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ABSTRACT

Morphometric, band-pattern and electrophoretic analysis on Cobitis taenia complex
were performed to investigate the morphological and genetic differentiation and to
clarify their taxonomic status. Intermediate types of band-pattern (C and D type) were
more frequently expressed than that of typical types of C. t. taenia (type A) and C. t.
lutheri (type B). Sexual dimorphism of band-pattern was observed not only in C. t.
lutheri but also in C. t. taenia and C. t. striata as well. Discriminant function analysis
based on 19 morphological characters shows no significant differences among C.
taenia complex. The degree of genic variation of C. t. striata was higher (A=1.48,
P=31.2%, Hp=0.082 and Hg=0.009) than those of C. t. lutheri (A=1.43, P=27.0%,
Hp=0.066 and Hg=0.079) and C. t. taenia (A=1.37, P=24.7%, Hp=0.058 and
Hg=0.065). The average genetic similarities between C. t. taenia-C. t. lutheri and C.
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t. taenia-C. t. striata were S=0.62 and $=0.66 respectively and these values indicate
that C. t. taenia has evolved specific level of differentiation. C. t. striata and C. t.
lutheri show subspecfic level of close genetic similarity (§=O.82). Based on the
divergent time estimate (Nei, 1975) it is assumed that C. t. taenia was branched off
from the other subspecies about two million years before present (MYBP) and C. t.
striata and C. t. lutheri were differentiated about 0.6 MYBP. The use of C. sinensis
as the scientific name for the Korean C. t. taenia, proposed by Kim and Lee (1988)
seems incorrect since they are quite different in the structure of lamina circularis
(Vladycov, 1935), the external morphology and distribution (Cheng and Zheng, 1987)
and the chromosome number (Yu et al., 1989). Kim and Lee (1988) also argued that
C. t. striata and C. t. lutheri should be treated as distinct species but the present study
and other reports (Kim and Lee, 1984; Kim and Yang, 1993) do not support it. We
conclude that C. t. taenia is a good species and C. t. striata and C. t. lutheri are
subspecific status. Their scientific names should be revised in the future.

Key words: Taxonomy, Cobitis taenia, Sexual dimorphism, Morphology,
Electrophoresis
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B2 7122/ (family Cobitidae) 71 5%/ (genus Cobitis) ©1F& ASFHEL T3
o] FlEA =) 7R E@ete AW T2, 2 XH EXE J|ELE dAA 8F H
olzo] BaraEo Y (Kim, 1980: Kim and Jeong, 1987: Kim and Lee, 1988:
Yang et al., 1989). AZwrEe A HH¥ (spotted type), FWE (stripe type) 3 FHd
(crossband type)?l 37z Udzn, dI¥s Fdd &&= C. taenia complex® A& H
o wZ #ZHE depe] xjo)F EFEH EA ) C. taenia taenia Linne(V1&F
M), C. t. striata Tkeda(EFZ7) 2 C. t. lutheri Rendahl(ZE3F/M)9 3 o}Fo2 £/
Hch(Kim, 1980). 22iu Cobitis & 179 F8 BFIAE AHSEE ASNES 2
Tz Fedolrl Mg thdsld F FEO B IS /BT (Vladycov, 1935 Ikeda,
1936: Aizawa. 1981: Kim et al., 1991). 2 Kim¥ Jeong(1987)& =4t C. t.
taenia® AMZ=¥E el §84 C. taenia®e VA ztol7b vt =4 C. sinensis
Sauvage and Dabryiste fAtsltia &9 34 C. sinensis® synonymelzt F33 ut
9 Kim¥ Lee(1988)E olEoz EBH3YW C. t. lutheri®t C. t. striata Utlle AZ
BHE Wolo] Qlo] C. t. Jutheri® AFold@Ao] Yehht C. t. striatas &F3t WEate]
7 YehA] = e ztoldnt FuskA, FAvte] 7259 xolE Eol C t. lutheri%t
C. t. striata® 38 ¥Zoz HFsAHKim and Lee, 1988). 2=y A 5(1992)2
C. taenia 3°}&7 Ef3dd g3 227 Wol 2 §14 SR B FFAL d771
€ b} glo] Fgld EANS e m, on Bund B A7 Arel gL ot e A
=4 C. taenia complex® 301%F& Z7] 5y ¥Foz ERste ve EAd 3
A Ast ol ol e WL HEYL aF7EThn 3t

E Q7o HdE Kim(1980)2) £% 2 BXAAS 7IF2o2 s C. taenia complex 3 °}F

do @i >
o £ o%
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A AZlGEHel 9@ BALL BAL 44 7 ol
=]

AFARE 1982d 7¢€ 11¥ FE 19913 64 6¢ Aol Kim(1980)¢ % 2 EZAA %t
Jeon(1983)e] A2 BEE 71Foz 7 olFg ¥F. AFsAt. C. taenia complex T
g2 AdE AWEL O t. taenia, $FF MFAM AR £92 C. t. striata, L
A3 AAF A% FEt 49 2 Mt #9 shde A9 C. t. lutheri® FE3t C.
t. taenia 1170 A, C. t. striata 670 IS, C. t. lutheri 57} J&F F 2270 Fa& o
Hoz E(FE 5x5 mm), ZHCEFE 3x3 mm) 2 A7IFA71(300V)E AH&atd A
At (Table 1). ¥ =%dX C. taenia complex ¢ gHi&-& Held Kim(1980)9 &2
AE wsict.

