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The spatial distribution of brown sole Pseudopleuronectes herzensteini
eggs and larvae, and their food organism were examined to elucidate the
early life history of this species in Mutsu Bay. In April 1990-1997, pelagic
larvae were widely distributed in the bay. Vertical distributions of eggs and
larvae were investigated at two sampling stations in the bay from late
February to late June in 1999-2001. Eggs of early, middle, and late stages
occurred mainly in 30-40, 10-20, and 1-20 m layers, respectively. Yolk-sac
larvae (stages A-B) occurred chiefly in 20-40 m layer. The abundant layer of
preflexion larvae (stages C-D) was slightly deeper (mainly 20 m depth) than
that of copepod nauplii (10-20 m layer) as larval initial food. Larval
concentration at 20 m depth may play some roles to avoid transportation to
unsuitable shallow area for settlement. Because the weighted-mean-depths
of relatively larger larvae (flexion or postflexion larvae, stages E-G) were
deeper (>24 m) than those of stages C-D larvae (20-22 m), larvae would

ontogenetically migrate for settlement.



~ 71 L A Pseudopleuronectes herzensteini |39~V >3 L OVT B S~
P, ILREHDT E CIR AR L, VRSO ARBIC DUV TR BLE T 4Af &
B, 2 TR, ¥ BAEARE, 40 FIRRT BB RACERIN I8 T o0
STOENFE L HAESNTND, AFEOINI/SHEFEEINCH Y, 10 FPIEIT I
THAIZECOPWH LE Y — 7V o2& L, W BRSSO T HEBA
HoFRIZEIZ»WE LE —7 ) 2T 5 (RS, REHR), i,
FHE LA I CITHER DY 25— 45 mICHIET D 2 LM BN TN D, 12 S5
Nakata et al ¥ 13HRRIARICAERT 2 AEOIMF RO SR Z BT TV
LDV Iab—va sl VH#EEL, FHIETH 2 ED R < ZRWEITIA
BOAEMTH5Z L2 TR L, L LEBRICII T VAIRATRD ED X 9 72K
RIS 00, TNETELTLSHALMNIIN TRV, MEREIT—
A AT ATE S B COSE TR i <, IR, FER D ATERR A B B 7z
T5Z 0013, BRELBERKNOMMFICHLERAIRKTHD, AHFIEITEFERDE
IZBWNT~ T LA AR D ZEM R KO A RE LT ~5 Z LIZ &

D, VAR ROREEZALNCTHZ L2 AL Lz,

Rkt L Ok
TS T T VA AFRBLOCEM T T 7 b AEARIT 1999 F86 K
V2000 4D 3 A0S 6 H,2001 40 2 Hnd 6 HEToOHF(08—13 FE) (2
PRBLEICERE LTz 2 B A (Fig. 1) 128\ T, ALiFiE KPR E ST O

L¥H (128 ton ; 2002 4F 4 H X0 #EM) 6 X OV A M L TERE L7,



9 LIBATIEAKIEL, 10, 20, 30,40 m DA ICTB W TMTD * v F (H££56 cm,
il 200 cm, H& 0.35 mm) DOFFFZEAERE (HEK 2 7 > b, RiERERH]
10 47) 12k 0, I TIFKE 1, 10, 20, 30 m OFBIZEVT 80 cm AFED
777 xRy b (R 270 cm, H& 0.35 mm) O/KYEHE (KE 1m O
A HHEREE 5 4y, i 10 43) IZ XV IR-frfazR4E L7z (Table 1), J8/K&EIX
MRy bOMAIZIRY T 77 e —A =2 —IZ LV H#HEE LTz, 723, 80 cm * v

ZIXBAPAEEE L2 ®, Ry MEUE T 272 R <470y, BIUCE L=
FFII VT s 2 5N TH 5,

FROEHEMTH LG LIE, —7 U 7 21 13Kk 1, 10, 20, 30, 40 m
DEBIZEBNTANY RUBKIRIZE Y 6.8 LEIT 19.7 Lok % < & EIF,
40 pm BB DAY Ry BTl U CTEREE Lo, SR SIVTCAEIIEARIT, AL

