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Taxonomic Study of the Cobitid Fish, Cobitis lutheri Rendahl and C. striata

Ikeda (Cobitidae) from Korea
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ABSTRACT

Both Cobitis lutheri Rendahl and C. striata Ikeda previously regarded as the subspecies
of C. taenia are revised here and raised to the species rank based on the distinct color
pattern on their body sides in relation to the shape of lamina circularis and suborbital
spine, and distinct distributional pattern. C. lutheri was similar to C. striata in
chromosome number and karyotype, but chromosomal polymorphism as Robertsonian
event was confirmed only in the population of C. lutheri studied. Both C. lutheri and
C. striata have disjunct ranges: the former in western Korea and east-northern China
Mainland, the latter in the Sémyjin River of Korea and west-southern Japan. Hybridiza-
tion between C. lutheri and C. striata by secondary contact appeared in the limited zone
of the Dongjin River, Chollabuk-do province, Korea, but the evidence for habitat segrega-
tion between them suggests the possibility that natural hybridization occurs between
the two species and introgression results. We consider that the two species were pro-
duced as ecological equivalent species in the different branch stream of the Paleo-
Hwangho River, the time of recession of sea level during the gracial period.
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SEE 7122 Cobitis taenia Linne, 1758% #4file] s R7l o+ 2458 B2 A
S A (M, 1939), 1 Fete] ZAIFHAAA ASHHED 2R R HER o1 Fe A
ol2 thA] 8FE % WfE, = 712EM C. t taenia, BEFN C. i lutheri Rendahl, 1935 &%
M C. t striata Tkeda, 1936, FEM C. koreensis Kim, 1975, ¥ <FM C. k. pumilus Kim
and Lee, 1987, %% C. longicorpus Kim et al., 1976, H4F7/H C. granoe: Rendahl,
1935, w3 %5 C. choii Kim and son, 19842 4r#i= ook (4, 1980 ; Kim and Son, 1984 ;
Kim and Lee, 1987). = ¥ $elvhet Rl MAste 718%M C & teenia BEES
Aol 2AMAS}, o5 M=ubF, FHME, MR T (suborbital spine) Kol A2t FAAF
W Y¥se B Fo HEAEMI FHE BRI vlmAA wf$ HRT Fo] WA WK
TE A& fBo) £Ee C. t teenia’t oz C. sinensis Sauvage et Dabrgyi, 18742 #%=
91t} (Kim and Jeong, 1987). ©l$} Zeol WHILEY 71EEMe BEol C. taeniaclr C.
sinensis2 BE P wat - C enia® WHESEZ REZADND C. t lutheri & C.
¢ strigtas 159 2RdA A U AErF STFH ol FAAE A A 4
Al A2urEe] Ex AR wEdole FAF Aole AHA FEFA s FAHA
g7 BRUl oS F BEFe JESE A ¥ Aolgi #HHe], & ATME
= = neze A7 SUH WE S C lutherist C. striata® FiiEsts o)k ¥39 EOH

A

HF % Tk

Fre 22 ZY(FE 0.5em) ot FH(FE lem) e A4t AFsAR, YA EAE
e ALE Ay RE FELS A 10% T=uw ¢ wstach, BES Aol
27 & Banarescu ef al(1972)l w2t 1/20mm dial caliper& AF-83t #8% (standard
length), &7 (body depth), % (standard length), REAP (caudal peduncle length), EiF
# (caudal peduncle depth), W7 (snout length) ¥ HEf% (eye diameter) & FA st ®BEFH
EES W Eoks Fiad. AFFTHFE soft X-ray (Hitex Ha 80, Hittachi, Japan) 2
ExAgdstd A4sts, TAUE Taylor(1967) ¢ clearing and staining methodel o9& ®
e Aatsted AuyAv)goes #asigdch AZuFe] Ek2 Bianco and Nalbant (1980) el
@2} Gambetta’s zone& TE3e] wlmstach, AFEAL FA AL PH(E - F
1986) o we} metacentric, submetacentric, acrocentric2 2 TF¥3t idiogram< 2t Al 8k 9l
o, B el AHe® RO AFAAL, AASE, APEY, ANILLLE g FH 2ok

Cobitis lutheri Rendahl : 27 BEHES e (BugD), 19844, 21.2—80.1mm, 1988+ 4
4 30 ; [FvkIR, 127/WA, 29.7—78.4mm, 1988 59 314 ; &4t HEH FRCE GERD),
7170 A, 26.0—88.3mm, 1988+ 39 224 D &db sEMES RE®E(EHD, 2070, 48.1—68.7
mm, 198811 3Y 239 ;BF ERILER g Guiu)b, 31784, 47.8—80.6mm, 19859 6¥4 1.

