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Feeding Habits of the Japanese Flounder Paralichthys olivaceus
in Pacific Coastal Waters of Tohoku District, Northeastern Japan

Hideaki Yamada,*! Keiichi Sato,*? Sachio Nagahora,*3
Atsushi Kumagai,** and Yoh Yamashita*!

Stomach contents of juvenile Japanese flounders were studied from 3 sheltered and 3 exposed
bays. Newly settled flounders (15-20 mm in TL) mainly consumed mysids regardless of the availa-
bility of food organisms. In sheltered bay areas where mysid densities were low, flounders larger
than 60 mm preyed mainly on juvenile fish. In exposed inshore areas mysids were abundant and con-
stituted the major dietary item of flounder until 200 mm. The amount of the stomach contents was
not significantly different between the two area types. From monthly investigations it was found that
seasonal changes in the feeding activity of juvenile flounders is closely associated with water temper-
ature and mysid abundance. Analysis of the relationship between the total length of flounders (from
15 mm to 600 mm) and the size and number of prey consumed suggest that small mysid individuals
are the most suitable prey items for flounders until 50 mm and fish prey items are essential for larger

flounders.
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HIZRHH SDED) I L ABEELE 7O —A—F— (&)
BEEAE) WEOHEE L, SAEYRERD 2HEED
Ry FCEHEREDERNSRLRD EE X LNED, APRT
BEESHRICOVWTEEEL Ty, BEIhL S
AFEBLI 10X FHE7 + <0 v CREE L CERIERK
EMRAMCEDR -k ¢k #E (BER) 28T
LCERSwERb L, BASME, 2B LR
BEAIE L, HEMERTHEERIC 5-10% ik
TAVTUVTEEL, MREKBWCLHEMESELD
DEEA 500 mg KiHOHFHIE, FRE bBLUREZ
v o AGHEBOBENIMEY & 270 U CHOERC LITE
BERAYAE Lo, £/, SPELSOKE0.5m OUER
WKW TES % TSE (7 Ly 7 B FEE ACT20-D)
ERWCHEST S L &I, BIROER 2 om RO
Eet U TR S, Sia e X D REMER
S Lz SHIC, FWELRT - LBOMKE (BRI
JERE) D 2RI \WCHRIE L,

PHBROEEOEHEL o5 AYHROREDOEE
AR B2, KIFBOKE 4~10m OHSIZE
W, 1989469 A S 199048 12 A T, b T AL
BEEEYETROSRy MITX DERE L/ (Table 1),
SHIC, 191FIAPLRFILAAT ThE T A
OREFEXER L/, BEXFAN L LTAL1ET-
7oR, BT AGHBRAREETHMT A9 ATV
id, 1989 4EiC 6 [B], 1990 4EI” 4 @K% 1T - /oo FE
NIRRT &R L, T T IEICD
WKL 1991 4F 11 & Cf B ORERAELME LT,
&5 30 AT OMmERME L CHEREAE L, X%
BOKE L LT, EFRERRERELVE— BEF
BHIRERS) PERTH 10 Bio, KREBICHET
AP B CIIE L Em AR 2 AV /s,

BRICHESEHEOEL KREHHNDEOY 5 A ZikE
5720, IBEBOKEmM » S 60m Izl ToRE
W (Fig. 1) ICBWCONUEDS & BRI X D RERE
T o 70, WIETREIT N CHHFICHB/ LIEF £ T
BT Lico BEES Mo 5 A1, BREMFES ORISR
BRF Lo, FEKKEREFICEW LR, FE
(BEE) Z#HEL, BASWE 10% 7 1<V /T
BIE L CHfER L RO SHTICH L, Shffffiflicou
Thd, BER A% By,

Y5 A REE LA OT A XORE T, Dt
B, o RAVWThd e 5 A~ kYD OFAEYT
DEEEEL B —HFERIZ D % 30 RFOB &L LME
&%, 30 L EOBEE 30 k% 4EFAIChE L CHle
L7 BIEEIRALIL, 7 IWEOHBREILMGR, 4 WEIL
HERE, fERLEARVE, 7TIFICOWTUL, G
DORESREELRGEEI KL BB L, 22T, &
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Fig. 1. Study areas.
O Stations for sampling juvenile and young
flounders, ®; Station for pre-adult and adult
flounders.

