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Fish Community Characteristics and Habitat Aspects of Endangered Species, Rhodeus
pseudosericeus in Heuk Stream, a Tributary of the Han River Drainage System"
Myeong-Hun Ko**, Ra-Yeon Myung®, Hyeong-Su Kim*
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gracilis majimae, 11.1%), E317|(Pungtungia herzi, 7.7%), 3733ZE7N(Rhodeus pseudosericeus, 5.0%), =ulx};
(Microphysogobio yaluensis, 4.3%), ZutAHHemibarbus longirostris, 3.0%) 59 «2 & A5 &35ty &
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ABSTRACT

We investigated the characteristics of fish communities and habitat status of endangered species Rhodeus
pseudosericeus in Heuk Stream, a tributary of the Han River, from April to October 2018. During this period,

1 F4 20193 49 1Y, 4 (12} 20199 5€ 9), AR 2019 549 10
Received 1 April 2019; Revised (Ist: 9 May 2019); Accepted 10 May 2019

2 A AEA A% Kosoo Biology institute, 49 Mokdongjungangnamrol4gagil, Yangcheon-gu, Seoul-si, 07955, Korea
(hun@jbnu.ac.kr)

3 o|stoiziosta o AufstE A Al Division of EcoScience, Ewha Womans University, 52 Ewhayeodaegil Seodaemun-gu,
Seoul-si, 03760, Korea (yeonflower51@naver.com)

4, FHpA e YA A FLAE] s FAA LAl Inland Aquaculture Research, National Institute of Fisheries Science, 55
Yeomyeongro25beongil Jinhae-gu Changwon-si 51688, Korea (kimk2k@korea.kr )

a O] = 20199 SR pARET SARAIR AFRARY JFol, 7] FENE AHR2019002) 0014 A sh= o] A Aoz
e A+

* WAIA A} Corresponding author: E-mail: hun@jbnu.ac.kr



267

k1
ol

For

ol

re
oy
ot
s

@A BEE] 4] 33(3) 2019

we collected 47 species of 14 families from 10 survey stations using kick nets, cast nets, and long bag set nets.

The dominant and subdominant species were Zacco platypus (37.6%) and Z. koreanus (13.8%), respectively.

The next most abundant species were Squalidus gracilis majimae (11.1%), Pungtungia herzi (7.7%), Rhodeus

pseudosericeus (5.0%), Microphysogobio yaluensis (4.3%), and Hemibarbus longirostris (3.0%). Among the

fish collected, 19 species (40.4%) were Korean endemic species. Endangered species were R. pseudosericeus

and Acheilognathus signifer while exotic species were Micropterus salmoides and Oncorhynchus mykiss, and

land-locked species were Plecoglossus altivelis and Rhinogobius brunneus. The community analysis showed

that the dominance and evenness indexes were mostly low and that the diversity and richness indexes were high.

Moreover, the river health (index of biological integrity) was mostly excllent (1 site is good, 9 sites are very

good). R. pseudosericeus inhabited widely from St. 3 to St. 9 in Heuk Stream, and its population size was large.

Age groups for R. pseudosericeus estimated by the frequency distribution of total length in spawning season

(April) indicated the 32~45 mm group as 1-year old, the 46~59 mm group as 2-years old, 60~69 mm group as

3-years old, and the 70~89 mm group as 4-years or older. Total length range of male and female was similar,
and the sex ratio of female (426) to male (394) was 1 : 0.95. A. signifer, which had been released in Heuk Stream,
inhabited from St. 4 to St. 5, but its population size was small. Lastly, this paper discusses a conservation plan

for fish in Heuk Stream.
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S HEPAS A, e Theolie] X2 i
= AEet oAb 9 Wel|ok 2P7)E B Sl
WH3lof| wpg} 34 Agtol x]¥(West Korea Subdistrict) T}
datol X <(South Korea Subdistrict), §E3to} 2]
(Northeast Korea Subdistrict) 22 JFE %K Nishimura,
1974; Kim, 1997; Kim et al., 2005; Yoo et al., 2016).
EQF F|Toe s s AE Y E R Skt
o] Ad T Zoigtel e ~Eeq, dAFY =Y 5
o] FAwist W AESHY YUQlog F JFFe W 9k
(Jang et al., 2006; Kwater, 2007; Ko et al., 2008a; 2017,
MAFRA, 2010). o]t FFFog lsf 48 22 thekd
o] frastal W F= ARt /Al 54 3] st
WA EBE70l wolAY IR FE EFR Ao By
= d} 9JOom(Kim et al., 2005; NIBR, 2011), dA] =
Gdrolie BT oPAEE 1T 115, [T 16%0] A
Aol HAOo R HFHy QItHME, 2017).

