REEWEFEIFTE  77(4)  252-258, 2013

Bull. Jpn. Soc. Fish. Oceanogr.

RED LOBRAMALEMICE B ARBOALSICHR S i
DYRED S YRR

AREEGLT, SR RIE, AR, RIS

Food web structure of animal communities formed on seawalls of
artificial islands in Osaka Bay as determined by analyses of
carbon and nitrogen stable isotope ratios

Yoshihiro Yonepa! T, Kenji Kaneko®*, Koichi Matsur®, Teruaki Suzuki* and Teruhiro TAKABE®

Coastal artificial structures are demanded for a consideration of environmental protection in recent years. Although
gradually sloped seawalls were adopted in various parts of Japan, little is known on the food web of the community
around such structures. In the present study, the food web and food source were estimated on the seawalls of artificial
islands in Osaka Bay as determined by analyses of carbon and nitrogen stable isotopes. Clustering of 6'*C and 6'°N
values of animals on the seawalls showed five feeding groups: fish, suspended feeders, suspended and surface deposit
feeders, carnivores and herbivores. The dual isotope plot of §'°C and 0'°N showed that the three food sources (phyto-
plankton, microbenthic algae and macrobenthic algae) were eaten by herbivores, suspended feeders, surface deposit
feeders, and that these animals were ingested by carnivores and fish, both occupying the highest trophic levels.

Key words: food web, food source, stable isotope, coastal artificial structures, Osaka Bay
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BB THROBBEDBESG VTR E N T WS Z LRI
TWwb. fSBEIZOWTE, 12 E T40ME, 201228 5T
AsTEO MBS EHRE SN, < F~ 3 Apostichopus armata R 2
F % ¥ 7 = Anthocidaris crassispina 55 D % { O A7 F i
DOERBLEREINTVDL I E0S, KRKEOAEMEZHED
R OREINY;, AFYE L THEEL TV 2 ] RElE
BdHoH (B LiTA, 2003). LaL, KBEODHELIEK
SNERITER S NN OBWHERED LS L
WEEZFHAL, 0L 2EYMEEICEIYRILTnS
DOPIZODVTIERBTH L. ThxWo52IITHIL
X, PAVEEIRRZ20% o 3 e o A Wy AR E R RE R0 K B LA RE O
A, BLUOSHRERSINAH72 0 N TLEOERD 5 Vi
BB L LTl o R R DAL 247 ) A ICEZ 2 M
Henn.

ZZTHAE, FHTHERRZEERO RS E#ER IR S
WL O RER L OEHORENMAKRLL (0°C, 6°N) %
MRDHZ LY, AYEMELZIERL 2O THRET 5.

MEEFE
AEH
AR AR M 2 R BT SR N 5 ke L R X A 7z B G S Ze i
o1z E (DK 1B EIER) THhs (Fig 1), &
B ORI 18.0mTH V), #ERHL19884F 12 H IS
BERE L 72

VB IEME 1,250 m, £S4370mTH Y, R EIHE
AR & R TR ST WD, R L
IR SN, ZNLALO#ERIERRT & KRR S
BRRMERERETH 5. | WIEEBAIAR 1R L 72 1999 4
DL OBILETIE, WA RE T3, BEE TS g m?
PR DR FE R T 7148, {BEET1,740 g-m 2 DIfF#E
AHBLL, 7R CIIAREEE &AL, BRERER T
AL E BRI LT b (BIHIZ2, 2000).
MR OB FE R CIRESIIOKEN TmETALN, &

= Gradually sloped seawall N

Vertical seawall @
—— Other seawall 0 1 2 km
<«— Sampling site -_—

Figure 1. Map showing the study site.

(ESISINVINIE IS AR: iV N ne a % NS A Nl 4 N
B, ThAELL L ALN, BN ICON,
H T ARGESEINT 5 (&T137, 2007).

