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ol <lgie] ) vilel o Al offt Aol ol8ske #7182l lale sl sisted dsls) yax
F, ANEAER, AEF, GANE, TRAMVIRAREIAE), $ANE@) 193 4719 4712 5 o

&t Fee] Tr7lg°ﬂ oigk gkax J% S99 ¥](87C) #ht ol AFA L] §UC gk Bl SIS Al el
A AR F 3152 oFEC] 7RE §C B —162~-83%2] S VERfo] 23](-8.3+1.9%0), F-HET(-124
£0.6%0), AP AT (=15.4+1.6%0) 1B I BZTH(—16.0£1.8%0)7F 71HA1= §°C Fholl Abdsl= H9S Yeligict.
T ARl o) FEAIo] A= §1°C Rh(-12.9+1.5%0) el kol AKE O FH(-17.3+0.8%0)%} 5%
AN ANFE AT (-23.241.6%0)°] 7HAI= whell BIste] FE18] 2 ghs Rich. weEba] H ZeAbellA] o]
71 88C A AoEL ZAPE aE 370 Uik o[l ok AR A7 AAAARlA feEst gkl
T GEskL ke 2l AlALeISITh

Stable carbon isotope analysis was used to investigate the autotrophic carbon sources supporting fisheries in
three coastal bay systems of the southern coast of Korea. Carbon isotope ratios (§"*C) of 31 fish species were
analysed and compared with those of a range of potential primary food sources [e.g., seagrass (Zostera marina),
seagrass epiphytes, benthic microalgae, macroalgae, marine particulate organic matter (marine POM), marsh
plant (Phragmites australis) and terrestrial POM]. 8"C values (range, —16.2~—8.3%o) of fishes from the coastal
embayment systems were overlapped with those of seagrass (—8.3+1.9%o), seagrass epiphytes (—12.4+0.6%o),
benthic microalgae (—15.4+1.6%0) and macroalgae (—16.0+£1.8%o). In addition, fishes (—12.9+1.5%0) from the
study area had distinctly higher 8*C values compared to those collected in offshore sites (—17.3+£0.8%o) of the
southern sea of Korea and Nakdong River (—23.2+1.6%o). This result indicates that carbon supporting fish com-
munities of these coastal bay systems is mainly derived from the local benthic producers.
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organic matter)®] P 7]oIE At FAEA L] YETF TS
FAS=d A2l 98-S SH(Currin et al., 1995; Riera et
Al AlgRtA 0w F 2 WolE LA Aol al, 1999; Kang et al., 2001, 2003). ©]€} 37 7ol sk 1
7FF =8 S Bol= AUA £ slueltk(Day ef al., 1981; @il Qo2 RE et or FHHE YUY HU1E
McLusky and Elliott, 2004). 1Fellx= 2 s a2, & (allochthonous organic matter)] EAljof] whE 345t Holw(food
g, 0 el st é}# therst AejAle] EAECl TE web)?] B o3t He A F RIS % Jete=
o T2 AU B 755 shedl tate] ol AEIAl 7 shke Xkl Fth(McLusky, 1989). 1eu o]2fgk AMEAlE
AoaEe =& At ost 4719 f7]E (autochthonous = o8], &k, &4 _"/.FJL W]} A ARjEle S E’\l Ce
«]%Cﬂﬂrﬂo ol wEt HES Hshe vkt IR
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5°C 4ol Sl sl gt e ol

szt QlojA] Adell AMAlshs FEES] FE)ed o
st JRE o] AUAIESY REY A& TEE S 7P 7]
B2¢] 37golg}l & 5= QJth(Pasquaud et al., 2007).

