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Distribution of Coreoperca kawamebari and C. herzi and Fish Community Structure in
Relation to Environmental Differences in Their Sympatric Area of the Boseong River, Korea.
Kim, Seog Hyun, Sang Hun Lee', Wan-Ok Lee? and Kang-Hyun Cho* (Department of Biological
Sciences, Inha University, Incheon 402-751; ‘Department of Environmental Planning, Seoul
National University, Seoul 151-742; ?Inland Fisheries Research Institute, NFRDI, Gapyeong
477-815, Korea)

The distribution of Coreoperca kawamebari was known to be restricted to the Tamjin
River and several small streams flowing into the southern part of the West Sea, while
C. herzi was widely distributed throughout South Korea except the areas inhabited
by C. kawamebari: the two species were known to be allopatric. However, we found
that both species were sympatric in the Boseong River, a tributary of the Seomjin
River, and the Jiseok Stream, a tributary of the Yeongsan River. Local-scale distribu-
tion of the two Coreoperca species, fish assemblages, and environmental variables
were surveyed to investigate effects of environmental factors on fish community
structures in the Boseong River. Rank abundance distribution of fish community at
the study sites indicated that fish species diversity and distribution pattern of the
two Coreoperca species were closely related to habitat diversity. The result of canon-
ical correspondence analysis showed that C. kawamebari was distributed in pool
areas while C. herzi was found in the areas with higher water velocity and boulder
substrate. These results suggested that species diversity of fish community decreased
and only one of the two Coreoperca species inhabited at the sites with less diverse
habitat, but on the other hand, high habitat diversity increased species diversity
and allowed the two species to coexist.

Key words : habitat, ordination, rank abundance distribution, species diversity, water
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SAelN ool F2AT rr AA 9%, A3
. 259 A4, 4 3 JR0A 422 5 3
5F-S- "=t} (Poff et al., 1997; Taylor et 2006). ©] 9|
A A B B 2lowA B4, AL SRR A
A o] ZE23}3 (Gorman and Karr, 1978; Angermeier
and Karr, 1983; Poff and Allan, 1995; Rowe et al., 2009),

7(1 g_/q e ,9_“._}\} _r.ﬁ__t_'-zl E/H-‘-?—?ﬂy 031001:5\_’ o
AEA So] F2 2318 29lo|v}h(Lenat and Craw-
ford, 1994; Meador and Goldstein, 2003). ¢o|& 317 &
Qe RA mx wghoz ofe] AL AU ¢
X\J Tz °J3F& w])Z ) (Jackson et al., 2001; Taylor et

., 2006).

B AR AR A sleld Fad A A
5 A9 (niche)= T 37kl et FAE &
7Aaclzt AETS] Asatgel oste] ZAEH (Hut-
chinson, 1957; Jackson et al., 2001). AJe]A x]¢|7} SA}
& £ 2774 sl AAAZ B3 DelsAL,
A4 = 1] 42 A] (microhabitat) S 2| o2x =
Ast A AR A Z=F 4 ¢lt} (Hardin, 1960; Nilsson,
1967; Ross, 1986). o]x]3 AE3dA == At o=z
AR o] F3b Ao Agol 2J3ted AAA] o] (habi-
tat shift)o] dojupar 227} E2]=e] FA] (sympatry)
& 4= 9)o}(Sone et al., 2001).

9] hAelN AFFHoD A o F B TAke
2 34 2ol AQ 9 AN pelel P 277}
o} ol 58 FAloz s AHAE, Dol ol
= npdes AAA olge] Ealol oste] A7 2
Zo] X% 9} (Hearn, 1987). 0] o] o} ol &3}
= o] o) "gt dFAE= v|Z FZHe)A] Etheostoma
%] ofe) Fo] oA AAA BAelA Aol o3}
of Holdgel g vl anAAE Belsle] TEGE %
¢13}si o} (Greenberg 1988; Henry and Grossman, 2008;
Pratt and Lauer, 2013). 3} 7Ag] Z1]o} 3HA ==
N Cottuse] F Fol $43h 4ol weha] AA)A&
28574 2 8lg ok (White and Harvey, 1999). g2
Shikoku°ﬂ/\1 I A 3H= "Wo]& Rhinogobius®] F 714

