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ABSTRACT—Comparisons of nucleotide sequences of mitochondrial cytochrome b gene revealed that the
brown frog from Sakhalin has genetically little differentiated from Rana pirica from Hokkaido. Although they
show some differences in adult morphology, they are considered to be conspecific. These frogs have se-
quences substantially different from R. dybowskii from the Maritime territory of Russia, and the current taxo-
nomic idea to specifically separate them is genetically supported. On the other hand, R. dybowskii from the
Maritime territory is genetically well differentiated from a conspecific population from Tsushima.

INTRODUCTION

The Eurasian brown frogs are very difficult to classify
(Matsui, 1991). Especially, members with 24 chromosomes
are morphologically quite similar with each other and have a
highly complicate taxonomic history. The Ezo brown frog from
Hokkaido, Japan, now recognized as a distinct species Rana
pirica, was once regarded as a population of the European
common frog, R. temporaria (Boulenger, 1886; Stejneger,
1907), and was not accorded a distinct taxonomic status even
as a subspecies for a long time (Okada and Kawano, 1923;
Okada, 1930). Later, Nakamura and Uéno (1963) considered
the population from Hokkaido as taxonomically identical with
the population from the Maritime territory, and treated both of
them as a subspecies of R. temporaria, R. t. dybowskii. On
the other hand, Kawamura (1962) considered the brown frog
from Hokkaido as a species different from R. temporaria on
the bases of their differential chromosome number (Witschi
et al., 1958). He instead identified the brown frog from
Hokkaido as R. chensinensis which was originally described
from Tsingling, Shaanxi, China, by David (1875). Nakamura
and Uéno (1972) partially followed this idea and used the name
of R. chensinensis dybowskii for the Hokkaido population.
On the contrary, Okada (1966) insisted to regard the Hokkaido

population as a subspecies of the European common frog
and used the name, R. temporaria chensinensis.

On Sakhalin Island, there occurs a brown frog other than
R. amurensis. This frog was first reported in 1870, and has
long been considered as conspecific with R. temporaria
(Stejneger, 1907; Okada, 1930, 1931). Similarly the occur-
rence of R. temporaria, together with R. amurensis, has long
been known on the Maritime territory of Russia (Stejneger,
1907; Nikolsky, 1918; Terent’ev and Chernov, 1949). Günther
(1876) described R. dybowskii from Abrek Bay not far from
Vladivostok in the Maritime territory. This form, however, was
usually synonymized with R. temporaria (Boulenger, 1886;
Stejneger, 1907). Nikolsky (1918), without actually examining
type specimens, suspected that Günther’s (1876) R. dybowskii
is not even a brown frog but is conspecific with a water frog,
R. nigromaculata. At the same time, he (Nikolsky, 1918) de-
scribed R. semiplicata from Poltawka, which is very near the
type locality of R. dybowskii. These taxonomically complicate
brown frogs from the Maritime and Sakhalin as a whole were
once identified as R. semiplicata (Bannikov et al., 1977), but,
most subsequent authors referred them as R. chensinensis
(e.g., Orlova et al., 1977; Green and Borkin, 1993). The name
of R. dybowskii began to be used quite recently (Kuzmin,
1995).

Matsui (1991), while describing the Ezo brown frog from
Hokkaido as a distinct species R. pirica, showed that R. pirica
is genetically fairly diverged from R. dybowskii from Tsushima
and the Maritime territory of Russia on the bases of isozyme
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analyses. However, the brown frog from Sakhalin, long re-
garded as conspecific with the Hokkaido population (Okada,
1930), has never been analyzed electrophoretically. On the
other hand, Matsui et al. (1994), in the morphometric com-
parisons of adult external characters among brown frogs from
Sakhalin, R. pirica from Hokkaido, and R. dybowskii from
Tsushima and Maritime, demonstrated that the frogs from
Sakhalin and Hokkaido are morphologically somewhat diver-
gent. In this way, systematic relationships between frogs from
Sakhalin and Hokkaido, both long treated as R. temporaria
(see above), are still poorly understood.

