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TR es e =do] = gt 71E o A BMog A
%’H?r(g,onus Cobitis) o1#4 AlSERF %
FTwsks FHetyl fstd ZFEN(C koree-
nsis, Yang et al., 1989) 2 3 (C. Mz 3 og
longicorpus, Park et al., 1991)9 =& %
Hol 9l F7e] AFE AAG w2}, & 4 48 A8

= 537 9 gek FACAA 33
T Wakiya®t Mori(1929)e 2lsted @< ¢l ‘4’57} FACA 1HY E A FAA 17
EiFoz 71AYE O rotundicaduata(MzE & F 57l A, e EFPLor 47 Mot
ulra]) el AalAd WolFE xAbstamat g, 52/}111], A7 5L o2 80714 & 1327A &
Uchida(1939) ¢} Chyung(1977) & 37, < 198641 7¢¥ 18¥ ¥ 1986 99 1147Hx
T, R 5 A BEEo AgAez ¥ AqFstd AHEEHTH(Table 1. Fig. 1).
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Table 1. Collection localities, date, and number of specimens of C. rotundicaudata for morphometric and

electrophoretic analysis.

Collection locality Collection  Morp- Electro-

date hology phoresis
1. Chunsong: Anbo-ri, So-myon, Chungson-gun, Kangwon-do July 18, 1986 11 20
2. Pyongchang: Kanpyong-ri, Chinbu-myon, Pyongchang-gun, Kangwon-do Sep.11, 1986 9 20
3. Chongson: Togu-ri, Tong-myon, Chongson-gun, Kangwon-do Sep.10, 1986 3
4., Samchog: Taepyong-ri, Kundog-myon, Samchog-gun, Kangwon-do Aug.20, 1986 13 20
5. Sanchong: Oso-ri, Saengcho-myon, Sanchong-gun, Kyongsangnam-do July 25, 1986 19 17
total 52 80

Fig.1. Map of the collection localities of C. ro-
tundicaudata. 1: Chunsong, 2: Pyongchang, 3:
Chongson, 4: Samchog, 5: Sanchong.

#(Table 3) HL/SL, PV/SL, BD/SL,
HD/SL, CpD/SL, HD/HL, % CpD/CpL
o] 778 B (33%) & Heol met zelzt AU
th &, B 9 1A EFAAGNA ofF F
T o2 FeA zol7t vEtWH (Mayr,
1969). HL/SL2 B Ax3dite,
PV/SLeliAe 45 del vma Jatat 2ol

7} e AeZ JErwn, v AR AHEE 5
N A e JF {3 Ae]rt o]
BD/SL# CpD/SLeld e &4 % B3dd
7}, HD/SL® HD/HLAM= #3849y #
23t #olr) ddew, CpD/Cpl2 A
ol uwz 37 e o2A et 4]
o 778 BA oo vmx] FHAME Tt
ol Aold BWHEE £ ATk ol

2170 A&ZEde HAaE vz g EN
discriminant function #4(Sneath and
Sokal, 1973) 22 =A3ItH(Table 4). ol
Az &9 3789 canonical discriminant
functions % ¥WolF =7} & function 1
(eigenvalue: 6.6263%, % of variation:
71.36) % function 2(eigen value: 1.
9468, % of variation: 20,.97) & °©]&3}d
BAFR Gl 47) HE 52708 HA e T
(Fig. 2). AHd3de 471 dhelA] H w3
gaatA pEE o oA 34 Jde 5
ol vetgd. 22y 2 F5 JEE HaA
A (Yang et al., 1989; Park et al.,
1991). o]+ C. rotundicaudata®l 270
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(Kim, 1979) Alg®t},
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Table 2. Buffer systems and stains for electrophoresis.

Buffer E.C. No.” Isozyme and protein Volt/Time
Continuous tris citrate I 1.11.8 a glycerophosphate dehydrogenase («Gpd) 1¢0 V75 hre
(TC L, pH: 8.0) 1.1.1.27 lactate dehydrogsnase {Ldh-1. 2)
1.1.1.37 malate dehydrogenase (Mdh-1, 2)
1.1.1.42 isocitrate dehydrogenase (Idh)
2751 phosphoglucomutase (Pgm)
53.1.8 mannose phospho isomerase (Mpi)
Discontinuous tris citrate 1931 indophenol oxidase I{Ipo) 250V/3 hrs
(poulik, pH: 8.2) 531.9 phosphoglucose isomerase (Pgi-1, 2)
Lithium hydroxide 2.6.1.1 glutamate oxaloacetate transaminase (Got-1. 2} 250 V/3 hrs
(LiOH, pH: 8.1) esterase (Est-1. 2, 3)

general protein (Gp-1, 2. 3)
Tris maleic EDTA 1.1.1.44 6 phosphogluconate dehydrogenase (6Pgd-1. 2} 100 V/4 hrs

*E.C. No.: enzyme commision number.

