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ol grell oigh FRAl, faddoe] W oAlEAsE  RARAleE A Fo] ek §12) L ol sho )
off abek e T7b 4habs] Al x| ol o (Yang er  SHATR

al., 1984; Kim et al., 1985. Yang and Min, 1989a,
b: Yang et al., 1989), Yangz} Min(1987, 1989b)
£ mlghv)obatel] 4l Zacco temminckiol] & el 4 ME 3 B

o2 o] 9§25kt A8 A4 A A (reproduc-

tive isolation) 7} o] 2o}zl =}nl £ (sibling speci- 1) ME

es)o] A g5 1"61 af lef. A 55 19856 104 el 19904 691 4fo
Bood ol A abaal 2| BFA sk o] 5o Al ol 3F 230 Ak F 738 A S oAl v g, ol
Do) £H 3| qLa;} Aol datew gl Fo AFEAE W N SH RO Pelste] b, £
2 TA 5 Nemacheilus, Lefua @) Niwaella’s- 350 o (85 3mm)2o} =) 7] 54 7] ;2 Abg A A abed )
Bobe] isozyme #4, AdA ¥ W Helqy (Table 1).
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Table 1. Collection localities, dates and number of specimens of 23 populations of three species in the family
Cobitidae. Letters under number of specimens represents electrophoresis (E), morphometrics(M), and karyotype(K).

Number of
Collection localities Dates specimens for
E M K
Nemacheilus toni
1. Kangnung: Wangsan-myon, Myungju-gun, Kangwon-do Jun. 01, 1990 20 41 —
2. Kosung: Kansung-eub, Kosung-gun, Kangwon-do Aug. 29, 1989 20 32 3
3. Wolak Mt.: Hansoo-myon, Jewon-gun, Chungchongnam-do Oct. 21, 1989 20 40 —
4. Kapyong: Ha-myon, Kapyong-gun, Kyonggi-do Oct. 14, 1989 20 32 —
5. Jungson: Dong-myon, Jungson-gun, Kangwon-do Sep. 10, 1986 20 18 —
6. Jinbu: Jinbu-myon, Pyongchang-gun, Kangwon-do Aug. 06, 1986 19 14 -
Apr. 14, 1990 - - 4
7. Samcheok: Keundok-myon, Samcheok-gun, Kangwon-do Aug. 06, 1986 — 8 -
Mar. 30, 1990 — - 2
Lefua costata
8. Kosung: Jukwang-myon, Kosung-gun, Kangwon-do May, 03, 1989 20 10 7
9. Pochon: Naechon-myon, Pochon-gun, Kyonggi-do Oct. 02, 1989 20 10 23
10. Keoje Isl.: Yeoncho-myon, Keoje-gun, Kyongsangnam-do Dec. 03, 1989 20 10 18
11. Suwon: Suwon-shi, Kyonggi-do Nov. 02, 1989 9 — 28
12. Inje: Buk-myon, ln'je—gun, Kangwon-do Apr. 28, 1990 14 — 6
13. Yongin: Yongin-myon, Yongin-gun, Kyonggi-do Feb. 22, 1990 — - 8
14. Kangnung: Ojukhon, Kangnung-shi, Kangwon-do Apr. 01, 1990 - - 6
15. Yeonghae: Yeonghae-myon, Yeongduk-gun, Kyongsangbuk-do Oct. 24, 1985 — 7 —
16. Wolsung: Naenam-myon, Wolsung-gun, Kyongsangbuk-do Oct. 11, 1987 - 5 —
17. Yangyang: Hyunbuk-myon, Yangyang-gun, Kangwon-do Apr. 14, 1987 — 7 —
Niwaella multifasciata
18. Eusong: Byonggok-myon, Eusong-gun, Kyongsangbuk-do Oct. 20, 1989 20 24 1
19. Chungdo: Woonmun-myon, Chungdo-gun, Kyongsangbuk-do Oct. 26, 1989 20 23 16

20. Sanchong: Sindeung-myon, Sanchong-gun, Kyongsangnam-do dJuly 25, 1986 20 3 23
21. Chungsong: Wolmak-myon, Chungsong-gun, Kyongsangnam-do July 26, 1986 20 18 —
22. Milyang: Milyang-eub, Milyang-gun, Kyongsangnam-do July 27, 1986 11 7

