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The aim of this study was to clarify the intraspecific variation of Korean R. nigromaculata 

based on a morphometric and sequence comparison. Each population was collected from geo-

graphically separated areas and examined using an independent samples test and ANOVA after 

being separated according to whether they were a normal or abnormal type. In addition, a 

518bp DNA fragment of the mitochondrial cytochrome b gene was analyzed by PCR amplifica-

tion. The two R. nigromaculata types were identical because all p-values of the characteris-

tics were larger than a significance value, with the exception of HL/SVL. Furthermore, despite 

the morphological difference, the genetic distance of the populations was quite close (D= 

0.002). Therefore, it is believed that the abnormal type is an ecophenotype as a result of geo-

logical, altitude isolation because these frogs are identical to the normal type. 

INTRODUCTION 
The Family Ranidae first appeared in the Oligocene period, which is approximately 

3.6million years ago, and it is the largest taxon in salientia containing 47genus with 

667species worldwide (Duelhnan and Trueb, 1986). Korean Ranidae contains I genus 
and 6 species, which are separated into brown frogs, pond frogs and wrinkle frogs (Kang 

and Yoon, 1975; Zhao and Adler, 1993; Sengoku et aL, 1996; Maeda and Matsui, 1999, 

Yang et al., 2000; Yang et al., 2001). R. 7~igromaculata is distributed all over Korea, 

China, Japan artd Russia etc. (Kang and Yoon, 1975; Zhao and Adler, 1993; Sengoku et aL, 

1996; Maeda and Matsui, 1999). 

Previous studies on the Korean R. 7~igromaculata involved an examination of the 

distribution by Yang and Yu (1978) , the genetic variations by Yang (1983), the structure 

and variations in the mating call by Park and Yang C1997) , the reproductive isolation 

mechanism and natural hybrid by Yang et al. (1998) , the genetic diversity and population 

structure by Yang et aL (1999), and the geographical variation of the mitochondrial 

cytochrome b gene by Kim et al. (1999) in Korea. 
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Fig. 1. Morphological variation of Korean Rana nigromaculata collected in Jeju, Korea. 

This species is identified by the presence (normal) or absence (abnormal) of a mid-

dorsal line, by a point pattern of the dorsal or hindlimb, and by the length of the hind limb 

(Stejneger, 1907; Kang and Yoon, 1975; Nakamura and Ueno, 1976; Yang et aL, 2001). 

However, a species R. 7~igromaculata with no middorsal line was recently discovered in 

Jeju Island (Fig. 1). 

The sequence of the mitochondrial DNA CmtDNA) is wldely used in taxonomic analy-

sis (Brown et al., 1982; Smith and Patton, 1991; Moritz et al., 1992: Tan and Wake, 1995; 

Lee et al., 1997). The mitochondrial DNA has a small genome size (15.0-20.0kb) and 

evolves more rapidly than the nuclear DNA, perhaps 5-10 times faster than a typical 

single-copy nuclear DNA and is maternally inherited. mtDNA mutations that arise in dif-

ferent individuals do not recombine during sexual reproduction, unlike the-nuclear DNA. 

Therefore, the mtDNA of higher animals i~ an ideal molecular system for phylogenetic 

analysis among close taxa (Avise et aL, 1987). 

The aim of this ~tudy was clarify the taxonomic status by a comparison of the impor-

tant morphometric characteristics such as the presence or absence of a middorsal line 
using identification, ahd a comparison of the mitochondrial cytochrome b gene. 

MATERIALS AND METHODS 
Samples of Ra7~a 7~igromaculata were collected from different areas in Korea CTable 

1). The small muscles of the hindlimb were extr~cted after being anesthetized with chlo-
roform. ~hese specimens were kept in 700/0 ethanol,in the Ecological laboratory of 

Kyonggi University (KUEL) . 

The method reported by Matsui (1984) was used to analyze the following morpho-

metric characteristics, but these method was modified: I . SnoutLVent Length (SVL) 2. 

Head Length CHL) 3. Nostril-Eyelid Length (N-EL) 4. Snout Length (SL) 5. Eye Length 

(EL) 6. Tympanum-Eye Length (T-EL) 7. Tympanum Diameter (TD) 8. Head Width 
(HW) 9. Internarial Distance (IND) 10. Distance between anterior tips of upper eyelid 

(DAU) 1 1 . Radioulna Length (RUL) 12. Hand Length (HAL) 13. Tibia length (TL) 14. 

Foot length (FL) . Digital calipers measured to 0.0lmm were used in all the measure-

ments, and each population was examined by an independent samples test and ANOVA 
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Table l. Collected site of Korean Rana nigromaculata. 