3 (type)e] §-43} Tzl 2J3te] AMAAE Fels)
‘%i‘:‘r(Sone etal., 2001). f-2luetell M= firdroll oJ3te] 3
ZAYL F 7HA #F8e] MARAE EelEd e (Chae
and Yoon, 2010), =2 2|3t AFm |9} FFEA|2] A
21X 2a]7} B 31F it} (Baek et al., 2002).
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2-2]u}elell A#]<4 Coreoperca o] F+= A *7] C. kawa-
mebarie} Z | C. herzi®] 2Zo] £x3}1 ¢]t}(Chyung,
1977; Kim and Park, 2002; Kim et al., 2005). 7 *] 7] ¢}
AAE FAHo= E3lEe] 9)al(Okazaki and Jeon,
1996), FeH o2 A1, =] =], 3t A I SAn s
oA A}o]2 HQITh(Kim et al., 2005). 3+ F Fo] %
7] &AL} ARE A o] T Aoz delA qdu(Park
et al., 1997; Han et al., 1998; Han et al., 2000). 121}

o9 A4 B4 B AR 54 HE AT B
A e, £ Fo BE A4S T, 2HEE 5 9
= 82Al o] (Park et al., 1997; Kim and Park, 2002)
2A A QA 2918 1A Aoz Az,

) AA7)sh AR ) T REAE AR, A7)
oA S5 AN E Sel Aoz sl
a, gzoz A= ofg A FIT
g B Ee] ¢lgit} (Kim and Park, 2002; Kim et al.,
2005). Leut FHI7kA] AA R F Fo] FAlel MAshE
ZA] 49o] WAFA ¢k3kr}(Jeon, 1986; Song and Lee,
1989; Jeon and Kim, 1996; Son and Song, 1998; Kim et
al,, 2001). ¥ xzk5o] AA 78] Fo AMAA|Q] &A%
I A S ez Axr|er AR x5 AW
S 24K A3t o) 52) B4 £9E BAT S A

B AR ER CERCE e R

3

N o

AE &= 32f

A S B AR 2ol S B Aolo]
£ o5 ¥ 3o $xo) olf 24 720 WS o}
] f1slel, 5 59| m el e o 20 A
Yate] olfe] A 8 AASE 2Aekn o f
24 Fxol Qe WA Aow s ANA )
73 4 27 24 25

Azl AR7)9F AA ] FAM Fdoz WAl A
HE BT gl $1RIg 1A 7& AFgollA] 2011
3| 0], 49 18~20,
104 5~7%¢] F 43] Ak o] sPHel|A A=]7] 2}
AR ] A A F=rh Aol 53] 2AMAE AAE
o} 7t AR GA] 22 webr] 100~150 me] 3T
Zhl A o5 AR sl 34& 2AFEICE A3 E 570
=% o3 25 (Fig. 1).
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Fig. 1. Map showing the study area. The closed circles
indicate the study sites of Coreoperca kawamebari
and C. herzi in the Boseong River, Korea.

57'06.5"E)

St. 2: A A3 Aww =oka] (34°47'33.6”N, 127°
0005.7”E)

St. 3: A BAFE =%
01'33.5”E)

St. 4: A RAZ %9 dlele] (34°47'33.47N, 127°
03'02.0”E)

St. 5: Ad »AZ
05'23.8"E)

<nle] (34°48°27.2”N, 127°

¢

BAS 872 (34°47/20.9”N, 127°

2.9 =4

ARE ZAR| A 7S A AAs7] sk 13
ZAF Al R (RS 7x7Tmm)E 153] £Hstm Ev) (%
5 4x4mm)E 3087 ARgste] AAsiseh ARR o
g Foll ket ol 72

B

132 AT ZAFA] A A 3 AL 20124 104
5~79 zAbsgich vlF B4R R =2F w2y
(Lazorchak et al., 1998; Barbour et al., 1999)2 # %3}
of % 167)9) 27 2ee ZAselch(Table 1). 7 24}
Aol FA oz 53 FhHE HAsta 7 HHE
uebA 2m R e f4 24 9l sHkT2E SAE

o} 42 <47 (Flowatch, JDC Electronic SA, 22$]2)
Ahgated o) 60% A\ HolH St TR
Cummins (1962)2] ¥l H=xsle] ZF FA}A] A
50 X 50 cm H}8 -2 AX|sl v WellA] JRF A
g 3 dAE 7Isskdeh 4 2] Ha §-453 Ht
& otA] Hatste] AR dm:A = AbEslelH &

rlr m{m
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A=

Atz FAA] EBA = 7F dhHolA SRR A
A MEE F3l o] HIEE A FARKA| A HF3d|
A& 2AA] 9 Xﬂ‘l‘—i Z2 5709 3edeA =
Al Fdslgde) sPd4e] o3 A EAL FHL &
A=A 7| (YSI 556 MPS, YSI Inc., U]"—)E AF2Ele] S
<, 4844, pH 2 AVA=EE 7t 2AK]9] 7P &)
Foll 9113 b o] FotollA A3