BIZ 5 %K R L~ U L ERIR CEE LT,

JKIE, Hi4fEIX CTD (Sea-Bird Electronics Inc., SBE-19) % HW T H>
OWEEE EETHE L, £, NrYBKICL - TRBEKZHERL, KiEx
BIREFHC LY, EoEEZY Y 2 A—4%— (Guildline Instruments, Portasal
8410) 2L v HIE L7z,

FIZARBSETIE, 1990 F D 1997 FEOEFE 4 HIZPRRIE C~ ¥ 7 Gadus
macrocephalus (fHEROBREZHNE LI —A hr—Lxy MREGFED 2.0
X 2.5 m, AFHA 1990 4E1% 0.33 mm, 1991 4ELIFEIT 0.72 mm) 1415 CIRME
ENTo~ T L AFROBEREE R LT, 728, 1990— 1993 413K 12—20 m

KRB %, 1994—1997 SR IVEIEE 2 m b EFE F TOMEBREEEZTT-



7o

FERE TIIMTD R » P LT 80 e 1 v MEADN S LIADIP & {7z @i L,
PRI, 18 fE - KE 1002, B LA BHMERITINEES, 17 18 ISV CE
LT, 2B, ATl LA B D4 159~ CCooper and Chapleau'? (2
eV, <4 VA DJEs L Pseudopleuronectes & L1-, ~ 7 LA DI« {FAD3E
BB A X5y L2221 L 2V E TIC A b7\ T, JiiENakai and Hattori2?
D~ A U v Sardinops melanosticta’s . \Moser and Ahlstrom2” ¢ Northern
Anchovy Engraulis mordax% 275 200 FICET T2 RCCRIE, 1, #%EiciX
LTz,

ATHL: PEINEAZ ) DIRERDNINESR D 1/3 278 5 £ T

i BRI 1/3 A, BAPSE L%, RBESINEIEa &

NDERTE T

%W REAIN M 2 BN T DIMEERTE T
F 72, fFflk~ 24 v A Pseudopleuronectes yokohamae¥s L ONA > 5 L A
Platichthys bicoloratus? ¥ E Bxik22728 2 5E 1 L CLL FICEIT - H M CA—
G BBz X0 Lz,

AW IR TR DIEBWTE LT, KERIIEE RO

B #l: DEmHrE IPERIEH 505, o0ME INRIR, FIEBRE MasD 5

C #1: miEdhififrf INEIIA LR, ARV TR Y, HEE I EEE

TR %

D M miEd R IR L L TlIR VY, BRARImITE i LT



RS, T REIE RES S DTN L T
E & i Aeasl L, RS, R Rmos it Lin, REEEE
KOG HETe
F . Jdh e FRRm 720 Rt 9525, IRERIZE 288 L T
m
G #: A EEAE L, MROESGVWARE RS, FRRmE
SERICHE L, IRERKOBEINMGE 5,
PND LI — 7 ) U IR T RBAMED T F I3 BEME § CRE -G L
7=
MTDx > k& 80 cm* v b CEAE L7 HF - A f oD B (AR H0% B2 138 1 B O i A
ETERRIZHASE 1,000 m3H 72 ) OfEFEKTHRL, BE—Ahbr—LRry FTH
L LTI, 16 RS-0 OBREMEAS (CPUEME) THLZ, 2»0dH
LE — 7V U Z2DEEEEEIL 1 L7 b offfEi s LTRD~,
BOik X OBAOFAO MBSO LTI, E—Ahr—L Xy MZ
F o TFRADBEE S NI DB Ko THREM S Z Xy L, W/KBOBRE S
TR DEI G2 GREIZ L > THE Lz, Z0 &) e %2 VWi B HI,
FFRDPBE SN WVHLEE N Z W2 &, A D L OBRERER L DR &,
S OICHRIEEIZ L > TRETIERRRLT20TH D,
MTD > > & 80cm Ry b TEREINTZ~ T L AAFRD VL4 55 A KR

