"The Sea, Journal of the Korean Society of Oceanography
Vol. 12, No. 4, pp. 380 — 389, November 2007

A - A - £3A - uEA] - ARl - 2R - o] 2 A
e Ak, SR AT, FYRATER) BT

Isotopic Determination of Food Sources of Benthic Invertebrates
in Two Different Macroalgal Habitats in the Korean Coasts

CHANG-KEUN KANG*, EUN JUNG CHOY, HAENG SEOP SONG, HYUN JE PARK, IN-S00 SOE!,
QTAE Jo? AND KUN-SEOP LEE

Division of Blologtcal Sciences, Pusan National University, Busan 609-735, Korea
'Marine Eco-Technology Institute, Busan 608-830, Korea
*East Sea Fisheries Research Institute, NFRDI, Kangwon 210-861, Korea

ik Bike] )z T AASRE ANFAFEET e o8 #7189 7198 W) SAslel ANF
23 259 ) oldlel it Bag) A PEAAL 1)EEC B SNg 2L BAsgIth 2Ake oo
31 wholaly Uil ejeke] ekl Aok o Z(vhe AriE oz NP ok wEE B FYL
= oIkl olGkacke] i 25k thgoR 2005 sBE 68 Alolel AN Shileld wE o]
A—])\]O]__. o }\-l)\];(]___ T;]é /\-l}\] o]:/\]g 7].;(] EE:TLOH H]EH )\}Eﬂxﬁj 1/&\‘_ §i3C %l_E 7};{% Q]Eo] /CI‘:'
RIEAN AR 4712 F2 olgsto] Bgelolgat A FPARL s Ao ekdet. W, b

l:—-; 5‘_0“}\1 }\li/}_]'o = Oé_,_ _,_.19'_.% /\—l/\]z].__ if;’—gt:’—_ z}\l%_gq, _EJFH /\—1)\]]]. ) 0)\]}\—1 :.L)\]x]__‘:—_'& /\H:qu_i =
& 8°C @& AP AZFON FAU 7188 T2 olgsiel Aeiolte Psisint. mep FhE 9AE
AL Sz F2E AAAR S el FEEO] AheRelN AT A718S olgshs Axuogoz
 FYAEL 714 A%k P AN BB AR TR A e e FeNe 2 el
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Stable carbon and nitrogen isotopes were analyzed in suspended particulate organic matter, macroalgae and mac-
robenthic invertebrates in order to determine the importance of primary organic matter sources in supporting food
webs of rocky subtidal and intertidal macroalgal beds in the Korean coasts. Investigations were conducted at the inter
tidal sites within Gwangyang bay, a semi-enclosed and eutrophicated bay, and the subtidal sites of the east coast, a
relatively oligotrophic and open environment, in May and June 2005. Water-column suspension feeders showed more
negative 8"°C values than those of the other feeding guilds, indicating trophic linkage with phytoplankton and thereby
association with pelagic food chains. In contrast, animals of the other feeding guilds, including interface suspension
feeders, herbivores, deposit feeders, omnivores and predators, displayed relatively less negative 3'°C values than those
of the water-column suspension feeders and similar with that of macroalgae, indicating exclusive use of macroalgae-
derived organic matter and association with benthic food chains. Most the macrobenthic species were considered to
form strong trophic links with benthic food chains. In addition, the distribution of higher "N values in macrobenthic
consumers and macroalgae at the intertidal sites of Gwangyang Bay than those at the subtidal sites of the east coast
suggests that anthropogenic nutrients may enhance the macroalgal production at the intertidal sites and in turn be
incorporated into the particular littoral food web in Gwangyag Bay. These results confirm the dominant role of mac-
roalgae in supporting rocky subtidal and intertidal food webs in the Korean coasts.