FHe Aol Aojo] WS, dE AFR AW

shHo)a -2 7Z0] 39.22 km, S 314.02 km?o]
B71% ol YIAIzeh SEAENE 744 m)} Ad A

ol
-

<
FJIPFHHHUS;L
%

B oo

S 787 m)ojlA ko] Hete ;
B 2233 Hobd, AHA, 74, I
(Kwater, 2007). S 9] of 7/ & o] F- o o3t
= Han (2007)1} Moon et al. (2010), A3x} A=22}¢13-74
ZAKSong and Jeon, 2009a; 2009b, 2009¢; Baek and
Kim, 2010; Park and Hong, 2010)7} Qlt}. Exo] &
g ol T HEN7] oA E I EE 7N (Rhodeus
pseudosericeus)= 20013 AIEHHE A S A AAl5l=
Aol <& F o H(Arai er al, 2001), 2007H= 17] AH
oA 37§A|(Han, 2007), 2010 271 A& 14714
(Moon et al., 2010)7} Q1= %111, 2012F5¥ 2017\ 7}t
A 7SN O] EERALR 33] FoF A 671 AIA
of ST 211704171 3= vF QthKo ef al., 2018a).
3 BEFH7] o= IIg AT (Acheilognathus
signifer)y= BEN71E EUAIS Aoz 20101 ¥
20127HA] FE <t TEH A7k A7kaie] 2]of 7,000uf
27} WHEATHME, 2011; 2012).

2 AFtolA= AHAgE o] vl & HAEo] glal ¥
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1. ZA X H 712t

2 Ats Fe AR S04 2018 1314 21~23
o} 2xH6Y 18~20%), 32H8H17~19Y), 4xH10¢¥ 4~6
W= o] of 7o) AT AAA] S-S ARSI =
AR 2 ofefiol o] 5] 2AHFRE SHF7HA] 3~5 km
AR of&at 47 2JEEE AAEES TEfEte] 10
N S A skl ch(Figure 1).

of m2lo] EYw|o| AARABAHY EHSI7HAR017-21

5, A2018-343)E Wk & AA|EkGE 2AF A EE 200
m 7oA AAISI =], ol pAlo] W oA
FHCYE 6x6 mm, 103) 7} Zoh(TE 4x4 mm, 30)E
o]-g-3fo] ARSaL ofsY/d ol F H Aof AAlSl= HEE
N 59 oAFE AATH] Y8 A2, G Aol
10 m, 5 4x4 mm, oS ZFFste] 12A17F AA)) 17HE
F7HH 07 ol gstlnt. AE Al EFeIA SAo R
B4 3 A A BAe ste] viE Wk,
EEN = nEIAMS-222) 2 vkt & At Al 5
= 2ARRE 3 WRokelth o794 42 Kim (1997), Kim
and Park (2007), Kim et al. (2005) 5ol wsrom BaA4|
+ Nelson (2006)] whet H2-5 Aelsigict HE719]
de] W ARFEE Hel7] flel A A2 FTERARE
AAJsto] 2AF A7 200~3007041 & EHEskGITh A7

N 18
P
\ :
N V4
4@)\’ Heuk Stream ok
‘ Buan {tream st 3
/\ Gajun Stream
St. AN/
Yongmur Stregam St.
Yeonsoo\Stream J <X o
St. 6 AN o0
) P>
— Heuk Stream
st
St. 8 Jipyepng Stream
/\"‘\ J
St.9 |
st 10 A
A )~ 0 2.5
L |
amhan River ' :
| | | &
127°30° 127°357 127°40°
St. 1: A7|= S AL =8 =91 (37°33'29.58"N, 127°47'11.98"E)
St. 2: 7= o A AT A uk21(37°34'14.27"N, 127°44'18.73"E)
St. 3: A7|= S AW £58 45 (37°33'9.47"N, 127°42'22.06"E)
St. 4: A7|= SFHo AL vjET &2 (37°31'48.51"N, 127°41'15.71"E)
St. 5: A7|= ot rdH A7k A7Fn(37°30'59.72"N, 127°39'32.42"E)
St. 6: B7|= S &5 FekeE] Pk (37°30'24.04"N, 127°37'57.20"E)
St. 7: A7|= ot 89 upEd] 3 (37°29'16.93"N, 127°36'25.02"E)
St. 8: 7= FEH S5 A E|(37°28'48.18"N, 127°33'57.07"E)
St. 9: A= SFH M FAE F4n(37°27'43.56"N, 127°33'14.48"E)
St. 10: F71= S FFHS & 2|(37°27'45.72"N, 127°31'11.76"E)

Figure 1. Study stations of Heuk Stream, a tributary of the Han River Drainage System, Yangpyeong-gun, Korea.
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A AL S Aoto] HPwEst AYS 24 F(B, 60-80), BF(C, 40~60), LD, 20-40), o} L}
sholom] (Ricker, 1971), 4u1E AXSIL x S B3t (020092 S-S THSIHNIER, 2016).

