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2008 4ol 2009 198 Alelo] Zlswtk vty <] 442 AeiE AWsl7] $181o1 20 pm o) (coarse particulate
organic matter, CPOM) 72]1. 0.7 um ©]’¢ 20 pm ©]3k(fine POM)2] 717} Yol Z42}ke] B{-dx5-7]1 &3
wEge] gk §°C 7 8N #te] €8 WiES Bl EAS3ITE CPOMIF FPOME] §°C Y §"NS ¥ H|wst
A3} AAA 2 CPOMET —18.5+1.2%0, 9.340.7%0)°] FPOMCETE —20.5+1.5%0, 8.4+0.5%0)°) Bl &-2JakA =
< s ERISITE w9 e §BCT 8N Ak ZH2F it —18.9(1.7)%0 11.6(20.7)%0 WER=H, ole} &2
H|ZHES CPOM HEutb= FPOMSE €W WF} Hlsst H3S Kol o]F0] CPOMe| HIdte] At o2 FPOMe
O 5 4 gEEE 7RItk AS Al Akl eItk 2oy mjuy €] wold o =4 CPOM¥ FPOME] 7
Al F A8 Ao w2+ @49 784 (availability)el]l FAl &EskR= Ao g Yehtsd), o)9) 22 Ay=
AL Ao #AIgle] mE Yol oJgh n] e A Wol A4a)g 2 widshs & ilnh. i A7 Ak v
gy o] #&2AQ1 kS FX1817] Y8l 71 Hold o 2A AEEHYIEY I vh FRIATIEY 89S

mejsforEe 2 ek 3k

To examine the trophic ecology of the ascidian Styela clava in an aquaculture system of Korea, stable carbon
and nitrogen isotopes were analyzed monthly in S. clava, coarse (>20 um, CPOM) and fine particulate organic
matters (0.7<<20 um, FPOM). CPOM (means: —18.5£1.2%o, 9.3+0.7%o) were significantly higher "°C and 5"°N
values than those (-20.5£1.5%o, 8.420.5%0) of FPOM. S. clava had mean §"°C and 8"°N values of —18.9(x1.7)%o
and 11.6(x0.7)%o, respectively. S. clava were more similar to seasonal variations in §"°C and "N values of
FPOM than those of CPOM, suggesting that they rely largely on the FPOM as a dietary source. In addition, our
results displayed that the relative importance between CPOM and FPOM as dietary source for the ascidians can
be changed according to the availability of each component in ambient environment, probably reflecting their
feeding plasticity due to non-selective feeding irrespective of particle size. Finally, our results suggest that
dynamics of pico- and nano-size plankton (i.e., FPOM) as an available nutritional source to S. clava should be
effectively assessed to maintain and manage their sustainable aquaculture production.
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ST RHB A, ascidian)?] P|CIY (Styela clavaye HIEARA F-
2d Ff-& 432 Ak (suspension feeder)ZA] H5 ESE ol 4] H-E]
5 18a Eubte] Uz A A AAF R Bt
SITHDavis and Davis, 2008; Kang et al., 2011). #]t{ 52 t-&
e AL Folut TR S FAEEH 33 9 Ho]
ARAE 4oyl A= 2 44 U vH(Thompson and
Macnair, 2004; Bourque et al,. 2007). 7184 S-2lUzllM = &
ol 3 oz Qlal] eF7kel Al 1990l SREFE] Hal
o] WES FHo= kA o7 WSl FAYERA 1)
Hy 2] AR 2001990 oF 15,0005714] S716153.ou, o
Fojarel Fofje] A= o= Qe o]F kAl fHaste] 2012
o= ok 2 5008 7k4] 24314 EQICHMIFAFF, 2012; Kang ef dl.,
2011). AE5F vE g AR e WAk 239 S8 3} 7390
o3t AAE @do] FEFE 71K FoE B o, ek
Alel whsiir= g=siAl Beixl Bz QICHMIFAFF, 2011; Park
et al., 2012).

