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Estimation of diets and food sources of juvenile marbled sole in Sengen Bay,

Seto Inland Sea, Japan, based on carbon and nitrogen stable isotope ratios

YASUSHI ITO,* TSUKASA YOSHIDA2 AND CHIZURU HARIMA?

YThe Japanese Institute of Fisheries Infrastructure and Communities, Chiyoda, Tokyo 101-0032, 2Chateau
Marine Survey Co., Ltd., Miyakojima, Osaka, 534-0025, Japan

A study with carbon and nitrogen stable isotope analysis was conducted for inferring the diets and food

sources of juvenile marbled sole Pseudopleuronectes yokohamae. A field investigation was conducted inside Sengen

Bay, the Seto Inland Sea, Japan. The bottom of Sengen Bay has a mix of dotted seaweed bed areas and muddy

sand bed areas. In both bed types, juveniles with a total length of about 15 mm fed on Harpacticoida, and sedimen-

tary organic matter was the source of the food chain. Juveniles with a total length exceeding 30 mm in the dotted

seaweed beds fed on benthic, sessile and phyla animals, whereas the juveniles in the muddy sand areas fed on only

benthos. Particulate organic matter was the food source in both areas.

F—17—F : 618C, 615N, Pseudopleuronectes yokohamae, ZERMAEY, &Y, R*R%FE, <3 A
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Ecklonia cava, < 7 Gelidium elegans, 7 71°€ 7 Sar-
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T52LbTE, BRAEROHELCEFHBYERZ 2
LEMIE LT, EAEBMEBENAER EHZ R/ T
W EPRENT,TW 2T, vadib A fEROE
B & e % RAERLES OB OWIRIR T, ARfifEf &
CICHERTHELEWE (RWEA), HEICRETS
Ay, ERABMES S JOWKICHER T 26Ky (&
Yol 2RIl T, R L EROREFRMAFLD S
Frph, ~a A VAMERORY L ORMIRZHEEL 72,

MR EFE

REBE ABIIE, WUF PR I B S
Ly Bk i T HE AR B O RN B 72 TR O K% 4.1~
4.3m OMREKICATHME30E 1 EHZVOKES
ME34mXEE3.4mxE2.2m) A 2003 4 3 HICRE S
N, SEMES LR >72AT YT (34°42.7'N, 134°
18.7E Zrhb b L7- 10x 10 m O#iPH) &, #2561k
FIZ 70 m N7 [ U KRR OWJRIKO B Y7 (10X
10 m O#iPH) T7- 7 (Fig. 1),

A, BT U 713 2004-2006 FFiCf TN KEFT O [
Bt O BE O ERBLAFRE W IC kS &, B
SED 75-90%, mBEVNEL 11-13% =L, WL
TTCRANVAHEROERDPHERIN TS, E/2, A
IY 7 TRALREORMGIICEENLLGEFRIIHITT
H1 € 7 Sargassum horneri % FARIZ, 3 L E Y Sargas-
sum siliquastrum, 7 71 A Undaria pinnatifida 7> %% <
B

BERH EERAE BHHNEZ 20004 A 7H,
20123 H8H B LURFE4HI6BICA BT YT
(Fig. 1) TfT- 7z, RE EEFROLERNMMAEL (LT,
oBC, 6VN) D/ DICE L 7230kHE, ~a L4
M (2K 14-32mm), ZOEWERMTH 2875
VIV, BENAT VETH L/ VN F 7 2, D
BORAEHY, AT 7 CEATREICAE T S/E

_134° 20'E

O B8, KigE (ThTr) OFELICAERT 5/
BDIE FEhy & L,

LT, BWREMCH AWM TS 7 b/ ORRE L
75 AR O RIBEE Y (Particulate Organic Matter :
LIF, POM), ¥R R ICAE R T 5 A MO #
(Microphytobenthos : LI F, MPB), 5K EE = IC 4
T L =68 (Sediment Organic Matter : LA, SOM)
b L7z (Table 1), 7xis, 7TV wad KM EER LG
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FAERAERE SISV 7 Py B (NXX13: HEW
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RERGALDO DT 013C, 61N OG5 ¥y, ~a

4

Okayama Pref.

éyay

Sengen

Hyogo Pref.