Aol A4 BIE AR, A4alE 9
(overhanging tree)2] 37}x] AlAj&j o= —,«,—6}01]
ek AAEL 7 PRy 5 AHE F
2 MASl 1x1mulEIE Axsly Ix8 =
o sioke]l AaAlEs B 92 =2 SRARS 4
=hae] ofetelA] A} - 8h 5me] b Aske] 7

AR v =g A

3.7t8 A2

7 2 olF 23 FEE FAS] S5k 24 )
A4S o] 83te] Shannon-Weaver ©}FeF= %] (Shannon
and Weaver, 1949)2 Al&3la, <9 % EX (rank
abundance distribution, RAD)E 24 3}9jt} (Whittaker,
1965; Wilson, 1991). ¢] 4% £ R 317 (ver. 2.14.0)
(R Development Core Team, 2011)¢l|4] Vegan package
(Oksanen, 2011)2] ‘radfit’ &5 AR&-3lo] EA3}9ld)
£9 = Bxo] §3-2 F7HE3 (broken stick) (Mac-
Arthur, 1957), A& (preemption) (Motomura, 1932), o4
A 3F (lognormal) (Preston, 1948), Zipf (Zipf, 1949), Zipf-
Mandelbrot (Mandelbrot, 1965)2] 57 =4 oA Aka-
ike B 7]F (Akaike’s information criteria, AIC)o] 7}
A e Ae H4 wdz A4 =3 +9) S
FExoAA FA9 H17]E7] (AS)E - A& o] &3t
Fatedeh

llog S, —log S|
n-1

AS=

A7]oAM ne FE2EETS S A A 5ol e F

o) A4 S i) 9ol Sl 52) Aol
AR7|s AR e AeE 2 o 2R T2 54
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Table 1. Local-scale environmental variables at the study sites of Coreoperca kawamebari and C. herzi in the Boseong
River in October 2012 (mean =+ SD, range in parenthesis, n=5).

Study site*
Environmental variable Abbreviation
St. 1 St. 2 St. 3 St. 4 St.5
Water parameter

Water temperature (°C)** WT 19.5 19.2 19.3 19.2 20.5
Dissolved oxygen (mg L™1)** DO 8.3 8.9 8.2 8.9 8.6
pH** PH 7.2 7.5 7.4 7.7 7.6
Electrical conductivity (uS cm™)** EC 71 72 71 71 72
Water velocity (m s™%) wv 0.01+0.02 0.31+0.34 0.35+0.30 0.71+0.32 0.23+0.04

(0~0.05) (0.04~0.74) (0.05~0.78) (0.43~1.25) (0.18~0.29)
Stream morphology

Channel width (m) Ccw 19+7 29+8 46+21 32+4 48+29
(14~32) (20~38) (18~64) (26~38) (18~94)
Water depth (cm) WD 54412 59429 56+7 47+13 79+30
(45~79) (26 ~96) (51~66) (34~68) (45~126)
Substratum***
Mud (< 0.1 mm) (%) MD 14+10 0 4+8 0 0
(0~25) (0~18)
Sand (0.1~2mm) (%) SD 15+7 14+10 18+14 3+8 10+8
(6~22) (0~25) (0~32) (0~17) (0~17)
Gravel (2~16 mm) (%) GV 25+5 14+12 22+9 6+6 16+12
(22~33) (0~27) (11~31) (0~13) (0~30)
Pebble (16 ~64 mm) (%) PB 26+9 28+18 29+15 18+5 40+37
(13~33) (5~54) (11~50) (11~25) (2~100)
Cobble (64 ~256 mm) (%) CB 12+12 14+14 9+12 31+6 18+12
(0~25) (0~30) (0~25) (22~38) (0~28)
Boulder (>256 mm) (%) BD 8+11 30+19 18+29 43+12 16+27
(0~22) (0~50) (0~67) (25~57) (0~62)
In-stream cover by vegetation
Area covered by submerged SM 0 0 39+£32 0 12+9
macrophytes (%) (0~82) (0~24)
Riverline covered by emergent EM 71+£29 67+19 8417 0 52+29
macrophytes (%) (25~100) (35~85) (65~100) (0~70)
Riverline covered by overhanging oT 14+18 19+14 13+14 0 0
tree canopy (%) (0~40) (10~45) (0~30)