FABEC] AHARD oG NS SlBiAE Fae] wo]
S} A= A AEsra 5ol tigh R AgAo]
t}h. Bourque er al.(2007)= 742 A 3 9l8l Bo]
AR )2} A EEA vt Y] AT e} 271/ #
5 A= 38T}, Jiang ef al.(2008a, by A2 TS E3)
2529} o Wiste] whE wH Y e ARAAR TS AXlelGlaL, &
5 waslel] whE muy e ofufx] oJst WE-S ekl 16-20 °C
oA wtgo] 7k & Adeh= Ale Btk wulelM= XEwt
vHEE e s G821 A FEE Sl A 7IRE B¢t
o o]Z29] oA ostat A<l Astet 2Ae] Ad WES 1)
ofsh= A7t Mawo] o] w2 7RSI A&L 713to] Ak
e Fols 7 AR 2 A1)l Ze Bhlth(Kang er al.,
2011). Z1eu wle o] AejAle] viAl= dd} FAAEEA
FQ0% B8k nuy 9] Holdn) wol g2 ool tigk A
T 79 o] FoxInprt glnt.

A 729} 715 olalishzdl el T AAEjAlel A4
= 5552 Y714 (trophic base)ell tigh FHi= o] A<
HER AEA1 A2 E A3 7P 71221 Fgole) & 5 gl
TH(Pasquaud et al., 2007). 12} AMUEAlE Tkt 71E &
wlo] EAEH] witell SEAAR] gt o AL A
ARl 71015 H7kehs A fA] vk ey 2 s dEiAlel
A FawEo] o)gehs WY Hlold Aol Qlo] FAAE
A B 9 AP 9194 )81, 8PNk ARESE W]
a0 o] g¥rh= Zlo] {15 H o] $ItH(Fry and Sherr, 1984;
Michener and Schell, 1994; Kang ef al., 2003; Kang et al., 2009). F
s vFEE o) g5 e TE AAE T8 AR
(atoms)©] “IE0] o] &3k Hole] AfFol Fghh= Ao <A
shzdl, o] 32 A Aol FEE0N dste] 44717t 53t o] &
wof Aol s3hE Hole] FAARl BA 715S vEho] 'R
9 AR el 24 BAS Este] ARt o] 88k
7= 719s FA8k=t QoA f-83Hl o8 <+ Sth(Fry and
Sherr, 1984; Peterson and Fry, 1987; Post, 2002).
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A muyY el WA Ee] Al ZEnke] k4
Y& e s MdsdasE olgate] vtiye] o U
AR F7ksb] flste] FRE I ol & flete] wivY &
217] B2t wig A Hold o2 A 20 umE 7IFEOE A7]0l uf
2} ] (size-fraction) gt - ) A 7] & (suspended particulate
organic matter, POM)¥} #|H{¥ 2] §C} §°N 415k o5 4t
= BlugkozA] o2 moiye] thgh A et HolHA N E
gkl A )

>

WELET

047151

B ATE 98t dAF2AL 9 AR A 2008 420l4 2000
1€ Apolel el FH-o X3 2 u vyy FA (358N,
128°3'E)y& o= AAISHIth(Fig. 1). Ak T sls
sh =Y ©3] SoZ gl ojujuRel niey e 9ds
= Flehs 3tew A A Qlok denke] klojgdisid
T 27431013, o]FellA] 81x1o] mt Y eF2lojgdo] xA|skar Q)
hH(Park et al., 2012). A SE A Q)sh XFRE #l 2] & w4
2 ©F 4600 hao]al, o]FlA oF 300 hai= "|EY A0 74
o] g%l th(Park er al., 2012). 915l HIHEE ZZzabgz} Hixt
2 ] Ao vy A AE Aol FFtstal glokal B
1% B} QTHKim ef al., 2001; Kim and Kim, 2003). X%+ &
A H 42 oF 8.8 mo| FAR= HFIFZ (semidiurnal)Z U]
Z(spring tide)*] ZXR= 2.0 mo]T}.

Az HE R =M Fd|

A o]l © A S5 (water column)He] IR [ Al
van Domn 5715 ]88t =4 oF 1 m H&=9] of#Z=F 60 L
oPda Asle] 200 pme] FHO R FEEHAEeM A77F 2
A S AAT 5, Al 20 pm G0l FAIA 20 pm o1
micro-phytoplankton® 2 2 4% coarse POM(CPOM)= XX
Aepadet. o1F- 20 pm el i3} # SFE 450 °CollA] 4rIZE
<k wlE EB9A E81%E GFF ZEIA (= 0.7 um)E ©]8-310
ThA] o4 2F51] pico?} nano-plankton© 2 A3 fine POM(FPOM)S
S e du Ao I 2] POME: §4kPd-s
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Fig. 1. Map showing the sampling station (%) in Jindong Bay, Korea.