Kakui Island

‘=

Sengen Bay

34° 40'N

Seto Inland Sea

0 100m
[

Fig. 1 Locality maps showing the research areas in Sengen Bay at Kakui Island on the eastern coast of the Seto Inland Sea, Japan.
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Table 1 Comparison of stable carbon (613C) and nitrogen (§15N) isotope ratios (%;, mean + SD) of juvenile marbled sole of different

total lengths, diets and food sources

General group Species Group Area ’I(‘Ic;?é ieélngh n Date Abbreviation (% ;(S: D) 5;51;]]))
Fish
Pseudopleuronectes yokohamae I A 16.1+2.6 6 Mar.2012 P-I —-20.1+0.2 16.0+0.4
II A 30.9+3.4 9 Apr. 2009 P-1I —-18.4+0.1 14.1+0.2
111 A 32.5+2.0 16 Apr. 2012 P-III —-17.9+£0.4 14.3+0.4
v B 14.7+1.8 5 Mar.2012 P-1V -20.1£0.3 15.5+£0.6
v B 19.9+15 5 Apr. 2009 P-v —18.9£0.1 14.4+0.2
VI B 21.8+1.4 8 Apr. 2012 P-VI —-18.4+0.2 14.0+0.1
VII B 32.3+2.7 8 Apr. 2012 P-VII —-17.8+0.2 14.8+0.2
Zooplankton A 3 Apr. 2009 ZP -20.4+£0.1 11.8+0.1
B 3 Apr. 2009 ZP —-20.2+0.1 12.1+0.1
Benthic animals
Unidentified Harpacticoida A 1 Apr. 2012 Harpac. -21.0 12.8
B 1 Apr.2012  Harpac.  —21.2 13.2
Polychaeta Cirriformia tentaculata A 3 Apr. 2009 C. ten. (B-P) —18.9+0.3 11.8+0.5
Lysilla sp. B 3 Apr. 2009 Ly. sp. (B-P) —18.8+0.2 11.7+04
Amphipoda Grandidierella japonica A 3 Apr. 2009 G. jap. (B-A) —18.7+0.1 11.5+0.4
B 3 Apr. 2009 G.jap. (B-A) —185+0.3 10.8+0.4
Sessile animals
Amphipoda Liljeborgia sp. A 3 Apr.2009 L. sp. (S-A) —-18.6+0.1 10.1+0.5
Phytal animals
Amphipoda Ericthonius pugnax A 3 Apr.2009 E. p. (P-A) —-19.9+0.3 11.3+0.3
POM (particulate organic matter) A 3 Apr. 2009 POM -20.1+£0.2 8.8+0.1
B 3 Apr. 2009 POM -21.1£0.3 8.5+0.1
MPB (microphytobenthos) A 1 Apr. 2012 MPB -17.4 7.5
B 1 Apr. 2012 MPB -17.6 7.6
SOM (sedimentary organic matter) A 1 Apr. 2012 SOM —22.2 10.1
B 1 Apr. 2012 SOM -22.1 10.0

ZP, zooplankton

POM, particulate organic matter
MPB, microphytobenthos

SOM, sedimentary organic matter

B-P, benthic amimals Polychaeta
B-A, benthic amimals Amphipoda

S-A, sessile animals Amphipoda
P-A, phytal animals Amphipoda

Study area A (34°42.7'N, 134°18.7'E) and area B (70 m North-East from area A). Both the areas had dimensions of 10 x 10 m with the same water depth.

TV AMRTIIFHARGE, PNIOKAERY, [HEESWS X
UE LB hEA s L, 1EEOEREN NS L/NIV
N7 F 7 ZEIS AR PR EETImg U EE %
FDITH 70 Bk % R DT,

I HORRHIBRE IR, BRICLT, <xahbA
fefiZrma T y VA-AZ =)V (2:1) B THlE
L, POM, MPB 5 J 0 SOM (3G REALERIC L 0 JRIEIE
whRAEL, 60°C TR, SHmic VW,

£ & b 6BC, BN DML, RS MR (NA
2500, Thermo Fisher Scientific #%4) (C#sft L /- E &5
#r:t (DELTA plus, Thermo Fisher Scientific ¢#!) <
115720 KWV AT AOFHIREEEL 61°C, 6N & 4
IZ£0.15% AT TH 5%,

K & EFREEFNMARILIIEAET R ) b OT 45 KiF=E

TRl AR),

S1C, 519N = <

Rsample

standard

—1) % 1000 (%)

(1)

