREX (tF X FHS, 1977 @
/H, 1988 ; Tanaka et al., 1989a, 1989b, 7L £ X :
Rijnsdorp et al., 1985), WEB~OEEH A4 X (e
A 1T, 1982 HEH 5, 1989 ; Tanaka et al., 1989b ;
Amarullah ef al., 1991, 7L 4 A : Van der Veer et
al., 1990) T CHEMPEIFT . WER THEEICA
A REMNEEIX, I ANERERD SEKET
SERNAEEFROE LB TT V2 bRty
FrEEERT (eg BADS, 1982 AHS, 1990 ;
Fujii and Noguchi, 1996 ; I &, 1998a, 1998b; ¥ H,
1999 ; BP0 5, 1999 ; HeEr 5, 2006 ; INRE, 1987 5 4
M, 1995) olzxtl, 7L A4 RAdRERY M 2E&N%
b L THAB (Poxton et al., 1983; Le Mao, 1936;
Rijnsdorp and Vingerhoed, 2001), &L #BH TS
A XS ATEEL OBIKRTELEN10 cm TH
ZH (AR, 19925 &% - #i/, 2001 : dH, 1999
Yamada et al. *?), 5 cm & #EE XN B MR D —ERICIE
Rohs (EEWNEEERE  Yamamoto, 2006). 7
VAATIHER6~12 cm (AR5~ 10 cm) 128K
B LMEBNOBHIHEZ 5 (Macer, 1967)0 B
BEHPOBHRBEOL I X IMEBL2ILHBEH (g E
K 5, 1994 JIEE S, 1987 T EH 5, 2001 %2 H
b, 2009) TAHARKRWMEZREL A (SH, 19%;
Tomiyama and Kurita, 2011) (Table 3).

PDEXy, e5xL7LA R, FREOENE MW
B OMREEANOBEBESLERRABY A XL
O, FEHPSEER T COARBOEMENENT &
»o5Hh 5 (Table 3),

2. TULRCHB T BMABKEDREER

TUA4 AT, §7 - FEEDOMA L 73N A
I TOEREBEBEOERHOBERZ DELER DB
XY, MAEKEPRTLIERIBTINTER
(e.g. Zijlstra et al., 1982; Van der Veer, 1986; Van der
Veer et al., 1990; Beverton and Iles, 1992; Beverton,
1995), TN H5MLCERL, ABRFNRFEHOR
RARBEREEZRXS LT, FRBEOEEOREER%
B 72 512, LA AOFKBREZEIETH
PERAL 2 LEHAPZOERIZOWTERL /2,

(1) MAEKECERS ZFERFBOSEORERL

TUARAIBWT, ABENLRFBRORLIRE
BRI A~GHlEFTo7THIIAT SN (Table 4),
Tabb, A [MERTOM-FA] BHII [#
BWiEHoFa8], CHIZ MBFEAR: BEhLE
K THEBOF - AR, DI ERBEO L
EEZTLT252E45 cm (B8 35 cm) 12E3E
T2F oMM, EMZ [£& 45 cm (FE 35 cm)
D IREVYH A ZOMAH ], FHIZ (HRED 01
A - EAE) RUTGHEIE T2 mEMA] T3
% (Table 4)o D& EMICBIF 54K 45 cm (&
E35cm) OEKTHEIAE, WHET v T U#BICE
1} 5T ¥ ¥ % 23 Crangonidae 12 & A A DB AFET
P, BELEDICIIOVA AREBIKTTAILETH
% (Van der Veer and Bergman, 1987) .

SN FNFNTRE SN L2 ~5 0HHT
Holzh (Table 4), Zijlstra et al. (1982) 1%, VHER
Ty TFVIZBWCA-C-E-FRUGH®5HIC
DWTHERLZ B L, BEIIIHEEYOEERH
AHOERHOBEICHD S THRERELIH  BES
BHRRVE, BMEOREHEILZ SV A R 01 ki - &
fHl (FH) oFESfEoBEICH L THRERENICK

