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Fig. 1. Zymogram of malate dehydrogenase. A: Mdh-1"™ (A type) B: Mdh-1™° (B type)
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Table 1. Collecting localities, date, and number of specimens.

Collection locality sTJZ(‘:iZins Col(lj:i:ion
1- Kapyong Bug-myon, Kapyong-gun, Kyonggi-do (Han river) 20 June 7, 1982
2. Chorwon Kimhwa-up, Chorwon-gun, Kangwon-do {(Imjin river) 25 Aug. 8, 1985
3. Hongchon Nae-myon, Hongchon-gun, Kangwon-do (North Han river) 20 June 26, 1985
4. Pongpyong Pongpyong-myon, Pyongchang-gun, Kangwon-do (South Han river) 16 Aug. 12, 1981
5. Pyongchang Pyongchang-up, Pyongchang-gun, Kangwon-do {South Han river) 19 June 26, 1985
6. chinbu Chinbu-myon, Pyongchang-gun, Kangwon-do (Woljong stream) 22 June 23, 1985
7- Chongson Chongson-up, Chongson-gun, Kangwon-do (South Han river) 28 June 23, 1985
8. Chechon Mt . Wolak, Chechon-shi, Chungchongbuk-do (Songgye stream) 51 June 1, 1985
9. Sangju Konggom-myon, Sangju-gun, Kyongsangbuk-do (Nakdong river) 20 June 27, 1985
10- Ulchin So-myon, Ulchin-gun, Kyongsangbuk-do {Wangpi stream) 20 Aug. 12, 1983
11. Pyonghae Pyonghae-up, Ulchin-gun, Kyongsangbuk-do (Pyonghae Namdae stream) 20 Aug. 14, 1981
12. Paeam Paeam-spring, Ulchin-gun, Kyongsangbuk-do (Pyonghae Namdae stream) 20 Aug. 14, 1981
13. Pyonggok Pyonggok-myon, Yongdok-gun, Kyongsangbuk-do {Songchon stream) 20 Aug. 14, 1981
14. Yongdok Chipum-myon, Yongdok-gun, Kyongsangbuk-do (Yongdok Oship stream) 20 Aug. 14, 1981
15. Yongchon Pugan-myon, Yongchon-gun, Kyongsangbuk-do (Nakdong river) 23 Apr. 23, 1985
16. Kyongju Kyongju-shi, Kyongsangbuk-do (Hyongsang river) 24 Apr. 24, 1985
17. Hapchon Taeyang-myon, Hapchon-gun, Kyongsangnam-do (Nakdong river) 18 Apr. 24, 1985
i8. Kochang Ungyang-myon, Kochang-gun, Kyongsangnam-do (Nakdong river) 25 July 26, 1985
19. Hamyang Sudong-myon, Hamyang-gun, Kyongsangnam-dc (Nakdong river) 15 Apr. 24, 1985
20. Sanchong Shindung-myon, Sanchong-gun, Kyongsangnam—do (Nakdong river) 20 July 26, 1985
21. Hadong Hwagae~myon, Hadong-gun, Kyongsangnam~do (Somjin river) 30 July 11, 1985
22. Konyang Konyang-myon, Sachon-gun, Kyongsangnam-do (Pibong stream) 28 Apr. 23, 1985