P 2A L 98 MAE 10% formalin &4 23§ F 70% alcoholel EBSHHUT7 £
e ArNslgen, EAFoE datthdtn By TR EEIAY. ASFAL Hubbs
s} Lagler(1964)9) Hhdol wWat Yang 5(1989)% o] ol 472 1h #9& At 5
Ao e 197 Fej=HulE F3ted SPSS program(Nie et al., 1975)% ©|& & &4
B4 (discriminant function analysis)& QAT ZF o}Fe &4z ASHE] I 4
Holg8H A (sexual dimorphism)e oS A7) $std RAZHAAN AFHAE C.
taenia 3°t&¢) Tk MEHS grixz FREL(Fig. 1) A& A9 BMEY NzE 4
3t

=954 AL Selander S(1971) 2 Yang 5(1989)2] ®idl we} 43 A
W (horizontal starch gel electrophoresis: HSGE)& AAlstdth A7|dEe=2
A 2D HEAA gwRe] 259 buffer systeme Table 29 2th. 24 & 2 J
& o] g3sle] BIOSYS-1 program (Swofford and Selander, 1981)2.8 3zt
t9.0m olm computer:s IBM PC 2% 71%& AMgsict. #4& 2 F 32 e /34
% (allele frequency). FrAAY FadRABAAE(A), FHEYUE(% polymorphism, P) &
FAASAAN 2H BAY ol FHFA M (heterozygosity, Hp)eh FradaAlsel o3 o|g3
Ak 71U BME(H)E Fated Je 2 F209 /A4 Welg ARG, 4 e R T F#
AH ZABAE §34 WEE B2 st Rogers(1972)2 #47 2AA(S)e Nei(1972)9
FAA o)A (D)E FatArh. EF 7} o}Fe] B A& Nei(1975)9) F2l sttt

2 o

x

gl

N
of

|

™

U,

px|

S|
E
A

el

2L 2o o

tlo %o rok
w2 of

Al

ol
2 o

T

2 1

C. taenia 3 o}&<) ¥R Wolq (Fig. 1)E 71Fo2 7} o}F9] o3t HHF8F &
WEWolE zA}E A= Table 37 2t Fig. 19 A ¥ Kim(1980) o] Eudt A&EZ<
C. t. taenia® ¥Wedo|m BE C. t. lutheri ¢RI JAe|Fol W77l A F7e] NEF
2 Uchida(1939) 2 Kim(1980)c] Bxng HLdd sigste vtEgelrt F typed FHE S
2 C t. striata® APAHA MEFPoln, He WHA7d Uehdes C. t. lutheri $3H 9 v
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Table 1. Collection localities, dates and number of specimens of the 3 subspecies for the analyses of band-pattern
on body side, external morphology, and electrophoresis. Letters under the number of specimens represent band-

pattern (B), morphometric (M) and electrophoresis (E).

Number of
Collection locality Date specimen for
B M E

C. t. taenia

1. Munkyong: Kyongsangbuk-do,Mukyong-gun,Munkyong-eup 18, Jul. 1988 43 - -

2. Kyongjoo: Kyongsangbuk-do,Kyongjoo-city 17, Jul. 1988 65 - 20

3. Hapchon: Kyongsangnam-do,Hapchon-gun,Hapchon-eup 26, Jul. 1986 58 48 20

4. Daeyang: Kyongsangnam-do,Hapchon-gun,Daeyang-myon 26, Jul. 1985 40 - -

5. Sangjoo A: Kyongsangbuk-do,Sangjoo-gun,Konggum-myon 19, Jul. 1988 64 23 10

6. Sangjoo B: Kyongsangbuk-do,Sangjoo-gun,Konggum-myon 17, Jun 1988 27 - -

7. Naeso: Kyongsangbuk-do,Sangjoo-gun,Naeso-myon 17, Jun 1985 20 - 10

8. Sanchong: Kyongsangnam-do,Sanchong-gun,Sindeung-myon 26, Jul. 1988 126 79 20

9. Chungsong: Kyongsangbuk-do,Chungsong-gun,Wolmak-myon 19, Jul. 1988 12 - 20
10. Andong: Kyongsangbuk-do,Andong-gun,lljik-myon 19, Jul. 1988 26 - -
11. Jinyang: Kyongsangnam-do,Hanam-gun,Jinyang-myon 11, Jul. 1982 15 - -
C. t. striata
12. Hadong: Kyongsangnam-do,Hadong-gun,Hwagae-myon 11, Jul. 1985 133 49 20
13. Bibong: Kyongsangnam-do,Sachon-gun,Sachon-myon 12, Jul. 1985 26 - 20
14. Chongeup: Chollabuk-do,Chongeup-gun,Sannae-myon 6, Jun 1991 17 - 18
15. Sachon: Kyongsangnam-do,Sachon-gun 25, Jul. 1985 42 37 20
16. Jinan: Chollabuk-do,Jinan-gun,Maryeong-myon 14, Jun 1984 8 - -
17. Imsil: Chollabuk-do,Imsil-gun,Sinpyeong-myon 15, Jun 1984 34 34 20
C. t. lutheri
18. Seungjoo A: Chollanam-do,Seungjoo-gun,Sangsa-myon 30, Jul. 1985 62 - 20
19. Seungjoo B: Chollanam-do,Seungjoo-gun,Sangsa-myon 20, Sep. 1985 45 86 -
20. Nonsan: Choongchungnam-do,Nonsan-gun,Chaewoon-myon 24, Jun, 1985 35 34 20
21. Haenam: Chollanam-do,Haenam-gun,Samsan-myon 28, Jul. 1985 19 - 20
22. Wanjoo: Chollabuk-do,Wanjoo-gun,Kosan-myon 10, Sep. 1985 29 26 -
23. Changheung: Chollanam-do,Changheung-gun,Changheung-eup 26, Apr. 1985 - - 20
Z3o|t}. X3 C.D.E type2 C. t. taenia B C. t. Jutheri®l AA- N Bo] &3l
FEHe wEgo2A, Co % crossband A1¥ 2 A3HL wbygo] B4 AAIFuH S
Bt De Aige] A9 AZA=H] FAF oz vehhd A3ES AP Z Folle 4ol
. Ee Al19s) F9vs A3dd $AanE FA0E FUE HHoR Qe A9E v
Ll
Z 2270 A HMINAE I 4FE 1 v ENEE B, E43dH(Table 3).

Az zpolzh Atk C. t. taenia YA M E EF 671419

. t. taenia © ¢F WEY
27189 C.D typed HIZ=& 75%(230 /1) E mj$ =& ¥l

=}
t}. 30}FF C. t. taenia 1170 A, C. t. striata 670 A%k, C. t. lutheri 5/ AE 5
F3o] RN EH, o &

=



155

R g A2

Fig. 1. Variations of band-pattern types on the body side of three subspecies of the C. taenia from Korea
£ Bgoy =

DGUVEA A typel o|HTH e 22%(67HA) 2 Lrekich.
F type® L2=HA2Y 0.98% B2 Q=7 “H e golty (. t. taenia TARL
gted tha Wolzt Asled 771x] 9] wHEge] EdsH e A AL BE

W

=3 208 F
2 43 H|
ol A type 190714



156

o

nEEEFEX 9(2), 1993 12, 1.