AMYENAIL] 714 (trophic base)$} Holg-& &5 771
=2 Ayx]e] sl tidt AR tekst {7152 AddEd
L7 A Z47Fe] AEre] 1 AYEAl dlellA 2] e 7}
5= Qe Z2Eu ARMENAIS] SEAL] dist o A=
ARl 7]l & Frlshs A2 HA Yt 53] o] 7] I
AAAR AT Ak UE=ol gk AP o851
L (Hyslop, 1980; Corts, 1997), ©] L o] F50] 4lo)et
9] Tl ool dist =319l ARYEE AlFd 4= QIS Wl
Yt offsol 2aliA o] gHE 719 f71El dist JRE A=
o2 = AT Michener and Schell, 1994; Vander Zanden and
Rasmussen, 1999 #32). 23} U85 #40] 7HX]&= olg} £
S Hekshr] flste] H2 A Hod Aol Qlo] 'Ry
A VEROREE AHSshe el afAo® o] gEo] gk
T(Fry and Sherr, 1984; Michener and Schell, 1994). 2Fg-5-91<
2 Bk o] 8-S WS T8 AAE TSk YA (atoms)©]
Z1E0] o]gst Hold] gxkEel fEsths Aol A=, o]
e AF Aell FEEel ate] A7k FF o] 8o YAl
F3hE Hole] F3HAR] 7|5 vEhlo] ek B olda 24
TS E3te] AnRpt o] 8shes fAV1E 719S F4skl
oA 8317 ©]8-4 4 tk(DeNiro and Epstein, 1978; Fry and
Sherr, 1984; Post, 2002).

A 0 7 A 52 7159] 3454 WA (e.g. Cs- versus Cy-plants)
o whe} §°C gtell zfolE vehdl=dl, A e 2 vd
(water turbulence)?} 10| WHE CO, &} Hglef| 23 752 CO,
of nlste] AEA] UellA "Crt v A== S Holn, F
2 B9 wd=el wpet A A ZF-(benthic algae)s T F-fr
dAEE (POM)E S = AeEd ol Hlgko] oF 7% 4=
=2 17k 7Bt (France, 1995a). ©]2} $H| B-Eof 2%k o]
9] Fslapgol ©hAo] '8 A I (fractionation effect)= 1%o ©]U]
& ol vlo} AxZRe} AEERE Aol §UCH Aol w=
=9 8°Cgk 2lolel] Ii= WidE|o] LR 5= SItH(McConnaughey
and McRoy, 1979; Peterson and Fry, 1987; France, 1995b; Deegan
and Garritt, 1997; Riera et al., 1999). ZAAZ 3, 37, G54 2
3ok AelA el o2& thekst A4 Hold ATE 1%t &
e FA7H S8 AYEENE o] HhHo| anjxlEe] o] %
= ©4¥(carbon source)ys 3=l 783 =) "o
Zo] = w o] 2ieK(Currin ef al., 1995; Michener and Schell, 1994;
Vander Zanden and Rasmussen, 1999; Finlay, 2001). 53+ ©]7-2]
3UCHE 22 shrollA A3t 2ol ol2= WA ofF I
AL o= o Hol AFee Hap 1 480 = gl
Th(Kwak and Zedler, 1997; Jennings et al., 1997; Davenport and
Bax, 2002).

Wl Aok kel \e 2 (Zostera marina bed), 7R (tidal
flat) 78] 313" (macroalgal bed) AENAIoA Q] =2 A4 7] %
WA AR FE o] S A 9 =2 1Y V1R
EEAE AE)S UEhe] bkt offell digh Fost B
Zo] d Z1o2 7|¥tH(Huh and Kwak, 1998, 1999; Cha and
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Park, 2001; Kang er al., 2001). Z12JL} o] s H vy, 4=
234 83 w37 5O w2 sk =EHo] Q). u)
2hA] 2 A o]l 22 Uinte] offF Hole] 38l V)5S
BFrrsh=d] QoA Folda #49 A8vbsdS B St
of =L whEhA] 2 AT IAHA FHL kst 7)Y
F71E7 o} 79] §°C 41E Sato] Hall Ak vk ofF ALt
of gk At AA 712 FoAE Bl Blo)H, o]F
FE] Aqke] olfuA AAHEE Hste] vheket AHEA 1
9] HaAS AASH= Floltt
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et 283 FgEt 5 371 Wiskel] tiste] oF x|
R R e ] e e R
Yo w Al th(Fig. 1). 7T Hallie @2ol
FerRty} ofFEThe Adshs RS Heku
AR FAE S Qlal AMEH(Zostera marina)
|27 (seagrass bed)o] WF AAlol] AXA] z7k) &)
B 74 ¢k 2.0 m Alolell AR 2AE o]FH TEE
Fal lth(Lee er al., 2005). ST Fol® 5& AT
sh, W& WERo R 73 A WEgeE FL Uvie s
AR g E o] Qltt. o] Hhel|xf= bl el A
Fole] =4 2F 5.0 mell o122 el AA Z marina bed
km?2] A o7 FeHA Fx3H v UiSele W
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AP ZZ7F 2 i E] o] Qlt(Kang et al., 2006). ‘B38ite] F
Fof A3k Fekike WA 230 km?Q] WHHAA o w 3
AR S S FEE ALEH dAFOoE 5 m PR
th AP e "t ARA 4 oF 1 mollA] 3 m Ak