23. Sanam Sanam-myon, Sachon-gun, Kyongsangnam-do (Chukchon stream) 63 Apr. 23, 1985
24. Sachon Sachon-up, Sachon-gun, Kyongsangnam-do {Sachon stream) 18 July 2, 1982
25. Namhae So-myon, Namhae-gun, Kyongsangnam-do (Sosang stream) 19 Nov. 7, 1982
26. Tongchon Samdong-myon, Namhae-gun, Kyongsangnam-do {(Tongchon stream) 20 Nov. 2, 1982
27. Samdong Samdong-myon, Namhae-gun, Kyongsangnam-do {Samhwa stream) 18 Nov. 2, 1982
28. Miryang Sance-myon, Miryang-gun, Kyongsangnam-do (Nakdong river) 11 Apr. 23, 1985
29. Ulchu Pomso-myon, Ulchu-gun, Kyongsangnam-do (Taehwa river) 11 Apr. 23, 1985
30. Ulsan Mugo-dong, Ulsan-shi, Kyongsangnam-do (Taehwa river) 18 Nov. 14, 1981
31. Yangsan Sangbuk-myon, Yangsan-gun, Kyongsangnam-do (Yangsan strea) i8 July 4, 1982
32. Onyang Onyang-myon, Ulchu-gun, Kyongsangnam-do (Chuksan stream) 19 July 3, 1982
33. Ungchon Ungchon-myon, Ulchu-gun, Kyongsangnam-do (Hoeya river) 20 Nov. 14, 1981
34. Opbok-ri Obok-ri, Ungchon-myon, Ulchu-gun, Kyongsangnam-do (Hoeya river) 29 Apr. 23, 1985
35. Shinhyon Shinhyon-up, Koje-gun, Kyongsangnam-do (Kohyon stream) 13 Apr. 25, 1985
36. Tundok Yundok-myon, Koje-gun, Kyongsangnam-do (Tundok stream) 20 June 21, 1982
37. Sangjon Sangjon-myon, Chinan-gun, Chollabuk—dé (Keum river) 20 June 20, 1981
38. Kosan Kosan-myon, Wanju-gun, Chollabuk-do (mankyong river) 14 June 20, 1981
39. Maryong Maryong-myon, Chinan-gun, Chollabuk-do (Keum river) 17 June 20, 1981
40. Chilbo Chilbo-myon, Chongup-gun, Chollabuk-do (Téngjin river) 4 June 26, 1985
41. Imshil Shinpyong-myon, Imshil-gun, Chollabuk-do {Somjin river) 27 June 15, 1985
42. Sunchang Sunchang-up, Sunchang-gun, Chollabuk-do (Somjin river} 2 Apr. 26, 1985
43. Namwon Sandong-myon, Namwon-gun, Chollabuk-do (Nakdong river) 16 June 15, 1985
44. Changsong Puka-myon, Changsong-gun, Chollanam-do (Yongsang river) 15 Apr. 26, 1985
45. Songgwang songgwangsa, Songgwang-myon, Sungju-gun, Chollanam-do (Posong river) 62 Apr. 25, 1985
46. Naksu-ri Naksu-ri, Songgwang-myon, Sungju-gun, Chollanam-do (Posong river) 6 Apr. 25, 1985
47. Sangsa Sangsa-myon, Sungju-gun, Chollanam-do {Isa stream) 20 July 23, 1985

