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Characteristics of Fish Community and Inhabit Status of Endangered Species Black Shinner, Pseudo-
pungtungia nigra (Pisces: Cyprinidae) in Yudeungcheon Stream, Korea. Yeong-Ho Kwak (0000-0003-2919-
0808), Kang-Rae Kim' (0000-0002-1006-3123) and In-Chul Bang** (0000-0003-4584-5384) (Inland Fisheries Research
Institute, NIFS, Geumsan 32762, Republic of Korea; 'Animal & Plant Research Department, Nakdonggang National
Institute of Biological Resources, NNIBR, Sangju 37242, Republic of Korea; *Department of Life Sciences and
Biotechnology, Soonchunhyang University, Asan 31538, Republic of Korea)

Abstract  Present study investigated fish community at 12 sites within Yudeungcheon Stream in October
2018 and May 2019 to understand the inhabit status of the endangered species Pseudopungtungia nigra.
We collected 39 species and 2,554 individuals of fish, and the Fish Assessment Index (FAI) was evaluated
as “Good (B)” with an average score of 66.8. Among collected fishes, 15 endemic and 2 invasive species,
Micropterus salmoides and Lepomis macrochirus were identified. In the distribution survey of P. nigra, it
appeared in a range of approximately 12 km from Maebawiyuwonji Park (St. 5) to Budnaedari Bridge (St.
10). Based on population collected in May, the age of P. nigra (female) were divided into three groups by
the length-frequency distribution method: 1 year old (60~76 mm), 2 years old (82~99 mm), and more than 3
years old (100~117 mm). Total length of the minimum maturity individual was 60 mm, and was a 1 year old.
The estimated average population size using the Jolly-Seber method was 5,804 individuals in the Suryeongyo
Bridge. Our study provides fundamental information about the fish community and River health assessment
in Yudeungcheon Stream. Furthermore, we are expected to provide ecological information of the P. nigra,
consequently helping to establish conservation and restoration plans for endangered species.

Key words: fish community, fish assessment index, mark-recapture method, Pseudopungtungia nigra,
Yudeungcheon Stream

pu| = 3E, o]dF, 2 q, 7ITH} T ZAE fE A
W3l 21tk (Dudgeon et al., 2006; Cooke et al., 2023). ©| &
A AAY g g Ash= olF= A4A w3, gk JF2 AL EAAS HIAA FETIEIS 1

Manuscript received 31 May 2024, revised 4 August 2024,

revision accepted 4 August 2024

* Corresponding author: Tel: +82-41-530-1286, Fax: +82-41-530-1493
E-mail: incbang @sch.ac.kr

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/),

EI

oX

(© The Korean Society of Limnology. All rights reserved.

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provide the original work is properly cited.

—134 —

Al 719, o] 72 ‘?é%% oF7]gkch(Wolter ef al., 2000).
SRAHAE 28 st e Hokste] ABThy
ZA7F AlglE a1 ‘E]-(Dudgeon et al., 2006; Radinger



etal.,2019).

Fe TAHAY H4Y SHAE 8 aA ERT
o vl =& A" F24L 7 SRSt niztst
7] W&ol F&3 BESA 2 E2 AHEHTH(Seo, 2005;
Huang et al., 2013; Radinger et al., 2019). E3F o]F+= A
2 o2 AHE A9, A T2 7HAL Qlo] A4
AL H718lE 9 e85t (Gonzalez et al., 2021), £3]
FA 2 R A7 AdF, ANF g%l g
e W B 9 olF WEAS ek 4 slof Al$
93}k (Brown, 2000; Roshni et al., 2023). o] %39
4, BEHA, T THE T ohFe AHEE 89S T
sto] AEA S A4S B7HE = ok (Roset er al.,
2007; NIER, 2017).

