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Food Habits of the Glass eel Anguilla japonica in the West Coast Estuaries
of Korean Peninsula Determined by Using C and N Stable Isotopes
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Aol Akl mlelols)TrollA Algt 2 F-3lalgdS AA, Wo] zlofl HEA|TREA Al BT
el FEZAIQ SiFE wel 3gshdA HelrgS AXA T wEE Awdols FelE Ay vl
Qto g gehe =t Awlixo]o] Holgdef tiaiME LHR v} QlSich Aol Holgde YA HRS S
gty A Al EAlsR Holdel o3t TAE S-S st 24 shssitt 2012 490l A E ARA
b Awiadolo] gk gl A4 Y FQAAE S7ske] Holde vhe)7] fste] Awioe] §BCT §UNE A8kl
At 2 T 592 7 7Fest AR tigt gES A, vlwskic. -2luek A siQtelA
AR E AWFo] o] §B3CEES -20.7£0.1%0, 8 NZES 5.040.2%0 % LFEFRECE Aol o] 718 wo]go 7 FA5)=
ARG/ EA ZF A §BCHS -24.0£0.3%0°] T, 8 NFHE 2.8+0.4%0°0] 23, TE=3| HR& A9 §BCHHS
-24.5+0.5%°] 1L, 8" NZHS 0.8+0.3%:°]3ITh. Uvtd o7 odefxl ofokulA|o] e E9da ¥ vgk =188 1
g o), B Agela Jeld Aslekal E558)9] poMI AagtelA] AdE Aol o] §13CH §NZEY] xjol=
At FF=rale] RIS ] ApdAl Aol ] Mol o 2y o] §-HX] ASith= 1S & 4= Il whEbA,
Sy} dgtold A Es Aol o] ool MEA|ZF oM HEjES AR o] Yol 4lo3}
A gkl Ffhe o0& ek

Glass eels (Anguilla japonica) are caught in the west coast of Korea on their migratory route from the breed-
ing grounds in the Mariana Trench along the North Equatorial Current and the Kuroshio Current. To identify the
food source of natural glass eels, we analyzed the stable C and N isotopes of glass eels caught in April 2012 and
investigated possible food sources in the survey area. In particular, with respect to the stable C and N isotopes of
particulate organic matter, we extended the surveying area to the northern parts of East China Sea as well as the
west coast of Korea. The stable C and N isotope ratios of the glass eels caught in the west coast were found to
be -20.7+0.1%o and 5.0+0.2%o, respectively. The stable C and N isotope ratios of the particulate organic matter
in the west coast of Korea, in which the glass eels are assumed to eat the particulate organic matter as food source,
were estimated to be -24.0+0.3%o and 2.8+0.4%o, respectively. Similar data were obtained from the northern part
of the East China Sea, -24.5+0.5%o0 and 0.8+0.3%o. The stable isotope ratios showed values differing from the
stepwise increasing rates up the food web in natural aquatic ecosystem, showing that particulate organic matter
in the west coast of Korea and East China Sea was not served as the glass eels food source. This result sug-
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gested that the glass eels caught in the west coast might not assimilate nutrition from the marine environment

during long migration.
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B oF mhejobt YE2 Suruga AF FE2 FEAF W0
(Anguilla japonica)®] 2F&g2 2 A& TH(Tsukamoto, 2006) o]
Ao 2 HE Wgols 5% 3R F2AIL dFE wet o]
ForAA] WAdo] ZpoQl iQlulzto] (leptocephalus)oll A 2 H7o]
(glass ee)E HESI] FTHolAole] g, =7, &, o
ol gt Wil = RO o] Fagt ko)A W TR
oFalol| ejEste] Aakslal gla, oFdle] Qs FHE HHow
s ellA] ZpAAE AWl E A ste] o] gk Slot. ARk
FH2ol= A AR R Awgo] 2o 7hAR Wigo] oFals
et FHE] Frof oEfeE 1L I FuleA = Aol X
A 7t Wgo] Aol 729l HER B 5 B of
AR 3 girt. Aol o] 2w w7 F CITESEA oM E 2=
HE 7% Aol &gk x0hel ot B & FUAIS o= W
Ao] oFAlalel L oko = ] L ofg2o| T A0 =2 oAlEr) o]