TE FYHeE §579 =
W3t 5.8-8.7x10° tonsell ©]=m 7Fo] FahE ARl W &
(Phragmites austalis)2x3} 7 shFolle 2 AAMvAZF
A= ©F 15 pm Chl a-mg' dry sediment)S 7HA= Bl B
A (sand flats)o] & =] tekst 719 f7188 &
= 9gks 3la Qtk(Kang et al., 2001). 38 2z} Ywke] o
AFHe et 2319} Zatjel A vlud w2 s U

R Qlct.
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A mol g o 2 A AR =
(suspended particulate organic matter, POM) A S+= van Dorn
F715 olgstol 4l oF 1 m e o}ETS 20 LE Al5ate]
200 pme] O R FEEFAECY A7 RS A
Sk 5 450 °CollA] 4AIRF FRb mlE] B4l F=HIS GE/F oA
(A7 47 mm)E o]d3to] oJFegitt. POMS 38 oj a9
10% HCI 2~3 &2 718l CaCOss AASHL T SHTE Al
gt & sAIFsIe] AT HAAC[H o Baksigit), 2y
= 7 A NA dF(shoot)2F T (thizome)ys A tslod, ¢
Z= WETE o83t Aaiilar, 242 FoAR7E o &at

F(water column)L] 2]
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o] Qs Faxie v Y 29E AR &1 H,
o= FERAE ol falo] 2]l S Folule] HAERRE
LEleigint. FrlE el B xRE A dxste] uAEk
Al =

o572 AL AR A (modified otter trawl)yS ©]-§-351
3t 2 knotZ 15%7F Sllste] A aL, o] W it
M= A% 1E(SF 5.5 m length®] beach seine netyS ©]-8-5F
of ARt AFE Alue 9 Zaste] AR 2Rkl
a1, 9k A8 ol FulEh(Kim et al., 2005)%) 805
E2HKim er al., 2004)& ©]8-38to] 7Vt & FEEA] ERdto]
AL TodA A St ISEHE AUt A7k
A WF Bsgitt. Yk ow A AR w2 §UCHE 7HA
AEgo] whel 2 EPH3E B oY 2 (Focken and Becker, 1998).
oJF THAEE 547X F methanol¥} chloroform %! water
(2:1:0.8) E3telg o] gsto] AW dH-& A1718kal(Blight and Dyer,
1959), Ajzizsto] 23}t 4 A7 dixAolE el Bakst
Art.

34°55'N

Fig. 1. Map showing the sampling sta-
tions in Aenggang Bay (A), Dongdae
Bay (B) and Gwangyang Bay (C). H:
Zostera marina bed, @: mouth of the
bay mouth of the bay or bay channel.

OSSR BAM

Az W AlsE Aol 10-20 mge TEAIE 1~2 mgs
tin capsulecl] @1 W-535103, 2AlE-AA4F4] 7] (Automated elemental
analyzer, Eurovector 3000 Series)°ll =131 11-2(1,030 °C)ellA
AAIR =], T BAE A FeAZE EE(He)e ©
F3l9lth. A4 T WASHE CO, 7kl diste] HdE i
Z-27]E 43St continuous flow-through inlet system(Isotope
Ratio Mass Spectrometer, Isoprimew CF-IRMS, Micromass, UK)
< ol g3l B Eelda BlE B4 S8tk FA 719R7]
E7} ofF 5xF0] 7K A v 3 v 22
2o oJ3)] 1A %572 (International standard material)°l] T]3$k
Alze] 71 4] gk SIS HEE (%) RO § 752 wasIsit).