FEA7IO] At o7 AdE e} 35S 9l A
2o AEsE Aol AUF 24 AT BeHoln
(Labonne and Gaudin, 2005). 7§+ A A= o7
7%, AdH], Hol B, AFRAI7], A5d® & SOl dig o
Gt 71 ZPEE gofd = glo] o] & VWte R F HAS
3t N2AEE &89 5 Atk (Song, 2000). AL 2
71E F4stes Wi EA-HEE = (Mark-recapture
method)2 743t MAIES gL Z HAEY FHE,
AEE, NAZY 7ol g4t F3 52 9sl7] {lgh
AL Yol o FAYL HAHE Jg 7|2ARE
2 AFEHH(Gerber et al., 1999; Lucas and Baras, 2000).
E3 A4 AT & 27)= BEFEHTISS ARt
AAZQ 7S 93t 223 7]F0] Hh(IUCN, 2001).

oL S FAE A YX|E QA dE
Abo| A - ste] HFHAE AU FH IRE T2

dm ofN 4> @ ot

iho]
249 AFsHHeR $Ho] Fu ofFAe] vttt
&2 A ATk (Lim et al., 2013). EZ {532 EF97]0F

>~

IS 15§ =317 Pseudopungtungia nigraZt A418}7]
ol EEZFA|7F i@ ATH(ME, 2012). 22y G653
2 2 =X 2 sk stE 2 st mEA A
=L qlo] weje] aido] Al7|Ea UThH(ME, 2012).
=171 9oju} Cyprinidacd] &3t= o|{FE 274,
SHA, WA A £E5= FFiF-FoltH(Kim
and Park, 2002). A SHHANA AAHA AT 2
9 A4 o]% AEt Aer FHEM, 2T sHHFAL
Ao q, AT oY T AAA nTe 2 FA o] A&F
OS2 ZFashal glo] 19965 E BEL7|F o2 A st
HARE P25k Jh(NIBR, 2019). ZE317]0] B3
3= 271 A} (Lee et al., 2004), A E] (Kim et al.,
2004; Lee et al., 2014), A4 A £4 (Hur and Kim, 2019)
5o Uy Ay A7el $34E B4 Vg

S1710] Al 135

2 A5 (Kim et al., 2009; Hwang et al., 2014; Kim et al.,
2023) 50l itk Iy {50 A4shs AELT|
W A= AFSH, 539 =A SR Qe 87 ¥
shi ol 2O WEBY ohe} FELY] ARzl 9
dol 2 7oz B

weh 2 AFAE GEAY olFA U of
e walm SHARH BAE Bo S5HY AdAG
e BosA dolrh $5 R0 MAlele 4517 /)
Ao AAAEE HEs] Wela =A%, AT 271
59 AT At B4 Tt AAZE B % 2
e AT 712ARE AASFALA} SHT

ERETIETE
1. ZAAZ7] & ZEARKIA

1) {74 =t

AR A= 2018W 10¥€3 20199 599 23] =3
st AR E L o] golstal AL & 5 OF
gt g o] 23EE 127) A ARSI H, AR
A 2 AYe & 5km Y2 AASHATHFig. 1). RAHA]
Aol A7 E GPS YA+= ofH et 2t

SL 1 FRHE FAE B4Y 39 (34)
36°9'34.24"N, 127°23'48.62"E
SL2: FREE FAT B4E 298 (FEUBR)
36°9'58.00"N, 127°23'25.00"E
SL3: FRHE FAZ 24U wekd (Aem)
36°11'5.00"N, 127°22'00.45"E
SL4: FHE AT B4 e (2o
36°13'30.00"N, 127°22'39.00"E
SL5: FHEE FAE B4 A% (el g UA)
36°14'00.30"N, 127°22'00.40"E
SL6: FRHE FAE 24U AP @ TelE)
36°15'43.64"N, 127°22'55.10"E
SL7: HAFAA FT FAE ()
36°16'6.00"N, 127°23"29.00"E
st.8: AFAN FT BLE AN
36°16'30.00"N, 127°23'54.00"E
st.9: AFAA FT AT (AYT)
36°17'6.00"N, 127°22'49.00"E
St 10: AF A F7 A5 (= e
36°18'15"N, 127°22'53"E
St 11: HAFAA BT HH2E (Pg)



