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Fig. 1. Map of the sample localities of 28 populations of the genera Zacco and Candidia species. Numbers refer to

sample localities listed in Table 1 (Min and Yang, 1991).
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Fig. 2. Dendrogram of 28 populations of the genera Zacco and Candidia based on Rogers’ (1972) genetic similarity
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ol £ 0 W ke 4l gk Zo temmincki B-typeshi-
Gred kAl 7} S = 008425 Aol vpel i gk
S 7 temmincki 2 type 7F2) fod 3kA| (S = 0.853)
o} -fr4kshedel(Yang and Min, 1987). & ol f-ol
“le] A-typest Betype ko] fredabl sk 2t ol
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Table 2. Average Rogers’ (1972) coefficients of genetic similarity (S)(above diagonal) and average Nei's (1972)
coefficients of genetic distance (D)(below diagonal) of the genera Zacco and Candidia species.

1 2 4 5 6 7 8
1. Z temmincki (Japan) 0.842 0.935 0.400 0.473 0.334 0.364 0.639
2. Z. temmincki B-type (Korea}) 0.159 0.847 0.455 0.471 0.379 0411 0.551
3. Z. temmincki A-type (Korea) 0.053 0.158 0.406 0.449 0.334 0.364 0.634
4. Z. platypus (Japan) 0.894 0.762 0.893 0.751 0.852 0.609 0.363
5. Z. platypus (Taiwan) 0.744 0.749 0.797 0.256 0.672 0.632 0.352
6. Z. platypus (Korea) 1.103 0.962 1.093 0.106 0.362 0.594 0.296
7. Z. pachycephalus (Taiwan) 1.006 0.882 1.005 0.462 0.439 0.495 0.279
8. C. barbata (Taiwan) 0.437 0.591 0.452 1.019 1.117 1.214 1.271
5 4 3 2 1 (Mmy)
L 1 ] 1 1 i 1 1 1 |
3 A incki (J.
8__|: . temmincki (Japan)
2.5 Z. temmincki A-type (Korea)
4.8 Z. temmincki B-type (Korea)
C. barbata (Taiwan)
- 1.5 S Z. platypus (Japan)
2.3 ——  Z. platypus (Korea)
Z. platypus (Taiwan)

Z. pachycephalus (Taiwan)

Fig. 3. Estimated time divergences among 5 species of the genera Zacco and Candidia based on Nei’s (1972)
genetic distance coefficients (D) and Nei’s formula (Nei, 1975).

259l oh odubAql 2pel T2 A Zedz] w
che ol $ 7bgA el (Ferguson, 1980: Case,
1978; Yang et al., 1988; Yang and Park, 1988),
Yang»} Min(1987)-& o5 2 typeo] 2 ol -3}
So] fAA 0% farshebn 24 st

ks Lee 5(1986)2 Z. temmincki 2 type2| &}
% Mol 4l 2 typel] A A 4= 2n = 48% 4|
ok A Al T A A 7T el T
2l gk zbo) 7} leli BWargh vl 9l o v} Leeg] Lee
(1988)+ 8= =25 %-o M) (submetacentric
chromosome )2} 16¥s] zluht-of A 3] (subteloc-
entric chromosome )] Z7|7} 2 type Zhol] z}o]
7k e T slvban waskgieh. e o] e
o] = ol al g B B shi bl 2ko| o] Aol 714l
grepal B

u

1o

I

i
Zod 4 2}o]2] genome sizel= 7

ol sl 71 0.2 ®Wol(Pathal e al.,
o:l AH z]] A0 25

1973) Z. tem-
mincki 2 type-&- of] £ FRLEl-S
qL ﬁl“ ol;],

Z. platypus®] 7%= gh=3k LAk Apold
6Pgd Got-2, Pept-2, Pept-3 5ol A vl =.4+2] z}o]
L wo](Min and Yang, 1991, Table 2) o] &2
‘4741 7S = 0.85224 5 ZTuje Ackrt
oA gkA] Bl U glol gt winl Z. platypus
A% et aTYEel FAH oA
S = 0.752, ofub-gTAcre S = 0.67284
W A ek zleolx] Hoel ko (Avise,
1976), Minzt Yang(1986)o] X 313k Moroco
lagowskiio} M. oxycephalus®] %7k {7—03 ] oF -4+
shAl hehi o] 3xlelol] X skE Z. plarypus

Sol oalalol A Aok RS A4

oy rlr lo :.{o :{o i

xl r,]_ %‘
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Table 3. Collecting localities, date, and number of specimens of Z. platypus for analysis of general protein.