HE0RE

20014F9 7 6 H2*520024F9 H 30 HIZH»F T, B XT2011
E3IHOHDS 11 HIZHF T 1B B 12 38 v C il
LB ORKEOREE T 72 (Fig. 1).

WHEICOWTIL, R BR T 2 R 2 i 8 & S0k
L7

BWEREHCOWTIE, A ARV PR (HETES IO
TE L RBOBEHEOBY) BLXO~r7uxy b A (B
A% ETL2EHWRZ I BT 2/ OBEEOS)
W) L7z T BT v v ETFHRHEICBWT
B mD% o 7B b RF L L7z (Table 1).

W, AANV MR, w7uxXy P 20RER, 1B
DAL GEE (NE), BBRMER (SE), I X OV vHflE
FE(SW) IZBWTAF 2 —NIZE DT 72 (Fig 1), ##
EAHNY P AZEEREL, vz7uaxy MR, #EO
WEADMNEWZRIY L, i L CER LIRELA. B
BEAEMOBAEROS ViR B X UOKREI DREL 7.

B7rs s rizonTid, EXTS 2 bty
b GHEHWE 100 gm) % HWT, 1HIESE B O#ESIZ B\ T,
WEIECTA 10.5 m 7 S ETH F THER X 217> 72, AFHIH
BV A D Whatman GF/C A S A7 7 A 3= 7 4 )V F 12X D
W |l L7z

fBITOWTH, NE,SE, BLUSWIZBWTHNIZLDY
FRELA 518, BEBERBIEETHEL Wy F
WTHONI=H & 7 F 14 T ¥ Engraulis japonicus B £ U4
7 J T Ammodytes personatus DFEFR D R EE L7z

FTRTOY ¥ TV GHIAT B F T —30°C THH; R
FL7-.

RERMLIFLEDAIE

LREFNARLE DR E IO, 7 =F IOV TIIAmR, ~
F =3B LT A~ 3 Apostichopus japonicus \ 2\ Tl
fRBE B X OHBEIZOWTIEHN, ZRUA o8I
DWTIIEEER, WHEFICOWTIZERE & L7z,

