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ABSTRACT

Three pseudo-silver eels (PS1~PS3) were found by analysis of silvering index and

biological characteristics of 454 eels, Anguilla japonica, collected from the 9 sites of Korean fresh and
brackish waters from September 2014 to August 2015. Two specimens (PS1~PS2) from Lake Soyang
and one (PS3) from Geum river estuary were identified as pseudo-silver eel showing a large difference
between silvering index and GSI. The external morphology of the pseudo-silver eels were in S2 (late
silver eel) stage, but they were classified into Y1 (yellow eel) and Y2 (late yellow eel) stage in GSI, Gut
index, Eye index and Y2 stage in gonadal development and mean egg diameter.
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W01 (genus Anguilla) olF= A AAZL= 301F
(subspecies)S EZgsto] TE 195 0] E L3} (Watanabe et
al., 2009), gol A A4Ae & vitk2 Akt 3] G-5tke] Abetst
I Zols TA] o g AAfetE 7oHA o] (catadromous
fish)o]th (Ege, 1939; Tesch, 1977). -2 yztol= &, S,
tut 5 2 FEolr|oo)| BEFt= WAo| Anguilla japoni-
ca®t @t ¥ otddo® MR F HEFHL JA=F T &
X Yof| 2 AASk= FEjAo] Anguilla marmorata 23]
B 23}t (Watanabe et al., 2004, 2009; Kim and Park, 2007).
o] ¥ A. japonicai= 79| St FaolA 5~84 e A%
St SetollE mlAd s Aol (yellow eel) Al71E Hdl $,

*Corresponding author: Wan-Ok Lee Tel: 82-31-589-5160,
Fax: 82-31-589-5151, E-mail: wolee@korea kr

wol AA L, 23S EI}ET, A o] HA wstHA g4
&7F A&tk SWAO] silver eeD= HE St Abeta 93]
Hitk2 3]-3-8t} (Tzeng et al., 2000; Han et al., 2003).

A. japonica= LR7V7FA FAolFom AATIA] 4G F
o8 AT AFFTHAYLT S0l H-EA] gob AAoqA Al
Z3E Aol (glass ee)oll OJETt= EGAT FAlolFoltt.
1970t o]F A AAAHCcz T8, AAA f4 9 P
o 59 191 0° Z (Tatsukawa, 2003) 74| Lo] A&H o2 7
2EI Qlo] A IES ste] Tt niglo] Algsith
(Dekker, 2003). =¥ 8] ¢ ALY E8& skl 2 ¢
A By 37} o]FojFH 21 (Kim and Jo, 1974; Kim et al.,
1977; Chun and Kim, 1985; Kim et al., 2006a, 2006b, 2007),
ALl A] 71 9] AAF L AAFAE] (Kim, 1974; Lee and Lee,
1989; Moon, 2002; Hwang et al., 2014)7} == ot A%+
7] 4 3R7] WAoo tei= S A St WiAol
o] Adu), A%, 4} AAA [P #E A7 REAT
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(Hwang, 2010). Hong et al. (2015)2 =Wo] AAl5l= A.
Jjaponica®] AHLAT/E 8 A=e] 8 b, W & 9 st
oA Wil E st A& DA WE P E YETH
54 A7 oA R A 9 Fej= s WA S2
(late silver eel) TAZ Ho| |9k, A4 4 0] WHThHA| = A<
Wzto]2l Y1 (yellow eel)@} Y2 (late yellow eel) ©A ol s
3= 7HA|E pseudo-silver eel2 X 113} T}, Yellow eelof A]
silver eel A]7]2 Wt 22} BHj= AFES 918 AAle= 8
gt LA DAZ pseudo-silver eel®] 2L ¢ EHg 7
golt. & aTNE eltete] BE © 5, 5 2 o
of Zro] thFet A AIA oA 27F 2AE 35t A 34
Al 9] pseudo-silver eel®] Y420t P E4E EA 8k