In the present study, we determined base pair sequences
of the mitochondrial cytochrome b gene in the brown frog from
Sakhalin, R. pirica from Hokkaido, and geographically
adjacent R. dybowskii from Maritime territory, and compared
the data among these samples, as well as with published data
for other brown frogs having 2n = 24 chromosomes (R.
chensinensis from Tsingling, China, R. dybowskii from
Tsushima, and R. ornativentris from Japan main islands:
Tanaka-Ueno et al., unpublished). Our purpose is to infer phy-
logenetic relationships among species and populations of
brown frogs with 2n = 24 chromosomes from this region, and
to determine taxonomic allocation of the brown frog from
Sakhalin accordingly.

MATERIALS AND METHODS

We extracted DNA from small amounts (less than 50mg) of fro-
zen liver and muscle of four specimens of Rana sp. from Sakhalin,
four of R. pirica from Hokkaido, and two of R. dybowskii from Lazo,
Maritime territory, Russia (Fig. 1; see Appendix). Unpublished se-
quence data (Tanaka-Ueno et al., unpublished) for R. chensinensis
(topotypes) and published data for R. dybowskii from Tsushima, R.
ornativentris (all 2n = 24), R. japonica, and R. amurensis from Sakhalin
(all 2n = 26) (Tanaka-Ueno et al., 1998) were utilized for compari-
sons. Data for Xenopus laevis (Dunon-Bluteau et al., 1985) and R.
catesbeiana (Tanaka et al., 1996) were also used as those for the
outgroup.

The methods, same as described previously (Tanaka et al., 1994,
1996), were used to extract, amplify, and sequence DNA. We ampli-
fied part of the mitochondrial cytochrome b gene using the polymerase
chain reaction (PCR) and sequenced approximately 600 bp region of
this gene. We used two primers, L14850 (5’-TCTCATCCTGATGA-
AACTTTGGCTC-3’) and H15502 (5’-GGATTCGCTGGTGTGAA-
ATTGTCTGGG-3’). The numbering system for sequence followed that
of the human sequence (Anderson et al., 1981).

In order to infer relationships among taxa, three different methods
were employed. We applied neighbor-joining method (Saitou and Nei,
1987) using the PHYLIP package program (Felsenstein, 1993). For
the resultant network, we designated a root at the midpoint of the
longest path. We also performed Maximum parsimony analyses us-
ing the branch-and-bound search algorithm in PAUP (Swofford, 1993)
with the sequences added in a random order for 1,000 bootstrap rep-
etitions.

RESULTS

Genetic differentiation among taxa was estimated using
nucleotide sequence data of 587 bp that were constantly ob-
tained for all samples (Fig. 2).

The brown frog from Sakhalin exhibited very small in-
trapopulation variation (sequence similarity = 100–99.8%). In-
trapopulation variation in R. pirica was also small with se-
quence similarities of 99.8–98.8%. The similarity between the
brown frog from Sakhalin and R. pirica ranged 99.3–99.0%,
which is within the range of between-individual variation in R.
pirica. Two individuals of R. dybowskii from Lazo had nearly
similar sequences (similarity = 99.8%).

Phylogenetic analyses resulted in the formation of a single
group by brown frogs. The outgroup taxa, X. laevis and R.
catesbeiana, were separated from the remaining frogs, and
the cluster of ingroup was supported by high bootstrap itera-
tions, 93.0% in neighbor-joining, and 95.5% in maximum-par-
simony trees.

In the tree obtained by the neighbor-joining method (Fig.
3A), sister relationship of R. pirica with R. sp. from Sakhalin
was strongly supported (95.3% bootstrap iterations). This re-
sult obviously derives from high genetic similarities of the two
populations as mentioned above. Individuals of R. pirica
showed nearly polytomous relationships and their sister rela-
tionship was supported in less than 50% iterations. Similarly,
exclusively close affinity of the two samples of R. sp. from
Sakhalin was supported in only 54.3% iterations.