o e BAE Fu] gIske] AR, B, i, 85 9L
Ao AR % ATFRANS % 4 AL, 5

7ol AAE o] ATE B4 ﬂﬁl'-l_’— om, o7 L 7ol
FARTE o7 A s IFA o ® Fshs ehdgA ol
2 Exlel AGE S8kl ltH(Tanaka et al., 2003; Okamura
et al., 2007; Abe et al., 2010; NFRDI, 2012a). $-2]u}etell A =l
ol JAFFTH S fgt A= 3] 4, Fsleh #joje] |
o]l o Abgel| osk A%, At Wito] X}Oi (Ieptocephalus)
oA Aol zo] WE 7|es FRE Ao, Aol w2
HES 28t Wgo] 2ol 217171 2004 olde] 2@ AlRto] 4.
EH QlF Aol i Aier edstA gHebA] Xt
gl oI ITHINFRDI, 2012a). Aol Gl 2o A&
Zh= o= Aol EtEE oio] QlFel % ET-etal, o]
5} o529 Hold 2 deir] QA ¢Skt (Mochioka, 2003).
H2o] A7 AFsol gatd M E A FA el &3 A
7152 (POM) ¥ FEZHTAEL] vl dE (pecal pellet), 7 U5l
A BRIE FHFF=2] 33 A7 (gelatenous house) 5O %
Qleto] WO o] 7o) XjoA|7] Ho|o] Udeix]7] Al&egict
(Otkake et al., 1993, Mochioka and Iwamizu, 1996, Miller et dl.,
2011). FHtoll= Wdo] 2poi<] o]l POME %] 7] %Ay
AL AAEO]QlAL, Wgo] Ajol= POM w3k aljke] A4
B ol & OLFJX] A R s k= FoE HiE
SATkMiller et al., 2012). AWFo]2] 9 UEES 4510 Ho]
A& FERlet YIS BT FE QAT Ao E AIFA
7Hdsh= HrlAt AW (Anguilla Anguilla)®] WdellAl= Ho)
5o EAg Folrr)= w51 15% =R $9 44
< AYal ¢8I th(Bardonnet and Riera, 2005). 3k, Alulxlo] 7}
3lfah= Aol HolFd ) IAPE Q= s HolE |
= ZAY Hol7]x 3FH(Bureau du Colombier et al., 2008).

o

PYBIALE Al RS B B9k BE EA)
S B o] o]g o] AN Aofuks ole] 44 A4
2844 Qg ks B olguu), QI EAanE o
galo] 240 7198 ek, F994e) BEE ol gal] %

Ae] Aede sliA szl 838tk (Fry, 2008). F 5914
£ o] &3t Wido]o] AFAS B A2 A At
0]2] wol] do](Bardonnet and Riera, 2005), W30 2] Aleks]-fof
wE Ao 2] #olido](Chow et al., 2010), 7] o] & Ho|
A Miller et al., 2012; Miyazaki et al., 2011) 5 O.2 2 9
ol Aol o] &E T B9} Aie AEALY e A
2 747 T YA A EAMIE o] gste] AEIAIL] G2
9} 715 Ashetl -8 daolct mpeba] Ao by
8] Blas) AAo] B =481, 71 7Fs8k Ho| Qe vl
= E3l] A Hols zré% T O]E]' 2 "q:r““ Aol o] g
s 1l A 0}1%5_?,]%_/,\_3 °H°ﬂ}\1 ANA sk