23. Keochang: Keochang-eub, Keochang-gun, Kyongsangbuk-do May 13, 1986 — - 2
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Table 2. Buffer systems and stains for electrophoresis.
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Buffer E. C.No.* Isozyme and protein Volt/Time

Continuous tris citrate [I 1.199. 5 a Glycerophosphate dehydrogenase( « Gpd) 110V/3hrs
(TC I, pH: 8.0) 1.1. 1.27 Lactate dehydrogenase (Ldh-1,2)

1.1. 1.37 Malate dehydrogenase (Mdh-1,2)

1.1. 1.42 [socitrate dehydrogenase(ldh)

31. 3.1 Acid phosphatase(Aph)

42. 1.3 Aconitase(Aco)
Discontinuous tris citrate 53.1.9 Phosphoglucose isomerase(Pgi-1,2) 250V/3hrs
(Poulik, pH: 8.2) 1.1. 1. 8 Glucosephosphate dehydrogenase (Gpdh)

11. 1.1 Alcohol dehydrogenase(Adh)
Lithium hydroxide 26. 1.1 Glutamate oxaloacetate 300V/3hrs
(LiOH, pH:8.1) transaminase(Got-1,2)

31.1. 1 Esterase (Est-1,2)

34.11.11 Peptidase (Pept-1,2)

General protein (Gp-1,2,3,4,5)

Tris maleic EDTA 1.1. 1.44 6 Phosphogluconate dehydrogenase(6Pgd) 100V/4hrs
(TM, pH: 7.4) 42. 1. 2 Fumerase (Fum-1,2)

1.1. 1.40 Malic enzyme (Me-1,2)

*E. C. No.: Enzyme commision number
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Table 3. The variation of external body proportion among the 18 populations of 3 genera in the family Cobitidae
was compared with the data of Uchida(1939).

HL/SL BD/SL SnL/HL ED/HL CPL/HL IOW/HL CPD/CPL

N. toni
1. Kangnung 222+0.73 14.6+085 363+198 129+136 81.1+468 265+187 629+367
2. Kosung 2251068 129+0.81 46.0+221 156+142 756+508 229+262 56.6+4.24
3. Wolak Mt. 212+082 14.1+1.04 4524195 196+133 7844507 223+195 655+528
4. Kapyong 206+1.08 13.2+091 392+484 158+211 869+747 222+372 562+4.72
5. Jungson 189+263 153+147 371+6.04 182+361 879+11.07 2494377 595+6.49
6. Jinbu 223+3.16 143+1.08 33.7+149 1451086 783+954 199+156 63.8+497
7. Samcheok 20.1+0.75 13.8+1.19 339+254 13.7+158 893+817 218+202 59.7+634

Uchida(1939) 22.1+1.01 152+081 473+228 14.7+239 7844805 219+324 61.1+7.22
L. costata
8 Kosung . 208+132 1781082 2941219 21.6+1745 665+6.79 39.7+10.44 84.0+7.60
9. Pocheon 2164076 186+139 32.1+2.71 1434270 5704539 39.0+3.40 108.7+1564
10. Keoje Isl.  22.7+1.07 165+140 3294216 191+1.09 524+57.7 41.8+391 99.1+12.32
15. Yeonghae 21.2+0.76 169+096 304+2.00 183+130 653+966 36.1+3.19 942+1201
16. Wolsung 21614263 153+157 2871487 163+1.17 672+1261 284+162 121.0+21.22
17. Yangyang 21.94+085 17.6+242 321+223 1524132 6434527 323+3.62 128.4+1450
Uchida(1939) 23.7+1.00 17.7+18 381+12 150+10 633+62 385+25 7991102
N. multifasciata
18. Eusong 13.8+053 132+1.99 41.7+189 1944274 6844591 158+232 80.3+9.68
19. Chungdo 13.8+056 11.1+044 47.7+173 189+1.17 72942122 205+264 883+7.39
20. Sanchong 12.6+059 1194057 380+222 174+105 113441670 17.4+1.05 668+12.82
21. Chungsong 13.2+0.71 123+120 444+291 187+167 792+424 170+155 83.3+8.19
22. Milyang 135+0.75 12.0+3.89 452+198 21.0+1.76 81.0+142 1774129 71.8+1458
Uchida(1939) 13.7+0.7 126+06 452+20 159+11 745475 145+1.1 941+79
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Fig. 1. Plot of the first and second discriminant functions
for the species of the family Cobitidae in Korea. A:
Nemacheilus toni; B: Lefua costata; C: Niwaella multifas-
ciata. Numbers refer to the population numbers listed in
Table 1.
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Table 4. Allele frequencies for polymorphic loci. Alleles coded as letters, with the most anodal one designated as “a”

«

and successively slower alleles as “b”, “c” etc. Numbers in parentheses are frequencies for allleles when a single
Y q g

allele was not fixed. Numbers under each species refer to the collecting localities listed in Table 1.

