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Feeding Habits of the Glass Eel Anguilla japonica Determined by C and N
Stable Isotopes in the Nakdong River Estuary of the Korean Peninsula
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Wild glass eels found in the Korean peninsula are thought to migrate along the North Equatorial Current and
undergo the processes of spawning and incubation in the Mariana Trench. Juveniles of the wild glass eels are
collected from the southern and western coasts of the Korean peninsula and used as seeds for aquaculture. To
investigate the feeding behavior of wild glass eels, we collected glass eels from the Nakdong River estuary
during March and April 2014 and analyzed the total length, wet weight, dry weight, carbon and nitrogen con-
tents, and stable isotope ratio of eels as well as water temperature and salinity. Water temperature in the Nak-
dong River estuary was 13.2 + 1.0 (mean + 1SE; range, 10.1~15.7) °C and salinity was 24.8 = 2.4 (13.2~34.0),
showed a lower range from 13.2 to 30.0 (a mean of 21.2) when the floodgates were opened. The total length of
glass eels was 56.5 + 0.2 (51.0~63.6) mm, wet weight was 70.9 + 1.4 (33.6~133.2) mg, and dry weight was 16.5
+ 0.3 (10.1~29.1) mg. Carbon and nitrogen contents of glass eels were 51.0 + 0.8% and 13.9 + 0.1%, respectively.
Mean §"C and §"N values of glass eels collected from the Nakdong River estuary were -20.9 = 0.2%o0 and
6.1 £ 0.1%o, displaying similar values to those of leptocephalus, glass eel larvae collected from the North Equa-
torial Current. Therefore, this result suggest that the glass eels collected from the Nakdong River estuary do not
feed on prey after metamorphosis from eel larvae to glass eels their migration.
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Folrlotat Moy (Unguilla japonicays F-ElURFE HIESE o
1, S5 9 dRol|A A AR Ao ® FaFE ApdolHA, 42
| st Aol S 2pAE Awiidolo] oj&Estal vt THAY
chell A sk ALk Aol el F wlgjolt Y59 Suruga
3lat F-18] Ak o 2 BE AR Wizgo] zto]l gigluizto]
(leptocephalus)7} 15215 879} T2 @ 872 uke} o]sshd
A Aol (glass ee)iZ WE|EIO] sobrlote] tivl, &=, Y&,
0% o]F T (Tsukamoto, 2006). Zeiut, Ao} o] Al
F47 CITESEA oM8E2E BE 1715 Al st ol
ogt B} & FUAIS S om WAo] ok A F olEgel A
Hata gitt. o2k, 1 o719 ofE$-& FH3] $15te]
o] FANXFE o7k A S AT o 3= ¢
Aol 7 vepellM= B Tk AR5 Fdeka A, RIEE
B ATYE B57] Q13 AR 9 AR ARSI Sl gl
CH(Tanaka et al., 2003; Okamura et al., 2007; Abe et al., 2010; NFRDI,
2012). FElvbetellA] Wgdo] AFFH RS flgh A= e
T, F-gkgt 2ol ] Holl At Atz ost A, Ao
2O HEHE 28 7S R0 o8] e Aol
i A 1eRe] H3ke] ofER-S 4SSkl QITHNFRDI, 2012).
oielwgo] Fefol zfo] A7E 2= o/ Aoy7]dl IR
ojo] QlEE Eatar, Holds} 0|52 Hold & U
A oA ekkeH(Mochioka, 2003). 2] AT Ao olshd
s B g3t AT IEA (POM) ¥ sEEFAE
] i (pecal pellet), & Ulellx] SRl 2 3552] g3l
el (gelatenous house) 5-0 2 Q13lo] W gols o} 7o) zjojal7] |
olglo] Lex]7] AEEIITHOtake ef al, 1993, Mochioka and Iwamizu,
1996, Miller et al., 2011). Zoll= W] zjo]2] HolelQl POM
kS| 72 QA IlaL, WAgo] Alel= POM =8 3
] AR 'hA el 2 LA At A8 ke A
°7 R ckMiller ef al., 2012). AWFo]2] 9] YEES
LA Ete] Holes SRlska S A & QAN A
Qto 2 AEA 7IQIshe Sulat AW (dnguilla anguilla)?] 1
oA o] 5o A& oty w51 15%8 %
gl 5ol A2S 2yt 3tk(Bardonnet and Riera, 2005). T
gk, AWgol7t 3lfsh= Ad4o] BolEA T IAIZE sl w5
YAY HolE W= A7 Bol7]% 3 (Bureau du Colombier
et al., 2008).

