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Feeding on Harpacticoid Copepods by Marbled Sole Pleuronectes yokohamae
Juveniles in the Coastal Ares of Tsugaru Strait, Hokkaido*!

Masayasu Nakagami,*? Tetsuya Takatsu,*?
Taihei Matsuda,*3 and Toyomi Takahashi*2

Monthly changes in the main food items of and biased feeding on adult males of harpacticoid cop-
epods by marbled sole Pleuronectes yokohamae juveniles were examined in the Coastal Area of
Tsugaru Strait, Hokkaido, from April to September 1996 and in May 1997. At Iwabe Fishing Port in
May-July 1996 and May 1997, marbled sole juveniles (<30 mm in SL) fed on harpacticoid co-
pepods, mainly Harpacticus sp. Off Nanaehama Beach in May 1997, juveniles preyed on harpacti-
coids, mainly Halectinosoma sp. In August, the main food organisms of juveniles (>30 mm in SL)
changed from harpacticoids to small benthic crustaceans and polychaetes. In September 1996,
juveniles fed chiefly on polychaetes. Adult males of Harpacticus sp. and Halectinosoma sp. were found
in significantly larger numbers than adult females and copepodites (stage I-V) in fish stomachs. In
contrast, no significant difference was found in the sex ratio of Harpacticus sp. on the bottom sedi-
ment at Iwabe. Because adult female harpacticoids in the stomachs of juveniles had larger body
widths than adult males and copepodites, the biased feeding on adult males can not be explained by
differences in prey size. The specific feeding by marbled sole juveniles might have been caused by a
behavioral difference between harpacticoid males and females in their breeding season.
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Fig. 1. Location of two sampling sites (hatched)
for stomach contents analysis of marbled sole
juveniles.
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Table 1. Percent frequency of occurrence (F%), percent by number (N%) and percent by weight (W%) of
food items in stomachs of marbled sole larvae and juveniles at Iwabe Fishing Port from May to September in

1996
May 16 June 3 July 3 August 5 September 4
Food organism
F% N% F% N% F% N% F% N% W% F% N% W%
CRUSTACEA
Ostracoda 6.7 05 12 28.7 689 345 20.0 6.5 1.3 462 55 2.1
Copepoda (Total) 100 992 95 70.3 889 578 70.0 505 2.7 431 38 0.1
Harpacticoida 100 987 95 66.8 889 578 70.0 505 2.7 431 38 0.1
Other copepoda 6.7 05 25 35 0 0 0 0 0 0 0 0
Malacostraca (Total) 33 03 10 0.4 688 19 700 183 37.1 985 709 34.9
Nebaliacea 0 0 0 0 0 0 0 0 0 6.1 04 02
Tanaidacea 0 0 0 o 63 0.1 300 41 53 338 339 54
Isopoda 0 0 0 0 0 0 100 11 21 169 23 3.9
Cumacea 0 0 0 0 63 0.1 533 13.1 29.7 738 8.8 5.9
Mysidacea 0 0 0 0 0 0 0 0 0 77 09 0.9
Amphipoda (Total) 33 03 10 04 563 1.7 800 143 26.6 969 28.5 18.6
Gammaridea 33 03 10 04 563 1.7 80.0 13.8 264 954 24.0 184
Caprellidea 0 0 0 0 0 0 167 05 02 13.8 0.7 0.2
MEMATODA 0 0 0 0 125 0.2 56.7 6.9 <01 523 8.0 04
HEXACORALLIA
Actiniaria 0 0 0 0 0 0 0 0 0 46 04 33
POLYCHAETA 0 0 5 02 563 17 767 28 303 938 86 532
OLIGOCHAETA 0 0 5 02 0 0 0 0 0 0 0 0
GASTROPODA 0 0 0 0 0 0 33 01 <01 6.1 03 02
Unidentified 0 0 5 02 125 38 67 038 1.7 431 34 57
Mean number of food organisms 12.3 23.5 48.1 41.6 18.4
Number of juveniles examined 30 20 18 30 62
Number of juneniles with food 30 20 16 30 62
Mean standard length (mm) 8.3 104 19.1 32.6 41.6
Range of standard length (mm) 7.2-9.8 7.5-12.7 14.7-24.4 24.6-39.1 28.7-54.9
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Table 2. Percent frequency of occurrence (F%)
and percent by number (N%) of food items in
stomachs of marbled sole juveniles at Iwabe
Fishing Port and off Nanaehama Beach in May
1997