of el 111 felge salskeet B30 ZAL oRA) 5L vlwsh] o) AR

MR 74 5B 33k o] Bt B0 Ui
of AABIG, $EAE B B O U §E 4 5L
Ag] 248 WY (Yardage pro Tour XL, BUSHNELL,
Japan) 7} 412 ol 43l 240, SPHBL Kani
(1944)] w0l wha}, SRJFZL Cummins (1962)9] 414
o= RS 2AA|e) of-Botd B % 718t %
22 A" EA|(T-250A, ASAHI, Japan)Z, 7| A =%
(Conductivity)2} -&-ZAHAEHDO), pH, P 5-& 4225
7](HI-9828, Romania)S ARE-3lo] =43}%ich

o}7o] 4 54 ¥s17] $Iall -5 =(dominance index:
DI)9} t}oF=(Diversity index: H), 5= (Evenness index:
E), &X = (Richness index: R) X455 AF&3}9 tHMargalef,
1958; McNaughton, 1967; Pielou, 1969; 1975). Z-3 12
A 23 £3) A4S 2712 Primer 50 (PRIMER
E Ltd, UK)S ©]-&3}o] Bray—Curtis -FAI=E AARSE &
EASISTh. ZAAES] AZAS Seltet sl RnzA
71 flsf /e 2B ©]-8-5to] shA(stream
order)o| @zt 8719 HELHMI: S HFEL] F T M2:
oA AT M3: WIS, M4 WA3E9] Al Hls,
M5: 4150 7 A vlE, M6: = UiEo] SA1% 7AIS
HI&, M7: A E 5WlE2] 2 7HAlS, M8: B18AE9] 7iA
T HlE) HE g2 ANRE 3 st ol fRAEAFADE
ARSI AFEE ol R EATE M9-E5(A, 80~100),

] Han (2007)x} Moon et al. (2010), A3x} A=A} A3+
A g0l F 53 o] 2= = Song and Jeon
(2009a; 2009b, 2009c), Baek and Kim (2010), Park and
Hong (2010)2] A25 Helskol u]wakeic

-1 | o
379 F9le Ao Seli] o, HS Ao
73 A17F BAE Rl et WAl BT SRR (stream

order)i= 1~42t2 FAJE]o] QIGl=t, St. 10] 22} 5}, St.
2~4= 37 84, St 5~102 47} sPd o2 PR E I 2
5 St 12 F55 3~5 m=E 7R AQLaL SR o 4t
A RHEEE= Al (Aa type)o] Q1o o] % sHRE 7hH
A §Ee G5 WOl A St 4-102 G 30-130 mE
023} 47} 27 WHEEE HAH(BD typo) o] ATk 44
£03-15 m2 HRA $ABATL, Shae AALoR &
(cobble)3} E-=(boulder)?] H]-&o] =ka1 1 tf&o = #}
Z(pebble)}t ZHA-(gravel) 59 == UEFETE 11 8
of Hi= St. 1, 95 ALt B Ao AA=o] 3

AR AR-L-

Table 1. Physicochemical and hydrological environments at the study stations in the Heuk Stream, Korea from April

to October 2018

Stat. River  Water Water oo gyroq,  DOUOT StUCHIe - Water - Conduct g i g

ion width width depth * (%) temperat  -ivity 0 pH Etcs
som o om P TG p B e (O) wem) W) (M)

1 15-20 3-5 0.3-12 Aa 2 10 10 40 40 10.5-24.2 58-101 0.03-0.06 7.4-10.2 6.4-7.6

2  60-70 10-30 0.3-1.2 Aa-Bb 3 10 20 40 30 10.8-25.1 110-139 0.05-0.06 6.9-8.4 6.5-7.1 w
3 100-120 30-50 0.3-1.5 Bb 3 10 20 20 40 10 11.0-30.7 127-163 0.06-0.08 6.1-9.7 6.4-6.9 W.RW
4 130-150 30-100 0.3-1.2 Bb 3 20 20 40 20 11.0-28.1 157-185 0.07-0.09 6.9-10.3 6.5-7.0 W,FW
5 130-160 40-110 0.3-1.2 Bb 4 10 30 50 10 11.7-26.2 153-172 0.07-0.08 7.9-10.1 6.5-7.2 W
6 100-120 40-60 0.5-1.5 Bb 4 20 30 30 20 12.7-26.7 157-187 0.07-0.09 6.5-11.7 6.5-6.9 W
7 130-150 40-100 0.3-1.2 Bb 4 10 10 30 50 12.5-28.8 159-205 0.07-0.10 6.3-8.8 6.4-6.9 W
8 100-120 40-80 0.5-1.3 Bb 4 10 20 40 30 13.2-29.4 155-228 0.06-0.11 7.5-10.6 6.4-6.8 W
9 80-100 60-80 0.3-1.2 Bb 4 10 20 40 30 13.7-28.4 150-190 0.05-0.07 7.5-8.5 6.7-7.1

10 130-150 50-130 0.5-1.5 Bb 4 20 10 10 30 30 13.5-28.0 172-234 0.05-0.11 7.4-7.8 6.5-6.7 W,FW

" River type: by Kani (1944); “M: Mud (-0.1 mm), S: Sand (0.1-2 mm), G: Gravel (2-16 mm), P: Pebble (16-64 mm), C: Cobble
(64-256 mm), B: Boulder (256< mm) -modified Cummins (1962), *"W: weir; FW: fishway, RW: river work.