The cluster including R. sp. from Sakhalin and R. pirica
showed a sister relationship with R. dybowskii from Tsushima,
but the iterations supporting their association was as low as
51.8%. The cluster including these three species next formed
a clade with R. dybowskii from Lazo, but the iterations were
even lower (50.1%). These Far Eastern brown frogs exhibited
a sister relationship with Chinese R. chensinensis (iterations

Fig. 1. Map of Far Eastern Russia and northern Japan showing lo-
calities where samples of R. sp. (dark circle), R. pirica (dark square),
and R. dybowskii (dark triangle) used in the present study were col-
lected, and reported their distributional range (stippled: after Maeda
and Matsui, 1993 and Kuzmin, 1995). Taxonomically important lo-
calities also included: 1 = Vladivostok, 2 = Plotawka, 3 = Khabarovsk.
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Fig. 2. Aligned sequences of a 587 bp segment of the cytochrome b gene. Dots indicate identity to the sequence of Xenopus laevis.
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= 66.2%), and these were then outgrouped by R. ornativentris
with high iterations of 79.0%. All these brown frogs with 2n =
24 chromosomes formed a single group with high iterations
(99.7%) and split from R. japonica and then from R. amurensis,
both of which have 2n = 26 chromosomes.

In the maximum-parsimony analyses (Fig. 3C), sister re-
lationship of R. pirica and R. sp. from Sakhalin was even more
strongly supported (iterations = 100%) than in the neighbor-
joining tree. Unlike in the latter tree, the clade of R. pirica and
R. sp. from Sakhalin showed a polytomous relationship with
R. dybowskii from Lazo, R. dybowskii from Tsushima, and R.
chensinensis in the parsimony tree. Their association was
supported only by low iterations (54.8%), and they were
outgrouped by R. ornativentris (iterations = 56.1%), R. japonica
(93.2%), and R. amurensis (95.5%) in order. Results of the
maximum-parsimony analyses were same with those of the
neighbor-joining analyses in that species with 2n = 24 chro-
mosomes form a monophyletic group with high iterations
(93.2%), being separated from species with 26 chromosomes.

In this manner, R. sp. from Sakhalin is shown to be ge-
netically nearly identical with R. pirica from Hokkaido, and is
remote from R. dybowskii from Lazo, which in turn is clearly
differentiated from the conspecific population from Tsushima.

DISCUSSION

Brown frogs occurring in Hokkaido, Sakhalin, and Mari-
time territory of Russia have a complicate taxonomic history
as stated in introduction (for details, see Nishioka et al., 1992).
However, the brown frogs generally are genetically well dif-
ferentiated locally notwithstanding their conservativeness in
morphological variation (e.g., Tanaka et al., 1994; Sumida,
1996). Therefore, the conspecificity of the brown frogs from
geographically remote Far East and western China appears
unlikely, especially when such account merely depends on
similarities of only a few external characters between popula-
tions involved. On the bases of morphological and biogeo-
graphic evidence, Matsui (1991) described the brown frog from
Hokkaido as R. pirica a species distinct from R. chensinensis,
and subsequently further demonstrated their morphological
difference by examining topotypes of the latter (Matsui et al.,
1993). Independent taxonomic status of these two species
were also confirmed by a comparison of nucleotide sequences
of mitochondrial cytochrome b in topotypic R. chensinensis
and R. pirica (Tanaka-Ueno et al., unpublished).

Both the two analyses performed here resulted in a group-
ing of R. sp. from Sakhalin and R. pirica as one exclusive unit
(Bootstrap iterations: neighbor-joing = 95.3%, maximum-par-

Fig. 3. A neighbor-joining tree rooted at the midpoint of the longest
path (A), a maximum-likelihood tree (B), and a parsimony tree (C).
Nodal values in A and C indicate percent support for branches in
1,000 bootstrap replicates (frequencies < 50% collapsed to polytomies).
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simony = 100.0%). From these results, it seems obvious that
the population from Sakhalin belongs to R. pirica. However,
the Sakhalin and Hokkaido populations are reported to show
some morphometric differences in adults (Matsui et al., 1994),
and in order to examine the possibility of their taxonomic split-
ting at the subspecific rank, further studies using specimens
from wider areas of the two regions are strongly desired.