136 s -z -

Gaprhe tream

St. 12

!
36°20'E

St. 11

St. 10

Daejeoricheon Stream
St.9

St.7 St.8
St.6

T
36°15'E

St. 5
Gapchgon Stream

Yudeungcheon Stream

St. 4

SRS China

0 3 km

| T
127°18'N 127°24'N

Fig. 1. The survey sites of Yudeungcheon Stream, Korea.
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Table 1. Habitat characteristics of the study sites in Yudeungcheon Stream, Korea.
*
St Stream River Water Water velocity Water Bottom structure* (%) WT Cond. DO pH
. . -1 o -1 -1
order width(m) width (m) (ms) depth (m) M S G P c B °C) (uscm ) (mgL™)
1 3 45 21 0.2 0.2~0.5 0 10 40 30 20 O 16.09 245 10.54  8.46
2 3 64 12 0.1 0.5~1.2 0 20 20 40 20 O 16.05 296 10.71 8.36
3 3 78 42 0.3 0.2~0.4 0 0 20 40 30 10 15.68 282 10.00 8.4l
4 4 89 29 0.2 05~08 10 40 30 10 10 O 1496 259 8.93 8.53
5 4 63 21 0.2 0.2~1.1 0 20 20 40 10 10 16.51 254 8.95 8.46
6 4 45 26 0.2 0.3~1.0 0 10 30 20 30 10 15.12 242 1049  8.38
7 4 118 28 0.2 0.3~1.0 0 10 10 30 30 20 15.59 236 1044 785
8 4 105 38 0.15 05~10 10 30 30 10 20 O 1545 219 12.87  7.83
9 4 100 80 0.15 03~1.0 10 30 40 20 0 0 1520 225 10.07 773
10 4 165 79 0.16 0.4~1.0 0 40 20 30 10 0 1449 227 1033 7.32
11 4 204 47 0.1 0.2~0.7 0 30 30 20 20 O 1505 235 939 795
12 4 275 91 0.1 0.5~1.3 5 20 20 40 10 5 15.1 258 1149 777
*M: Mud (<0.1 mm), S: Sand (0.1~2 mm), G: Gravel (2~16 mm), P: Pebble (16~64mm), C: Cobble (64~256 mm), B: Boulder (>256 mm) by Cummins
(1962)
Ne=Pex Ce/mq ARl StRE s =EAle e A sH
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Table 2. List of fish collected in Yudeungcheon Stream, Korea.

Scientific name Total 57?) Remarks*
1 2 3 4 5 6 7 8 9 0 11 12

Cyprinidae
Cyprinus carpio 2 4 6 023
Carassius auratus 5 2 3 3 2 8 1 2 26 1.02
Rhodeus ocellatus 6 3 9 035
Rhodeus uyekii 33 33 1.29 Ke
Acheilognathus lanceolatus 23 33 27 27 3 8 14 1 73 209  8.18
Acheilognathus koreensis 3 1 3 7 0.27 Ke
Acheilognathus rhombeus 5 3 2 6 16  0.63
Acanthorhodeus macropterus 15 74 89 348
Pseudorasbora parva 1 2 8 11 043
Pungtungia herzi 10 4 4 6 101 14 68 16 17 59 12 9 320 12.53
Pseudopungtungia nigra 3 46 1 1 51 200 En,Ke
Coreoleuciscus splendidus 4 2 2 2 2 3 4 2 21 0.82 Ke
Sarcocheilichthys nigripinnis morii 1 5 9 2 3 20  0.78 Ke
Gnathopogon strigatus 2 3 1 1 21 29 114
Squalidus gracilis majimae 11 3 1 15 059 Ke
Squalidus japonicus coreanus 19 19 0.74 Ke
Squalidus chankaensis tsuchigae 1 1 0.04 Ke
Hemibarbus labeo 1 2 5 6 2 7 23 0.90
Hemibarbus longirostris 2 4 4 5 8 16 2 1 9 1 7 59 231
Pseudogobio esocinus 28 2 3 5 2 6 13 9 13 81  3.17
Microphysogobio yaluensis 6 1 4 3 2 3 3 22 0.86 Ke
Rhynchocypris oxycephalus 3 4 1 8 031
Zacco koreanus 41 15 45 8 10 3 13 26 163 6.38 Ke
Zacco platypus 118 9 90 26 32 50 10 65 190 162 57 171 995 38.96
Opsariichthys uncirostris amurensis 1 2 3 012
Erythroculter erythropterus 1 1 0.04
Cobitidae
Misgurnus anguillicaudatus 1 1 2 0.08
Misgurnus mizolepis 4 1 5 020
lksookimia koreensis 25 2 9 2 7 2 3 2 1 53 2.08 Ke
Siluridae
Silurus asotus 1 3 4 0.16
Bagridae
Pseudobagrus fulvidraco 3 4 7 0.27
Pseudobagrus koreanus 10 11 11 3 3 6 17 2 2 65 255 Ke
Odontobutidae
Odontobutis platycephala 4 1 0.20 Ke
Odontobutis interrupta 2 18 15 4 4 2 2 1 2 1 51  2.00 Ke
Gobiidae
Rhinogobius brunneus 2 1 6 5 16 2 3 2 37 145
Sinipercidae
Siniperca scherzeri 1 1 0.04
Coreoperca herzi 14 3 9 2 8 1 3 40  1.57 Ke
Centrarchidae
Lepomis macrochirus 7 19 8 34 1.33 Ex
Micropterus salmoides 1 5 2 1 4 13 0.51 Ex
Number of individuals 257 98 225 149 232 94 190 139 328 302 107 433 2,554
Number of species 13 15 14 20 16 8 18 18 18 19 17 20 39