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‘-port on . oganizing the year . Starting period
ublished Number of pelagic cggs pelagic larval  Immediately class completed Larger size  Late summer of catch
Authors p Sea area periods period from  during, after L than the length  for 0-1-age .
year and first larval settlement until . recruitment for
investigated . offshore to the the settlement 3.5cm plaice X
periods " length 3.5cm 1-2-age plaice
coa (maximum)
Zijlstra et al. 1982 Western 5 . A" . p*! P!
Wadden p"! p"
Van der Veer 1986 Sea 4 . .
A? A"
Van der Veeretal. 1990 2 p* A" p"
North Sea — o A%
Beverton and Iles 1992 4 P AZ P
North- and ’ * * *
Beverton 1995 2 P A A A

Irish Seas

* 1 P indicates that there is data. ; %2 ‘A indicates that there is not data.
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HBLE Uiz MUKHERT vy FVBICBITL T
A4 ZZDWT, Van der Veer (1986) 1 4#8 (A-C-
DRUEH) 0EBFNLRARZINY BT, WEH
TOFREN - FAH (A#) L&£FE45 cm (FE 35
cm) LD IREVT AL X (EH) HicBwT, EH
CEBRBOBEOEBHREAN1/2 F TET L2EEL
5, MEBOBEIMICMARKENRE S L V) BE
T R FAEIRSEZRE L Aze 512 Van der Veer
etal. (1990) 1%, LB CREBFRETHE,HEE 45 cm
(k35 cm) £T (D) oYy aBHOBWAIC
L2BEKFNLZRECTIE, MABDSREICHIZLAY
WEYT, MHBEORPEITRERIEZ S LW IE
FEMSL B 7 B R BGR BT AR 1T K o TIMARAKEED R
Z2H50LHUHB L HLINS 2HIXOBERDOH
MEL, CH TBEBRE] OoFEREN 2 MEEGERE
BREANOSEFREN P22 L TH B,

oz & B E L, Macer (1967), Nash and
Geffen (2012) X, CHElIIC BT 2R BH OBBINE
HIHEEINIHANOERHOEEOBEIREN
T R AR BEIG X BT RE L 2
COLICMESHRINTEZZT VLA RITBNT
b, FIEEROBEREN 2 MABERESEE BT 5
BELZRFRIEFZRETITPR T ERHEINT
5% (Nash and Geffen 2012), Z DIEHMICEEL T,
Beverton and Iles (1992) & Beverton (1995) %,
EOTV A RZBVTA-C-DRUFHF TERAN,
HHEED S b HRHA~OIEE D L 3BT -
MAMOERHOEEICBIIZ2RFELEEOEREIIKE
CBARY, FBRLAEBY, WA (A of
BBOBEOERNOT D IBUNZ 720 08, &
KAE (CH) 1Tix200 BicEmBIc A& T Lz
ZEERHBEL TS,

(2) L1 ZADERBRRICH T 2 BEKEN L EHEK
EEN R

-0y kil e L REEORIE T, B
BOBERGEH 2 BAEGREEREICEEL, k)
ZERICIOBECEIFIRTLSZH2DOPIIOWT, £
ORI TN T E X (eg 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), FTH 7L 4 R
T, EREEBORTE, BEERT A X0BR
UCHEREICHTAEME 2 EWCEH LSRR S
3 (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),

FIT, SCBITFI0MXEREN WXL
RZLT, 7V A0EFEEERZMICIECERI KRR
L IR FOERICOWT Table 5 ML 77,
Table 5 DIERICH /2o TIRUTICERE Lz 7L A
2B WTHhRBEOLB Y CH [EEEE] (Table 4)
OB ERAN 2 BABEREERES, 2hooMARK
BOREIIHEBLBLEEZON, 2O LERDH,
BREETOT VA AFAPEELZE T L THAICE
BAEREENREROBRMICEE Lz, 22T, b #:
BRHEHOFAM ] Tl BEAR: FRPLE
IKETEBOF - fEAH] RO [dH : FRFEOTE
MEBEE T LI-EROMEAR] 038 GBDOB~D
LRV, BEIE—BHL T RO Th~di#fE
L72) 2B kiF, EORPICRCRRCICENLE
EDE L 2 BOD%E, WXOERRETEBLTEER
Table 5 127K L 72,

ZORER, EREBEHOBEKFNZETIE, B
BOBERLEREHEGHOBICEZ Y (Van der
Veer, 1986), F-ZREHIICRKL Lo ZEHRBOE
EOHEAIICASL EENEFNEW L7722 (Beverton
and Iles, 1992; Beverton, 1995) #5/8 E T\ 7z (Table
5o 7L A APERBHMICHESI LTV EPEER
MiIZhRENTEY (Wennhage, 2000}, HHIZBW
THZOBRHICRRDIETRICILSZ L IHEEINT
w2 (Nash and Geffen , 2012),

