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ABSTRACT

The purpose of this study was to investigate the species composition and the aquatic environment of Jojong
Stream and Sudong Stream, which were the original habitats of Zacco koreanus population and restored
population re-introduced in Bongseonsa Stream. It also compared and analyzed the states of the growth and
reproductive ability of Z. koreanus habiting in each of the three streams. The investigation was conducted in
June 2016 which was known as the spawning season of Z. koreanus. The results of the physical aquatic
environments showed the slight differences in altitude, width and depth of water among three streams, but the
bottom structure was found to be quite different in the composition of the boulder, cobble, and pebble among
the streams. The result of the physicochemical aquatic environment analysis showed that there were no significant
differences in water temperature, pH, DO, BOD, and EC among the three stream. In the fish fauna investigation,
530 individuals of 11 species of 3 families were collected in Bongseonsa Stream, 293 individuals of 12 species
of 4 families were collected in Jojong Stream, and 361 individuals of 11 species of 4 families were collected
in Sudong Stream. All three streams were dominated by Z. koreanus and Z. platypus. Six Korean endemic species
appeared in each of the three streams, showing the high occurrence rate of indigenous species of 50.0% or more.
The aggregation index analysis revealed that the mean dominance index ranged from 0.63 (£ 0.05, BS) to 0.72
(£0.01, JJ), mean diversity index from 1.55 (£ 0.06, JJ) to 1.78 (£ 0.11, BS), mean evenness index from 0.71
(£0.03,JJ)t0 0.76 (£ 0.02, BS), and mean richness index from 1.61 (£ 0.33, JJ) to 1.73 (+ 0.24, SD). The result
indicated that the observed differences between the stream community indices were statistically nonsignificant.
The similarity analysis showed that 75.4% similarity was divided into two groups of A and B and that the fish
fauna on each analyzed point was similar. The quantitative habitat evaluation index (QHEI) analysis showed
that the average value of QHEI was 151.0 (£ 46.0), which means that it was a suboptimal habitat environment.
The result of length-weight analysis of Z. koreanus populations showed that the regression coefficient b of the
restoration population and the original habitat population were at 3.0 or higher while the condition factor had
a positive slope. Moreover, it was found that the slopes of the regression coefficient b and condition factor of
the original habitat population were larger than the restored population. The analysis of the length frequency
distribution of the Z. koreanus population revealed that all three streams maintained the stable life cycle although
it was found that the growth rate of the original habitat population was faster than the restored population in the
one-year-old class. The result of the gonadosomatic index (GSI) analysis showed that the GSI median value of
the Z. koreanus population in the restored habitat Bongseonsa Stream was higher than the population in the original
habitat Jojong Stream and Sudong Stream for both of males and females.
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Figure 1. The map of study sites in the stream in
the Bongseonsa Stream, Jojong Stream and
Sudong Stream.
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=2 Aog Yyt ¥+ pHe B4R 7.8 (£0.06),
ZZA 7.80(£0.07), =57 8.30(20.98) 0. & o]F2] A4l
23k H92 A=l Eit 8E4D0) = BAAR
6.63mg/L-1(x0.61), ZZ2 7.20mg/L-1(£0.54), 4253 8.45
mg/L-1(x1.80) 0= o] 77} A48} 7of FH3t §E4ka
£ FAIBEL ek o7 Ao Alghs = 4
L 3mg/L-10]3F2 ¢ A 9l OoH(Kim ef al., 2012), &
T tgolEdl FHEAYE F4 6.1mg/L-19] 847}

U7k AAjsl7|ofl Agist A o® 2AREQict Bt AEs)e]
Ak Q TEHBOD)S EAAFY 2.25mg/L-1(20.71), 2EH
2.57mg/L-1(£0.40), 457 3.52mg/L-1(£2.12) & 2|1 }z}o)
shd g 7)Ed gAT o FEH IS ~EE
(IS5l siFstart. B+ A7 A== (EC)= FAA
A 278.90us/em(£1.13), 2FH 256.60us/cm(+8.06), 5
A 219.90us/em(£5.52) 0.2 Vel wheba] 2AbsRAE
o|3}aFAQl =3+ 9] Afol= H|w A A2 Ao g FAE Q]
o, spd FARE SASES FASHL Q= ACRE W

Aol sl BAAR, 2FH, e HA A
AJgE ol AL A3t F 53} 15F 1,17470A17F S|ttt
(Table 3). SAIA AP A= F 33t 115 5307042 ofx}