Keywords: Stable carbon and nitrogen isotope ratio, Macroalgal bed, Macrobenthic invertebrates, Trophic link,
Anthropogenic nutrients
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A sz TEhe At ket METS Y% A, B
9 AAXNE AT 22 AR FrkdS Yshys
Folth(Duggins er al., 1989; Terawaki ef al., 2001; Jenkins and
Hawkins, 2003). ©]¢} o] sijz=rtehe] Aefshy Sua) tjEo]
B AR AUH 02T it 5248 7IXtH(Cha et al.,
1988; Lee et al., 1998; Park and Rho, 2002). A#|2 ¢hat =7+
iyt Zatdiell BAEE iz FEele 5557, diF 23 &
B 2R T B2 FHFTEN 28 o9 2 AR
b=, Ay 2xF9 22 diRFeo] 22 S 58 AE
o] XA E ¥#FTHDunton and Schell, 1987; Fredriksen, 2003;
Yatsuya and Nakahara, 2004). 9¢+99] F2 7] 841A191 &%
T APAMTEY Hol= o]&HAY, o)5 2AAEL 53
499 FFHAE TSR FEECA JAgEE B3E AXE
A S FYEA YellA Q] o] 353 BAEg] 938 o8
< sk Ao ¥eiA QlthJohn et al, 1992; Jennings et al.,
1997). - ke Aol TA13F 2 AR1ske] 7sh= gt
B9 Wslks puketa Qe ol9h 22 kel mAAYES
ke Bl S ATERs 2 AeE e wElE olslsh=d)
QoM BFAR AT FAR ANH T S Bt olel, o) &
xF 2 FrTedo] AdAS MAHR ke AMFEoILY o
Tk @2 Rk AEAAb] od HEE FR=Ref Y PR
Bz A Ase] BeEEty S48 olslial] 9% 71 exoy,

BGAENA el oA s53} g8ty 3k AE s
9] 44 BAE vrERlE 4U%TE(trophic structure)s S8}
o] FoIRtt, AEEFAE A& A== F7180) Holge o
% 714 (trophic base)s FAJsh= ) 2] ko= &z
7o =& A ex Ay 59) 3 &F (seagrasses), AA 0| Z
F(benthic microalgae) X FHA] 2 E-(salt marsh plants)el] 2]}
A 718U S0 ERE flHE f718 5 Tk )
49 f71E 19 F2Ee] AT McLusky, 1989). WA o]
S At Fo AR T T)Ee|u T tiEt olaie
AN Fo BE AMAAE TSR 01 O] AT} <o)
T AAH 3] AoPrRe FETE] k] YolS FFai
Ah} B8 758 7IEA Y 384 god «“yole] T V)
v OE AEAY AAs A BEENA FAot 2413
T D8] A TR el iRt Rt BeH o g oydn &
Atk ool thgt AR o)F Ak} FEE o]F = 25T
A fresks 718 T2 NEZHIAECR TAH 059 A
AA THoE fAlEe VIR AUE So4E Sl 3
71 5= Q)& Zolut, o)9h e Pl Al AEA] Aok
A g} Az}, o)A ] W AL 23ha o] FteEt
G 2 WGt MAA FelEzid) E2 2si)el wet &)
A R771EF 9 AHAUE fUEE 7182 AdE S
do] et th(McLusky, 1989; Kwak and Zedler, 1997; Page,
1997; Bode et dl., 2006).

olgfgl YUT2E Ak AFAH WL AnRY ¢
§= B4R Zollet. ey olejgh e w
Asfo oFaL W AlZH o] @7E Wil ohyu} HolE

