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Table 1. Collecting localities. date, and number of Zacco temmincki in Korea and Japan.

. . No. of Collection
Collection locality ]
specimens date

Z. temmincki A-type (Japan)

1. Asahi: Asahi-river, Okayama-city, Okayama prefecture 14 Dec. 2,1990
Z. temmincki B-type {Japan)

2. Yono: Yono-stream, Fishio, lkeda-city 25 June 22, 1990

3. Sasayama: Sasayama-stream. Kodanaka, Sasayama-cho. Taki-gun 25 dune 23, 1990

4. Arima: Arima-stream, Hyogo-prefecture 25 June 23, 1990

5. Hikami: Gago-stream, Isaguchi, Hikami-cho, Hikami-gun 10 June 23, 1990

6. Ado: Ado-stream, Siga-prefecture 12 Nowv. 29. 1990
Z. temmincki B(MS)-type (Korea)

7. Kochang: Ungyang-myon, Kochang-gun, Kyongsangnam-do 19 . Sep. 21,1988

8. Yanggu: Pangsan-myon, Yanggu-gun. Kangwon-do 10 Apr. 5, 1988

9. Yongchon: Pugan-myon, Youngchon-gun, Kyongsangnam-do 12 July 18, 1988
Z. temmincki A(MM)-type (Korea)

10. Ulchin: So-myon, Ulchin-gun, Kyongsangbuk-do 20 Sep. 12, 1986
11. Yongchon: Pugan-myon, Yongchon-gun, Kyongsangam-do 11 July 18, 1988
12. Kochang: Ungyang-myon. Kochang-gun, Kyongsangnam-do 19 July 25, 1986
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Table 2. Allele frequencies of 12 populations of Zacco temmincki in Korea and Japan.

Japan Korea

A-type B-type B(MS)-type A{MM)-type

1 2 3 4 5 6 7 8 9 10 11 12

Aco a 100 1.00 096 080 060 100 100 100 100 100 100 1.00
b 0.04 020 040

Est-1 a 100 100 100 100 100 1.00 — —

Est-2 a 1.00 1.00 1.00 1.00 1.00 — —
b 1.00

Est-3 a 100 100 100 100 100 1.00 — -

Fum a 100 100 100 100 100 1.00 1.00 1.00 1.00
b 095 1.00 1.00
0.05

Got-1 a 100 100 100 100 100 100 100 1.00 100 100 100 1.00
Got-2 a 100 100 100 100 100 100 097 100 100 100 100 1.00

0.03
Got-3 a 100 100 100 100 100 1.00 — —
Gp-3 a 100 100 100 100 100 1.00 100 100 100 100 100 1.00
Gp-4 a 100 100 100 100 100 100 100 100 100 100 1.00 1.00
aGpd a 0.10
b 100 100 100 100 100 100 100 09 100 095 100 1.00
c 0.05
Idh a 1.00
b 1.00 100 100 100 100 100 100 100 100 1.00 097
c 0.03

Ldh-1 a 100 100 098 100 100 100 100 100 100 100 100 1.00
b 0.02

Ldh-2 a 100 100 100 100 100 100 100 100 100 100 100 1.00

Mdh-1 a 0.14
100 08 100 100 100 100 100 095 09 100 100 1.00
c 0.05 0.04°
Mdh-2 a 100 100 1.00 100 1.00 1.00 1.00 100 1.00
092 100 096
c 0.08 0.04
Mdh-3 a 0.05
b 100 100 100 100 100 100 100 095 100 1.00 100 1.00
Me a 100 100 100 100 100 100 100 100 100 100 100 1.00
Mpi-1 a 0.08 0.05 0.03

1.00 100 100 100 100 092 095 100 100 100 097
c 1.00




January 1993

Min & Yang — Systematic Study on the Genus Zacco IV.

