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Abstract: This study aimed to present the current status of exotic fish species, invasive
species, and dominant species inhabiting the Cheonggyecheon stream. We conducted
three samplings from April to October 2019. A total of 2,045 individuals from 27 species
belonging to nine fish families were collected. There were five Korean endemic species
(18.5%) including Coreoleuciscus splendidus, Sarcocheilichthys nigripinnis morii, Squalidus
gracilis majimae, Zacco koreanus, and Odontobutis interrupta in the Cheonggyecheon
stream. The dominant species was Zacco platypus (62.4%) and the subdominant species
was Z. koreanus (9.8%). The length-weight analysis of the dominant species Z. platypus
population showed a regression coefficient b of 3.3434 and a condition factor (k) of 0.0026,
with a positive slope. The growth state of the Z. platypus population was identified as
being in a very favorable condition. The Cheonggyecheon stream is considered to be an
appropriate habitat for the Z. platypus population. Since the restoration, The Cheonggye-
cheon stream has had continuous problems due to the introduction of exotic species and
invasive species and in this study, exotic species, Gyrinocheilus aymonier var. (gold type),
and invasive species, Coreoleuciscus splendidus, which have not previously been reported
in the Cheonggyecheon stream, appeared. Therefore, it is deemed necessary to prepare
continuous publicity and management measures to prevent exotic species and invasive
species from inhabiting the Cheonggyecheon stream.
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SPE| 17 Ik (Hellawell 1986; Kim and Choi 2019). £3] o
7} ZEol EAT Aol Sl sk Aol WAlo] =ot
ZAHA EAISER Qe BN EE obd-S tide R <l
PdS 2/doto] 247 sk e g 7Hto7ke
] 11 @ItH(Kim and Ahn 2006). $-2]uzte] 51
T2 19958 ISt o2 21y sk 54
to] Edstglon, o] thafet b= Atddo]

I (Kim et al. 2019).
AR FAE-E A A= AT STt o
2y, A A 5ol 7t moiE detaiat shd iR
2ol 2 BANskeH, 0|9 20039 795H 2005
10€7kA] B 7k oF 5.8 km E-5te] A& AlRlat A
Ag Fhe S Al EAY QlyshdeR 2}
2|uf 735} Itk (Kim and Han 2005; Choi et al. 2008). A-&
AAFHol A= FAH B o] ofFE Fe R A&
A ol Fd BUEHPS AAISkL Itk HA ]| A A5t
£ olFE o= A AT BUH FAH A
A5H= o F 3 2] AlF7HA WSk (Choi et al. 2008), 7|
A 5 F o7 Astet IAAY 9] AT 4 (Byeon
2013), AL 7 Haol g o] /R W3} (Byeon
2019), HIEFTHd 7] A-8-5 &8 A oF 4
EABA (Kim et al. 2019) 5°] Itk

ol F= A Al AAlot= 239 ZAARA 4
4 E88 A2412]9] gste] Q7oA ghgote AELS
2 e 9 AAAE Brlote b de] E8E1 9l
T} (Jang et al. 2007; Lee et al. 2014; Shin et al. 2016). 53] =
2 Ol FAE Zhe ol = AAIA Q] WS 9 Ho] ghAut 7
2 ezl whet A AR ZFo]E HRITE(Chae et al.
2014; Yoon et al. 2014). ©] & T 21| (Zacco platypus)=
ol AP olF=E A-HllE FYEE thget ofd
- oboll E2Sh= Ao deA glow, tREe] obd
oflA] $4ot= Ao HE QlTh(Nam et al. 1999; Kim
et al. 2005; Baek et al. 2006). Tetn]= v w2 WA H 97}
Wl oheFet sbd A AR ol A-ggo] gt oli= &
HA Q= (Ryu and Lee 1992; Baek et al. 2006; Shin et al.
2016), Al A Aok m2tn] JHAR-2 B o] SR E]
A7 L F o2 YAHNS tFESh= o] Folnh
2 ATE AAAE IR offdS TSt 1A
Hw 9 2]&2 082 S@sk Qi QeiFT o] YF
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The fish fauna and Zacco platypus population characteristics

A 94 2RI sk, AN A& 2 F7sta
e ] AfAlEe] A4 @ AStA ATFE &

1. ZAHA2]

A oAFA ZAR= 20194 495 E 10€ (12 4¥ 20
A 27} 69 259, 37 109 11L)7HA] & 33] ZAME 498

sheact.

