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The Monitoring of Eel-ladder in Geumgang Estuary Bank, Yeongam Embankment and Asanman Embank-
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6728-0834), Younghee Song? (0000-0002-1441-6838), Wonjang Kim? (000-0001-9525-3999) and Yoon Choi** (0000-0003-
1356-5740) ('Alpha Research Ecology Institute, Gunsan 54151, Republic of Korea; *Faculty of Marine Applied
Biosciences, Kunsan National University, Gunsan 54150, Republic of Korea; 3Rural Research Institute, Korea Rural
Community Corporation, Naju 58327, Republic of Korea)

Abstract The Ministry of Oceans and Fisheries promoted the installation of eel-ladder for the purpose
of creating inland water resources. Currently, eel-ladder have been installed and operated at the Geumgang
Estuary Bank (2018), Yeongam Embankment (2019), and Asanman Embankment (2020). In this study, the
number of glass eels in eel-ladder in 2021 was monitored and factors affecting the rise that from ocean to
river of eels were investigated. Glass eels in eel-ladder were found when the salinity was relatively low, and
they started when the freshwater and seawater temperatures were above 20°C. Comparing the number of
occurrences by year, the largest number of glass eels was observed in 2021, but it is judged that this is not
according to the distribution of glass eels in sea, but rather as a result of the investigator’s eel-ladder repair and
guidance on illegal fishing.
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M =2 b AASHE Aoz dalA 9lon (Kim and Park, 2007),
oA LlFel FHAL WiRto] (A. anguilla), E1)A ¥

=]
-}
o] (A. rostrata), oMt WA0] (A. bicolor pacifica) &

F

W ZFo] & (Anguilliformes) W40 2} (Anguillidae) ¥&+
& (Anguilla) A7+ 2dj¢t @df A 5 A AA 19 5 559 WFoj&o] Eds= ALE HuE glon,
ZFo| BxEsaL §lth(Watanabe ef al., 2009). 3Hol= =& HA W], Bujik WA, Fidopil WiXtol= FAlE
At WA (Anguilla japonica)®t F-E]%0] (A. marmorata) OS2 £ET 9o (KMI 2022), o7 A EYEA
A% RO §EE] AAANN JeHT G

do opr o po

Manuscript received 20 May 2022, revised 7 June 2022,

revision accepted 7 June 2022 Ao 2 AR (Hong et al., 2017). S5A4 WA o= £
* Corresponding author: Tel: +82-63-469-4596 Fax: +82-70-8280-5800 O Al Z o 7} L = A MBS AlEhe
E-mail: jgkim0909 @jbnu.ac.kr Uzt Y4 FOE A B el A Bttt Atths
Tel: +82-63-469-4596, Fax: +82-41-950-6103 93 vtz Y7t JEhA ol Bz, gl Halst Wit

E-mail: choi @kunsan.ac.kr

(© The Korean Society of Limnology. All rights reserved.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provide the original work is properly cited.

— 167 —



168 i+ - 22 Y - dER - gES -
o] zpoj= YAl o] (Leptocephalus)E B & 3|79t F

ZAL HBRE et o]FstH dHHEo| o]27 Auizlo]
(glass eel) %EHE‘ B $Hch (NIFS, 2009). o] Awzk
o7} aAsHE Al7|E AGER ujyd o7} glow, AR
T 139, J S 249, A B S 28 S
9 2 £02 BHo|9th(Hong ef al., 2015). 54+ W)
Fole FUlodlA F2 shollA &4e AWolE AL

sto] QFAAel] QAT WAl FhelA 971 U
SH FHoFOR AR WEE oY F Y B B
W3 ARFAE AT glom, Wl Aok A

FEZ (19.81%)¢ AZEE (55.76%)7F °F 75%S A
T A2 2 H|5Z 7R JTHKOSIS, 2022). 18
U}, 20144 TUCNOA SEAF iAo} S Red List 9171%
(Endangered)2.2 SA|5lo] Yo HE 9 o e
gol 37t Ha gtk