*Relative abundances of C. kawamebari to C. herzi were 1:0 at St. 1, 0.8:0.2 at St. 2, 0.5:0.5at St. 3,0:1 at St. 4 and 0.2:0.8 at St. 5.
**Water chemical variables were measured once at the most downstream transect of each study site.
***Substratum classification by Cummins (1962).

I 27 eql Aol AAE EABH] $I8te] ohHEE 7 2913} CCAZHe] AA{AE B3] S8t &4
Ael AFY)-$-2A (canonical correspondence analysis, Vegan package (Oksanen, 2011)2] 3= ‘envfit & A&
CCA\) (ter Braak, 1986; ter Braak and Verdonschot, slod AbdA 4o} Go)F e AlZ3leT)

1995)& AAE S AEH-5EA > R 317 (ver. 2.14.0)
(R Development Core Team, 2011)e|A] Vegan package
(Oksanen, 2011)E AH8-3tiet. #4448 zks+ AA =4
717&011'\1‘ AN 04%% %7112‘1]—’?%—- !0? (s+1)= A3ts} 1 A8 7
o] AHR3lg om, 8 FARR| M ZHFE & HA oA
A estdet. MAA] 74 29l A2 20121 104 ] AA 71k AR 8] FA 9 BT ZARR A 8L
ZARE % 1670 52 AH8-3ksith (Table 1), A & A 37 5EAL Table 13} 2} 57 ZARA] A 42, &

2 =
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Fak pH Y AEEE fAsloleh AR 2ol St B3 %EAE MEeRs Rxala lsleh 247
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o] o] Aot dlgel BI7F fIAF gl Fe] 2 Fo] FX oL Fhe] ALH oz HIRHYH. A
00Lm s 2A A4 +oio] WA WAHe] UGeh 3 = F3h o & 72 St 3¢l st 2meh Weh A=
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Table 2. Individual number of fishes collected at the study sites in the Boseong River from September 2011 to October

2012.
Study site Relative
Species Abbreviation Total abundance
1 2 3 4 5 (%)
Coreoperca kawamebari Ck 58 14 43 4 119 5.93
Coreoperca herzi Ch 4 49 14 18 83 4.13
Zacco platypus Zp 140 144 87 20 151 542 26.99
Zacco koreanus Zk 66 143 53 16 278 13.84
Pungtungia herzi Ph 1 31 66 20 35 153 7.62
Acheilognathus koreensis Ak 22 60 11 53 146 7.27
Coreoleuciscus splendidus Cs 46 28 16 1 91 4.53
Microphysogobio yaluensis My 2 43 14 29 88 4.38
Rhodeus uyekii Ru 60 4 10 1 75 3.74
Zacco temminckii Zt 54 17 1 72 3.59
Sarcocheilichthys variegatus wakiyae Sv 1 40 4 4 49 2.44
Acheilognathus majusculus Am 7 19 15 41 2.04
Odontobutis interrupta Oi 13 2 11 1 5 32 1.59
Cobitis tetralineata Ct 7 6 9 7 29 1.44
Liobagrus mediadiposalis Lm 8 14 4 26 1.29
Acheilognathus lanceolatus Al 9 2 11 22 1.10
Squalidus gracilis majimae Sg 15 7 22 1.10
Hemibarbus longirostris Ho 1 5 15 21 1.05
Pseudobagrus koreanus Pk 16 1 2 19 0.95
Squalidus chankaensis tsuchigae Sc 3 7 7 17 0.85
Odontobutis platycephala Op 12 3 1 16 0.80
Rhinogobius brunneus Rb 6 3 6 15 0.75
Pseudogobio esocinus Pe 2 2 3 1 8 0.40
Sarcocheilichthys nigripinnis morii Sn 3 2 5 0.25
Hemibarbus labeo Ha 2 2 4 0.20
Carassius auratus Ca 1 2 3 0.15
Iksookimia longicorpa 1k 1 1 1 3 0.15
Rhodeus notatus 7 7 0.35
Rhodeus ocellatus 7 7 0.35
Lethenteron reissneri 4 4 0.20
Opsariichthys uncirostris amurensis 4 4 0.20
Misgurnus anguillicaudatus 2 2 0.10
Acanthorhodeus chankaensis 1 1 0.05
Acheilognathus rhombeus 1 1 0.05
Carassius cuvieri 1 1 0.05
Silurus asotus 1 1 0.05
Siniperca scherzeri 1 1 0.05
Total number of species 16 17 30 13 27 37