2. ZAXH

ZAAEL 2006~2018 Al 71 HAH o)F
YEE ZARHE fste] AAstal o, 5 671 23
do g ZAFE AASHAH o/ AR ZAA
Z|E0 2 AF-obR <F 100 m W] oA =353
™, 7} 217 9] A% GPS (WGS)E tH7h 2t (Fig. 1).

St. 1 A= 5HA T2 AdF

(N 37°34'08.67", E 126°58'44.38")

St.2: A= EHA T2 FAFE

(N 37°34'06.04", E 126°59'34.48")
St. 3: A= EHA T 4tE

(N 37°34'10.68", E 126°00'11.34")
St.4: A-=EHA T AT

(N 37°34'17.06", E 127°01'28.41")

St.5: AS5EA 5T 8%

(N 37°34'19.99", E 127°02"21.98")

St.6: AE5HEA 5T 8%

(N 37°33'16.62", E 127°03'06.19")
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3. ZAY

1) 215 - ojehern Al BA

AAA U =9 A B4R 2019 48] AAstA S
™, 712]Z79 7] (LASER 1200S; Nikon, Japan) S ©]-8-5}4]
ZAA Y9 FZ2& =451, Digital water velocity meter
(FP111; Global Water, Gold River, CA)E ©]-8o} 44
& 2Assck STEE] A% 2 BFE Commins

(1962) 2] WS- 285} Boulder, Cobble, Pebble, Gravel,
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Fig. 1. Map of the sampling sites in the Cheonggyecheon stream, Seoul Metropolitan City, South Korea.
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Sk, o] 8a1 A H4E 20104 485 1027}
X 2, SENA, pH, AAAEEE 7 A HA
-8 =574 7] (Model 556MPS; YSI, Yellow Springs,
OH)E ol&sto] o3| B Z4stelct 3
Y B A|2H (http:/ /water.nier.go.kr/) 2] S 4=
(20199 44, 64, 10¥) A= E o]-&sto] AAHE A F- 5t
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of 7] AL 4 AHE B (Y= 7x7 mm, 122]) 7
Z (= 4x4mm, 402) £ °l-8t FFEARE AAISH
Ark AHE olf= AN F 5 2 AS 5 At
Qo0 F 5740] o8& FTE2 10% Formalin -S40 2
IS & AR pHtete] F TS HAISHI ol
o] AL o] FxE HAIE (Kim 1997; Kim and Park
2002; Kim et al. 2005 )5 ©]-8-51%1.2.™, Nelson (2006) 2] £
FAAE w2t A= sk
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S WAE 0185t ¢4HF (Dominant species), O3
& (Subdominant species), %3 = 2]4=(McNaughton 1967),
THF I 2] 4= (Shannon-Weaver 1949), 15 &= 2] 4= (Pielou
1975), B A] 4 (Margalef 1958) & AHESHITh

4) T|2to] JHHIZ 2
A 9A4E watu] HAte] BSAEHE nets}
7] Sl A% - A FABAE 0187 ATt HigtE 7]
£ Aotk ATt BNt o] 7o A8
E g A=E mefd 4 glow, #4, Ho| o]&

=2 T MK— T

= SH & UIe BEE Algste A xR o]
8511 9Ith(Anderson and Gutreuter 1983; Ney 1993). 4
o] . B A3 (Length-weight relationship)< Anderson
and Gutreuter (1983)2] W=aTL" (W =weight, TL = total
length, a, b=parameter) A& Wkow HTLE X4
(Condition factor, k)+= Anderson and Neumann (1996) 9]
K=wW/TL} (W =weight, TL=total length) 4% 2-85}%]
oF. E3F, wj2he] fAte] AHI R EA4S HAISH,
m2ta] ZAlto] A A1 ALEARE A5k
U=A] mefstt.
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(pearson correlatlon)- Al /\] 3]‘93\ U:] Biodiversity Pro (ver.
2)E o]-8ste] o7 del W2 FAMX]HE -F-AHE (Bray and
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B4 TR SRS} S84 Bo] AAlskal 9