AHRY A, =70y b AB I OABEIIHREEERL
Tote, BERICL, zookiua-2x% 7 — (2:1) BT
AR L7z, diEdE 33K O &Y 2 0L Brv721%, 60°C THz
BEUBRIC L. 875 > 7 b Y EEHI O W TR AL
HIC XD RIBIE A BRE L7z ZlE o sBCB LU SNIED
MEIIEICE ST HE (FLASH 2000, Thermo Fisher Scientific)
WCHEBE L 72 =0T RE (DELTA V Advantage, Thermo Fisher
Scientific) Z MW THIE L7z, AW ¥ A7 L DM R E
13 65C, 0PN & BHIT+0.15% LT TH A, 7272, —HD
WX, JLFESHED (NA-1500, Fisons) 235k L 72 w5
Hr&l (MAT DELTA Plus, Finnigan) % fl\27z. AR5 2
T L DGHAEEIL 0PCH £0.1% LT, 0N DS +02% LT T
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Table 1. Stable carbon (6'3C) and nitrogen (5°N) isotope values (%o, mean +SD).
General group Species Japanese name Abbreviation  §°C+SD O"N+SD  »n Date
Macroalgae
Rhodophyceae Chondrus sp. Tsunomata Rh-1 —16.1£1.2 9.3£0.2 3 Mar 2011
Gelidium elegans Makusa Rh-2 —14.3£0.6 10.6+0.7 3 Mar. 2011
Gracilaria textorii Kabanori Rh-3 —15.7£0.3 9.8+0.5 3 Mar. 2011
Phacophyceae Ecklonia kurome Kurome Ph-1 —15.1%£0.6 10.7£1.1 3 Mar. 2011
Sargassum horneri Akamoku Ph-2 —15.7£2.3 9.2+04 3 Mar 2011
Undaria pinnatifida Wakame Ph-3 —13.6x0.4 9.5+0.2 3 Mar. 2011
Zooplankton ZP —18.6£0.3 12.820.2 4  Sep. 2002
Mollusca Mar. 2011
Polyplacophora Acanthopleura japonica Hizara-gai Po —12.1£0.3 14.9%0.1 3 Mar. 2011
Bivalvia Arca boucardi Koberuto-funegai B-1 —16.8 12.7 2 Mar. 2011
Mpytilus galloprovincialis Murasaki-igai B-2 —16.8%0.3 11.9+0.2 3 Mar 2011
Ostreidae Itabogaki-ka B-3 —15.3%£0.2 12.7+0.3 3 Mar. 2011
Gastropoda Nassariidae Oriireyofubai-ka G-1 -12.9 15.7 2 June 2002
Thais bronni Reishi-gai G-2 —13.3£0.2 153+0.7 3 Mar. 2011
Turbo cornutus Sazae G-3 —15.2%0.3 11.4%0.1 3 June 2002
Polychaeta
Cirriformia tentaculata Mizuhiki-gokai P-1 —18.1£0.4 12.4+04 3 Sep. 2002
Glycera sp. Chirori-zoku P-2 —135 15.5 2 June 2002
Nereididae Gokai-ka P-3 —17.0+1.8 143+0.2 3 Sep.2002
Polynoidae Urokomushi-ka P-4 —16.8%0.5 14206 3  Sep.2002
Terebellidae fusa-gokai-ka P-5 —17.2%0.5 13.3+0.5 3 Sep. 2002
Arthropoda
Maxillopoda Megabalanus rosa Aka-fujitsubo M —16.5£0.2 15.1+0.2 3 Mar. 2011
Malacostraca
Amphipoda Caprella penantis Maruera-warekara Am-1 -163 12.0 2 Mar. 2011
Hyalidae Mokuzu-yokoebi-ka Am-2 —13.9£0.5 14.1£04 3 Mar. 2011
Decapoda Alpheus sp. Teppou-ebi-zoku D-1 —14.2£1.5 14.6+0.5 3 Sep. 2002
Hippolytidae Mo-ebi-ka D-2 —14.1£0.9 14.5£0.8 4  Sep. 2002
Pilumnus minutus Himekebuka-gani D-3 —11.4%1.3 13.720.4 3 Sep. 2002
Pugettia quadridens Yotsuhamo-gani D-4 —12.0£0.5 12.9£0.3 3 Sep. 2002
Thalamita sima Futababenitsuke-gani D-5 —13.7£0.4 13.5£0.2 4 Sep. 2002
Echinodermata
Echinoidea Anthocidaris crassispina Murasaki-uni E-1 —13.1+0.1 11.2£0.5 3 June 2002
Hemicentrotus pulcherrimus ~ Bafun-uni E-2 —14.3%0.8 11.4+0.2 3 June 2002
Holothuroidea Apostichopus japonicus Aka-namako H-1 —14.8£0.4 14.5£04 3 Mar 2011
Apostichopus armata Ma-namako H-2 —15.0£0.3 13.2£0.6 3 Mar 2011
Synaptidae Ikari-namako-ka H-3 - 14.0 13.3 2 June 2002
Chordata
Ascidiacea Halocynthia roretzi Ma-boya As —17.8%0.2 13.6£0.7 3  Mar. 2011
Vertebrata
Fish
Adult Acanthopagrus schlegelii Kurodai F-1 —14.1 17.0 2 Mar. 2011
Chromis notata Suzumedai F-2 —14.5£0.4 16.2£0.0 3  Sep. 2002
Lateolabrax japonicus Suzuki F-3 —14.8£0.5 18.0+0.3 6  Sep. 2001
Rudarius ercodes Amimehagi F-4 - 155 13.7 2 Sep. 2002
Sardinops melanostictus Ma-iwashi F-5 —15.1£0.5 16.0£0.5 3 Sep. 2002
Sebastes inermis Mebaru F-6 —15.6x0.4 16.8%0.3 6  Sep.2001
Sebastiscus marmoratus Kasago F-7 —13.8€0.3 17.5+0.2 6  Sep. 2001
Trachurus japonicus Ma-aji F-8 —152x1.3 16.5£0.6 6  Sep.2002
Juvenile Ammodytes personatus Ikanago (Juveniles) Fj-1 —16.2£0.1 14.9+0.2 3 Mar. 2011
Engraulis japonica Katakuchi-iwashi (Juveniles) Fj-2 —16.0£0.5 15.3+0.3 6 Sep. 2002
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b 5. LREFAMARLISEERE DS TORATUTD L)
WRENS.