R

1TARN 2 2 72

2 Aol AR3t Anguilla japonica= AFR3$ A7)1E E
sk 20149 9YHE 20159 8E7HA] W T (HYE, A}
T, %%, 94T, 383, st (A, 83 € s (=
7, 7oA @A o] 7} ojD A olE R olA st
T (Fig. 1). A. japonica®] YL sH T shto A= 4
A (AIE 2o 20m, FEFWA 12mm H AFIE Zo] 53
m, AT FEWHE 10mm)S o83, @ ZoA= FY
(Zo] 163 mm, "7l& Z°] 92mm, #EZE 8.1 mm, HI=AS
10070)E& A AH&shlTh. Akl ARERE Aol shd
A 119707, B3 87, & 29 EF= 674A, FAZ
2570 A, 222 122704, 4= 1704, BB 1A, 78t
T LI87NA), 2Pt 4470A = & 454704 ATk (Table 1). Al
Fol AW 24 AHES $457] 99 obolauiio] o
o W we H ALsA AR Lukstel 2 R9jo] A
A A o8 Fe|E BES|AL, silvering index (SOl @l Y1
(yellow eel), Y2 (late yellow eel), S1 (silver eel), S2 (late silver
eel)Q] 4714 @A R FLESFYE T (Okamura et al., 2007). A8
of Foll A 94 QJRFPH F9 7Eo2= 290, GSI=
Y1 % Y20 &3}l= A= pseudo-silver eel (PS1~PS3)E
H5Ft (Hong er al., 2015). /480 ©hE AM 9] Zpol= 2 H
WEER] Fpon, o] d Aoz AR A kot SIHA
s HER FESHA] FodTh EA4 0 AR AIY
ol= A. japonicalAE A FRIst7] 5t n|EEZ =T
o} Cyt-b +A A} (forward primer, 5'-CCGTTGTAATTCAAC
TATAGAAACA-3'; reverse primer, 5'-AGCGCT AGGAAGAA
TTTTAATC-3") 4 53t A. japonicad& &1+t
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Fig. 1. Map showing the location of sampling sites. The diagram in-
dicates lake (circle), estuary (triangle) and stream (rectangle).
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A. japonica® yellow eel ¥ silver eel A|7|E AZFA 7t
Zpol7h A R P FES 54 F H| w5 TH(Okamura
et al.,2007; Hong et al., 2015). A&@ A9 vnE {3t A
%} (total length, TL)= ¥ o] A 2] A (Mitutoyo, Japan)Z 0.1
mm T7HA] S35 E3F AlF (body weight, BW)2 T
A" ARA L (CAS, Korea)2 o] &3t 0.1 g7HA] 243544
a1, AA A FA (gonad weight) B A3} A (digestive tract
weight)= 0.01 g7tA] $43 &, GSI, 238344 (Gut index)
4 QFF R4 (Eye index) 5 <1 W E A4 (Pankhurst,
1982)55 ot Ao o] AT A. japonica= 5
Yozt 4Ue FRY 5 g0l BEE WA F A
4z gee] Ayolo] w2t o - 58 FEHATHKuhlmann,
1975).

GSI=gonad weight (g) ~BW (g) X 100
Gut index = digestive tract weight (g) ~ BW (g) X 100
Eye index = {[(horizontal orbital diameter (mm)
+ vertical orbital diameter (mm)) +41%> X 7t
~TL(mm)} X 100
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Table 1. The sex and silvering stage of Anguilla japonica in Korean waters

Stages
Sampling sites Stations Sex Total
Y1 Y2 Sl S2
Juvenile 30 30
Daecheon Female 6 2 2 2
Stream Male 83 81 1 1
Bongdang Female 8 5 1 2
Namyang Female 6 5 1
Juvenile 1 1
Busa Female 20 15 5
Male 4 2 2
Lake Juvenile 1 1
Soyang Female 109 56 46 6 (1H*
Male 12 3 6 2 (1H*
Uiam Juvenile 1 1
Cheongpyeong Female 11 3 6 2
Geun river Female 109 55 32 19 2,(1)*
eum e Male 9 1 7 1
Estuary
Han ri Female 41 2 6 31 2
fver Male 1 1

