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Fig. 1. Map showing the sample localities of C.
koreensis koreensis(@) and C. koreensis pumilus (I§)
1: Kapyong, 2: Samchog, 3: Nonsan, 4: Wanju, 5:
Chongup, 6: Puan.
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(caudal peduncle depth, CpD), Kgfi&ta®L— jEsE
#22h 7+7 (length from origin of pectoral fin to
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Table 1. Collecting localities, date, and number of specimens of C. koreensis koreensis and C. koreensis pumilus for

morphometric and electrophoretic analysis.

Llecti 1 lit Collection Morp- Electro-
Collection locality date hology phoresis
C. Koreensis koreensis
1. Sobop-ri, Pug-myon, Kapyong-gun, Kyonggi-do Nov. 11, 1985 20
May 10, 1986 37
2. Taepyong-ri, Kundog-myon, Samchog-gun, Kangwon-do Aug. 30. 1985 105 20
3. Songpyong-ri, Unjin-myon, Nonsan-gun, Chungchongnam-do Oct. 5, 1985 20
4. Upnae-ri, Kosan-myon, Wanju-gun. Chollabug-do Sep. 10, 1985 77 20
5. Haengdan-ri, Chilbo-myon, Chongup-gun, Chollabug-do Sep. 11, 1985 58 20
sulr total 277 100
C. koreensis pumilus
6. Chonglim-ri, Sangso-myon, Puan-gun, Chellabug-do Aug. 22, 1985 60 20
Total 337 120
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Table 2. Buffer systems and stains for electrophoresis.

Buf fer E.C. No.* Isozyme and protein Volt/Time
continuous tris citrate II 1.1.1.27 lactate dehydrogenase (Ldh-1, 2) 110 v/3 hrs
(TC m , pH:8.0) 1.1.1.37 malate dehydrogenase (Mdh-1, 2)

1.1.1.42 isocitrate dehydrogenase (Idh)
1.1.1. 8 aglycerophosphate

dehydrogenase ( a Gpd)

2.7.5. 1 phosphoglucomutase {Pgm)
3.1. 8 mannose phosphate isomerase (Mpi)

discontinuous tris citrate 1.1.1. 1 alcohol dehydrogenase (Adh) 250 v/3 hrs
(Poulik, pH:8.2) 1.9.3. 1 indophenol oxidase (Ipo)

5.3.1. 9 phosphoglucose isomerase (Pgi-1, 2)

3.1.1. 1 esterase (Est)
lithium hydroxide 2.6.1. 1 glutamate oxaloacetate 250 V/3 hrs
(LiOH, pH:8.1) transaminase (Got-1, 2)

general protein (Gp-1, 2, 3)

tris maleic EDTA 1.2.3. 2 xanthine dehydrogenase (Xdh) 100 V/4 hrs
(TM, pH:7.4) 1.1.1.44 6 vhosphogluconate

dehydrogenase (6Pgd-1, 2)

* E.C. No.: enzyme commission number
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Fig. 2. Comparisons of 6 morphometric characters among 5 populations of C. k. koreensis (open rectangle) and
C. k. pumilus (hatched rectangle). a: number of vertebrates, b: number of crossbars, c: total number of dorsal
spots, d: number of dorsal spots in predorsalfin area, e: number of dorsal spots in dorsalfin area, f; number of
dorsal spots in post dorsalfin area, horizontal bar: the mean, cross line: total variation of the samples, rectangle:
one standard deviation, 1: Kapyong, 2: Samchog, 4: Wanju, 5: Chongup, 6: Puan.
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Table 3. Body proportions, number of crossbars, and number of dorsal spots of two subspecies of C. koreensis.
Values represent the mean + S.D.