SR TH DIV T UNTT I Acanthomysis mitsukurii
L 7 a4 9Y7 3 Neomysis awatschensis O IE B {KIC
DWCiEE BL; mm) &RE/MNEE (UL; mm) %
BEL, TEHEO—KERAE AW CRENMNEED DGR
BWE Ui, D7 I XTHoEmIT oW, B
BOLINMEGFD ZBIE Lz,

IVZUNTTI BL=5.116UL+0.189

(n=80, r2=0.933, P<0.001)
BL=4.682UL+0.635

(n=30, r2=0.959, P<0.001)

ZOAl, EITCEL Y, DT OB E BV,
R FD B LTS AOEGR/HE
Il 5 A DEEE % 100
EREWEEREIRR (SCD) : BAAYER/BASY
R\l 5 A ORE % 100
FHEABWERIRROZEOBKTET ANOVA L LU

Turkey-Kramer #,® mEER 0O i3 ANCOVA I© &
NIT- 7. ixds, MEBRICIATEERKRSINT
Y, BB EALNAEGPEAREICS D THEES
Nz R CHEER AR ERER 2 BERICIZES

ZASE R g
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Table 1. Abiotic environmental conditions, sampling month and aim of survey, number of flounder collected
(N) and sampling gear for food organisms for each study areas

Area Exposyre  SAMYIANEC  Mdg  Month & year/aim  (N) g SfiPung gt
Sheltered
Miyako 0.48 26.0-26.3 0.97 AUG 89/a ( 29) —
Bay JUL-NOV 90/a ( 40) NUS
Otsuchi 0.50 24.7-32.1 1.60  AUG 89/a ( 6 —
Bay OCT 90/a ( 36) HS
Okirai 0.25 28.1-28.7 2,70  SEP-OCT 89/a (13) —
Bay OCT 90/a ( 16) HS
Exposed
Yoshihama 1.20 30.0-33.0 1.85  JUL-OCT 93/a ( 23) HS
Bay AUG-SEP 94/a (12) ——
SEP 95/a (7 —
Ryori 1.04 33.1-33.6 1.85  SEP 89/a ( 22) —
Bay JUL-NOV 92/a ( 23) HS
SEP 95/a ( 15) —
Ohno 1.27 32.9-33.4 0.65 SEP-NOV 89/a, b (233) NUS
Bay DEC 89-DEC 90/b (357) NUS, HS*
FEB-NOV 91/b (185) HS
Offshore
Sendai FEB 95-SEP 96/c (442) —
Bay

*1 Degree of exposure was estimated from the ratio of the width of the bay mouth against the length of shore of the inner bay

(Yanagi 198917).

*2 a; for comparison of feeding habits among sampling areas.
b; for analysis of seasonal variations.
c; for analysis of pre-adult and adult flounders.

*3 NUS; Nagasaki University Sledge Net, mesh aperture 0.49 mm.

HS; Hirota Sledge Net, mesh aperture 0.76 mm.
—; food organism sampling was not conducted.

*¢ from DEC 89 to APR 90; NUS, from MAY 90 to DEC 90; HS.

PREHPRARBLITITE LB M0 (UTF & K
FF), Btk 2 BRI ERRS L ABICEE S hicE &k
DEZPENFL Lz, FESNAL T ADEREEN
BYEE, BARMHTOT IFEER JUBASHHO
BEER L O ZhOEFERICS VT, Bii# & RA
BOMTHEGZEZIRDOh G > Eh D
(P>0.05), REBALBHAES T FICT—XO5W%
Tole

& e

EROEEREE AEIHSThOEBRCLEOIIT
REERTIT 5 728, 6 YEBIIFAREERIES 2 5, WA
N23% 0 HERIFASEOIR (BHE, K88, BEX
) LAMERORE L EESZ T R IATIN O\ h
HH5VEEEO NS OCRHEEOWER (i, REY,

KEFE) WWoiFbhi: (Table 1), EEOREHRR S
%5 LB PR TH - 7o, FSERILEAW (E
wYE), R (KRB, MR GRER®E) LRI L
Rixo7z,