B, PRETEROMAOEEKRENZEC:
R LR TE MAHOERROBENE -
WELA-ERCRETERNIERIIRS & ENLH%
(Lockwood, 1980) %, ¥V vy a2 X 2HEICE
DHEAIIOH M TENPRRICE S Z L 2HE L7
72 (Van der Veer and Bergman, 1986, 1987) d A5
5 (Table 5)

DlE, Table 4 & Table 5 X ) fEnhefiRzE T L
D5E, BRBICEREL-EREN GEEBGAR) »
LA (FREETER) OB, ThbbEERRED
F - MAMIC, 7V ATRMARCROFBETS X
9 R AR 2 B BGRE RS o) X 1269 BT
ERLCREEBLLENTES,

3. EZACHBITIMABKEDREER

LEBLAT VL ADHRER-XIZ, ©F RSB
LA OERBHOBEOREERICOWVWTERL
7oo 72, I XARMOBMEOMMB OBRRITIEE
LaHs, MAKIT e S AMAESEOEREROH
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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

e - . i ;
Kithiors i area and/or thar have beeii offshiore to the coast on During, immediately Primary population generating the
laboratory . . . after the settlement year class completed settlement
4 investigated pelagical larvae satage
experiment
Most abundant in June
Maximum numbers of larvae and juveniles during early July
Lookwood 1980 Port Erin Bay 2 3
Maximum density-dependent
mortality rate immediately
following maximum numbers
Zijlstra et al . 1982 Wes‘erge\:“dd"" 2 Mortality rate : 0,03-0.04 d " 0.01d™
Variations in year class Maximum density- Variations in year-class abundances:
Vandes Vier va8s Waidde el 2 abundances: 62% dependent mortality 30%
Maximum density-dependent
Van der Veer and 1986, Western Wadden 1 mortality rate up to 0.04 d! by
Bergman 1987 Sea shrimp predation during a short
period after the settle
Variations in
Bevertomantfles 1992 North Sea 2 year-class  : Highest— Rapid convergence
Beverton 1995
abundances
Wennhage 2000 Laboratory 3 Vulnerability to predation: During- > After- metamorphose
experiments
e
Wennhage 2002 laboratory 1 PP

experiments

stabilising effect on juvenile
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

Wzfro7ze

(1) EZ X DERKBIREICH T 2BEKREFN R EXEHA
it

B EARAF I 2 AR EGR ET RS 1 BT, BN
OWE - HEBBROMENEB OB RICIE, TIHRE
HEMEHEORNWERLED B, T2, & TIIERAE
WO BERL W IBREE e ESEMEICKE AR o TWDH EE
ZbNb,

BB B T R EY ORI REEICER T 5
L, TUAATIE, HEEPE—71ET L &8
BHAEY O BEAE S BRI —ET 5 & v ) BUR DS
&5 (Berghahn et al., 1995), [AkICE T 2I2BWT
DAEKDEA G EFIHTTREZR 7 IFDOBEHNE —
JIET AN T MR ENTV S (FHIR,
1974 ; Fujii and Noguchi, 1996 ; Furuta, 1996 ; ILIH &,
1998b) (Table 2 DiviH), ZD X 512, 7L A A (Table
10ivH) deIxbEL T, HFEEIZEHED O
FIHTTREEO2M 2 E T Y R L C8HEFEICHEMT 5
EIITH5b,

B EARAT 1Y 7 AR B SRR A O ) X 235 < 72 B T E
PEIZBEM L, Daugherty and Smith (2012) d# o

Relp B 3MMITHB VT, FLBAERIE LB AR 28
HEHEIEEIC L D FIDRESERDL Z L 2R LT,
fls > BARIH T b FHRAER I ICIZE < R B AFD
5N TWw5b (Macer, 1967; Steele and Edwards, 1970;
Nash et al., 1994a; Nash et al., 1994b; Geffen et al.,
2011),