Morphometnic C. koreensis koreensis C. k. pumilus
characters 1. Kapyong 2. Samchog 4. Wanju 5. Chongup 6. Puan
(N =37) (N:+105) (N=77) (N=58) (N =60)
SL/HL 5.08+0.24 5.07+0.22 4.87+0.18 4.9120.29 4.8120.19
SL/OD 1.86+0.07 1.84%0.05 1.85+0.05 1.86+0.10 1.87+0.07
SL/BD 7.05+0.46 7.88+0.52 6.9820.62 6.64+0.39 6.900.38
SL/CpL 5.6320.51 5.81+0.43 6.17+0.53 6.06+0.37 €.03+0.33
SL/CpD 10.68%0.77 11.32+£0.93 10.20%0.70 9.8720.63 10.04%0.56
SL/OA 1.28%0.05 1.28+0.03 1.28£0.04 1.28+0.04 1.28+0.02
SL/OV 1.86%0.10 1.83£0.12 1.81+0.05 1.82+0.05 1.80£0.06
SL/PV 3.04%0.22 2.97£0.14 2.97+0.14 3.01+0.14 2.9920.17
SL/SnL 10.89#0.61 10.82%#0.56 10.91*0.57 10.9520.63 10.90+0.83
OD/HL 2.73£0.10 2.7540.11 2.63%x0.10 2.63£0.13 2.5610.16
ED/HL 0.16+0.01 0.1620.01 0.16£0.02 0.1410.01 0.1720.02
SnL/HL 0.46£0.02 0.47+0.02 0.45£0.02 0.45+0.02 0.46%0.02
CpD/HL 0.48+0.03 0.45+0.04 0.4820.03 0.50+0.04 0.48+0.04
CpL/HL 0.8920.06 0.87+0.08 0.8020.06 0.81%20.06 0.8020.06
ED/SnL 0.35+0.03 0.34+0.03 0.3720.04 0.32+£0.03 0.39£0.04
CpD/CpL 0.5320.04 0.52+0.05 0.6020.06 0.6220.05 0.6020.04
OD/BD 3.78+0.22 4.27+£0.30 3.79+0.19 3.57+0.19 3.89+0.25
SnL/BD 0.641£0.05 0.73x0.06 0.6620.12 0.6220.04 0.6420.06
BD/CpD 1.52%0.12 1.44+0.10 1.45£0.08 1.4620.11 1.46+0.09
VTB 42.11+1.20 41.56%1.22 40.77+0.83 41.03%0.88 40.47+0.72
CBAR 12.59+1.54 12.19%#1.37 13.17x1.78 11.64+1.54 9.33%1.19
TDSPOT 13.11#1.35 14.57#1.61 12.57+#1.29 11.9R+1.34 9.83x1.01
PRDSPOT 5.73£0.94 6.51+0.93 5.34%0.74 5.05+0.74 4.12+0.58
DSPOT 2.00£0.00 2.03+0.17 2.00+0.00 2.00£0.00 1.93£0.25
PODSPOT 5.4120.69 6.04+0.91 5.23x0.79 4.95£0.85 3.80%0.66

Table 4. Standardized canonical discriminant function coefficients

subsepcies of C. koreensis on 25 morphological variables.

Mg;sgggg;g;c Func. 1 Func. 2 Func. 3 Func. 4
SL/HL -0.34073 0.40552 0.48819 0.60471
SL/OD 0.08042 0.15625 0.02872 0.06372
SL/BD 0.00233 0.23993 ~0.15984 0.12510
SL/CpL -0.00778 ~-0.09546 0.12555 -0.36201
SL/CpD 0.05183 -0.35445 -0.56765 -0.80928
SL/OA -0.02520 -0.09651 0.04269 -0.29203
SL/OV 0.00726 0.00015 0.10796 0.12249
SL/PV 0.17855 -0.20730 -0.13033 0.37496
SL/SnL 0.07696 -0.26550 -0.22008 -0.20569
OD/HL 0.31920 -0.63301 -0.23299 0.24327
ED/HL 0.45702 0.09088 -0.02982 0.14388
SnL/HI -0.10355 0.14473 0.00921 ~0.00607
CpD/HL -0.32525 0.16752 -0.74575 -1.01780
CpL/HL 0.51103 0.20158 -0.06098 0.27754
ED/SnL -0.57857 0.51380 0.72887 0.20642
Cpbh/CpL 0.13291 0.00077 0.10263 0.20918
OoD/BD 0.49882 0.79372 0.44017 -0.16585
SnL/BD 0.03178 -0.09238 ~-0.02547 -0.06317
BD/CpD 0.03405 0.48273 -0.01055 0.51459
VTB 0.08134 -0.00158 -0.19932 0.39591
CBAR -~0.01847 -0.50712 0.80550 0.32879
TDSPOT 0.03286 -0.89686 0.79524 -0.31770
PRDSPOT 0.35675 0.57719 -0.67751 0.12269
DSPOT 0.13806 0.04249 -0.14838 -0.03574
PODSPOT 0.31498 0.26010 -0.34977 -0.17024
eigenvalue 3.05701 1.01625 0.,55227 0.32125
% of variance 61.80 20.54 11.16 6.49