BEOWIRH G O/ O OREIT B W, Bk T
140 85, BABUR T3/ EFOL S ANFE I
(Table 1), TS5 b L{EGAERRFO T Th -
7o MBIE T XTI HUGEOBEEB/E TS - /2,

FEYRE TRES AT LB, BEE ([ 1

M), WATIVE (WA TVT), 2/ N\IYE (a/

NIVR), Voo (Vv aB), 738 (FIEA),
I (7<), USVAVEHE (VSVAVE), 30
IV (IaIVER), TVE (ZIIxIvRsLU
QAIVTH), A28 (W=TH) BXURETH -7,
FASRIERIE, WFhoWRy 7 IFEA D v ECTHRE LT
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Table 2. Biomass of food organisms, stomach content composition by weight for 0-group flounder and their feed-
ing condition; the number of flounders collected (N), their average total length (TL), feeding incidence (FI)
and average stomach contents index (SCI) during the period from July to November

Sheltered area

Exposed area

Miyako Otsuchi Okirai Yoshihama Ryori Ohno
Biomass of food organisms (mg/m?) -
Fish 16.2 124.4 21.2 0.1 5.6 1.0
Mysid 70.5 23.9 15.4 935.6 897.5 399.3
(A.m.*1) (0.0) (0.0) (7.5) (931.2) (865.4) (332.1)
Natantia*2 399.8 96.0 375.1 14.4 40.2 - 83.9
Gammarid 187.5 16.2 107.6 171.9 68.1 122.8
Others 619.5 25.7 4.0 5.5 8.8 140.9
Stomach contents composition (%)
Fish 66.7 70.6 98.8 38.1 30.2 14.2
Mysid 5.5 0.2 1.2 52.5 69.8 78.4
(A.m.*1) (0.0) 0.0) 0.1) (52.5) (67.4) (41.6)
Natantia*2 25.1 12.7 0.0 0.3 0.0 5.7
Gammarid 1.7 0.3 0.0 0.0 0.0 1.4
Others 1.0 16.2 0.0 9.1 0.0 0.3
Feeding condition of flounders
N ‘ 53 42 29 34 48 231
TL (mm) - 61.1 87.9 114.5 69.4 85.0 62.1
FI1(%) 94.3 97.6 75.9 97.1 91.7 94.8
SCI 2.4 2.9

1.5 3.8 2.3 2.3

1 A.m.; Acanthomysis mitsuburii.
*2 Natantia includes Penaeidae and Caridea.

W72, OB LRIFBIZE D KRELS B T
(Table 2), BHEB TV SV AVE, TUVHE, 3ol
Y, 2/ N\IUVEOIRTS <, SHEICEZ» 24
BbEho7c, KABETIRAEL TV, #ERETR
IVEIRLEHBA L, Toft, 738, 7 <8,
USVAVE, I2IVERNTROERICKEWTHHE
Bl U7, BRI T, ARdEMcy IFELBFET
506 L E&w G, RTHESIRICITIZEA EHEL
BOIYVITUNRT IPEERTREE CHESN, &
B L7 IR S WEHRA A LN, 7D
i, BBIROLEBCSWCRI<E, USYAVE, 3
SV, TUEAHERIAREHRA LS BEIZ
’}‘737539?&0

PSR CHEShIZL S A /AL, A2 7F40Y
Engraulis japonicus 0NCHRx ¥ OFFE R AT ICIBLF L
Tz (Table 2), ZDfh, 4 W¥E, WA TVE, 7~
B, 738, 9o, TUEMHBE L., BkRT
3, EIAHREIV I UNTIREOT IFEER

B LI, RWT, B 7749V EORE, Cran-

gonsp. R EDITVENE SEMI NI, ZTOMl, A7

W, 74 T7VE 7<E SaLUERADTMCERS
hizo SEYPRHECTREIN IO S>E, 2/ NI
F, Voo, USVAVEBLUAEIL S AIE
BEINTWED -7, EERS X UTSEASYERS
FUTHMESRE O 5 A TS EDL - 728, BASEIR & Bk
B 2 COHR A HRIL D S hah o o (Table 2),
BE) GBI CRESIN/-£LE 200 mm KK
DY 5 ADLEREE DS NEMERAR F IR T
B L (Fig. 2)o WENOBRICE W TAEEEBD
LS AT IFEEFR L, BEAEHL OV S A
ORAEER, FERT 31l mm, BRIRT 30 mm XiF
T8 Lh - s, BRSYRICED S REOEIA IR