Cobitis striata lkeda : 28 AR FAE (FWiT), 52704, 59.7—104.4mm, 1987
W 69 139 ; 2dt {EER SN GERRT), 8471A, 42.9—109.9mm, 19883 549 304 ; 24
SR BT (SR, 106704, 32.1—94.5mm, 19884 59 304,

Cobitis sinensis Sauvage et Dabryi . BB RIBEL PIAAE (BT, 10704, 45.5—82.3mm,
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1984% 69 239 ; BFH EEM I GREID), 12704, 49.5—78.3mm, 1984:d 79314,
Cobitis taemia Linne . Bega River, Roumania, 1470 A, 45.0—69.0mn, 19683 (Drs
Banarescu and Nalbant 7} 2Wj& %&),
P8 GAA ZAE Y5t ALE X8 C lutheri® R 25MA 2 R 12704 & 28
st 24t seMlol A AR, C striatar 296 8EAA A 12709 R HAE
AR st 2T, ® ASwEe €I E A ARE £ 8 (1988) o AABHA

BR A BE

1, fE{IHEY

C. lutheri®} C. striata®] AZ¥HE-& Gambetta’s. zone(Bianco and Nalbant, 1980)ll <
gte] mlmslgleh, o] 2% ASHEL AFAAdE AR ulkdA HelAul, ARAIE
A zbzk o2 wrEg vehiie] AE2 # UG (Fig. ). &F C lutherie EIRZL
ol wol ¥ Fig, 2014 M Hls} o] oty R 5 Gambetta’s zone 29+ 4¢) A F Fddl
B e gy 2 wAoe] 10~18747F BEFIs o] vrehRgl, EEEHIQ 44 FE TUAle]
e 47 A2 Wi FAAF HEsl el Gambetta’s zone 29 49 W] o2 A
2 Aoy WA EIEAIZ =9 Fig 2049k o] AFAQ 25 HEFHHE Holed o
W] Gambetta’s zone 32 fAAAY EHAA 24 Ho| Fw|stA Belx, of o e A
2E $ANY FHAE o BHE I el ARAH Fzie] WEE stALG, 1
Y 4 BE EIAE Aud oA FLH Fo] BFRe R Ao, 39 C ostrialaxe dT
2% AR urEw g E 3ol ¢lo] Fig 2448 AP HbFEE Role vl Gambetta’s
zone 29} 4= ZA o) A2 BIRE7LA ololX £l JIE BRI #iglNE 2~3M9 BK
o] BRI, = C. striata® Gambetta’s zone 3& RE uwl ZAAo] WA= Fu|g A2
2 ool A FEIMs =W o] REE FadET, mIA v HEE Ll de BEY 2
kst A7) % 2FE Alolel FHE U, C. lutherit 1 BEhol FHEIHA, RERLYG 2 3
AA7b e, C. striatae) BEE BRI CIAA IREE G A A,

BBE Cobitis® AT 5 oA ASEe AL EREE#e2 ALde ¥
(Kim and Son, 1984), o] Arelld & C. lutheri®}t C. strigta®] ¥WHEL FdF 3] wad 3
AE 283 EAL BdF3 9o EFdHes & 7iddgx dd, tFv C lutherid] 7
A wEwol: M3zzB YL A&z AJF A 7zt st JehpA R (4 -

Fig. 1. The four Gambetta's zone of pigmentation (after Bianco and Nalbant, 1980) Four lines

of brown bands are shown.



94

Fig. 2. Color pattern on the lateral side of trunk in C. lutheri (A) and C. striata (B).
A,, Spotted type of male and female in the nonbreeding season; A,, striped type of male

in breeding season; B, striped type of male and female. Scale bar indicate 10mm.