AEe SR e, v A 8 Aot
T ANgold] Blo|alg Yl AE B0 Sgu

Algzofo| 2

=7 e igle] &/ds) EM
gato] Aol E ARt 9la, 4
L Bax o7 Awale]2 7 0}7_]1,} {tl}- i}
o] YrjFow Aigols AFstaL Qlof affAow Aol Ay
A w el ZpolE Bt AWol= 1195 H o]FEl 6¥7H4]
FalQke] a7t shrellA AElRre] 1 sbtell A A1
ST - Agellx= 2012 4ol s Aol & o] 833t
Aol o] YL Al = FYo] AR Ho] glE viAE
< s el B Fol IHAIZ F, o)F Al = v
Fue] #Hd @ 3] 22 10m 1449191 IS v som
pAste] Hol e Wi W EFelA AT ofdlE 2ES
A J7E N Ao ® ‘:OmL Aol =2 i 1
B2 SoprA HY, Aoz ofy] ez Zdeh e A5
Tl AFEA Aok AR Aol sodRew 5, 9
A 9 &7 skl A AR TS, 9:1'3]"]?‘}—\1%“{:
AE7F AxEE R WAs] flste] AF el dxgs)r 9}
WgolE Wil Egfo] olo] AR A ZEjelA de] A3
HRISITE, kals 913t Aol ARl 3718 3ue }
A ZaulgEd TR 2RI T, 2 Awigo] o] ARG
0.4m’e] 98 PVC FF(27]2%: 17.5°C)lA X5 9J5ted
mo]_e. 1%3},;] oJ.vo_ ;(H 501 Eo]. AQ__Q Zoczy\] Q 27 °CE
AR o1F 1Y 23](09:004], 17:00) 27HE 7F o452 8-10%
£ Hol= o] 38t AFH Awdole} HalulFadT el A

AR A Wl 1Y AR o9 Wl A total
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o] o] Wolg o g FHu = A7 EZ(POM) B 25
= 7+ 4 A7 srel A 20124 49l AR BT,
gl Wgo] AJoo] o]F HARAE TekE=
ool SRaele] gatyEtd dlkAR A 315 W 317
oA 2012 82l A7 IEAS ARSI CHFig. 1). dF2
T2, PF, EFA(DO), pH= FASY7I(YSL, 692005 ©]&
sto] Z43llom, FHEE A4 30cm FHE ¥ o] 83}
St AR e A7 174 250-500 mLo] SGE
oJ3}2] (7 25 mm GF/F)ell o335 3L, 60 °C 7271914 484
b Zok AxBITh. AEZHAELS 71 A AN 20 um
Eol ARZHIE VEES o]&slo] AFOoZ QY ISiTh
Sl HHaYe] IAT1EH L M E YA EAE 4
3 AR AR E AlEA T B3 (369 G/IT)OA F
370 A2 (127°0625"E; 32°0005"N; 127°01'08"E; 31°00'05"N; 125°14'
45"E; 31°00'05"N)S] E= 2 50 m =& 20 LY &= A5 &
ATk Agst AgE Aol W Bste] A et
AT E sto] FAEES FF3IQlch Ale], AEEHIE,
AbR @ okl o] wigo| o] Bk W A ekl Bk §PC) Y
A (S"N) FIE S A4S FI8t AEE E AN v
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Fig. 1. Map showing the collection sites (1, 2, 3 and 4) of the Anguilla
japonica specimens in the west coast estuaries of Korean peninsula
and the East China Sea.

P - AR - BA - e - A9 - R

23§7](Ball mill, pulverisette 23, Fritsch, Germany)= 1] A5}
AT FE AlEF AWl AlR B off Wiol= &
RIS MgE L1EA (S olgate] A-S AlAE L
(Folch et al.,, 1957), IN HCES: 371810 S22 7o) Al &
60 °C x7]ollA 48A1%F xSt A8 5 POMS A=
IR ARSI, A ARELS 0.5-1 mg?] AlEE CHNY-A)7
(Flash EA 1112, Thermo Finnigan, ItaliayS ©]-8-5}0] €k¢} A4
A sk & Ak SIGITE. P E Sl A A ONS YAt
A9 PgEda ARHEA7] (Isotope Ratio-Mass spectrometer,
Micromass IsoPrime, UK)E ©]-&35to] B4 2 A4 FYF9 4
25 A Sk gk PRl AY ) ©AE AlAsH
7] S8t AMIEE sl o), A Y] A Al A
o] A Fholl S mE = QLo R AMHE FH4] B2 AR
(Bunn et al., 1995)5 AR SISt 2lE2HTE YER AR A
FAA GE 27] 20 umo] H|Eol= A EEZIEC] Ui XF
=2 & AN 18] f7 A8 EY dNFE, wHZ o x8E &
Qo] NEZHIE P F YA gkl 7Pgste] ARESISITE Al
550 7HE PRl A nigkS o] Ao F AlitEglom,
EFEA gt 7t AlE9] vigks AEE=E JERIQI