FATKESRE > Tk, MMM TIE, &5 2040

mm TEEOEE A 30% & 5%, &K 60 mm LE
50% m#z o, —7H, HBEIRTI, RAEAOBTH
BHTEL, 200mm AWk 52 47 IFEESBICIEE
LTC\We, BIE T 5 ACEE Iz T7 IEDOKIRS
BIVIZUNTTITHoT, TOM, FSFHIWT
i, 7 IE» D REAOIBROBTINCLOEEY (1
ATV, 7=, ITTVE, IUELE) 2R



FACK PR EIRIC BT 5 & 5 £ OERHAERE

<3
B3
ke

Squid [[]] Natantia [] Others—l
8 @)

Bl Mysid [7] Fish

(2) (16) (17) (28) (24) (16) (17) (5)

1005
80
sl
404
208

S5

0-f ;
(9) (54) (100) (47) (56) (33) (14) (12) (1) (2)

80

Q60
S v

208
y

40 60 80 100 120 140 160 180 200

Total length of flounder (mm)

10 20

Fig. 2. Comparison of the stomach content com-
position by weight with the size of flounders col-
lected in sheltered areas (upper) and exposed
areas (lower).

Flounders were caught in summer and au-
tumn around 10 m depth. Values in paren-
theses indicate the number of flounders collect-
ed.

SN HEHB L

BASHIR, & BERUE E N FIC oW, B S ADEEICHK
THERAYWER, BREWTOREOER, BNEY
FOT IFOEE L OBRETZEE EE L EOCGRN/E
B, WIh3AEELOEEGRAEDLN (Table 3), B
SR L BIUR CRBR A ST 5 &, BASWERICE

1200
Q

m
g
=1
15
(

800

[

5
‘Water temperature

600
400 F

©

200;

Mysid biomass (mg-m”

Fig. 3. Monthly variations in the mysid biomass
(mean of samples from 4 m and 8 m depths) in
Ohno Bay, an exposed area, and the surface
water temperature measured on the same day
as the mysid collections in Kadonahama Bay, lo-
cated close to Ohno Bay.

BEEZER o (P>0.05), —F, BEHOLDER
CRA2E29mm #%8 ¢ L TRERO\ECEEENR
HY (P<0.01), RETAHCHEVEHAMERTLY AED
BRAYEEI B2/, TIBWOEEIL 4K 22mm
FREE L CHESICEREZSH D (P<0.001), BAREIR
TR LD/ L, BSER ClasRcE
WA Lic, 7IFEREOEMAREOL S5 A DRI
S MIHRE TR T 5 &, R TIREICT I8
WED o 7D LT, FERTHEER 46 mm #5355
LT TN TS A E7 38, #nbl EcilaE
& EM LW,

PHRORMEOCEME KEEICRIT 57 IHOH
R LT AMOERE OEREKRDMFEELE Fig.
JWRY, TIFORFELARIIELO IHEILEL
FRIUEROVEHEERL, MEORICERZIEDOHERE
MEDH BN/ (n=16, r=0.541, P<0.05), 7 IFEDF
TEIVZUNT INTTIFAFEER LU THEA L,

Table 3. Regression equations (log (y+1)=axlog x+b) relating weight of stomach contents (y; mg), prey
fish weight in stomach (v; mg), and mysid weight in stomach (y; mg) to the total length of the flounders (x;
mm) for each area type, and results of ANCOVA between area types

N a b r? L ANCOVA
Total

Sheltered 136 1.672 —3.806 0.202 P<0.001 P>0.05
Exposed 328 1.990 —4.884 0.407 P<0.001

Fish

" Sheltered 136 2.233 —7.415 0.236 P<0.001 P<0.01
Exposed 328 1.237 —4.065 0.113 P<0.001

Mysid
Sheltered 136 —0.578 3.354 0.057 P<0.01 P<0.001
Exposed 328 0.880 —1.162 0.072 P<0.001

N; the number of flounders examined (under 200 mm in TL).
L; level of significance of the regression analysis.
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Fig. 4. Monthly variations in the average body
length and the density of mysids collected at 8
m depth in Ohno Bay.
Error bars show the range of the body
length. Asterisks indicate no data.