QYT i 2Rg-2 Aol EAlShE TR 3 YAst
FALE DA el AE o] douhs Ao A FEHARl
g, B 7 9 AYEEE] IO o] it o]F FellA] &)
SAQ1 7 A=A o] ARIEE F4] 949 s
2 EAEC] AgE doe T3 29lo] Har glom, FAalyl
S 22 ZE A1 el SJeiA e F9dAl] EA e
S = 7 AUtKKim, 2010). PE9 A0 HHAES 0] 835
o ZpAAOA dojuh= ofE] 7H4] e dE ke &
TR o] gH e, HEHAAnE o83t 9] 7S
3laL, F9 A TS olgsie] B9 A4 = iAek=)
831K (Fry, 2008). FES AT o835 W] A7Esle B
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A sl ] fdal Awigo]o] woldo](Bardonnet and Riera,
2005), Wgol2] Akts] ol W Adol<] Ho o] (Chow et al., 2010),
Wato] o] @ wo A (Miller ef al., 2012; Miyazaki et al., 2011),
S-jupet Aol Ame] o] Wol&Ad (Kim ef al, 2013) 5 OF
T2 Yol Aol o] gHet. el At AEAo] B

AhaEA Fodan|E ABAE PG ol f71ES] 714,
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S ] Aol e Holdl T vl i
gupetellA A E= AWgele] Holds Bl As HHoR

T At

Bl
ald
ol
o
Al

=
4L

NI

o o
o
it
>
o ¥

W = 21012 HYTHKim ef al., 2013). TP Awgol=
E5E] o538l 62714 S-2luel F-A3lbellA A= =t
2 Aol E 2014d 39 4UHH 49 18U7FA] 58]0l AA it
sloll A AxHQIT) 13] (20149 392 4= A 1004 AR
Har, WA 48] FR20A AF =T o] A3
Y AFCIR 4m, A= 6m, Ao 10my7} Au|2] & 2 9o
ARl e 2 M-S o] gsto] IES nittel] BAEa 9l
om wigol B2 Y IER S Hu, AEHoRE 2}
FIE U 2m Zol2 Zu7]el A=Al Bt AFE AWl
W R GREE T, SEREAES AlETt HxEE AE A
| ste] Aol #A3)rel Aol E Wil Exfo] ofo]
A7 FefoA] e AgAz Rksiict AxlE A
717 (total length), HaF(wet weight) X 71%H(dry weight) =
0.1 mm, 0.1 mgZHA] Z7g3 3L, SFsHtA]S wirdoio] S
TS o] gsto] EABIATHKIm er al., 2013).
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Aol ) 2 Aol AP 199 33] oy s
71(WQC-22A, TOA-DKK, Japan)= ©]-&3to] 4t}
wxtol o] Bk 1l 24 k) 'k (8PC) 2 AAGPN) HES
Y& A4S Yt A RE T AXRAR v 247](Ball mill,
pulverisette 23, Fritsch, Germany)= v|AIS}A| 4815}, 4¢
AE F Aol S2EXEY WekE 118w o83t
Ake 278K I (Folch er al., 1957), HCl €<% 0.3 mLE go]
ANEL =7 AEA F SHEE AT ARE U 54 A
Z710llA 7U3F AZFSITE Aol A AlF= 0.5~1 mge] Al
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Fig. 1. Map showing the collection sites (St.1 and St.2) of the glass
eel, Anguilla japonica specimens on the Nakdong River estuaries of
Korean peninsula.

