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&AL o) of #(Cyprinidae)?] ¥ =2 B(Genus
Moroco) o 5= Moroco lagowskii (W), M.
oxycephalus (W 52]), M. semotilus (HE7H=]),
M. sp. (B%RA]) T 42 s vt
(Chyung, 1977; Jeon, 1980; Choi et al, 1984;
Kim et al, 1985). 18l M. lagowskiis} M.
oxycephalus = WRERIS 2 o-$ FALstA o] & 2
fEo| el = w2 whAol gle ghelh

Minz} Yang(1986)-& a+54t M. lagowskii o} M.
oxycephalus 2%82| ME - i 2 IR R
sated wasld A 2SS 58T F UdE genetic
markerz} EA5ke] Fef A FAd 2 R EEBEEK
(SAL)Z M=% SR EE Ak ok dor, o
E 2fEL S glfdEelzl wal #b b 2R

Chung 5-(1986)2 g+3AF M. logowskii o} M. ox-
yeephalus 258 A}oldl| genetic markerz} ¢l o™ f
Al & T3] ErbEsheta Rast af ek

Que A$E Morocos o} fal M. jouyi s}
M. steindachneri 2f& A}o|e} SIEERHRY A A o)
obr)® 1 gl=vl (M, 1939 MR, 1955 F
#i, 1957; Okada, 1959; hff, 1969; 1979; &
- 5lFE, 1976; =iy, 1976) Itai (1977, 1978,
1980)= o) ¥4l 2§62 sympatric areadl] 4 2&fH]
sen A Abolsh AR 2 25k BELS) Aol ¥
Hel g2 zo|rp Felelel 442 kA &
2l & il ek ek

AEed e e
productive isolation mechanismo| &4 = natu-
ral populationgd =ste s (Mayr, 1963) allo-

patric taxaz} sympatry 2 HA YL w) o 52+

sympatric areacy] 4] re-

reproductive isolation®] A of X Z hybri-
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Table 1. Collecting locality, date, and number of specimens for morphology and elec-
trophoretic analysis of Moroco lagowskii and M. oxycephalus.

. ’ Morpho-  Electro- Collection
Collection locality .
logy phoresis date

Moroco oxycephalus

Chinbu -ri(Chechu Br.), Kansong-up, 65 39, Aug. 14, 1987

Kosong-gun, Kangwon-do Sep. 26, 1987
Moroco lagowskii

Chinbu-ri(Chechu Br.), Kansong-up, 16 16 Aug. 14, 1987

Kosong-gun, Kangwon-do Sep. 26, 1987

Table 2. Buffer systems and stains for electrophoresis.

Buffer system Enzyme Volt & Time

Continuous Tris citrate |

Lactate dehydrogenase (Ldh)

170 V 1%hrs

(T.C. I), pH 6.3
Continuous Tris citrate Il aGlycerophosphate dehydrogenase («Gpd) 100 V 3 hrs
(T.C. ), pH 8.0 [socitrate dehydrogenase (Idh)
Mannose phosphate isomerase (Mpi)
Phosphoglucomutase (Pgm)
Discontinuous Tris citrate Malate dehydrogenase (Mdh) 200 V 3 hrs
(Poulik), pH 8.2
Lithium hydroxide Esterase (Est) 250 V 3 hrs
(LiOH), pH 8.1 Peptidase (Pept)
Phosphoglucose isomerase {Pgi)
Tris maleic EDTA Fumerase (Fum) 100 V 5 hrs
(TM.}, pH 7.4 Glutamic oxaloacetate transaminase (Got)
Glucose-6-phosphate dehydrogenase (G6Pdh)
Malic enzyme (Me)
6-Phosphogluconate dehydrogenase (6Pgd)
Tris versene borate Aconitase (Aco) 200 V 2 hrs

(TV.B.), pH 8.0 Alcohol dehydrogenase (Adh)
General protein (Gp)
Indophenol oxidase (Ipo)
dization®] H$FF ZF2}sld o]l & taxazbe| f&
EAE Falol Wy 4 gk M 2 OHE
B o7+ allopatric aread| 4] ey o §
Atsle] @ 80 w=3ke] didbe] Hof g+ F 2 oodTol] ARE3F AN E] M lagowskii o}
A M. lagowskii % M. oxycephalusd)| 9lo] #HT 2 M. oxycephalus= sympatric areaql 74 % 4]

'~

o

fE2] sympatric area® 83z (Kang, 1987) 7
45 24F 24 AL (AFD) Wakd o
Ao g 2f@e fE FAE HA s sty BR
kENES &3 GBET oW HESHS 44
s}ed reproductive isolation mechanism 34 &
5 AR A3 o] B shAdd S BigEe
2 ol Sl wushe ub oleh,

=

T A4S Ave(AFE) Ay A el
BiE SH7o2 sal, BET FH7o 55744
£ 4-gaigiel (Table 1),
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42 g F oAlZeld BHEe 4Eehkod
4°Cell A st TF742 H21&¢ 1:08 (V/V)R
&k glass homogenizer (Braun Co.)& EERES)
% Sorvall RC-5B &L DBEEES o] &35l
49,000g (20,000 rpm)Z. 3097+ {KIBE O EES)H
of AFNE BREKE A2 AH&sisch. A7
FAS &3 vz 222 10% formalino]
¢ 70% alcoholel] &A ®as}glc).