SX(%O):[Rsample/Rstandard'1 %1000,

o i

X: PC B BN, R: AR 9 5549 Be/2cy) PN/UN v

EFE4 (standard)Z & §H4-9] -9 PDB(Pee Dee Belemnite),
A0 9= 7] 5 A (atmospheric N,)2| =A|EF 7|55
ARESESITE. A E494 20702] EMA-P2 polymer (Elemental
Microanalysis, UK)& ©]8-3lo] S7gh vhas} 2Ao] Qs
25 B3 A3 FF 2 AKSEXE 42 £0.2%0% £0.3%0 % =
AUl Add-s Yebdigleh A4 #2172 normality £}
homogeneity of varianceZ 7173+ ¥ one-way ANOVAE ©]-8-3]
Batgk Arelel ztelE A I(P<0.05), T+ 37 Hlw=
t-test? AT} FAEAL SPSS 10.15 o]g3190H, 57
2 1t (mean)d} X XHSE)E YERISIT-

2 1

2 ATrellA Awido)7t AF == B YA s A
o] 52-21.4m¢] 3 oln, xZ FlFelA] 22 10.63+0.32 °C,
AF- 26.06+3.88, &5 A 11.38+0.85 mgL! 183l pHE
8.14+0.0201 20 11, A5 ol 22 9.34+0.88°C, Ao
3043+0.18, £ A= 10074022 mgL! 718 31 pHE 8.05+0.132
HERITE. 57 a2 e s AAIZ ol 3.0-
8.0m ¥ dfiofellA] AP} o] Fo] Rom, B35 oA e
12.19£0.14 °C, S98-2 7.16+2.36, = A4+ 11.57+0.59 mgL’
T18]aL pHE 828+0.1701303L, A% dlldoll ] =2 10.59+£0.30 °C,
A2 15.41£2.86, 8= AbAE 9.84+40.20 mgL!' 18] 31 pHE
7.99+0.1024 E-AFIF 2 2 At gholl F-23k 2JolE B8]
Cht-test, p<0.001). FH == 5739 749 0.8 m= Bt 4
393, QA o] A Bt 18(1.3-2.5mE F31E A7k
2fo]E B THt-test, p<0.001). AFZAL Aol x| g} miRI7FA| =
w7 3o g Aol AR ARTY ©ere] JEke Wol v
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Table 1. Total lengths and weights of the 3 groups of glass eel and elver, Anguilla japonica (glass eel : natural; elver : aquaculture)

Glass eel Elver
Sampling site SaI{InOple Total length (mm)  Wet weight (mg) Dry weight (mg) Sa;;:)p e Total length(mm) Wet weight (mg)
’ range meantSE range meantSE range meantSE ' range  meantSE range mean+SE

Youngsan River Estuary 30  50.0-60.0 56.1+0.4 80.0-137.3 105.2+2.5 13.4-23.4 18.6+0.6 10
30 50.2-60.2 56.2+0.4 83.2-122.1 103.4+1.8 11.9-24.4 19.8+0.6
30 54.5-61.2 57.6+0.3 86.9-126.0 106.0+1.5 14.8-26.8 21.5+0.5 10