Address Remark 

1 

2 

3 

4 

5 
6 

7 

8 
9 

10 
ll 

12 

13 
14 

15 
16 

17 
18 
19 

20 

Mulchat-orum, Jocheon-eup, Bukjeju-gun, Jeju~io 

Geumun~rum. Sunhul-ri, Jocheon-eup, Bukjeju-gun, Jeju-do 

Haksan-ri. Dundeuk-myeon, Geoje, Gyeonsangnam-do 
Jeonryangji (wetland) hapcheon-eup, Hapcheonlgun, Gyeongsangnam~io 

Bongwhagyo, Hwaam-ri, Samdong-myeon, Narnhae-gun, Gyeongsangnam~lo 
Mt. Suryeong, Sumang-ri, Namwon-eup, Namjeju-gun, Jeju~lo 

Mt. Seongju, Seongju-ri, Seongju-myeon, Boryeong. Chungcheongnam~io 

Sampo-ri, Samhchmyeon, Youngam-gun, Jeollanarn~lo 

Hakgok-ri, Baekhak-myeon. Yeoncheon-gun, Gyonggi~io 
Shinsidchri, Okdo-myeon, Gunsan, Jeollabuk~lo 

Woncheong-ri, Nam-myeon, Taean-gun, Chungcheongnam-do 
Uishin-ri, Illo-eup, Muan-gun, Jeollanam~lo 

Sugok-ri. Amtae-myeon, Sinan-gun. Jeollanarn~lo 

Sowhang-ri, Ungcheon-eup, Boryeong. Chungcheongnaln-do 
Jangsin-ri, haseo-myeon, Buan-gun, Jeollabuk~io 

Jangsan-ri, Sushin-myeon, Cheonan, Chungcheongnam~lo 

Mt. Odae, Dongsan-ri, Jinbu-myeon, Pyeongchang-gun, Gangwon~io 

Mt. Bukhan, Jingwannae-dong, Eunpyeong-gu. Seoul 

Kyogok-ri. Gunduck-myeon, Samchuk, Gangwon~lo 
Mt. Gwanggyo, Sanggwnggy0~iong. Youngtong-gu, Suwon, Gyeonggi~io 

A 

A, Abnormal type 

using the SPSS software package (Statistical package of the social science) after being 

separated according to whether they were the normal or abnonual type. 

The total DNA was extracted from frozen (-70 'C) tissue samples of the hindlimb 

muscle of each specimen, using an extraction buffer (150mM Nacl, 10mM Tris-HCI (pH 

8.0) , 10mM EDTA, Io/o sodium dodecyl sulfate), proteinase K and phenol (Sambrook and 

Rusell, 2001). 

The purified total DNA was used to amplify approxirnately 518bp of the mitochon-

drial cytochrome b gene (mt Cytb) fragments. The sequence of the oligonucleotide 

primers used for PCR and sequencing were CBI (5'-ccatccaacatctcagcatgatgaaeh3') and 

560A (5'-gtctttgtaggagaagtatgg-3') . 

The total volume in the PCR tube was consisted of 100~tl as the template DNA 
(10ng/~tl) I ~1, dNTP (2.5mM) 1 ~tl, Taq polymerase (5 Unit/~hl) 7hl, PCR buffer 10~tl 

(GeneClone Co, Korea), each primer (100pmole) 1 ~hl, and distilled water 85ptl. In 

addition, the mt Cytb was ampnrred by 30 cycles, each cycle consisting of denaturation for 

1 mjJl at 94'C, annealing for I min at 58 'C, polymerization for I min at 72 'C. The 518bp 

sequences were aligned by CLUSTAL W1.4, and the genetic divergence was estimated 

based on the Kimura's two-parameter distance. The sequence (NC_O01573) ofXe?~opus 

laevis was used to compare the base composition. 

A dendrogram was constructed using the UPGMA method with the PHYLIP package 
(Felsenstein, 1993) , and a bootstrapping test was also carried out using I ,OOO replications 

(Felsenstein, 1985). 
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RESULTS AND DISCUSSION 

The two populations were classified according to whether they were the abnormal 

(Jeju group Male n=9, Female ?b=3) or normal type (Jeju group Male 72;=15, Female 

n = 10; Inland group Male 7~ =28, Female n =4) of a total 68 samples by their morphologi-

cal characteristics. All the specimens were measured using 13 characteristics, analyzed 

by an Independent Samples test (T-test and Mann-Whitney U-test) using the SPSS 

program . 

The p-value appeared larger (HL/SVL 0.711, N-EL/SVL 0.398, SL/SVL 0.264, EL/SVL 

0.516, T-EL/SVL 0.873, TD/SVL 0.952, IND/SVL 0.601, DAU/SVL 0.462, RUL/SVL 0.9932, 

HAL/SVL 0.641, TL/SVL 0.581, FL/SVL 0.224) than p = 0.05 except for HW/SVL using the 

Levene's test for the equality of variances. 