Total number of individuals 378 424 660 151 395 2,008
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St. 4= & Fro] W AfE Fo] 32mEA]
AT AR FU 5] 0.71m stRA A
Zo| A 71 whskd) sATRE 3ubEdl 2HE (cobble)
o] $Aste] APl ofe Tk EAE 7HA A U
ot 2AFA] St 4% P FALR Qlsle] 37 e] w9 E<h
Al ar A el xR Usdth FAFA] St 5= AR
of B7F X3t sKlem, B Al A 5o
QA WA o] X FFelE Fo] FL oL F3tol
P =] Q) o] el ApE F2 48m, 412 79
cm2A AR FollA 7 W3 Zd st T2E
Apzko] M3l om, skl = ALAE FolA P
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2 24 7=
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QA A AR o7 % 93} 373 2,0087)
A o]t} (Table 2). Iglm] Z. platypus7} AF4= (rela-
tive abundance) 27% 2] A Zo|lx, F AU} 14%
ZA of$-AHZEolglen], 2317] Pungtungia herzi, Zg
A2 Acheilognathus koreensis, 4% 7], 4]2] Coreoleucis-
cus splendidus, En}2} Microphysogobio yaluensis, 7 |
9] oz Adert Btk T BE 2AR A
Z3slolom, 53] A St 1, St. 2% St 5ol|A] 94
ZFoldh FEAYE st 15 A|9J3 BE AN &
3t om, St. 33} St. 4ol|A] A Fo|H T, St. 29| A] o}
$AFIAT AT Fof o)A A4 F7ro] WL St 1o
A& F]2tu] #lell Z}A]-ge] Rhodeus uyekii, A% 7], 7
Y Z. temminckii7} A5tk St 12 A28 LX)
2ol E379) AR Adewst BT 4]
Z]= St. 29} St. 49| A, SulA}= St. 29} St. 5ol|A] A
=7} =9t} (Table 2).

A A7) 9F AR Y] A exE vwstd, 24}
A St 1A= AA71E ZRSRAT 24 FolA olE
MA 57} 74 w3kt (Fig. 2). St 26142 75717} 78%,
AAZ} 22%2 A 7)7F A BT AR St 3ol A&
T Fo Ag=rt vsskl A, A St 4edlx = AR
9 28sigor A St 5ol AX7] 18%, A
82%=2A] AR 7} A8k

2) ¥ oA
A w8l e BE GFEAS Y 9 2 R
x FA19) Fd71E71= Fig. 3 e 9 £
Fx Aol e mile] A3 Atk 913 Akaikes]
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Fig. 2. Relative abundance of Coreoperca kawamebari
and C. herzi at each study site in the Boseong River
from September 2011 to October 2012.

AR 71F Zke Table 33} 7t} =AA] St. 1 (Fig. 3a)3}
St. 4 (Fig. 3d)&= AA =dle| A3talglon oef=x|4
+ 77 1903 20002 A v ZARA|HG Uit 2
AMA] St. 2 (Fig. 3b)2} St. 5 (Fig. 3e)oll A= A =
do] Agsledy, k=X 4= St 27} 2.14, St. 57}
2.382 St. 57} HA =93, FA9] FHFU|LU]E St 5
7} 0.08124] st. 2¢] 0.127Xc} Ekslele). St 3 (Fig.
3c)o| A= Zipf-Mandelbrot 2dlo] A 3&}tslg] om] tjokx
A 26602 A AR Sl A M =3