BEA7IS dEENe AAF 270

—

o]Z St. 4, 1007+ oj&=7} x| =] 919]
¢l A A EA o] skl 2/AdE o] AU
(Oncorhynchus mykiss)E HrgEsto] % 23819 WMaZ7|
YAZE P AL QUi

=
AL AAHOR Bo] wrom I 0@US WAHK

T h
Aokt ATt B 2 ARl St 1~27F 10~25T

2 399 St. 8~109] 13~29CHt} 3~4T 7} Eojt) A7)
= E(conductivity)+= St. 10] 58~101 gs/cmZ Atz o
2 3o St 4~9%= 150~200 ys/cm, St. 10 172~234
us/em HHE 42 olHtlh ¢ T (salinity)= 0.03~
0.11 %= A2 o slF= A5 oY olR|=
AES Bt 824H43HDO, dissolved oxygen)2 6~11
mg/LE A Z7E F Apo|7} WA Fgto); ofFofl= HaL
ol =8tk pHE ATt 2 2to] §lo] 6.1~7.60]3itt

1o 3T A

2. OB 4
589 107 AFNA 20189 4837E 10871 43
ZANH AYE AT 147} 475 12228400, BR

F+HEE 9JojKCyprinidae)7} 25F 20 2 714 Wk, 71
o} o 7 u|dte]iiCobitidae) 55, <7l Balitoridae)2} |
7]1KSiluridae), ‘A7) Bagridae), Z XK Centropomidae),
ZA}e] 7 Odontobutidae) 7} 2%, £7}2] 2 Amblycipitidae)
2} vjchH] o] I Osmeridae), do]TKSalmonidae), 4-Al2] 1}
(Adrianichthyidae), 737d-$-2 3 Centrarchidae), %o}
(Gobiidae), 7}& *| ZH(Channidae)7} 154 &3 3}t
(Table 2). 452 gatu|(Zacco platypus, 37.6%), oF-F
22 AAAY(Z. koreanus, 13.8%), 1 th20=2 71&57)
(Squalidus gracilis majimae, 11.1%), E117|(Pungtungia
herzi, 7.7%), St7IEE71(5.0%), E2FAH Microphysogobio
yaluensis, 4.3%), ZAFAHHemibarbus longirostris, 3.0%), X
) F-X|(Pseudogobio esocinus, 2.8%), ‘FA2)(Acheilognathus
rhombeus, 2.1%) 59| =02 SA5HA Z&5IATk(Figure 2).

SUF T AT 195(40.4%)0] 3L, SHEFAE 9
7] oA E g2 SN} BHAA. signifer)
7}, @ o]E-& v (Micropterus salmoides)} F-R| 740171,
S83L 20{(Plecoglossus altivelis)} U oY (Rhinogobius
brunneus)7} A =t Table 2). X-AE F4= St. 109]
34207 7P Wokal St 497} 20~28%, St. 2~30] 13~18
Z St 10] 7202 71 Atk A= St 571 2,581 704
2 74 HokT 1 TR St 10, 47} 7k 1482704, 1,457
AFeom st 1, 2= 247 226704, 61270A| = A2 sHo|irt.

Z. platypus
Z. koreanus
S. g. majimae
P. herzi

R. pseudosericeus 4.98
M. yaluensis 4.27

H. longirostris 2.92

P. esocinus 2.75

I. koreensis 2.30

A. rhombeus 2.08

A. lanceolatus 1.95

M. longidorsalis 1.39
C. splendidus 1.19

C. herzi 0.83

C. auratus 0.56

C. argus 0.55

R. brunneus 0.55

R. oxycephalus 0.54
O. interrupta 0.44

R. uyekii 0.43

O. platycephala 0.36

Others ! 2.55
0 10 20 30 40

Relative abundance (%)

Figure 2. Relative abundance of the fish species found
in the Heuk Stream, Korea from April to
October 2018.

Table 2. List of fish species and number of individual fish collected in the Heuk Stream, Korea from April to October 2018

Stations

Scientific name Total RA* Remarks™"
1 2 3 4 5 6 7 8 9 (%)
Cyprinidae
Cyprinus carpio 2 2 1 1 12 18  0.15
Carassius auratus 9 12 7 2 6 6 19 68 0.56
1 2 5 0.04