£, 1988), oS} & VAol C striaelHE FEhtA @E FLE Hop ¥ RRTL ww
3 AeA T % TEMMRY] Hoke obd Bl weAAE dgou ASLE &
q3 #AD A= e 4B B Ad BELLES BAtn o,

2. BB (lamina circularis) 2 BE T ## (suborbital spine)

C. lutheri, C. striata, C. sinensis R C. taenia & F3 7tsA=8v] i deide 2
Aure] ARee Yo 2 BE uLstAw, alizarinred ST 43t HiguFoz 2%
w23 A3E Fig 3914 B ulst Zeo] @Eiel ze]lE ¢ F AL & ZAAAE o=
4Z 9 ZAW F2& vxs B C lutherivc ¥F BAE7L 2 ARy, C striatas
ZAu 7B QtZo| LE35A ol widyFdH wdo C. sinensist FAHAERYGolE, C
taeniage V2R Yo |AT), CobitisB AFNAT B & A& ALY 723 5L 29 A
HE] o] BEFol FEd F4&¢ A2 AF g5 stewh(Vladykov, 1935 ; #H,
1936 ; Bacescu, 1962 ; 4, 1980), ¥ellA AF& upsl ol C. lutherist C. striata®] 34

Fig. 3. Lamina circularis (upper) and their diagramatic drawing (lower) of four species of Cobitis.

Scale bar indicate 1mm. A, C. lutheri’, B, striata; C, C. sinensis; D, C. laenia.
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9] zlo]l = ol Fo] A7 HoEAMY FA3} EAE AU deE BAFa qlvka £,

BT NEZ/ SildAd 2 4 de 722 fliige €249 4 A "3 &
AR wel g 777 Hed oA M Egd 2% ¥AExE A4-¥ o) (Bacescy, 1962 ;
Nalbant, 1964). C. lutheri$} C. striata®] WRTFH Kol AX = C sinensisx 3 HRES o}
AE-FNA F4Es JA ol 2 FE AN e C leniasts F 7EIA, 22y
T #EE 2 Fig 4014 B vl o] e ol & & F slv v C. lutheri= C.
striata} C. sinensiso| wistel BT E@he] Dolsl o}F #Hoen Zx vl $ F3 2 IRE
(process lateracaudalis) & °}F ZolM 44 FHIC, = C lutheri®t C. sinensis® T
fEel FZe#e (process mediocaudalis) -2 Eul 2 (straight) § 2w, C. striata®t C. taenia
o 2 B 47 godAH(curved) o]l AE A FHAC, o] o] WTH FE7F C
lutheri®} C. striata Atold] & FHEE HOo 2 Wol o]EFL Z7 HoegA] ByriEe w43
Rul) R = R =

3. BHEH

C. lutheri, C. striata 2 C. sinensis® HFEF4E MHet BHES TE3tod Gt
Table 114 R whs} o] ol Ael7b UFE ek C. lutheri®t C. striata BRE=
BEE 19~21M2 Fdagdoed, C sinensist 22702 7FR AA 7 & 36%E A3tz A

A U

Fig. 4. Suborbital spine of two different position in four species of Cobitis.
Scale bar indicate 1mm. A, C. lutheri; B, C. striate;C, C. Sinensis; D, C. taenia.

Table 1. Frequency distribution of abdominal, caudal and total vertebral number in seven populations

of three species in the genus Cobitis from Korea.

Species and No. of Abdominal Caudal Total vertebrae

populations  specimens 19 99 21 22 19 20 21 22 23 24 39 40 41 42 43 44 45

C. lutheri
Kangjin 28 5 12 11 9 7 8 3 1 3 1310 1 1
Chongeub 23 315 5 7 15 1 1 3 16 3
Nonsan 19 5 11 3 2 9 6 2 1 13 3 2
C. striata
Imsil 18 4 7 7 2 9 3 4 3 3 9 3
Jinan 16 10 5 1 6 6 3 1 3 9 3 1
C. sinensts
Hamyang 10 6 1 3 3 3 4 5 5

Uiryong 12 1 1 5 5 1 2 6 3 1 6 2 3




96 =2 2283 Al 4(2), 1988, 12, 1.

o

o,z RBHEel oA RS Xolv tlS @AM, C. lutheri7b 20.7£1.0, C
striata7t 22.1+€1.10, 223 C. sinensis?t 22.3+1.122 C. lutheri® RHEFHE o€ 28
B}k 17) olate] Aok, C. sinensis®t C. striatadl P& 719 wxstdch. ¥ FiH
282 29 C. lutheri7b 40.8+0.85, C. striata= 42.4+0.90, 233 C. sinensis= 43.5%
0.802.2 o5 7z} EAlolo] WE AF FEIAAW FFAZE C. lutherizt 743 A3, C
strigta= C. lutheriB.ct 17 ol Ako]l Rowd, C. sinensise C. striata®th 174 oj4eol o &
2e vaFy 9lo] EFHAoZ g FEHDG, ¥H BHAE C striata® middle raced
gl o] A ?*E'“”Ek“ 42.68+0.022 4 (Saitoh and Aizawa, 1987), ®B&E C. striata H2AT 7
9 X & F YA