Geum River Estuary
Han River Estuary

102.5-154.5 127.5+6.1 910.0-4950.0 2411.0+404.6
10 97.5-167.5 125.7+6.4 870.0-4990.0 2150.0+378.9
102.0-182.0 131.0+8.0 1100.0-7650.0 3059.0+706.1

56.6+0.2 104.9+1.1

19.9+0.3 128.0£3.9 2540.0+297.3

Algo] AL 56.2+0.4 mm (n=30)E 7 ol xR F A
olo] it A% Gelst o7 IO (t-test, p=0.822; Table 1),
S shrell A A s Ao o] Bt WA 57.6+0.3 mm
(n=30)Z FJ3HA ZItH(one-way ANOVA, p<0.05). G2F4, 274
4l 5P shrellr ARleh Auldelo] et SES 27 1052425 mg,
103.4£1.8 mg ¥ 106.0£1.5 mg (n=30)22A 3|of W& I3k
zlo)= LR A 933kt one-way ANOVA, p=0.644; Table 1).
A 9 F7) Sl AR s Awgeie] it AEH 77t
18.6£0.6 mg, 19.8+0.6 mg (n=30)% 5+ s oA A4 3+ Aulgoi o]
Bt AFFS F93F 2Jo]7) I THt-test, p=0.142). 333}
A AR g Aol o] i A5 21.540.5 mg O 24 {-2gt
2Jo]= B3tHone-way ANOVA, p<0.05; Table 1). 5:3F, Ak, &
7 9 3P sltellA Alsh Aidole] et &2 717} 82.3+0.3
(78.5-85.2)%, 80.8+0.6 (73.7-87.3)% % 79.7+0.5 (74.6-85.6)%= X.
et Zsdla AT ool A, w73 9 9P SR e
AR5 ofd] Wio| o] Fqt S 717t 127.546.1 mm, 125.7+6.4 mm
9 131.048.0 mm, B FE B> 217} 2,411.04404.6 mg, 2,150.0+

378.9mg ¥ 3,059.0+706.1 mg=A 23t xjo|7} 1%t one-way
ANOVA, 7 p=0.860; 55 p=0.453, Table 1). A9i7golellA o
ol 7 AJst Hak A 234, T 24u1 2 ST1SIT)
Aaiole] FR71EA s AV, 274 121aL 3 skl
€7} 747} 438.143.7 mg DW g, 433.3+22mg DW g, 432.1+
20mg DW g'olglor, AAi7}t 2+2F 106.840.8 mg DW g,
106.0£1.4 mg DW g, 103.7+0.8 mg DW g'Z YR}t A
ol A YA L S el AEEIE 2 YA
71579 vk g A4 FEE AT AW A EEEIES sEE
At F7 sl ) Z42) 222.3+11.1 mg DW g Z18]ar
134.4+11.7 mg DW g, A7} 242} 40.942.9 mg DW g' 18|31
25.9+2.8 mg DW ¢'& B3th 71849 sie JAadat
TN BTt 22t 462.5+118.8 pgl! 2 1046.0+72.6 pgl,
A7) 442489 pgl! 165.4+16.5 pgl'S 71531 th(Table 2).
Al dAgke] AR, 27 = 3 slellA] ANRlEE Awige] o]
FYE A vgks B vhe 2k §UCREE A, v 2
37t Bl A ZH2E 220.9+0.2%0, -20.8+£0.2%0 E -20.420.2%0 %
a7t o]t 2ol YRR ¢Sk one-way ANOVA, p=0.245;
Table 3; Fig. 2). 8"Ngk2 92Hd, 27 2 &7 shqtollx] 212
3.420.7%o0, 3.9+0.4%0 I 3.9+0.7%0% |2Io] wh2 zlol= 7)SH A
93)tHone-way ANOVA, p=564, Table 3; Fig. 2). AWAo|= )

Table 2. Mean values and standard error of C and N content of the samples collected in the west coast estuaries of Korean peninsula (-, no

detection)

L Glass eel POM Phytoplankton
Sampling site T I I J ] ]