golst s

Zetol el ANTASEE Holdl B} 381

A9 Tkt BEES o R A5 FHek sh, A3t X
g "ol Ho|AES] FA7|7F A2 A FEF Ao &
YERA] b= e A9 0] o, olv] A3fE1 d ¥
o] oy AR AHFHE BEES e RE T FE =4
FapRAke] RS 7RI Itk (Michener and Schell, 1994). &=
3 28 RS B4 dog uainRE 45E 2Rt
ol g3k A71EY 7I9E FAEE oH. o9} 22 HE
£ B3l AW} o] 83l 7' 719E FAE] 8 &
29t A P A BiE G Ce §PN)E: o] ek Wlol &
Ao 7 o]g= 4 Qh(Fry and Sherr, 1984; Peterson and Fry,
1987; Michener and Schell, 1994). ] W2 ARzt HolE 4]
FHaHA = dA S AXEA Z]dEZe] 7l dHle &
QL AERE ubE AR gl A0 HEAda 2
o] 2n|A) e F- 9 dA Al HHdEth: S &A% 1
FEo] AAR olgshE Bol|g] V|MEE N o ik kg
AP F M FAAE S A 71T B 25 A
< Rkgst Aiolr] wWiFel o]5e] AL Sl HoldE e
Ak 5 i), 23 eHdEHdA 1] Fg B AL Holst
2=B) A prey-predator) Ale]oll 7 G BAIE W ¥ 1%0 oW,
AAE 3~4% AT FolAlv 994 3 5 I(isotopic
fractionation effect)’} WFEFHTH(DeNiro and Epstein, 1978, 1981;
Minagawa and Wada, 1984; Vander Zanden and Rasmussen, 2001). t}
A YT A A FAE B8kl ABRPL o8k #7]

719de] FAo] Fyssle ANt FedAE Asket ol
o] f-&3tA oj&d F Ut

2FQE e AtellM 3E Holgd AAT AV
H8 FAEH Y] AFol A, A3 JEES B3 AF=E(Huh
and Kwak, 1998; 1999; Cha & Park, 2001), ©] AT-E2 T2 5
7 £ e U Holg A =g TFsH AXAEH
FIAE Holge] Jokr|Ae] gt ARE A F3A= T3k &
AE Boleh. v 2 22 AFEN AvA s 1
E9] AAHojde sk eH s da S Balo] FRE A
43 27 7 AElA Bode] JIAEA AR FE] F
848 951l Qltk(Kang et al., 2001, 2003, 20072).
AFoA = Fogoksie st ekl Falere] Feky
b 2709 AT A 02 wiedore] Qloke w2 34
= Sk iR GH)Acke] ot X8 sz
PJo 2 o) 3te) AalehE AXMTEEL A o] &E= 77
AE 9s)7] A8t AXEEHR 259 FA Holdel of
o} Ax MY TAAA A4S AABIGIT B o] 2
k2] (feeding habitats)?l] Whe P-4 HIZke] ZolE uvlw
3l AMTEEC] AR ol gshe HoldowM SR 7d &
7153} 45 (water column)E B3] ol THOE fYUHE
VNBEE AEEFIAELE )Y AR F24S Bl
FTAE Aol YUHAE gHlth
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Fig. 1. Map showing the sampling stations at the east and south
coasts of Korea.

bl AASE AHA] il dgke] bt ZeE Ao R 319l
ChFig. 1). 3L Sobol] X138 Fkoke: WA 230 km™Q)
W viRke = gl Fallghe & 4kme oseai st 97
Ho] Qla1, wke] BFHols e FIE Aol S A %
FFo] glo] IFvty} AP, Fokute] FAL. £} 122 R
oshd dAA R 5m o)y, BEH) JFEit afigte] ot
kel S2F weke] & ddso] ok 24L& 19 23]9] 7+
RS 7Re WRlFER 279 BREARE 3 m AES vt
o], d4de] mejdot W Zattholl = iz Felo] Yeht
2] eth, Fofke AR7F 0 2 RE A7F 5.8~8.7X10° tons?] H
T7F =L L Ay T A = 25 ek A
galrel eHG7F fiEe] INPEoME thEAQl Bk
o SBFH(Lee et al., 2007). F-F3T viEE 11 gk, thz &)
ARl AMHA] Y FHe] i Aok A 9ael Hal Yn
o] PIEE Yol w3 glont F ddky ehlo 2 RE| B I
o glom, ehilo] YRRz 4L A o2 10 mo)iL, AL
o HojA] 2Rz 0.3~0.5m WLl EFet, QxB5L uf -
A 1Y 18)9] 9hz9} 7132 uie) Your] 9L W% g}
7 AME H|wd FYEr} ol ot Zaltfoll= dizF £t
o] Z wtdslo] glom S 9] 9 ey F9lElE gge] Qo)
S otk AzRE FHEH EFe] AN A6 YR8
$ET HiEo] EAsle] Yehs oz duiA ot

e
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| A D ABEAE AL 20059 5EHE
62 Atool Fofit TR Fgke] 27h) 571 AR Bk of
71 Acte) ek 23 37) RS o At 2k 2AL
AR AR F AT S 2 F) 9 ANFEHSE
== AR