2F 524 7] (Isotope Ratio-Mass spectrometer, Micromass IsoPrime
100, UK)E ©]g3te] 247 3ioict. 'ha P&l 49 7]
TS AAS] flste] 2HAEE silo, A Fseldal]
735 2k AlFo] 24 glell Eks vE 4 Qo R A AIEE S
o A|Z(Bunn et al,, 1995y5 AHE ST AWge)7E 7=
SPEE9Aan] 72 ol Alog AXtEon BFEEA tigt
7t A5 MY ESda] ahe AEEE VERSIT

oX (%0) = [Rsample/Rstandard_ 1] x 1000,
X: BC = PN, R: A& ¥ =249 B/ 3 PN/MN H]

ETFEA (standard)2 = ©-428] 7= PDB(Pee Dee Belemnite),
A0 749+ 7] T Aa(atmospheric N, A ¥ 7|55
ARE3EATE. Al 4 elA 2070€] EMA-P2 polymer(Elemental
Microanalysis, UK)E ©]-&3to] S35 ghaol A4 §Hre] 4]
A3} BFQAKSERE 22t £0.3%3 £0.5% 2 ePgE-9A4n] 3k
4 At FFQAHSEYE 47 £0.2%0% £0.3%0% 5 FUT 9}
AEE YRS, FA1A 72432 normality$} homogeneity
of varianceE 71743t & one-way ANOVAE o]&3}o] Hgk AF
o]9] x}o]Z AR} (P<0.05), Duncan] A4S A5}
Fom A I 7] Bl t-test® HHSIAT. BAEAS
SPSS 10.15 ©]831310m, 5743k B3t (mean)?} E=23KSE)
2 YERfISIT)

2 1

- ArellA AWgel7t A== el GEd she Aol
6 m9) o], T 59 £8 13.241.0(10.1~15.7)°C, &
2 24.842.4(13.2~34.002 YERITE ZAPIZE B2F 3¢ 31 W
49 1899 23]e)] AA 4 7ge] o] FolA -2 12.3~149 °CE
T Ris} glolont, G a2 HA 132 9 Hil 30.00% ¢
W3} Fo] 2 shte] 542 2 vEhd 3tk
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TH(*SE) 59.0+0.5(53.9~63.6)mm (n=30), 32 242 W& Ak
o] AL 54.2+0.3(51.0~58.3)mm (n=30), 32 314 AHg 2
o] AL 56.9+0.4(53.2~60.7)mm (n=30), 42 162 A3+ 2
o] AL 56.140.3(53.1~60.)mm (n=30), 42 18 A3t
Augo] AL 56.540.3(53.6~60.2)mm (n=30)Z 53] 3 A
o] o] - 72tk Afo]E B3 THone-way ANOVA, p<0.001;
Fig. 2a). o|&]&t xpo]7} Azle ojufgh Fo=2] Zjolejlx] 7|15}
wAE AEs] flste] /PEAR el tigk F7HAQ1 FAR
2321 Duncan®] AFA7A A3} IG5t 39 493 39 2499 Ht
Ake] Apoli= Frola 0.058tel4] =& 2lolE Belal, @ 3¢
31, 49 16Y 9 4 18Yel] AFH Aol B AL T
AH oz Apol7t vEhA] ¢hs Ao ® vl

57 shrell A 2014 32 44 A Aol &%
1+ (+SE) 86.2+3.2(58.8~133.2)mg (n=30), 32 24 A3
Wgo] HEH 63.3£2.041.2~92.5)mg (n=30), 3¥ 312 Ak
Wilo] S5TRS 80.8+2.6(53.5~113.7)mg (n=30), 42 164 A3k
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Fig. 2. Total lengths and weight of the glass eel, Anguilla japonica
occurred on the Nakdong River estuaries of the Korean peninsula.
Glass eels total length (a), Glass eels wet weight (b), Glass eels dry
weight (c).