C(mgDWg') N(mgDWg) Cugl) N(ugL’) C@mgDWg') N(@mgDWg)

Youngsan River Estuary 6 438.1£3.7 106.8+0.8 462.5+118.8 44.2+8.9 222.3£11.1 40.9£2.9
Geum River Estuary) 6 4333422 106.0+1.4 1046.0+£72.6 165.4+16.5 134.4+11.7 25.94+2.8
Han River Estuary 6 432.1£2.0 103.7+0.8 - - - -
Mean 434.542.6 105.5+1.0 754.3+£95.7 104.8+12.7 178.34+11.37 33.442.8

Abbreviations: Glass eel, Anguilla japonica; POM, particulate organic matter

Table 3. Mean values and standard error of 8"°C and §'° N for the different trophic compartments collected in the west coast estuaries of

Korean peninsula (-, no detection)

Sampling site Sample Glass eel POM Phytoplankton Elver ]

No. 8BC(%0)  8"°N(%o) 8C(%0)  8"N(%o) SBC(%0)  8"N(%o) BC(%o)  8"N(%o)
Youngsan River Estuary 6 -20.9+0.2  4.6+0.3 -23.44+0.3  1.9+£0.2 -18.8+0.4  11.3+1.9 -19.4+0.3  12.8+0.9
Geum River Estuary 6 -20.840.2  5.1+£0.2 -24.5+0.2  3.7+0.5 -20.0+£0.4  7.5%1.2 -19.3+0.6  13.1+0.1
Han River Estuary 6 -20.4+0.2  5.0+0.4 - - - - -19.4+0.4  13.1+0.1
East China sea 4:* - - -24.0£0.4  1.0+0.4 - - - -

5 - - -25.0+0.5  0.5+0.1 - - - -
Mean -20.7£0.1  5.0+0.2 -242+04  1.8+0.3 -19.4+0.3  9.8%1.5 -19.4£0.2  13.0+0.2

Abbreviations: Glass eel, Anguilla japonica; Elver, Anguilla japonica; POM, particulate organic matter, *: surface, **: 50 m
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Fig. 2. Dual plots of 8"*C and 8"N of Anguilla japonica (a, b, c:
glass eel; d: leptocephalus) and their potential food sources in the
west coast estuaries of Korean peninsula and the western North
Equatorial Current(NEC) (d): Data are derived from Miyazaki et al.
(2011). Abbreviations: POM, particulate organic matter.

A7 w2 ST

i)

Qg Aol W Aigo]e] Holg

EEHAE Y AT IEES AREte] §Uct
e =43 A, AEZHIES EY LA v ghe o
A Bl A §1BCHES -18.8+£0.4%0, 8" NZE 11.3+1.9%0 ©]13)

B

S A 7183;@_ .

o 1= A=

3, 27 ol 8PCHS -20.0£0.4%o0, 8 NZE 7.5+1.2%0 ©]
SAtH(Table 2; Fig. 2). G4 9 274 3hollA AH71E4 2
§CERS- 212} -23.4+0.3%07) -24.5+0.2%o0, 8" NgES- 212} 1.9+0.2%07F
3.7+0.5%0 WFEFstTH(Table 3; Fig. 2). W3k, Amzlo] 1l wigo] A
o]9] o]g BRAR IE= FEH HF 25 9 50m
Zo ] AR §3CEHS At 24.0+0.4(-24.8~232)%0 2 -25.0+0.5
(-26.0~23.3)%0 % FEFSIL, 8N 242t 1.0£0.4(0.6~1.5)%0 2
0.5+0.1 (0.4~0.6)%0=. L}EFkTH(Table 3). 3= A" 220l1 A4
DV, =7 W st sE FREste] AR of " Wil 8 C
P A7) -19.440.3, -19.3+0.6 H -19.4+£04% F|HAF 02 T35 2}
o)=Yl A]| 22kl (one-way ANOVA, p=0.995; Table 3), 8'"°N
A= 2 12.840.9, 13.1£0.1 2 13.1+0.1F 3§AZF A 3=
X A tHone-way ANOVA, p=0.936; Table 3). AFH-7|7tol| Foldt A}
59| §BCHRE -20.1£0.2%0, 5"NFE 10.4+£0.4%0 =M o7 W2k
o9} AETE oA S7HT= §PCTF +0.7%0, 3N7T +2.6%0%
YEFATHTable 3).