In independent samples test, the p-values were; HL/SVL 0.592, N-EL/SVL 0.190, 

SL/SVL 0.645, EL/SVL 0.884, T-EL/SVL 0.828, TD/SVL 0.473, IND/SVL 0.993, DAU/SVL 

0.273, RUL/SVL 0.772, HAL/SVL 0.162, TL/SVL 0.348, FL/SVL 0.092 and HW/SVL 0.884. 

A11 p-values of all the morphometirc characteristics were p > 0.05 according to an 

independent samples test. Therefore, these characteristics are considered identical 

regardless of whether they were the normal or abnorTnal type. The samples were sepa-

rated into three populations, two normal (Jeju, Inland) and one abnormal type (Jeju) 

according to the local and morphological differences. 

In One-Way ANOVA analysis, N-EL/SVL (F2,6*=2.530, p= 0.087), EL/SVL (F2,6*= 

0.824, p=0.443), T-EL/SVL (F.,65= 1.018, p=0.367), TD/SVL (F2,6*=0.318, p=0.729), 

IND/SVL (F2,65= 0.254, p=0.776), HAL/SVL (F26*= 0.996, p =0.375), FL/SVL (F..**=2.434, 

p = 0.096) were all p >0.05 indicating that these characteristics were not significantly dif-

ferent. However, SL/SVL (F2,6*= 10.493, p =0.000), DAU/SVL (F2,65=4.691, p=0.013) and 

TL/SVL (F2,65 = 6.313, p = 0.003) were lower than a significant difference. 

SL/SVL, DAU/SVL and TL/SVL were exarnined with a Post-hoc test using the Tukey 

method, which showed that there was a significant difference between the normal and 

abnormal type (p < 0.05) . However, the three groups appear to be identical because 

which is identical between normal and abnormal type in Jeju, even if the normal type of 

Jeju and Inland were differed by Post Hoc test. 

In addition, in the kruskal-wallis test, the HW/SVL and RUL/SVL of the local popula-

tions were identified because these characteristics appeared larger than the significance 

value. However, the HL/SVL (p = 0.043) in one of the three populations was the lowest. 

Nevertheless, the HL/SVL was quite close, even if the p-value was lower than the signifi-

cance value (p=0.05). 

The alignments for the DNA sequences were determined based on the maximum 
nucleotide similarity using CLUSTAL W 1.4. The align sequences from mt Cyib gene of 14 

local populations are present in APPENDIX 1. The partial sequence of the mt Cytb gene 

consisted of a total of 518 sites, 44 sites of which were variable. 

Genetic distance (D) ranged from a Kimura-2-parameter of 0.002 to 0.016. The 

genetic distance using the Kirnura-2-parameter of one group (Yeosu, Namhae-do, Mokpo 

and Hamyang) was D<0.010. The other group (Normal and abnormal in Jeju-do, 
Shinshi-do, Boryeong, Anmyeon-do, Gimpo, Yeoncheon, Amtae-do, Hwaseong) was D< 

0.010. However, there appeared to be a genetic difference between the groups because 
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the genetic distance was D >0.010. 

In previous studies, the genetic variation of R. nigromaculata was reported to be 

closer than that of other amphibians, but the genetic relationship between the local popu-

lations of R. 7~igromaculata was longer even if these species were identical species 

(Yang, 1983). The mt Cytb gene results concur wlth Yang (1983). Moreover, the genetic 

distance within the inland groups was similar to that reported by Yang (1983). 

However, the genetic distance ranged from 0.002 to 0.014 compared wlth the normal 

type in Jeju Island and the samples obtained from the Inland regions. Therefore, the 

abnormal type was similar to the other populations because the genetic distance was 

wlthin the distance of the normal type. On the other hand, the genetic distance of the 

Korean and Japanese R. ?~igromaculata ranges from 0.061 to 0.072; the Japanese popu-

lation being longer than that of the Korean population. 

In UPGMA analysis using the Phylip package (Fig. 2) , the Korean Rana 7bigromacu-

lata formed two clusters, one of the clusters included a population of Yeosu; Namhae-do, 

Mokpo and Hamyang, the other cluster was included the normal, abnormal population of 

Jeju-do, Shinshi-do, Boryeong, Anmyeon-do, Gimpo, Yeoncheon, Amtae-do and 
Hwaseong. In addition, two clusters were strongly supported by the 1000/0 bootstrap 

iterations. However, the Japanese Ra7~a 7bigromaculata do not form a cluster with the 

Korean populations even if they are identical species. 

77 

1 OO 

81 

Shinsi-do 

Aumyeall-do 
Boryeong 
Hwaseang 
Jeju-da (N) 

Jeju-do (A) 

Gimpo 
Yeoudleon 
Arrital~dD 

Namhat~dD 
Yeo su 

Halnyang 
Mokyo 
Jlpalt 

;~nJpa~ 

Fig. 2. A UPGMA analysis for 14 Iocal populations of Rana nigromaculata 
based on partial sequence of Cytochrome b gene (518 bp). 