May 26, 1997
Iwabe

May 22, 1997

Food organism Nanaehama

F% N% F% N2%

CRUSTACEA
Ostracoda 0 0 10 1.1

Copepoda
(Total) 95 93.9 100 53.6

Harpacticoida 95 93.0 100 53.0
Calanoida 15 0.9 5 0.6

Malacostraca
(Total) 20 2.5 20 3.9

Cumacea 10 14 5 1.1
Amphipoda
Gammaridea 15 1.1 15 2.8

NEMATODA 0 0 15 1.7
POLYCHAETA 40 3.4 0 0
OLIGOCHAETA
BIVALVIA
Unidentified

60 35.9
0.2 30 3.3

[S) I e I -]
o

Mean number of
food organisms 22.1 9.1

Number of .
juveniles 20 20
examined

Number of
juveniles with 20 20
food

Mean standard
length (mm) 104 2.0

Range of
standard length
(mm)

8.1-14.6 7.9-9.9
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s, RIHEM (11.9%) 27—<H (104%) 1k
BHEVEEY LD, SHICABDOGE 30.1 mm Ll
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Fig. 2. Stomach contents compositions by num-
bers (A) and weight (B) by size of marbled
sole juvenile collected at Iwabe Fishing Port
from May to September 1996.

Numerals above each bar show the number
of fish examined.
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£, 1997 4 & 1T Harpacticus sp. DEERE| S 238 <
(78.3%, 85.5%), Zaus sp. % Tisbe sp. A bz, B
fE¥S-CE i ClL Halectinosoma sp. 2 74.5% % &,

Z DR E B AT D D Tld Zaus sp. BA BN, &
B T A 3 h T\ /- Harpacticus sp. it 1996 4,

1997 £ & DICHER B OE AR TN £ h 66.0%, 71.8%
LRD 5Tz, WEICISI BREBUE LR GO Fh e
N33:16LT45:1ThHYy, HEiOkAL: 1L
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(GHE, “Ihi P<0.001), FAEMEBSLEREWCT
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ARICHRGEOEEGLE» - - (G¥E, P<0.001),
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Others 10.6%

May 16, 1996

Tisbe sp. 3.9% lwabe
Zaus sp. 1.2%
Harpacticus sp|
8.3 %
! 3 Adult
male
66.0%
Others 14.5%
Tisbe sp. 1.7%)!- Copepodite (I -V) 12.2% May 26, 1997
Zaus sp. 2.3%" [ T~~all) lwabe

Harpacticus sp |
85.5%

May 22, 1997
Nanaehama

Fig. 3. Genus compositions and demographic
compositions of harpacticoid copepods ingest-
ed by marbled sole juveniles.

Bar charts represent genus compositions and
pie charts represent demographic compositions
of Harpacticus sp. and Halectinosoma sp.
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Fhx£hn 0.28,0.33,020mm THo o, ThMERED
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Fig. 4. Comparison of body widths of harpacti-
coids and mouth widths of marbled sole
juveniles.

A: Size ranges of Harpacticus sp., other food
items, and mouth widths at Iwabe Fishing Port
on May 16, 1996 and May 26, 1997.

B: Size ranges of Halectinosoma sp., other
food items, and mouth widths off Nanaehama
Beach on May 22, 1997.
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P<0.001), —7, Halectinosoma sp. DRER D (hIBE
#Hi% 0.10-0.17 mm, ML 0.15-0.20 mm, IR HF A
F I-VHEOM AL 0.09-0.15mm TH Y, hR{EITZ
N Fhn0.14, 0.18, 0.11 mm T3 - /=, Halectinosoma
sp. DB AT SHER GO HIBITRERGICHENTERICK
ot (UKSE, P<0.001), h 6o &igHE
Bedwadvi#RODBOR/ME B8 : 0.45
mm, -BE :0.40mm) kV/HEL, FRETHET
% ¥ Harpacticus sp. DR (& O (EI& 13 0 & D 56.9%,
Halectinosoma sp. DL O (KIEIZ QIBD 37.5% TH
2720 2NWNZ F 7 A B DS OBAEY O hIREEHE & Rk
fEid, £ T3 0.20-0.52mm 3 LU 0.37 mm TH Y,
LERMPCIE 025041 mm 3 LU 0.29 mm TH- 72,
=N 5D EIE O U EiT Harpactucus sp. ¥ & U Halec-
tinosoma sp. DHEREDFIBOFREICSK LAEEICK X
< (UBE, FhFh P<0.05 P<0.001), WFho
FREBEBREO/ N7 F7 ZH SMOBEMIT TN
TH o7,

A7 Y>> T T —I(C& D Harpacticus sp. O M i 1
1997 £5 B 26 HIZEFRETCa7H Vv I5—IC kD,
&5 75 E{kD Harpacticus sp. BEE I i, ERITHE
BLiEH 36%, MERG(EN 56%, aXHRLA b (I~VH)
W8Y THY, LMD T 1:1 L{RELTHRELL
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B ABEZRAohikd -7 (GKE, P=0.07),
T, BEIhHRE4L2EEDOS L 2 EEIZHOS
R T, 2ds, a7¥ V75— TH4E L7 Har-
bacticus sp. DMERENIT B AW OMEREL L 12 B8
EhAH LN (G EE, P<0.001),