E 9

FHopro} WMol 3 fARR deX HAL FFE welA
Ao 2 HE MEo R Hold 2 Hio] F wiio] zjojrt
AN E L, F2A L SIFE e HElF Alojso] AF =,
tiuh, F=, AE Sejyele] gkl Awigoir) Bashs A
o7 oA 9lrkShinoda er al., 2011). $2vkte] F& Zah
o} sk wheba] AWgol7t slfstal e, 1 Bk A8
57.4+2.2(50.4~62.5)mm L2 AT oM Qe Awido]e}
FAE 3L (Moon, 2002), FF3l1e] FEALL. dllFelA e
Aol ML 55.8+2.7(51.3~61.2)mmEA] $-2utEt AAkelA]
AR Awge] o) Gt o] 22 A 0% YeRth(Shinoda
et al., 2011). AWAo|e] A& NgH oz v Y= &
TRl f71eke W Aa Ferb ) §le) B vlssd s B
o] 2io]e] HolHAde Hlseh 2o AELh A EERIaE
o] i wAsHRTE QAT shtellA AT 1R At
747y 150 =2 Zo® yERstth gk AT 1E ] e
G skl AR sl vlsesh ghe Bolot, skl
M AN EATE 28, A1 AE Hlo] Y = gk W
of FHErell §9e) ks Wol ¥h= o2 YERTH(Kang
et al, 2001). AEZFAE L9 AR T At
ztolE Kol olfnz 77 el AlHAR Bl A do] A8,
W2 FHOR st FAPRE Bt AIHELL] A F-f7F S
sto] Gabd ehrsl vlaEis W AEERAES] 5 Hike
AN EA L FE7F B8 Aoz AhEti(Choi, 1993). W%
of Ao ® ezl wigopt Ax allel HA T s FAllA
AR E W] 2Jo](leptocepalus)®] §PCHES -20.8:£0.4%0, 18] 1
SUNAH 5.120.7%0 ©130 3L, 2kt dljd oA Fglslo] slEAZFA
Aol o] Holdl IAMTIEAS] 5m Gl §ECHES -22.0
+0.9%o, 8 NEHE 1.3£2.0%0 ©1213L, 50 mollA] 83CEEE -21.7£0.9%o,
SUNFL 1.3+1.9%02 222 W EItH(Miyazaki et al., 2011).
2le] A AejAlA Holgoll o]t JraAE S (o
Al 57101l & 4 trophic fractionation: T Y42] £2])2 §1°C