31

Japan Korea
A-type B-type B(MS)-type AMM)-type
1 2 3 4 5 6 7 8 9 10 11 12

Mpi-2 a 1.00 — —

b 1.00 1.00 1.00 1.00 1.00
Pept-1 a 1.00 100 100 100 1.00

b 0.03 — —

c 093

d 004
Pept-2 a

b 0.08 1.00 1.00 1.00

¢ 1.00

d 1.00 100 1.00 1.00 0.88 1.00 1.00 1.00

e 0.04
Pept-3 a 021

b 0.79

c 1.00 100 100 100 100 100 100 100 1.00 1.00 1.00
6Pgd a 1.00 100 100 100 100 100 100 100 100 1.00 1.00

b 1.00
Pgi-1 a 100 094 100 100 100 100 100 100 1.00 0.83 0.80 1.00

b 0.06 0.17 0.20
Pgi-2 a 0.08 0.02 0.08

b 100 092 098 100 09 092 100 090 100 100 100 1.00

c 0.10 0.10
Pgm a 100 100 100 100 100 100 100 100 100 100 100 1.00
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Table 3. Genic variations of 13 populations of Zacco temmincki of Korea and Japan.

Number of Mean No. of % of loci Mean heteroxygosity (H}
Spei;\?; ens all(l)iljss (pAe)r polyTl;))rphlc Observed Expected
{H,) (H,)
Z. temmincki A-type (Japan)
1. Asahi 14 1.0 4.8 0.020 0.017
Z. temmincki B-type (Japan)
2. Yono 25 1.1 14.3 0.027 0.024
3. Sasayama 25 1.1 14.3 0.008 0.008
4. Arima 25 1.0 4.8 0.019 0.016
5. Hikami 10 1.1 9.5 0.029 0.033
6. Ado 12 1.1 9.5 0.020 0.019
Z. temmincki B-type (Korea)
7. Kochang 10 1.2 19.0 0.023 0.022
8. Yanggu 10 1.2 23.8 0.024 0.032
9. Yongchon 12 1.1 9.5 0.008 0.008
Z. temmincki A-type (Korea)
10 Ulchin 20 1.1 9.5 0.017 0.019
11 Yongchon 5 1.0 4.8 0.000 0.017
12. Kochang 19 1.1 9.5 0.005 0.005

Table 4. Average Rogers' {1972) coefficients of genetic similarity (S) (above diagonal) and average Nei's {1972) coef-
ficients of genetic distance (D) (below diagonal) of Zacco temmincki in Korea and Japan.

1 2 3 4
1. Z. temmiricki A-type {(Japan) .689 667 .760
2. Z. temmincki B-type (Japan) .364 842 981
3. Z. temmincki B(MS)-type (Korea) .396 156 844
4. Z. temmincki A(MM)-type (Korea) 266 004 156
der, 1972; Avise, 1977; Selander, 1976;

0.7 0.8 0.9 1.0 (S)
A A '] )
-981 Y(Mv)-tvpe (Korea)
.843
.705 - B-tvpe (Japan)

B{MS)-type (Korea)

A-tyve (Jawan)

Fig. 1. Dendrogram of Zacco temmincki in Korea and
Japan based on Rogers' (1972} genetic similarity coeffi-
cients (S).
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Systematic Study on the Genus Zacco (Pisces, Cyprinidae). IV.
Genetic Differentiation of the Dark Chub (Zacco temmincki) From Korea and Japan
Mi Sook Min and Suh Yung Yang (Department of Biology, Inha University, Inchon 402-751, Korea)

Surveys of electrophoretic variation in isozymes and general proteins encoded by 21-26 presumptive
loci were conducted to cdlarify the taxonomic status and differentiation of the Dark Chub, Zacco tem-
mincki, from Korea and Japan. Genetic similarity estimates between Korean AMM}-type and Japanese
B-type indicates that they are conspecific (S = 0.981) whereas Korean B(MS)-type and Japanese A-type
(Zacco sieboldi, by Mizuguchi et al., 1989) are distinct species. It is speculated, based on the divergent
time estimate (Nei, 1975), that Korean B(MMSHype and Japanese A-type (Z. sieboldi) were first d:fferenti-
ated simultaneously from Z. platypus about four million years ago (Pliocene) while Korean AMM}-type
and Japanese B-type subsequently branched from Korean BMS)type about 800 thousand years ago
(Pleistocene) thrcugh a progressive adaptation toward colder temperature (Yang and Min, 1987) before
present distribution.
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