o] GE S 54242 .4(33.6~85.3)mg (n=30), 42 18 A3
BF Alio] H3TkS 69.8+2.0(49.9~97.5)mg (n=30)% 53] A
sk o] o] HEake f2eh 2ol Helth(one-way ANOVA,
p<0.001; Fig. 2b). |23+ x}o]7} H ojm sk F=2] xfo]olA]
ZIRISR=A1E HESE] flstel Al dael tisk F714%1 &
AE4Q] Duncand] AR A} I 3¢9 497 42 1692
o A2 AJole FoE 0.058k0IM =2 2015 B, I
39 497 3¢ 3100 AFE Aol P FEES FAKCE
zte)7F UeRA] obis Ao = yeRst), Aol ] AR date|
gt B A U FEFo] zle)7t vhs 28 39 4ol e
Auizol7l AT A3, HF5EE =2 A0F YEREOL T
Al7lelE A3 FEo] vlEIArE dehA] ¢= o)+ AF
FAZN7) h2AY 3] sk Bk $49] g dl 2 o
Rl 23t A% T o= Qs AUEA UER s AR skt

Y57 ol 2014 39 4 A8t Auirgo]o] HFekRe
HI(*SE) 20.3+0.7(15.9~29.1)mg (n=30), 3¥ 24 A&+ 2=
o] AFFEL 15.7+0.4(11.4~19.4)mg (n=30), 3 31 A3
Almiato] AZEEL 16.4+£0.4(12.2~20.9)mg (n=30), 42 162 A
Az Aol AL 13.8£0.5(10.1~19.7)mg (n=30), 42 18
A AT Amgo] AFTES 16.3£0.4(11.1~21.9)mg (n=30)% 5
3] A Awgo]o] AFHFE Fo3 2Jo]S K9 THone-way
ANOVA, p<0.001; Fig. 2¢). Z+ A4 9] 82 39 492
76.4%, 38 249 75.1%, 39 31U 79.7%, 48 1642 74.5%
gl 49 18U 76.7%EA FS Vet 3¢ 31 2 49 18]
FEo] =2 A oF ERith

Ao} o] azIx7191 39 42, 38 249, 3¢¥ 31, 42 164 U
49 18 Z}z7ke] ¥hA BEkS 52.4+0.4%, 51.6+0.5%, 52.4+0.4%,
49.5£0.9% 2 49.3+1.5%= AF T AWo] 9] vk Tk {2
3l 2}o]E HTHone-way ANOVA, p<0.05; Fig. 3a). ©]&13t 2}
o7} AFE oAust IRE2] Holllx ZIRIsHEAE AES]
sto] EAR1 Aol thgk 712191 FAI-A]Q! Duncan®] AR
A Ayt 2 39 31939 42 18U9 He A 3o Alo)=
FFE 0.058lA =2 AolE Bl Gt 349 24947 3¢
310 AR Aol HE g RS EAF o7 xjo|7} LE}
A ok= Aoz yepdrt

Auiztolo] APHAIZIQ1 38 4, 3¥ 24Y, 3¢ 314, 4¢¥ 16
249 18U 77t A4 2 ZH7E 14.0£0.1%, 13.9£0.2%,
13.6+0.1%, 14.120.1% 2 13.7£0.2%2 A3 Aol o] & x
TS frelgh AlelE ®olA] ehgtth(one-way ANOVA, p=0.072;
Fig. 3b). B-4/448]= 242} 3.7+0.0, 3.7+0.1, 3.9+0.0, 3.5+0.1 2
3.6+0.1% §HA/ALRE {23 2lo]5 B30 one-way ANOVA,
p<0.05; Fig. 3c). ©]2 sk xlo|7} AR ojwsh G52 xjo]ellx
ZIRISR=A1E HES] ko] Al dael tist #7141 &
A0 Duncan®] AF-717 A} 39 3197 48 164°] Bt
E4/A00)9 2pole FAFE 0.058k14 2 Ao)E BT,
Gt 39 24937 39 319 A Aol Hu v AN
A OZE Ao} YERA] e AR YERsi Aol
AR el digh Pt ghA sk 9 g A AN Zfe] 7} YEl
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Fig. 3. Carbon and nitrogen concentrations of the glass eel, Anguilla
japonica occurred on the Nakdong River estuaries of the Korean
peninsula. Glass eels carbon concentrations (a), Glass eels nitrogen
concentrations (b), Glass eels C/N ratio (c).
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FE57 shrellA] ARdsh Auidolo] sl ean] gk B
o2 2o §PCERS 39 4, 39 24, 39 31, 4¥ 164 U
49 184 ARl 22 -21.3+0.2%0, -21.1£0.1%o, -20.7+0.3%o,
-20.7£0.3%0 H -20.9+£0.2%c% A7 Al7IZF F-2l3t Zjol= YERG
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N717F 23 2Fo] & B tHone-way ANOVA, p<0.001; Fig.
4b). ol&fst zle|7t ARE ofwsh IHE2] ZfoloA] IRIsk=A1E
HESE7] flste] AE 2Rl Eatol tigh 7140 A4
Duncan®] AF5774 A3} 39 443} 49 1649 H 2
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Fig. 4. Daily Mean §"C and §"N values (1 SE) of Anguilla japon-
ica occurred on the Nakdong River estuaries of the Korean penin-
sula. Glass eels carbon stable isotope (a), Glass eels nitrogen stable