Rhodeus ocellatus
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Scientific name Stations Total RA* Remarks™
1 2 3 4 5 6 7 8 9 10 (%)
Rhodeus pseudosericeus 40 161 319 39 29 10 11 609 498  EnlLEn
Rhodeus uyekii 11 42 53 043 En
Rhodeus notatus 11 19 30 025
Acheilognathus lanceolatus 3 5 44 84 5 27 70 238 195
Acheilognathus signifer 14 1 15 0.12  EnILEn
Acheilognathus yamatsutae 17 3 9 3 32 0.26 En
Acheilognathus rhombeus 130 6 22 8 58 30 254 2.08
Acheilognathus chankaensis 24 3 27 022
Pungtungia herzi 367 9 137 84 134 101 138 &7 100 947 7.74
Coreoleuciscus splendidus 10 15 19 26 27 16 11 15 6 145  1.19 En
Sarcocheilichthys variegatus wakiyae 1 3 4 0.03 En
Squalidus gracilis majimae 3 208 158 182 194 157 120 152 179 1353 11.06 En
Gnathopogon strigatus 1 1 0.01
Hemibarbus labeo 5 24 29 024
Hemibarbus longirostris 45 65 45 10 60 21 48 14 49 357 292
Pseudogobio esocinus 41 62 53 17 55 14 24 22 48 336 275
Microphysogobio yaluensis 178 139 23 74 32 18 43 15 522 427 En
Microphysogobio longidorsalis 51 53 35 18 3 2 3 5 170 1.39 En
Rhynchocypris oxycephalus 37 16 10 3 66  0.54
Opsariichthys uncirostris amurensis 2 5 7 0.06
Zacco koreanus 158 253 306 294 178 106 191 110 21 75 1692 13.84 En
Zacco platypus 4 136 320 337 1518 462 461 326 328 711 4603 37.64
Balitoridae
Orthrias nudus 1 1 3 5 0.04
Lefua costata 2 2 0.02
Cobitidae
Misgurnus anguillicaudatus 1 1 1 3 0.02
Misgurnus mizolepis 1 1 0.01
Koreocobitis rotundicaudata 1 2 2 6 2 1 3 2 19 0.16 En
Iksookimia koreensis 11 27 71 43 8 17 12 55 18 19 281 230 En
Cobitis nalbanti 3 1 4 0.03 En
Siluridae
Silurus asotus 1 1 1 3 0.02
Silurus microdorsalis 1 1 0.01 En
Bagridae
Pseudobagrus fulvidraco 1 1 0.01
Pseudobagrus koreanus 1 6 10 12 1 2 2 34 0.28 En
Amblycipitidae

Liobagrus andersoni 1 1 2 4 0.03 En
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Scientific name Stations Total RA* Remarks™
1 2 3 4 5 6 7 8 9 10 (%)

Osmeridae

Plecoglossus altivelis 1 1 0.01 L
Salmonidae

Oncorhynchus mykiss 3 3 0.02 Ex
Adrianichthyidae

Oryzias sinensis 5 5 0.04
Centrarchidae

Micropterus salmoides 2 3 5 0.04 Ex
Centropomidae

Coreoperca herzi 7 7 9 12 13 10 8 17 8 10 101 0.83 En

Siniperca scherzeri 1 1 4 1 2 9 0.07
Odontobutidae

Odontobutis platycephala 6 5 4 17 5 4 44 0.36 En

Odontobutis interrupta 1 4 9 7 4 10 8 5 54 044 En
Gobiidae

Rhinogobius brunneus 5 3 14 3 25 17 67  0.55 L
Channidae

Channa argus 67 67  0.55
Number of species 7 13 18 20 26 26 28 27 28 34 47 038

Number of individuals

226 612 1445 1492 2581 1302 1225 935

895 1482 12228

"RA: relative abundance (%), ~Remarks: Enll: endangered species rank II; E: endemic species; L: land-locked species; Ex: exotic species.

2HFS AR St 1204 AR SRR 7}
Hl&& 74skal, = gjgfu)s Aol A
Holort SR HRA S7eIEon St 3-100]4 S5
o] Itk o2 A AYTE 37 A(St 3, 4, 7), 11=H
7} 371 ZF(St. 6, 9, 10), H=A|(St. 1)e} 3] 2}m|(St. 2),
HEINSL 5), S3L7I(St. 8)= 171 A-ollA UEbdth
(Table 2). 4 %=(Dominance)= St. 10] 0.86 0.2 7} =%k
1l St 2, 30] 0.64~0.70, St. 6~10-2 0.50~0.570]%1 o St.

3, 4= 0.42~0.43 2.2 Yofrh ToFE(Diversity)= St. 3~4,
6~100] 2.13~2.28% =%k3l St. 2, 5= 1.60~1.75%2 i1,
St. 18 1.0302 7} Yekt) 5= (Evenness)= St. 3~4
7} 0.75~0.76 0 2 7} =9kal St 2, 6~109] 0.61~0.69=,
St. 1, 57} 0.49~0.53 0 2 74} okt FX = (Richness)St.
1S 1112 7P Woral o]& St. 38 2.34, St. 52 3.18,
St 82 3.800]%1a1 St. 102 4492 71 =7 Vel Ao
Al SHRE A4S ol AE itk Table 3). +-4+
Z= St 10] FAEE, St 2= AEE JLEE 1 St 3~100]
%-3lRE shte] 280 BrkFigure 3).