Nemacheilus toni

Lefua costata

Niwaella  multifasciata

Loci
1 2 3 4 5 6 8 9 10 1 12 18 19 20 21 2
Mdh—1 al50) als0) a a a al92) d(03) di0g e e bl07) al50) a(47) al97) al66) al6d)
e(50) d(.50) di08) e{97) e(92) e(93) d(50) ¢(03) d(03) d(.34) d(36)
d{.50)
Mdh—2 a a a a a a b al05 b b b a(87) a a a a(.91)
b(.95) c.13) c(.09)
Ldh—1 a b a a a a ¢ c c c ¢ a9 a a a a
b(.08)
Ldh-2 a b b b b b ¢ c c c d d d d d
Aph ¢ c c c ¢ c b b b b b(6l}] a a a(.95) a a
c(.39) c{.05)
Idh a a b b b(90} al19) d{9) d d d d  bl50) b{82) b08 ¢ c
d(.10) d(81) e(05) o 50) (18} <¢(92)
Aco b c d d  dl9) d  e97 e e85 el6l) e al05 bLO5) ¢ c c
f(.05) f(.03) f(15)  f(39) b(95) ¢(.87)
d(.08)
Me-1 b b b b b b al05 b b b al18) c[60) (78 c(63) (68 c[55)
b{.95) b(82) d(18) d(10) d(37) d(32) d(45)
e(22) e(12)
Me-2 f43) e(97) (95 d(30) d(72) d(26) d(05) d(30) e e e all0) a(05) ¢ ¢ b{23)
gl57) #03) .05 e(70) e{28) e(59) e(77) (37 b(.10) b{.23) o.77)
gl.10) {13} f(28) o800 o 72)
h(05) gl05) gl.05)
Pept - 1 d ¢ d d d d a a a a a b al05 b b b
b(.95)
Pept =2 odd) ¢ o700 ¢ al23) b(32) €03 f .38} f f bl27) b40) b(37} b(32) b(46)
d(.55) d(.30) b(52) (53} f97) g(.33) c(45) (47 58 «cl5B3) c(4])
c(.25) d(15) h{.29) di28) d(13) d(05) d(15) d(13)
Est—1 ¢ al08) c ¢(.50) ¢ ¢ c ¢ c c c o750 of60) b{55) bl.33) C
b(.82) d(.50) di25) d{40) (42) {67)
d(.03)
Est—-2 e q e e e e d(13) d03) (05 c(17) d(68) a al9) a a a
e(82) e(72) d(45) d{44) e(2]) b(.05)
050 f(25) e(25) e(28) f{11)
f25 fL11)
Gpdh a a a a a a bl08 ¢ ¢ c ¢ d d d d d
c(92)
Adh a a a a a a  bl10) ¢ c ¢ c d d d d d
(.90}
Pgi—1 C b c C c(.97) a(.10) e(95) e e e e(.57) d c(.25)  c(13) (15 d
d(03) b03) f(.05) f(.43) d(75) d(87) d(85)
c(.87)
Pgi—2 b(25) al03) e 13 e e f di45) b(03) d(94) bl.07) g g g g q
e(.500 d(.97) e(.87) f(55) di62) fl06) di93)
f(.25) f1.35)
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Table 4. Continued.