304 T35 - udEA
¥4 495 818 IN HCI 2~3 ¥-e-2 7181 57|84 (inorganic
carbonate)E A|ASIIL TA] SHR AHS & FA7EsI] &
AR HAAloTE ol Batst3iTt.

MY Eda 48 s F3FE A AAdA 74 1~5 m
AfolelA] Fratekal Rl mue S Aol A5 AR s7iA
oS AFEIITE AAE Algs W Hksto] A at
S, SRk A= P EReA BAE flste] SARSE
Aol W Baeigith. WEE AlEs —70°C olstellA] 54
Azxskal B3k F 4 A7 vrAlolE o] Batsigict

o — —_
) Hol Yo AL FE|R|o)] 4% FPOM AE+= tin diskell
=

5~10 mgS tin capsuleol] 551911, FEAIQ UKy Alg+= o
Az}t T 1~2 mgs tin capsuledl] 2L H-ESICH WaEE AR

=0

=2 U4-72497] (Automated elemental analyzer, Eurovector 3000
Series)oll T8I0 121,030 °C)ellA A IH =), olw) QH%F
e F4E 9% AR EEHeS o83kttt d4x
HHABHE CO, 7h2el diste] M5 dad=sr i v g Aakst
continuous flow-through inlet system(Isotope Ratio Mass Spectrometer,
Isoprime CF-IRMS, Micromass, UK)& ©]-835}o] B4 W 249
AEdda vE B4 sielvh. A Hold} vjg Yol 71A= b
Aedda v gk v 22 Ao g HA4 2EEd
(International standard material)oll Tgt A|5.2] 1 W] gk W&
AR (%)= HERO] § 7]5 % EABATH §X(%0) = [(Rample/
Ryangara)-11¥10%, 91714 Xi= BC = BN, RS BC/PC T 5NN
HIES vebdich, ARSSE Bhaebds9lea #7542 PDB(PeeDee
Belemnite)?, 0859 A4 TFEAL air N2 A %S 7]
o ARSI AA 24 AE B flEiA sAA o R
1% IAEA CH-6(sucrose, 8°C = —10.4+0.2%0) “12]1. IAEA-
N1(ammonium sulfate, §°N = +0.4+0.2%o)= reference material= ©]
L3P} A2 AUAES A3l ureaE 0185 208] o] HHE
oA Do ghsel tish BFAAE §°CS 0.1% 18]l
8N 0.2%0 oleks WERIITE. s QPdEsl e 24 Age

. '&Ao:l'l_" .

2] &

o it

AL

SPSS software(Chicago, USA)E ©]-83}9] 11d (normality)2} -
Ake] FA7d (homogeneity) 7S AAIBIATE F-FAAM71E-2]
=71(CPOMZ} FPOM)ell wh2 §°CH} §5N 7k 2429] 2|5 <+
ol 7] 913l paired t-testE &3t Bl A3 TE CPOMIY
FPOM 18] mldY 9] §°CH} 8N ¢k 721712 € W Jv e
rolr 7] £13l W F A5 (coefficient variation, CV = ¥E-H X}~