% £

ERIO< a7 VA FRIBEERHEY T ICHET
55,8 APFRIC & D BERBRDER CIREEB®IZN
WNZF 7 ABZEILHRETHIERHOM E K7
(Table 1), %7, 8 AICI3E#4E 30 mm %482 5
EENWVINTF 7 ZB D6 & D KBOEEEBFRECS
EENFEIHAVERL O\, DRERE LD
REAICERL, EEBKPICHET S LB 5/
NWNIZF 7 ARV RHETHILT, vaFUA#HAR
EHEVE DD O EAM DA OER Y FIBICIT> TV 5
hDLEZ LGNS,

< aHUAHERIT 1996 F3 LU 1997 £ E Tk
T3 Harpacticus sp. %, 1997 £ OEEE-LEEH T
Halectinosoma sp. # % < WAL T\, TOEDIC<
A VA MRIEE T 53BN L » TR EEON
W7 F7 ZBEFBT D5, WTEhOMicw LT hk
Bz % CHAEL TV (Fig. 3), BABWPICHE
B8 BB LACER L LT, 94 CRIRNTHA
DEBETENDDLEND S, Harpacticus sp., Halec-
tinosoma sp. & HITHER I A THER D 4 AR
K& (Fig. 4) 2, HRIN T\ 7F27 XB
DEFBIT< I VA HERD DB THFITh XL,
fRDEEH LD H/PEIholc, TORBELLOBRY A X
TR DFIREZIT TR S <HAR LA LIE 21T
VW, —IRICKARBIR TONVAZ F7 B3 E O
BLIFLITEDL D L EHOFIRE N LRHM5N
TWE D ERC a7V V7 5—IC L AEEER ECE
i3 % Harpacticus sp. DI EBE R ANz >
7oe LI T, YA BN SWHORITR - 7-H&
i, ERYEE EOMRILYRBEL DD LIZEZHH
2\, B DBEDNN VAT F7 AR BRI — FIT
BETo50 X NVAEOWBEICE B3 % Diar
throdes cystoecus \IREDHERBE L, TRETH— FiT8h%
o801, BRECBE LB @ S5,2 %L T
McCall'® {3 7 5 A 1 )M Auke ¥ CEE# k£ 1025 mm
D X< H VA B Microarthridion litorale DHE% % < 1§
BALTWAHIEOEMAL LT, DRELCERTSID
MREEICRES Y BB 7- DIGTERB OKBAph Ak &
M3 ick), HABICKRFIIES BT L L, #
DERLEXRTHIC L VHRICRRIhRLIAREI L
ZHTFT5B, AR THEEEBEO T VA BERICH

£ SN T/ Harpacticus B\ B HER 1A R Lk &
¥YH, Halectinosoma B3 EICHRE LICERT 258K
BAIC DB L#tkd 5,220 Bell et al?|t Harpac-
ticus J& O 1 & I5 X U Halectinosoma hydrofuge O t H;
3, WP EAKFTIIRZY, Kb TCII%HIBERID
DHENE 125 T LEHE LT\ 5, Harpacticus sp. D
HEREIIHBRIIEEHNOE 1 AT LY, TRATH—
FABZETOLELOND, ¥haT7H Vv /5—D@ER
206, 5 BICRIRD S #F - BEESHERINAC L L
D, ¥EPRPTH - ELZONS, —F, Halec
tinosoma sp. TIIARTIBEBOFE I MAIIER T
3, RRETA— FITB RO 2 & D M I3HARICIZRER
THLPLRITONETHAS, Lich-T, mid
FRICHE R RS - DICHE OB R TEIDIBERICR ST L
RFEEh, BEHRBETCHIaT VA HADICR
REhod <), R L L THIENBICE I BRX
hictE26h5%, LZAT, Webb? (3 Harpacticus
uniremis, Tisbe furcata, Zaus aurelii \=->\~C, Y7 HE
RICEBHEBNVAZ F 27 ZB OBEEHOBBICK L
TREAEEEP RN LEREL TS, LaL, <
VA REROWRIC X BNV F 27 A HOBEGEEE)
BICE2 AT OWTRAHTHY, SHBHT M
BRB 5,

& &

BAREICY > TTR IR W BREIE A ER
mERIEHT SREBCHTR, BRAKERSNYERIEY
Pt SHERK, BEEERKERMYRIGEDT LA
B, EBETRERFE AFTRS -t A 3
e & CICALimE KK E R SRR R A BE AR R
BEORFEE, FEOERICH LES BB LT 5,
T, AMICH L, ARELTBIE & CHREBER VAW
BPAE DT 2L LD B LB S, 2ds, APRD
—MRIXBENENRBHDSERBFE No.
11660172) 1= k- Tfibhic,

X R
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