In this study, the genetic difference between local populations using of Cytb gene was 

siinilar to a previous study, e.g. the Jeju and central Korea populations formed one 

cluster. Nevertheless, Jeju is a further central than south Korea (Song and Chung, 2003) . 

The common ancestor of R. 72;igromaculata was originally distributed in the eastern area 

of China from which these frogs became separated into two groups during the lce-Age; 

the southern and northern groups. These two groups then differentiated into 
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R. nigromaculata in the Korean peninsula and to R. porosa porosa in the Japanese 

island. The Korean R. nigromaculata dispersed into the Japanese island because the 

Korean peninsula and the Japanese island were connected as a result of the low sea levels 

during the second lce-Age (Matsui, 1996). 

In addition, the dispersal of R. 7~igromaculata is assumed to be affected by the dis-

tribution of a paleo-river because these frogs are usually distributed by rivers, Iowland 

puddles, rice paddy fields, swamps etc. (Kang and Yoon, 1975). In particular, 
lchthyofauna of the Korean peninsula is assumed to be affected by connection with the 

paleo-Hwangho and Han river, and the connected rivers run from the Yellow sea to Jeju 

Island (IGm, 1997). It appears that R. nigromaculata were spread in Korea by this con-

nected river. 

It is believed that the abnormal type is ecophenotype of the normal type as a result of 

geographical and altitude isolation. However, the taxonomic status needs to be clarified 

by a comparison of the ecophenotypes in Korea and Japan because the abnorTnal type was 

discovered in Fukui, Japan (Kawauchi et al., 2003). 

APPENDIX 1. Nucleotide sequence alignment (518bp) of the mt Cyib genes in local populations of 
Rana nigromaculata and referencc species, Xenopus laevis. 

X. Iaevls 

Yeosu 

Namha e - do 

Mok po 

Hamyang 

Jeju-do (N) 

Jeju-do (A) 

Sh i nsh i -do 

Boryeong 

Anmyeondo 

Gimpo 

Yeoncheon 

Amtae-do 

Hwaseong 

J ap an 

crAGGCcrrcrcTTTAATICcmuTCATrACAGGATrATIUTAGCTATACATrATACACCAGACACATcrATAGCcrlu~ATCAGTAGcccATATlwnTrcAccrTMcrATCGA 

CTccCA(nCl~rTAATIU~~vLTCGCCA~GGCrTA JTCCrAGCCAlucATrACACAGCCCATACATCccTTCCATF~~:TcrAl~CTCACAlu~CccAGACGTrAACAACCGC 

CrcOGAGTcrC(rTAATICcccAA~TCOCCACccGCrTATlrcrAGCCATGCA~ACACAGCCGATACATC~rTCCAITCl~TCrAl~:r~CATCrcCccAGACGTrAACAACCGC 

CTCOGAGTCrCcrTAATTACCCAMTCccCA~GCTTATTccrAGCCATGCATTACACACC~ATACATCccrlucA~crcAlrrATcc(lrcACAICroccCAGACcrTAACAACGGC 

CWGAolrluclTAATIGcccA~l~ccA~GcrrATrccrAGccATCCATrAcAcAGcccATACAl~crTCCAITrcrCATCTATCC(;rCACATCT~AGACOTTAACAAcoGC 

CrcoGAGTCICcrrAATlucccMAlurCA~GCITATTTcrAGccATOCATrACACACC~ATACA TCrATcc(:rCACATcrOCccAGACcrTMCAACccC 

CTccGAGTCrcCITAATIGccc;~TccccACccGCITATrRrrAGCCATCCATrACACAGCccATACA TCTAl~~rcACATCrcCccAGAccTTMCAACOGC 

CTccGAGTCrC(nTMTTGCcc'~TCCCCACccGCITATrcCrAGCCATccA~ACACAGCccATACA TCrATCGCrCACATCroCccAGACarrAACAACOGC 

CTCGCAGluGcrrAATIC~~:TCOccACccGCrrATrccrAGCCATCCATrACACAGCccATACA TCTATCCcrcACAICTCcccAGAC(rrTMCAACGGC 

CTCSGAauvGCrrMTl~ccc;~TccccACccGCrTATrccrAGCCATGCATrACACAGC~ATACA TCTATcccrcACA:TClucccAGACGTrMCAACOGC 

crOOOACIUCcrrAATICccc'~Ll~ccAcccGCrrATlrcrAGccAToCATTACAC~GCCOATACA TCTAT~cICACATcrcCCOACAC~TMCAA~C 

Cl~GAGIUccrrAA~CcccAMTccCCACCcccrrATICcrAGCCA~CATTACACAG~ATACA TcrAl~cICACATcrccccAGAcaITMCAACCGC 