ke A% ok kAl & F +1.1%0 (DeNiro and Epstein, 1978;
Rau et al., 1983), 8Nzt 4-9- 3 +3.4%0 (DeNiro and Epstein,
1981; Minagawa and Wada, 1984; Post, 2002)% 2214 Sl=H,
Miyazaki et al. (2011)°]] &J3to] AR W7ge] zpoig} Q1A
AL A e s FrHE o] MET} & UX
SISATE It sedl Ml Igke] 7} R B0l Auige]d]
Ht 8PCER -20.7£0.1%0, 37 8""NAEE 5.0£0.2%00 M vl
ohf A= Zael HAE dlFAllA AFHE W] zlojellA] L
B 1S g FARE g8 B, o)9h 1 Auke A
&l Ak kel AFE Awigoizt Wie] zjojo] Holgla} 2
2 Hol& AdFsH oS FeE FHT & Q= SAE A
AlBhcE, =3, §2uet dgtelu eltela] HolE o] g& A
02 FAEE YAFTIED Y ECH2 -23.9£0.3%0, SN
2.8+0.5%0 0 ZH UntH o7 ezl JofeiA| o] Tl upE by
B HIZE ST AolE UERIGITE AAe]e] o
olglo® == POM2] §°C 2 8 Ngk Aalier 4l 554
R Ak o ® el viglopt An 8l 9 HA % S
5 Atolol] mj$- & xpol= W (Miyazaki et al., 2011; Fig. 2),
Uo7} B3l B B A7) 89 508 GRo]
Adxe] B]sle] 0.1~3.4°0 |2 AGF(ES FE 29.3~32.9)
£ YERo] A fEre] o] AudeE I nH A
ALl = THNFRDI, 2012b). Al8 27 0] 3l-5 F-Zof|A o]
Fold A, 37 3] A S50 JEEFE Wol W2 ARghs
Holx= M5 wEshd Fa) 9 F4olx fdEe Jdad
T f71E0] ePdEsda ol dde & Aoz Ak v (Lee
et al., 2013), AWMgo] o] JotAE PdE9ledh F7M] Heu
of] EZA8}4] ¢Sk} Kang er al,2001)0)] &J3PH Fokmle] wlo]ulo)
st 27 AA 7128 SoAdolA] AEEEIES] HY
3CTHE 21.6%000A -19.6%0 0. F A7 317 J-ollA] dAgte
2 ZATE 7V e, AT 1ER ] - §ECEke] -26.0%00114
-19.8%0EA ATl Agto g 4R Zylslgl o), B
7F Btk £ At AT A EZHAEY JAH7|EHE
g FA A HIgk B Aol 4] 7192 A28 Fdel
3t o gko 7 whdeth. Kang(2005)el 2lahd AT W o173253
), Al o7 (2283117), Fallol (1133 7-)] 20059 &
S8l SFAYENA Holde] Al - I3 WME-S vlwste] 37t
3 g olq POMY A §BCES -21.5~-19.7%0, 3 NFES
5.4~5.72] M5 BT, o84 §°CES -21.1~-17.0%0, 5'°NFL
2 4.9~11.59] 95 B §BC W BNt BF AtH o &
e BT Yu er al 2008y S5 TS ke <)
BN JdAR7IES B3 A §5CH -23.5~-23.0%0, 8°N
- 0.5~1.99] MR 1 ZAJolA vEhd Aulel FARSE nigE
< 7= AR e wEha, o] Aol yeRd §°C
I} §UNFS WA AlEieh) B arEl] Bl POMS §
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7 sl A Awels QIgtolA o] 58 31 e A
o= 7ithEr) ol A2 A8 A AFAREPC,
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Th= 28 BHAtHChow ef al., 2010). thx2 0 & wle]oh} a7
oM Falate] Agst A A7t g F vt ko w
3lfeto] e AWl skt wols WA ko AlSe] 2
29} 3] ko ® f{ld = Qlrhe Aol X aEith(Han, 2011).
olefgh #d2 thae] AlaERtE AYE 4 S =okth 3A,
A3 FgaSel ofapd A2l Bzl W] Ape] AdEiE
HolRlaL, 3frehs a7t AR BelA Aol FAlsk 2 &
B 271 FA AR ot Iko 2 9] 7kj]o] XA th(Han,
2011). EA, Aot ol Wige] o]A9] fEe] 10 °Ce] Y
25 B mAde] = Qlato] o] Aol WalE e ol Yo
Wt Umezawa and Tsukamoto, 1991; Fukuda et al., 2009). Al
A, A FA A Saigo el YoM AE Aol
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FHlel &9 27t Ao R skl AXtiAL SlvuA7} 2
8 & ol Hel Sl ARS o]gate] ouAE T35
(Kawakami ef al., 1999). Y], W7do] zpoj= nlejopt &4+ F
ToAHE e7uel FR7ARE APE L, AWgolE 5
w7 =Tk Shinoda ef al., 2011; Tsukamoto, 2006).
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A% Lhekdrk. meb, wigel Aolsh Awgel vl AT-E

18] WA o) 3% AR, Wl Aol sk WE) Fl AWl
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