48. Haenam Samsan-myon, Haenam-gun, Chollanam-do (Samsan stream} 26 Apr. 26, 1985
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Table 2. Genotype and allele frequencies of Mdh-1.

Mdh-1
Locality Genotype Gene
MM (N) Ms (M) MS™ (N) M S ST
1. Kapyong 1.00(20) 0.50 0.50
2. Chorwon 1.00(25) 0.50 0.50
3. Hongchon 1.00(20) 0.50 0.50
4. Pongpyong 1.00(16) 0.50 0.50
5. Pyongchang 1.00(19) 0.50 0.50
6. Chinbu 1.00(22) Q.50 0.50
7. Chengson 1.00(28) 0.50 0.50
8. Chechon 1.00(51) 0.50 0.50
9. sangju 1.00(20) 0.50 0.50
10. Ulchin 1.00(20) 1.00
11. Pyonghae 1.00(20) 1.00
12. Paeam 1.00(20) 1.00
13. Pyonggok 1.00(20) 1.00
14. Yongdok 1.00(20) 1.00
15. Yongchon 1.00(23) 0.50 0.50
1l6. Kyongju 1.00(24) 0.50 0.50
17. Hapchon 0.94(17) 0.06( 1) 0.97 0.03
18. Kochang 1.00(25) 1.00
19. Hamyang 1.00(15) 0.50 0.50
20. Sanchong 0.05¢ 1) 0.95(19) 0.53 0.47
21 Hadong 1.00(30) 0.50 0.50
22. Konyang 0.08¢ 2) 0.71(20) 0.21( &) 0.54 0.36 .10
23. Sanam 0.02( 1) 0.98(62) 0.51 0.49
24. Sachon 0.28( 5) 0.72(13) 0.64 0.36
25. Namhae 1.00(19) 1.00
26. Tongchon 0.65(13) 0.35( 7) 0.83 0.17
27. Samdong 0.61{11) 0.33( 7} 0.81 0.19
28. Miryang 1.00(11) 0.50 0.50
29. Ulchu 1.00(11) 0.50 0.50
30. Ulsan 1.00(18) 0.50 0.50
31. Yangsan 1.00(18) 0.50 Q.50
32. Onyang 1.00{(19) 0.50 0.50
33. Ungchon 0,95(19) 0.05( 1) 0.97 0.03
34. Obok-ri 1.00(29) 1.00
35. Shinhyon 1.00(13) 1.00
36. Tundok 1.00(20) 0.50 0.50
37. Sangjon 1.00(20) 0.50 0.50
38. Kosan 1.00(14) 0.50 0.50
39. Maryong 1.00(17) 0.50 0.50
40. Chilbo 1.00( 4) 0.50 0.50
41. Imshil 0.93(25) 0.07( 2) 0.50 0.46 .04
42. Sunchang 1.00( 2) 0.50 0.50
43, Namwor 0.88(14) 0.12( 2) 0.50 0.44 .06
44. Changsong 0.93(14) 0.07( 1) 0.97 0.03
45. Songgwang 1.00(62) 1.00
46. Naksu-ri 1.00( 6) 0.50 0.50
47. Sangsa 0.05( 1) 0.95(19) 0.53 0.47
48. Haenam 1.00(26) 1.00
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Fig. 2. Geographic variation of Mdh-1 genotypes. Numbers refer to sample localities listed in Table 1.
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Table 3. Seasonal frequency changes of the Mdh-1"° at three stations in Tongchon-stream, Namhae.
Altitude Nov.('82) Apr.('84) June('84) Oct.('84) Nov.('84) Feb.('85) Aug.('85) Dec.('85) Mar.('86) Average
MS (N) MS (N) Ms {N) MS (N} MS (N) MS {N) MS (N) Ms (N) Ms (N MS (N)
Low .35 (1 20) .98 ( 8e) .91 (113) .93 (172) .69 ( 89) .88 (109) .83 (121) .41 ( 87) .69 (157) .80 (936)
Middle .87 ( 79) .86 (154) .68 (118) .50 ( 32) .82 ( 72) .57 ( 44) .91 (171) .80 (670)
Upper .75 ( 48) .24 (121) .13 (294) .02 ( 35) .BS ( 67) .13 (109) .53 ( 87) .30 (761)
Average .35 ( 20) .98 ( 88) .90 (240) .72 (447) .36 (501) .68 (176) .83 (260) .31 (240) .75 (415)
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Fig. 3. Average seasonal frequencies of the Mdh-1" and Mdh-1™® in Tongchon-stream, Namhae.
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Evolutionary Study on the Dark Chub (Zacco temmincki) 1. Geographic Distribution and
Seasonal Variation of Two Allelomorphs of MDH
Suh Yung Yang and Mi Sook Min (Dept. of Biology, Inha University, Inchon 402-751, Korea)

Two cytosol malate dehydrogenase allelomorphs are found in the Dark Chub, Zacco temminc-
ki, a freshwater fish inhabiting Korean waters.

Mdh-1"M(hereafter referred to as A-type) is distributed along the south and southeastern parts
of Korea, whereas the B-type(Mdh-1"°) is found everywhere except the southeast. Several sym-
patric populations can be found in the southemn areas with no hybridization between them.

The pattern of geographic distribution would indicate that A-type is superior adaptation to
colder water temperature; this is collaborated by evidence collected from a sympatric length of
the Tongchon stream, Namhae. The relative warmth of the water along this portion of the
stream’s length was determined its altitude and the time of year. Frequency of B-types found was
directly proportional to the relative warmth of the water and inversely proportional to the number
of A-types found in the same station.

Current data tends to suggest that the B-type of Zacco temmincki first differentiated from Zacco
platypus approximately one million years ago (Yang et al, 1984) while A-type subsequently
branched from B-type 300,000 years later(Yang and Min, 1987) through a progressive adaptation
toward colder temperature.
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