isotope (b).

sieh, AAgel] A el g
& AolZ molA gL BF Ak Q
B 2e W Bk H
ol A A7E Gk
Ao g,

3

fi1 4

]

RN
ey

WAol = AAAS 21§02 o]gdl $kot, 1970t =}
AAE Aol & A Este] oA Widdo]o] FHEA o]gsto] g
tH(Yoo, 1994). 7 sl-ollA] 22 6~7°Collr] HHo= AW
Zole] AFo] o]Fo] Ral, 14~16 °ColME 22 ko] Aol
So] AR, - 20 FZollA 108 o)de] Awgoelrt
AH5lo] o] 2 Aoz Jeltth(Hwang er al., 2014). 57 3}
TolAE ZA] BE FL0] 132(10.1~15.7)°CEA] FL9] ke

oS

94

fd

%

[ AR

719 21 (Yoo, 1994), G2 Ao} A =5 Y 5
O QI3 G o] vk 212+3.2(13.2~30.0) .2 Hwang ef al.
(2014)2] 27Fsl-ellM 9} v]sedt FAitgh FolA] gz ez 4
Wgo] Ajzdo] Wol o]Fo] Atk

SeluEte] =8 Asktel sk webA] A7) ElhE slar
QJ=dl, Moon(2002)2] AFE HA|A, 57 W sl )
A Augoio] ] Hk 57.1+2.1(50.4~62.5) mm=EA] Z}
ShellA] AR Awele] W] i A7kl 27t 9l
glom, A&7t 2jo0)7) I, Kim er al(2013)] 3V, 74 1l
QP el ARE o)) A7e 247t 57.640.4(54.5~61.2)
mm, 56.2+0.4(50.2~60.2) mm, 56.1204(50.0~60.0) mm > 2], Y57}
B Aol o] He] Hel 56.5+0.2(51.0~63.6) mm3} B2
sielct. ey, st ae] dt i Aol Ay A7)} v
W3PE 39 492 59.0£0.5 mm, 32 249 542403 mmO.Z AHF
Al71ef wet oF 5 mme] XjolE RIS Wk opujg), L2t A
diot @ ool 2o AFE Aol Pt o] A2
Aoz Yeth $5o3e) F2A e sl e Aurgo]
A7FE- 55.842.7(51.3~61.2) mm=zA 57 sl ARE A
o] 9} n)5=dt 43S Kol 2102 UERTH(Shinoda ef al.,
2011; Table 1). Y7 shrellA AxE Aol 57 21
FHE 2012 490l AlibellA APE Aol Bty 22 s
THRE= Aoz Yeht, AI71E B X9F0] xjo| & 9lsle] e
e Hol= Ao R ATEITKTable 1; Kim et al., 2013).