A ol owx sxweto R F9lE F (water column)
] F--4=} 5718 (suspended particulate organic matter, POM)
< A oF Im AT olEFS 20LE A3ked 200 pme) T
BO2 FEEHAECY} 277 2 YAEE S AAT & 450°C
ol 4x7F 3t ] A EH)E GFF A 3A(R7Z 47 mm,
F 0.7 um)E o] 83l 78} 10% HCl 2~3%-2S 7}3)
CaCOsZ AABNL A S/HFE AFE § 2AA%s0] A
Alole]o] Baaisitt.
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7o) A WS 0.4 % 0.4 m WHTZ o)-g3fo] 27Hho|
AMe AR £og ARG T, 2ol SCUBA divings %
slo] W Ue) BE AES AP A4 AR F 209
Zatfollx] 2+ 33} 2319 Wk AfFste] F 15709 6719 Als
Z AR AR RF AEE G80F AR ofoliukA
of Yo Az $Hlsl, g EHo] &2 o|EAE AAS
STHTE AT T st F o7k 588, Akl Axst
3 2t 38 Ax FFE S 1w’ T AEHOE S
o} olgA AZxH AxFE AR FAE Hste] wAE
= FH|ECh

AMFHFFES S2F AT A 24 AFsEAY SCUBA
diving® &3l APt 22457, @45 U 54F AEe 3
ZF9 gAY RS B2 0.1 mme) Aol AZs 38}
R, AAFE, BAFTE, AT 59 HIAPE &=
A AR AP FEES oJFst EF sl s A
5 29 A3 J8ES 93] HldEtE S slo] sl Hot
RE HolE AABNGAIL, 242+ A s 7t F T #
7 5 iz, 42 W Ve ol B 5 AlAR A 2AAHA 2
SEAE A F& Zasl] 10% HClo) FA E<9t 223l
CaCOsg AASL A S/HFE AHS & FAdxs L, 2=
A2z Zopd mAe BuE FH|Edvh B v HIEHd
2 HIZE 7HE A RS AR Fo) ot & §93E R
O] 2.2 (Focken and Becker, 1998), TIF-2-2] AXFES2 24
E+ A methanol, chloroform 2 water(2:1:0.8) S54-& o]-&
slo] AWAE-S A A3 F(Blight and Dyer, 1959), =742 A
Hahal thA] sEE St

QB eIEL 2

AZ B9 AE 10~20 mgS tin capsuled] ¥ WE3sH, AHs
Y427 (Automated elemental analyzer, Furovector 3000 Series)ol]
Fsto] 121,030 °C)elM AaAIZ =), 5 hA F4E g
FEZIAZE dFMHeye o835t A4 F sk Co8
N, 7o) tiste] HAZ A4 AREN 7S F&E continuous
flow-through inlet system(isotope ratio mass spectrometer(CF-IRMS,
Micromass Isoprimeye ©|-83F] 49 A F9¢4 vE
A gglnt. FAHo A Azt FETo] 7= e dA
H] gk o3} -2 Aof| o3| ZA| EFE-d (Intertional standard
material)dl] i3t A152] 7 H] FF AAE FEE (%)= UERO]
8 7157 FHEIATH: 8X(%0) = [(Reampie/Rutancara) - 1] x 10°, 1714
X& BC 32 PNojH, R BC/2C 52 UN/ANHIE YERT) ©]
o) ARS-3E BFELL B4 79 PDB(PeeDee Belmnite)S} 2
28 A air N; & FARE 7|58 AHEITE A E4 oA
= TAEFEA] gl &% 1igkE 7= TIAEA CH-6(sucrose,
8°C =-10.4 = 0.2%0)%} IAEA-N1(ammonium sulfate, $'°N = +0.4
+0.2%0)2 EFEATSI] F431510H, peptone ureaE ©]&-
gk 208] o)) WHEA A Gol7l FHEl tigt FAXR= §°C
7F 0.2%0 233 §“N7F 0.3% ©]3He WERiSIT. F slxaet
Aol o] e} FHdA v|gt 59 BluE A 52 SPSS
software(Chicago, USAYE ©|-83}] HA] normality®} homogeneityS-
AL, rtests F31] Bl AR
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Zxl HHolRe| Sees =Y
=3l b Aol At |27 729 Desmarestia viridis,
Acrosorium yendoi 181 Plocamium telfairiae 352 HE