(Weighted Mean Depth (m)) (ZLL FORXEZ AW TRD 7=,



WMD:Z@qu/Zm

I TS IEiFEHOEARDOEEKRE (m), n lLidE H OEAR O B L

(inds.* 1,000 m3) %79,

D LIRS — 7 ) o ADOBEREEE OKEIZ L BiEWVIE, BEIC 1 2Nz
TR U Tl A O C— e Bl B O T 247 - Chelk L, AEZEN
HOENTEHEARITEBICY 27 2D HIEIC L A Z BB ZIT- -,

RS

¥EDL 1999 4F, 2000 4, 2001 4EDStn. 20 (2331 5 /KR - HEE O SRIEL S5 A
DAL A Fig. 2 12K Lz, 1999 4F 3—4 AIZIF/KIE 15 mff Ut T/KIER LY
YRR IS - DT, 2000 4E & 2001 45D 3—4 AIZIZ Z 0 X 5 7B e e
XA BN D> T2, 2000—2001 0 5 A LIKEIX, 1999 4F &[RRI AR 2SR
(ZFEE LT e, E72, KR 2 m & KR 30 mDKEE D (Ao ) O,
1999 41213 0.7—2.0 kg m3, 2000 4£{21% 0.0—2.2 kg-m™3, 2001 4E121% 0.0—
1.8 kg m3Z/~x L7,

B VAFROKEDF 1990— 19974 D4 Hice—A b — kv ~7H
LA I AR 159 R Stz (Fig. 3), (FANIFE A CBE SRV
o720, 1994 4 1995 A ITITIFIEBENBIRICHEBL L 7=, EOECix 14 %
M 3 B CERES D (21 %), AT 75 BT 35 R THREIN
(47 %), WE OEGICHEZITALNRD > T (GRIE : Gag=3.17, p=0.075),

F72, Stn. 20 TEREZIT -7 1990—1992 FI21E, 1992 £ 4 FR\VN TR W CPUE



fEZRL, 1990 #£DStn. 20 TIHEHHZBLTb oL bmWEATR LI

(18.0 inds.* 15 min haul1),

~HVUAIROSRE SR 199944 A 13 H,20004-3 H 28 HE 4 A 13 H,
200142 H 27 HIZ2WT Stn. 20 TMTD * v M X o TEHES N~ T LA
YRDFRIE I3 AT & P ik TR 22 3 AR BB T Lok 7 (Fig. 4), AIHIOINTH
BB DN R0 o T2 KIRIE 2001 4F 2 H 27 H ZBRVT/KIEE 30—40 m 124
B, EHSAIKGRIT 21-2Tm Thoto, —J5, HHIOINCThe b B AREE N
BN TKIRIZ 10—20m TH Y, FEAMKE (12—20 m) (XRTEHICEST
EinoTo, BOIOFE ARG (16—19m) 1T & E_THE Y ZEiTH
ST, b EWEREUE R I3KE 1-20 m (A BN, 7238, KRB IO
SRR FEE L T2 1999 4F 4 A 13 H O, i, ZHOINIKE 1 m |
EHF 0 HEET (BEEGFID 0.7-84%), fOBER (14—32%) 125
NRTEWEIEE R LTz, FRBICIIR L TRV, RIT 0 BEREREL
TUNZ 1999 42 3 A 27 HIZIZAKE 1 m TINEAED 11 % L2 HBHE, 2000 —
2001 D 2 A FAIND 4 AFAID 15—42 %l HRXTEN -T2, 7238, K4
&6 H FAICIFINIE<HE SN R T,

~HVAFROHRENFR 2 A FTarb 6 AFHOERER & b ICIIFEIT
L (A—BHD) 1ZFITKE 20—40 miZoA L, AiE i & %5 i £ Tofr
i (C—GH) 13k 20 mTEEBBENEWHENE L, 1TE A EOFANR
AKIE 10—30miZyA L, KE 1miZiXigE A EHB L7 (Fig. 4,