SHH 9 st @t st ty SR EE FAaE o
2 FE9 W3} ook, shH o 5 HEd =4
o7 Jﬂ °§E'—°l 2dH= @H ‘%Hﬁ getxith o]z

o{n

o} B FOZ U 3] oele UH L i}
Setere Fogel 710l ¥FH Uk 5 P4
o ARE WA skl $YES, T4 2 5 B

S T A4 ool SUEHOMOLIT, 012,

2o 9S85 FRE AT HHY E
= 01‘3\"'#—4 Zx 19819 FASILE, 19874 %%70‘
L5, 19909 743125 o2 o|Fojxl . 1Lt 5t
T B A9 ool HAE xE 9 Be AN oF
9] o] 5 drol A&t FFE HE 4= ok weEhA 3
AdolFe 2 vtk A{2e JEUS St o=
o] AA7F AlFEE AAolth. E3] WAdolet o] dntE
A =E o] &=t oJHEo] e Tl HaA= T &
Aol g Agol= el =9 @ S A7t AW F
of it oA ml=, F=, TFE oA W] A
LolEE M2 &9 Fo|n, Eul9 Moses-Saunders 9,
Chambly 9, Beauharnois |, Greenville ¥ & 2% A3
o] HTbe 4ojel 152 ole] WAels} ol gt Aoz
&2 A Ltk (Solomon and Beach, 2004). F Yo+ F=2
o] &5 H U st e AWA (Glass eel)
£ 015/\]7]7] A3t Hgol= NEE FXsk Ut Y
lﬂ—’u\—“‘ AdzEAS FHo=2

AR , @A S8 E
(18) W2A (19), otAbEZA] C20)00] Ao A
£ % 4% -4 Fol AtH(MOF, 2021).

HHX]—O—] AL il
A A a 457.14), BehEA (2 3
Al
)-

D

z8 AH61-1), oML RA (B7]= HY
g 564-21)0| 4 A} == T} (Fig. 1
AAE W] HEo=s & 1.6m, Zo] 335m, AAE
16.7°2 vl=H7]| AL &o] 50cm, 7+ 2.5cmel SzAg
& A= o|FoA om, FUF AMHF 271X FH|
2 FAE0] k. T RA Y] AAE W Agol=
£ Z0] 32.0m, FALE 16.7°2 H}e7| ‘—3— =72 apzkrt
A2 E9] 5.0cm, 7H2 2.5cmel Zgk& ARjol F
HP o= L= ot 0}*&‘1}%1%1]01] AXE Aol
Agolee Zo] 32.0m, FAE 16.7°2 Fo| vig7|d-E
5.0cm, 7t4 5cm¢l ZTtAE & AXE YHFPCZ o|F
oA qlrt.

ZA7|7HE 20219 5Y 209~99 3092 3 & 7|E
227) 1~39, 27| 3~4Y, 7|EtA]7] 3~8Y AA|E o]
Z 493] BYEHS AASHATH

mh

2 0.1g 992 SHSIATE AR H Y] Az, 85 &
T, 39 2, d&, A7|A =L, pH, DOE
(ProODO YSI Inc., OH, USA)E o]-&35}lo] 243}

3. SHEN

2ao] G Aug] a4t §o4E AEFILA
SPSS program (ver. 12.0)2 AME-5lo] AR A4S

th. S4A HAN= Levene's testE AFESE I 1 £ one-
way Anovas ©]&35t] Fol4 HARE AASHH o] &
Al AZL 147 vl Fisher’'s LSD} H| 242 B
¢l Dunnett T3E ARSI, F4-F 95%9A H3 0]
o] £ T} (p <0.05).
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Fig. 1. Map and photographs of the study sites. 1) Asanman Embankment, 2) Geumgang Estuary Bank, 3) Yeongam Embankment.