Nemacheilus ton Lefua  costata Niwaella multifoscia
Loci
1 2 3 4 5 6 8 9 10 11 12 18 19 20 21 22
Got—1 a b b b b al.21) e e e e e d d d ¢(.03) d
b(.79) d.9n
Got—2 d b a a a a8l e e e e e e e e e e
o(13)
aGpd b d  b{70) al03) b(62) b(90) bl05 (92 (92 ¢ d e e e e e
d(30) bled) d(38) d(10) c(95) (08 d(08)
d(.33)
Fum-1 b b a a a b b b b b b b b b b b
Fum-2 b b b b b b a8l a a a a b b7 b b
b(.13) c(.28)
c(.03)
d{.03)
Gp-1 a a a a a a a a a a a a a a a a
Gp-2 b b b b b b b b b b b a a a a a
Gp-3 c d c c c c b b b b b a a a al.80) a
b(.20)
Gp-4 a b c c c c e e e e e d d d d d
Gp-5 a a a a a a c ¢ c c c b b b b b
6Pgd h e c(40) (80 c(30) c[53) di70) e cl15) e  d(65) €(92) a(03) b(13) (92 «c(95)
e(60) e(20) e{70) e(47) e{20) e(.85) fl21) d(08) b{10) (79 d(08) d(.05)
f(.10) g(.14) (81) d(.08)
d(81)
e(.03)
2) A N. multifasciata’= 2n = 500] = Z-od A 4| 44,
oldbed 4 C-banding 2] . NORs olamlo  a5H-oiadal 64 —Lel 1642 monoarmed
o] ggk Al B Asl A ZEN b ok 34 3 AAE TAsle] o] A2y el o) ¥
Zo| 7] g4 on =50014ck N.oroni 21 A glAdA9-91 g1Aska Al (Fig. 3d).
ekt AbA A ek 20 = 500) ot 1A Ak
2. 2n = 483} 2n = 500 2 A A ol 4 FAlell B 3) FEH ZABA
Aslo) Aukzk zho|7b A, AMa FAel Al 2k i glelzh Wi E o] geked Atk " F
o) 4 % 2n = 489) 4 Fof| 4 &= 2n =500 wla  Ake] RAlH el (S)(Rogers, 1972)F Tahal
6 2] Chla

monoarmed a4 14| 7rAxle] oz el vh(Table
AEH ol A o] ol A5 o] 2 medch =y EFEF 64 AHurkzke] BA fAdA A= S =

A A 7
oA ek ola A Hole] o)z B o4 0.7159.00 &b7e] S Aukd Al g el Ak
che F Alwksb 3belsb elsteb(Fig. 2). A% 4 Arbgke] ZedAls S =0.9198 %A

L. costata’= 2n = 5002 Aluk7b edAa) 4-2) A dhebsteh 25wk AFAckekol= 5 = 0.652, &
o)} glod o, Eu Mg 24, TN oM 5 Fak LA Abe]E S =0.3912 w g dgn
sl Rbekd ) epd oAy sl 18 o® o A ARkE A% 4 ks S = 0.5530.8 o
Asloda, A 58l A g o] we) Mejel] T Aol & FedIAl & 2 doleh L. costata 574 Frke)
olad A H917F lgol e FHek(Fig. 3b). B A Zolx|is S = 0.852¢91 3L, N. multi-



welAl s wodeh 349 WA fAA melAE
N. toni-L. costata S = 0.216, N. toni-N. multifas-
cata S = 0. 3310]
= 8§ =0.1322 N. roni¢} N. multifasciataz} -2
02 L. costata® vl 7}7bA] heRukclh. Table 6
o] oz & o] &35} dendrogram-&- zH41 3k A 3}
= Fig. 49} zeb, N.otoni2] 739+ #ck7k X}-O]
Al A% ) kel @ group ol

ol a1 N. wmultifasciata - L. costata

A2 ekt w4 Z ko] W 2] group-g ¥ Al &l
A A4 o2 3 group @ o] H e},
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Table 5. Genetic variations of 16 populations of three species of the family
Cobitidae in Korea.

Mean No. of % Polymorphisin Heterozygosity
alleles per per locus Direct Expect
locus(A) (%P) (Hp) (Hg)
N. toni
1. Kangnung 1.18 14.3 0.073 0.072
2. Kosung 1.14 143 0.017 0.015
3. Wolak Mt. 1.14 14.3 0.048 0.053
4. Kapyong 1.21 17.9 0.065 0.071
5. Jungson 1.29 25.0 0.060 0.085
6. Jinbu 1.46 321 0.068 0.119
mean 1.24 19.7 0.055 0.069
L. costata
8. Kosung 1.68 46.4 0.078 0.116
9. Pochon 1.32 214 0.046 0.075
10. Keoje Isl. 1.36 214 0.065 0.100
11. Suwon 1.18 11.1 0.058 0.051
12. Inje 1.32 25.0 0.092 0.089
mean 1.37 251 0.068 0.086
N. muitifasciata
18. Eusong 1.46 35.7 0.116 0.135
19. Chungdo 1.71 429 0.123 0.160
20. Sanchong 1.39 286 0.084 0.103
21. Chungsong 1.32 28.6 0.082 0.096
22. Milyang 1.25 214 0.074 0.084
mean 1.43 31.4 0.096 0.116
Jasciata 570 Rk S =0.882% ch4 2 Aukk 4 Al FY Al S A 2 AdgdT

(Uchida, 1939: Kim -, 1988) A z}2} ci4 z}o)
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Fig. 2. The metaphase spreads and Karyotypes of N. toni. Showing intraindividual variation in chromosome
number and NOR sites (A, B: 2n = 50; C, D: 2n = 48). Boxed chromosome pair was heteromorphic. Arrows in-

dicate NORs.