Close genetic affinity between R. pirica populations from
Sakhalin and Hokkaido suggests the presence of gene flow
between them until very recently. In fact, the Soya Strait sepa-
rating Hokkaido and Sakhalin is considered to have been
formed less than 12,000 y. B.P. (Ohshima, 1990). It is likely
that the common ancestor, widely distributed in these regions
during their land bridge connection, was separated by the for-
mation of the strait. Morphological differentiation reported by
Matsui et al. (1994) may have occurred after this geographic
isolation.

Green and Borkin (1993), in examining phylogenetic re-
lationships of the brown frogs with 2n=24 chromosomes from
isozyme variation, found that “R. chensinensis chensinensis”
from Hokkaido and Kunashiri (a Japanese island northeast of
Hokkaido) differed in only one genetic locus. Also, they re-
ported that the genetic distance between the brown frogs from
Kunashiri and Khabarovsk in continental Russia is slightly
larger than intrapopulation distances in R. arvalis and R.
amurensis, and is slightly smaller than the interspecific dis-
tance between two brown frogs from Caucasus. There should
have been a land bridge between Sakhalin and the continent
until the last glacial period (Ohshima, 1990). Further, R.
amurensis, coinhabiting R. pirica on Sakhalin, has a wide range
of distribution on the continent and its invasion into the Sakhalin
Island is estimated to be a rather recent event (Tanaka-Ueno
et al., 1998). From these considerations, it would be safe to
suspect that a brown frog having a close phylogenetic affinity
with R. pirica occurs in the continental regions adjacent to
Sakhalin, such as Khabarovsk.

Continental R. dybowskii used in the present study was
collected from Lazo which is separated from Khabarovsk by a
chain of mountains. The population was genetically close to
R. pirica, but was still clearly different from the latter. Nishioka
et al. (1992), in a study of variation in isozymes, reported
that R. chensinensis from Siberia (= Maritime territory) and
R. dybowskii from Tsushima form a cluster, splitting from
R. chensinensis from Hokkaido (= R. pirica). If their R.
chensinensis from Siberia is regarded as R. dybowskii, their
results are not discordant with ours. Further, Green and Borkin
(1993) also reported that R. chensinensis semiplicata from the
Maritime territory was equally different from R. c. chensinensis
from Kunashiri and Khabarovsk and R. dybowskii from Ko-
rea.

On the other hand, a fossil identified as R. pirica has been
found from Aomori, northernmost Honshu of Japan (Hasegawa
et al., 1988). The Tsugaru Strait separating Honshu from
Hokkaido is considered to have been formed more than 60,000
y. B.P. (Ohshima, 1990). Results of the present study indi-
cate that continental R. dybowskii is closer to R. pirica than to

R. ornativentris from Japan, south to Hokkaido. This result
suggests that the common ancestor of R. dybowskii and R.
pirica had a wider distribution range than those species do at
present in the Far East, including Russia, Sakhalin, Hokkaido,
and Honshu. The result obtained by Green and Borkin (1993)
does not contradict to this view. Part of this ancestral form,
leading to R. pirica, should have invaded from the continent
through Sakhalin into Japan using northern land bridges (now
under the straits of Mamiya, Soya, and Tsugaru), at least be-
fore the formation of the Tsugaru Strait. After the formation of
that strait, however, the population in Honshu should have
become extinct, possibly through competitions with the R.
ornativentris lineage which should have had a similar ecologi-
cal niche.

The ancestral form of R. amurensis is suspected to have
been involved in the initial divergence among East Asian brown
frogs (Green and Borkin, 1993; Tanaka-Ueno et al., 1998).
The present result also confirmed remote relationships of R.
amurensis from all other species, and particularly from sym-
patric R. sp. from Sakhalin. This finding again seems to sup-
port the idea that the date of invasion into Sakhalin differs
between R. pirica and R. amurensis (Tanaka-Ueno et al.,
1998).