Z 2T, Reampe 30 Mk D 8C/12C 5 %\ ik BN/MUN
TH 5o Reandara [FEHEFEFD 18C/12C & 5 i N/MUN
THhbH, oBC OfE#EZ KT Pee Dee Belemnite (PDB),

OPN [T KRZHDOEFRE HV 7,

<3 VA RS BEMEGER O 3 FERILL RO 013C,

OBN D7E B E 1T Kruskal-Wallis test & i\ 7218, %
BN D 5N I8 E 1213 Steel-Dwass test C 4 & L
wiT->720 A, B YT 2HEHD 013C, oBN DAERKE
1 Mann—Whitney test %= i\ 7z, 7xd, NN T7F 7
Z¥, MPBk LU'SOM o) 7OEEBEL, 3
BEBAE LY T TLIHRIETH > o/, Malmixlt
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BT EMTERP ST, AT, ~ahUA
MO SN L&YW L AWIE L RD L7z, 15C,
OBN O I fi £% 3 # DeNiro and Epstain!®19 & Minaga-
wa and Wada29 [Z6EVy, 2N 1.0% & 3.4% & L
7%

] R

NAH LA HAORERMEL A BT U7 TR
LicxallVAEROLER, 0C k5 LU 61N OFHHE
+SD (LAFREL) % Table 112/ L 72,

BEH Lo~ ahd VA fEROLEROFHfE (£SD) i,
AT)7Ti216.1+2.6mm (n=6, 20124 3 IR,
I#E), 30.9+3.4mm (n=9, 2009 4% 4 A, TEL)
B LU 325+2.0 mm(n=16, 2012 4F 4 A, WEL),
BTYU7Ti314.7+1.8mm (n=5, 2012 4E 3 HEHL,
NV#), 19.9+1.5mm(z=5, 2009 4F 4 A, VE#E),
21.8+1.4mm (n=8, 20124F4 AW, VI#) kLU
32.3£2.7mm (n=8, 20124F 4 A, VIEE) Th-
726

ABIUTICALNIBTORIATVARDOEE
& oBC, BN L DI THBIS AT S &, aB¥Cid~a
HUVAHROERENKEL RBHIZONTHEINT AEHRH
b bz (r=0.850, p=0.001) 2, O8N L4 E 20
mm %z 5 LT EAEEITALNT, &R EDORIC
FEHABBEREIRO NP -7 (r=0.152, p=
0.313; Fig. 2),

ATVUT7 IEDMCIE—201+02%, 05N i 16.0
+0.4% THY, oBCTIFI, T IUCMHEDOLT,
OONTIRIT SR, T EINMHICEELPRDL N
(Steel-Dwass test: 613C, 01°N, p<0.05; Table 2), B =
U7 NEED 613C 13 —20.1+0.3%, 0N id 15.5+0.6%
THY, oBC TRV, V, UBLUMEOLT, 05N
TIENV EVHE, VEVUEERSLIUWV EVIFHIICERNBRD D
N7z (Steel-Dwass test, 613C, §15N; p <0.05; Table 2),

T/, ABTUTHOaAUVAfHADT LN
(Mann-Whitney test, 613C; U= 14, p=0.927, 6¥N; U=
23, p=0.171), I & VI#E (Mann-Whitney test, 613C; U
=54, p=0.540, 6UN; U=22, p=0.011) & §B3C [C£ER
RO BN - T,

< 36 L1 HAROEDRRE & BMRIERH DL ERALE
e ~arvAfROEwER (N) LawEEE ()
D 613C, 61N % Table 1, Fig. 31T~ L 7=,

BYEH LB TS 7 P VDA BIUT D
oBCITZENZEN—-20.4+0.1%, —20.2+0.1%, BN i
11.8+0.1%, 12.1+0.1% TH Y, MWV 7 HD 613C,
OBN IZERIIFED NI/ - 7z (Mann-Whitney  test:
oBC, U=0, p=0.081; 65N, U=0, p=0.081), /\L/37
F 7 ZHD 6BC 13 —-21.0%, —21.2%, 6N i3 12.8%,
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Fig. 2 Relationships between stable carbon and nitrogen
isotope ratios and the total length (mm) of juvenile
marbled sole collected from Sengen Bay. Abbrevia-
tions indicate species, which are shown in Table 1.