Aol o] ghA Bl A4 ghege) diste] A3 B Kim et al.
Qo13)lA1= Al Al YAV, 57, 33 shellA] Table 28} 2]
B 523 3L Bod Al A9 wha W A gEke] Hi g
43.5£0.3%, 10.6£0.1%0 2 RO, Y7 slrollAli= 51.0+0.8%,
13.940.1%°.% JER} Bk 2 24 deke Zrlehs AERe 1
ATH(Table 2). Augo]o] /A rn]ol thelo] Ay B¥ Kim
et al.(2013)M= 20123 AMafigre] Al x1eiql Grkt, 27, &
7 Bl s ARe] 412 Hlet TS Helou 201439
Y27} sloll = Bt 3.7(3.5-3.9)2] 72 Btk o)k, ko
zpol5 Hole AL Yt shtolld e Auigoie] g4 W
A ko] AiA o R #8kaL, B0l A o] w2 AR
B AL E URE Flo R JElEit), =g, ik, 57, e 8
TolA AR AW E JsulFaA Tl AR oFaA
W @€ 23783t o wirgo])e] wolele] vhA W A4 3
Z}7}; 41.3+0.0%, 8.3+0.0%C1 3L BFA/ZA A= 5.02A4] A
O 7 A4 RS WGkARE, AL o] WAo] o] vhA El A
SHER(GAE: 49.6+0.3, 11.7£0.1; B74: 51.8+0.2, 11.020.1;
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Table 1. Total lengths and weights of the 5 groups of glass eel, Anguilla japonica

Glass eel
Sampling site Sa}\r;lople Total length (mm) Wet weight (mg) Dry weight (mg) References
range mean+SE range mean+SE 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  18.6x0.6 Kim et al., 2013
Geum River Estuary 30 50.2~60.2  56.2+0.4  83.2~122.1 103.4+1.8 11.9~24.4 19.840.6 Kim et al., 2013
Han River Estuary 30 54.5~61.2  57.6£03 86.9~126.0 106.0+1.5 14.8~26.8  21.5+0.5 Kim et al., 2013
East China Sea - 51.3~61.2  55.8+2.7 - - - - Shinoda et al., 2011
Nakdong River Estuary 150 51.0~63.6  56.5+0.2  33.6~133.2  70.9+1.4 10.1~29.1 16.5+0.3 This study

Abbreviations: Glass eel, Anguilla japonica
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Table 2. Mean values and standard error of C and N content of the samples collected in the western and southern coast estuaries of Korean

peninsula
Gl 1
Sampling site Sa}r\In;).le ) assee N References
Youngsan River Estuary 6 43.8+0.4 10.7+0.1 Kim et al., 2013
Geum River Estuary 6 43.3£0.2 10.6+0.1 Kim et al., 2013
Han River Estuary 6 43.2+0.2 10.4+0.1 Kim et al., 2013
Nakdong River Estuary 30 51.0+0.8 13.9+0.1 This study
Abbreviations: Glass eel, Anguilla japonica
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Fig. 5. Dual plots of §"°C and 8"°N of Anguilla japonica (a, b, c, d:
glass eel; e: leptocephalus) and their potential food sources. (a, b, c,
f, g, i, k, 1): Data are derived from Kim et al. (2013). (e, j): Data
are derived from Miyazaki et al. (2011). (h): Data are derived from
Choi et al. (2008). Abbreviations: YRE, Youngsan River Estuary; GRE,
Geum River Estuary; HRE, Han River Estuary; NRE, Nakdong River
Estuary; WNEC, Western North Equatorial Current; ECS, East China
Sea; Al, Anguilla japonica; POM, particulate organic matter.
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Table 3. Mean values and standard error of '*C and §'°N for the different trophic compartments collected in the western and southern coast

estuaries of Korean peninsula, the East China Sea and Western NEC

Sampling site Sample Glass cel POM References
i 3
plng No. 35C(%o) 3N (%0) 3C(%o) 5 N(%o)
Youngsan River Estuary 6 20.9+0.2 4.6+0.3 23.4+0.3 4.6+0.3 Kim et al., 2013
Geum River Estuary 6 20.8+0.2 5.1£0.2 24.5+0.2 5.14£0.2 Kim et al., 2013
Han River Estuary 6 20.4+0.2 5.0+0.4 - - Kim et al., 2013
*
East China Sea 54** - gggigg (l)(s)igT Kim et al., 2013
22.0+0.9 1.3£2.0 . .
Western NEC 101 20.8+0.4 5.1+0.7 217409 1321.9 Miyazaki et al., 2011
Nakdong River Estuary 30 20.9+0.2 6.1+0.1 - - This study

Abbreviations: Glass eel, Anguilla japonica; NEC, North Equatorial Current; POM, particulate organic matter; *: surface, **:50 m.
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