BLE WHo] Agolx Y EdT Aol £
T34NA| ek Awigol= 59 269 370A17F EelE o],
79 214, 230l Z+z+ 16270A), 1774A|17} && 3] 7}
g2 MAsE E¥on 849 209 370A| o] F AAdst
A okt € 24 A= 59 470A|, 69 57704 7
4 597704, 84 T67hA H o, 9¥-2 24 A7 gl
(Fig. 2). ZA 7|7 &< AP A= F 65270A417F 2l
Hom, ArAF oA 8270A7F FlE ). Aol &
A Auigojo] Wt A FFL 58.68 mm, 0.12 g2
2 gl=Eger, 5499 2+ 71.75 mme} 0.54 g2 713
Ao, ol vy AgAst gdA WA 174A7 &9
3% 7] Q2o 2 FrhETH(Table 1).

2) FAYER| W] HEOo|=

FAFEA WAl Agole Y 2dT AWFol= F
5570 A et Aol = 69 299 170A| 7} &l EJ o] %
4 9d3t 1299 42 1374A17F 2@t 7P B2 A
+8 52e fﬁ 79 239 174A| o]F aAdskA] Ftt 4

=8 A= 69 170A, 79 5470AI e 5, 84, 94

% SFNA7E ATk (Fig. 3). /4o 21"

o AT S 62.73mmet 031 g0 2 Q?_El‘;’iﬂ
6ol Z+zF 200.00 mme} 5.58 g& & 7 #H o o= A
of ¥iFgo] 1I7AAI7} E85t57] WE o2 HHE T (Table
2).

o&i

3) OfAHRHIE R K| E0 HME0 =

ORI RA ol AEoj= W 2T AWFel=
Z 10770A ek Avgol= 69 144 470171 ER1E o]
64 169,74 23°é°ﬂ F2h 1370A17F @5t 7P @
AT 2l F 0¥ 15Y o|F 24FsHA] st ¢
23 AAF= 649 40704, 7¢ 41704, 84 23744, 9
d 37fARen, 58S SFANA7E /ATt (Fig. 4). 27|
glolx Awizlolo] Wi AAT 22 63.01 mm, 0.18 ¢
°2 slEglon, B AL 98l 67mm, Bt F7F
790] 0.2g2 2 7}& ZIth(Table 3).
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Fig. 2. Graph that glass eels in Geumgang Estuary Bank during study period (2021).

Table 1. Summary of the morphological characteristics(mean + S.E.) of glass eels in Geumgang Estuary Bank.

May (n=4) June (n=57) July (n=597) August (n=76)
Average Average Average Average Average Average Average Average
standard weight (g) standard weight () standard weight (g) standard weight (g)
length (mm) ghtis length (mm) ghtis length (mm) ghtis length (mm) ghtis
Planar shape  71.75+26.84 0.54+£0.83 56.26+2.29 0.1£0.05 57.82+7.43 0.11£0.14 6494+1530 0.23+0.52
Slope forms - - 55.17+3.11  0.07+£0.04 59.33+7.11 0.12+0.11 70.17+£13.29 0.23+0.18

TX)E 312~5,523 uS em™ (B 2,099 uS cm™), &
L2 0.15~2.96 psu (B 1.27 psu)2 el 3= (3
) W £ 18.0~29.4°C (B4 23.9°C), EC (H7|A =
E)E 332~58,050 uS cm™' (B 21,682 pS cm™), FEL
0.16~38.63 psu (B 13.90 psu)2 UEFGTh a&9] 8
< A A G5 BRI E sto] dEE9 ECTF @
A SAEHUT FeE (Fe) W =2 19.9~31.9°C(B
T 24.9°C), EC (A7 AEE)E= 255~4,276 uS ecm™ (B
2,483 uS cm™), GEL 0.11~10.20 psu (B 1.46 psu)=
urebstch