8X(%0) = [(Rampie/ Retandara) - 1] % 10°

o714 X C, R PC/C HIE JeRdth AN HEEES
PDB(PeeDee Belemnite)= FAIET 753 ARSIITE. AA| &
Ao FAEEEEl dell 2 Hlgks 7= IAEA CH-6
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(sucrose, 8"°C =-10.4£02%0)> Er=dZslo] B30,
ureas ©]-8-8t 203] ool WA A dol7l FhEel digt &
FHARE 0.1%0 ©laks YERSIh #F5e] SAAEE sk
SPSS software(Chicago, USA)E ©]-83to] WA A o772
85C gl tialA normality®} homogeneity 7782 AAlskal g+
(bay)Atolell 18] 2947 Wl (&S =) ok FHTE A
0]9] §"C # xlo1E Z+7ZF one-way ANOVAS} student t-tests 5
sto] AFERlct

il = ol

Zn g o
7|2 B3RS AT o A VRV EES 7
Zto] i 4= oli= Fr5lo] TR §°C 4k YFERQITH(Table 1).
AWM NZ marina)] 8°C F2 Hd —8.3(£1.9, 1SD)%e= Al
ZIAR71E F P 2 3k T, £ 2AbIA 92 A
o] §8C Fh2 st FHseelA o]l R FhEe] ¥
ol 3dstIth(Kang et al., 2001; Kharlamenko et al., 2001).
A Al QA F-22F (epiphytes)e] 8"°C g it -12.4
(£0.6)%% 7N FEHoM F2 F2FE FAEE AMuAEF
(benthic microalgae)?] gk —14.5(1.6)%02F A3 7S B
= o]59] §°C # A 71471E F AMYE e ® =
2 Zkell sl th(Kang et al., 2001). =3k o] 5 Alo]9] §°C 7k
o] FAMIE A A FAxRF Al AXu|AzEFRe}
ARHA 2 FERE TE vk Hell o3 249 4 3l
WH(Jung, 2003). ©o]2h= thzz o= euted o] Hoq AfF et 4=
= F-UAH7 15 (marine POM) F1F —21.1(£1.1)%02] 8"°C %t
< YeRgISET, o] gk sllof AEEHIE] /X dEAA
Holof sjFelo] AEZH =] WO FUHE FHUAHT
29 2 74 4= AS AT Goering et al., 1990; Tan
et al., 1991). TF3]7¢} Rkl e] 2 oA AFH st -7 &2
8°C Fh2 Fuiuke] -17.8(£1.4)%00A] 33ekke] 20.6(+0.8)%0 A}
olo] ke Ho] Ty JAe} FAERF 183 AXERF T A
AAREEO] 7R kel vlste] W ghs UERIAIR, 9]k
S FHE fREE ARRTIES] §Pc] vlEte] tha =& o]
St} o]} 2 iy F-HAR7 152 §RCHE s vkt 7]
o] f71ES] EFAE YR ZE AAL Fk
Aol 7] S S| FF(macroalgae)d] §°C
it -16.0(1.8)%0= K150 F-FUAT7]Eol H]ste] ¢1x13]
= 8°5C 7 7RItk S &€ Uth(Kang et al., 2007). A
= Ao} 710 AXM T §UC A A Rl AREe A

Table 1. Mean §"C values (£1 SD) of potential organic matter sources in
the southern coastal embayment systems in Korea

3BC (%o) n
Terrestrial POM -26.0 (0.8) 6
Phragmites australis -27.8(0.5)
Marine POM -21.1(1.1) 10
Macroalgae -16.0 (1.8) 36
Benthic microalgae —14.5(1.6) 8
Epiphytes of Zostera marina —-12.4 (0.6) 8