THR)E o83k

OoLL

2o oF
AUXIR7 22| QY SRIHA =Y

2008 4€ellA 20094 1€ Atole] zlswt YAHTIES '
4 AP E 91 ea nigke] €9%-S Table 16 YERAQICE =
7)ol w2} 2% CPOMZ} FPOMS] ¢HgF 994 ngks 9
2 vlwsh 2y}, §8C 2 §8N gk BT 2l 2jolE B3tk (paired
ttest, p=0.001). CPOMT} FPOM 2] §8C 3k ZH2}F —20.5(x0.7) ~
~16.9(+0.3)%0 I 1L —23.4(x0.1) ~ —18.9(+0.3)%02] HSZ L}e}
o] AA2 o2 CcPOMo] FPOMe] HIgl 281 & 3s K
STH(Fig. 2). CPOM2] 8N 3k 8.2(£0.2) ~ 10.1(x0.7)%02] HHAE
YERYO] 7.1(20.3) ~ 9.5(0.5)%0 WS 7F4i= FPOM Kt} &2
e Bk U215 m7)ol w994 vk 2b
o= thre] FlFEEAl dARER ATtellr] BarE]o] $Itk(Gearing
et al., 1984; Rau ef al., 1990; Rolff, 2000; Sato ef al., 2006). Z1&] 1
Sht e o] B A= CPOMI} FPOMO] §1°C 4 §°N
s 9H=E Y 49 F 3k EF CPOM©| FPOM Xt} oF
2 ~3%0 AT = et 2 A2 Arfe} & AX|8IITHKang ef
al., 2009). ©]9} -8 x}o]= CPOMY} FPOME TAeH= Z3H3
£ Fx7d Afolel g8l AW 4= =, 1 (diatom)E &
T/d% CPOM®] nano-plankton® = o501 FPOMeI| B3| §C
#tol Tl E=th= 218 o)z 9) dqsell B = AchRolff, 2000;
Sato et al., 2006; Kang et al., 2009). Rau et al.(19905= CPOMe1| H]
3l FPOM©] W2 §C #k& Hol= 12 pico-size?] WlE|2]o} =
prymnesiophytes’} 71018 = Qlth= A& AAEISATE. 6N #F &=
shatdos 22 F7]9] QIERe] e 8PN aks 7HE Ao®

Table 1. Monthly mean §"°C and §"°N values (£1 SD, %o) of suspended particulate organic matters (POM) and Styela clcava in the sampling
site from April 2008 to January 2009. CPOM, coarse POM, 20 to 200 pm; FPOM, fine POM, <20 pm

CPOM FPOM Styela clava

sC 8N n 8"C 3N n 3hC SN n

2008
April -20.5 (0.6) 8.8 (0.4) 2 -21.4 (0.6) 7.1(0.3) 2 -20.7 (0.2) 11.0 (0.5) 4
May -18.2 (0.7) 8.2(0.2) 3 -20.9 (0.6) 7.7 (0.6) 3 —-20.0 (0.5) 11.3 (0.1) 4
June —-18.9(0.2) 9.1(0.3) 4 —19.6 (0.7) 7.6 (0.3) 4 —-18.7 (0.3) 11.9 (0.4) 4
July -19.2 (0.4) 9.8(0.3) 4 -20.1(0.2) 9.5(0.5) 4 —18.8 (0.6) 12.9 (0.7) 3
August —17.6 (0.5) 9.6 (0.8) 3 —18.9 (0.3) 9.2 (0.6) 3 —-18.5(0.7) 12.0 (0.1) 3
September -17.4(0.4) 8.9 (0.6) 3 —19.0 (0.3) 8.4(0.8) 3 -16.4 (0.3) 12.3 (0.1) 4
October -16.9 (0.3) 10.1 (0.7) 4 —19.0 (0.5) 9.2(0.7) 4 -15.8 (0.3) 11.8 (0.4) 4
November —17.0 (0.6) 10.4 (0.5) 4 -20.5(0.2) 8.9 (0.5) 4 -19.1 (0.2) 11.0 (0.2) 4
December —-18.1(0.4) 9.7 (0.5) 3 -22.2(0.3) 7.8 (0.6) 3 -20.6 (0.3) 10.5 (0.1) 4

2009
January -20.1 (0.6) 8.6 (0.2) 4 -23.4(0.1) 8.3(0.4) 4 -20.6 (0.2) 11.0 (0.1) 4
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Fig. 2. Monthly mean §"°C and §"N values (£1 SD) of suspended
particulate organic matters (POM) in the sampling site from April
2008 to January 2009. CPOM, coarse POM, 20 to 200 um; FPOM,
fine POM, < 20 um; CV, coefficient of variation.