among 5 populations of the two
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Table 5. Allele frequencies obtained from 6 populations 20.54%)% o]-&, Hozzm Aboll Ve Azl
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kCJ 0.97 1.00 0.93 1.00 8.2; 1.00 ol7b Aol Al =) C k koreensis W C. k.
: 0.07 pumilus Jekah A3 F4s el
Est a 1.00 1.00 1.00 1.00 1.00 1.00
Got-1 a  0.03 0.10 FHE HO|
b 0.85 0.97 1.00 0.92 0.90 1.00
; 0.12 0.03 8:8§ C. koreensis 7 EBfE, 670 Auloll 4 ZE 12074
Got-2 a 0.95 0.45 1.00 0.95 1.00 AE AFGF3 Aak 14 T4 Y clal Al 4
b 0.05 0.55 1.00 0.05 o] o = s N
Gp-1 a 1.00 0.97 1.00 1.00 1.00 1.00 212l FAlAS Akl MR TR (allele
b 0.03 frequency)® 3 Az Table 52} 7c},
Gp-2 a 1.00 1.00 1.00 1.00 1.00 1.00 200 4=t = Est, Gp-2 Gp-8 Ldh-2
. . . . 1.00 1.00 1.00
G;;}d : 1.00 1.00 1.00 : 27 Mdh-1, 4 Xdhe] 6/ F12(29%)= 2 =Ach
a p -
: 0.05 040 0.3 B3 TG HIETL Wolsb glolou v
0.13 0.50
cci 1.00 1.00 1.00 0.95 0.37 0.37 2 1570 A 2Pl A= wo)sb ok o] F
" ¢ 222 Adh, Gp-1, Ipo, Ldh-1, Mdh-2, 9 Pegme| 6
a .
b 0.95 1.00 0.45 0.93 0.71 0.32 TA=H29%)= WHelF K P ubw  Got-7,
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oo . 5.03 6.0 Got-2, a Gpd, Idh, Mpi, 6Pgd-1, 6Pgd-2, Pgi-1.
b 0.97 1.00 ©0.97 1.00 0.97 1.00 9 Pgi-2 97 #A=21(43%)= wo| AT} =S
c  0.03
Ldh-1 a 0.05 Fokrh. C k koreensis= # Arko| Ldh-1° 24
b  1.00 1.00 1.00 1.00 1.00 0.95  wo|7} glgl ot C k pumilus= Ldh-1° #7H
Ldh-2 a 1.00 1.00 1.00 1.00 1.00 100 3 o)l Ldh-177} Yo W2 ks ol o)
Mih-1 a 1.00 1.00 1.00 1.00 1.00 1.00 - )
Mdw2  a 0.05 A7l 6 Aeke] A wWHolATZ AEe
b 1.00 0.95 1.00 1.00 1.00 1.00 A 3t Table 631 2c}, C k. koreensis 57)) 2lck
Mpi : 0.77 1.00 1.00 gi?; 8:?2 100 = —pe xmcjo A=1.3, P=23.5%, Hy=0.010,
S ool ¥ He=0.0432.2 wo]d st 7bab e wbdd
6Pgd-1  a 0.05 0.52 0.47 0.38 038 MAF AREE A=1.7, P=52.4%, Hp=0.086, %
b gg? 0.90 0.48 0.50 0.62 0.62 HGZO.IOSEX'] “501235_7} 7}_;()]_ —‘::‘r—f?\AL‘:}' R{ZEQ]
. ' .
4 0.13 0.05 0.03 C k pumilus et A=1.2, P=10.9%, Hp=
6Pgd-2 0.05 _ .
¢ b 69t 1.00 0.72 0.50 0.82  1.00 0029, % H=0.0782 =] C k. koreensis X
; 0.18 0.19 0.08 E}_;}_ [ /(}_—6_}_03 D}—
0.10 0.25 0.10
. 0.06 Table 52| HITNT AEE o) fabol 47 +
et b g:gg 1.00 1.00 g:ég 3233 100 GfE 67 skl A TAAE 7 Ave
¢ 0.03 0.03 0.03 Table 73k 2}, 5292l C k. koreensis A}t
Pgi-2 - .
¢ Z 0.28 0.45 0.10 8.83 C k. pumilus Flctho] S=0.845=2 Todz|7} 713
¢ 0.75 1.00 0.55 0.90 0.90 100 o wim @O C k koreensis Akt Ck
Pgm 2 0.05 )
b 0.95 1.00 0.97 0.92 1.00 1.00  pumilus Atk «fo]l= S=0.9318 Fadz| s} Ao
c  0.05 0.03 0.03
th Zet
a 1.00 1.00 1.00 1.00 1.00 1.00
Table 7¢] A Zdzx](S)E Bz UP-

1: Kapyong, 2: Samchog, 3: Nonsan,
qup, 6: Pusan

4: Wanju, 5: Chon-
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Table 6. Genetic variations among 6 populations of C. koreensis koreensis and C. koreensis
pumilus.