6"C, 6" N =[(R e /R —1)]%1000

standard

R * SIHTERD BC/2C, NN, R g * BEHERREL O 1C/2C,
BN/UN, 683C & 0N ORZHER BT 2 h 2 it ARy g ©
& 5 PDB (Peedee JEFENL A F A MEA) & RGP OEE
TH 5.

F 72, KW O R ERMARL 51°C, 0NIZDOWT T T A
T —Hi#dT) S TEMD IV — TRt o 72 D
BE, 08C, 0PN & ZNZEIERAL L, B HRCIE -2 v
FEBER, #AHEICIRY + — FERZZRER W,

w 2

REFLLALE

KHRFED 6°C, NI Table 1 DY) THh 5. HWEHED §°C I
— 16155 —13.6%0, 6"NIE 925 5 10.7% D HPHIZ B 1,
BTS2 D 6PCIE—18.6%, 5N IE12.8% TH -7z

B RER L 01C, N D 7 5 A7 = OFER, 500
TN—TE9DY TN —TIKHE Nz (Fig. 2).

# TV — T OMNEBBIZOWTASE (Fig.3), °CT
X, ZIV—=TAD-18105 —16.0% &Ik b, BT
S b EDRR (0555 2.6%) Hhrol2METH-
72D LT, ZFV—=TETIE-13575-114%&, @)

A-l

D-l

T
4 6 8 10 12 14 16
Euclidean distance

Figure 2. Cluster analysis dendrogram of 6'°C and 6"°N for or-
ganisms in the community on the seawalls in Kansai interna-
tional airport using Ward’s method.

WM7T50 7 b EDB51D572% b, HHROMP L
DdEo7z. ZV—7B D ClE FNLZEN-15605
—13.8%0, — 155735 —13.7%, — 15255 —13.1%TH V),
TIV—TA EDFIZTHHENZETH - 7=

OPNTIE, Z V=7 CH 1255 11.4% &b, B
WM7TFr7 b XD S 1IS%REMRL, WELID L0525
22% BREE N o 72DIK LT, ZV—=TBTIZ16005
18.0% &b, B7TI 27 b L3205 52%
Edrols. ZV—7A D EIX FNENI11L9IH S 153%,
127505 14.6%0, 129005 15.7% TH 1Y), 7 IV—TC,BD
FIFHRMM R TH o7z, ZV—TDDIBC E NI
DATN—TOIFIIHEMZRMETHY (B5C: —15505
—13.7%0, O”N : 12775 14.6%0), 0 CILiE#: & 51N (28
M7y s EENENARETH - 7.

TN—=TZTEIWIWiREAL L, TIV—TCIlLoBCH-152
M5 —13.1%, OND 205 114%REQOHFIIH 1,
AT F =, INT 7 = Hemicentrotus puicherrimus,
FIAORR SN, WELD D MPONIEL, HCizon
TIXIZIZFE CHFAICH 5.