Table 2. Buffer systems and enzymes for the analysis of horizontal starch gelelectrophoresis.

Buffer system  E.C. No* Enzyme Condition
TCI 1.1.1.37 Malate dehydrogenase (Mdh-1,2) 100V/3 hrs
(pH 8.0) 1.1.1.27 Lactate dehydrogenase (Ldh-1,2)

1.1.1.42 Isocitrate dehydrogenase (Idh)

1.4.1.2 Glucose dehydrogenase(Gdh)

2.7.51 Phosphoglucomutase (Pgm)

53.1.8 Mannose phosphate isomerase (Mpi)

1.1.1.8 Glycerol-3-phosphate dehydrogenase (aGpd)
LiOH N.S* Esterase (Est-1,2) 300V/3 hrs
(pH 8.1)
Poulik 5.3.1.9 Phosphoglucose isomerase (Pgi-1,2) 250V/2.5 hrs
(pH 8.2) 1.1.1.1 Alcohol dehydrogenase (Adh-1,2)

N. S. General protein (Gp-2,3,4)
™ 26.1.1 Glutamate oxaloacetate transaminase(Got-1,2) 100V/5 hrs
(pH 7.4) 1.1.1.43 6Phosphogluconate dehydrogenase (6Pgd)

4.2.1.2 Fumarate dehydrogenase (Fum-1,2)

1.1.1.49 Glucose-6-phosphate dehydrogenase (G6Pdh)

1.9.3.1. Indophenol oxidase {Ipo)

* E.C. No.: Enzyme commission number
**N.S.: Non specific

F 120AZ AA #39 6.3% 233 ¥t 238U C,D.E typed 957/MAR 50%5 X
e} A FAANME FREQA F,.G H type HEIE 847MAE 43.7%9 £ 2INEE B
olH 4FM F type To] 0.98%9 #& HIEE B Axge Z o)zt Ak

C. t. striata®l %€ AQo] F. .G H typed] Fd3o s SHsIn low v
A AFE EAR MM]J 1 D typed] FEHE Bolx ATt ¢ HEF =S AHEH A
A G- 105704 3 9970AI(94%)7F C. t. striata®) AEZ2l Wi o2 BRuE F typed &l

Feled Z 7] 9] w -F:‘——Er?‘JJr 2 dAstz k. a2y 79 A$ T typeol 15.1%(2470
#A)Q WHA C. t. lutheri 719 ¥W27] ¥HEEAJ] H typeol 40.3%(64704)E sl F
o} Hel 3089 G type® 42.1%(677/MA) ] NER 2d3ste &4t Ry xtolg BHY

o Fed=s 7} F=Z zelE H A oM AHE MAEERA EAHAME F type
o] °F 95%, FH A= H typeol & 59% 43w o] FEEHIJUCE

L2, ﬂl%‘i%ﬁ’l Aoy el & &uA C ¢ ]uthen«] AF 4FHdM= C, D type©l
F8 RrEgoz AA9 84.5%87MANE A5 aAe HAEFAH] wEFJ HEF B
typee AAQ 13.6% (14704 B3}, %L?ﬁﬁﬂ’ﬂ ZUg e MAlE G type 1 ZRAITHo]
AR, FAY A4e SA vE o wrEYe] 23 enl AL (B type)S £
470AQ ¥k F248<QA C, D. E typed 57MA=Z AA2 67.8%. 2811 W79 7 54

A FHE H typed AAe 26%5 AAste G533 wEY WE AFol7h Yebgt. 22y C
t. lutheri IAE &+ Ts] FTUHE HEFZA 5 F typeol ZHA7F 3 2A=A] @it
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Table 3. Frequency distribution of band-pattern types in each populations within 3 subspecies of C. taenia.
. SPOT INTERMEDIATE STRIPE
Populations N
A B C D E F G H
C. t. taenia
female
1. Moonkyong 30 1 26 2 1
2. Kyongjoo 26 2 5 19
3. Hapchon 25 4 1 5 13
4. Daeyang 40 5 4 29 2
5. Sangjoo A 16 1 11 4
6. Sangjoo B 39 19 7 13
7. Eunwon 17 8 6 3
8. Sanchong 87 25 21 41
9. Chongsong 7 1 6
10. Andong 11 2 2 7
11. Jinyang 7 1 1 5
male
1. Moonkyong 13 1 4 6 2
2. Kyongjoo 39 4 9 5 14 6
3. Hapchon 33 1 6 1 16 9
4. Daeyang -
5. Sangjoo A 11 1 3 5 2
6. Sangjoo B 25 4 1 12 6 2
7. Eunwon 3 1 2
8. Sanchong 39 5 9 10 6 7 2
9. Chongsong 5 1 3 1
10. Andong 15 5 10
11. Jinyang 8 1 1 6
C. t. striata
female
12. Hadong 38 36 2
13. Bipong 10 1 7 2
14. Maejookri 10 10
15. Sachon 30 29 1
16. Jinan 3 3
17. Imsil 14 14
male
12. Hadong 95 9 30 56
13. Bipong 16 2 10 q
14. Maejookri 7 2 5
15. Sachon 12 5 7
16. Jinan 5 1 2 2
17. Imsil 20 5 13 2
C. t. lutheri
female
18. lIsachon A 25 2 22 1
19. IsachonB 32 3 3 26
20. Nonsan 19 1 8 5 5
21. Haenam 15 3 11 1
22. Wanjoo 12 7 5
male
18. Isachon A 20 18 1 1
19. Isachon B 30 3 21 2 1 3
20. Nonsan 16 1 15
21. Haenam 4 4
22.  Wanjoo 17 4 5 6 1 1
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Fig. 2. Histogram of the frequency differences of band-pattern type between male and female within each

subspecies.
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Table 3 9lM Hi uie} o] 3o0}F& TF F7)A FA
A A &% C. t. taenia®t C. t. lutherie . C. D type
o] g wEY oz Vel C. t. taenia FAL C. t. striata 2 C. t. Iutheri®t X5
= MRS ¥3ee Yo WHolZE yehlin 3 olF REF AHo|FA e Aol FRIA.
Table 3 olA @iz wrEulzd W3 A#E FE2 =483 A(Fig. 2)dAE 7 o}F vt

23 glo] ¢t F8lE ARo|F @A ARAN D, 53] C. t. striata®t C. t. lutheri
FANA L EE LS AR FE) gFle MEYE 0}2‘1 Ag] ZE o] glol EEU.