EREFICE VREHTREA LS HDO TV A A
WAERLTE 1 s BAE OISR KBS AT
B B BEARAE 0 2 AR BGR ETRRRE 2%, 0 ik DM f] D 4
WD BEDOPEITKE 2B % RT3 et
WENTWD (Geffen et al., 2011)o 1995 4EIZ K
JEEBIATE 3 2 M S Wi CRBERBEE oo T
AMEERETH RBBERRR BRI E 228 (JEE -
M, 2000 ; Tomiyama et al., 2008 : Table 6) 5
AFEIZ BT D L H D BRI A 23 R T4
LifiEE e 20, BEOHMAW OEBRIEDEEOUE

AR RTTREER EPEESNSE, T2k
BAIMR LT, B/ (1994) 1E, 1981 4FE~ 1988 4E 12 Hr i
BAHRETIZREL O I A AT 200 5% 8
A BEEFDR SN 28, fﬁﬁl%ﬁbi%k 1982 4E &
1984 SEICE K 2 ) (ZFNZFMN, 1447 KO8 30.64 i1k
CPUE), —J7 1983 4F & 1985 4E 1M%< %o 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
species *3and crangonid
shrimp**

fish species™' and

: )
crangonid shrimp Growth retardation on

strong year class
strength™”

Different fish species™ Different fish species™®

Growth retardation on
strong year class winter*10

strength *3

Lower intensity on
Lower intensity on predation by lower
predation by 0-age larger density of crangonid
same fish species on shrimp decreased
higher prey density™® significantly during cold

Rapid development on  Rapid development on
settler fish reached settler fish reached
appropriate nursery appropriate nursery
ground® ! ground* 12

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

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

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

EU0.15 81K CPUE) Z &, MATENRE 72
FEOBIEIZL T A I BAPSEFRERICD 274 - #A%
BMLUCHELLRBR RBHOMATENIE L KL
e o MM RN L7,

o LBy, FEBRICHL LT AT HA
BT A2HBERFNZHEAEAS BB F 2ERN
i, TIFLRELOEBAEYOBHARRIZL ZH8O
EFTICES HHORT R RO GEH S,
1989 ; Tanaka et al., 1989a ; Amarullah ef al., 1991 ;
Subiyanto et al., 1993 ; EA, 1994) R EHE5D, @
BRCI#EREIcL2b0LELZON TS, 22T,
S A LMOBEMSEL OB OFEBROTEREN 2
TEREFRERHEIE  EBERNHZIZOWT, HER
- O, FEKFNSEABERSEEOM - §9RICAE
THHL LB L7 (Table 6)

HAMOERHEOEEDOREIIHELBIWEED
HBEHOME T, MOBMKEIIBWT, FIEICEBEL
7-[AfE 1 M (Nash e al., 19942,1994b; Geffen et al.,
2011), =¥ ¥ v 238 (Van der Veer and Bergmann,
1987; Pihl, 1989; Van der Veer ef al., 1990; Yamashita
et al., 1996b: Wennhage, 2002; Nakaya et al., 2004),
B M fE (Steele and Edwards, 1970; Lockwood,
1980) &, TS ATHRBICEREL-L S X
0-1mf (F5, 1986 W5, 1989 HHES, 1989
Tanaka et al., 1989a ; Noichi et al., 1993 ; Oshima et
al., 2010), =YY ¥ 2 (Seikai ef al., 1993), RO
7 & 7 FoNEY Pseudoblennius cottoides K7 R
Chelidonichihys spinosus 7o £ DMiEE (Noichi et al.,
1993) &%, ZhFhHEFL L THRESIL T, B
IFRELIEECR7 IFOBEFMEVEINICE T A0

EEVFETTLIERZEPERLILICLY, K#ov
SAHLLHEESR AL ERHEERATYS
(Tanaka et al., 1989%a: Noichi et al., 1993),

VX, mERTENGLEAKRAGEESER LT
WABOWENY -V RMOBRKEL e S ADOBT—
BT AHHENE o7 (Table 6)s TDHZEIZED,
LG RAIBVWTH T LA RAEREL, BEEREIZBW
THIABAKHE & s LIS 2 B REAKAR 1O 2 (AR R B
BV TwE 0 LHEER SN, Lz -T, #0
BOBBHICBITH2BBEIZRNEDOTHY, W
REERICEDLLHEITFNITIERE (W E LA
A (1994) OFEE, KHICLoTHHHREIIIE
TE5DD LML,