Table 3. Community indices in the Heuk Stream, Korea from April to October 2018

Index St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 St. 8 St. 9 St. 10
Dominance 0.86 0.64 0.43 0.42 0.70 0.50 0.53 0.50 0.54 0.57
Diversity 1.03 1.75 2.19 2.26 1.60 2.23 2.13 2.16 2.28 2.17
Evenness 0.53 0.68 0.76 0.75 0.49 0.69 0.64 0.65 0.68 0.61
Richness 1.11 1.87 2.34 2.60 3.18 3.49 3.80 3.80 3.97 4.49
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Figure 3. Dendrogram for the cluster analysis based on
similarity index of the fish species found among
the stations in the Heuk Stream, Korea from
April to October 2018.
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R 4 03~12 me] SHie] F2 A4S AL

Table 4. Index of Biological Integrity (IBI) in the Heuk Stream, Korea from April to October 2018

Parameter St.1 St2 St3 St4 St5 St6 St7 St.8 St9 Stl0

M1. Total number of native fish species 7.8 125 125 125 125 125 125 125 125 125
M2. Number of riffle benthic species) 63 63 125 125 94 125 94 63 109 109
M3. Number of sensitive species 109 109 109 125 125 109 7.8 94 109 78
M4. Proportion of individuals as tolerant species 125 125 125 125 125 125 125 125 125 125
MS. Proportion of individuals as omnivores 125 125 94 78 3.1 63 63 63 63 63
M6. Proportion of individuals as native insectivores 12.5 12.5 125 109 4.7 109 94 125 63 63
M7. Total number of individuals 94 125 125 125 125 125 125 125 125 125
MS. Proportion of abnormal individuals 125 125 125 125 125 125 125 125 125 125
Total 844 922 954 938 79.7 90.7 829 844 844 813

(grade) A At A v B A A A W @
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Figure 4. Number of collected individuals of endangered
speceis, Rhodeus pseudosericeus and Acheilognathus
signifer of each stations in the Heuk Stream,
Korea from April to October 2018.
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Figure 5. Total length frequency distribution of Rhodeus
pseudosericeus in the Heuk Stream, Korea from
April to October 2018.

Table 5. The sex ratio of Rhodeus pseudosericeus in the Heuk Stream, Korea from April to October 2018

Sex ratio

Month Juvenile Female Male Total (F/9) %2
Apr. 56 91 94 241 1.03 0.05
Jun. 50 136 107 293 0.79 3.46
Aug. 81 90 89 260 0.99 0.01
Oct. 55 109 104 268 0.95 0.12
Total 242 426 394 1062 0.92 1.25
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and Hong, 2010) 207} Z(%1 1-23] ZAhollA] 102} 26%0]
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Table 6. Historical record of ichthyofauna in the Heuk Stream, Korea from 2007 to 2018

Han

Scientific name (2007)

ME"

Moon et al. Present Study Remarks™
(2009-2010)

(2010) (2018)

Cyprinidae
Cyprinus carpio [
Carassius auratus [
Rhodeus ocellatus
Rhodeus pseudosericeus

Rhodeus uyekii

Rhodeus notatus
Acheilognathus lanceolatus
Acheilognathus signifer
Acheilognathus yamatsutae
Acheilognathus rhombeus ([
Acheilognathus chankaensis

Pungtungia herzi [ ]
Coreoleuciscus splendidus ]
Sarcocheilichthys variegatus wakiyae

Squalidus gracilis majimae [

Squalidus japonicus coranus

Gnathopogon strigatus
Hemibarbus labeo
Hemibarbus longirostris
Pseudogobio esocinus
Microphysogobio yaluensis
Microphysogobio longidorsalis

Rhynchocypris oxycephalus
Opsariichthys uncirostris amurensis

Zacco koreanus

Zacco platypus

EnlIlLEn
En

EnlIlLEn
En

En
En
En
En

En
En

En
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Scientific name Han ME’ Moon et al. Present Study Remarks™
(2007)  (2009-2010)  (2010) (2018)
Balitoridae
Orthrias nudus o ] [
Lefua costata [
Cobitidae
Misgurnus anguillicaudatus [ ] [ ]
Misgurnus mizolepis [
Koreocobitis rotundicaudata ) ] ] ® En
ITksookimia koreensis o o o [ En
Cobitis nalbanti o En
Siluridae
Silurus asotus [ o o [
Silurus microdorsalis [ o o [ En
Bagridae

Pseudobagrus fulvidraco [
Pseudobagrus koreanus [ ] [ o En
[ ]

Leiocassis ussuriensis

Amblycipitidae

Liobagrus andersoni [ ] [ ] ] En
Osmeridae

Plecoglossus altivelis o L
Salmonidae

Oncorhynchus mykiss o Ex
Adrianichthyidae

Oryzias sinensis [
Cottidae

Cottus koreanus [ [ ] En
Centrarchidae

Micropterus salmoides ] ] Ex
Centropomidae

Coreoperca herzi [ ] [ ] { En

Siniperca scherzeri [ ] [ ] [ ]
Odontobutidae

Odontobutis platycephala o o [ o En

Odontobutis interrupta o o o En
Gobiidae

Rhinogobius brunneus [ [ [ ] [ ] L
Channidae

Channa argus ]

Number of family 11 10 9 14
Number of species 34 26 26 47

"ME(2009-2010): The 3rd National Environment Investigation of Freshwater Fish (Song and Jeon, 2009a; 2009b, 2009¢c; Baek and
Kim, 2010; Park and Hong, 2010), *Remarks: Enll: endangered species rank II; E: endemic species; L: land-locked species; Ex:
exotic species.