FERKE)S Selander 5(1971) ¥ Minz} Yang
(1986)&} ulwloll =te} horizontal starch gel elec-
trophoresisE- 4 &]5}gl v}, o]« starchi= Sigma
starch (S5-4501), Connaught startch (Lot #
425-1)8 Apg3led T.M. gelo]= 1% NADP 1
ml-3 Hrkshed ARgsholch BREEMYH 2 £
71-& Table 29} 7t}

BRKET dolal 2 BFE 9 EAHESY pat
23}y 2 AW E genotype frequen-
cyS T3t fEHd 2 BIOSYS programg MV
10,000 computerd o] L3l EEF HEE
(allele frequency)® AlZ&-3}9) 2 Rogers (1972)

=l

4% F

tern-g- o}

9] genetic similarity coefficients(S)& T3}
o},
Fiae HiR

2fE] ¥ el Minsl Yang (1986)

o] ¥udl =z} 2f0 SEMES g LEsie
(SAL)Z #jY.aiu]A(KYOWA, SD-2AL)S o]

&3t Fhmskleh
R % EE
REF S

= At Moroco lagowskii 8+ M. oxycephalus 21&
of Wt f&f o] & dotM iz} 289 sympat-

ric areaql ZUE IAT TS A EE| (A3
al) Aol A M. lagowskii 16702, M. oxycepha-

lus 49702 5 TERAE A3k 19579 BEY
EREBEANA F 260009 BETES e =
SEE T AT SEET EEE skt (Table
3).

26% 7+

BEFS Adh, Fum, Got-1, Got-2,
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Table 3. Allele frequencies of Moroco oxycephalus (O)
and M. lagowskii (L) in sympatric area.

Locus 0 L Locus (6] L
Aco a 1.00 Pgi-1 a 033 096
b 1.00 b 067 0.04
Est a 1.00 Adh a 1.00 1.00
b 1.00
Fum a 1.00 1.00
E-X a 1.00
b 1.00 Got-1 a 1.00 1.00
Gp-3 a 1.00 Got-2 a 1.00 1.00
b 1.00
Gp-1 a 1.00 1.00
Ipo a 1.00
b 1.00 Gp-2 a 100 1.00
Me a 1.00 aGpd a 1.00 1.00
b 1.00
G6Pdh a 1.00 1.00
Idh a 0.25 a 1.00 1.00
b 1.00 0.75 Ldh-1
Mpi a 1.00 075 Ldh-2 a 1.00 1.00
b 0.25
Mdh-2 a 1.00 1.00
Pgi-2 a 1.00 018
b 0.82 Pep-1 a 1.00 1.00
Mdh-1 a 0.19 Pep-2 a 100 1.00
b 081 1.00
6Pgd a 1.00 1.00
Pgm a 100 100

Gp-1, Gp-2, a Gpd, G6pdh, Ldh-1, Ldh-2, Mdh-2,
Pept-1, Pept-2, 6Pgd & Pgm2| 157 BEF
(58% )+ 2fE Atold| zlo]7} glglow Idh, Mpi,
Pgi-29] 749 M. oxycephalusoll| A= #EF ¢
2 M lagowskiidll A BRI} v}E]»M_D%,
Mdh-1-8 M. oxycephalusol| /| 2742 HEE )
el dglch Pgi-1, Pgi-29 7A$:= M
lagowskii &} M. oxycephalus Alold] A& t}2
dominant allele® A7l }ol| 7} ZA] Vet
I ek

Aco, Est-2, E-X, Gp-3, Ipo ] Me2| 671 Ei&
F(23% )= M. lagowskii®} M. oxycephalus 2f&
Afolol] gbdE AR o}E HirET(allele)E 7}
A= monomorphicsle] 2fER THo] F¥ s}y
b, Est7-% 349 @EF (Est-1, Est-2,
Est-3)= 33 Aol & vepl gl o Est-1,
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1 2 3 4 5 6