B 15 tH(Rau ef al., 1990; Sato et al., 2006). Minagawa and
Wada(1986)= 5-a-=3llox] =3t cyanobacteria”} #7glIA] 95 pm
WE0 7 A3 pPOMe BIBI] 85N Aol 2~4%0 F% W= S
kil

4 CPOM¥} FPOMO] MY &9l ¢4 v] ghe w4k 47
CPOM(CV=6.8 for 8"*C, CV=7.0 for §"°N)°] ®|&}*] FPOM(CV
=7.4 for §°C, CV=9.8 for §"°N)2] W&Zo] Atjz o7 =gkt}
(Fig. 2). &3] AEZFIEY 22 dApPAES H3bst 2t
oA 52l vigte] WMES = Sltk(Sato et al., 2006;
Kang et al., 2003). ‘238l 53 <19t =73 cPOM=F FPOMS] 2
1 oPgE gt Ao N g £ o] Axle} u)
228 S B o §°C 7k W Z FPOMel| H]sle] CPOMS)
g9 HEZo] 37 el thKang ef al., 2009). ©]2} 22 §Ce
N WF e dled7te] zjolsg}l € WF2 2%, pCO,9t J54
FE, AEEYIE AR U 454 v, AEEYIEY %
A 83 2S5 05T AEZaES] B4 ut
E thekst gl oJ3)] 3RS wh= 3o % HuHSITH(Cifuentes
et al., 1988; France, 1995; Fry, 1996).

B ATt A 811 CPOM(-18.4+1.2%0)% FPOM(—20.5+1.5%0)°
Hol= §8C gk sl A EEFAEC] 7= AF A Hel
s, shkw Agtolu FE sl Ak BETE vl
A3 Th(Fry and Sherr, 1984; Tan et al., 1991; Kang et al.,
2003, 2009). ZAPIF F & F-HAAT1E(SPM)Y 71902
A POM) L9} =2 a(chlorophyll 0)8] €'H W3l= 338k
AFdARQ Wg-& HolX| k=T (Fig. 3, Kang e al., 2011), 0|9} ¥
#sfo] o] 29| Fulr|7|o| % SPMT}F POM 557} 4] ¢ A
& AFHrew Ahgold kel o A7 e il 9
o] 4] dth= 218 ARAEIETE ZAVIRE T FRdAMT 152
7€ A2 (POC/PN) H]E= 8.0~9.32] WS Bt (Kang et

Gl ME Rk ok mey el Hold Hr} 305
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Fig. 3. Monthly variations of suspended particulate matter (SPM),
suspended particulate organic matter (POM), and chlorophyll a (chl
a) in the water column at the sampling site from April 2008 to Jan-
uary 2009 (data source: Kang et al., 2011).

o]

al., 2011), ©]9} & W= ) A=EHTES] AF 4RI Fhol
I3l ch(Kang et al., 2009). BFd) F7]€k4/ =2 (POC/chl
a) & 148~17052] W& YR =t(Kang ef al., 2011), ©] Fko]
200 oo ® HE Y AR IES TRl Aolle
AEZHIE Bk {71301 E(detritus)2] E=A7F Atk 21e
NALsETH(Cifuentes et al., 1988). 0|23 AW5-E X=rh

TR =] theFst 719 f7]ES] £3A] ks AEE
AE2] 571314 (phytodetritus)©] F2 74 2ath= A&

Yebith(Kang er al., 2009).