2) JUYUEA| Wzt MEo{=
oz W $L£& 18.72~32.2°C(F 4 25.97°C), EC (A
7IAEE)E 534~2,702 uS cm™ (B 1,568 uS cm™),

%l

HL 0.26~2.21 psu (B 0.86 psu)Z LEFGTH ¢4l
2 Y £ 18.7~32.2°C(HH 26.0°C), EC (A7]A
TE)= 879~2,698 uS cm™ (HF 1,570 uS cm™h), BE

2 0.43~2.20 psu (B 0.86 psu)2 UEFGTH 3= (3
)W 22 17.8~27.4°C(F 4 23.2°0), EC (A7|A =
T)E 1,266~76,179 uS cm™' (B 38,852 uS cm™), G&
2 0.62~40.26 psu (B 26.68 psu)2 UEFGTH T
(F) U $22 18.8~31.7°C (F ¢ 25.8°C), EC (A7]A
TE)E 882~2,695uS cm™ (B 1,567 uS cm™), FELS
0.43~2.20 psu (B 0.85 psu)2 LFEFTh

3) OpAIDELRH| HiZt)] B0

oz W £22L 18.4~32.1°C (B 24.8°C), EC (A
NNAEE)E 313~8,301 uS cm™' (B 3,372 S cm™),

EL 0.11~4.61 psu (B 1.76 psu)@ YEFGTH {2
=82 Y $£22 18.5~31.9°C(HF 24.8°C), EC (A7)A
T%)E= 839~7,502 uS cm™ (B 3,904 uS cm™), G&
2 0.41~4.14 psu (B 2.07 psw)2 YEFGT 3= (3l
) W £ 16.3~28.5°C (F+t 23.2°C), EC (A7|A=
)= 1,029~60,910 uS cm™ (B 43,830 uS cm™), FE
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Fig. 3. Graph that glass eels in Yeongam Embankment during study period (2021).
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Fig. 4. Graph that glass eels in Asanman Embankment during study period (2021).

Table 2. Summary of the morphological characteristics (mean +
S.E.) of glass eels in Yeongam Embankment.

June (n=1) July (n=54)
Average Ave.rage Average Average
standard weight standard weight (g)

length (mm) (2) length (mm) entle
200 5.58 60.191£17.31 0.22%+0.75

2 0.51~40.81 psu (B4t 27.97 psw 2 UEHTH &3
(F) W $2L 17.7~32.5°C (B4 25.0°C), EC (A7] A
TE)E 803~8,245uS cm™ (B 3,633 puS cm™'), GEL

0.39~4.58 psu (B 1.92 psu)=E YEFFTE

3.

e

Mol o2 =2 Al Bl

Z2A4 0 TE 247 oS BA 7] A 2x7], of
27], 71871719 Zt o= 8] RUHF AFE 2AHY
ot S SE WAl AEoleo Mo BE AT
A 27] 156704, thZ7] 135704, 71€kr]7] 44370 A Aot
FALEA W] AEofx aFFE £227] 11744,
27 21704, 718kA17] 2370412 Q1= et obibak
ZA| Ao} Moo AFFE 27| 20714, =7
2570 A, 71EkA7] 6270 A1 = EH1= SiTh

7 oo 2o whE £A AASY FARA Az,
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Table 3. Summary of the morphological characteristics (mean+ S.E.) of glass eels in Asanman Embankment.