85 UHF

O F(Seo et al., 2008) RAX| A A

(Cyprinidae)ol| A 7%(63.6%) 0.2 7} theFst Zo] 238

Table 1. Physical factors of the surveyed each site in the Bongseonsa Stream, Jojong Stream and Sudong Stream

Sites Altitude Stream width Water depth BoEtom structure
(m) (m) (cm) B:C:P:G:S
St. 1 100 5.8~15.6 4~43 B:C:P:G:S=4:2:2:1:1
BS St. 2 76 21.0~27.0 5~46 B:C:P:G:S=4:2:2:1:1
St. 1 199 0.8~7.0 15~52 B:C:P:G:S=6:1:1:1:1
N St. 2 172 0.6~15.0 9~127 B:C:P:G:S=6:1:1:1:1
D St. 1 116 0.5~6.5 5~89 B:C:P:G:S=4:3:1:1:1
St. 2 75 1.0~24.0 10~47 B:C:P:G:S=6:1:1:1:1

BS: Bongseonsa Stream, JJ: Jojong Stream, SD: Sudong Stream
" B: Boulder>256mm, C: Cobble 64~256mm, P: Pebble 16~64mn, G: Gravel 2~16mn, S: Sand/Silt 0.2<2mm

Table 2. Environmental factors of the surveyed each site in the Bongseonsa Stream, Jojong Stream and Sudong Stream

Sites Water temperature pH DO_1 BOI?1 EC

(°C) (mg/L™) (mg/L™") (us/cm)

St. 1 20.30 7.79 6.20 1.75 278.10

BS St. 2 21.80 7.87 7.06 2.75 279.70
mean 21.10(x1.10) 7.83(+0.06) 6.63(+0.61) 2.25(%0.71) 278.90(%1.13)

St. 1 19.50 7.75 6.82 2.29 262.30

I st 2 20.90 7.85 7.58 2.85 250.90
mean 20.20(£1.00) 7.80(£0.07) 7.20(£0.54) 2.57(+0.40) 256.60(+8.06)

St. 1 21.60 7.60 7.18 2.02 216.00

SD St 2 24.90 8.99 9.72 5.02 223.80
mean 23.30(+2.30) 8.30(%0.98) 8.45(+1.80) 3.52(£2.12) 219.90(%5.52)

BS: Bongseonsa stream, JJ: Jojong stream, SD: Sudong
demand, EC: Electric conductivity

stream, DO: Dissolved oxygen, BOD: Biological oxygen
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Table 3. A list of individual number of fish collected at each station in the Bongseonsa Stream, Jojong Stream and

Sudong Stream from June 2016

Sampling stations

Species BS 1 SD Total
St.1 St.2 St.1 St.2 St.1 St.2
Family Cyprinidae o) o] 1}
Pungtungia herzi = 13 23 9 7 28 13 173
Coreoleuciscus splendidus 2] 3 4 14
&Squalidus gracilis majimae =7 15 11 6 49
Hemibarbus longirostris ZapRp 24 38 8 7 130
Pseudogobio esocinus 2R 16 16 2 8 12 6 104
&Microphysogobio yaluensis =0kRb 16 3 13 64
Rhynchocypris oxycephalus HEZ 3 12 6 39
&Zacco koreanus 24 AY 92 76 67 79 67 97 864
Zacco platypus 1] g}ul 68 93 28 36 36 41 536
Family Balitoridae Z7
Orthrias nudus S22 4 7 3 28
Family Cobitidae w27}
&Koreocobitis rotundicaudata A Zwu]3te] 2 2 14
&lksookimia koreensis =i 6 9 3 5 4 48
Family Centropomidae AR 2}
&Coreoperca herzi ZAX| 2 2
Family Odontobitidae AT}
#QOdontobutis interrupta =541 3 7 7 3 20
&Odontobutis platycephala A
Total number of family 3 3 4 2 3 4 5
Total number of species 10 11 10 8 9 11 15