Table 3. Body proportions of C. rotundicaudata. Values represent the mean + one standard deviation.

Morphometric Chunsong Pyongchang Samchog Sanchong

character (N=11) N=9) (N = 13) (N == 19)

HL/SL 19.03 + 0.99 17.68 + 0.56 20.30 + 1.18 19.21 + 0.92
OD/SL 53.67 + 1.75 53.99 + 1.60 53.97 + 2.89 53.12 + 1.83
OV/SL 54.13 + 1.40 54.04 + 1.44 54.69 + 4.13 5239 + 2.14
OA/SL 80.63 + 2.81 77.32 + 2.07 70.52 + 5.76 77.61 + 2.85
PV/SL 43.18 + 0.70 35.74 + 2.07 3552 + 2.95 3242 + 2.86
ED/SL 2.83 = 0.27 2.63 + 0.25 2.89 + 0.27 2.83 + 0.25
BD/SL 10.57 + 0.70 10.77 + 0.71 12.18 + 2.04 14.16 + 1.17
HD/SL 7.24 + 0.82 6.15 + 0.67 7.43 + 148 850 + 0.98
CpD/SL 8.27 + 0.89 827 + 0.61 894 + 0.92 10.26 + 1.33
CpL/SL 20.18 + 0.84 19.27 £ 1.01 19.12 + 1.68 18.61 + 2.64
SnL/SL 538 + 041 5.31 + 0.70 561 + 0.60 5.69 + 0.37
HD/HL 39.01 + 3.57 34.49 + 3.44 36.66 + 7.64 4417 + 4.27
SnL/HL 28.48 + 1.98 30.04 + 390 27.64 + 2.64 2954 + 1.74
ED/HL 0.45 + 0.29 0.60 + 0.24 0.41 + 0.31 0.47 + 0.30
IOL/HL 9.16 + 1.46 10.16 = 1.31 9.19 + 1.00 10.22 + 1.58
OD/OA 66.44 + 1.96 69.62 + 2.76 67.98 + 2.86 68.98 + 4.20
OV/0A 67.04 + 2.28 69.92 + 2.00 68.84 + 3.65 67.56 + 3.10
PV/0OA 42.34 + 1.64 46.24 + 2.61 44.80 + 4.17 41.80 + 3.66
CpL/OA 25.00 + 1.19 2493 + 1.31 2410 + 2.10 2451 + 2.89
HD/BD 68.52 + 5.98 56.81 + 7.21 63.74 + 14.03 60.03 + 6.33
CpD/CpL 41.00 + 4.32 4298 + 343 46.82 + 3.82 54.17 + 5.58

HL: head length, SL.: standard length, OD: iength of origin of dorsal fin, OV: length of origin of ventral fin, OA: length
of origin of anal fin, PV: length from origin of pectoral fin to origin ov ventral fin, ED: eye diameter, BD: body depth,
HD: head depth, CpD: caudal peduncle depth, CpL: caudal peduncle length, SnL.: snout length, IOL.: inter orbital
length.
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Table 4. Standardized canonical discriminant function coefficients among 4 populations of the C. rotundicaudata on

morphological variables.