39T T2

off 2 Tz} B4 2d¢ FHY YEey
(CCA) Aol oJ3hH, 153} 2%-2] -3k (eigen value)>-
Z+7F 0.268 W 0.11690]¢1 o, F =& A WHol2] 80%
£ A93Isv(Fig. 4). 9] wid& A RH, 4#7] (Ck)
= ZFA] %] (Ru), Z1&7) Squalidus gracilis majimae (Sg),
ZE7] Squalidus chankaensis tsuchigae (Sc), 237}
Cobitis tetralineata (Ct), d=%A}2] Odontobutis inter-
rupta (Oi) 53 7}7ke] RZstiet whdHel| 7A#] (Ch)=
A2 (AK), 18] (Cs), ¥=127] Sarcocheilichtys vari-
egatus wakiyae (Sv), 22| F*] Pseudogobio esocinus (Pe),
A7 AY (Zk), A}7FxF2] Liobagrus mediadiposalis (Lm),
2] O. platycephala (Op) 52 7}7te] $1A]8kd+. 5
o] Carassius auratus (Ca), =317| S. nigripinnis morii

o 1z

(Sn), %] Hemibarbus labeo (Ha), Z=}=} H. longirostris
(Ho)= 252] efefiell $1x13te] AA7], A} #2]= e
LS
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Fig. 3. Rank abundance distribution of fishes collected at each study site in the Boseong River from September 2011 to
October 2012 (H’, diversity index; AS, average slope). The horizontal axis indicates rank and the number of species,
and the vertical axis indicates individual number of each ranked species by log-scale. The best fitted model was
plotted into each study site.

Table 3. Akaike's information criteria (AIC) values of ranked abundance distribution curves for each model. The lowest
AIC value of bold numeral indicates the best fitting model.

Study site
Model
1 2 3 4 5
Broken stick 187.260 137.811 228.996 62.966 271.994
Preemption 90.181 95.045 142.862 58.816 175.824
Lognormal 100.242 81.725 149.143 58.818 108.297
Zipf 128.655 103.958 213.959 67.843 113.940
Zipf-Mandelbrot 91.242 88.260 138.264 62.511 113.691
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Table 4. The direction of biplot fitted environmental vec-
tors of canonical correspondence analysis (CCA)
axes, coefficient of determination (r?) and signifi-
cant levels (p) by permutation tests (refer to Table
1 for the abbreviation of variables).

Vectors

Variables - - r? p
AXxis 1 AXis 2
WT -0.174 —-0.985 0.629 0.295
DO 0.391 0.920 0.759 0.309
PH 0.998 —-0.067 0.513 0.427
EC 0.599 -0.801 0.025 0.904
WV 0.962 0.274 0.926* 0.042
CW 0.645 -0.765 0.968* 0.040
WD —-0.057 —-0.998 0.548 0.441
MD —-0.996 0.093 0.721 0.159
SD -0.953 -0.303 0.169 0.805
GV -0.921 -0.388 0.631 0.367
PB -0.173 -0.985 0.683 0.299
CB 0.925 0.379 0.269 0.727
BD 0.799 0.601 0.9437 0.076
SM 0.454 -0.891 0.326 0.709
EM -0.943 -0.332 0.315 0.717
oT —-0.549 0.836 0.462 0.461

fP<0.1, *P<0.05

E fdo] wham sl BubEe] W ol A4Sk

Aoz vepdt(Fig. 4). =3 479} Ax)e] &3 w)

ol whet 2ARA7E g2 iD=, & F

sk ZARA|Ql St 17} St 4= 15 %ﬁgi F

d¥ ", F Fo] FAlel EHs

Zo) B3] A3} A =3 st 2
¢ el W= A F

St. 32 Fdell wid= 3l

&

|
FElvetell A AA7]19] EE2A= A= A g
A7 2 FH ez gEA °1°4 01Jr(Jeon 1986;
Jeon and Kim, 1996) < 7 EZX|7} Folx|x it
(Fig. 5). G874 A= A 717} 215, Wek, 19, 7
Ak, ebge] Bxal= Aoz w3} (Mori, 1936,
1952), 1954358 FHIZ7HA] o] Fef|A o] Fo] 3
913} sk} (Jeon, 1986; Kim et al., 2001). L
2 AA7Y G557 Exel d3 A=} e
Az} 3 AR =ell M AR 19823714 &
#3}g]. 21} (Jeon, 1986; Son and Song, 1998), ol

rle

- olatel -

1.5+

1.0+

0.5-

0.0-

AXxis 2

—0.54

710_

_1.5_

Axis 1

Fig. 4. Ordination biplot derived from the first two axes
of canonical correspondence analysis (CCA) of the
fish communities collected at the study sites in the
Boseong River from September 2011 to October
2012. Eigen values of both axes are 0.268 and 0.116,
explained 80.2% of total variation. The angles and
lengths of the radiating arrows indicate the direc-
tion and strength of relationships of environmen-
tal variables with the ordination scores. Species
abbreviations are provided in Table 2 and environ-
mental variable abbreviations in Table 1.