*: En: Endangered species, Ex: Exotic species, Ke: Korean endemic species
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Table 3. Fish community indices at each site of the Yudeungcheon Stream, Korea.

Community Sites
indices 1 2 3 4 5 6 7 8 9 10 11 12
Dominance ~ 0.62 042 060 040 057 084 060 058 066 073 064 057
Diversity 177 230 185 242 194 111 206 2.0l 169 165 183 198
Evenness 069 085 070 081 070 054 071 070 059 056 065  0.66
Richness 216 305 240 380 275 154 324 345 294 315 342 313
st | A
St.2
_{ St. 4
B
St. 3
St. 11
St. 10
St. 9
C
St. 8
St. 7
=S St. 1
: : ] iS+12 I D
40 60 80 100

Similarity (%)

Fig. 2. Dendrogram based on similarity cluster analysis using fish community at each Yudeungcheon Stream, Korea.
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oA AEi7]= WErFEA (St 5ol A HE HE
ek (St 10)74A] oF 12kme] Rl E@3HH (Fig.
3). AE2A7)7F 29T A FEA 2 5Pl Eo] B
SA7E flon oy &7 HEEHE ot fEE
A ARolA 23 AAZLS AXATE FEste] HEol
ol ot B2l shrolA ST A2 A4 A7
Fasto] 350] Qe A FIARE FHEE U

7] 14674415 g2
%172} 60~76 mm= TF 1WAY,
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Table 4. Values for Fish Assessment Index (FAI) of the Yudeungcheon Stream, Korea.

Sites
Parameter* Total
1 2 3 4 5 6 7 8 9 10 11 12
Ml 12.5 12.5 12.5 12.5 12.5 6.3 94 6.3 94 94 94 12.5 104
M2 6.3 3.1 6.3 3.1 3.1 3.1 6.3 94 6.3 3.1 94 3.1 5.2
M3 6.3 6.3 6.3 3.1 6.3 6.3 6.3 6.3 6.3 3.1 3.1 0.0 5.0
M4 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5
M5 6.3 6.3 6.3 3.1 9.4 3.1 12.5 9.4 3.1 6.3 3.1 3.1 6.0
M6 12.5 9.4 6.3 6.3 12.5 6.3 12.5 9.4 6.3 6.3 6.3 6.3 8.4
M7 9.4 3.1 12.5 6.3 9.4 3.1 6.3 3.1 9.4 9.4 3.1 12.5 73
M8 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 94 12.5 12.5 9.4 12.0
Total 78.1 65.6 75.0 59.4 78.1 53.1 78.1 68.8 62.5 62.5 59.4 59.4 66.8
Criteria B B B C B C B B B B C C B

*M1: Total number of native fish species, M2: Number of riffle benthic species, M3: Number of sensitive species, M4: Proportion of individuals as tolerant
species, M5: Proportion of individuals as omnivores, M6: Proportion of individuals as native insectivores, M7: Total number of individuals, M8: Proportion of
abnormal individuals
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127°23'N

Fig. 3. This figure represents at survey range (St.1 to St. 12) for the purpose of identifying the distribution range and number of individuals
of Pseudopungtungia nigra in Yudeungcheon Stream, Korea (yellow box: absence, blue box: presence).
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Fig. 4. Total length frequency distribution of Pseudopungtungia nigra in Yudeungcheon Stream, Korea.