June (n=40) July (n=41) August (n=23) September (n=3)
Average Average Average Average Average Average Average Average
standard weight () standard weight () standard weight () standard weight ()

length (mm) ghtie length (mm) ghtle length (mm) ghtle length (mm) ghtle
60.47+4.85 0.18 £0.09 64.41%9.10 0.20+0.13 63.52+10.22 0.16+0.13 67.00+£7.94 0.18%+0.03
800 734 al &
700
K%)
g wo e APl AFEAN 1~397, 23 5T
2 50 2~49, Aol St 29 W5 2o &S 2o R g
5 o A Ach(Hong et al., 2015). & 2AH= Al3fe] A 9
B 00 WA, AEAQ FA8LF, B714Y oMt zA 4
5 A R B 2t At G R A 52 269 7
| e - o WA 4] ST 1 F ofitghgzAe) A 62
o M e - 149, FF2ANA 68 29° 24bo] L) o]
2019 2020 2021

Number of glass eels by year

B Geumgang Estuary Bank M Yeongam Embankment ® Asanman Embankment

Fig. 5. Comparative graph on raise that glass eels of each year.
Monitoring period : Geumgang 2019~2021, Yeongam 2020~2021,
Asanman 2021.

VA=Y £x7), 2719 &9 WA A A
ol AU (p=0.94), 7|EA|7| ke ]t 2ol =
AT (p>0.05). FAFERAY oMYA = S22,
dz=7], 71841719 &8 A FouRt Aol fle
AL 2 FAHUT (p>0.05).

4. =8 = A Hlw

S48 E WA Agojx=E 2018W F53F] 2019~
20219 397 BUEY gon, JagzRA Wy Ag
ol 20199 ZF38te] 2020~2021 27 RYEF 3}
k. opatvbr A Wizte] AgolrE 20209 FF31]
20219 197 BYEHHE A 745 E WAl
Agolzoa AWAelo] MAE 20199 6374, 2020
| 23704, 2021 73474A1 2 AT Gt A W
ol Agomrt AXE o|F &g AWAo 9 A4

FAFRA Wgo] Mgz Hojx P Fe & /Y +
gof o] AXEofQlA] ghot Folx & Hol FFE #
E9AY o= T APd EYRALZ Qg A=
wehEch
Awizrol o] Wi AL FHstEEA 56.68 mmE
7 Agten, opabbr R A oA 63.01 mmE 7HE FAth
S8 E W Agolr vig 7]dL 7HE 2.5cmE
AR =] vuA Aol g2 AWAolrt vt 71dE 3
3 24kt golshgl o), oA WAFe] H-8-of
9] vtk 714 7HEL 5emE 2785 GURA
of vla] ztZ o] Qelch metd S35 JdHE
of vla] Aol o Z MAEe] FAE AR wkHt
FYLRA WA Agojmoi EE Ao F
o+ AR 62.73 mm=E G755l Hlsl o, ol= 6
dof| A Ado] WAFo] 17H4] (200 mm, 5.58 g)7} &/F5t
A2 BoE, o5 A|Qg HF AL 60.19 mmE of
Atk A oA e A Bt Zokeh Ao Hgolx
o] uiet &7k 744 o] FOoWH £8A|, o]7] Fo| AT £
, B AwArolo] adde] EAIZE A& 4 7 o
A% 7HES F= Zlo] Fasitt. olo wat ok
4 Wgo] HEgol=9] MES AYS HASH
o &ofl F7HHoRE 9 & (THE 3.5~4
S, & 7t o] FoA =& Al Fs4tt.
ol WMol AI7|E HithoA B AW
o] Al7|e] At At F42 AAFgt) ojnf Arizto]
TPBRA AGEoR A7 WslEy] fio] ¢

o]

M rjr o
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o] AL flo AHRY 2Ho] o]Fojd Ao g Helr
(Hwang et al., 2009). 2 ¥# o] o] AAto]] JRO| w7} o
FE A= AL HAEo Y om (MOF, 2020), & £A
NNE HEY F=7F W o AWiAo] 9] aifo] vl
7kt sl Bt A€ FE= 5~6¥o] 7HF Rk
ot o] A|7lol= BY 24U FFOE Q) AwiAo] &
2] AEgt a1E waty| ofH ek ey Ao
7} o=E Tl 7Y wol 24 gl 74 o= dE 5