Table 2 #Values of Steel-Dwass test for pairwise differ-
ences in 0'3C and 6N between juvenile marbled sole
groups in areas A and B

Area A I I AreaB IV \% VI
S13C S13C
I v
I —3.19* A% —2.61*

Il —3.54% —3.43* VI  —-2.93* —2.93*
VII  -2.93* —2.93* —3.36*

SN SN
I v
I 2.48* A% 2.40

III 3.54* —0.51 VI 2.93* 2.93*
VII 2.05 -234 -3.36*

Asterisk (*) shows a statistically significant difference by juvenile
marbled sole group (»<0.05).

13.2% TH - 7=,

A BTV 7 CTaAYEHE L CHEMBAERI %L,
O13C, 1N O HTRHT ik L 72 IS4 T O % EHHIT Cir-
riformia tentaculata, Lysilla sp. TH -7z, BCIEZ N
N —18.9+0.3%, —18.8+0.2%, 6N (% 11.8+£0.5
%0, 11.7£04% &720, ML) 7R TERITADOLN
7t7» - 7= (Mann—Whitney test: 613C, U=6, p=0.663;
OBN, U=5, p=1.000), A, BTV 7 CaRWERML L T
WHED S0 > EABHYO I T VEIEIZY 7
2 Grandidierella japonica T 0V, Z i Z h oBC i
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—18.7+0.1%, —18.5+0.3%, 6N % 11.5+£0.4%,
10.8 £0.4% &72 0, WU THEICERITRD BN
-7z (Mann—-Whitney test, 613C; U=3, p=10.663, d°N;
U=9, p=0.121),

F72, ATV TDC. tentaculata & G. japonica 2755
TRD SN h > 72 (Mann-Whitney test: 613C, U=3,
$»=0.653; 60BN, U=5, p=1.000), A TV 7 CTEWEH
ELTCTHBEEED % - 1o EFB O 3 oL VI
Liljeborgia sp. T, 6BC (% —18.6+0.1%, 6N (% 10.1
+0.5%, 3 LE O3 a1 ©HEIL Ericthonius pugnax
T, 6BC13-19.9+£0.3%, 0PN {3 11.3+£0.3% &7 0,
AT VTR ARERY L HEBWE JUELBHY
OIATTEFHIFED OBC, BN [CERIIRD BN
> 7z (Kruskal-Wallis test: 63C, p=0.051; o¥N, p=
0.051), BT U 7 @ Lysilla sp. & G. japonica ® 63C,
OBN ICERIIFED SN 5 7z (Mann-Whitney  test:
S13C, U=2, p=0.383; O1N, U=8, p=0.190), —D k>
IZ, MLV 7LBWER O/ T 63C, BN IZ£ IR
OHNLP -T2,

WO POM O T Y 7k % sBCIE 2 h
ZN—20.1£0.2%, —21.1+£0.3%, 6N i 8.8+0.1%,
85+0.1% THY, WL VU 7D C, SN ICEEIT
HDOHNT -7 (Mann-Whitney test: 013C, U=0, p
=0.081; 615N, U=9, p=0.081), MPB ® ¢13C i3 —17.4
%, —17.6%, SOM it —22.2%, —-22.1%, MPB®
OBN 1 7.5%, 7.6%, SOM (% 10.1%;, 10.0% T& -
72

YAHLAHADHIFEINDIEBMEEWRE WM
OF B ICHBE L~ a bV AfiaD A BTy 7
T EDOBC, PN ICERPFED LN/ B (Table
2, —HICERTRDOLNT VWA, EFFO~X ALV
A fEfD 613C, 65N (@) & LIZ, oBC, 6N Dk
R E TN ZEN 1.0% & 3.4%1820 L LT, ZOMEFS
nsEy (A) aEwiE (B *ROTFig 3iICRL
7o 7235, KAD SR 513C, 015N DR Z R,

ATUTICHBRL~ad VAR I (£K16.1
mm) OPFINSLEBWD 6BC 1T -21.1%, VNI
12.6% OfriE (P-1, A), ITH (£5K30.9mm) i3
—-194%, 10.7% OfriE (P-II, A), I#H (&K 325
mm) (¥ —18.9%, 10.9% OfrE (P-T, A) &7%-7,
Bry7oxaibAfEaNVE (2K 14.7mm) O
HEINLAMDO SBCIE —21.1%, 6N T 12.1% (P-
NV, A), VE (£199mm) 3 -19.9%, 11.0%
(P-V, A), I (£K21.8mm) {I—-19.4%, 10.6
% (P-VI, A), IFf (4K 32.3mm) (3 —18.8%,
11.4% (P-VI, A) DOFLE &7 - 72,