func. 1 func. 2 func. 3
HL/SL 251112 1.15113 0.64449
OD/SL 0.20765 —0.16075 0.25625
OV/SL 9.39518 —1.65269 2.90200
OA/SL —5.20727 —0.15328 —1.72069
PV/SL —3.54005 3.61223 1.83383
ED/SL —0.20498 0.40887 0.16129
BD/SL —-0.26426 0.63021 -0.71818
HD/SL —1.54835 —1.92459 —0.69767
CpD/SL —-3.03221 —-2.06491 —5.48424
CpL/SL 0.80559 —0.34054 —0.32705
SnL/SL —3.78682 0.84691 —1.02481
HD/HL 0.50300 1.06318 1.27204
SnL/HL 3.10215 —0.77546 0.73131
ED/HL 0.24547 —0.16042 —0.21458
IOL/HL —0.41307 0.05150 —0.04459
OD/OA 0.05469 —0.00343 —0.23627
OV/0A —7.43325 0.83957 —2.73083
PV/OA 3.87853 —3.53762 —2.68314
CpL/OA 2.63456 1.33459 5.46533
HD/BD 1.11042 0.91554 -0.33574
CpD/CpL 2.18691 1.568475 4.74436
eigenvalue 6.6263 1.9468 0.7120
% of varience 71.36 20.97 7.67
‘\’4 39l T fAA(33%) = 5 v el s
< y o WyAATBoz et #olst giglen
o 4 4 Pgm, Pgi-2, Got-2, Mpi, % aGpd2 57
‘ Q = J 1 2 F]
0 - 1ie 4 4 A AH24%) & o1k A ) A 3ol
5 ss s 4411 £ 90% ol4e FERAANE TR
! 5 5655 54 4 e W 6Pgd 1, 6Pgd-2, % Pgi-1+3d%
5 555 > 11 1 (14%) = B& WolE Bic)
) 2
2 e 2 64 76 88 1.00
9 )
_4. 2 92 - Chunsong
. . T 94 Chongson
—4 [] 4 © Pyongchang
f unc t l on L — Samchok
Fig. 2. Projections of 52 individuals among 4 Sanchong

populations of C. rotundicaudata based on discriminant
function analysis in first and second discriminant
functions. 1: Chunsong, 2: Pyongchang, 4: Samchog, 5:
Sanchong, dot: population centroids

Fig. 3. Dendrogram of 5 populations of C. rotundicau-
data based on Rogers (1972) genetic similarity
coefficients (S).
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Table 5. Allele frequencies obtained from 5 populations of C. rotundicaudata.

Population Population
Locus Allele Locus Allele
1 2 3 4 5 1 2 3 4 5
6Pgd-1 a 0.08 0.05 Pagi-1 a 0.13
b 060 058 050 092 1.00 b 027 045 033 047 1.00
c 0.32 023 033 0.03 c 0.03
d 0.16 0.17 d 0.67 055 067 040
e 0.03 e 0.03
6Pgd-2 a 0.08 0.05 0.17 Pgi-2 a 0.03 0.20
b 092 077 050 062 1.00 b 100 094 100 080 1.00
4 0.18 033 0.38 c 0.03
Mdh-1 a 050 050 050 050 050 Got-1 a 005 0.17
050 050 050 0.50 b 095 0.83 025 1.00
c 0.50 c 1.00
d 0.75
Mdh-2 a 1.00 1.00 100 1.00 1.00
Got-2 a 0.03
Ldh-1 a 0.18 0.15 1.00 b 0.03
b 082 085 100 1.00 c 097 097 083 1.00 1.00
d 0.17
Ldh-2 a 1.00 100 100 1.00 1.00
Mpi a 0.08 0.13 0.08 0.03
Idh a 1.00 1.00 100 1.00 1.00 b 092 087 1.00 092 088
c 0.09
Pgm a 0.03 0.08 0.17
b 097 092 087 100 094 Ipo a 1.00
C 0.06 1.00 095 100 092
c 0.05 0.08
Est-1 a 1.00 1.00 100 1.00
0.56 aGpd a 1.00 095 100 1.00 1.00
c 0.44 b 0.05
Est-2 a 1.00 100 100 1.00 Gp-1 a 1.00 1.00 100 100 100
b 1.00
Gp-2 a 1.00 1.00 100 1.00 1.00
Est-3 a 1.00 1.00 100 100 100 Gp3 a 100 100 100 1.00 1.00

ARG ddAdA FAAAM g Jdd &
A zolE BAY. F Est-1, Est-2, %
Ipo9) 37 SAAtE A 5579 ddHAR
soew Pgi-1 9 Ldh-1 #3dxe B JAdH
gigAAREe zolrt AT, AT
6Pgd-1, 6Pgd-2, B Pgi-1¢ 371 #FHdae
Hol7k M3 glo] eyaad HE=HA.