315 Aol A 2 Algho] o] 2014 Ao w ¢S

=1
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=
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2) olzretE KAl

ZAMA 71 olststA] 4=3b HA At A Wit
22 18.3+6.0°C(St. 1)~22.1+6.6°C (St. 6), B pH

£ 7.54+02(St.1)~8.6+0.2(St. 6), Bt FEA4A (DO) =
6.5+0.9 (St. 4)~7.3£2.8 (St. 6) mg L', B A7|H =%
(EC)E 210.3+41.3 (St. 1)~276.3+46.2 (St. 6) uS cm ™' =

ZAA ] Beld 4517 BA AT $EL g4~79.1  HAHo] IR slEe A48 Zrlels A%S Ueh
m?] HPE HePtor, #4112 41~162cm 9] HYZ = ATt (Table 1). B & A Aot shd FH0
4= ATt (Table 1). 753 4 BT ARolA stz 2 A FEE TRt Bl e dYE= Qs ofFH7E mie- A
o5 S7hhs Ao = SRIF oY, st. 62> FsHrdol® o St ERE S RAISHL Qlglon, 5 o] % A
ESHL St 4, SHTF Bl A p4o] 7] o2 AEE HrolA Akt E3 5P FH 2]6kpE o]-8-5to] st
Akl Qe Ao ' AU ol= Sk sHRO 544 A fA8E FAISHL §lo1 (SMG 2017), @& o177}
0] T7H 9 R o] Hl-go] Eot iH o= Y 4 AAsE7]of Bl Fett AAeES FAISH e A
S FA5E Ao g wETh A8 E 5452 00~1.1 ms™ o2 mehEoh
o] oz gRl=glon, Aoz AR oA =2 AR F1PE s278S Blash] s AW ()
L2 Hol= 20 & UeHITh st 1,2, 3, 4= FAH 59 et (F5), TEALFA (sh)ofl AR 370 24
Al 2787t Fota A GollA F50] 7 &AL, wole= o] FAZHYARE o]-§ste] EA7F A} pH, DO, TN,
AoJet thpe] TS o] aste] A5AS F4 TR TOCHA A 7+ 2 Zol S Holx] ¢h= A= e
Sh= Ao g IRIEQIL) ST EE St. 1, 2, 32 Boulder Yo A4S 2 BOD, COD, SS, EC, Chl-a= Sk A4
o] H]-&0] =11, St. 4, 5, 6= Silt/Sand ] H]-E0] £ 710 oA B2 PGS Hol= A= SISt (Table 2).
2 FAE QU 9, A ol 1At HdR A AL AT AR S5 213 7 Hebrt 24 gkot
St. 19] -9 AAH 5 Al st Al Ald-S diFE o T Aol AAshe off= 4 Wt ZE Al
Z4] (Artificial stone)2 ]85l H-¢5t317] wlzoll 4 Q81 Hol Fofl ofsf ofF 73] Hato] dF= v A
(Native rock) 2} Itef], =AY A& 2 =H A o] BEJE Z 0 o7 poEt &% 24 a2, 85H4 9]l Hold F
2 RIS whEhA, st. 1.2 A1 A Aok o177t ojFgt alof oJsf offF wfo] Mt =] thet 7}
ARG % gl ARPYe] 7)o RES Ao wekE],  Hel At ssloor @ o2 AR}

Table 1. Values of physical and chemical factors at each site in the Cheonggyecheon stream
Sampling  Stream width  Water depth  Velocity of flow Bottom structure WT H DO EC

site (m) (cm) (ms™) (B:C:P:G:9) Q) P (mgL™  (@Scm™)

