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East Asia is an area of species richness for the family
Talpidae, especially the highly fossorial genera Mogera
and Euroscaptor, which possess seven and six species,
respectively (Hutterer 1993). Although the phylogenetic
relationships within the genus Mogera have been well
established on the basis of morphology (Motokawa
2004), chromosome analysis (Kawada et al. 2001), and
DNA sequences (Okamoto 1999; Tsuchiya et al. 2000;
Shinohara et al. 2003), little is known about the evolu-
tion and radiation of the genus Euroscaptor. In fact, the
Japanese mountain mole Euroscaptor mizura is the only
member of this genus studied in detail (Tsuchiya et al.
2000; Kawada et al. 2001; Shinohara et al. 2003). These
studies suggest that Furoscaptor is a relic East Asian
species group closely aligned with the genus Mogera.
The genus Euroscaptor was first described by Miller
(1940), but the characteristics of the genus were indis-
tinct and its taxonomic status uncertain. Motokawa
(2004) carried out a cladistic study of the skull characters
and concluded that Euroscaptor is likely a paraphyletic
group, and noted that systematic revision of Euroscaptor
is required. To better understand the evolutionary his-
tory of East Asian talpids, including the genera Talpa,
Euroscaptor and Mogera, it is necessary to examine
the phylogenetic and systematic status of the genus
Euroscaptor. In particular, comparative studies of
Euroscaptor representatives from both Japan and South-
east Asia are required to provide further insight into the
evolution of this group.

Peninsular Malaysia is the southernmost region of
the world’s talpid distribution (Corbet and Hill 1992).
Malaysian moles inhabiting the main range of the

Malay Peninsula (1000 to 2000 m above sea level) were
first described by Chasen (1940) from the Cameron
Highlands, Pahang State. However, the systematic posi-
tion and ecology of this taxon have remained unclear,
because only six specimens have been collected in the
past 50 years. In January 2002, we conducted a field
survey of the Malaysian mole on the BOH Estate,
Cameron Highlands, Pahang, Malaysia, and successfully
captured 10 moles (Kawada et al. 2003) — 40 years
after the species was last recorded (Cranbrook 1962).
Cranbrook (1962) identified the Malaysian mole as the
southernmost population of the Himalayan mole, Talpa
(Euroscaptor) micrura, and our preliminary results,
based on the morphological traits of the skull, supported
his classification at the species level (Kawada et al.
2003). Although the genus Euroscaptor ranges from south
China to northern Thailand, the core range of distribu-
tion of E. micrura is in the eastern Himalayas (Hutterer
1993), far away from Peninsular Malaysia. Thus, mem-
bers of the Malaysian E. micrura population we collect-
ed are peripheral to the core range of the species. The
question remains as to how E. micrura became dispersed
into Peninsular Malaysia. As the distribution of small
mammals is generally determined by migration events
and past ecological changes, phylogenetic study of the
genus Euroscaptor will give us valuable information on
the paleoecology of Southeast Asia as well as on the
evolutionary history of talpids endemic to this region.

To clarify the phylogenetic position of E. micrura and
the taxonomic status of the genus Euroscaptor, we first
determined the sequences of the mitochondrial cyto-
chrome b (cyt b; 1140 bp) gene, the 12S rRNA gene
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(12S; about 840 bp), and the nuclear recombination
activating gene-1 (RAGI; 1010 bp) from two Malaysian
mole specimens. We then performed comparative mole-
cular phylogenetic analyses using this data together with
published sequences of these genes from nine additional
Eurasian talpid species (Tsuchiya et al. 2000; Shinohara
et al. 2003).

Materials and methods

The Malaysian moles used for the study were captured
in the Cameron Highlands, Pahang, Malaysia, in January
2002. Morphological measurements and several eco-
logical notes have been published elsewhere (Kawada
et al. 2003). Genomic DNA from the ethanol-preserved
livers of two specimens (SIK0550 and SIK0557, Kawada
et al. 2003) was extracted by proteinase K digestion and
phenol—chloroform—isoamyl alcohol extraction proce-
dures. The complete mitochondrial cyt b gene was first
amplified using the universal primer pair L-14724 and
H-15915 (Irwin et al. 1991). Secondary nested PCR
amplification from this product was carried out with
two primer pairs: (1) L-14724 (Suzuki et al. 1997)
and H-15401 (Shinohara et al. 2004) and (2) H-15916
(Suzuki et al. 2000) and L-15423 (Shinohara et al. 2004).
Amplification of a fragment of the mitochondrial 12S
rRNA gene (ca. 900 bp) was obtained using the universal
primer pair L-613 (Mindell et al. 1991) and H-1478
(Kocher et al. 1989). Nested PCR was carried out with
two primer pair sets: (1) R-L613 (Yamada et al. 2002)
and U-H1066 (Suzuki et al. 1997) and (2) R-L 946
(Shinohara et al. 2004) and U-H1478 (Suzuki et al.
1997). A partial exon sequence of the RAG-1 gene was
amplified using the primer pair RAG1-F1851 (Sato et al.
2004) and RAGI-R2951 (5’-GAGCCATCCCTCTC-
AATAATTTCAGG-3’; = RAG1-R2864, Teeling et al.
2000). The PCR product was then re-amplified with the
following primer sets: RAG1-F1851 and RAGI1-R2486
(Sato et al. 2004) and RAG1-F2401 (Shinohara et al.
2004) and RAGI1-R2951. The PCR products of the
secondary reaction were primed using the Big-Dye Ter-
minator Cycle Sequencing Kit (ABI, Foster City, CA)
and both strands were sequenced directly (Model 310;
ABI, Foster City, CA).