CTCOOA!GTC~CTTAATIC~TccccACccGCTTATrcCrACccA:TCCATrACACAGCccATACA TCrAT~CTCACA:TCluoccAGACerTAACAACGGC 

CrcOGAGTCrcaTMTICcccN~:TccccAccGG(nTATrcCrAGccA:TGCATrACACACC~ATACA TCrATccCTCACAIUGCccAGAccTTAACAACOCC 

CTccCA(r~ JrocrrAAlrrc~~:TccccA~GCTTATrcCrAGCCATGCA~ACACAIGCccACACAlurrTCCAncrcATCrATTC~ACATCIUTCCAGAl~rAATAACOGC 

X. Iacvis 

Yeosu 

Namha e - do 

Mokpo 

Hamyang 

Jeju-do (N) 

Jeju-do (A) 

Sh i nsh i -do 

Bo rye ong 

Anmycondo 

G i mpo 

Yeoncheon 

Amtae-do 

Hwaseong 

J apan 

TrATTAATrcocMlu~Al~ccMTGGAcTCrcA~CrrcrTCATTrGCATCrACcnCACATCoOACOACGGT~rACTAccccrcrrICITATATAAAGA~CATGAAATATTC(rr 

TGACTCcrACGTAACCI~ATCcrAACGGnoCA~lTrTlcrrTATCrcCATCrACTrccACATrGGCccACGluTrAcrATCGCl~rACCTCrATaAAG~CCroGMCArlccC 

TGACl~rACaTAACCTCCAlccTAA~GTCCATCTTITrrcnTAICrccaTCrACTTccACATrGGccGAGGTcuTACTATCG(rrccrACClcrATaAAG'~LCCICGAACATIGGC 

TGACTCcrACGTAACCTccATG('rMccGTCCATcrrTTrIUTTATCTGCATCrACTrccACATTCG~}AGCTcrITAcrATGGCTCCrACCICrATAAAGAAACCTCGAACA:rlccC 

TGAC~CcrACGTMCCTCCATccTAACGCToCATCT~T~cuTATcrcCATCTACTrcCACATICGWAGG~lTrAcrATCGcrccrACCl~:ATaAAGAAACcrCGMCATmoc 

TCACTCCrACCTAACCTccATccTAACGGCCCATcuTTrTcrrTA~rGCATCrAC1l~CATTCGC~AG(TrcuTACTATCGCrccrACCurrATAAAGAAACCl~AAACATmoC 

l~~ACTccrACOTAACClccATOCTAACGG~cAlUTITrTcnTATcrccAl~rACTTCCACA:1 JCCcccAGGTcuTACTATGGcrccrACCTCrATAAAGAAACCTGAMCATICGC 

TGACl~rACOTAACCI~ATCcrAACGCCOCATCTrrrrTcrrTATCTGCATCrACTrccACATl~a~;AGGTcuTAcrA~GCl~rACClcrATaAAGAMCCFCAAACATTccC 

T(}ACTCCrACaTMCCrccATCCTAACG~CATcuTrrrcnTATCrcCATcrACrTccACATIC(l~ACCluTrACTATCG(;rccrACCTCTATAAAGAAACCTGAAACATl~C 

TGACl~rACC~rMCCTCCATCcrMCOCCGCA:TCHTrTTcnTArcIGCATCrACITI~CATIGGCccAG(rrcTTrACTATCCCrccrACCTCrATAAAGAMCCTCAAACATrccC 

TGA(TrcCrACCTAACCTccATOCTAACOG(~CATcuTrTIUTTATClucATCrACTTccACATrCGCccAG(TrcrrrACTATGGCrccrACCTCrACAMGAAACCICAMCATI~C 

TGA(nrcrACGTMCCTccATccTAACCGCGCATCITTTTTcuTATCTGCATCTAcr~ACATrc(i~ACGIUTTAcrAIIXXTrccrACCTcrACAMGAAACCFCIMACATTCGC 

TCACTCCTACCTAACCTccATccTAACGGCGCAICITrrTrmTATcrcCATcrACTTCCACATIGGcccAG(TrcIITACTATGGCTCcrAC~crATAAAGAAACClrl AAACATTGCC 

TGACTccrACCTAACCTccAICcrAACGGccCATcrrTTrTcuTATClucATCTACTTccACAITroGaIIAG(nruTACTATeGCrCCrACCrCrATaAAGAAACCICAAACAIICGC 

TGACTCcrAccMACCrrCACGCCMCCCCGCATcuTrlTcuTATCrGCATCTAC1l~ACA ACTATOGCTCcrACcrcrATAAAGAAACCTCAMCATrOCT 
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X. laevis 

Yeosu 

Namhae - do 

Mokpo 

Hamyang 

Jeju*do (N) 

Jeju-do (A) 