From the present survey, the topotypic R. chensinensis
from western China was proved to be genetically considerably
different from R. dybowskii, and previous taxonomic treatments
to synonymize Russian brown frogs with R. chensinensis (e.g.,
Green and Borkin, 1993) was judged to be erroneous. Green
and Borkin (1993) stated that R. c. semiplicata from the Mari-
time territory is taxonomically different from Korean R.
dybowskii, and suggested that their “semiplicata” might be a
synonym of “dybowskii”. Our results also strongly suggest a
differentiation at the specific rank between R. dybowskii from
the Maritime and R. dybowskii from Tsushima. This coincides
with the results from previous isozyme analyses [Matsui, 1991;
Nishioka et al., 1992 (population from the Maritime treated as
R. chensinensis in the latter)]. Future DNA studies on the
Korean population will clarify phylogenetic relationships of
brown frogs currently lumped under the name of R. dybowskii.

ACKNOWLEDGMENTS

First of all, we would like to thank the late Dr. A. M. Bassarukin
for his help and hospitality during the field trips in the former Soviet
Union. We thank H. Ota for helpful comments on a draft of this manu-
script. For support in collecting sample materials we thank S. Tanabe
and S. Nakabayashi. This research was supported by a Grant-in-Aid
from the Ministry of Education, Science, Sports and Culture of Japan
(No. 07454234) and by a grant from the U. S. National Geographic
Society (No. 4505–91) to MM, and by the Research Fellowships of
the Japan Society for the Promotion of Science for Young Scientists
(No. 6050) and by the Sasakawa Scientific Research Grant from the
Japan Science Society to TT-U.

REFERENCES

Anderson S, Bankier AT, Barrell BG, de Bruijin MHL, Coulson AR,
Drouin J, Eperon IC, Nierlich DP, Roe BA, Sanger F, Schreier

Downloaded From: https://bioone.org/journals/Zoological-Science on 06 May 2024
Terms of Use: https://bioone.org/terms-of-use



T. Tanaka-Ueno et al.294

PH, Smith AJH, Staden R, Young IG (1981) Sequence and orga-
nization of the human mitochondrial genome. Nature 290: 457–
465

Bannikov AG, Darevsky IS, Ishchenko VG, Rustamov AK, Shcherbak
NN (1977) A Guide-book of the Amphibian and Reptile Fauna of
the U.S.S.R. Prosveshchenye Publishing House, Moscow

Boulenger GA (1886) Note sur les grenouilles rousses d’Asie. Bull
Soc Zool France 11: 595–600

David A (1875) Journal de Mon Troisieme Voyage d’Exploration dans
l’Empire Chinois. Librairie Hachette, Paris

Dunon-Bluteau D, Volovitch M, Brun G (1985) Nucleotide sequence
of a Xenopus laevis mitochondrial DNA fragment containing the
D-loop, flanking tRNA genes and the apocytochrome b gene.
Gene 36: 65–78

Felsenstein J (1993) PHYLIP (phylogeny inference package) Version
3.5c. Distributed by the author. Dept Genet Univ Washington,
Seattle

Green DM, Borkin LJ (1993) Evolutionary relationships of eastern
Palearctic brown frogs, genus Rana : Paraphyly of the 24-chro-
mosome species group and the significance of chromosome
number change. Zool J Linn Soc 109: 1–25

Günther A (1876) Description of a new frog from N. E. Asia. Ann Mag
Nat Hist (4) 17: 387

Hasegawa Y, Tomida Y, Kohno N, Ono K, Nokariya H, Uyeno T (1988)
Quaternary vertebrates from Shiriya area, Shimokita Peninsula,
northeastern Japan. Mem Nat Sci Mus (21): 17–36

Kawamura, T (1962) On the names of some Japanese frogs. J Sci
Hiroshima Univ B1 20: 181–193

Kuzmin SL (1995) Die Amphibien Russlands und angrenzender
Gebiete. Westarp Wissenschaften, Magdeburg

Maeda N, Matsui M (1993) Frogs and Toads of Japan. 3rd ed, Bun-
ichi Sogo Shuppan, Tokyo

Matsui M (1991) Original description of the brown frog from Hokkaido,
Japan. Jpn J Herpetol 14: 63–78

Matsui M, Wu GF, Song MT (1993) Morphometric comparisons of
Rana chensinensis from Shaanxi with three Japanese brown frogs
(Genus Rana). Jpn J Herpetol 15: 29–36

Matsui M, Bassarukin AM, Kasugai K, Tanabe S, Takenaka S (1994)
Morphological comparisons of brown frogs (genus Rana) from
Sakhalin, Hokkaido and Primorsk. Alytes 12: 1–14