B AP Bl gix agh ek Z3hellMe & 208, 3 FEIE 9] AP EA YA BRG0P -33.9(20.8) ~-28.8
ofato] BT dliok Z7HME = 13%9] AEFY ARED (@3.9% HAR A3 F& FE BT} ol YRR 2uR)

Th(Table 1). U3 AA| W5 APs|FE 214 oo} A wE
oAH¢U, APE F I AP AL T3 sl o
A& FA vkt Bl st AelA ol BET AR 4
2 B WEFS 406.66(x126.22) g DW m2o2 Haj 271 A
el F 1570 BHTE NS AP A2 AU 501.36

EETE0| 7RXE ke ol | ghell SigEH, o] ZFAETH
o] F5oA FEEHE F71EEC] TES A% 72IYU¢doEA
71637} 23] wlujgt Ao g St B AtoA WA o]E9]
232 =olld AAF o)F 3% AT A7 §°C
e =3 ZsPolA] -20.6(x1.3) ~ -12.3(£3.9)%02) WAE BHF

(£325.94) g DW/mEt} thA B A EE-g- YRt o] & 3
ZF 7t F 2AF BRI A slRFe MR AdolskAl v
e, 3 25kl Ao E 2EF Undaria pinnatifidat
Sargassum horneri, =35 Prionitis cornea 3%5°] 80% ©]%-& 2}
A%t i @3 274 A AN 5Z2F Ulva pertusa®t B35
Sargassum thunbergii 2°50) A BEZF F 90%E =X 51
R

-16.6(2. %S B -18.5(1.5) ~-12.8%HAE 7= el =
el B -16.0@1.8)%e% FAFE ghs UERAITH -test,
F25=0.895, P=0.408). 0]9}= thxA o7 T FAPIF A Agst
2T AP TG4 vIGEIN)Y EXE T3 ZsholA
2.5(x1.1)~4.5% HAZ Fd 3.7(20.6)%0= UERN], 6.0~8.7%0
Mol o] 3l 27 Ht 7.6(20.9)%1 HISte] oF 4% AE W
2 218 Hth(r-test, F28=2.342 P<0.001).

Table 1. Mean 8'°C and §"°N values (1 SD), and biomasses of macroalgal species collected from the subtidal rocky bed of East Sea and the

intertidal of Gwangyang Bay during this study. ‘mean values for almost all the macroalgal species except for Desmarestia viridis, Acrosorium
yendoi and Plocamium telfairiae. ‘mean values for total macroalgal biomass of 6 and 15 replicate samples at the former and the latter stites

Subtidal (East Sea) Intertidal (Gwangyang Bay) Subtidal site Intertidal site
313C (%o) 8N (%) n 8C (%) 5"N (%o) n g DW/m? g DW/m?