Mean No. of % polymorphism Mean heterozygosity
alleles per per population per individual
locus (A) (P) (HEp) (Hg)
C. k. koreensis
1. Kapyong 1.7 52.4 0.086 0.105
2. Samchog 1.3 23.8 0.010 0.043
3. Nonsan 1.4 33.3 0.068 0.105
4. Wanju 1.7 42.9 0.062 0.114
5. Chongup 1.9 52.4 0.064 0.138
average 1.6 41.0 0.058 0.101
C. k. pumilus
6. Puan 1.2 19.0 0.029 0.078
Average 1.5 37.3 0.053 0.097

Table 7. Roegers’(1972) genetic similarity coefficients(S) among 6 populations of C. koreensis

koreensis and C. koreensis pumilus.

C. koreensis korcensis c. k
pumilus
2 3 4 5 5
C. k. koreensis
1. Kapyong 0.921 0.910 0.885 0.915 0.883
2. Sanchog 0.883 0.907 0.891 0.892
3. Nonsan 0.876 0.911 0.918
4. Wanju 0.888 0.845
5. Chongup 0.931
Fig. 35 ek, Ck pumilus b2 & 2 i Vol 2 4Ede] MBS 525 @il o &

2] C. k. koreensis Zrlzl & group$ & 4 s)i
e =p 37 2| thol vhih gl
groupS A sked HelE ol ot o] ¢ group 4
ol g S5=0.887% frAA ol b oS-
7F 7Rkt

z)

C. k. koreensis %)

il

1]

C. koreensis= 37 C. taenia & X559l o}
(9H, 1939; Mori, 1952; &, 1977) B2HIEIRTO]

o
2

(LAl ke 28 Fo] AlifESR s sl
HrEfEo 2 (4, 1974a, 1974b; Kim,
1975) Kimzt Lee(1987)% 4@l Hzdr 4
A E@E C. koreensis = L A9l o] A
Askiz C. koreensisol] v slod 88K, BRMIBIAIE,
U FHEEE 48 5w [llE C kore
ensis5- f9fE C k. pumilus 2 7|2 315 v},
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Fig. 3. Projections of 337 samples in 5 populations of C. k. koreensis (1,2,4,5) and C. k. pumilus(6) based on
discriminant function analysis by first and second discriminant functions. 1: Kapyong, 2: Samchog, 4: Wanju, 5:

Chongup, 6: Puan.

:90 1.00

®

.896

.92 c

.

-931

.914

k. pumilus

a o a a o

k. koreensis
k. koreensis
k. koreensis

k. koreensis

. k. koreensis

Samchog
Kapyong
Wanju
Chongup
Puan

Nonsan

Fig. 4. Dendrogram of 6 populations of C. koreensis koreensis and C. koreensis pumilus
based on Rogers’ (1972) genetic similarity coefficients (S).
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Systematic Studies of the Genus Cobitis (Pisces: Cobitidae) in Korea
I. Geographic Variations and Classification of Cobitis koreensis
Suh Yung Yang, Byung Sang Park, and Jae Heup Kim{Dept. of Biology, Inha University,
Inchon, 402-751, Korea)

Morphometric and genetic analyses on six populations of the two subspecies of Cobitis koreen-
sis were performed to investigate the geographic variation and to clarify their taxonomic status.
No significant differences between subspecies were found. Puan population of C. k. pumilus
tends to be smaller in numbers of cross bars and dorsal spots, than those of C, k. koreensis
populations with no statistical significance. Average degree of genic variation among six popula-
tions of the two subspecies was A=15, P=37.3%, H,=0.053, and Hg=0.097. Marginal
populations of Samchog (C. k. koreensis) and Puan(C. k. pumilus) were least variable: A=1.3, P
=23.8%, Hp=0.010, H5=0.043, and A=1.2, P=19.0%, Hp=0.029, H5=0.078 respectively.
The difference between Hp and Hg in all populations may indicate a patchness distribution
between demes within each population. Genetic similarities between the two subspecies were, on
the average, S=0.894, and this value correspond to the average genetic similarities among five
populations of C. k. koreensis (5=0.899). Chongup population of C. k. koreensis and Puan
population of C. k. pumilus was most similar genetically (5=0.931). The results of morphometric
and genetic analysis in this study indicate that C. k. pumilus is not a valid subspecies and should
be considered as a population of C. koreensis.