2) 2SR HElEA

C. taenia 3 o1& ASVES A3 SFFH] JHo|FAY 78 Lotiur FHEA
S ANEAY. ASEHe] A7 488" 2270 F9F C. t. taenia 3/ FE(3. 5. 8). C.
t. striata 3MPD(12, 15, 17), B C. t. lutheri 37AF (19, 20, 22)5 978 < 416 7}
Ag WAooz ARIuF AFE TR 110 BAE SHstx 19709 Fef ZGu| & Fapo] 3

61 b
3_
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Fig. 3. Plots of the first and second discriminant functions for 6 populations of C. t. taenia {a, CTT), 6
populations of C. t. striata (b, CTS), 6 populations of C. t. lutheri (c, CTL) and all populations (d). M: male, F:

female.
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Table 4. Four of 19 body proportions showed differences among 18 populati~s of 3 subspecies of C. taenia.

Values represent the mean + SD.

Population N Sex CPD/HL SL/CPD SL/HL OD/BD
C. t. taenia
3. Hapchon 21 fernale 41 +.023 1143 + .644 466 +.158 3.69 +.194
27 male 44 + 023 10.64 + 476 4.67 = 117 3.54 = .194
5. Sangjoo A 14 female .39 = .027 11.78 + .688 457 +.179 3.88 +.218
9 male .39 +.026 11.70 = 596 4.59 + 235 3.92 + .166
8. Sanchong 67 female 47 £ .024 10.79 + 465 504 + .186 3.42 = .207
12 male A48 = .025 10.25 + 681 491 + .226 3.28 +.191
C. t. striata
12. Hadong 10 fernale 44 + 018 11.19 + .502 458 + .939 3.42 + 287
39 male 45 + .023 10.38 = .647 4.68 +.162 3.47 + 198
15. Sachon 27 female .51 =+ .028 9.97 + 502 504 + .160 3.28 + 171
10 male .51 +.020 9.42 + 448 4.09 = .329 3.17 £ .146
17. Imsil 18 female 43 + .036 11.27 + .855 4.89 + .188 3.48 + .305
16 male 46 + .027 10.47 + .684 483 +.184 3.40 = .190
C. t. lutheri
19. Seungjoo 47 female 41 = .036 11.30 + .882 462 +.175 3.73 = .245
39 male 41 +.028 11.00 = .848 452 = 174 3.68 £ .302
20. Nonsan 18 female .45 + 029 10.54 + .638 4.77 + .685 3.07 = .262
16 male 46 + .023 9.87 +.339 4.58 + 408 3.26 + .151
22. Wanjoo 10 female .45 +.029 10.49 + 486 4.65 = .207 3.57 + .158
16 male 44 x 036 10.17 + .629 445 + 198 342 + 271

BHEY FA2 AgstATh A FHB]E ol &8le] SPSS programd] 93 mEEA
(discriminant function analysis)& A3k 197] €2 & dFE2e AL o}F 4
At #olE & 4 ot CPD/HL, SL/CPD, SL/HL 2@ OD/BD%& 3 o} 33 g
b Wo|7b AatitH(Table 4). 1970 e 8|S )43 JAadI LY A (Fig. 3) 4 NI
AM gz E2lE C. t. taenia 670 AH(Fig. 3a), C. t. striata 67 A= (Fig. 3b),
R C. t. lutheri 670 I (Fig. 3c)%5 1878 JNAEL 5l 3w o) 23 7z} o}F9
- AAlE B A QAT =3 7 ol AGEES dF FERIC] 301F A S A
A AT Aoz 25 F85 0] ofFzte] ole B £ AH(Fig. 3d). FeEA
A AGE AAE Alele] FAAL L 2ANE 2 A3 (Table 5), 7HAE2] Feio]s} uf
T+ OgFstd B A9 52 Elold v AR deyder FEF o YElth. Table 5
oA B <t

2
op
5}
—_
o0

€ Hbs} 2ol HAAE C. t. taenia FHRADR(3) AR A% 49%9 AAE C. t.
striata 3 C. t. lutheri WAEZ Fela FANE BHolm, B A9 NAEo] ofFe T
Fglo] F244E& vehlle e ®lols BAG. E0)3 A2 Aol o] Felg Heg B
a5l e C. t. lutheri®] AAdel7t 713 Aol Jwtzt ged FAAZA A € o}F 7KhA)
EF FEH= Afe DAY 20%2 C. t. striata®l 25%. C. t. taenia®l 23%°) vl3] 2L



iy

QAT s AL Cobitis taenia complex?] &&aty Ta 161

ajn

Table 5. Frequencies of grouped cases with related populations from actual populations within each subspecies of
the C. taenia complex. Numbers refer to the collection localities listed in Table 1. F (female) and M (male)

represent sex of each group.

C. t. taenia C. t. striata C. t. lutheri

Population 3 5 8 12 15 17 19 20 22

FM FM FMFM FM FMFM FM FM

3. Hapchon F.(21) .57 .05 .05 .05 .09 .10 .09
Hapchon M.(27) .07 44 22 .15 .04 .04 .04
5. Sangjoo F.(14) .07 .79 .07 .07
Sangjoo M.( 9) .56 .11 22 .11
8. Sanchong F (67) .02 .02 .02 .62 .13 .02 .03 .08 .02 .03
Sanchong M (12) 08 .58 08 .08 .08
12. Hadong F.(10) .40 .10 .30 .10
Hadong M.(39) .15 .64 .03 .08 .03 .08
15. Sachon F.(27) .04 .07 .85 .04
Sachon M.(10) .20 .80 10
17. Imsil F.(16) .06 .13 .06 .13 44 .13
Imsil M.(18) .06 06 .11 .17 .06 .06 .22 .06 11 .06 .06
19. Seungjoo F.(47) 17 .04 .19 .30 .19 .02 .06
Seungjoo M.(39) .08 .10 .03 .10 .56 .10 .03
20. Nonsan F.(18) .06 .89 .06
Nonsan M.(16) .06 .06 81 .06
22. Wanjoo F.(10) .10 .10 .10 .60 .10
Wanjoo M.(16) .06 .06 .13.75
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UrEM] MAE 22.2%9 E3&A
2 ‘?‘1017} 7}7‘} A %}‘?_}% C. t. lutheri %_:ﬂ-g] A NAER 88%2 A nHAAE
80%01 4% Hole A$E C. ¢
striata AFA(15) 242a3} ¢ ¢, Jutheri =4H23) 4537 5 40 Aol E35 50%
7