RIS, TIEOEHEHOFMEIRET 5720,
1991 FDFEFE L EDCT IFDOHE B LU BROFH
FALEFTIRIze IVZUNRTIZHRLE LT IED
SEHGERIIKBESRE L ARFIC Tmm i L KE
<, KBOBWEE» GKEFITIE 4 mm §iE &<
Chrodc (Fig b)), TIBLKOEGHRBERIMECE
WEBRA SN, BEICAEALL, —FH, BlT
LHEDKEEESROL S AT 5mm EHOT IFEE
TefRRLE T AD, ThODOEER, 7IELEDOEBE X
D SBREEMAEER L, MEICRRTL - BFIOR
KEizo/e (Fig. 4), FHERIKBICH L CADHE
B (n=24, r=—0.751, P<0.001), 5 mm RO 7 I
DL KEICH LCTIEDMR (n=24, r=0.476, P<
0.05) #ZxNThiRLi, CTHIEH LT, 5mm B ED
7 REOBEEIKRICK L CAER R R R S
572 (n=24, r=0.062, P>0.05),

KFECTHREI N S AREHCHD LT T IHEE
BEATICESR LT (Fig. 5), FhbOHEDD
FRTHIEIC, ARTFATVEIVIUNITIOD2
BEAEETH), MBEEXDHOED LIFIZRFRBERT
50% D bEw &7, hOo@B4Ay L LT, TV
(Crangon sp. 72 ) X A AN, BT 1990 FEF IO
ERBEICE W L7, 7o, BAER, BRAYHERS
&b, FBRMEL T IFEID VLD CHRITR
DK T o F2e 1991 FITIE 9, 10, 11 AT O 2ERERE
%17 - 72D C Fig. 5 I3 7 - 7078, 1991 £ Off
BLREDCI AL 1L AIChT TOTHEREYER
TR A ERTIHET 5 &, 1989 4213 2.30 (FHhLE
62.6 mm), 1990 4& 1= 3 1.81 (87.7 mm), 1991 4F 2 i

Fig. 5. Monthly variations in the feeding inci-
dence (FI) and average stomach contents in-
dex (SCI) of O-group flounder in Ohno Bay.

Values in parentheses indicate the number of
flounders collected. Asterisks indicate no data.

2.36 (98.2mm) THY, EOMICHEEREITZ LN
Mol (P>0.05), BREOADENEYERRRH &I
W5y, ThEN027 (EREPWERED 12%), 0.38
(21%), 0.99 (42%) THYV, 1991 EXEEITE M - 72
(P<0.05),

1991 B DIERIT O W TEHE R ORIE LM &
v 5 ADFHBEABRMERER (SCD LOBKICOW
CTEEESHZ2T-7c&l s, KB (T;°C), 738
OBFEE M;mg) BXUEhBLOXAEIER (TxM)
FEHBAER & LT ORIEEMARD b,

Ln SCI=4.80 Ln T+ 2.60 Ln M
—0.79(Ln TxLn M) —15.41
(n=26, r2=0.660, P<0.001)
ZOmERIY, BEINCERESEOREN T, KE
BLUTIFEOBEEIBEVLIE LS ADERNAYER
TERTHATAEARDH LR LT B,

RECHSBEDOEL b5 dVThoRKEERREIC
BWTHALEOR Y% » 5 50% ICHMT 594 XD
MR L, HEYORKER & GEROFFILL S
ADOREL & DAL (Fig. 6), DHOFEHE
THLT IFILOW AL L, FEEBORERITEICE
E5mm R ONROMERITRE L, LAY ORE
BREL—FH L, TOBLRE50mm AT THA
T IFEOFKAEENEML, 50mm Bz 5 & FRE 11
mm B T—EE RV RRICBT BT IFORKGEL
VEF—3 L, 7IBEEEA LW S AORAMGE
2281l mm TH -7, LI AEHMINLT IPOE
£ (MBL; mm) sk S5AD4L&E (TL; mm) & DK
FIZOWT, LI ADLESmm #ER L L CERES