Total number of individual

242 288 133 160 169 192 1,174

BS: Bongseonsa stream, JJ: Jojong stream, SD: Sudong stream

&: Korean endemic species

siRon, o]iE]I(Cobitidae), FAIE]THOdontobutidae)
ol A Zz} 23(18.2%)4 Z@stHh EAAMAGE ot
oA Z 5007A|(94.3%) 2 E@/NAY] S A8t
fom, oldte)zt 19704(3.6%), AR 1170A(2.1%) 7}
ZAMEQILE 2F oAM= F 43 125 2937HA1 2 SR
H 3 oJoltol| K] 8E(66.7%) 0.2 7 TtheFst £o] &3
stlom, uldre| v 2(16.7%), F712KBalitoridae), At
2ltoll A 2+ 1%(8.3%)0] ZAsth 2@NA4E o
olafoll A F 2747WH|(93.5%) = SAMNAIG2 R-E2 A
Aty on, EAET 10704(3.4%), ©lFteat 574
(1.7%), S0 470A41(1.4%) 59 =22 ZAE I 45
Ao 2 47} 112 361742 SAEET = o)o]lo
A TE(63.6%) 2.2 717 thoFst o] Zdslgon, u|it
2} 23(18.2%), S7H 2}, A A 2K Centropomidae)of| 4] Z}

ZF 1809.1%) 0] Sd35i3ith. 2@NAG= dololA &
33871 A)(93.5%) = ZA/MATe S RS oH,
o]k 117141(3.0%), 712 107141(2.8%), A2t 27}
AH(0.6%)= 5O o= FAEGITE ZAFSHEAE HE QJo]
o] &k o 7Y T & AT 7P SRS =T,
ol A e dutAQl Aukel U5 tHByeon
and Lee, 2000).

AN EATL ofFY AHFREE E4% 2
IAAUZE 187WAGBL.T%) = 7H =2 AR s 12
Fdom, tr2o g mztu|(Zacoo platypus) 1617]A](30.4%),
ZHatRW Hemibarbus longirostris) 6270A4|(11.7%), &=317]
(Pungtungia herzi) 36713(6.8%), 22|F-X|(Pseudogobio
esocinus) 3271A|(6.0%) 52] <0 & et 22 A
ST ofF Y AT H =S EAT A3 HEAYTL 146
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7HAI(49.8%) 2 71 =2 AT HEE Hoon, TR
1) 2hu] 64714(21.8%), SUFRH Microphysogobio yaluensis)
167]A(5.5%), =117] 167§A)(5.5%), EEFAF2|(Odontobutis
interrupta) 1071A(3.4%) 52 2= et 4539
A EUT olFe] AUFRES BT 1 HAAUL
164704(45.4%) 2 7H} =2 AHSHEE Hlow, oy
o= "@zha| 777§A1(21.3%), =117 417§A(11.4%), X
A 1870A|(5.0%), EHFAF 16704|(4.4%) 59 o2
ERTh Sl 3 A9 S S8 71E
o7 MAR|9] =873t o] =2 (Jeon, 1980; Choi
et al., 2000), 2 FAFHY o&F & L& HA3st=
AXdE=0] tF=-S 2HAIstaL QitiByeon, 2013). E3H
ARFA QI P A 9 =il f-F W= 28.8% 2 LA
UTHKIm ef al., 2005¢). & ZAMNA @7 /52 11E
N(Squalidus gracilis majimae), S1FA}, ZF4AY, A 20]
I (Koreocobitis  rotundicausata), E7N(Iksookimia
koreensis), ZRX|(Coreoperca herzi), AEFAtE], FALE]
(Odontobutis platycephala) 5 & 8%0] &9 It XA}
SR SAARS 635(54.5%), 254 65(50.0%),
T 6F(54.5%) 0= FARPAY HE wie- =2 IRE
He2 Uestet ol 349 Erth= Boulder?| 59
027k wla gol BAEol slol AHAFE HAT
2o] AFEYOr, NP S ek I Fko] Aol
B70] FsalA $AERL o) W ACE Bk,

NT2E BASP] Sfste] $4F 2 oS
O 2~

]119 '?‘XE_I]EZ]'/F—a E]‘OO]:EXLT_: ;&%‘EZ]'{FE

FREASS BASYTHTable 4)

ZARBPIE QAL A, o} HEL etz 24}
Holon], 4% W oh9YE] AT EREE A
A FEAY 31.7%, slehn] 30.4%, 2EHNA FLAY
49.8%, |2hu] 21.8%, 45 M LAY 45.4%, i)
21.3%2 BEAEQLt - E=X4= HdF 0.63(x0.05, BS)
0722001, 1] 9|2 FHEG 0w, o] F 2FHA]
AR oE A LR on], BAART SEHE 1ag
AR AoE AR thFEA 4 B 1.55(:0.06,
I)-1.780.11, BS)®] W2 BAACIA Ajdow &
A pebton], $HEA47} e 2EHO tha WA
HEoltt. FEEAGY FREASE HE 0.71(:0.03,
13)~0.76(0.02, BS)T} 1.61(x0.33, JJ)~1.73 (+0.24, SD)<]
91 HAEo] S A|49] Aol HlwA AL Aoz
BAE|glch Ao off Aol Qo BerdHe 7
WEE S A AR ARG ek QurEal
9FAK(Choi and Choi, 2005) 0.2 kA Qlth B 2AA Y
o A9 SAEASE B CFEAS, FEEAS, FL
EX47} e JoE BAHEY, o) B 24 1
5 59 4R gt el Ao Bekwc