WE1% BAEEAN AP 278

Ko, M.H. and M.S. Han(2017) The 4th Nation Environment
Investigation. Fresh water fishes of the downsteam of
Kyeongan Stream. Ministry of Environment, 11pp. (in Korean)

Ko, M.H., I.S. Kim, J.Y, Park and Y.J. Lee(2007) Distribution and
ecology of a land-locked ayu, Plecoglossus altivelis (Pisces:
Osmeridae) in Lake Okjeong, Korea. Korean Journal of
Ichtyology 19: 23-34. (in Korean with English abstract)

Ko, M.H., J.Y. Park and Y.J. Lee(2008) Feeding habitats of an
introduced large mouth bass,
(Perciformes; Centrachidae), and its influence on ichthyofauna
in the Lake Okjeong, Korea. Korean Journal of Ichthyology 20:
36-44. (in Korean with English abstract)

Ko, M.H., M.S. Han and S.M. Kwan(2018a) Distribution aspect and
extinction threat evaluation of the endangered species,
Rhodeus pseudosericeus (Pisces: Cyprinidae) in Korea.
Korean Journal of Ichthyology 30: 100-106. (in Korean with
English abstract)

Ko, M.H., M.S. Han and S.M. Kwan(2018b) Distribution aspect
and extinction threat evaluation of the endangered species,
Cottus hangiongensis (Pisces: Cottidae) in Korea. Korean
Journal of Ichthyology 30: 155-160. (in Korean with English
abstract)

Ko, M.H., Y.K. Hong, H.L. Kim and [.C. Bang(2014) Community
structure of fish and inhabiting status of natural monument
Cobitis choii in the Baekgok Stream, a tributary of the Geum
River drainage system of Korea. Korean Journal of Ichthyology
26: 99-111. (in Korean with English abstract)

Ko, M.H., Y.S. Kwan, W.K. Lee and Y.J. Won(2017) Impact of
human activities on changes of ichthyofauna in Dongjin River
of Korea in the past 30 years. Animal Cells and Systems 21:
207-216.

Kwater(2007) A Guidebook of Rivers in South Korea. Kwater,
Daejeon, 582pp. (in Korean)

Lee, G.A.(1996) Biological Characteristic and Nutritive
Physiology of Korean ayu, Plecoglossus altivelis. Doctoral
Thesis, Pusan Fisheries University, Pusan, 144pp. (in Korean
with English abstract)

Lee, W.O., H. Yang, S.W. Yoon and J.Y. Park(2009) Study on the
feeding of Micropterus salmoides in Lake Okjeong and Lake
Yongdam, Korea. Korean Journal of Ichthyology 21: 200-207.
(in Korean with English abstract)

MAFRA(Ministry of Agriculture, Food and Rural Affairs)(2010)
The National Survey of Low Head Dams and Development of
Database in Korea, 275pp. (in Korean)

REFERENCES

Arai, R., S.R. Jeon and T. Ueda(2001) Rhodeus pseudosericeus sp.
nov., a new bitterling from South Korea (Cyprinidae,
Acheilognathinae). Icthyological Reserch 48: 275-282.

Baek, HM. and H. Kim(2010) The 3rd Nation Environment
Investigation. Fresh water fishes of the Yongmun whole area.
Ministry of Environment, 4pp. (in Korean)

Choi, K.C.(1995) Ecological Study of a Land-lack ayu,
Plecoglossus altivelis in Bonghwa-Gun. Bonghwa-Gun, pp.
5-6. (in Korean)

Micropterus  salmoides

Cummins, K.W.(1962) An evolution of some techniques for the
collection and analysis of benthic samples with special
emphasis on lotic waters. The American Midland Naturalist 67:
477-504.

Han, T.J.(2007) Ichthyofauna in the Heuk stream of Gyenggi
Province. Master Thesis, Chonnam National University,
Yeosu, 29pp. (in Korean with English abstract)

Hong, Y K., K.H. Kim, K.M. Kim, G.H. Lim, M.Y. Song and W.O.
Lee(2016) Characteristics of fish fauna and community
structure in Wangpicheon. Korean Journal of Environment and
Ecology 30: 874-887. (in Korean with English abstract)

Jang, M.H., G.J. Joo and M.C. Lucas(2006) Diet of introduced
largemouth bass in Korean rivers and potential interactions
with native fishes. Ecology Freshwater Fish 15: 315-320.