Sh i nsh i ･do 

BcryeonH 

Anmyeondo 

Gimpo 

Yeoncheon 

Amt ae - do 

Hwaseong 

J ap an 

GTCAl~rccrATITrTAGTrATAGCrACAGCAIT~rAGGATATGTlcrACCATCAGGACAAATATcnTTTCAGGGGcrACA!GTAATTAcrAATCTTCrTn;rCcrMAcccrACATC 

GTCATlcrA~CrrCcrAGTrATAGccAC~CcrnQTAGGcTATowcl~~rFGAGGCCAMTArccrTCnSACGcGccACAGTcATcAcrAACCTCC~rcAG(:rcCCCCCrACATC 

GTCATICrATIUr~rAGTrATAGccACccCCrTT~ rAGecTAToTIUc~TGAGGCCAAATAT~rcrcAGGcGccAcA!GTcATCACTAACCrc~TCAC(:rcC~rACATC 

GTCATTCrAITl~n~CrAGTTATACCCACccccrrTOTAcGcTAlurrc~rrrcAGGCcA,vLTATccnu~AGG(rccACA!GTCATCAcrAACCr~F~AGCI~Cc~rAcATC 

Gl~ATTcrATTUrrccrAG~ATAGccACcccclTFrrAGGCrATowCrccCrrcAGGccA~TAlrcrTcrcAGGCcccACA(nCAl~AcrAACCrcCFcrcA:G(IGcccccrAcATC 

(TrcATrcrATTcrrccrAc~ATAGccACccCcTTT~rAccCTATCTRlurrrcAGGccAAATATccllcrcAGGCoCCACAGl~ATCAcrAAcclurrATcAccTGwocrAcATC 

CTcATlcrA~CTrccrAG~ATACCCACccC~TrcTAGGcTATUrrcrcccnCAGGcCAMTAlrcrTCI~AGGCcccACA(rrCATcAcrMcCl~CTATCAGcl~~rcrACATC 

GTCATTcrATIUTTccrAGITrATAGccA(u~TIUrAGGCTAT~TlcmerTOAGGCCAAATATccrTcroACGGGccaCAGTCATCACTAACCTCcrATCAG(Trc~rACATC 

(rrcATTCrATIUrrccrAG~ATAGccAccccclT~TAGGCIATOTrCrccrrTcACGCC~TATccrTcrGAGGcccCACA!CrrCATCACIMcCTccrATCAGCTC~rACATC 

GTCATTCrA~~l~:AG~ATAGccAcccccmCTACCCrAT(rrTCrc~rl~AGGccAMTAlrcrTcrcAGGcoCCACA(TrcA:TCAcrAACCrccrATCA!GCI~~rcrACATC 

crrCATlcrATIUrrccrA(nTATAGCCACccCaTICTAGCcTAT~rc~~rTcAGGccAAATATCCnrrcAGGCOccACAGlrATCACTAACCl~rATcAGCIO~rAcATc 

(rrcA~crATrorrccrAGTrATAGCCACccCCTTTCTAGCCTATOTCCrcccn~AGGCCAMTAlrcrrC~AGGCGCCACA]GTCATCACTAACCrccrATCAGCl~iAcATC 

GTCATlcrA~cTlrcrA(rrrATAGcCA~ccTrrcTAGGcrATmcrc~rrcAGGccAAATATccnCllcAGGCOccACAGl~ATCACTMCCrcarATCAGCTO~rcrACATC 

CTCATnl rATIUrrccrAG~ATAGCCACccCcul~rAGGcrATGTTa~rrrloAGGcc~TAlrcrrcrGAccccCCACAGTCATCAcrAAccT~rATcAGCTG~ccrACATC 

GTCATlcrcrrrcTrcrrAGｦcATACCcA AT(nrcrc~rroAGGccA~TATcTT~1 rcAGGcGCCACAGl~ATrACCAATCrccrATCAG~~rACATC 

X. Iaevis 

Yeosu 

Namhae-do 

Mok po 

Hamyang 

Jeju-do (N) 

Jeju-do (A) 

Shinshi-do 

Boryeong 

Anmyeondo 

G i mpo 

Yeoncheon 

Alntae*do 

Hwaseong 

J a p an 

GGAMCOTACTAGTccMTCAA(rrTTAGGAGGATnrrcrcTAGATMCGCCACTTrAACCCCATn:rlurATrlrA A~ATrccccGAGCTAGCATTcrcCAT 

GGCcc~GAccTAGTl~MTCAATCrcAGCAGGCTTCrcA!GTAGATaAccccACccTAACWrTTcnTACATTrcACTTTAuclcc~rTrA~ATrcCAGC'yGCAAGCATaAlccAC 

CGCCCAGACCTAGTrcMT(iAATCrGAGGAGccrIUCACrrAGATaACOccACccTAACOXnTrCrTrACATrrcACrTTATrcrcc~rTrA~ATICCAGCAGCAAGCATAATCCAc 