Table 2), %7z, 40 6 H TAIIIMFRITIT L A ETRES LR T2, RN



10 EfALL FEREE SN BREE HIZIRE L C, (FROMBL L - 8RER O KHEERE %
BETd 2 &, AFRITKIR 4.6—14.0 COMELWFEIPHIZ B L, FrE DO KIRIZ T
T DAL SR DN o 72, Hisr Tld 82.6—33.8 PSUDHIPAN Tl
Z<HBLL, ZOHEHIPASTOHBUIIFE A CBIE SN o Tz, WKEETIX

o fEi T 24.8—26.5 kg - mB3DOFPFIZ /AL, Z OHPFHN TITAKIR & FERIZRE
DEE~DEF LA LN ST,

K1 m A D 40 m £ TMTD % v h CRRFEZTT o IoB4E B Of DY
IAAKGE (Table 2) XIFEAFM (A—B H#) ZMEMICE» -T2 (N E
A1 30, 28m), C HIFfIT 20m LfrAallZEETH o & k<, D WLIREIX
HENEDRIZONTHRAIZELS 2o T2 (DG WlEzhZi : 22, 24, 28,
35m),

PW0h L/ — 7Y URADOHMESST BN 2 ERICBT200Wb LB —7
U 7 ADERE SR EE % Table 3 (27~ L7z, S FEI3KER CHEENAD
AU (—ICELE O3 EIAT 5 p<0.001), KEE 10 mE 20 m (ZLEN ) 55.5,
46.5 inds. L) 12k LT/KE 1m, 30 m, 40 m (ZNZE T 28.3, 36.0,
28.4inds.- L)) TIHEAREIEWELZ R L (V=7 = DEZEHEL ; p<0.001),
72721, 2001 44 H 26 HD X 512K 30 mX° 40 m T b & b MEARE0R BEAS 7
bR bbb oT- (ZNF4 275, 125 inds.- L),

£ F 3
~ VAR OHBSEEIZE O (21 %) 1< 5_XTEN 47%) TEho

=0, ZNOOMICHEEZITIALNR -T2 (G BE : p=0.075), 7=7°L, W\



THOFIZBWTH o &b EW CPUEEZ R LIERESADBNTH-72Z &,
1991 4F 4 A X° 1994 4F 4 HIZI3E B C i@\ CPUE ER A b vz 2 & 72
EDG, FRITBOHICHSTEBERNIIZART 20 EEZI LD,

~ A A ORIHOINTHI E B OIFO S/ AKIRLVIEN T2 0D

(Fig. 4), MWE CRERH S NTINTHRANBIIRLICE LT OIDEEX BN
% (Fig. 5), PUMIRJENEEE TIL/R0>>7220004£3 H 28 HE 4 H 13 H, B
LN 2001 4E 2 A 27 BICIEAKE 1 mT b HERE O EIREUR EE 208 L)

(Fig. 4), /K% 15 mf Uik - S\ HBIEN A Bz 1999 4F 3 H 27 H, 4
A 13 BITITAKE 1 mD HBLEI S 1M OKEIZ S BT > 72, 1999 4F 3—4
HICHEN A S Bl L U CRIE2Y 1L, A 1998 4F 8—11 AICFAHFE LD
H LV EKRIZT K o TEBPKMEE B L, BB L Tc B K & D%
EAIZL>THELTLE LTS, LERS TENRKRBIZZ O X O 2EREP K
SNTHAETIE, I3 EaIflEhd b EEBEZOND, £, BEMKK
(T 22 ARG B2 O B 7 F D Sy AT K TR 1T KR 30 mii 4 & TRA~ - 72

(Table 2), Tanaka?’ (3% & 2 FA U Engraulis japonicus DIPIF EH
(XD IMEERNI KM 2 SRR T2 2 L 2R L TRY, T LA [H
BRICIEET 2 b0 B2 bN5, 20X ) R LERTOLMEIE, TERERICHED
T, WKINTZ DO ISR SMERLE U0 W R B0 T35 2 L %215
HERHLILDOEEZLND,

A HT 2 ST E Tofrf (C—G ) D% < I3/KE 10— 30 m (2501

L (Fig. 4), Al & KR KE K OBRIT —EDMA 2 RS minoTe, —



75, AFfalE 32.6 PSU AKiii=° 33.9 PSU LA EO/KBEHNIZITIZ & A E45A L7 dr o
7oA, AIEIZIFIEAREE 10 m X0 EVEIC, %A THBERK D AT 2 K
30 m LIRIZ LA T (Fig. 2), 2 < OAFREN 54 5 /KIE 10—30 m 2R -
THHUZL, 32.6—33.8 PSU LISMOIHAEIZIZE A LRI RN, T b D
PN I EIRANICAER L TV D ST 2720,