olste] QAHE mel Weol T ATl glo] FHEH AT 7 okF % Yy A5 T

3) SHEAEN

3 0}5 1570 Aol A 2887HAE A7|GEsd 16709 &4 R wlAaY 9 é_‘oﬂ’\i
25709l GRS AZstn FoE AP MES 7Y ZoE Table 6 & 2rh F 257) #%
A% Adh-1, Adh-2. Gp-2. Gp-3. Ldh-2 % I\/Idh—25 671 FAA(24%)E 1570 H&
T =23 hgUAE "ozt A gldoy v A 1978 Fazs ‘”017} AT,

Est-1. Got-2, G-6-Pdh, 6Pgd-1, Pgi-1 2 Pgi-2 % 67/ #+3dx(24%)= 470 ]J«]
RS 7AH g WolE Uelith. C. t. taenia FTEH Ef F obFS dHC

Pﬂr

—1—’
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Hextol7b AA Vel Est-2, Fum-1, Ipo 2 6Pgd-29] 47) 44716 %)= A= o& o
HArke 2%l en FE(Gp-22=0.05, Pgi-I® = 0.03)9] C. t. lutheri A9HS A9
s apol7h FRSIATE Wol7l Be Est-13 Idhe) SAANE C. t. taeniadh B So}E A}
oldle tHEAAY] W% Ro)7t Btk Got-2% C. t. taenia® C. t. striata Atold] @ el
2 NE7t FAR o C. t. lutheriol A #bol7d Yehte ¥ 6Pgd-1e C. t. straiata’}
C. t. taenia R C. t. lutheri® HBAA} BIE po|7} ATt 2z o}y AEzt SHAg W
ol C. t. taenia Bt} C. t. striata®t C. t. lutheriolx Bo] wASe]. O t. taenia
€ Est-1. Mdh-1 ¥ Pgi-1 59 #3AAA & §3x4 Boh e §AF #olzt slgion
Est-1& Astie ZE fAANN TE APARAE FHatdct. 38, C t. lutheridldE
Got-1, Got-2, G-6-Pdh, Ldh-1, Pgi-1 ¥ Pgm 5 67/] $32H(24%)A Wol7} 2gton
3t Wo] 2oz} A3tA T}

7t olFel Mo HAF WolFE(Table )& HImst® C. t. taenia’l A=1.37, P=
24.7%, Hp=0.058, ¥ Hg=0.0652 2 ¥o] A%s} 744 R}, C. t. striata’t A=
1.48, P=31.2%, Hp=0.082. @ Hy=0.099. C. t. lutherit A=1.43, P=27.0%.
Hp=0.066, 2 Hy=0.07984 30l% FolME C. t. striata® 82 HolA%s} 714 3
o 3ok 1570 Fde BT fHA ¥l yxe A=1.42, P=27.5%. Hp=0.072, %
Hg=0.0802.2 B o|F H# 4473 WolA g FAIATH(Selander, 1976).

Table 62 HPAA HIEE o] &3] Rogers(1972)9 #47F ZAX S 13 A3 Table 8
7 o] 4F(5)ek WA ()9 C. t. taenia WHo] S=0.9712 §A= 2A#A7} 71gA et
wor 3F(2)9] C. t. taenia ADT $3(18)9) C. t. lutheri Aol S=0.5562.2 713
At 30tFe] IV FF 2AXNE C. t. taenia 67) Feo] FF S=0.959(0.934-0.971)
2 7V Jbe WA, C. t. striata 571 ¥Ee FF S$=0.926(0.913-0.952), C. ¢.
lutheri 47} YL BF S=0.850(0.796-0.915) 2.2 Ueh} C. t. Jutheri® AWt 2Ax)
7b 73 @kt C. t. striatast C. t. lutheri % o}& Alole) et BF Z2AAE S=
0.826(0.790-0.850)1 W¥H  C. t. taenia®t C. t. striata @ C. t. taenia®} C. t.
lutheri Atelel A9zt HF 2ANe 242 S=0.656(0.612-0.691)3F S=0.620(0.556-
0.664)22 el C. t. striatast C. t. lutheri Alole] ZAX7} C t. taenia® T o}=
ZHe] FAA 2AAd vE] GAEA A AE & F U C. t. taenia®t C. t.
striata®] o}V IR W A E B FET AD 2AX G fAVE C ot Iutheri
o] A TAAE Avise(1976)7F Hug FLFU A 294 Eoe tha wsten O ¢,
taenia®} C. t. striata 2 C. t. lutheri?] B# F3A 2AAE Avise(1976)7} Bud
ARl ol fF B HFREEF 7 {37 2AX 9 fAEIE T

Table 89 S #< EdlZ 3 o}F 157 Fwte 4d@A Bl UPGMA #Wioz
dendrograme A § A Fig. 4ol4 BE niel Zo] 1570 W@ S=0.6494 C. t.
taenia 671 ¥2F € FolF 9/ Aoz AA 2 grouple® WU¥o e C. t. striatash
C. t. lutherit $=0.82914 FEHAYG. a8jv +43 ZARANA C. t. lutherid =4t
# Agdde Y oW oF 2 AFHG B} O t. striata FGEFH XA ZADA 7}
7WhE Rog Yebged ol Got-2 2 Pgi-1 ¢Ae] digda 744 oo 71908 R
o2 FZEvh EF Table 59 Nei(1972)9 #HA 2ol ZF o] &3 2z} olFe] Bzl
(Nei, 1975) 4+&Z23 C. t. taenia® B FolE3 A4 A 4719 AN &7 &dsis
ok 200%hd Ao BaER R, C. ¢ striata® C. t. lutherie TAA 7] ok 607hd A
239 Aoz A& Ut

ol
3R
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lable 6. Allele frequencies obtained from 15 populations of 3 subspecies of Cobitis taenia

ipecies name refer to the collection localities listed in Table 1.
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. Numbers under the

Species C. t. taenia C. t. striata C. t. lutheri
Pop.