St. 1 6.5-12.1 11-48 0.1-1.0 B:C:P:G:S=8:0:1:1:0 183+£6.0 75+02 6.8+13 210.3+413

St. 2 3.3-6.4 16-41 0.1-0.9 B:C:P:G:S=5:3:1:1:0 18964 79401 6.7+15 226.0+52.6

St. 3 5.1-71 23-73 0.0-1.0 B:C:P:G:S=5:3:1:1:0 19167 81+01 6715 211.3+t424

St. 4 4.4-213 12-126 0.0-11 B:C:P:G:S=1:1:2:2:4 187+£6.1 81+£02 65+£09 2357+164

St.5 20.8-31.7 25-162 0.0-0.4 B:C:P:G:S=2:1:1:2:4 19875 83%+02 65+23 249.3+68.3

St.6 14.7-79.1 13-91 0.0-0.6 B:C:P:G:S=1:1:1:2:56 221+66 86+02 73+28 27631462

WT: Water temperature, pH: Potential of hydrogen ions, DO: Dissolved oxygen, EC: Electric conductivity, +SD: Standard deviation, *B: Boulder >256 mm, C:
Cobble 64-256 mm, P: Pebble 16-64 mm, G: Gravel 2-16 mm, S: Silt/Sand 0.2-<2mm
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Table 2. Chemical factors at each site in the water quality monitoring network in the Cheonggyecheon stream

Sampling H DO BOD CcoD SS T-N T-P TOoC EC Chl-a
site P (magLl™  (mgL™" (mgL") (mgL™")  (mgL™) (mgLl™  (mgL"  @Sem™) (mgm™
Up 76+£02 104+20 05+03 17402 16+05 213+0.60 0.01+0.01 16+0.1 219.0+23.1 09+12
Middle ~ 78+0.4 109422 0.6+02 2.1+0.1 16+07 2274072 0.02+0.00 16+0.1 263.7+319 3.2+26
Down 78+0.1 10.0£2.0 12405 28+0.1 3.3+09 262+0.78 0.04+001 18+03 3153+23.9 6.4+62

pH: Potential of hydrogen ions, DO: Dissolved oxygen, BOD: Biochemical oxygen demand, COD: Chemical oxygen demand, SS: Suspended solid, T-N: Total

nitrogen, T-P: Total phosphorus, TOC: Total organic carbon, EC: Electric conductivity,

2. 084
NE =4

AR o7 AL A F 9 27F 2,04571A17F &
ASFTH (Table 3). M8 T4 /4] 24 Axt ot
195 (70.4%), =1 25 (7.4%), ™713, SAR=] T, v
thyolat, A2, SA Y, 7HE Aol A 42 1%
(3.7%) E)ste] Jofatoll A 7H thafst ol E-dst
Ack. I FAG g E] 24 At Joftell A 1,9707H
A1 (96.34%) = "¢ =2 /WAl HleS ZHAIskL U3
o, ok o 2 ol s370AI (2.59%), H--= 3t 7704
(0.35%), W71 s7HA (0.25%), 7FEA 3 4704 (0.20%),
SAF T 37071 (0.149%), BreFE 17t 2714 (0.09%), SAF
7 17041 (0.04%) ] =& ZAE L F=AR-F
2 212 (Coreoleuciscus splendidus), 51171 (Sarcocheilichthys
nigripinnis morii), V=7 (Squalidus gracilis majimae), 2 A
Y (Zacco koreanus), B5-5 2] (Odontobutis interrupta) ‘5 5
F(18.5%)°] =AU, 4121 9] ¢ AN A4]o]
HuE b7t Qoo & ZARA o= A4 o] eIl
Fee dutA 0w Fo] Hal iy Apzto] gho] Zd st
A F -4 A=l 2 AA6k= & (Kim et al. 2005) 0=
A FH TASEE 427t A Ao AgetA] ¢

= FAISHL Qlo] 1 QI sPdolA 7=
U 7Fs73E Mg Rom, YAHS ZHe AREe] o]
9 or WAH olflFor FHHMY AHEFTE &
A A3}, 1247 (Zacco platypus) 7t 1,27470A] (62.4%) 2 %
oA om, FEAYUT 1997141 (9.8%) = oh¢-Hste A
o2 SRIFQrh Bt FHEAT= 0.7410.10 (St. 5)~
0.85+0.03 (St. 1), B TFF A5 1.01£0.13 (St. 1)~
1.29+0.41 (St. 5), B4 T =44 0.43+0.09 (St. 1)~
0.69+0.16 (St. 5), Bl FFETA|S 1.42+0.10 (St. 6) ~
1.94£0.70 (St. 1) 0] F 9= 2 =l Th(Table 4). ZAFAY
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Chl-a: Chlorphyll a, £SD: Standard deviation