ERED BWNS

C.lutheri &+ C. striata®) A :=21v) EEist A3 5o FE FABHEEIE 42 vxst
o] =pol7b Yot X FHEES Table 20149} o] 43 Aol AR, & BW
Ao EaE BE C lutheri 7} 8.6—10.3(FF 9.35)%°l3 C. striatas 7.5—9.0(3F
8.55)% 24 C. lutheriz} B A Jebix, BWEC e C lutherizt 12.4—14.4(3
F 13.4)%ola, C. striatax 14.1—-16.1(H 7 15.15)% 2 C. striata7t A JehddA 5+
Aajolo]l HEE Ho)E BHPTH(p<0.01). TN EBHER AT RB#Ed BoLE 2A
C. striata= 49.7—63.2(BF 56.7)% 2 FA " C. lutherit 61.7—80.8(FF 70.5)% % H]
2A EolA 2@l NS AET olrt At (p<0.01). 23 FHRL GARG B
7 o A Jdelvde 2%E Xy

5. BEEIMR
C. lutheri® C.striata @) BB #5E Table 33 o] 28 2% 2n7t 50012, T

Table 2. Some body proportions in C. lutheri and C. striata from Korea. Data show ranges, the means
and SD in parentheses.

C. lutheri C.striata
males females males females
No. of specimens 9 10 7 10
Standard length (mm) 55.8-65.0 78.0-85.4 45.2-22.8 62.0-94.1
% of standard length
Head length 21.1-23.5 19.8-21.2 21.3-22.8 19.8-21.8
(22.6 +0.76) (20.4+£0.47) (22.2+0.56) (21.0+0.62)
Body depth 15.3-17.5 14.5-16.7 13.7-15.7 13.1-14.7
(16.5+0.70) (15.3+0.79) (14.8+0.62) (14.0+0.53)
Caudal peduncle depth 8.7-10.3 8.6- 9.4 8.2- 9.0 7.5~ 9.0
( 9.6+0.60) (9.1+£0.25) ( 8.6+0.32) ( 8.5+0.43)
Caudal peduncle length 12.4-14.4 12.7-14.3 14.1-16.1 14.5-16.1

(13.310.70) (13.5+0.56) (15.0£0.77) (15.31+0.60)

% of caudal peduncle length
Caudal peduncle depth 65.5+80.8 61.7-72.4 52.9-63.0 49.7-59.2
(73.7 £ 6.40) (67.3+3.35) (57.8+4.84) (55.6+3.35)
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Table 3. Frequency distribution of diploid chromosome, number of chromosome and karyotype constitu-
tion in two species of genus Cobitis from Korea.

Frequency distribution Karyotype
Species 4 i 2n _avope AN
48 49 50 51 M SM A
C. lutheri 35 25 134 17 50 10 6 34 66
(16.6%) (11.8%) (63.5%) (8.1%)
C. striata 6 7 78 3 50 10 6 34 66

( 6.3%) ( 7.4%) (83.0%) (3.2%)

M, metacentric; SM, submetacentric; A, acrocentric; AN, arm number.

Ae 9lo} A= metacentrice] 5%, submetacentrice] 3%, ¥l 3 acrocentrice| 17%o]™
arm number¥ 660l A EF T d3Hnd, = FaE RE At A polyploidyyt & A4k
o) HREE WAER dgid, w B FZA AL Ao ¥ A T Hue
Aok (- B, 1986 FEEH,1986). Lt 2ne] A HIZE 2MH AR ¢
Al velwt=d (Table 3), C. striata= 2n=50°] 83%, 2n=48,49, X 5l¢] 77} 6%, 7%
9 399l dl wlsld, C. lutheriv 2n=50°] 63.59% = v]xH F}3,2n=48, 49, 2 51¢] 16.
6%, 11.8% % 8.1% =2 L& WEE X3¢ o) FighdA E= vlet Ze] arm numbere
B2F 6622 [F—3A et olZL 2n=49719 YA E Hole= AL 2n=508 AF
2 2789 mono arme] 1709 biarm2Z §¥ =i, 2n=51/M9 FYAFE Hole HFE
2n=502 ZA 2 170 2 biarme]l 278 ¢ monoarm & & ¥ 2 5 & Robertsonian
rearrangement(Roberts, 1968)ell &3t |4 A oty dAeletn &l C. lutheridl A ole} %
& AAE £(1980) 3 & 2E(1986) o osted Bw wl A gk, £ Al A = g9l
HRAx, FAl FAFQ C striata A= olef 2L FAre] LHAHA eko} o] E 2EMY o
A Eekdd A2 dZos AR, o9 2 FAA FAALGL olE FAA} Bt
A A JGelvde A2 Salmo irideus(Ohno et al., 1965) 2} Salmo solar (Roberts,
1968) N A= olm] Boad w} i,