Locus 2 3 5 7 8 9 12 13 14 15 17 18 20 21 23
Adh-1 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Adh-2 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Est-1 a 375 118 .083 .125 .225 .025

b .300 .400 156 .026 .200 .550 .735 .750 .575 .750 1.000 .975 1.000 1.000
c 625 525 900 .688 .789 .700 .025
d .050 .050 184 075 .075 .147 .167 .275 .025
e 075 .025 .050 .156 .025
Est-2 a .075
b 1.000 1.000 1.000 1.000 1.000 1.000
c 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .900 1.000
d .025
Fum-1 a 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 .800 1.000 1.000 1.000
c .200
Fum-2 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .605 1.000 1.000 1.000
b 395
Gdh a .075
.050 075
c 1.000 1.000 1.000 .95 1.000 1.000 1.000 1.000 1.000 .850 1.000 1.000 1.000 1.000 1.000
Got-1 a .075 .025
975 1.000 1.000 1.000 1.000 1.000 950 .925 1.000 975 975 .825 .975 .225 .975
c .025 .050 .025 025 175 .025 .175 .025
Got-2 a 275 125 .100 .075 .050 .300 .150 .400 556 .225 .026 .050
b .053 .950
c 725 1.000 875 .900 925 .950 .700 .850 .600 .444 .775 .105 775
d 816 1.000
Gp-2 a 1.000 1.000 1.000 1.000 1.000 1.000 .050
b 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .950
Gp-3 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Gp-4 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
aGpd a .087 .075 125
b 1.000 .913 1.000 1.000 1.000 925 1.000 1.000 1.000 .875 1.000 1.000 1.000 1.000 .950
c 050
G6Pdh .075 .050
.025
c 400 917 .050 .050 025
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Table 6. Continued
Species C. t. taenia C. t. striata C. t. lutheri
Pop.
Locus 2 3 5 7 8 9 12 13 14 15 17 18 20 21 23
d 1.000 .975 1.000 1.000 1.000 1.000 .850 .525 .083 .750 .950 .575 1.000 1.000 .925
e .025 .075 .200 .050
f 425
Idh a 1.000 975 .900 .900 1.000 .725 .875 .225 639 .850 .425 .275 050 .375
.025 100 .100 275 125 775 .361 150 575 .725 1.000 .950 .600
c .050 .025
Ipo a 1.000 1.000 1.000 1.000 1.000 1.000
b 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Ldh-1 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .875 1.000 1.000 1.000 .275 1.000 1.000 .125
b 125 725 .875
Ldh-2 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Mdh-1 a 425 .025 .025 .025
5675 .975 1.000 .975 1.000 1.000 1.000 1.000 .975 1.000 1.000 1.000 1.000 1.000 1.000
Mdh-2 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Mpi a 1.000 1.000 1.000 1.000 1.000 1.000
875 975 944 950 875 975 .850 .925 .900
c 125 025 056 .050 .125 .025 .150 .075 .100
6Pgd a 125 075 111 025 .025
b 150 175 .200 .075 150 750 .750 .889 500 .975 075 125
c .025
d .850 .825 .800 .900 1.000 .850 .125 .175 .500 925 1.000 900 .825
e .075 .025
f .025
Pgi-1 a .050
b .050 .200 100 .100
c 025 .050 .025
d 975 900 .800 .925 900 .900 025
e .100 1.000 1.000 .200
f 900 1.000 1.000 1.000 1.000 1.000 775
Pgi-2 a 275 025 056 .125 .250 .025
b 400 .075 .150 .050 .100 .200 150
c 600 925 .850 950 .900 .800 .725 975 .944 875 .750 1.000 1.000 .850 .975
Pgm a .100 .075 .025
b 1.000 1.000 .900 .925 1.000 1.000 1.000 1.000 1.000 .950 1.000 .575 1.000 .975 .600
c .050 425 400
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Table 7. The genic variations among 15 populations of 3 subspecies of C. taenia.

Sample Mean No. Percentage Mean heterozygosity
Population size per of alleles of loci
locus per locus polymorphic Direct Expected
N) A) % P) {Hp) (Hg)
C. t. taenia
2. Kyongjoo 20 1.3 20.0 .086 .089
3. Hapchon 20 15 28.0 .067 .070
5. Sangjoo A 10 1.3 28.0 .048 .061
7. Naeso 20 15 32.0 .055 .060
8. Sanchong 20 1.2 12.0 .021 .028
9. Chungsong 20 14 28.0 .070 .079
average 1.37 24.7 .058 .065
C. t. striata
12. Hadong 20 1.5 36.0 100 110
13. Bibong 20 1.6 28.0 .076 .104
14. Chongeub 18 1.3 28.0 .064 .077
15. Sachon 20 1.6 40.0 108 .126
17. Imsil 20 1.4 24.0 .064 .080
average 1.48 31.2 .082 .099
C. t. lutheri
18. Seungjoo A 20 1.5 36.0 .087 135
20. Nonsan 20 1.2 8.0 .020 .018
21. Haenam 20 1.4 28.0 .054 .064
23. Changheung 20 1.6 36.0 .102 .099
average 143 27.0 .066 .079
o
7122704 (genus Cobitis) A1FE Fe|H Wol7} v §- st ERIHOE =& BY
Ha Age Adz Fo 747t 24d dAY R A9 FF ﬂ?iulr(lkeda,1936'
Nalbant,1963). Vladycov(1935) ¢ Ikeda(1936)& 71&%/M& o7 #3 7tsA =20
%o st 23 449 BAwo] F TR 228 Pl Wrkn B vt Yot A
29 2w Fust olg vgstel 3 PR Be Edol ol o FUL 87 LFAA
£ =] ol 4E9 A+ Alzawa(1981)= 11]—. HhE o] wold] i e WEIe Fold
< A% vl Y31, Kim 5(1991) € C. longicorpus(ZEHN) #AEwie 547 SANIH
9]

=2

z18) 3 Wo|ZAb A Kim(1980)9] A9 ztolr} 91eS Euddtt. Cobitis ol&FF C.
taenia’s AZWE AH B 5 BHFEA S 9l C. taenia taenia?1EFM), C
t. striata(£2Z&/M) 2 C. t. lutheri(3EF/MN% 3 otz EFHAUMKIm, 1980).
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5 6 7 8 9 10S