ZOXINCT T VAMFROEME S EHIRT 5 X 5 Z2KIREOERK L, 4
DOFREFRLHN TIEAONRNoT, & TAT, SEIOFEITR L DBEER DR
HF R BRERER TH D720, WM ZEAIZIEL U AT RO 5 A AKIED A I3
HTE D ods, Lieio THH—ERM I &2 LC R A2 8RE 546 7
BEEZITH>Z LT, TNOHOBEREHALNIZTOIMER DL LD EEZILND,

(PR OB ITARE 10 mP30 mE Y & 20 m TEWEAR %L (Fig. 4),
OB LI — 7 ) U AR EICHAET LW C-DEIfFR (P D, RER) OF
B3 AKEIX 2022 mTHY (Table2), /—7 U 7 RAEEREVKE 10—
20 m (Table 3) £V L& TEN o7z, L OFMAITHREHEETHY, 27 K
Pt = > Clupea harengus {7 COEMRABEIL 0.151xTH Y, 28 47
+ = Ammodytes personatus 1Tfa1% 100 IxLA LD RRE CIEZE 2B E A2 1TV, 29
Ponton and Fortier3? |37 »3F)H Al HE 72 Sl 55 1 % S~ 2 BRI IR E 2 % 81
ANDZEEEBLTWD, KIE 30 mELE THxF AT A O ER S0 BE3MK
Mo 2B, RESNTAFRDOKRE % 5 5 piE 7 (C—DH#) 2348
EIC AR AR IR S ARARS B A T 7o R & B 2 B, IIEEHIrMA (A—BH#D)

UAETERET A2 D EEZOND (Fig.5), £72, & 7 A Paralichthys



olivaceus, 3V ~a LA, 22 32 (L9 L A28 33 [T HERAGKIED R FERIC
BIETHDIIx L, T LA FRITKE 25—45 m, 5 WIEZNLLHRICEIET
5,12 LTleSo TIHMNEIEENE L, BELREWEBXONHKEI0mEY
HAKIE 20 mIZHAATHZ L1E, v H L AICE o THEICHE S 720 KE 20 m &
DEWKEBIZBIESND Z L 2 <SEBIZRTZLTWDL 2 EREZEZLLND, F
7o, AFRITFEEDEDITE > TR & ITKTEE 20 m & 0 RVIKIERICBAT L T
Z &mn (Table 2), (FRDOFEE I L TEBRANEKE~BE#HTIb0LS
oY

FEILE TlE~ H L A ORAIT AR i s NicA R L (Fig. 1), 2
RIS DI T NIC R Z < HBL L7 (Fig. 3), &S L CIER
oD Z < JESE AT TEANATEH T 2 WS ET 2 2%, /K 30 mEA& TIXB N
~Te D IR T KBS KM TH D, 3¢ LEEN->T, ~ A LA DI - {FRNE
YR OTF L IR & AT ORI WA 2 FR ) CTUEE 30 mEARICA B
D2 8%, BHASBET OMENMES, BNTERTLIZEZRIEL TS B
DEEZBND,

EZAT 4 HOKEGMZE N TR OBEFEBBITFIC Lo TREC R
7o THY (Fig. 3), ZAUHIIAMADEECEMBLAE S O RO L ROE
BEVBIEARE N EEZBRLTHD000E Ly, Lz THHIL,
FROBEHORES, BEEBOEWVICLDZEESCHE T ROFEMAZ RSN
L, REBERIEOREZR EGRENETT 5 ERIZOWTH LT 2 BN

HHBDEEZEZDBND,



ErE2

KL a2 £ LDDITHT VO 5> 2 BEEREE R L E 21 - 1Akl

TR R A PERP RSO B R SR, [P PR O B S T 1 < i 7

LET, FELTOEARREIZH > TE KRR ) & H >R ZTAW 72 F AR K

PERBRY PO T T &, sz, DRURE R, [RBSER A

JINGEER R, BT SE W ARG SR SEIT TE R D 05«  AERE R 22K PESHD

WFFEFRAM © LB KRBT RIZ CORME DT 2 125 LR #IFLH Lk

FES, £, EMNE, T — 2T L OIEAROREICH - 0 A2z A,

L RINE ) &2 TEW = 1999—2001 4 Y= RFEFE A7 b N FAREKIC

L, DOLEHOBEZERLET,

5)

6)

SCHR

WA, B, IR oY) EEMAIEAR, HUR. 19865 1104-1106.