GGCccAGACCTAGTTCAATOMlU(}ACCAGGC:rTaCAGTAGATAACecCACccTMC~TTnTrTAcATTrCACrrcATrCluvrrTATrAITrOCA:GCAGCAACCATAArcCAC 

CGCCCAGAccTAGTrCAATCAATCI~AccAGGCITcrcA:GTAGATaACOCCAcccTAACccclTnlrTACAITrcACTrcA ATroc~GCACCAAGCATAATCCAC 

GGcccAGACcrAGTrcMTGAATcrcAGGAGGCTTCl~GTAGATMCGccAcccTAAC~ITrcnTACATTI~CTrcATTcr~rrTA~ATlecAGCAGCAAGCATAATCCAC 

GGCCCAGACCTAGTl~MTCMTcroACCAGGCIlUCACTAGATAAccccACccr~LC~IT~TrTACATTI~CTTCATTcrcCccnTATrATrccAGCAGCMGCATAATCCAC 

CGCccAGAccTAowcuTGAAlrrCAGGAGG(Trcr~GTAGATAACCCCAcccTAAC~rTlUTTACATTrcACTTCATl~~ccrTrATrATICCAGCAGCAAGCATAATCCAC 

GGCCCAGACCTACTrCMTOAATC~AGGAGGCrlCrcAGTAGATMCOCCACccrAA~erTTCrTTACATITCACncATlcrccccrITATrATlncA!ccACCAAGCATAATccAC 

GG~AGACCTACTrcMTCAATcrGAGGAG(~IUCAGTAGATaACGCCACCcrMcccGTTIUTTACATrl~cTrcATTcrcc~TrA~ATICCAGCAGCAAGCATAATCCAC 

GGcccAGACcrAGTTCMTGMTCFOAGCACGCTTcrcAGTAGATaAccccAcccTMccOWTluTrACATTrcACTrcATrcr~~rTrATrATICCAGCAGCMCCATMTCCAC 

GGCCCAGACCTAGITCMTCAAl~rcAGGAGGCITaICA:GTAGATMCGCCACCcrAAC~ITlUTrACATITrcAcrTCAlncIO~ruTA~ATrccAGCAGCAAGCATAATCCAC 

GGCccA!GACCTAG~CMTGMI~oAGCAGGCTTcrcAGTAGATAACccaLCccrMC~TnuTrACATrrcACTrcATccrccccrrrATrAITrccAGCAGCAAGCATAATCCAc 

GGCCCAGACCTA(rrTCMTOAATcrGAGGAGGCTlcrcA!GTAGATMcccCAcccTAA~GTTlcrrrACATTFCAcrTCATr~~~rTTATrATlucAGCAGCMGCATaATccAC 

GGcccAGACCTAGTrcMTCAATC~AGGAGccTTCICAGTACACMceccACccTCACccGTrlcrTrACATrI~CTrcATrcruccnTATrATlecACCAGCAAGTATGArcCAC 

X. Iaevis 
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Namha e ･ do 

Mokpo 

Hamyang 
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Jeju-do (A) 
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Amtae-do 

Hwaseong 

J apan 

cmTATHcrccACOAAAcrcGATCAACMACCCAAC 

CCAM~GATccn;rAAcccAAc 

CCAAACOOCATCcrcrAACCCAAC 

CCAAACccCATccn;rAAC~AC 

CCAMCccCAT~rcrAACccAAC 

CCANLCOOCATCClcrAAccCAAC 

CCAMCccGATccnrrAACccAAC 

CCAMCOOGATCC~rAACCCAAC 

CCAMccccATCCTcrAAcccAAC 

cch~CCOGATCCrcrMCCCNLC 

CC'LMCccCAlrcn:rAACCCMC 

CCAMCCGGAl~(T~CrAACCCAAC 

CCAAAcccGATCC~1 FAACCCAAC 

ccNLACTCGATCClcrAA!cccAAC 

crA(InTrTcuCACCA~C:rcGAlrcpCTAACCCAAc 

REFERENCES 
Avise, J. C., J. Arnold, R. M. Ball, E. Bermingham, T. Lamb. J. E. Neigel, C. A. Reeb and N. C. Saunders 

1987 Intraspecifrc phylogeography: the mitochondrial DNA bridge between population genetics and 

systematics. Awa. Rev. Ecol. Syst., 18: 489-522 

Brown, W. M., E. M. Prager, A. Wang and A. C. Wilson 1982 Mitochondrial DNA sequence of primates: 



374 J. Y. SONG et al. 

Tempo and mode of evolution. J. Mol. Evol., 18: 225-239 

Duellman,W. E. and L. Trueb 1986 Biology of amphibians. McGraw-Hill, New York 
Felsenstein, J, 1985 Confidence limits on phylogenies: an approach using the bootstrap. Evolution, 39: 

783-791 
Felsenstein, J. 1993 PHYLIP (Phylogeny inference package) Version 3.5c. Distributed by the author. 