6. HIBH) B

C. lutheri®) =W EEXA= Mtz s H F, BT, FLALKME, L8, #F
W, BRI, SRIL, BURIL, ML, @s(C/INL, LMWkt ST, BT, 4
N, HE) T3 EESRBENE (B8, BR) ol BAA AL A e fEml Al ¥ g}t
HERSl Khanka® (Rendahl, 1935) ¢ =t 5 o] HEHEIT/AKR(Chen, 1981) ol A9t =gl
Y HL @3] 2Agdd Seval BEeds FId59] Yo S 2@ Q4
b, I EHEA XMaE Cteania(F,1986) 2 "bEo] C. lutheritt= vj23}tAl Be
°] & FF AAF HE a7},

C. striata <~ WH(1936) o ¢3ted HAKKS FAA A4"d Z2E dA22 89 C
laenia striala® W F HA EHEHE LA AMel UEHw EXicds 434 o
v, Sl M= A FEO o] MR afisly, = MRS EEEURM A FEEREE
oste] Costriata & Q¥ ko] HHHL Eifiel HAS HEstz Qo

C. sinensis = Fig. 6 A B ule} 7o) $-=vtel KHIT (Kim and Jeong, 1987) 3 &
KEEe] #im Ll@iiTEi KW LR ASRel 53AH 8o (Chen, 1981).
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AN M e

iF 1
Rt gn o s %% 2g 5 BE gy
B o a0 s i P .
C. lutherj —— 2N=49
B X0 Wi A e 0
%% vy P P T 3 - - * %
A LA o, 5 A
W i #% ey, o B¥ 2N - 50
C.lutheri

C XX %% X x5 = LI T

QG* ﬁﬁ &m ] ﬂ“ v o »& "
A aa Ap on gr A BN A AN an

C. lut i
heri — 2N =51

DAY ¥x X% Ix «x X% ax 11

“8 W Ap AA A~ 20 Ap s
AR A R & % 00 00 ne e
C. striata — 2N=50

Fig. 5. Karyotype of C. lutheria (A,B,C) in the Tamjin River and C. striata (D) in the Somjin River.
Scale bar indicate 5 um.

BEE, PEIKE ¥ HARCd #E3le Cobitis B FJHE Table 404 B wlse} o] =
5 1S E e F852E FEHE £& Qo B BERAANY C. luther, C.
sinensis R C. grancei 7}, LB C. striats + HET HAA 5H3tz, 2 Iz 17/

B HUREAECl A B TG B o w$ FEg,
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Fig. 6. Distribution of three species of the genus Cobitis.

Solid circle, C. lutheri: open circle, C. striata; Triangle, C. sinensts; T, type locality.

Table 4. Comparison of distribution of the species of the genus Cobitis from Korea, China and Japan.

China** Korea Japan

. lutheri

. Sinensts

. granoet
striata

. rotundicaudata
. koreensts

. longicorpus

+ o+ + + + + o+ 4+

choit

rarus

. macrostigma
arenae
taenia

biwae

. lakatsuensts

OO0 0O00000O000O0O000
o+ o+ o+

. striata complex*

* the undescribed spp (Saitoh and Aizawa, 1987).
** Chen (1981).