4, FAE 24

ZASPHE T2 FAME Thetstr] ffs 2ARAIR
ST NASE O R FAHEREAS AAISH
(Figure 2). ZARMPE A=A 23t 75.4%9] frAMd &
71202 A, B 2719 Groupl &2 FLEI %Il Group-Ad
A =ZH(SD) St. 29} ZEHJT) St. 27} 82.9%E =2
FAMS Zhe Zo2 BAE9lon, 425%(SD) St. 13}

Table 4. Dominant, sub-dominant species, and community indices at the each site in the Bongseonsa Stream,

Jojong Stream and Sudong Stream

Sites Dominant species Subdominant species DI H' E RI

St. 1 Zacco koreanus Zacco platypus 0.66 1.70 0.74 1.64

BS St 2 Zacco platypus Zacco koreanus 0.59 1.86 0.77 1.77
Mean 0.63(+0.05)  1.78(x0.11)  0.76(=0.02)  1.71(+0.09)

St. 1 Zacco koreanus Zacco platypus 0.71 1.59 0.69 1.84

J St 2 Zacco koreanus Zacco platypus 0.72 1.51 0.73 1.38
Mean 0.72(x0.01)  1.55(£0.06)  0.71(%0.03)  1.61(+0.33)

St. 1 Zacco koreanus Zacco platypus 0.61 1.71 0.78 1.56

SD St 2 Zacco koreanus Zacco platypus 0.72 1.59 0.66 1.90
Mean 0.67(x0.08)  1.65(x0.08)  0.72(%0.08)  1.73(+0.24)

BS: Bongseonsa stream, JJ: Jojong stream, SD: Sudong stream, DI: Dominance index, H': Diversity index,

E: Evenness index, RI: Richness index



544 EESREETIR

e A EsksA] 31(6) 2017

Z2FHJT) St 10] 78.9%9] FAMdS U SIt gHHA,
Group-Boj| A= B-AAPA(BS) St. 1, 27} 83.7%2] §-AMA
S 71 Aoa BHElo] ZAIHE SA0] Ty B
Aoz AR A fAMdol w2 AR UE
Wt ol 2ARAIHo] s ARl sidsto] sk
92 870] vlsat B4 SAF 9] HRolel, ol
T BAOR Qlalo] ZAAEE FUET AN} v
SABA FRei] el Aoz weE

Bray-Curtis Cluster Analysis (Single Link)

SD (St.2)

82.9
JI(St.2)
71.6 Group-A
——————— sD(st)
78.9
754
T3 (St. 1)
L BS (St.2)
83.7 Group-B

BS (St. 1)

% Similarity

0 50 100

Figure 2. Cluster analysis based on fish communities
assemblages collected at 2 sites in the Bongseonsa
Stream, Jojong Stream and Sudong Stream.

5 A MAIX It X|==(QHE)

2ALAE HFH NAX Boh AR o) § AAA
Bk B4 A, 2 AAAEY] B ek (S ws
Ego]) uke} WIslalICTable 5). BAIAFAS] QHER: Bt
151.0(246.0, ¥ 9]: 161~91), 2FEH B 156.3(x8.1,
W9 161~91), S5 Bt 160.5(220.5, WS 161~91)=2
AR Bagre] Aol Lot BE § 539 Gt
HAR B3 SASL Uk AOR BAAHY ol

Jel slo] BHE Spa SO EabElt WY

J=

Hjgo| dAatH, s W Qg rRE(E)o] AR E ] A
ool Ajdog Fost AMAA +84E FAletL 37
ool Ao wetErt