TW—T AL DEERLR D, 6°C & SNOED
KEWT H7 T K Megabalanus rosa, 4 I B LW %
2 F 4 7 ¥ Engraulis japonicus DHEF, T A4 Fl Nereididae
BI Y o as Tk Polynoidae D% B SR SN 5
Al (0BC: —17.07 5 —16.0%, 0°N: 14275 5 15.3%0),
OBC DAED/INE N KR Y Halocynthia roretzi, I At ¥ T 71 4
Cirriformia tentaculata 3 £ "7 ¥ T 71 £ ¥} Terebellidae % E
Fh O END AT (6°C 1 — 181505 —17.2%, 6N :
12455 13.6%), 6°CAE L, "NO/PNE VIV k7 %
A’ A Arca boucardi, 2 7% * A 7' A Mytilus galloprovincialis,
~ VL 7 7 VB T Caprella penantis 7 H fE K S 1L 5 A-IIT
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Figure 3. Dual isotope plot of 6'°C and ¢"°N for organisms in
the community on the seawalls in Kansai international
airport. Abbreviations indicate species which are shown in
Table 1. Groups A-E are feeding groups which were deter-
mined by the cluster analysis in Fig. 2. A dark area shows the
range of the macroalgae.
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(6BC: —16.82>5H —16.3%0, "N 119755 12.7%) D3
DT TN =TI E N

JV—7 DI sPC & SONDEAIMIM TR E VT v K
7 L. Y& Alpheus sp., &L EF} Hippolytidae, 7 & /N X=
o 7 = Thalamita sima DT, ThHFr<aB LA HY
F < 2%} Synaptidae D~ 2 H, €7 X I 2 L EF} Hyalidae
DI TTEHP LRSS DT (6°C 1 —14.87%5 —13.7%
PN 1133505 14.6%) &<+ <3, 4 5 K FF Ostreidae
OZMBEME, T I ANF Rudarius ercodes 7> HRER S b
D-Il (6%C: —1557% 5 —15.0%, 9N :12.72* 5 13.7%)
D2ODHT TN —T IR G ST,

70— T EZHI I sPCHMEL, sUNARE WA A
L 3 723 £ B} Nassariidae, L A 3 #' A Thais bronni O JIE J2
¥, 70 & Glycera sp. DL TH M HHEK S5 E-1 (6°C :
— 13555 —12.9%, "N 15325 15.7%) &, WIZHIKS
IZ 0BC A, SPND/NES W X7 T h H = Pilumnus
minutus, 3 Y 2NE A = Pugettia quadridens O T HH & & W
5 I A Acanthopleura japonica H HHEK S % E-II (6°C :
— 12155 — 11.4%, "N 129755 14.9%) D207
TNW—TIZX g E Tz,

TV —T7BIRABEOEMHBTEEI N, 5°C L SPNOE
DR E WA X F Lateolabrax japonicus, 71 Y I Sebastiscus
marmoratus, 7 1 % A Acanthopagrus schlegelii (6"*C : —14.8
76 = 13.8%, 0N :17.07%°5 18.0%) LM &5 B-1
EAE D /NS W XN )V Sebastes inermis, A A A % A Chromis
notata, ~A4 7 ¥ Sardinops melanostictus, X T ¥ Trachurus
Japonicus (0°C © —15.6 2 B —14.5%, 0N : 16.0 7* 5 16.8%o0)
PO ENLBIUD2ODY T 7 —TIZX Sz