C. t. taenia
24 2. Kyong.joo
.64 7. Naeso
8. Sanchong
5. Sangjoo A
3. Hapchon
9. Chungsong

C. t. striata
12. Hadong
= OfL— 17, Imsil
83 ° 15. Sachon
13. Bibong
.82 14. Chongeub

C. t. lutheri

20, Nonsan
—{ 21, Haenam

Fig. 4. Dendrogram of 15 populations of the three subspecies of C. taenia based on Rogers’ (1972) genetic

similarity coefficients.

v Kim # Jeong(1987)& 3324t C. t. taenia® ASWE 2 Fehx EXo| {844k O
taenia®t ©t2™ FF4t C. sinensis & fFARItka dtd =4} C. sinensis Sauvage et
Dabry, 9 synonym¢l HWFoZ AEFsn, TF TLZUW olFoz EF3UW C. t.
lutheri®} C. t. striata © HEZWE Fdo) slo] C. t. lutheriv A8 @Aio] Yey
Y C. t. striatas 53 ¥EAte]7 YenR] gette Aeld ol EE 2 AN 1z
AolE 0] C. t. lutherist C. t. striata® Y ¥Fo2 AP eIAHKim and Lee,
1988). vt ol Aale £ dF2AF 9 V&9 Bueg g2 Aol|7} glof BFstE g
Faglch 3obge uid FHA BM A C ¢ taenia® © FolFIe 2AXs HE S =
0.642 LWl HPFETLY FTUIAXNE 7IX3, Lee 5(1986)2 |44 #4443 C. ¢
taenia™= 2n = 4824 C. t. striata 2 C. t. lutheri® 2n = 503 z}o|7} Slo] =8d
d4Fog HFste Aol Bsttn 470, a8y 3 C. t. taenia® 4 o2 Kim# Lee
(1988)7F EFold o g HH3 534k C. sinensise W 718579 2 H A g 477} 4
AlHA gska, 715 AENEDR FFo] s et 34 Cosinensist FWel C. ot
taenia® |7t glom BFX A} C. sinensise F3E9e 43 ZAtdwt A dele BF
zto](Cheng and Zheng, 1987)7} sltl. Z&Avtel 2o 9JolM % Kim# Lee(1988) & &2
A 7IEFNY SEANTZRE I FHE FEIA AASY R F1hxiol7) givtn st eyt
=4t C. t. taeniat FF C. sinensisd FTAW FHel g vebvzm(Viadycov,
1935). WM E B35 Holrl 9lo](Kim. 1992) C. taenia complex‘: ZE579 NS
Aate Aol g Aoz Alrgtt. %7 C. sinensis® EWAFE 2n = 40(Yu et al..

‘

T
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Table 8. Roger's (1972) genetic similarity coefficients (S) among 15 populations of 3 subspecies of C. taenia.

Numnbers refer to the collection localities listed in Table 1.

C. t. taenia C. t. striata C. t. lutheri

Population

2 3 5 7 8 9 12 13 14 15 17 18 20 21 22
2. Kyongjoo 951 934 942 939 946 672 .623 .612 662 .644 556 .624 .637 .592
3. Hapchon  .012 .959 968 964 .969 .687 .651 .637 .691 .670 .582 .648 .655 .622
5. Sangjoo A .019 .009 971 971 967 .679 .637 .624 676 .660 574 .635 649 .611
7. Naeso .016 .004 .004 970 966 678 .642 627 680 .659 584 .647 .653 617
8. Sanchong .019 .007 .004 .003 965 670 .630 618 .667 .651 .574 .645 645 .603
9. Chungsong .015 .005 .005 .004 .006 .682 650 .638 684 .675 584 .651 .664 .623
12. Hadong .364 .335 .353 .353 .362 .349 918 913 941 952 .790 .828 .832 .827
13. Bipong 424 383 401 .398 416 .382 .033 932 912 940 839 .844 .850 .842
14. Chongeub .446 .412 437 .435 452 .424 045 .025 914 921 799 .812 802 .812
15. Sachon 360 .329 .350 .345 .351 .342 .012 .032 .043 917 810 .827 .828 .835
17. Imsil .400 364 .381 .382 400 .368 .014 .014 .044 .027 .810 .844 .848 .843
18. Seungjoo A .500 .460 .489 470 .487 462 .139 .102 .149 .111 .131 .813 .796 .915
20. Nonsan 436 404 429 411 429 .394 .147 .122 177 .132 139 .134 915 .846
21. Haenam 424 392 415 400 416 .384 .131 .109 .174 .125 .121 .147 .059 .818

23. Changheung 468 432 461 .444 461 .437 .127 .106 .153 .106 .124 .023 .120 .144

1989)2.2 #=4t C. t. taenia(2n = 48)9 B xolst o] 71EFM ghgoz FI4
C. sinensis® AH&-3te AL gdAel givy. aev C. t. striata 2 C. t. lutheri®l &
BT RHA 2= S = 0.822A] B BHTY olF0 433 2dAXY & Az, 9y
(Lee et al., 1986)= EY3ln AAZFo] B3l A (Kim and Yang, 1993)522 Ho}
C. t. striata @ C. t. lutheri® %22 #HF3t= Kim#H Lee(1988)9] EFAAE HEL
879t = Kim3 Lee(1988)= C. t. striata®t C. t. lutheri® ¥WEo g EF3AA
o] EL =AY Fegiatelrt Utkm Yo, ol FAW eyl Fdddx 21 Kim
(1980)9] Hmset Avrgch ol 97] SANE Wolrt 4t o= 53 Hewoz C. ¢,
striata®} C. t. lutheri®} 2°] #2183 EFFE FEVde #ysictn Alggn. 2 4
T Az 2 3 AYAT AAE 224G W C. t. striatash C. t. lutherie 83, Jg &
FHAoR o) & 7718 B/ oJEe So] Bt 23y Table 33 Fig. 2914 veh}Ro]
Aoz FEE C. t. striata FDEANNE dF BF HEE 9 43 (A-E)9 HHEF7)
A7t A JehA @3, C. t. lutheriRYEANE FUE 3 C t. striata o AFFQ w
3 F typed] 7RA7d M3 AR @ o}t 2o]|& BTl ol EAL X2H ¥
ol st & dAste AHEA BIE JHFHY EFe oSy wEIY oA O t.
striata ¢ C. t. lutheri o £7/7} &o|&2 Vepdt. C. t. striata & C. t. lutheric
Fell, B¥, 93 2 {15 5 Fo] olF9 e & RgEw, 23 HE A G FEol
& NER FYsthE A (-, 1985, Kim and Yang, 1993)2 AEEA Zo spdd 43t
o 2 W F EFTL oFF FFEY B3Vt o|FoFE dFde Aot 23U Kim# Lee
(1988)& F otF 9 23 HEAFeA F olFo] EHE WHEEA S Bol glo] ofFolie B
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£ 228 Z0] dojve B4 dA A
Zersled C. taenia complexgl A&t}
L WHolo]l A2 A FolEe] A2