of A& stch 2 & A2H MNAl= 74 A7IER |
A} 10784, 22} 4704, 32} 270A 2 F 167HA 2 Yrebgth
ol st =Y A 27E =S At 3
I 580470 A 7F At Ao @ YERGT, 95% G942
ANA Hd 18,4737HA7HA] AAse ALRE FHEUG
(Table 5).

a #

APATFoA 539 oF= 1987d 39% (Choi,
1987), 20019l 26% (Lee, 2001), 20059l 22% (An et
al., 2005), 2012 9] 172 (ME, 2012)°] &<QlEo] 2 o
T(39%)l vl E@Fo] MR} F4sHITh(Table 6). A
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Gofol] AT olFE BAoR AT} YE RO o
A QTh(Ko er al., 2019b). & 24 vaRH A
ZA A SAPAT 2 ZALIAN A G2 T2 W
o] Anguilla japonica, B%5-9] Carassius cuvieri, 251l
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7N Cobitis nalbanti, B|-§7| Silurus microdorsalis, DA}

N Leiocassis nitidus, AA7YAF=] Liobagrus mediadiposalis,

%9 Mugil cephalus, $ 2] Oryzias latipes, =3 3]
2] Monopterus albus, Z%% Synechogobius hasta, &
HALE Tridentiger brevispinis, &5 Macropodus
ocellatus, 7F&A| Channa argus 5 1650|100, o] 3 4
E3Me 7HEA = FAERAME 8 St 494 FRl1E S
o 29 olBel 4ol EET 344 o5 W7
198719 o] &2 ZJ3HA| ot 19883 &5
S755} olF 374 BRsh AR AU ue} 2
FZ2EEE A8 oAl AHEo SR F2 AL
2 Rl (Kwon et al., 2001; Lee et al., 2013). & o] =
¢l 5ol 19879 o|F 2 {530 o]YdE AL R Hol
™, 201249 o|F 2= EH5A] gol HAESNA g
A3 2%t JEE IAT = AN A4 A7
Aol & AN &R g2 Az Bl HEMN=
AP AT (An et al., 2005)°04 27HA17F S@ s =H ©]
T2 sol= T2 Y& shHA A4St T2 (Kim
and Park, 2002), ZIE/JY BE/E 2L5AH3 Aoz HQ
o EWSA @ Unl F5E BR2 o|ESAAL &
A U SFHI YfoldFor A% FF

ro ol @
o o o r

X

oz A9
d Aes AT B dFoA At 28 T2 29

A 8] Acanthorhodeus macropterus, 7372 Erythroculter
erythropterus, @E5A2] Odontobutis interrupta, 5572
Lepomis macrochirus 5 4%°]31t}. o2 AgAolEe
2 SPHFAIR Qs o] WolAHA ZA F4st
A AAsHE F50] AAFHo] Yol £33 Aer B
Qlth. &3] EF42 St. 8FH SRR E2YA EX519
=0, o] T2 196990 YH FARAFAI S 8 42
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Table 5. The population size of Pseudopungtungia nigra estimated by mark-recapture method (Jolly-Seber method) in Yudeungcheon Stream, Korea.

Variance and standard error

Recruitment

Survival
rate (%)

Avg. No. of
population

Ta .
otal Estimated
recaptured

Recaptured
at time t (Rt)

Survey Mark  Capture

section
(m?)

95%
confidence limit

coefficient

at time t

Date

Nt St B: V(B) V(N) N-SE Upper

Be

K

my

C

M

88
69

88
69
71

2019.04.26
2019.05.03
2019.05.09

2019.05.15

34,919
2,027

12,069
00

145,662,602
359,711

6,181
5,778

4,774
0

52

10,781
827

156
117

10

71

5,980

41

10 16

269

228

Total

Mean

18,473

5,804

2t - lHE

oA sz =Y=HUeH o|F A=xFom FHitE ol &
Z51 9 ok (Kawamura ef al., 2006). ©] 23 o] y£9] &
At &3E AEGEY e & 9FS A, EF
24L& FAe R o, S 2T gt YolE 7y
A 3 Y= ZAYE 7HAAL Qlo] ERAFSOA & F
NE F7] W&o (Azuma, 1992; Marchetti et al., 1999;
Blackburn et al., 2011), f-5Aol A&)3t= EZESA
T ggo] mjF Ao Wl