Z St 12 19% 2.2 7P oot Fo] Edstg o +3
A= AHEo R o ZARR|E S Hlof B A
2 Lehgid), ol TR 2 A4S el Bsl] of
2 mepn] alzo] AAshe SH o] e 7 et
A2 W
2) Bray-Curtis Cluster &
A A 2@ T3t HAE oot A[E
At B8 AXSE AT} 63.4%2] FAES 7]FCE A,
45 A

B, C 37]9] Group 2 & =5 AT (Fig. 2). BAIK 4
o]l SFst= St. 1,2, 32> Group-AR T-HE|CH, o] F
St.2,3°] 87.3%2] FAMI o= A= o] 7P F Aol H
AR Ao 2 BAWQITE st 19] 49 AA]A tjiio] ¢l
THEER ZAE ] Qo] Ade=s ¥ fAMS 2
= A0 =2 YEpsTh obF 171 St 4, 5,6 A1 -2 Group B,
CE FEE o, XobF A< St. 61} St. 4= 73.6%=
ES FAMIE B, st 57 P B A e A
© 2 Yepstth o] st 52 AAlgH o]
aff 4ol A f&o] 7 A4S Astar qlglom,
BHHoR f4oS Aodts T MG A, Ao

& AT B0 AT BROP) EET A2 B

[¢]
[

20069FE 20199712 EA37L o)
£ & 107} 495013 e, A= 19 (2007'F) ~27F
(2009, 2019) 2.2 ot 23.9 (+2.33)F°] &A1 QL
£ 202 ZAE T (Table 3). £ o] FHE FA A
A AEH o g EHF ofF= Yol (Cyprinus carpio), &
o] (Carassius auratus), 351 (Pseudorasbora parva), E117]

(Pungtungia herzi), 1S 2] (Rhynchocypris oxycephalus), T2}
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The fish fauna and Zacco platypus population characteristics

Table 4. Dominant species, subdominant species, and fish community indices at each site in the Cheonggyecheon stream

Sampling site Dominant species Subdominant species DI H’ E RI
St.1 Zacco platypus Pungtungia herzi 0.85+0.03 1.01+0.13 0.43+0.09 1.94+0.70
St. 2 Zacco platypus Zacco Koreanus 0.81+0.06 1.25+0.22 0.55+0.13 1.83+£0.31
St. 3 Zacco platypus Zacco Koreanus 0.79+0.08 1.21+0.10 0.58+0.09 1.564+0.36
St. 4 Zacco platypus Pungtungia herzi 0.78+£0.14 1.27+0.38 0.62+0.14 1.50+0.24
St.5 Zacco platypus Pungtungia herzi 0.74£0.10 1.29+£0.41 0.69+0.16 1.56+0.49
St.6 Zacco platypus Carassius auratus 0.82+0.04 1.26+0.10 0.67x0.07 1.42+0.10

DI: Dominance index, H': Diversity Index, E: Evenness Index, RI: Richness Index

Bray-Curtis Cluster Analysis (Single Link)

st.5  Group-C

St. 6
03.4% | 73.6%
Group-B
St. 4
| St.3
87.3%
72.4% ——st.2 | Group-A

St. 1

r
0. % Similarity 50.

100

Fig. 2. Bray-Curtis similarity diagram at the sampling sites in the Cheonggyecheon stream.

1| (Z. platypus), B (Rhinogobius brunneus) & 785 2= =}
=3t} o, Bol, a0l W/dE (tolerant specis) ©]

H, 1171, oj2tu], ol= FIHE (intermediate species)
o Fst= olF =2 YAZT E7HE0 olFfe HE
of Hlol A o= thefRt AAA Wt B witof 2|7}
do] EoF A WollA 2&21Q1 A Ao] Zh5stH, vl
& (sensitive species)©ll s@ot= HEX= THETH
ot Estal Ao ow W HeZE Wol A
A A& Q1 A Ao] ZhHett Ao g wmhEnh E3h &
H o]% XA o7 AR FAAZ|ol= S5O, A
Aol A-gshA] Fof @Al BAE W AAsHA] e
Aog molH Fom=

=

H5-0] (Carassius cuvieri), D%

O (Cyprinus carpio x Carassius auratus), ZF*1-5-°1 (Rhodeus
uyekii), T A 2] (Acanthorhodeus macropterus), Hl =7}