EAEEE, ATHRWE, LEREIL, PAECR. BRRBICBT LT LA BLU
ad LA Do & BV BKEE 1987; 531 177-187.

EREESE, HEEY, RIHEREWE, KFK. BREICKT~ T v A t~valiy
A A DETEESAS. AKGE 1983; 49: 663-670.

EEESE, BRI, ATHERE, E¥Fi— v LA BLO~ad LA OB
HEHIZ O\ T. HKRE 1982; 48: 1257-1264.

EIGE R, BRBICBIT D~ T LA BIO~a b LA OBARICET D
7. RS, AnifE R, AR, 1984.

k. BREEBICBT O~ LA BIO~al LA OEMEZ D HHEAD



BIf%. HIKGEE 1987; 53 189-194.

7) Takahashi T, Maeda T. Feeding interrelation between two species of
Pleuronectes in Mutsu Bay, Aomori Prefecture. Nippon Suisan
Gakkaishi 1989; 55: 1727-1739.

8) EMIF=, Mg Z, O EPI, FHRGL. FRR L#H T REICRBIT 5~
T LA OEWRAY)FHIE- TR AR R & 25040 & B Eh. H KB
W5 1989; 39: 1-7.

9) BoKkfE, FH—h, AIHREE, SES3E, DR, Hs AL R EEIC s 1
D~ LA BRRBEOETEFEE W & A, A/KEE 19915 57: 2023-2031.

10) M AENE], AP DN, THARPEREMRBAME | (MILREERR) SRR RS,
HUL. 1988; 999-1083.

11) FEE. RAEHOYIATEL, IR i &4 1985; 411 468-471.

12) AR A, BEAHIE=. FRRIRREICRIT 2~ LA OFESL B L UFK
5. HKEE 1994; 60: 29-34.

13) Nakata H, Fujihara M, Suenaga Y, Nagasawa T, Fujii T. Effect of wind
blows on the transport and settlement of brown sole (Pleuronectes
herzensteini) larvae in a shelf region of the Sea of Japan: numerical
experiments with an Euler-Lagrangian model. J. Sea Res. 2000; 44:
91-100.

14) Takatsu T, Yoshida Y, Kooka K, Sugimoto K, Takahashi T. Spatial and

temporal distribution of Pacific cod juveniles in Mutsu Bay, Japan. Bull



15)

16)

17)

18)

19)

20)

21)

22)

Jpn. Soc. Fish. Oceanogr. 2001; 65: 6-14.

Takatsu T, Nakatani T, Miyamoto T, Kooka K, Takahashi T. Spatial
distribution and feeding habits of Pacific cod (Gadus macrocephalus)
larvae in Mutsu Bay, Japan. Fish. Oceanogr. 2002; 11: 90-101.

M E., X~FBFOFPIEINEICHE T 2 EIMERIFO[F €. /K FE B 5H
1983; 31: 81-87.

IS, hilsRrE, mMEAE AAE~aT LA B2 (valivf L~
VA )DANFBIERED L & Gl HKWHRGE 1974; 25: 63-87.

PAELS. U LA B TRAREMERXE ) GhiLoRmER) SERE RS, HO.
1988; 927-955.

Cooper JA, Chapleau F. Monophyly and intrarelationships of the family
Pleuronectidae (Pleuronectiformes), with a revised classification. Fish.
Bull. (Seattle) 1998; 96: 686-726.

Nakai Z, Hattori S. Quantitative distribution of eggs and larvae of the
Japanese sardine by year, 1949 through 1951. 7Tokai Reg. Fish. Res.
Lab. 1962; 9: 23-60.