zZ =

LRFNARILD 7 5 A5 =W OGS, BIvEEEE 22O #
FEOBMEEL, 52007 V=T LoDV T 7N — T4
EN TNSDOET V=T OEYWORBZHET 57
W, BC & BN O i fR 8 % € Z 1.0 (DeNiro and Epstein,
1978) B & 1°3.4 (Minagawa and Wada, 1984) & L, #ity 7
Fvr by, R B X OEAMHERERREO &Y E EE
L 780 O % 5@ FALAR L O F WMl & % Ik #i P 2R3 &
Fig 4D X H\Chb. 22T, W75 27 hrooiC
BLO NI KRBEIROERE L 10 m g THIH S 178
WY (0755 15 um) OEDFEIfE —21.7% B £ U079.2%
(Meksumpun et al., 1998) % vy, EABHEF O §5C B X
COPNIZIL BEOATMAEAEY (0725 125 um) OfE
DN —15.4% B & 188.4% (Takai et al., 2002b) % H v
2. ZORMPS, sPCAKREWITE, R AR H
DEAEZOEWFHEZFILTEBY, ASVIFEHW TS~
7 MU ERIRBFEETHREROEMFEEZFHL TS Z LI
HENTHL., ZOHAPLHENTLE, FV—TABX
OBIRRER LIKAEROBWREOWM S 2FHL, 7 v—T7
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Figure 4. Range of dual isotope plot of 6'*C and 6"°N for feed-
ing groups and expected food sources taking trophic enrich-
ment into consideration in the community on the seawalls in
Kansai International Airport. Groups A-E are feeding
groups, which were determined by the cluster analysis. Solid
lines show expected 0'°C and 6"°N of organisms feeding
phytoplankton and benthic microalgae, respectively. A dark
area shows range of expected ¢'°C and §'°N of organisms
feeding macroalgae. Filled circle and triangle denote §°C
and 0N of phytoplankton and benthic microalgae cited
from Meksumpun et al. (1998) and Takai et al. (2002b),
respectively.

C, D EIZEAROEMHEZ EICHHLTWE I LR 5.
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(Fig.3), W7o > 27 b > ® X9 ik oMl S
TBH T B 2 VISR TN HERE L 72/l WA 2 AT
LIN—=TThHbLEZLNL. MR BEWEE
THAHIARY, BIURBEHEEDEETHL 7T H AR
BLOI e * T35 1 #4FEHH (Fauchald and Jumars, 1979)
BEINLIELED—HT 5. ALIFANLD D INDFH
{, THIVIR, AWFTBLOI Y 75472 O
THERENEZ L5, ALE D D RX VBB T8
HELTWRIEREMESNL. —F, ALLD b sPCok
EVAMIRD-NICH, IRVINTAFA, ATV FAH
A, A7 RKTFRO ML W) B S04 BB BT
HEEINTWDL—T, DIICRERBHFEMELEE shb~<T
<o (g, 2012) dEIRTVL ZoZehs, Zh
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. TOTV—FIRB A THH =, FIYNEHZ, b
FIHAPEENT W2, GIYNEFZIETIEOHHD
IO/ RoEBEEZEAEL (T, 2003), X7 7 h7
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ORI A BGHSE (FE8, 1982), #4474 FUIKA
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HoTWhAIENHBINS., LdoT, I TIEEAE
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OPNDIR D K EWAFITHIL SN D 7V — 7T BIITEHES
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o2 &, 2ol RN o AEIE, FiEREFEOEY &
EHWEAREREOEM O L TVD I LERIELTY
5. FEBICBIICET A AN VOENED S 7 I
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ERE 22kt att, RIEHK), BB T 5 A4 TH6"C
DREVERATTATZ (—11.4%) 2% HEELTWD
ZEhIHEEIN TS (HFEIFS, 2005). 72720, &
WEFECIZB 2 Bilg L7225, BilE2AT) 2 L TolCcas
%2528, BLXUHRADSBCIIMOIEA & L THE
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KRB % & & M7 N3iE D OONAAE /MRS L 722 10538
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Figure 5. Community structure on the seawalls of Kansai Inter-
national Airport Islands in Osaka Bay. SF and SDF show
suspension feeders and subsurface deposit feeders, respec-
tively. Groups A-E are feeding groups, which were deter-
mined by the cluster analysis. Arrows show food chain
between feeding groups. Dotted arrows show indirect food
chain. 5*C and 6°N of phytoplankton and benthic microal-
gae are cited from Meksumpun et al. (1998) and Takai et al.
(2002b), respectively.
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