= RoTh B3 WA o7t o 244 3o s o
£ st 4% Ao R ERIE] ol g WHRFY F
7R Q13 YA H O 9 HE wolx
ZHrt
Agol7t stE Foll BER adtte A7 2
o] F =2 Abgo] 33ttt (Lee, 2003). A¥EE o]
& 2 8~10°Coll A AJ&SE 14°C oito] =HH
gak3)| 21 Th(NIFS, 2016). 2 Ato| A Awiztol: w49}
34 HF 20°C ol W AAfo] AJRrE|Glen, Aol
7P Sad 799 @ Wi 22 ¢F 27°C(a45}
51 30.7°C, GRA: 27.1°C, opAgHERA]: 28.2°C)
oo Fokon, 59 Ht £ oF 23°C (a3t
FE: 26.5°C, G EA: 23.1°C, obAHFRA): 23.6°C)
4oz gEo] a9t g9 #2271 Y Aoz
1= et

ZF o8] &ax7), 27, 7|EtA 7)o WE &E A
o] ot Aol7t YT (p>0.05). Al o= EF 7|ERA|
710 24 gFo] 7H Weteur 2AE Zo|7t gl A=
I ol 9 &4 AT Aon 79L& A
Qg Umz| 7|78 2@ Fpo|7t 2R gol &7, gz
7], 71EkA 719 -om|gt A7 iR 2 Aoz &
dE Aol A YR 2477 HAEY A
o] (Kim e al., 2002, 2006), At 2 e} 9 = Auizloj
ZAF7)Y FFE = Ao dA Aok 1Y WA
o] Agole shEFol A=st AT At e
g =g o] g3l aAstE AlTte] 289t E4 9
of F7He] Fpo|7 AT 4= Q& AoE wodEth &
gk, Hwang et al. (2009)°]] &J3tH A& ool A A%
o]9] A AIZFAE, ) WE FAT Zol= e
Uz Aol 4] o wWiltha Buskgl
o wheba] WiFto] AH-goj= o AmiAte] A4doe x9|9
o2 GFol g & e 5 A7 o T Ao
wekEc

20219 WAo] Hgojmof A4t AwWAtol= St
5 FHHFA A= 652704, At oA 82AAZ F 73470
A, FLFRA 5570A, opatvbkzA] 1077HA 2 1= 9

o

v
=
s

et 1o rlo

o

ot
[
>
(2

o

ot S S AAE ojl=s FH
2 AP NA o B A7 &3
U (Hwang et al., 2009) 2 AL A=
SAAZE B o= BHF 0l AFHF
= Y g477t0] 80cm=E ¢ Ha, A
oo QT Atz wohHEnh Akl

© B2 MA7 FAEE A8l =4
ol i} 2stHoR AT 20219 %
T 4~5bdol AL, AL WA 1kgd 109+
ol AMEHIL Aol AEoA=E T3 AWl HAAA
BAZHAZE W w2 SE4 W (A japonica) 0]
(357~924 mm) & 7HAl= 700~1,2005F 7Ho] A& Abehet
th(MacNamara et al., 2012). -2tA] @]3}o] HLo=2 4
g Aol 3 A7 o2 & AT E 5 A
ol ATl =L & A= Udtdrh

ojef Zo] Aol Ade] WHo HEojx T2
Sasith iR sk Hop shsos tEEo] gl
3 7o Ae AWl e EHEEo] o]RojR|aL §lof
ol Agoj=rt 37 A7 28d Ao wekE

Az 28 AASE 202190 Sgstes B Ao
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A4t HAE AEste] FAFo| YRR e g
AN AR BSAE (KMD Q] Aol QA%
Wgol AxFe & ¢ Y= ARE &8 ¢+ k. +
HISAE o g SFAF WA HEFE 20199 F
6,414, 20204 14,154%, 2021 9,417E 22 3}QlE o]
o] BRI AwiAtol= 20209 vl 2021 0] H]
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