b3 Aoz FAEI Ik (NIBR, 2011). AA174 A
Choi (1973)7} AA7]7} Ex3l= 7oz 7|23 or},
Zol|l= A Ale] FelE R ka1 )} (Jeon, 1986; Jeon
and Kim, 1996). dbde]] 19803t o] o] Aa] gz
s Ay sde] APl AP, AP, A
Al AA7|e] Bx7t g<elE ot (Song and Lee, 1989;
Jeon and Kim, 1996). ©]A}te] 3 xA} A3ts 23lspd,
A A7) 2173 79 sz Fx7) A ghE e
et

BEA 7} AR AR )] Az AT
2o) spae] ¥zah= Aoz akelx )k (Jeon, 1986;
Kim and Park, 2002) (Fig. 5). S3]|2 32 313 3o
A] okek oA, 9u)H, £HHe| A7} Bxsl= 7}4\ o
2 o4& 9l9d=1 (Jeon, 1986), FZoll= A BA, 3
AL B3} Sl = o]5L] A4 o Ek‘ﬂﬁl‘}i‘:}uang
et al., 2001; Kim and An, 2010; Lee et al., 2010).

g9 AA7)e FrzAQ e AR 7} wA
HA| ka1 (Jeon, 1986), A4 7]9] Mz EEAZ U4
2 AR, FAR, SHHAAM = AR AA> E]ly
Z] ¢kel} (Song and Lee, 1989; Jeon and Kim, 1996). w}

4o
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50 100 km

Fig. 5. Distribution of Coreoperca kawamebari and C. herzi
in South Korea. The solid line indicates distribution
area of C. herzi (Jeon, 1986; Jang et al., 2001; Kim
and Park, 2002; Kim and An, 2010; Lee et al., 2010).
The dotted line indicates distribution area of C.
kawamebari in the Nakdong River system and the
Geoje Island but recently not found (Jeon, 1986;
Son and Song, 1998; NIBR, 2011). The dashed line
indicates current distribution of C. kawamebari
(Jeon, 1986; Song and Lee, 1989; Jeon and Kim,
1996). The closed circles indicate sympatric areas
of both species newly found in the Jiseok Stream,
a tributary of the Yeongsan River @, and the Bo-
seong River, a tributary of the Seomjin River @.

i) A9} AR A Sedel Hele] o}h7iA) u
31597 ekke.
2 QA7A B o] 20109 3F 20129714 AX7|7 Bz

g A, 712 EEA R duzl 27, AR, dAR
E3sled JAre] A Fel AMAR FA, 183

73l A7l AN A7) MAlE FAd 4
Jodet. 53] AF7HA] At} A7 A A A7) A4
| S8t ®v7) ¢lsdc) (Jeon, 1986; Song and Lee, 1987;

30 4 o
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Choi and Hwang, 1991; Kim et al., 1993; Seong et al.,
1997; Choi and An, 2008). 3t HAI7}a} XA H A=
AR 7} AT o] o) el A Hzz AR 7]8L A 2] FA
& AT (Fig. 5). o]F BAZ A= W2 9
AN F F2 FAE Belsisict ol shHeIN A7)
7F s 2 sHH AREA AEHow g7 A
F9b 7h7el 1Xska glodek webd AR 7L A= 2
7% el MA s Aol diste] dabHel Exdl
A, Al 23 A, A91Hal ol Yol 2)& 7