Nakamura K, Uéno SI (1963) Japanese Reptiles and Amphibians in
Colour. Hoikusha, Osaka

Nakamura K, Uéno SI (1972) Japanese Reptiles and Amphibians in
Colour. 2nd ed, Hoikusha, Osaka

Nikolsky AM (1918) Fauna of Russia and Adjacent Countries, Am-
phibians. Petrograd

Nishioka M, Sumida S, Borkin LJ, Wu ZA (1992) Genetic differentia-
tion of 30 populations of 12 brown frog species distributed in the
Palearctic region elucidated by the electrophoretic method. Sci
Rep Lab Amphib Biol Hiroshima Univ 11: 109–160

Ohshima K (1990) The history of straits around the Japanese Islands
in the late-Quaternary. Quaternary Res 29: 193–208

Okada Y (1930) Monograph of Japanese Tailless Batrachians.

Iwanami-shoten, Tokyo
Okada Y (1931) The Tailless Batrachians of the Japanese Empire.

Imp Agr Exper Stat Tokyo, Tokyo
Okada Y (1966) Fauna Japonica, Anura (Amphibia). Tokyo Electrical

Engineering College Press, Tokyo
Okada Y, Kawano U (1923) Notes on the distribution of Rana japonica

and its allied species in Japan. Zool Mag 35:361–380
Orlova VF, Bakharev VA, Borkin LJ (1977) Karyotypes of some brown

frogs of Eurasia and a taxonomic analysis of karyotpes of the
group. Proc Zool Inst Leningrad 74: 81–103

Saitou N, Nei M (1987) The neighbor-joining method: a new method
for reconstructing phylogenetic trees. Molec Biol Evol 4: 406–
425

Stejneger L (1907) Herpetology of Japan and adjacent territory. Bull
U S Nat Mus 58: 1–577

Sumida M (1996) Incipient intraspecific isolating mechanisms in the
Japanese brown frog Rana japonica. J Herpetol 30: 333–346

Swofford DL (1993) Users Manual for PAUP Version 3.1: Phyloge-
netic analysis using parsimony. Illinois Nat Hist Survey,
Champaign, Illinois

Tanaka T, Matsui M, Takenaka O (1994) Estimation of phylogenetic
relationships among Japanese brow frogs from mitochondrial
Cytochrome b gene (Amphibia: Anura). Zool Sci 11: 753–757

Tanaka T, Matsui M, Takenaka O (1996) Phylogenetic relationships
of Japanese brown frogs (Rana : Ranidae) assessed by mito-
chondrial cytochrome b gene sequences. Biochem Syst Ecol 24:
299–307

Tanaka-Ueno T, Matsui M, Sato T, Takenaka S, Takenaka O (1998)
Local population differentiation and phylogenetic relationships of
Russian brown frog, Rana amurensis inferred by mitochondrial
cytochrome b gene sequences (Amphibia, Ranidae). Jpn J
Herpetol 17: (in press)

Terent’ev PV, Chernov SA (1949) Key to Amphibians and Reptiles.
Nauka, Moscow

Witschi E, Kodani M, Mikamo K (1958) Comparative study of the chro-
mosomes of European. American, and Japanese frogs. Anat Rec
131: 610

APPENDIX

Material Examined: Sources of tissue samples used are as follows.
A total of 10 frogs are stored at the Graduate School of Human and
Environmental Studies, Kyoto University (KUHE). Rana pirica (n = 4):
Obihiro-shi, Hokkaido (n = 1: KUHE10203); Fukushima-cho, Hokkaido
(n = 1: KUHE14494); Sapporo-shi, Hokkaido (n = 2: KUHE14539, 1
uncatalogued specimen). Rana sp. (n = 4): Slepikovskovo, Sakhalin
(n = 1: KUHE11656); Uglegorsk, Sakhalin (n = 2: KUHE11617,11668);
Tomari, Sakhalin (n = 1: KUHE11679). Rana dybowskii (n = 2): Lazo,
Ussuriysk, Maritime territory, Russia (n = 2: KUHE11728, 11731).
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