Kang, YH., J.K. Kim, G.B. Bong and H.S. Kim(2011) Chang of fish
fauna and community structure in the Naeseong Stream around
the pkanned Yeongju Dam. Korean Journal of Limnology 44:
226-238. (in Korean with English abstract)

Kani, T.(1944) Ecology of the aquatic insects inhabiting a mountain
stream. In: Furukawa H. (ed) Insects I. Kenkyu-sha, Tokyo, pp.
171-317. (in Japanese)

Kim, D.H., S.0. Hwang, H.J. Yang, S.R. Jeon, S.S. Choi, I.S. Kim
and C.G. Choi(1996) Study of Distribution and Impact of
Exotic Species in Dam and Reservoir, Korea. Kwater, 258pp.
(in Korean)
Kim, H.S., J.D. Yoon, H. Yang, H.S. Choi and J.H. Lee(2017)
Reproductive characteristics of Rhodeus pseudosericeus
(Pisces: Acheilognathinae) in the Heukcheon, Namhangang
(River), Korea. Korean Journal of Ichtyology 29: 235-243. (in
Korean with English abstract)

Kim, I.S. and J.Y. Park(2007) Freshwater Fishes of Korea. Kyohak
Publishing, Seoul, 467pp. (in Korean)

Kim, 1.S.(1997) Illustrated Encyclopedia of Fauna & Flora of
Korea, Freshwater Fishes. Ministry of Education, Yeongi,
629pp. (in Korean)
Kim, I.S., Y. Choi, C.L. Lee, Y.J. Lee, B.J. Kim and J.H. Kim(2005)
Illustrated Book of Korean Fishes. Kyohak Publishing, Seoul,
615pp. (in Korean)

Margalef, R.(1958) Information theory in ecology. General
Systems, 3: 36-71.

McNaughton, S.J.(1967) Relationship among functional properties
of California Glassland. Nature 216: 144-168.

ME(Ministry of Environment)(2011) Culture and Restoration



279

k=l
oR

For

of
re,
oy
ot
3

@A BEE] 4] 33(3) 2019

Research of Endangered Freshwater Fishes (four species
including Liobagrus obesus). Soonchunhyang University,
Asan, 359pp. (in Korean)

ME(Ministry of Environment)(2012) Culture and Restoration
Research of Endangered Freshwater Fishes (five species
including Liobagrus obesus). Soonchunhyang University,
Asan, 269pp. (in Korean)

ME(Ministry of Environment)(2017). Conservation and
Management Laws of Wildlife (amendment of enforcement
regulations) (Law No. 10977). (in Korean)

Moon, W.K., JH. Han and L.G. An(2010) Fish fauna and
community analysis in Heuck Stream watershed. Korean
Journal of Limnology 43: 69-81. (in Korean with English
abstract)

Nelson, J.S.(2006) Fishes of the world. Fourth edition. John Wiley
& Sons, Inc., Hoboken, New Jersey, 601pp.

NIBR(National Institute of Biological Resources)(2011) Breeding
Manual of Endangered Freshwater Fish. National Institute of
Biological Resources, Incheon, 239pp. (in Korean)

NIER(National Institute of Environmental Research)(2016)
Survey and Evaluation Method for River and Stream
Ecosystem Health Assessment. National Institute of Biological
Resources, 313pp. (in Korean)

Nishimura, S.(1974) History of Japan sea: approach from
biogeography. Tsukiji-Shokan, Tokyo, 274pp. (in Japanese

with English abstract)

Park, S.C. and G.S. Hong(2010) The 3rd Nation Environment
Investigation. Fresh water fishes of the Jije whole area.
Ministry of Environment, 4pp. (in Korean)

Pielou, E.C.(1969) Shannon's formula as a measure of diversity.
The American Naturalist 100: 463-465.

Pielou, E.C.(1975) Ecological diversity. John Wiley, New York,
165pp.

Ricker, W.E.(1971) Methods for Assessment of Fish Production in
Freshwater. IBP Hand Book 3: 112-113.

Song, H.B. and J.S. Jeon(2009a) The 3rd Nation Environment
Investigation. Fresh water fishes of the Sinjeom whole area.
Ministry of Environment, 4pp. (in Korean)

Song, H.B. and J.S. Jeon(2009b) The 3rd Nation Environment
Investigation. Fresh water fishes of the Yangdukwon whole
area. Ministry of Environment, 4pp. (in Korean)

Song, H.B. and J.S. Jeon(2009¢) The 3rd Nation Environment
Investigation. Fresh water fishes of the Cheongun whole area.
Ministry of Environment, 4pp. (in Korean)

Yoo, D.G., G.S. Lee, G.Y. Kim, N.K. Kang, B.Y. Yi, Y.J. Kim, J.H.
Chun and G.S. Kong(2016) Seismic stratigraphy and
depositional history of late Quaternary deposits in a
tide-dominated setting: An example from the eastern Yellow
Sea. Marine and Petroleum Geology 73: 212-227.