(2) ESADBEEREICHITZEREFTICHADHSHE

HEERARORRE

v I AfAMOBEARERES 7 IFEOFMAWiRE 2
EOERAEYBER I T AHADIBFITEEL, o
B ORBZITVEYRS, EIATBVTEDL
I REFEPEIEICE D EERICB W TIMARINIC S
AR EEOREAIT OB DIV TER L 72,
FEREN 2 EABREEEOBEIEH T 58
LIZoWT, HBTRAFIERAKEL > -FICHE
HLBRBIUCTry 2FEPRCLTHEIRT 5L, BEH
RICRELT VA RITHT 55 EREN 2 EEKE
REBRBEOMELIT/L 2220k, b0
APREH TREICAEERD), BRICEBRERROTE
BACESHZWEEENEN I N TS (Van der Veer
and Bergmann, 1987; Pihl, 1989; Van der Veer et al.,
1990) (Table 6)o
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LI ARBHRTOHE - WEBERICEET S L, &
BETHIE, EEEORT - BRI ORRE, &
UL & EE) L T8 LIS W BB E LA W IRE
R BRSNS TS (HA, 1988), B
BRHOMMETIE, FEHO7 IFEOEEITH 10 15
DENRD BHBHZ 2PEICBVT, EEENHOL
FAFATIIEBL CEEB/ESLSE ko (A
1994), —F, TIFEOEENE  HRAEYOFHW
BEEEDTE VAR I, e MCERE ST LTHAI R
HEEDICHMIREIAOHT A ENTELILIZE
D, BELEOBEREN 2B EEORE )
B RBrdb0EEZSRTVYS (HA, 1994) (Table
6)o COLHIBEITAREH TOHE - WEBMRIR
VT 5EMICHET L ABERP S, REIICEEL L
MASEEROL I AFATTHET HHEEIL, fF84
W (FTVFIT) OBEIZLoTRELEHTLE
ARENT: Dou ef al., 2003). Tbb, MOSH
B LTHBEDOFEEZ2E L LS (3000
R 5000 EALY 2iE, BEMEWEES (1,500
KLY I IBEEFOFAIHELINIILL, AE
2% L ER L7 (Table 6).

DEozeds, HERLAET IHEORERD LHE
i, RBICEEL-e S AHACIIZRARD
7 - HAIHTT LRV EORERERN 2 BEEHA
HBBOBESTE R TWRESZEZ S s (MR
1994 ; Dou et al., 2003), & 5 A HBFAEBIEBEL
THERPICHAICER URETICEIT LEE LS T
ErZ ik, MoORMKE (Wennhage, 2000) &
FUL, WEECNT 2R EHHcEE AR
BIrETLEEZOLND,

(3) BB TOES X DEXTRYICEELT

v T ARMORKEDOREWG BT 5 MEAEMKEE
DENEE (Table 2 DiviH) IHEH L THAL, v
VAT, BAHBRBTICLY, sTHIRERMT
AHBICH L, BUMBAERILIVZERT IS
(Joh et al., 2009) %, HMEAMLETIIFICL o TEE
EEOBRNMAFSERT 238 (Joh et al, 2013)
BEENTWE, LA ARADEXTRY L HEM
AL DERICOWTHABNIZL D E U7z Geffen et
al. (2011) &, ®—1rx Y rBZBWT, FH—FE#
BOWEMARICERBEORL 2 2B 2L, #i
MoK, SHREWOFBETEEIMENC &R
BABROFECRERAENTBNZ LIGERNT 2 HWE
BARFEN 2T (FHH BIETE 01269 : 1996 4F ~
2000 4F) &R L7ze SHICH LT, BEOFKRZ,
BAKRICE VEVEREESEONS Z LT, B

WEEILLENDE Z ENFTERVFETE (A 00724)
LY, ERBOEHOBRICES LR L,
LT AT, ARES (2007) AHEAOBEL BT R
CEEREZ N L ER aFROFHE L KFE
B L ORERREREORVEK L BOEESFEL,
COHERELTTIFHOBEOY - RICEKR L 7-H
BORREREY, 7TIFEOBEEOVY — 7 KBLUIMNIHIK
L7HALDLENTVWARZ EZHLNIL,