Chlorophyta

Codium arabicum -12.3 (3.9) 3.8(1.5) 3 0.56 (0.25)

Ulva conglobata -16.7 3.7 1 -14.7 6.0 0.06 (0.06) 1.68 (6.51)

Ulva japonica -17.0 8.6 2.92(11.32)

Ulva pertusa -19.7 35 1 -14.0 (2.5) 7.6 (0.5) 11 0.08 (0.05)  247.03 (245.71)
Phaeophyta

Colppomenia sinuosa -12.6 (2.4) 4.1(0.8) 3 6.13 (2.81)

Desmarestia viridis -28.8 (1.9) 3.9(0.4) 4 6.44 (5.50)

Saccharina japonica -19.0 (1.1) 2.5(1.1) 2 1.13(0.19)

Myagropsis myagroides -15.4 (0.8) 2.5(0.8) 2 0.27 (0.38)

Sargassum horneri -20.6 (1.3) 4.1 (0.4) 2 59.00 (16.00)

Sargassum thunbergii -18.6 (1.2) 6.3(0.3) 7 209.53 (221.91)

Spatoglossum pacificum  -13.4 4.5 1 2.75(3.13)

Undaria pinnatifida -18.9 (0.6) 3.8(0.9) 2 -15.9 7.1 266.38 (96.38) 8.04 (31.15)
Rhodophyta

Acrosorium yendoi -31.4 (3.8) 2.7(0.3) 2 2.88 (0.94)

Carpopeltis affinis -14.2 8.7 0.88 (3.41)

Chondraacanthus teedii -16.2 (0.9) 8.0(0.7) 5 0.34 (1.16)

Chondracanthus tenellus -17.4 4.1 1 1.93 (0.39)

Chondrus ocellatus -16.7 8.5 0.26 (0.95)

Chondrus yendoi -14.3 8.0 1.92(7.17)

Condrus ocellatus -15.4 (1.3) 4.4 (0.7) 6 7.75 (4.94)

Gelidium amansii -15.6 4.5 1 -16.9 8.2 1.44 (0.75) 0.53 (2.04)

Glateloupia elliptica -15.7 (0.4) 3.8(0.4) 2 -17.9 (2.0) 7.7 (0.5) 2 0.05 (0.06) 6.56 (22.51)

Gloiosiphonia capillaris  -17.4 33 1 0.06 (0.05)

Lomentaria catenata -18.3 39 1 -18.5(1.5) 7.0 (0.1) 3 12.25 (7.31) 18.95 (53.49)

Plocamium telfairiae -33.9(0.8) 2.6 (0.6) 3 10.94 (5.31)

Prionitis cornea -16.2 (2.7) 3.6(04) 2 -12.8 7.4 26.50 (5.69) 2.70 (7.34)

Prionitis divaricata -18.3 3.9 1 0.09 (0.09)
mean -16.6 (2.4) 3.7 (0.6) -16.0 (1.8) 7.6 (0.9) 406.66 (126.22)'  501.36 (325.94)*
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Table 2. Mean 8%0°C and 8N values (+1 SD) of suspended
particulate organic matter (POM) at the East Sea and the Gwangyang
Bay coasts. data from Kang ef al. (2007)

3C (%o) 8PN (%o)
Coast of East Sea -22.1(1.3) 4.3(0.7)
Coast of Gwangyang Bay -20.7 (1.1) 5.0(1.1)

s THOR AUSE FRYARVIBE Tl HTE

Tt 7140 471250) £49

Hehe Uehdc}, Wepd £ 9

T e 22 A BAEE 518 9rere §
Qe 7129 AUA Fa4e B skl FHURH]
B9 QPTAAL VIS Sole] SETY Wght BAS 2

ol

- QK - it

H ¥ QThTable 2). T3l Z3kt) Ql2elA S8 BAAA71E
9 §°C E 8N B 47 B -22.1(£1.3)%0F 4.3(20.7)%e%
Pkt R FEE FRURTIEY B -20.7(:0.6)%0
3} 5.0(:0.6)%l B3} thi T §°C S 715 (t-test, F14=0.061,
P=0.018)3F ¥hH, 8N g2 F F-NA FARE gk& VeI
(r-test, F14=3.844, P=0278). 34, °|& F-iIA7]&EC] 714
= HEY A vigke S Flte] 9ol §VN Ftol slix
Fob FAKsIIAIE §5C gholl A Btk Alolell oF 5.5%0] xlolE
e, @l 2ol e 8UCek 8PN Hgke] BT #ix
Foll v)sto] 2z} oF 4.7%0% 2.6%0 = ot F-UAxEA T
25 F 719529 2Rt BELETS WAE =l F
B3] 2 Aol g 71531t