04%7} 2 T-=lck N multifasciata®] §x 4 \340]
= Hy = 0.096(He = 0.116) 2.2 e} o] §2] F%
44' wo] Ko} cpA =2 zro] ol 0 m (Avise, 1977;
Avise and Selander, 1972), A -Zodz]= e}

of frol] wlall cf4 Fo zloled oo} (Avise, 1976

Kim et al., 1985) 7| 55N 5 of F2] Foda]ohe
Ak gFS B b (Park, 1988). L. costata®] &Y
3of] kgt 2 ol 72| Ao} Lee $(1984), Kim
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Olﬂ Or}«

tonis &b Ak T o] sted o v abgslddel. o) &
alZ2] o, T, £H SR
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(Berg, 1949; Sawada,
1987) epebsielan
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Zlo7 Ho}
1982, Cheng and Zheng,
o Ax w2 ot Fell A% N,
2 dpgarich ge 294
oAl =3 A 9l i%%%?% A Al wko] 38-437H 2.4
Uchida(1939)2] 39-4474 9} $4F519 2 v} Kim%
(1988)¢] 40-467 o}x= vh4 zhof7b gl Al &
& Aol of3); discriminant 73 3} Y oF4L A clo] EF
Pubieah 2bdsl el AT ol4 6 Peks

i
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7159 Ak
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toni] A2l 4 wo| 7} ol % 4l A% of ALk,
N. toni 670 Mrke] 530 Gxd wo) Hy =0

o ubad ol o] 322] -fal & wio]

FRRPEARN S EH Avise and



January 1991 Yang et al. -~ Geographic Variation of Cobitidae 119
A a | AR BR 1‘ 88 aan’
2%t | Aa aa A KN
o3 "ifgv’ fod ~ ha
e a8ASS | AA Aw AN B8 ald oA
‘**’.ﬁz‘} ;3 AR AA 8A Ad Apx A
. » P ;
s ‘t ¢ ¢ o B8 A48 s
C ‘MR N X
k w K
220 | 4R KR YR R8s
LN AS “ AQ R
%;;::R:& ; | @% &Af&g
Py
At AL A4 A3 40 AC
LTy
Fig. 3. The metaphase spreads and karyotypes of L. costata (A, B} and N. muiltifasciata (C, D). Arrows indi-

cate NORs.
Selander, 1972; Avise and Smith, 1974; Buth
and Burr, 1978). 753k 24 vk Aok 55

°l R R S B Sl s B S 2 S R e R

22 AolE L%E}LHD% frad A Fedzl= Aeak
A G Al gk e Ak A2 4 A ek A
A7k S =0.9192 owu Q) o sh0] Arhyh T
o1 (Kim er al., 1985) 5 7zt ol2v} 2451 4
% 47 Aekzke S =0.552, AEak A% 42 7
G2 § = 0. 6528 Ebo] 0] £ ol o 7
. (Kim et al., 1985; Park, 1988; Yang and Min,

ind

1989a) 73k T4 Axke S = 0.39152 Avise
(1976) 7} F4pat efof 3} of 2] £7k =od 2o &l
vhl= e gholslel, ol & v o] 28 4
he AE eI hals] Salsl W Folel of
AA ek N toni o & F- Aol 4 Kim 5 (1988)--
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2 ebAigl
EEEIE XJEP 2n = 5008 o) sl of A A
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2 Kim $(1988)¢] Aaish el 25l

H

L4 Aiwkell A= 2n = 48, 5091 a7 gl A
Aol 4 WA= o] tandem fusion 4= mosaicsi 4F
2] 7}54de]l A= ola, C-banding 3 NORs of
A A5, 4ol olo 155l A4S A dobol
A7 B A 44 dskel QAeky
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ol Abak e 544 7 350] £7 fol
ol /4 Nemacheilinaeo}alof] 43}i= N. fonig} L.
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datas) FAHOZ 1% AN Ao dheprb
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Table 6. Rogers'(1972) genetic similarity coefficients(S) based on allele frequencies of 28 genetic loci
among 16 populations of three species of the family Cobitidae.