Dept. Genet. Univ. Washington 

Kang, Y. S. and I. B. Yoon 1975 Illustrated encyclopedia of fauna and flora of Korea Vol 17 Amphibia' 

Reptila. The Korean ministry of education. Seoul 

Kawauchi, K.,Y. Fujil, H. Kimoto and I. Hasegawa 2003 Diversity of the black-spotted pond frog family 

in Fukui prefecture (poster presentation). Cur. Herpetol., 22: 104 

Kirn, I. S. 1997 Illustrated encyclopedia of fauna and flora of Korea Vol 37 Freshwater fishes. The 

Korean ministry of education. Seoul 

Kim, J. B., H. Y. Lee and S. Y. Yang 1999 Genetic variation of the mitochondrial cyiochrome b gene 

sequence in a Korean pond frog, Rana nigromaculata, with a report of the discordance in the 

genetic divergence of mtDNA and nuclear DNA. Korean J. Genetics, 21: 27-134 

Lee, H. J., S. J. Oh, D. E.Yang, Y. L. Kim and S. Y. Yang 1997 Genetic differentiation between 2 species 

of the genus Rana in Korea. Korean J. Gewetics, 19: 317-324 

Matsui, M. 1984 Morphometic variation analyses and revision of the Japanese Toads (Genus I~ufo, 

Bufonidae), Biological Laborator~/, Kyoto U?~iversity. 26: 236-39 

Matsui, M. 1996 Natural history of the amphibia. University of Tokyo press 

Maeda, N. and M. Matsui 1999 Frogs and Toads of Japan. Bun-Ichi Soga Shuppan press, Tokyo 

Moritz, C., G. J. Schneider and D. B. Wake 1992 Evolutionary relationships within the Ensatina 
eschscholtzii complex conform the ring species interpretation. Syst. Bio., 41: 273-291 

Nakamura, K. and S. Ueno 1976 Japanese reptiles and amphibians in Colour. Hoikusha. Osaka 

Park, S. R. and S. Y. Yang 1997 Mating call structure and variation of the frog Rana 7bigromaculata. 

Korea7~ J. Ecol., 20: 423~38 

Sambrook, J. and D. W. Rusell 2001 Molecular cloning. 3rd ed. Cold spring harbor laboratory press, 

New York 
Sengoku, S., T. Hikida, M. Matsui and K. Nakaya 1996 The encyclopaedia of anirnals in Japan. Heibonsha 

press. Tokyo 

Smith, M. F. and J. L. Patton 1991 Variation in mitochondrial cytochrome b sequence in natural 
populations of South American akodontine rodents (Muridae: Sigmodontinae). Mol. Biol. Evol., 8: 

85-103 
Song, J. Y. and K. H. Chung 2003 Genetic variation of Korean Rana nigromaculata (Alnphibia; 
Ranidae) based on Random Amplified Polymorphic DNA marker. Korean J. Con. Nat., I : 75-82 

Stejneger, L. 1907 Herpetology of Japan and adjacent territory. Smithsonian institution. Washington. 

Tan, A. M. and D. B. Wake 1995 MtDNA phylogeography of the California Newi, Taricha torosa 
(Caudata, Salamandridae). Mol. Phyl. Evol., 4: 383-394 

Yang, S. Y. and C. H. Yu 1978 Check List of Korean Arnphibians. Inha University I. I. R. 5: 81-90 

Yang, S.Y.. J. B. Kim, M. S. Min, J. H. Suh and Y. J. Kang 2001 Monograph of Korean Arnphibia 

Yang, S. Y.. J. B. Kirn, M. S. Min and J. H. Suh 1999 Geneic diversity and population structure of two 

Korean pond frog, Rana nigromaculata and R. plon~cyi (Anura, Ranidae) , with a survey of temporal 

gentic variation in R. nigromaculata. Korean J. 1~iol Sci., 3: 275-283. 

Yang, S. Y.. J. B. Kim, M. S. Min, J. H. Suh, Y. J. Kang, M. Matsui and L. Fei 2000 First Record of a Brown 

frog Raua huanrenensis (Family Ranidae) from Korea. Korean J. 1~iol Sci., 4: 45-50 

Yang, S. Y.. C. H. Yu and B. S. Park 1998 Natural hybridzation and reproductive isolating mechanisms 

between two species ofRana nigromaculata and Rana plancyi (Anura). Korean J. Zool., 31: 1-10 

Yang, S. Y. 1983 Genetic variation in natural populations of Rana nigromaculata in Korea. ~ull Inst 

Basic Sci. Inha Univ., 4: 61-67 

Zhao, E. M. and K. Adler 1993 Herpetology of China. Society for the study of amphibians and reptiles, 

Ohio 