Table 3. Mean 3"°C and 3'"°N values (£1 SD) of benthic invertebrates collected at the subtidal rocky bed of East Sea. H, herbivore; S,
suspension feeder; D, deposit feeder/deteritvore; O, omnivore; P, predator; Sc, scavenger

Species Common name SBC (%o) 8PN (%o) n feeding guild Species index
Porifera
Aplysia kurodai Korean common sea hare -17.8 (1.3) 6.9(0.5) 2 H 1
Demospongia sp. Sponge -22.0(1.5) 8.0 (0.8) 2 S 2
Cnidaria
Acnthopleura japonica Rock anemone -18.0 8.6 o 3
Annelida
Lysidice collaris Eunicidae worm -16.9 94 1 P
Sabellastarte japonica Feather worm -19.1 74 1 S 5
Mollusca
Polyplacophora
Lepidozona albrechtii Albrecht’s chiton -16.9 7.3 1 (0] 6
Gastropoda
Cantharidus jessoensis Hokkaido jewel top -19.1 8.0 1 H 7
Mitrella bicincta Variegated dove shell -19.2 (4.9) 9.7(1.7) 2 Sc/P 8
Acmaea pallida Snowy limpet -15.1(0.7) 8.4(0.2) 2 H 9
Searlesia modesta Modest buccinum -17.8 (1.8) 8.1 (0.6) 2 P 10
Homalopoma nocturnum Nocturnal top shell -14.6 9.0 1 H 11
Cellana toreuma Common intertidal limpet -16.1 6.8 1 H 12
Bivalvia
Arca boucardi Kobelt’s ark shell -19.6 5.8 1 S 13
Artropoda
Pagurus sp. Hermit crab -18.2(0.4) 7.6 (0.1) 2 D 14
Ampbhipods (mixed) Gammaridian amphipod -19.0(1.2) 7.3(0.5) 2 D 15
Caprella sp. Skeleton shrimp -18.2 6.3 1 D 16
Hyastenus elongatus Longhorn decoration crab -17.4 7.2 1 H 17
Echinodermata
Stelloridea
Asterina pectinifera Bat seastar -18.4(0.2) 8.2(1.0) 2 o 18
Asterias amurensis North Pacific seastar -18.6 (1.1) 9.6 (0.9) 2 P 19
Echinodea
Strongylocentrotus nudus Globular sea urchin -18.4 (0.4) 8.7 (0.5) 3 H 20
Hemicentrotus pulcherrimus Korean common sea urchin -17.9(0.7) 9.4 (0.3) 3 H 21
Holothuroidea
Stichopus japonicus Japanese sea cucumber -17.8 (0.4) 9.1(1.6) 2 D 22
Cordata
Halocynthia roretzi -22.7 5.8 1 S 23
Styela clava -23.2(0.5) 7.0 (0.9) 2 S 24
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E9] §5C FS -19.2(+0.6) ~ -13.7(+0.1)%0S] HAZ Aol ¢l
o] o nT} thh B2 B¥HE Uehfglen, §N ko] ¥4
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B A7zl T A A2 RAURERS §°C 3
ok AEZHgTE] 7P A¥FAQ k& YEhlET(Goering
et al., 1990), IHIE gtol} FF=slellx AEZF =00 Hal
BuE gEAT FARE 3t RH(Tan er al,, 1991; Kang et
al., 2001, 2003). 0]} 2+ A= T AR AT F-HUxt
240 thet AEZHAES] 52 7|98 & ARB Fo AT
Z7)9] odai= thEA Fopteld 2 g 84 Fai)
Ho P75 F-8730] =& A0 F U] AAm|A|Z-F(benthic
diatoms -14.1%1.3%0)2} B2 (Zostera marina -11.5+1.3%0)2] 7|
o7} B A7ollA oA FA YRR & Aol ol #tk(Kang
et al.,, 2003). F FAPIEAA HAe FHUA=A Afele] fAL