6. 2ZtAL| JHH 22| Length—-weight EAd

ZAPE A" FEAY HATEY Length-weight
relationship 2! Condition factor (k)] A4S A3t Aij=
o83} Zth(Figure 3). Length-weight relationship 2! Condition
factor (k)= F=01%1 ol AAlsk= WA 278 Ee
A Aes wofd = Qe ARE AETTK(Seo,
2005; Choi et al., 2011; Kim et al., 2012). LHtA o2
AT =S Uetl= SAAS b7 3050t 2koH
Aolof| s} 7|A|7} vlthstA] Ehe ofn|stH, 3.0 K}
= Aolof s H|thslrh= A& Z3tHHan er al., 2007).
E3H H|REE R[420] - FO] 71&7|olH A o2 ANAIw
o] ALY Foeke onlsh, &9 719719 A9 B
AE7T 55t A 9v|3iti(Carl and Peter, 1990; Seo,
2005). AL Aol AAlshs SAdAPHolA A 2
AY 7WAIES] A b3k 32389 % UEROH, BTk
£ el = Condition factor(k) ZFe] 7]&7]+= 0.00282]
¥ 712715 e Ao HAESTE AU A A
0] AAlehs 2 530 AS- IAAS b 22
340207} 3.44042 BA Qo vTtE 2|4 7|&7]E ZF
7} 0.00442} 0.00428 F shd B ¢k 7|&7|E 2=
Ao vetyith webh] AP AAsh= AAY A
O] A= 3.0HT a1, BN A 7%= 49
718712 et AR A1 ASAEHE fAlskL
U= AoE EAE
Ao 8 o] 7ol A 8H, Wk, HollE, AH

wr

Table 5. Qualitative habitat evaluation index(QHEI) at 2 sampling sites in the Bongseonsa Stream, Jojong Stream

and Sudong Stream

. QHEI
Site
Index Assessment Mean Assessment
St. 1 183.5 (0]
BS 151.0(46.0) S
St. 2 118.5 S
St. 1 150.5 (0]
JJ 156.3(£8.1) S
St. 2 162.0 (0]
St. 1 146.0 S
SD 160.5(%20.5) S
St. 2 175.0 (0]

BS: Bongseonsa stream, JJ: Jojong stream, SD: Sudong stream, Optimal (O): 162 over, Submarginal (S): 161-91
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Figure 3. Relationship between total length and body weight of Z. koreanus sampled in the (A) Bongseonsa Stream,
(B) Jojong Stream and (C) Sudong Stream, Condition factor(k) for Z. koreanus population sampled in the
(a) Bongseonsa Stream, (b) Jojong Stream and (c) Sudong Stream.

R, QA7) ol wet B AjelE Kol Zlow °*E%X4
Qltk(Song et al., 2012). 6}X]U]- B oL giakr| o] A
AP, 2R, R, A 285, B2 5
ul$ fARRE 2710] 28 a’i%OHE 2k A 7
ol Aajehs gt sl A b3t D ulvkE A5
7171 grol € Aol AAlshe 2343} =57l H]s)
A s tha WA BAESIT o= AA A A4
Sl Qe AU Azl A=Y AL Rk 587
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ARE 2APE 18] 2Apo] Fakslo] Glof %Al 9 elo]
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Lek(Figure 4). Q¥ BAAY ] e B guig
60mmo]s}, T+ 1 ¥4 60~80mm, Tk 23 AY, 90~120mm, Tt
3 130mmoAto g A A QQrHIm et al., 2010). B4
A, 25, 25 B FAARE 1334 o4kl /)
A5o] FAste] 2AFAY HAAY AALY FAAY
RZA} o]l Qs Ao BAETh e B4
L] S T 19A) ARSI A Qubael A wr)
L ATjHoR 277t AL RG] F2 BEshs Aow
2T 9 WAlEo] AAlSHe 2EHO) A o 194
NS AREA detdom F AaAY el A4
Bao} AXSHE A0 Uehton, £EH0 A9l o
A NIRRT Bk Aoz 3771 2 ARNE
o] F2 BEsLI Q= AL ekt o4 $AKE A
A8 Aol B7oka FAART 25 M| s A
H o 4] ISk Gl HAAY AT T
ARE 1AA A2 o] mkE ZLe olglo] i
3 ok ofjet 2 HolBES o AL S
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Figur 4. Length frequency distributions of Z. koreanus
sampled in the (A) Bongseonsa Stream,
(B) Jojong Stream and (C) Sudong Stream.
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Figure 5. Gonado somatic index(GSI) of the Z. koreanus
sampled in the BS (Bongseonsa Stream), JJ
(Jojong Stream) and SD (Sudong Stream).
Vertical bar: SD, n = 25.
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