Zostera marina

~8.3(1.9)
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TaGollA 2] TGRS} A AR} Afolell §8C ghe] ot oF
5%o O1delA] 2F 13%0°] 012 FElg 2ol 2 Yehfle] ot
Ao e 3297 A AR Afo] 2] §1C gt Aol Al
A2l T <]t dYelM T 2 #HaE| o] 9=t France(2005a)>
ole} Ze o7 ¥l 2% I T, 7|2 8a T
’d T oheFst 2o o5l A= 5 XN, B2 A4 (viscosity)
of 711t AN E Fe] AAE A olof e Co, Z=
HCO; #A1H8-9] A|gto] A ZQl agloleh= A& A st 1
T LS ool Ay Fust AEES ulg O FYo] At
ol M7} AEEFAE 1St oF 5% w2 §°C #e
7RIt As Aeste] 2 A Ade) & dAshE A4S 2
Stk A ARAE Fote] AFEld o fdEe ST
71 & (terrestrial POM)> —26.0(=0.8)%0 12| 1 3t $45 343
= AP australisye —27.8(x0.5)%02) “H+t 8°C 7h& 714 8
2] Akl vlste] tds] v §UC ghs 7HE BloE B
15 o] gtk(Kang et al., 2001, 2003).

ZAPE S8 370 gk sl o] A o7l tisiAl 57
¥ §1C 7] W= 3R —15.5 ~ —11.4%o0, Ht: —13.4%0,
n=19), SHTCHS]: —15.2 ~ —11.5%o0, H1t: —12.8%0, n=9) 1] 1L
SFFT(EY): —16.2 ~ —8.3%0, BTF: —12.7%0, n=29) Alo]o]l F3
3 Aol 7h YERUA] 9ESHtHOne-way ANOVA, F, 5,=1.683,
p=0.196)(Table 2; Fig. 2). o]} o] F HL9} 7k At
81C 7k ¥ AP F3E 370 Uwtedol] Aaleh= oF 73
2 AR 7199 f71ES olgdits AE F AR Fk
HhE v 2] HS): —16.2 ~ —8.3%0, AT —12.4%0, n=28)Y}
TRITE2 =2) Z5H A (8 : -15.5 ~ —10.4%o, 337t —13.5%o,
n=29y54 AP oJFE2] §°C gk Alololl= F23h x}o] (5=
2.920, p=0.005)y5 HERo] Za] A2=]eA Q¥ o]Fso] v
AT QI = ZstjeolA AE ofFEel vlste] =2 Fh
7= Fe® yERgit), Z1eu Za)del A AR AR HEY
Ao R & §5C Fh T T A R Zshl9] ofF
el vlsto] 23] JAg F2z2F 719 f7182] 7107t 29
ellA B ks 218 vl SR, 1.1%000 B33
AAHZE AL Apoli= 7 A AA BEAellA] o] fEo] o] 8t
£ Hol71d 718l tidt & 5°C ke 7= ALY
7197F Eohs AE 7RIz

S B AP S Ak uinkedoll A AdE AA) o Frd
o] 7FA= 8BC ZH(HH: —16.2 ~ —8.3%o, B —12.9%0, n=57)
el 9]oke] HietAd A A= (EEZ)olA MRS ol F Aol &4
 §C gke] MRS —19.3 ~—15.7%0, B3t —17.3%0, n=26;
7 5, v Amyeks ALY FHEA ¢al AR o FEelA
9]oFe] o) FEo] Hlgto] AthHoR 2 §°C TR 4.4%0)
& 7= Ao UERITHFIg. 2). EE B oA AEE AA
A= AR sk Ao SV A d =l gk 77
ES o|g3e ofREMETH T AR 5= A5 T
ol AE o F T 8°C WY —27.5 ~ —20.5%0, BTt : —23.2%o,
n=19, 7 &, WL Am)el vlste] AbeellA A o F 7
HellA G5 52 8°C AT 10.3%0)s BT 1 ZAtelA
UeRd A8 o] /fE0] 7FA= §7C 3k Table 1614 71
71 mlke} Zo] 1E50] AMAshe Sl 9-heHs AErte] §1C
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Table 2. Mean §"C values (+1 SD) of fishes collected at the Z. marina bed and the mouth of the bay (or the bay channel) of Aenggang, Dongdae and

Gwangyang Bay, respectively

Aenggang Bay Dongdae Bay Gwangyang Bay
Z. marinabed Mouth ofthe bay  Z marinabed  Mouth of the bay  Z marina bed Bay channel