G54 U AE3719 87|22 Choi (1987)¢F ME
(2012)°| 4 H &=t Choi (1987)= ZARAIHS HlL
& 4 glo] ME(2012)9} Hl @3kt ME (2012)& #&
7] AAFZES - (St 7)olA HEWTHE (St. 10)7h
2 BEstti sQ, AdaET AR He FEL)
A A AReka AA Y 2RE So 27 At
EaSITh o3 & A A 5 b
91997 (5t 5) DA MATHE AS Telskgn 1
oo AR 2ASIEOY AEAE EEA O}w
A GBS A7 G} T SHAGHIA
2k 29l el o2 kol el G4
BERI] M) AYAA @S Aoz Rt FEL]
= 4 0.16~0.85m, F% 0~0.95m s'l, 3= (cobble),
A4 (boulder)®] H|-&o] &2 oA A2]8t=H] (Hur and
Kim, 2019), & @A oA =177 8% AR 9 5=
AE o9t fABAOH, B8 Fe SHAARY Bl Lol
=< XolA ZEL77F v BEEHAS ME (2012)= -
THo] W M nuT =AIFE 2 FAHo] HolA1
yem, 53] # —6— A A, stRe AestE dEar] A
o Agoisieh ReAF ol 2
2 o] H2odn f450]
249 AE7)7t %iﬂ a7l &
<7} B.—T’-QE]— Han et al. (2020)2 2ZH 9] 7l=

mlo
Jl."l

iy
17| Pseudopungtungia tenuicorpa %o-h—]- Ao B
2 Acheilognathus signifer 2937} (Ko et al., 2019a) A}
£ S0 E3W71F 2UEHZAAA dF T AAAE
< 1 2ARAE AR 2APHo| Fast, B3
o B AR ZAMHS ARESfiof dtrhal ST £
B, AT o83 AFRA A BEILT]= St
6~9o ANt S g W FrpAbofA] St 5~109] o S
Frel A TEEQY] g2 FY ZYEHY A Ay #3
o) e BEEAF 0178 Agstel AT Antt
anAQl AoE ARHY. HEILV| Y ARIA7= B
5~69 =2 &HA =4 (Lee et al., 2004; ME, 2009, 2012),
oA MAZFE 5ol 23 MA7F weton dFY
2 & otolA o9 Aze Felstglrlo] APA+
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Table 6. Temporal variation of ichthyofauna that appeared in Yudeungcheon Stream, Korea from 1987 to 2019.
Scientific name Choi Lee Anetal. ME This study
(1987) (2001) (2005) (2012) (2019)

Anguillidae Anguilla japonica +
Cyprinus carpio + 12 2 6
Carassius cuvieri 7 18
Carassius auratus + 81 105 2 26
Rhodeus ocellatus + 9
Rhodeus uyekii + 7 33
Acheilognathus lanceolatus 6 15 209
Acheilognathus koreensis + 1 7
Acheilognathus rhombeus 11 33 5 16
Acanthorhodeus macropterus 89
Pseudorasbora parva 6 11
Pungtungia herzi + 42 90 19 320
Pseudopungtungia nigra + 27 51
Coreoleuciscus splendidus + 4 37 35 21
Sarcocheilichthys variegatus wakiyae + 3

. Sarcocheilichthys nigripinnis morii + 1 12 1 20

Cyprinidae .
Gnathopogon strigatus 49 14 29
Squalidus gracilis majimae 11 15
Squalidus japonicus coreanus 5 19
Squalidus chankaensis tsuchigae 1 1
Squalidus multimaculatus 2
Hemibarbus labeo + 4 8 23
Hemibarbus longirostris + 72 27 10 59
Pseudogobio esocinus + 12 24 9 81
Microphysogobio yaluensis + 6 76 15 22
Rhynchocypris oxycephalus + 12 3 8
Aphyocypris chinensis +
Zacco koreanus + 29 1 56 163
Zacco platypus + 280 568 97 995
Opsariichthys uncirostris amurensis + 1 39 3
Erythroculter erythropterus 1
Misgurnus anguillicaudatus + 9 2

Cobitidae Misguljnu.s mizolepi.s 4 5
Iksookimia koreensis + 20 53
Cobitis nalbanti + 6

Siluridae Silurus as.()tus + 4
Silurus microdorsalis +
Pseudobagrus fulvidraco + 7

Bagridae Pseudobagrus koreanus + 65
Leiocassis nitidus +

Amblycipitidae Liobagrus mediadiposalis +

Mugilidae Mugil cephalus +

Adrianichthyidae Oryzias latipes +
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Table 6. Continued.