Table 4. Mean 8'°C and 8N values (=1 SD) of benthic invertebrates collected at the intertidal rocky bed of Gwangyang Bay. H, herbivore; S,
suspension feeder; D, deposit feeder/deteritvore; O, omnivore; P, predator; Sc, scavenger

Species Common name 3BC (%o) 3N (%o) n feeding guild Species index
Cnidaria
Acnthopleura sp. Rock anemone -143 13.6 0 1
Annelida
Glycera chirori Blood worm -14.3 (1.2) 14.2(0.9) 3 P 2
Mollusca
Polyplacophora
Acanthochitona defilippi Defilipp’s needle chiton -14.3 (1.8) 10.5(0.4) 4 H 3
Gastropoda
Barbatia virescens Blood clam -15.4 (1.7) 10.3(0.2) 3 S 4
Chlorostoma argyrostoma sublaevis ~ Northern top shell -14.4 10.1 1 H 5
Chlorostoma turbinata Silver-mouthed monodont -15.0 (2.0) 11.0 (0.6) 3 H 6
Crepidula onyx Smoothed slippery shell -17.5(1.1) 9.1(1.1) 3 S 7
Lunella coronata coreensis Turban shell -14.7 (0.2) 10.7 (1.2) 3 H 8
Monodonta australis Southern monodont -14.2 (0.4) 10.5 (0.6) 2 H 9
Rapana venosa Purple whelk -14.3 (0.3) 13.5(1.3) 2 P 10
Thais clavigera Korean common dogwhelk  -16.0 12.1 1 P 11
Thais luteostoma Granulated dogwhelk -15.0(1.2) 13.1 (0.8) 5 P 12
Batillaria cumingii Cuming’s false cerith -13.7(0.1) 11.2(0.2) 3 D 13
Homalopoma sangarense Pea turban -15.0 (0.4) 10.1 (0.7) 2 H 14
Bivalvia
Crassostrea gigas Giant Pacific oyster -19.2 (0.6) 9.8 (1.4) 4 S 15
Mytilus edulis Blue mussel -18.3(0.7) 9.0 (0.6) 2 S 16
Rudlitapes philippinarum Manila clam -18.0 (0.4) 9.0 (0.2) 2 S 17
Artropoda
Pagurus sp. Hermit Crab -15.2 (0.3) 10.8 (0.6) 3 O 18
Portunus trituberculatus Swimming crab -14.0 12.2 1 P 19
Hemigrapsus penicillatus Japanese shore crab -15.0 10.9 1 O 20
Hemigrapsus sanguineus Red-banded shore crab -16.1 (0.7) 12.8 (0.7) 3 P 21
Balanus sp. Barnacle -17.8 (0.5) 10.3(0.2) 3 S 22
Gaetice depressus Flat shore crab -14.6 11.0 1 (0] 23
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Fig. 2. Dual isotope plots of mean 3"°C and §'°N vatues (1 SD) for
macroalgae, suspended particulate organic matter (POM) and consumers
collected at the subtidal rocky bed of East Sea (a) and at the inter-
tidal rocky bed of Gwangyang Bay (b). Species index on the figures
is represented in the Tables 3 and 4.

T 8PN 2 I ZAACE fUEE RIS e] B
EFIAEY o7t i AL AAEE), AAZ B el
UEht 85N 2R Frke] 9ja) Qgtol 9x/8 oA »ud
TFE ASEFIELE THE FRYAEAY 55N (T
+1.3%0)7% 2 YR (Kang et al., 2007b).

SEFA F3E, T 22z ARNY G BYel e g
919 PgE A vl gk BE = 2 27 9Ich(Kerby and Raven,
1985; Currin ef al., 1995). ¥ Q7oA Vet 71 53¢ 319 =
oz o] AMdE Z 18 Fti(Table 33 4). =27 AAE
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THMcClelland and Valiela, 1998; Cole ef al., 2004; Mutchler ef al.,
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o] IFl &3 om o5 F A BN EF U8 55
T2l vlate] tds] B §5C e BT o] AS2 FHY
7159 8°C #F FAlsl o)ge] £F2) FRdATIES
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