*Number in the parentheses represent the pseudo-silver eel specimen.
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Silvering index (SI) 7]&3} GSI9] z}o]7} & A= 235}

A B4 MASET AL 28 TS serste] 10% %

=2ddoz uA3 & watdo] Zojste] 5um FAZ d&
AHE WET o|F ZHL2 Harris’s haematoxylinZ} eosin
° 2 JAgE & Fedn] 7 (Olympus, Japan)ol] F2+E T4

7}l 2k (TOUPCAM, China)2 23heich 9] B ¢4
(oocyte diameter, £ 1 pm)2 o] F& == GEAEZ 2071
AAst] Z7te) A4 AW F BEUAS A8, A
A4 v GAlS Yamamoto er al. (1974)3+ Miura et al. (1991)

£ s},

1. Pseudo-silver eel2| &3

Aol AR F 45470 A= I EZ =20 Cyr-b 999 A
7IME B4 A3t 2% Anguilla japonicaZ A E k. 4]
2 Zpolof| W2 i Ad, A2 310704, A2 11174A
2 2QIE0] 0369 AH|(5/2)2 AR o] SAISHHLL, BA A
7 e 2ol o -+ Fiol B B4 AR 33
WA KTk (Table 1). ©] 5 Y1 (yellow eel)= 2647HA] (58.1%) R
©™, Y2 (late yellow eel)= 107704 (23.6%), S1 (silver eel)

72704 (15.9%), S2 (late silver eel) 11717 (2.4%) AT (Table
1). Silvering index ©A¥Y &3} GSI¢] #}o]7} £ Pseudo-
silver eel& & 3714 (0.7%)°) 91, A FEZ PS1~PS2 7| A
L 42%3 PS3 AAE 24 toll A £33+t (Table 1, Fig.
2). PS1 7HAlE 20149 129 2F35 oA o]FH 43 (TL 507
mm, BW 181.8 )22 Silvering index?] 7|&£o 2= S22 &
FEAAT, GSIZF 0072w HRof Y19 A gsAdH
2 SR (Fig. 2). & AL GSIE AslT Femel W
H4S YelllE= A4 F Gut index:= 2.1, Eye index+ 3.7
ollth. PS2 7iAl= 2015 59 &FZofA oglE FH(TL
498 mm, BW 200.4 g)© 2 Silvering index?] 7|&2 2 & S2&
EFEAANE, GSI7F 0352 w9 o} A4 dg dA ==
Y13} H]=8klch(Fig. 2). & 7iAl= GSIE Ale F= A
He 714 S Uyelfl= x4 5 Gut index:= 2.5, Eye index=
3.001%ch PS3 7HAl= 20159 99 F4stolAl olgE o
Z1(TL 702 mm, BW 436.1 g) 2.2 Silvering index?] 7|&2o2
£ S22 ERHYUAR, GSI7F 0522 Wop Y20 YAja A&
BHE A (Fig. 2). & 7HAl= GSIE A<t F=H A
HE S UeEtll= A= Gut index+= 2.3, Eye index+= 3.1
o] ich.

PS1 A= RS2 Fig. 3A04 H= Hie} o

| A4
RAAZ Welli= Type Al BN Z LR o] A

»ore
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Fig. 2. Pseudo-silver eels of Anguilla japonica collected in Korean waters. A: lateral view, B: expanding lateral view, C: ventral view. Scale bars

indicate 10 mm.
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Fig. 3. Microscopic histology of the gonads stained with haematoxylin and eosin (magnification X 100). A: PS1, Male (collected in Lake Soyang
on December 17, 2014) 507 mm TL, 181.8 g BW. B: PS2, Female (collected in Lake Soyang on May 24, 2015) 498 mm TL, 200.4 g BW. C: PS3,
Female (collected in Geum River Estuary on September 2, 2015) 702 mm TL, 436.1 g BW. The arrow indicate LV (lipid vesicles), N: nucleus,
OG: oogonia, SG: spermatogonia, CT: connective tissue. Scale bars indicate 50 um.