AHEFo HPJAAZ Got-1¢7F FHG
(100%) A, Got-197F AFH AR (75%) <l A,
Mdh-1¢7F A3 -G (50%) A2 S5 o
6Pgd-12, Pgme¢, Pgi-12, Pgi-1¢, Pgi-24,
Pgi-2¢, Got-23, Got-29, ¥ Mpice| A=
wewxo] HAd 5F dydxAE &+ U
o olAez E u C rotundicau-data®
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A k] Aol el A gl & 5 3
Mdh 1€ 574 Bw s P EA
(heterozygote) 2 YEhY, AT L Mdh-
< Mdh-129}

129k Mdh-1¢, Uoz] 478 J<
Mdh 10 dgAate] olg & |
Mdh® #3255 (gene duplication) @4
o2 gofFol vlwz o] vepbdo j
Tab o] oAFoME cytosol Mdhel &4
AZE Fge] Bud vt itk (Yang et al.,
1984; Min, 1987; Yang and Min, 1987,
1989). C. rotundicaudata Mdh-19 %3
AgEog & u AHHES Est-1, Est-2,
Ipo, 8 Mdh-1 §327F oA 3 58
g ztol7k gS & F UATH(Table 5).

C. rotundicaudata 570 Ao 1A A
°o]d%Z+ Table 63 2t} A3 FJdo] A=
1.2, P=57.1%, Hp=0.101, % Hg=0.
16422 Ad wdoh 54 A HF FHH

WMolg®x A=1.5, P=37.1%, Hp=0.
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139, ¥ Hp=0.1242 #4473 Wolg=r} v
& % (Yang et al, 1989; Park et
al., 1991).

Table 59 @<l Al
Rogers(1972)9 #43& 43 (S) %4 Nei
(1972) 9] ®d4 Ao)a & Fg A= Table
73 2T, SAX(S) 9 AS, HAFIGH A
o] 0.942 A si7slon ARG A
AAte] 0.692 A HA vepwct 574 F
H 2dRE 0.8322 UwtEQd o {9

ZAA R dokoy AA[HEE A9
3 470 Ao Hd §313 TdAE 0.912
AukzAel o] Fo] FAH TAAY WAHE [KA
3t o} (Avise, 1976; Yang et al, 1989;
Park et al, 1991), 2RI G#H vrix] 3
@ ZA I} g Fop HF 0.7022 ©] gk
S UutAel Fu A T FHF ZdA A Y]
st m & ALe grez uelyto (Avise,
1976). #A4 Holx (D)9 AFol= BT 0.

MEE o] g3t

N g 2L

Table 6. Genetic variations of 5 populations of C. rotundicaudata.

Mean No. of % polymorphism Mean heterozygosity
Locality alleles per per population per individual
locus (A) P) (Hp) (Hg)

1. Chunsong 1.5 38.1 0.112 0.105
2. Pyongchang 1.8 57.1 0.165 0.146
3. Chongson 1.4 33.3 0.159 0.171
4. Samcho 1.5 38.1 0.160 0.131
5. Sanchong 1.2 19.0 0.101 0.065

Average 1.5 37.1 0.139 0.124

Table 7. Rogers' (1972) genetic similarity coefficients (S, above diagonal) and Nei's (1972) genetic distance
coefficients (D, below diagonal) among 5 populations of C. rotundicaudata.

Locality 1 2 3 4 5
1. Chunsong 0.92 0.90 0.89 0.69
2. Pyongchang 0.06 0.94 0.91 0.73
3. Chongson 0.06 0.01 0.90 0.69
4. Samchog 0.07 0.04 0.05 0.70
5. Sanchong 0.32 0.25 0.30 0.30
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Systematic Studies of the Genus Cobitis in Korea
HI. Geographic Variations of Cobitis rotundicaudata
Byung Sang Park and Suh Yung Yang (Department of Biology,

Inha University, nchon, 402-751, Korea)

Geographic variations of white nose loach, Cobitis rotundicaudata, were investigated by
means of morphometric and electrophoretic analysis. The degree of genic variation was higher
(A=1.5, P=37.1%, Hp 0.139, and Hg=0.129) than that of other cobitid fish in Korea. The
average genetic similarity among 5 populations was lower (S=0.83) but when Sanchong
population is excluded, the rest of the populations showed close genetic similarities (§=0.91).
Sanchong population was least similar genetically from all other 4 populations (S=0.70).
Morphometric analysis revealed that Sanchong population was siginificantly different from other
three populations. Morphological as well as genetic differences of Sanchong population is highly
suggestive that this population might be a distinct species. Further detailed analysis should be
carried out to verify it.