Collection locality spI::i'mens Cog::on
1. Ansong: Kongdo-myon, Ansong-gun, Kyonggi-do 20 June 21, 1989
2. Yongok: Yongok-myon, Myongju-gun, Kangwon-do 24 July 5, 1989
3. Chinbu: Chinbu-myon, Pyongchang-gun, Kangwon-do 31 July 6, 1989
4. Samchok: Kundok-myon, Samchok-gun, Kangwon-do 20 dJune 21, 1989
5. Chongwon: Kangnae-myon, Changwon-gun, Chungchongbik-do 20 June 22, 1989
6. Okchon: Okchon-up, Okchon-gun, Chungchongbuk-do 20 June 22, 1989
7. Yosan: Yosan-myon, lksan-gun, Chollabuk-do 20 June 21, 1989
8. Puan: Wido-myon, Puan-gun, Chollabuk-do 20 June 29, 1990
9. Chongju: Sigi-dong, Chongju-shi, Chollabuk-do 20 June 21, 1989
10. Sunchang: Sunchang-up, Sunchang-gun, Chollabuk-do 20 dJune 22, 1989
11. Changsong: Puka-myon, Changsong-gun, Chollanam-do 13 June 21, 1989
12. Naju: Nampyong-myon, Naju-gun, Chollanam-do 21 June 22, 1989
13. Kumnung: Choma-myon, Kumnung-gun, Kyongsangbuk-do 20 June 22, 1989
14. Yongchon: Pugan-myon, Yongchon-gun, Kyongsangbuk-do 17 Aug. 26, 1989
15. Kydngsan: Hayang-myon, Kyongsan-gun, Kyongsangbuk-do 20 Aug. 26. 1989
16. Kochang: Kochang-up, Kochang-gun, Kyongsangnam-do 20 June 22, 1989
17. Hamyang: Sudong-myon, Hamyang-gun, Kyongsangnam-do 20 dJune 22, 1989
18. Chogye: Chogye-myon, Hapchon-gun, Kyongsangnam-do 20 Aug. 27, 1989
19. Hapchon: Taeyang-myon, Hapchon-gun, Kyongsangnam-do 20 Aug. 27, 1989
20. Samga: Samga-myon, Hapchon-gun, Kyongsangnam-do 4 Aug. 27, 1989
21. Kyongju: Tapchong-dong, Kyongju-shi, Kyongsangnam-do 20 Aug. 26, 1989
22. Miryang: Miryang-up, Miryang-gun, Kyongsangnam-do 14 Aug. 27, 1989
23. Sanoe: Sanoe-myon, Miryang-gun, Kyongsangnam-do 1 Aug. 27, 1989
24. Yangsan: Yangsan-up, Yangsan-gun, Kyongsangnam-do 3 Aug. 28, 1989
25. Ulchu: Pomso-myon, Ulchu-gun, Kyongsangnam-do 5 Aug. 27, 1989
26. Uiryong: Uiryong-up, Uiryong-gun, Kyongsangnam-do 9 Aug. 27, 1989
27. Haman: Kaya-up, Haman-gun, Kyongsangnam~do 5 Aug. 28, 1989
28. Hadong: Hwagae-myon, Hadong-gun, Kyongsangnam-do 20 Aug. 4, 1989
gk skA| eF el = sl oleh, mgk Cho(1985)3= b= 4k

Z. temmincRig) 5F o™ o 5 efud sl o vl At Z. platypusy 7. teminincki 2%l o 8F (/*baﬂd'
2. pachycephalusi= 7. temmineki % gFy W) 7. ing, R-banding ¥ NOR sl 2]af oA

=
plarypus Felbi-wf frod kAl v o AgbAl dhepbybon Mgl Axl 2350 s gl S (paracentric
SR Al A Al el A o R fakgl uld Z inversion)ol] o] e oAl d Fa4bo] zhe] E upe}
platypus Glekst S = 0.6325% 7bgbAl vhebsbon)  uleba wonabel T, Lee (198910 mtDNA
Tk el zbol & vkl owm 2 remmincki 2% A A wp ZL platypus2} Z. fewmminckii= GOk o] ‘Lol
P TS = 0.3800.% FAL B0 wel Sk do|(p = 10.8)7F 904 wmel wp ol o
o] Apol i ol el Avise, 1976). Z. tem- AR R R IS B I B R
minckish Z. pltypus®| 739-\= Z. temmincki B-type o) vldt Candidia barbara= < el 4 £} 2 5171 0]
T 2 platypuszro] S = 0,435, olu = . G-2bqr 2 temmincki A-iypest S = 0.637,
femmindi A-typesk Z.platypuse] fed Al S Bogypesti= § = 0.551 €41 32 Zaceod 2]
= 0.399% A0 Aol bl v Yang kel Al b e A bk
sk Min(1989c)o| ®.arsgl 5] ghulofapo] #| & 2L o] Godz|i: ke &‘l_ = 7bel E( Liohagrus) of el

Al ool A 2. platypusst 7. tennminckio] 8o L. andersoni(-F-7}e] )8} L. obesus( % «}e] ) 2}
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Table 4. Genotype and allele frequencies of Gp-4 of Z. platypus in Korea.