ZDEHI, T AOEBBMIILHENT S &
POREERERLT A XDORLLFAPH 5 —EDHH
Whizo ThERICER, ERBIMTADIEREEL
TERZPZ T LA LLZEEBVELTHEID
LEbRBLOD, FEICT IFHOBEIFHE
BL, ZOBENEL RARMICEEL- S XK
HOEEBRYPEL 2 HEE, ThoofEEErED
ERBOFRERRT DI LLLDTR RV LH
Washsd, TLZOEEZ 5 ABELST, HEE
RV PAEWC BT VL AR AT LA 2 E2E&t
ZLDORMBEICBNT, BENLRBRTER2VILE
bhsb,

FA4E LE21-DFEDESHOHR

AETRIT, $28, HIHETBRLLIC, B
HEOREER L EREOEM» S, BEY, B
ORI R EERE D SRR EEHoF R
FROBRT, BHNEBOER MM EEL
Fro F 7z, KPVEILERHER O % TTIC ERAERBED
BEBRICOVWTOLER L, RICRFEDOL S AD
MAEE T2 o hE CORMEB/MLELET, K
WL YEINTF - REBE BN, SHMY AL RE
WRxigE L7

1. LEa2—DEED

BAHFEIIBWT, BEHTIE, WHOEERYICE
BTrMrit L oBROBEEEIREIN TN S
P, BEBEANOBBIZOWTIZIELALHLMIIER
TWi\v, LA ATENE L EANOFERREOEE
WCIEOAEBEYH 0, T -SRI E B 2 EAEGER
g X, CoBRoEREOEENMARZE LM
Bi2L0EELH-72F, I ATEINHEHOENE
BT 2 AMBER SRRV, A TOFEEICSE
WTHICICHETLHRAIEH S, HECEEMARE
DEEF TEERIN TR, EEWEE TR, F
BB CEICHETA2WRHEH 0, WEHE»5BE
BAOHZEEOFESHEE IR TV, LOLID
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B OB 2 EERBRBIEZHES IR TV RV,

FEBRIZB T4 - HAHICBNT, BEEMNES
AR~ OBIR 72 ERBZIEICE Y, BRETHO
ERBOBE L RESELIBBOFEEIEN ST
5o TVARTHE, REHICBT 8RAEMORH
TR &, MAMOERBOEESMAROY
FEICH L BT A RESEIN ST TBY), AT
i, WA RR THRZERVBONL TS E L DI,
HEBRICB T 2 RESMHBRESAICT LTRER
HEEZ 5O AMEESHEIN SN TS,

BEHCB T AHEAMEMEMARE T ZITMARED
WERICE S 2 EEMIFRE, £ 3 hho72d0D, &
T X RO EBFETIEOHBENED bz,

KL 2—I2BWTHA O ERERELBHELZ8E%
Mz 7R, KRPEEERBRBICB VT, HElERE
DFEEICFTHEEWEN OTRPRER L BT
B, TobbYENARIRIBETHS, L)z
EDPRERFFEINTWEHTH S, #RIICHLT, &
L —ICBWTHEMRLERLER L KRy
5, BRWEROFANRER L EENLZ L L
KOBEL BT IFOEBENEKRTHL L) 2ENK
HE— (vvF) LT, EEBRICHLET AT - #E
AHOEZRYZHELTVE LORFELREL 720
¥/, [ UERIC BV TRARORIIAR L EOH
BiChbETH7—FERERICLY, 2ol
THEEBEIOMA T CRBOBEBIEEEINS &
DR E LT,

CORFEDEBRT, LA AL LT XOEERE
CBITAHEESHL, ©IATREERRICBVT
TIFOBEZ I VRAMOERBOBENREDT
bh, ZOMAHOELBOEENSZOHROMARIC
KELHEBELE 25 L O (Figs. 1, 28H) 21872

4B, DEOEY FEHIcBWT, BRNTIEHED
EHENTI eholzd, I—av BN TS
EBREIKREL 70 -7y 7TENTVAHEI L ER—
212, ZhECTOMHME (FlZiE Table 6 BH) o
A THEEBRBICEREZBV, '

2. EZADOMAEEICEEY 2H -8

IHhET, BAFEOL S ADMAECHET 55
%2 (e.g. Oshima et al, 2010) Tix, I—u vy DR
HEIZOWTHhDOTEbN TV [ERFLEKET T
WRELBERINZWENEL, CoHBORE
DOREZIWZL o TERHLMAEKENTRED (eg
Van der Veer, 1986; Bailey and Houde, 1989; Van der
Veer et al., 1990, 2000), ZEZOMAPORER L4