Fig. 1. Patterns of zymogram. 1,2,3,: Moroco oxycephalus 4,5,6: Moroco lagowskii

Est-89] 71 %+ activityr} eFste] A Al S o
Ao A = ggdoldl £ Ml A= Al
syl (Table 3, Fig. 1). & Ac® Est-2,
E-X° Gp-8&, Ipo® = M RT= M. lagowskiio
Aul WA= T Acd, Est-2, E-X°, Gp-3°, Ipo®,
MERT= M. oxycephalusoll A v} Vet 4k7) 6
N BE T 2f@4te]oll hybrid typeo] veh}z|
%3 M2 ohE BTEA 2S L5 + Uk
genetic markerglo] 2l = ¢lch ol allopat-
ric areadl| 4| 2f@ol ol EBETF FHS g Min
s} Yang (1986)¢] Aol ) gtel. Chung 5
(1986)2 BEHmo= 2fo f4ksted 2

genetic markerv &) 2|
Ea 5+ gz
+ buffer®] 43 %= BRK
Z73el EA 17‘401 Aot AAAH, =7
isozymeF-Aof| 4 Pgi, Mdh 52| 3= &7}
AR o AR

Table 39| allele frequency & o] £3}o 2%
2] Rosers (1972)¢} genetic similarity coeffi-
cients(s) & AFE3F Ay S=.68724 ¢]= Min
3} Yang (1986)s] ¢lall qdo]al S=.6929 A9
SRS

Sympatric areacl| 4| 2f 2}o)2] fixed diffe-
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Table 4. Comparison of scale counts(SAL} among 23 populations of Moroco lagowskii and M.

oxycephalus.
M. lagowskii SAL(M + ISD) M. ocycephalus SAL(M + ISD)
1. Kansong Budong Br. 2546 + 1.39*  11. Samchog 19.31 + 1.29*
2. Kansong Changshin-ri 2512 + 1.51% 12. Kongnae 18.89 + 1.09*
3. Kangneung 24.28 + 1.29% 13. Sokwang-ri 20.30 + 1.11*
4. Wangsan 24.14 + 1.40% 14. Paegam 2050 + 1.20*
5. Oggye 2251 + 1.33*  15. Yongdog 19.60 - 2.00*
6. Yangyang 23.00 + 1.26 16. Kampo 19.80 - 1.30*
7. Songsan 2350 + 081 17. Whangryong 20.10 + 1.70*
8. Kansong Changshin-ri 24.16 + 2.01 18. Masog 9.30 - 1.30*
9. Kansong Kyodong-ri 2456 + 1.12 19. Yongin 20.20 + 1.30*
20. Suanbo 19.30 + 1.00*
21. Muju 19.40 + 0.90*
22. Cheju-do 1950 + 1.00
Average 24.08 + 0.90 19.69 + 0.47
. . 23. Kansong Chinbu-ri
10. Kansong Chinbu-ri 2493 + 1.95 (Chechu Br.) 17.33 + 0.72
(Chechu Br.}
*From Min and Yang (1986)
rent allele (Aco, Est, E-X, Gp-8, Ipo, Me)o] &  ehti 72 character displacement®] ZAzleii
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Table 439} 7t}

=

Table 4042} zro] M. lagowskii®] ¥
SAL2] ke 24.08(22.51~25.46)<1u] ubshod

M. oxycephalus @) 33 SAL2| ZH& 19.69(18. 89
~20.50)2 allopatric areadl] 4] 2f&Rfel| =}o]
7} el ¢low (Min and Yang, 1986),
sympatric areaql ZUE TZAT 7HAS AT
AFR X Aol = M lagowskii o] {l§F _EMEEE
= 24.93+1.959 32 M. oxycephalus+ 17.33+£0.
7224 o] 2fE Atold] FHF Ao]E HYL
= EEY 59 Astes 4 dA g Allopat-
ric aread) 4 2| e A o] ®r} sympatric
areacl] 4 2] flfE MRS 2ol /b Heh ZA b

Moroco 272 TA x] Aol 4] e A exto] 2} A4

o) SaeE vl o Quel, 224 A
ANAE M lagowskii®} M. oxycephalus A}o)
microhabitate]
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of]
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Sympatry and Species Status of Moroco lagowskii and M. oxycephalus (Cyprinidae)
Suh Yung Yang and Mi Sook Min (Department of Biology, Inha University, Inchon, 402-
751, Korea)

The taxonomic status of Moroco lagowskii and M. oxycephalus, a pair of sibling species

inhabiting in Korean fresh waters, has been unclear up to date. Recently a sympatric area of

these species was found (Kang, 1987).

The purpose of this study was to clarify their specific status by analysing specimens

collected from the sympatric area of these species. Isozyme analysis and morphometric com-

parison were performed.

Among 26 loci screened 6 loci (Aco, Est-2, E-X, Gp-8, Ipo, Me) showed fixed allelic
difference between them and these loci could be used as genetic markers to distinguish them.

Isozyme analysis indicates that uo uybridization occurs and therefore it is assumed that i1so-

lating mechanism is completed and they are distinct species.

The mean number of scales above lateral line (SAL) of M. lagowskii and M. oxycephalus at

sympatric area was 24.93+1.95 and 17.3340.72 respectively, and it seems as the result of

character displacement.

A finer microhabitat segregation between them is noticed. M. oxycephalus is found along the

effluent streams whereas M. lagowskii is distributed mostly in the main stream at sympatric

area.