g fAY Aoz g o, AT 0](1984)
te 29| C. taenia MAE°] Fed FEF7L

t. striata®t C. t. lutherirle]e] d&HQl A &d
7} o] Folx|A] Yol FFo] WAF Flolny EFIAHOZ ol FLFUE BHAFE FAH B
2 v AT - o], 1984). ol#d AdF dRHE AS$EA Fubdolit Cobitis
(Sabanejewia) aurata complex®] 20}ge] Yt 7 £9A intergradation®] ¥& &
Eo] 283 297} Hnd vle Ak (Banarescu et. al., 1972). 28y Kim # Lee(1988)
' A7 d7AnEse g C. t. striatast C. t. lutherig® A8d 713 < JHo|d
HAlol g7d og WEor FHIFsPou E A7 g5 nkEge] zAMAT I3 C
taenia 3 °}F EFolA AR AHFolgAg] BAEHAULE. ole C. t. lutheridlA ¥+ 4
Holg@ie] THATE Kim¥? Lee(1988)9 E_T'_?Jr“ T/}E ARZA HESEe JHo|Fgd

oo Hu
ho]

L

e
C.

V)

Z_'

*Pg 71Ze & (C. t. striata®t C. t. lutherig B% 258 4+ gledst d4AZY. 3 o}
Z C. t. taenia 9 %Z& -1“7}\711*11—01 C. t. str1ata£¥ AyH NEFHEA FHIF
type) BHES Holx gloen Be (. t. striata FRMAZL C. t. lutheri £ AA7] &

88 (H type)E Yelle ﬂi}lﬂ“ Holg Ho FEHTE o]2 u]Fo] Uchida(1939) %
Kim(1980)°] BEng F&7 ¢ 2A=E C. t. striata W3 C. t. taenia TN
Aol aFstelet AAR £ C. t. striata® AT C. t. taenia & C. t. Iutheri®] 7
e U7|E olFoz HuE FA 9 F SF vHE FHA HEH(A, BIEY ¢ ?ﬂEH(C
D, E)7l 9538 &2 Hxg 2851 1, 47148y Wmrt ol BFFE A g ¢
7o) Azldt, wbEWole] wagicle] Uig 7}t otFE FAE ¥mdTe F4E H ey &
HA C. taenia & A% AdE 28 #y)d we hbE¥olzt Busn(Lodi, 1976), =W
C. t. lutheridlAE T2E Evlo] 23 AZAA w7} A3 e Aew Hol(A -
%, 1988) C. taenia 30139 AZHIEWo| Fadoz 2dride FH5E A3
olgt Aow AT, FHAH 2ABAAAS C. t. lutheri B o] ofFW ETE B}
C. t. striatast 7Vg7A vEhge}d Ot striatast C. t. lutheri®l #42 ZAXE S=
0.82 2 0.832=2 T4 ZuU9 A ZdAXdE zolrt gl ol AL o C. ¢t
lutheri®) ©}838 WUz 2 o]y MESo §HA WMoyl C. t. striata B} AAHRoE
wve Aul ¢ t. lutheri®l ANFF BEXIFAE nald o A9HQA genetic drift F&
founder effecte] A3} AAAY o] Hel #F3lols oz Bk WL EMo] 27 HT,

E dRdx dojd Ay 9 MAygdrE EUR st & o 71EY &= C. taenia
complex°l %38 1Y C. taenia 3°}5% Z47] 55€ e BFL=E HFa ] R C. ¢t
taeniac S¥E F2o2, C. t. lutheri®t C. t. str1a tas olETRAZ EFEe| g3t At
29 28y @34 C taenia 30HEE fY4t 2 SIS EHEH EAA] AVE BE
1o FAIEEY FAHAQ vlw AF F gyAEel] g AHEI} AAHojok & Zelo}

)

2 of
FZA NEF 3 ol BRH BHE sl Hstd A= 234 A2
ez ASuES vEd 3 E49 ") el «161 FHA E4E A
AT, 3 ol ASNHE WHo| ¥4 Ay VEFTAMY AEFANAXE 4 ok F
o] EA< HIH(A. B type: 14.5%)¢ MWAET} 7 (C. D type: 51.0%)
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o Wws 458 wRTh 718 3 okEe B 45T A%
Holy Aol FUAAT. FeAZ % AW BIR

A s = A 3 1A et 9
olEz7te] G ol WARA @t A7IGERA AT FAAR FHEH 3
ol &3/ 5 Hd AT F¥F Wel7k A=1.48, P=31.2%, Hp=

0.082 2 —PT =0.09924 7122/ (A=1.37. P=24.7%. HD 0.058 € HG
0.065) 2 d=2Z/M(A=1.43. P=27.0%. HD 0.066 2 HG 0.079)° ¥|s}
o]z JEMIT. 2 olFe #AF 2ABAC Yol NEZASE 2T

Aol WE 542 2PAE S=0.6424 DNHQ BFoFe Fhilel

Bere §=0.8224 ok 4Ee #44 TAUAE
3t CFuEs 29 9 fdx 2AEH J1850E 8 F

ol o 200%HA Al E3E WEow Ardd 712FM(C. t. taenia)® &

WALge] 2ol o] MuE AP, P, ¥E 5L vad ¥ FI4 C

sinensis®t B o)z} ol =4t A ]

and Dabry ¢l synonymoi He AL Aol gl 131‘4' E3NSY AEF

A e 2 434 SA5S 2T W o}Foz AFE Rl v A

AM gow oSl t 99 AHET 27ET
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