(Rhynchocypris steindachneri), 27 Y (Zacco temminckii), 73
2] (Erythroculter erythropterus), X2 (Hemiculter eigenmanni),
A B ZY L (Danio rerio), 57 (Iksookimia koreensis),
EFZ (Lepomis macrochirus), B Y LZ (Cichlasoma

nigrofasciatum) & 125 2 Ttotx| it
A U JHiEF2 5 o|HE dA7A] AE5A
frdo] #AgstaL 9lew, 2006137 201930 22} 4%
= 7 B2 QEiFo] S5kl 2014 0% LjE2
A Alo] ZRIE|Z] gketeh TFol Rl v oot 350
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o] Az Wl z]&=A] o] o|o] ¥AY5}T Q)= Ao 7 Wi
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= o2 FHHT vlA (Micropterus salmoides)+= 20069

=3 o] % A Ao] ERIE7] ghgto, & FAM
St. 1~4712] - AR diF2e] A1 GollA A4Sk Q=
Aoz AME O] vl B2 Bl ]S 9% Wete] nhdo]
gt Ao s wodnh oty 71 AAE W AAe] B
AUE ] F2 =R QEF L 2= POl F EEEA0]
] (Gyrinocheilus aymonier var. (gold type) )7t A 24+
21791 st. 19141 ZRI=GIT. o] = FAH-E ZH= AlTlEo
ot Ao FAH IS Aor FAHH, A7 = 4]
£2421 eJjo]F o] o] WAsEAL Ql= Ao & SIE ]It

o

3. Ijato] K2 2

1) Zol-2A &4

AR W E<0 o] ARl Bs/dE 9 A4
9 FEE mrelsty| el AAKA AHH 1,274704]
Afn]7t &44H HAE ALt 1,00670AE e
Zol. 7A TA 9 vRtE 24 (k) B4S AAISH
g o 2 Aol AHEE YEtdE SAAS vak>
02 7|E0 R 3080 =0 ASAEHIZE Fog AL <]
1|5HH (Han et al. 2007), H]THE Z]4= (k)= Fol 712714
o Aol Aol FEgt Ao R defA UTh(Carl
and Peter 1990). 24 A1} “gA K of| A Alok= njzfa] 7§A]
9] I AAT bR 3.3435, HITHE 2|4 7]-27]&= 0.0026
© 2 veht ot ASAHE fA6t Qe AoR &
Q=] QAT (Fig. 3). ?HH, A A Aol ol A
Aot ojehu] ZAEL] S AAS bRE 3.29, HITHE 2|52
71&71%= 0.0027°]121.2™ (Choi et al. 2011), EFH 0 2 -2
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ottt o &2 oot ASAEE RIS et A
2 giF A o] FAA JiAIE S4 5] Ao, A
7HA7F 718t A o2 H1E]|o] Q) O W (Byeon 2019), ©]
S HAE O A ST sEd W 71 E 2 EeE T
712 Q15 WA= Ao 7 ] QITh(US EPA 1993). wh
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AR AT BRE Hol= 202 Yeyith kAT of
F2 spdof| AAlshe w2t] A2 a8~ 1348
ool A 7H FHt A GTE UEFH AL QLo (Lee et al.
2012; Lee and Choi 2015), A o] A2]5h= m]ztn] 7|
A2 T 13 ~7F 232 A 7P AT SRR A
o7 BAnlo] 7|E Atk AR AdutE Aikg Bk
Lee et al. (2012) 9] AFoA= S40f A4lsk= Tata] 7|
Ai-2] A 842 §Y%= R shdolA ddge] A
A47t FHotL, D4 WollA= 184 o] ZiA157t
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Fig. 3. Relationship between the total length and total weight (left), and between the total length and condition factor (k) (right) in the Zacco

platypus population sampled in the Cheonggyecheon stream.
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Fig. 4. Total length distribution of the Zacco platypus population.
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Fig. 5. Number of Zacco platypus and Z. koreanus individuals per
year of investigation.

4, Bol, A2k F)ofl Q= 0.2 T Fo] FAGR 2o
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Fig. 6. Number of Zacco platypus and Z. koreanus individuals per
site of investigation. The vertical bar represents the standard error.
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