ol 43 Y1A7]4th. PS2 ZHA| 9 PS3 AR gHloz 52
ik g A PAR FHof 22 dEo] WMEA YA
ZFW Q7] A7] (peri-nucleolus stage) 2 BT AL, FHA|E
Zlo] YR AW AZA7 BHEE A Y2 GAR Eeld
Atk (Fig. 3B, C). Bt ¢7-2 PS2 WA= 86.9+7.48 (73.2~
97.0) pmo| 9131, PS3 /WA= 97.4+£7.94 (84.1~115.5) pm=
PS3 4|7k E7o] o 2 Ho2 Sl = T (Table 2).
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ol oHa] victE As] 7t o2 2dT oA <R AA
I FeoA AR oz A&t FelQ Anguilla japonicaS )

Aste=dl, GSIZF 0.07=2 w9 W3 Yo R] &b 4o
AE udElAeldl Y1t Y20 sjgst= =3 g AAAE A
Astglon, o]fgt EAL 7 JHAE pseudo-silver eel=
B3 v} Itk (Hong et al., 2015). & A4 viok2 A
T3 7F o2 | 3o T2 AR YoM F7FH o2 o]
oF fARRE FEjA 54 7HK A7 ERlE o], sk 9 s}
TE ZT et ZAAFAo A= A japonicas W
dog olggt EALE Kol A7 EdsteA RASHA
3 g gkl AAske oFH 270A 7}

pseudo-silver eel 2 &1 = 1t} (Table 1).
Wol& olfe F2 Y s, 714 E "ol oF 5~8
A2 H|g&3t yellow eel Al7|E

k3ol HE O HosEA A4

4

i
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X

¥ A4S Fol]
Ba F 207 %
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Table 2. Morphometric and physiological indices of pseudo-silver eels collected in Korean waters

Pseudo-silver eel 1

Pseudo-silver eel 2 Pseudo-silver eel 3

Total length (mm) 507
Body weight (g) 181.8
Silvering index (SI) S2
Sex Male
GSI 0.07
Gut index 2.1
Eye index 3.7
Oocyte diameter (Lm) _
mean * SD (range)

498 702
2004 436.1

S2 S2

Female Female

0.35 0.52

2.5 2.3

30 3.1

86.9+7.48 974+794
(73.2~97.0) (84.1~115.5)

a7t AR BERE 290 2 vl =1 (silvering), ] FA|
A3l silver eel2 22 WHEfE 3§t} (Tesch, 1977; Tzeng et
al.,2000). o] H3t 7] 22 Q1 W4 o] It g dAE
7H= AiAeE o R o e o} AgAa o] o] Fz3lgh
AR JhA] (pseudo eel)E°0] ST 2 A= o]& A At
olo] Fej& Zpol]E Lopr 7] Ho}o:] Okamura et al.(2007)%}+
Hong et al. (2015)2] AF1E F315}9] yellow eel} silver eel
AN FAFCE LEEE R A FE 2 A5 #4
A4E ol gsto] £A% 2, AT AFodA= Y1 E Y2
2 iAol dA| o, A ARk 2uizto] ThAof st
o] ZpolE Hol= A7} 7Fsttoll A A = AT (Table 2).
o] gt pseudo-silver eel 7HAI S GSIoA = yellow eel T
A Y1 Y232, FEiF Q] M-S Ul = A 5 Gut
index®} Eye indexo A= 25 yellow eel EA1Q1 Y1 2 Y22
1= }lTt (Table 2). o]2|3t A5 ST HH,
ver eel 7|1A = QE M-S 7|EF 0 F FLES Silvering index©l|
A= silver eel @A = ATk, 24, #|F, GSI, Gut index
9 Eye index 9| A= yellow eel A ST,

A Table 29 A pseudo-silver eel 7HA &2 A sHA AL
oA &AL YA o] PS2E 86.9+7.48 (73.2~97.0) mmo] ]
I, PS3 /WA= 97.4+7.94 (84.1~115.5) mm=Z )9t Kaoping
River 3hto| Al 2ARE 23 Y1 @Al A 64.0£1.19 mm, Y2
AN A= 102.7+1.71 mm, S1 ©@A= 159.3+4.28 mm<} H|
w3to] £ o, Silvering index ofzt WA AE Y2 TAA
t} (Han ef al., 2003).