Acanthogobius flavimanus -13.3
Agrammus agrammus -8.3
Amblychaeturichthys hexanema -14.0
Apogon lineatus -14.6
Argyrosomus argentatus -13.6 (0.3)
Chaeturichthys hexanema -12.6 -12.4
Conger myriaster -13.1 -11.8 -10.4 -12.9
Cynoglossidae unid. -13.4
Cynoglossus abbreviatus -13.9 -13.3
Ditrema temmincki -12.3 -11.5 -9.9
Hexagrammos otakii -12.4 -10.5 -12.7
Hypodytes rubripinnis -13.2
Johnius grypotus —-13.5 —-13.1(0.1)
Lateolabrax sp. -12.7
Leiognathus nuchalis -13.1 —-13.4 (0.1) -13.0 -12.8
Liparis tanakai —-13.5 -13.6
Mugilcephalus -9.7
Pampus argenteus -14.9 (0.1)
Pholis nebulosa —11.4 (0.1) -14.8 (1.0) -13.5 -11.8 (0.2) -12.4 -13.4
Platycephalus indicus -13.9
Pleuronectes yokohamae -12.6
Pleuronichthys sp. -15.2
Pseudaesopia japonica -11.9
Pseudoblennius cottoides -13.3 -11.8 -11.1(0.2)
Sebastes inermis -15.2 —-14.6 (0.6)
Sebastes schlegeli -15.2
Sillago sihama -12.6
Syngnathus schlegeli -13.9 -13.3
Takifugu niphobles -11.8 -11.8
Thryssa kammalensis —-14.5
Zoarces gilli -16.2 -13.6
fe & kdshs Selolt. 5 SRR AlelA ol Aol ZHAl elxlE AR St Oﬂiﬂ AZolut sl S8lo] fjlEe
T o B2 8UC #t BE= AR W2 8°C gk Bole ot SV 718 Qe A R St Adellr] =3
HAAI S 7S ES AR She i 219k AR FelE eItk 2E nelth B 24P} 9 det
ol Al e Y ATTYAE ANe] oJESIR, olohs AL Wl E e 5UC g Roli Auigh e AL
BN R 52 8VC gk 7w A9 ol e 150 SV f71E9] V1ol shdell MAshs ofRel diaide 1
FFIARA 153 FARBH 2 8°C ks Bole At A FaAo] &2 vk oao&ou ol o)l thair= Al viet
MRS FNIAE sl Slvks A 2 vehde] LA ookt Begh AaEaEE A} el vk el 9

AR EQYARG} AN 72t JPIAG TR Qe E 8 el A9 g ag; FeE= 2leped ol ulstel

qulogat AxEolRe T FEES] AFEE Al
8BC e 2pol7t & dEE o] YrhH(Deegan and Garritt, 1997;
Jennings et al., 1997; Davenport and Bax, 2002; Loc’h and Hily,
2005). 53] £ ZAlelA] ket ko) AR Ao whe qler
AR Holdol et WHESU% AT AHSE Qdeke] B
§UC ZHS A= BRSO 7% oJopgl 0 4 A ZRL; Bakz
Treh 22 ALY Fe/dE # yehde] FtK(Currin er al.,
1995; Deegan and Garritt, 1997; Riera et al., 1999). ©]&2] g+

ALl elA] AFE olFEe] 7HE =& 8°C gk 19k
ol AAkell A ABAERLS] JoFetd Fo/dE & UERo] Fut
SIS AMYEN A Holrge] JFAZH IR AI s
- e A 0] AAu AT Bake] FoAL S8l AL
Rk, oz, S g8 3 GE she] AxEEeL of el
o5k 2ol olu] B ¥ 1l QItk(Kang ef al., 2001, 2003, 2007,
2008; Choy et al., 2008). Wel EFAF A2} s OWPJ il

T ATERTE APEA Holge] sadows Ty six
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Fig. 2. Plots of 8"C values of organic matter sources in the study
areas (A), and frequency distributions of 8"°C for fish (Black bar
segment: Z. marina bed) in Aenggang Bay (B), Dongdae Bay (C),
Gwangyang Bay (D), and Nakdong River and offshore sites of the
southern sea of Korea (E, Kang et al., unpubl. data). BMA repre-
sents benthic microalgae and P. australis indicates marsh plant Phrag-
mites australis.
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