FACRFEEBRIRIC B 5 & 5 A DOBfHAR 255

200
—_ o Fish o
E 150 2 Nata'ntia 945%3%0? ° %
; * Mysid oo
o x Others
QE‘*IOO-
o]
=
%‘3 50
—

0 ;
0 500 600
g 101
g
et
2
g 54
Gy
o
=
&
30 : :
0 100 200 300

Total length of flounder (mm)

Fig. 6. Relationship between the total length of
flounders (N=287) and the size of prey con-
sumed (Upper; total data, Lower; mysid only).

For ‘Others’, prey items smaller than 20 mm
were copepods, cummaceans or gammarids
and the remaining items larger than 20 mm
were squid. ’

WETS L, EEKAEEZE (P<0001) B&BLNA2
DOREFRBE LN,
£& 50 mm Fi#% : MBL=0.090TL+0.944
(n=384, r2=0.139, P<0.001)
4% 51 mm B E : MBL=0.014TL+4.738
(n=933, r2=0.165, P<0.001)
LS AMERIZLEEOmm A D BEAES LKBD
(Fig. 6), MO S ARNEBORHAPLE AL LUD
RIFATV A AFTOFEBEEHEL, KBDOL SR
BARTFA TV A DFTOE « RALZHOICEEL
Too WRINALRBEOLRIIL S AOHKE L HICHK
L, £%&300mm TIEEFAM (170~180 mm Aijt4)
ELZ, %7, TLESA MEOAZILL T ADMK
REEDICHEML, TVETREL S ADLEK 250 mm
BB TRAMEORK 60mm Lo/, 4 BETRe S
ADLR 400 mm FCHRANERSHE AL 140 mm T
#E Uiz, SEMOR/NDDERL, 7IHEAYEHEL WA
BE A 7 VB E R EERBICT IFETHD, 7
IEMEMING LA EIUE LY COBRICHEA
EYOR/MEEAB mm 25 20mm N EF L7z, T
R LB 2 RN R OB AR D O iz -
7

40

- Fish + Natantia © Squid
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Fig. 7. Relationship between the total length of
flounders (N=876) and the number of prey
items consumed.

Others include copepods, cummaceans and
gammarids.

5 A—AE4L 0 OEREHOEERIT, 7 IEEY
FOCEAF L CWAe2 R 150 mm £CHEMML, &KX
BRAFETHEINZLE 158mm DL T A BHA
LT T7 IFAT6 HETH -2 (Fig. 7)., =72, #
HEEOMERIE4E 100 mm £ T#EN LAk, TUE
DERBEERIRASBEHETH o /oo 4 HER TR
LEEF O BB L, &b LTA%Y, TRABTIE
POREABTL, BAREOCEKRESKE(RLICON
TEAEHOBEEEITED L,

ZEEEELTHRVWI-LETOERDLS 2AD4E (TL;
mm) kEAEWERER (SCD OBRIBERRORED
THY, LI ADEEYY OENEYER IR ICLE
WET L7z,

SCI=-0.0041TL~2.673
(n=1056, r2=0.040, P<0.001)

B UERIZOWT, &% (TL; mm) & ERSHE
B (SCW ; mg) ORICIIEARDOREEBFNED Hh
Joo COREPOEFBINLBRAADERLREFTHAE
WEE L Lk,

SCW =0.00033TL2715
) (n=1056, r2=0.693, P<0.001)

KIZ, 73IFOHERE LTOREEFICH LM

Ao, EROBNFYER L HEBHNEHEREDL
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Fig. 8. Relationship between the total length of
flounders preying only on mysids and their rela-
tive stomach fullness (RSF).

See text for a definition of RSF.
RSF=3462.54TL %88 (n=440, r2=0.126,
P<0.001).
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*5 SERY 2~6 SRRV IR I ERIEREBEOR. AN U T oy 7L 5 AHE, 1-69 (1995).
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