Moser HG, Ahlstrom EH. Staging anchovy eggs. In : Lasker R (ed) An
Egg Production Method for Estimating Spawning Biomass of Pelagic
Fish : Application to the Northern Anchovy, Engraulis mordox. NOAA
Tech. Rep. NMFS, 1985; 36: 37-41.

FMEE a3 A OPAIESE. B/KEE 1981 47: 1411-1419.



23)

FEE., A W LA OFEAAES. BKEE 1984; 50: 551-560.

24) KIRPEHE. BB CHRFICBIN S N 7KIE OB RISV T, FHRIFOKRE

25)

26)

27)

28)

29)

30)

B 2 — R, HARRKERE v 2 —, TN, 2001; 33-35.
Tanaka Y. Change the egg buoyancy of Japanese anchovy FKEnglaulis
japonicus during embryonic development. Nippon Suisan Gakkaishi
1990; 56: 165.

Olla BL, Davis MW. Effects of physical factors on the vertical
distribution of larval walleye pollock (7Theragra chalcogramma) under
controlled laboratory conditions. Mar. Ecol Prog. Ser. 1990; 63:
105-112.
Ryland JS. The feeding of plaice and sand-eel larvae in the southern
North Sea. J. mar. boil. Ass. U. K. 1964; 44: 343-364.
Heath MR, Walker J. A preliminary study of the drift of larval herring
(Clupea harengus L. ) using gene-frequency data. J. Cons. int. Explor.
Mer. 1989; 43: 139-145.

HFHEACZ, gk, EEREE, ok, RIREIZB T4 072
Ammodytes personatus 1{fOFRE AT & BT 2 KRB D2
H7KES 2000; 66: 713-718.
Ponton D, Fortier L. Vertical distribution and forging of marine fish
larvae under the ice cover of southeastern Hudson Bay. Mar. Ecol. Prog.

Ser. 1992; 81: 215-227.



31) FAELE. BT A DYMIETER. HKGE 1982; 48: 1581-1588.

32) mhARIERE. b E HE VRN FEIC BT D~ = v A Pleuronectes
yokohamae {FHEFL DORFZER] /34 & BEEARE, 18 1-5aC, dbifE K5, B
2001.

33) Yamashita Y, Tsuruta Y, Yamada H. Transport and settlement
mechanisms of larval stone flounder, Kareius bicoloratus, into nursery
ground. Fish. Oceanogr. 1996; 5: 194-204.

34) KAiGEME, FFRE. e oB oM. L XKERER 19745 241 100-131.



Table 1. Sampling site for vertical distribution survey and number of

samples from 1999 to 2001 in Mutsu Bay

Research Station Sampling Number of Number of
Date ship* number gear net samples Van-Dorn
bottle samples
27 Mar. 1999 F 20,22 80 cm net 5 8
13 Apr. 1999 U 20 MTD nets 5 5
24 Apr. 1999 F 20,22 80 cm net 7 10
15 May 1999 F 20,22 80 cm net 8 10
1 June 1999 U 20 MTD nets 5 5
15 June 1999 F 20, 22 80 cm net 8 10
29 June 1999 F 20, 22 80 cm net 8 10
28 Mar 2000 U 20 MTD nets 5 5
13 Apr. 2000 U 20 MTD nets 5 5
26 Apr. 2000 F 20,22 80 cm net 8 10
13 May 2000 F 20,22 80 cm net 8 10
26 May 2000 F 20,22 80 cm net 8 10
8 June 2000 U 20 MTD nets 5 5
22 June 2000 F 20,22 80 cm net 8 10
27 Feb. 2001 U 20 MTD nets 5 5
13 Mar. 2001 F 20, 22 80 cm net 8 10
29 Mar. 2001 F 20, 22 80 cm net 8 10
10 Apr. 2001 U 20 MTD nets 5 5
26 Apr. 2001 F 20,22 80 cm net 8 10
7 May 2001 F 20,22 80 cm net 8 10
18 May 2001 F 20,22 80 cm net 8 10
30 May 2001 F 20,22 80 cm net 8 10
12 June 2001 U 20 MTD nets 5 5
28 June 2001 F 20, 22 80 cm net 8 10

*: F: Fishing boat; U: R/V Ushio-maru.