zs zs
Aol A F5 7 2ARE A Y o Azt

= 5 ekl 7
TR F TR} F A5EE FA veRd 4
9l= uhy o]t} (Whittaker, 1965; Magurran, 2004). Wil-
son (1991)2 £9] 4= Exo| 728, AA, d5A,
Zipf, Zipf-Mandelbrot 5-2] clefgl mel-& H LA HA]
A 7z EAL iAo 24 st 24} st 5%
9+ 2ol H3stad=d (Fig. 3), o] =2 Preston
(1948)0] A|gkat AozA F7b AAANA EH3] A3}
Avk GAMEE Fo] @A gz A1) 7] A A9
A B o] Wk A ow| gk (Wilson et al., 1996).
oak £2 FA4¢] P#7])E7]= St. 57} St 28 ghks)
3 xR 47) St 5ol A B ¥k, o= St. 57} St
21} shel iz B FEIF AA B ohofst o F
7} Bx3E7] Wil Aoz FARH. o] F RAA|Y| F
e = St 13} St. 4¥ T} =9k oy} St 3H = ok
o, ol T AN A4 T} & Fhe] =
EAEAEE o] F 37 FellA shdr) A wslA] oS
7] wolekar A7 A St 304 X 3hek mEl
1

flo 32 i rfr o

Zipf-Mandelbrot 24 o]3e] M8 o] 743 He
o= 71 9wt} (Fig. 3). Zipf-Mandelbrot 232
W o e Fol AR 7157 e gl vehd
= f-3 o]t} (Frontier, 1985). A= ZA}X] St. 36| A{E= o}
¥k A o] EAste] Tkl Feo] o] 3ol AAsh= Zlo
2 223 4 9)glch(Wilson, 1991). A1 = (Motomu-
ra, 1932)> A3 mullzx o3t 37 52 28 =
717} 2& W JehE= el (Whittaker, 1965; Wil-
son, 1991). o] A% ==l FA}x| St. 13} St. 4o 23t
3193k (Fig. 3). 2414 St. 1643 A4 73k, St. 4ol A
o 3 f4 ool S HRae AR5k 7
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o] &3l= Zlozw dulx o (Jeon, 1986; Han et al.,
2000). Wle] AAE F - A7 AN 2 Fo| A
A3 ol ME FE s, T LVE AL
o] g3l= 7oz A gl (Jeon, 1986; Park et al.,
1997; Han et al., 1998). & 2] AZd]-$-8A ZH 3o
o5, AR ol 1) Fo s W, A7)
£ el whay sTast suEs TAE R ¥
23] 7120 AT A9} $A1819 (Fig. 4). A= 7
Q715 A Sdsh ST Aahe] ANA 1)
B9, 4 ol fel AR el o] F 3 24l

o FeAe Bwe A7elM a3 gleh(Ross, 1986).
& 51, FAANE A ZAE= Galaxias & F
22 8o 23le] AAX|7} E2]F ¢l (Crow et al.,

2010), w]= <lejef} 3pAol] A3l Etheostoma <-2]
550 k7o) ©J3ko] AAA1E Fejsheleh(Pratt and
Lauer, 2013). =3t 4 & Shikokuol|#] "eo]<4 Rhinogo-
biuss} $-2lielol LAV £ 71 o] fel
93l AAAS 223} (Sone et al., 2001; Chae and
Yoon, 2010). S8 ZAx|7]e] AARAL A4 Bxs}
FAgo] & Aoz deA g)lor)(Jeon, 1986; Han et al.,
2000), % QAFolA HEHSEHNNE Aol AH7)
o) wxs} o8 Aol veldA kel (Fig. 4). 72
g @7 el Jebw, AR dpelE 5o 494
Fo] AT ASzAe weby F2 EsT sl
2 Q7oA 247} 530l 2iale] 87 213 AR
7%} AAe) R Aole] WAE FHad DA 9
A7, o2 ne7] feled Tt WAL AR el
2AAE ERIE 27144 Q4771 Desicha A7

£

P Al AR ek o7 FoeFAd T
%l;‘% ABAL 7}R=1) (Gorman and Karr, 1978; Taylor
etal., 2006), ¥ AFoNM = AR 2] 376l o}t ofF
ﬁzd Tz ztol7} Fit(Fig. 4). f-dre] =/ Fof] ZA]
718} A AR, 218, FEN, E30, dF5AE
T8 APA oAF7F £x:3e vh, o] wiEa A
o] Zut=z FAHE Xel= AX|e} A 4=, FF),
B FA], FEAY, A7, AR 59 44 2 o
A4 AR EE:sAT =3 57 2ARRCAM 7453 3
Tz MAA] 3] gefalar ojAd- oz EAfE:
Fol|A Ax 7] e} AR 7 FABA I ol A Foek
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