ERVIEIBRBHOLEENICL > TEEKEN (eg
Bailey and Houde, 1989; Gibson, 1994; Van der Veer
et al., 2000) WCHEL] LWIHIRBIC-TERZLD
THbo L LZDHE, Gibson (1999) 7%, Flzkik
127 5 C Van der Veer et al. (2015) 2%, BEMAHHIZH
WT [FERERIIBIT 2BERENLERROEED
EAREREBREO R, BPEIOREEEIEB®L D
i, MABKEOREWHEGTHEEIH S ]
EDREmER LTz, Bl o KA~ ORINY 7 A 18
ZREICES oM BREEEOBEIFEN 2
BEEPH (e.g ¥, 1987) BT, $IZ Van der
Veer et al. (2015) 13, FEBRERIIBITLERFOE
BAX GEEBERT S, BESTHOMEMIZE
FBERFH R EABGRGEESEE L, SRR0LE
PRESEHIEEER L, L&Y, SEHOME
Lo THRLNIZBRTHS [7IFHOEEIZLY
HESIN T AMAHOERFEDEEL, F0OHBD
MABKEEZOHET A LR L] BEhdbobE L
7eEBOFBRHE Db, BPFEICBWTH LT AD
MABECETAINE CORKE RETLEND S
LEbLNS, '

3. MIRRER

INFTRABRZEBY, LEAROKFEFEIIREE
BV, ERERBOREDLDIZE, [Hbs—F
DREDEL I AMFROBERORI] ICMAT, £h
LOFAVERL, FICEBETEE,LOKROMHEE
%5 [BRLZT7TIEOBEOES| 0 2EROE5—
(v F) PRELREMETHLEEL LN (Figs)o

EHIZ, I9ATR, TIHEOBENIEEARICH
e A7 - fEAMOAERRY EHEL, B U8
BUTHAHOEVSMAR L EOHBICHS L nHH
BRPRENT, Thbh, KFELERREICBVT,
FBERGHLBAREREERICIY, TIHOBED
EEBRIIDHD T AMF - MAMOEREEHET S
LB F—FEEERIZLD, BREINERE LCH
HA® MM ESZ & T FEARBICB W THEED

Matching

pal ™,

PRy A
Successful The occurrence of / Organizing the,
transport on enormous mysid i !
| strong year class }
some great numbers abundance on Y !

N, K4

of larvae nursery grounds N strength S

o e, d
Factor 1 Factor 2

Fig. 3. Matched factors organizing the strong year
class strength of Japanese flounder in the Northern
Pacific.
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BmaHs] o, TIRHEL] PEEEIN. T/1-H
BRIZ, RFPEEIEEREESICBVWT, APOERED
LEREOBROMEMARKE EOMBICHLZ L%
RN TEA, MAT, HARBBAR HEER
BINEBRR LBV THRATHOERIMAZE L ENH
BIlH b L9567 — 7 EFERIPBONL, SME
REBIZBWTIZZO X ) 2BRECAEFTRESNT
Wi, BAHOERBEOEENFOROBENAR
HETEOMBICH 5 B4R, KPEEILEGES A
L7z&912, TIFESOFTELREREMOEEICLD
eI AMAMOESHOEEN TS Z L LE UHBH
AENERTHVTWE I L L HEINDG, 22T,
JUMTE BT b BB D S HIA $ CRBEDBEELS
LHEDFEIZED, I ADOEERKEHHLEANE
BICBWTHBEL T [AHOBIMAREORRIC
OB Lo, [HH2] EEshlz, Ch
LOMBEOREE LT, e AfAHOERBEOE
ERFOBOMARKEETEOMBICH S Z &2 M
FHTHEIHLTHIEPERELEPINS, £2 T2
THRETRHAL ZEETHWMEFELZRET 5. KI
RF2%2ETXTH-OILEL BONAFELIRET
%o

T3, K1 #EIHTEH7-0, HAEA (LT, #05)
O HEBATP L BEbh s BARBOMET (e
5 A OBAIIERIZ L > TRL 2%, B2 IEHEAN
BRECIZ2~4LEEINRTYS /K, 1992)
WCEMA Lz 0ER T, BOARPEAEHWI-ER
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