1t

my off

OC=e| QY SIdA: =Y

ZAPIZE F vy §8CT 8N 32 2H2F —20.5(20.2) ~ —15.8
(#0.3)%0 I I 10.5(x0.1) ~ 12.9(20.7)%02] M S B 11, AA)|
HHS —18.9(+1.7)%0 7 11.6(x0.7)%0 % LFEFSTH Table 1). §"°C
FHCV =9.0)0l] H]3}] 5N ZHCV = 6.3)9] € Wigo] A=
LUTHFig. 4). ANHF o2 FY59 el v 3he w4 49 9
]9} AB|RFEE (prey-predator) Afelel 72t JoF THAIE wEf g
1%0 ©Ul, At 2~4% JE7T ZolA= T 94 +Hay
(fractionation effect)”} YEFAHTH(Fry and Sherr, 1984; Vander Zanden
and Rasmussen, 2001; Post, 2002). 59| ¥4 FHFEANE 23]
£ u, g9 §3C3} §¥N 32> CPOM HU= FPOMS €
HE et Aeks ®elk 53], vy FPOME] §°C 4k
A2 g =& ko] AIIAIE Hof(Pearson’s correlation; r =
0.824, p < 0.01), "]eigo] FPOMS Ho|l o 2] 2hils] o] 43
Ueg TRk, 28y 987 1020l mEY e §8C >
o2 A)7)9= TR A —16.4(30.3)%02 —15.8(20.3)%0 2 A Hit
—18.9%H T} 2%0 oA =2ka1, FPOMe] BIaiM= oF 3%, A% &=
gkttt whdo] cPOMel| BlaIM = 1.0~1.5% A% 2 o= 1}
Bl B994 #EaE v v, o] Al7]¢lE vrE
Ho|l 0 & FPOM HIR= CPOMS] 7|oi7} o] Arh= 218 Hk)
st A=, o]2fdt ST 9 B v vjdyo] H59lx)
7159 A7)9 A4glo] CPOMT FPOM E5-2 4218 4 9]
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Fig. 4. Monthly mean 8"°C and §"°N values (1 SD) of Styela clava
and suspended particulate organic matters (POM) at the sampling
site from April 2008 to January 2009. CPOM, coarse POM, 20 to
200 um; FPOM, fine POM, < 20 um; CV, coefficient of variation.

= 2& gt B3k v Y2 CPOMe] H]gto] s o

FPOME FY71AZA ] ol&ataL ARt 54A17]el whehr]
ol 59| i<l TS g ¢ dlaE AT

A
ujelyo] 1A EA A717F 2 FPOMS 1 o] &3dh= 21
=0 22 (suspension-feeding) O & Mo]E 44131 /‘giﬂﬂ
Zhak sk whdo] Stk Fi=AdAakEA tisEAlQl AR

Zolu} GX|2] Z-g-olli= oprtu| ] ME (ciliaryyE ©]-8-3k= O%J/}
WALE Fl YA IES AAsh, o8 E WAl pico-o}
nano-plankton - 2k F7]9] QIXFERTE= ¢ £ 3719 micro-
planktons AE1A 0 2 o3}k 4= Qli= 7 0 F JERITH Courties
et al., 1994; Riisgard and Larsen, 2000). Kang et al.(2009) %
A3 Hollo] b Foldh dHEEAS ﬁﬁ %34 CPOM2]
8°C gro] mlig- vlssel AldA Wss Holn S Husha, =
o] FZF(diatom)2} - micro-planktons- ﬁg@j oJ3}s}o]
ArehE Ale ZAR ARSI W=, olegh ojnja {53

+ A vdy ¥ 22 &5 (ascidian)s-> "$- £53F mucus
nete ¥H=o] FHYARTIES o FH3lA HolE AdshE Blow

e 1o, 2~3 yme| A2 718 YA IEHA S &
407 AT ¢ e Ao 7 HEAtHBone ef al., 2003;
Petersen, 2007). T+ 3E7? ¢8| (Halocynthia roretzi) B
3t mucus netl] &J3l micro-plankton®Z ¥ CPOM ¥4k o}
Y&} pico-2} nano-plankton©. % ©]F0]% FPOMS G&H% 0=
o1t} o] &sh= Ao E HIETtH(Kang ef al., 2009). A
ey ol H R 2ol 27171 A1 Blo]H (food
quality)O] o AEZYOES HelF o g A2lsHA] 13].3 Ho)|
7184l (food availability)el] @t FHE] TR 271
of IAIglo] HAEIA 0 F o3 Alel= Ao R A7) %‘ﬂ—(Petersen,

. _I%Aélj'-l_l- .

2] &

o it

AL

2007). WebA] AR At} 3] 0] 2] ATt A== v
HEe Egshs sl I ZH pico-2F nano- 181
micro-plankton®]] ©]2= TISFeE 77712 2 JEST} QRS-
718 ToAE aElstaL, vy A /‘3 S 71 o
=, BRI} 22 ol W voya} WA 22 &R
AEE ZAzbe] mlolAd A WAl dlelsie] Blo|@ksbds H7t

7}
%”%’;101 deds

]\:I_L

e o AR k.

AeHoR AU 1) ol B F3 ouix (@) BES ¥
Lo 89 TR o181 Gl IEAAL BN e 5
% QAN AT e Al BE AT FAS
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