2 3 4 5 6 8 9 10 11 12 18 19 20 21 22
Nemacheilus toni
1. Kangnung 391 647 618 635 706 296 .292 228 250 .292 305 .288 .282 288 .330
2. Kosung 569 563 532 546 .135 .179 213 222 217 233 264 289 274 254
3. Wolak Mt. 933 934 928 218 .222 237 .215 .205 .337 .358 .362 .368 .372
4. Kapyong 898 903 .188 .190 .187 .165 .169 351 .387 .374 373 .361
5. Jungson 915 207 .235 218 213 .186 .340 .367 .369 .372 .385
6. Jinbu 229 237 230 .216 201 370 .391 .399 406 .411
Lefua costata
8. Kosung 883 853 .798 .813 .171 171 .104 112 .127
9. Pochon 904 866 .820 .151 .154 .110 .120 .134
10. Keoje Isl. 919 .844 149 .151 .116 .126 .139
11. Suwon 815 131 .138 .109 .118 .136
12. Inje 1135 .137 .113 .120 .135
Niwaella multifasciata
18. Eusung 888 832 843 852
19. Chungdo 850 .849 844
20. Sanchong .869 .938
21. Chungsong 955
22. Milyang
.00 .20 40 .60 .80 1.00 (S)
) . L 1 1 i ]
N. toni
22 2. Kosung
34 63 1. Kangnung
22 3. Wolak Mt.
91 4, Kapyong
———E 5. Jungson
18 6. Jinbu
89 N. multifasciata
.ﬂ: 18. Eusong
19. Chungdo
942 20. Sanchong
] .__rE 21. Chungsong
22. Milyang
84 L. cgst;zta .
- . Kosun,
o2 '8992 10. Pochon
- 11. Keoje Isl.
12. Suwon
13. Inje

Fig. 4. Dendrogram based on Rogers’ (1972) genetic similarity coefficients (S) among 16 populations of three
species of the family Cobitidae in Korea.

Homalopteridae & A} 4-&3led o} gtrhs F3a}  shx o7 Fabo] vhgtm(Nalbant, 1963), Fejad
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Systematic Study on the Fishes of the Family Cobitidae
(Pisces, Cypriniformes) I. Geographic Variation of

Nemacheilus toni, Lefua costata, and Niwaella multifasciata

Suh Yung Yang, Hei Yung Lee, Hong Jun Yang*, and Jae Heup Kim{Department of Biology,
Inha University, Inchon 402-751, Korea; *Department of Biology, Kyongbuk Natl. University,

Taegu 702-701, Korea)

Morphometric, chromosomal, and electrophoretic analyses on 23 populations of three species

(three genera) of the Family Cobitidae (Pisces, Cypriniformes) inhabiting in Korea were per-

formed to investigate the geographic variation and to clarify their systematic relatedness. In

discriminant analysis by 18 morphometric characters, three populations of Nemacheilus toni

(Wolak Mt.) Lefua costata (Keoje Isl.) and Niwaella multifasciata (Sanchong) were seperated from

other populations of each species. The diploid chromosome number of N. multifasciata and L.

costata was same as 2n = 50, and showed no chromosomal variation within speices. But N. toni

revealed geographic variation in diploid number. Two populations (Samcheok and Jinbu) were

2n = 50, but 2n = 48 and 2n = 50 types were observed in all individuals of Kosung population.

Also, Kosung population was different from Samcheok and dJinbu populations in its shape and

site of nuclear organiger region(NOR). Using starch gel electrophoresis of proteins, we examined

the variaton at 28 genetic loci in three species. The degree of genic variation of Chungdo

population of N. multifasciata, was the highest (Hp, = 0.123, Hg = 0.160) among all populations
studied, and the value of N. toni (Kosung population) was the lowest (Hp = 0.017, Hg = 0.015).

The average genetic similarities among the populations in each species of N toni, L. costata and
N. multifasciata were 5 = 919, § = 852, and S = .882 respectively. Genetically three geog-

raphical groups (Kosung, Kangnung and the rest of the populations) in N. toni were recognized

on the specific level. N. toni and N. multifasciata are more similar genetically than these two

species to Lefua costata.