ATVT7 BT AxalVAMBIKEOMEINS
BWIED 6B8C, BN T e T h —22.1%, 9.2% (P-

I, M), TEIE—-204%, 7.3% (P-I, ), MEHL
—19.9%, 7.5% (P-, M) DOfiE 7% -7, BTV
T T EINS ARWIRO 68C, BN FZ N ZENNFT
-221%, 87% (P-N, M), VH T —-209%, 7.6
% P-V, WD, VI#T-204%, 7.2% (P-VI, W),
VIHIE —19.8%, 8.0% (P-VI, W) D& &ix-7,

% ®

YA AHBEOBYOHTE 1C, 01N ORI
EHOCTHE L o~ ah L A fERO TR AN OMAE
(A) F, ATUT7OIFTR WY F7 2O 50T
fli (A\) EIRFEERD, VT F 7 2ZER TR &
7= (Fig. 3), THEOMRHEIZ A TR SERIRL
T AT BB L E LEO S a0 TEEORNICAE L, I
BRORELI AT EEYRY E L Tz, METIREK
4B (3T UVEHESERT G, WO 615C, 6N
ICERTEDO N -72), 5B (I3 0H)
BLUOELEHY (IaTvH) ICHENLAMESLRD,
INL3MmOBWEREWEL TFIHL TW5B T EPBR
sz (Fig. 3),

BT U7k, YD BN OFHEAMAE & 0 KD
ICBRH SN/ &, PN FE£K20mm B2 5 LT &
AEERZABNT, &R & OMICEE /A MHEBIRRITE
bDoNEhrolz t (Fig. 2) 5, BCOfEICLD <
aAHVAERORWEHERE L /o, VEOHRHE (6513C)
NIV F 7 ZEO 5 HE (018C) SIFITERD, A
TUT LRIV F7 2R EL R LT 7
(Fig. 3), V, UHEIEBWHW /57 b/ EEEBYOS
EH, N TREEABYWOLEFHLELREW -7
(Fig. 3),

NOAALAHAOEWEOHE BT U T &RERIC
OBC DEN B =AW VA HEROT R BWIREHEE L 7,
ATYU7OIHEE SOM, I, MEETIE POM TH- 7,
BTLU7ONHETIESOM, V, Uk XUVHIZ POM
L MPB #FIH L CTW572, POM NOEKFEREW LD
Th5 (Fig. 3),

YAV AHREEBWES KR ET- 7207 NiE
OTERBHIEIC BT A~ aH VA s B O &
L7236 0 613C, SN p LHEE L 7- B # 8 % Fig. 4
IZR L7,

ARECER SN/~ a TV A#ERIE, 3 ACiiER
HA15mm (I, N#) THoro, 03C, 6N » D ATz
FaAWMIA YT RERES), BTUT (i)
LRIy F 7 2T, SOM % AWiRE &3 %%7
(Fig. 4, BERH) Prasnic, £ 15mm O~ aH
VA #HEBORWIIMOEEIHIC B\ Th /LNy F 7 2FH
HEUNAT VETH B EMESN TN 5,350 £5 15
mm O K FEHE B OAWIFEIZ SOM & #E S h7z, SOM
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Fig. 3 Distributions of stable carbon (§!3C) and nitrogen
(615N) isotope ratios of juvenile marbled sole in differ-
ent groups, their diets and food sources. In the figure,
plots of juvenile marbled sole, diets and food sources
are indicated by filled circles (@), filled triangles (A)
and filled squares (H), respectively. Open symbols in-
dicate analysis value for each. Abbreviations indicate
species, which are shown in Table 1. The dotted line
shows the isotopic concentration factor of 413C and
BN (1.0%0, 3.4%0) -
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Fig. 4 Food chains at different growth stages of juvenile
marbled sole are shown schematically based on carbon
(613C) and nitrogen (6°N) stable isotope ratios. The
dotted line arrows indicate the food chain for juvenile
marbled sole of 15 mm total length, and the black line
arrows indicate those for marbled sole of 30 mm total
length in scattered seaweed bed areas. In the figure,
plots of juvenile marbled sole, diets and food sources
are indicated by filled circles (@), filled triangles (A)
and filled squares (), respectively. Open symbols in-
dicate analysis value for each. In the figure POM,
SOM and MPB mean particulate organic matter,
sedimentary organic matter and microphytobenthos.
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