Table 2. Vertical distribution (%) and weighted mean depth (WMD, m) of
Pseudopleuronectes herzensteini larvae by developmental stage

collected with MTD nets in Mutsu Bay. n: sample size

Depth Developmental stage
(m) A B C D E F G
1m 0 0 0 0 0 0 0
10 m 17 0 27 31 13 0 0
20 m 0 43 55 34 44 17 0
30 m 50 36 13 23 31 83 50
40 m 33 21 6 12 13 0 50
n 6 14 346 65 16 6 2
WMD (m) 30 28 20 22 24 28 35




Table 3. Densities of copepod nauplii collected with a Van-Dorn bottle at

Stns. 20 and 22. —: no data

Density (inds.-L1)

Date Stn. 20 Stn. 22

Im 10m 20m 30m 40m Im 10m 20m 30m 40m

27 Mar. 14.6 34.7 13.1 94 74 34.1 238 135 — -
13 Apr. 21.8 40.6 23.8 188 17.1 - - - - -
24 Apr. 25 312 33.7 459 294 87.6 394 324 37.1 30.0
1999 15May 159 67.1 37.1 37.1 125 10.7 488 40.0 17.6 12.9
1 June 12,5 382 77.1 96 9.6 - - - - -
15June 21.2 424 23.8 104 8.1 18.8 24.1 30.6 82 13.3
29 June 41.8 43,5 229 179 194 294 447 394 10.6 10.2

28 Mar. 439 41.5 50.4 65.0 35.0 - — - - —
13 Apr. 57.6 60.0 51.8 459 27.1 - — - - —
26 Apr. 54.7 78.8 382 324 338 7.3 84.1 76.5 71.8 50.6
2000 13 May 93 31.2 30.0 31.8 19.1 159 30.6 16.2 23.8 20.0
26 May 30.0 30.0 34.1 33,5 226 62.4 41.8 19.1 6.0 94
8 June 206 324 306 15.0 9.7 - — - - —
22dJune 194 576 371 38.8 194 0.0 74 199 16.5 8.5

27 Feb. 247 276 25.1 30.0 31.8 - - - - -

13 Mar. 26.0 335 344 282 226 40.0 494 382 412 376
29 Mar. 38.8 31.2 51.8 488 45.9 31.2 98.8 453 359 37.6
10 Apr. 4.1 60.0 529 40.6 64.7 - - - - -

26 Apr. 86.5 153 249 275 125 3.1 141 200 71.8 54.1
7 May 22 122 74.1 38.2 238 3.4 117 60.6 259 312
18 May 1.8 529 521 162 304 37.6 43.5 30.0 34.7 45.9
30 May 0.3 824 174 8.2 7.2 19.7 306 203 59 3.1
12 June 31.2 46,5 31.8 14.1 4.4 - — - - —

28 June 56.5 729 31.8 60.0 77.6 94.1 83.5 54.1 27.6 41.2

2001
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Fig. 1. Location of Mutsu Bay, sampling stations with isobath, and year-round habitat
of adult Pseudopleuronectes herzensteini (e.g. spawning ground, shaded) repoted by
Takahashi et a/? M: Mouth part of Mutsu Bay; I: Inner part of Mutsu Bay.
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Fig. 2. Vertical profiles of water temperature (°C, left) and salinity (PSU, right) at Stn. 20
from February or March to June in 1999 (upper), 2000 (middle), and 2001 (lower).
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Fig. 3. Horizontal distribution of P. hAerzensteinilarvae collected with a beam-trawl net in
Mutsu Bay. Larvae were collected by horizontal hauls in 12-20 m depth layer in 1990-
1993 (left) and by oblique hauls from near bottom (above 2 m) to the surface in 1994-
1997 (right).
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Fig. 4. Vertical distribution of P. herzensteini eggs by developmental stage group collected
with MTD nets at Stn. 20 in Mutsu Bay on 13 April 1999, 28 March 2000, 13 April
2000, and 27 February 2001. n:sample size, WMD : weighted mean depth.
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Fig. 5. Schema showing the ontogenetic vertical migration of P. herzensteini eggs and
larvae in Mutsu Bay.