Scientific name Choi Lee Anetal. ME This study
(1987) (2001) (2005) (2012) (2019)
Synbranchidae Monopterus albus +
. Odontobutis platycephala + 4 19 5
Odontobutidae o
Odontobutis interrupta 51
Synechogobius hasta +
Gobiidae Rhinogobius brunneus + 7 37
Tridentiger brevispinis 1
. . Siniperca scherzeri + 1
Sinipercidae .
Coreoperca herzi + 5 2 11 40
Belontiidae Macropodus ocellatus +
Channidae Channa argus +
. Lepomis macrochirus 34
Centrarchidae . .
Micropterus salmoides 1 13
No. of species 39 26 22 17 39

o FARSHATE F4 AsAdE & dFolA A% 60 mm
2 71& dF+Z232 65mm, 72 mmETt Z3kth(Lee et al.,
2004; ME, 2009). Kim (1997)2 Z=317|7F 9 1WA
50~70 mm, 2@92-& 70~90 mm, 39 100 mm ©]A7}t
A AT SesE, B d7dnE oo fAbkEo
o, A-E AT AgR=EEg & o ZFEirje
1348 WARE ARt Fojste Ao Hel =/
Ao FA=317] AL B 5,80470A1 71 A A8k,
o 184737NA7HA] A&t AL2 FRHEUT. FA]-AY
ZIYPE o] & A A= ALB | we Fagt
71ZA 22 &-857] g&o (Lucas and Baras, 2000), 3~%
A A 7] WIE AV|H R RYEPI
54 ATl gt EHQ] BAYINS nHE 5=
S A2 ARdHY. £ oA &8 Yol
A 7|02 offayol R 9FS 1A
(Lee er al., 2020), Zr=17] /RA|To= 2 o] 2 AL
2 Hol7] wjzof vi Al 2EE A% euiAd 2
A&HQ HUHTY 59 k8ol A3 o= HRIth E
g e fFUAE S8E Jloy, f5H AA
TRl A 23 2R SPHFAL RIRSHA vEhaL 87
o Zof o] & A HHALE X Hst= ek
EY davt vt E@EHE TR AT e A
A A AT 27 TY B ES VLR 3
st=d| (IUCN, 2001), W ollA= F2 AL a2

ofjN %o rd kI

24 AAHAE 7122 dAFS Brtsta ok BF
A71FE2 A=7} Hlokste] FrtddEol digt 7123 =
£ 2= d d#&o] A7l W&ol (Gerber ez al., 1999), &
A AT 273 A%, AsAT 5 712 BE
2 A= FF AE719 BF97) HEE TR
Ao E werdr
FEHY sHHARE AR s kg Ao oot
Ak A FFS B St 49 St. 6 Qo= A
TFA SHHFAE A&H o7 AYPHT YUY
=+ A

2 £ o
o Bl o Jr

(HU)

(]

1o

Ql

o

Ju

2

oX 9

4
[

q4 2

HE71% TE17] Pseudopungtungia nigra®) A2
[e]

A& soks] Sla 458 W 1209 AR HAA 2018
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AR AN A 39%F 2.55470A17F 2@5tgn S5 53
AZ}RL I 66.8H 02 “FL (B2 HrlETh 1
T2 15%0] 2FstFen o|dFL wiiet £F
Z 2%0] 28319} ZET7|E ujulSAR| A HE
W 7HA] oF 12km F2H A AlH o2 S8 S
Yol AHE MAZE S AANERIHo g dAgS =3

gt A1 3709 25 FATHL dARHLE A 60~76 mm
7} 5k 1A, A& 82~99 mm~7}t T 24, A& 100~117 mm7}
9k 34 oo ® Ueth 22 A= Al A% 60 mm
2 T 1IAZ yeEbgth S8n ddoA Jolly-Seber W

< AHgst] AR 2718 F8% A B 5,80470A
7b AAshs AL Yegth 2 A+ f539Y olfE
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=17) A AAAE, A=A 59 71 AEEE
A8E AFste] BEAVF AELV) Hg B E &
Akt npRAe] 71T Ao R 7|ttt

MAEE HF3 (FdEeA 3’—]“51]‘%. HA & I AT,
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