Gp-4
Locality Genotype Gene
BB BC CcC CD B C D

1. Ansong 20 1.00
2. Yongok 24 1.00
3. Chinbu 31 1.00
4. Samchok 01 19 0.02 0.98
5. Chongwon 01 19 0.02 0.98
6. Okchon 20 1.00
7. Yosan 20 1.00
8. Puan 20 1.00
9. Chongju 20 1.00
10. Sunchang 03 17 0.07 0.93
11. Changsong 13 1.00
12. Naju 19 02 0.95 0.05
13. Kumnung 20 1.00
14. Yongchon 17 1.00
15. Kyongsan 20 1.00
16. Kochang 19 01 0.98 0.02
17. Hamyang 20 1.00
18. Chogye 13 06 01 0.80 0.20
19. Hapchon 18 1.00
20. Samga 04 1.00
21. Kyongju 20 1.00
22. Miryang : 14 1.00
23. Sanoe 01 1.00
24. Yangsan 03 1.00
25. Ulchu 05 1.00
26. Uiryong 09 1.00
27. Haman 04 1.00
28. Hadong 20 1.00
FeA A (S = 0.556)9F F4kgE grelddrH(Yang 4, 1989) £aRo] Aisb Zed &b ok ol w o

and Son, 1986; Son ef al., 1987). Tzeng(1986a)

& Candidia®5- Bagridae & H--43}9] o} 5
Leuciscinaed #-¥-5p6}9 2 (Tzeng, 1986b),
Cheng 7} /heng 198712 Candidia-3--2- Danioni-

nac® -N-iRshin o) 4= Amdidm barbatav} Zacco
B-type) g}k -frod gbA) 7} w4
Table 2, [Fig. 2) Candidia 5=
ek Aol ehelabebn ok,
A% el W Eael a2
a9 At
1980b: Barrowclough e
1984 Johnson er

tenmmincki( A-type,
w2 o wol(T
Danioninae &
L
%ok w) o] <ho) = Al Al 02

1980a,

Zink and Johnson,

2] (Avise ¢ al.,

al., 1981:

G2 A el (Avise and Aquadro, 1982) =i o}

F7H(Barrowclough and Corbin, 1978 -Zod 2] 2}
Frabah A el o ofAlqrel el e b
(Ranidae)(Kim, 1988)v}, o]iral <& o} »}

(Noemacheilinae)(Yang ef al., 1991)2} 2/} 4] o

7] »}H{ Gasterosteidae ) (Yang and Min, 1990)2]

AR ’POI fral o G ko]l kel el )
bS = 0.30 ol kel H9le glef gl §14]
LA *“l»t- R i R I e
al o W ghel vbdelelep b
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2. B33 H EX
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Systematic Study on the Genus Zacco (Pisces, Cyprinidae).
Il. Phylogenetic Relationships of the Genera Zacco and Candidia
Mi Sook Min and Suh Yung Yang
(Department of Biology, Inha University, Inchon 402-751, Korea)

Using starch gel electrophoresis of proteins, we examined variation at 24 genetic loci in four
species of the genus Zacco and one species of the genus Candidia (Pisces, Cyprinidae) inhabiting
in Korea, Japan, and Taiwan. The average genetic similarities among the populations of each
species were higher than S = 0.90. Korean and Japanese populations of Z. platypus were closer
genetically (5 = 0.852) than between Korean populations and Taiwanese populations (S =
0.672) or between Japanese populations and Taiwanese populations (5 = 0.751). The genetic
similarities among three populations of Z. pachycephalus and two populations of C. barbata were
S = 0.963 and S = 0.946, respectively. Z. temmincki and C. barbata showed a congeneric level
of genetic similarity (5 = 0.608) and so was true between Z. platypus and Z. pachycephalus (S
= 0.612). However the S value between Z. temmincki and Z. platypus (5 = 0.411), between Z.
temmincki and Z. pachycephalus (S = 0.380) and between Z. platypus and C. barbata (S =
0.328) were very low.

Based on the estimated divergent time (Nei, 1975) of these species of the genera Zacco and
Candidia it is assumed that they were speciated and distributed during the early Pliocene to the
late Pleistocene epoch prior to migration to Korea and Japan through Paleo-Hwang Ho river
system. An initial split took place with one branch producing the lineage of Z. platypus-Z.
pachycephalus group and the other giving rise in succession to Z. temmincki-Candidia group
about five million years before present (MYBP) (early Pliocene). Z. temmincki group and Candida
barbata were later branched off 2.6 MYBP (late Pliocene) and A-type of Z. temmincki was
differented from Z. temmincki B-type about 0.8 MYBP (Pleistocene). Korean and Japanese Z.
platypus were isolated from Taiwanese population about 1.5 MYBP (Mindle period of Pleis-
tocene). A-type of Z. temmincki which was speciated from B-type in Korea might have migrated
to Japan through Paleo-Hwang Ho river system about 0.2 MYBP (Riss period of Pleistocene).