Bezdzenyezhnykh (1973, 1974)2 104d &9t A3/
SHA] BoF ASst 27)9) WiAte] g0 Y= Anguilla
anguilla®] 735 A1A|3E (phagocytic)of] &gt FFOo =2 FHA|
E7} A& (resorption) F= AFHE E 138t B It} Moriarty
and Hackett (1976)= otUsH=o] 923 Cork Z4=0f A 4]5}
L A9 A. anguilla (TL 1,220 mm, BW 3,540 g) £3& B 113}

pseudo-sil-

WA o)A HAjo] o3 Y #3 Aw 209402 R 139
Foke WE A BQl v o)F 79 Foke mdl 4% 1)

BS FAskgch B 54 o wgo] A 24 23 Y

=

5% A% 500 mm o]/4e] Atet 3{7t 7hs gt A
o] (Silver eeDERE 4F WA 7} §le= vAFEA A
= B VAL EIHYET, ol HittE A4
e River?] A|Fe} AdEdlA Bo] /fALe] o] - &
Tl W 2z A9sigith. weba agaoA HJ
pseudo-silver eel ZHAI= 2H A 9] HlA = o] FE3]
SHEAIRE Q191 A ol EQ | i"ﬂ _’QE]OL’SEJ@]%—
SA] Zotar ATt QS AS 2 F39d. a4st
TollA gelE &R PS3 A= 70}0}‘7"% olzff vitiel A4
He AR AP =, F71H g 59 = A
HFstal Qlo] 9hA AFS oA E21H pseudo-silver eel A H A
T3 A2 Ade] o3 AL YF4 YR B 5 jlof
of o] A7} 2@sH=A S8 HJAY F7F EF AR o
gk A7 B o5k

Pseudo-silver eel 27§47} AR E 4245 = B7F Ao
A3 HF Q7 Woz virel ddEHE
o8 |9 = He AFoF IF7F 7hHsshe] AAAE WA
of AL ool o0& AL R AtRdTh @A £2Y3D
of A&t WAol= W A 24F flste] 914
H2g )RS o)™ (Choi er al., 2003), ¥ & W W35
7‘1] o] B Ao FAFNA AR EH= A7l B W
T H T WolA AAlske Al719 BEF, FEH, A%
3} 59 YO pseudo-silver eelT} 2 B HAMZ o] W
@% 7H = WA7F 2dsks AR AR, © AN &
A UL ol3fizty] flste] o]E WA AT 2R HIE
??l F7H A7t B astgith
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2014 9¥5E 20159 8L7HA] =} 970 A olA A E
Anguilla japonica 4547§A| 8] BESH EAJE 2AFsE A,
silvering index (SI) 7-&3} GSI¢] z}o|7} 2 pseudo-silver eel
o] &gzl A 27HA (PS1~PS2)e} F7F8k-oll A 1714 (PS3)



7} Q1= 3t}. Pseudo-silver eel> R FE 7|02 S2
A GO, GSI, 23F%HA] 4= (Gut index) @ ¢H3 2|4 (Eye
index)o A= 2% yellow eel ©AQl Y1 ¥ Y2932, A4
aA o G oA = Y2 EA Kot

Ab AL
B AZL 2017UE Y208 2Aaed LA}
ol My4m A E:Q::’L(:ﬂ 7 - =AY 93

A2

(R2017034),9] oz 2

ol Hio] 588 FA AL, 2 4% ol L5

AR 2 A= -3—*4% opz FPLAtaetd S

oq;u A5H, 1058, $45}, $8h8, Alotel, olald, HA4=
1ol A=,
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