N2 EMNTER o529 #Ed L (Center of orign)e  HHEEMETEY BH M 24 (Darlin-
gton, 1957;Sawada, 1982), o] el EKES AH Aotz a2y oA FFH2E
Basgddos 2= 3 o] 499 C teenia £ °1EY BEHRL2ZFH HE HAAH
ol7] W&l C. lutheri®t C. striata® C. laenia®) TSR HFste AL &2F3A dgx
21}, Lindberg(1972) & FLiEMEES) Mok Re e B =oddA AEritgm=y
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B BE7MA ZHCRRY BB ERS RS 3mY ddedl 3A mAE, PBIKEE 2
AA FEEE WNEEL B 53 (Paleo Hwangho R)2 A2 5SS AARZ 3t o
el gpo] fddol A HgoFAe 7ol "Ada AASFHA o)A dFIE FAA
EE AAA, BERT(1980) = o] 22 ZAd el A SRl oAl ol IR Wi
Bl #HEES A o HEEEd osd HEMS F LUt AXHE AW BER
Fiet BA MY E dZd=E1 = v X & F4s AVEA @Bl e
hEKE 5Y2 ojoxdH o9 e F Xime dA #EEE BE C lutheri &+ C.
striata ] FEFAH A A= gle] o] F Fo REFAE AW Fe T2 B/ R
1= A=

7. MEBE BE

C. lutheri= Rendahl(1935)¢] Alwleglele]  Khankaiflolld A3 R ZT & sl {9
C.taenia®) ¥]8ld AZ who] HMBERSE Bolx, EMEIT Ede A& 5o Aoz
BEfEe® Rusigm, Cstrista © WHQA936)e] HA Kk FlY T o
C. taenia 9 BBMHRE 2 FHATGE 42 9 T2 7A89d A& Kim(1980)
o] B Rtk ® M wsty H(198)E 2 FEd gt dFstct

C. lutheri®} C. strigtax WA= QAF3 vie} o] Eppyer Rxslz, #¥F-de gl
AME AFuEH uYs 55 AYslans AR Bl P ohvEl 2% HFEITAA 23
A Z (secondary contact) el 93sled HRFERES FAE A (4, 1985) 5L o]Eo] EF3aH
L= RERMEY Fezte A4 £ odd, oEy EE s 8 8939 FERe T
Z9} BT Zoke 2 iAol AT ol& Bz AZuEd Jehts FZEHMN
BRIL C lutheriN AL delhvis ez Mol o] ¥ Hfiite mifEfifeelr] ol 442
Vo2 HAZ EHA JifEe] "ot Az

E3] Cobitis /B A A&uE-e Erig {4 EAL Jehllz dAA ERRikdES
2x A8-He] =t (Kim and Son, 1984), FEIIRHEZE obd whell C. lutheriv= AP A B
HEIQl Wil C strigtn = A3 A HBmMoz A 2 @i AZuEezw F FHHz
ok, qtef o]l E 2 SpAHEe] MREER(RC] i, olEe] AR HEsA HE AN ASuE
o] d&Aql WHolE Ho] AR u|LsiAE AHIo] gled (Banarescu et al,1972), C.
luthevi®} C.striagta7} HZF3le AAFIAARE o] 2L ALl wtFwWolst glo] A2 =
P45 Ee AL FANE slv LR HolME o 5L HifE LILe BRYE o + 4
o},

E BHRIALZ I EF5EHE SEHMEY FAs 25 Az Exod AdA A9 )
oA 2 HAY AulelE IS £ dEd (Mayr, 1977), °1E C. lutheri®t C. striatas 7
HILkS AAZ st BrNeg afmste, MAAZE & Mo FTRY HH3] 22+
EHuletol AqAstn g, o] 2% A= AWM [FMLFE (ecological equivalent species)d
& 4 g AUk, e #EERITY ki AN EREKMAA ANH FREEES R iR
L Ll FAEE SAAHAA C striata?} KEI2E £ Folef o)X MAsd C.
lutheri & REESIHA o] F 2% Abolol BE#RHEEC] &3] dolvbi gle o|E9 AV B2
k#go] Hrlam g o (4, 1985), Wokfalis B E dage] £3) Aol ofg3
galHo] gl THE 71" 4 A7 dFo (Hubbs, 1955), Ad45e £3& HRERMEY
Z1Z2o2 AlE AL FA7E dda Bob, Mayr(1977) = ol¢t 22 #EiHe #3A 2y
introgressionel 2 3to] dtEE BIEA Vermivora chrysopterast V. pinus, 1813 JLEmE
vl o] A& Colias philodice 8% C. eurytheme AFolel]l JVel}s HIREEREY HXHBEHRS A
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A AAAL ANH ZL2 AAdd AMAF ste] FHFE Wista olgk o] 2 H¥HEfC)
g Ao A BENLE AistEA oW ZoldE e HEE Helw, ® & F
e HifEe AAE Jelle A4S o133 EFT L semispecieszt #t4ith, Hagen and
Mcphail(1970)% &7}A127] Gasterosteus aculeatus & FERIEE =i, 43 G A
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