The six new DNA sequences determined in this study
were deposited in the GenBank/EMBL/DDBJ nucleotide
sequence database under accession numbers AB185151—
AB185156. Corresponding gene sequences from Mogera
wogura, M. imaizumii, M. tokudae, M. insularis, E.
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mizura, Talpa altaica, T. europaea, Urotrichus talpoides
and Uropsilus gracilis (Appendix 1) were downloaded
from the database for use in subsequent phylogenetic
analyses. Because the sequence lengths of the 12S
rRNA products varied among species, they were first
aligned together using ClustalX (Thompson et al. 1997)
with default options, then manually adjusted by eye. To
evaluate the congruency of the three gene sequences, we
conducted the incongruence length difference test (ILD
test; Farris et al. 1994). Whenever the ILD test found a
P value greater than 0.01, combining the data improved
or did not reduce phylogenetic accuracy (Cunningham
1999). A maximum likelihood (ML; Felsenstein 1981)
phylogenetic tree was constructed using a heuristic
search with the tree bisection-reconnection (TBR)
swapping algorithm. The nucleotide substitution model
for ML criteria was selected by use of Modeltest 3.06
(Posada and Crandall 1998). To assess the phylogenetic
topology, we also constructed a neighbor-joining (NJ;
Saitou and Nei 1987) tree employing the Kimura-2-
parameter model (Kimura 1980), and a maximum parsi-
mony (MP; Swofford and Olsen 1990) tree using heuris-
tic searches with 100 random addition replicates utilizing
the TBR swapping algorithm. The statistical confidence
of branching patterns was evaluated by 1000 bootstrap
replications (Felsenstein 1985). All phylogenetic analy-
ses were carried out with the computer software program
package PAUP*4.0 (Swofford 2001).

Results and discussion

We determined the cyt & (1140 bp), 12S (842 bp), and
RAGT1 (1010 bp) gene sequences from two specimens of
E. micrura. Between the two specimens, 10, three and
zero nucleotide differences were noted for the cyt b,
12S and RAG1 gene sequences, respectively. All of the
nucleotide changes were caused by pyrimidine (A—G) or
purine (T—C) transition transfers. Because some inser-
tions and deletions were detected among the 12S gene
sequences of E. micrura and other Eurasian talpids, the
final alignment for this gene was 870 bp, and the final
concatenated data set 3020 bp. The degree of phyloge-
netic congruency between the three genes was high (P =
0.87), so we constructed phylogenetic trees from the con-
catenated data set only. When constructing the ML tree
(Fig. 1), the general time reversible (GTR; Rodriguez et
al. 1990) model of nucleotide substitutions was selected
with the following parameters: proportion of invariable
sites (= 0.55) and gamma distribution (shape parameter =



Shinohara et al., Phylogenetic position of the Malaysian mole

ML ||

187

U. gracilis

U. talpoides

95

T. europaea

T. altaica

H Talpa

98

E. mizura

100 E. micrura (SIK0550) Euroscaptor

60

87

0.05 substitutions/site

81

M. tokudae
48‘ —— M. imaizumii

L E. micrura (SIK0557)

M. insularis

Mogera

M. wogura

Fig. 1. Maximum likelihood tree of the Malaysian mole and its allies based on a concatenated data set utilizing the cyt b, 12S rRNA and RAG]
gene sequences. Bootstrap values (percentages of 1000 replications) are shown at each node.

0.536 and rate categories = 4). Our results suggest that
the Malaysian mole (E. micrura) forms a monophyletic
clade with the Japanese mountain mole (E. mizura),
however this relationship was associated with a low
bootstrap score (50%; Fig. 1). Slightly higher support
values for this grouping were found for both the NJ and
MP trees 68% and 67%, respectively; data not shown.
Phylogenetic relationships among the other Eurasian
talpids in the ML tree were identical to those described
in previous studies (Okamoto 1999; Tsuchiya et al. 2000;
Shinohara et al. 2003).

Historically, classification of the Malaysian mole had
been equivocal, even at the genus level (Ellerman and
Morrison-Scott 1966; Corbet 1978; Corbet and Hill
1992). For instance, morphological evidence suggested
that Euroscaptor is a subgenus or synonym of Talpa
based on the observation that they share the same dental
formula — 13/3 + C1/1 + P4/4 + M3/3 = 44 (Schwarz
1947; Motokawa 2004). However, recent systematic and
phylogenetic works recognize Euroscaptor as a valid
genera (Yates and Moore 1990; Nowak 1999). Indeed,
molecular studies (Tsuchiya et al. 2000; Shinohara et
al. 2003; this study) support a sister-taxa relationship
between Euroscaptor and Mogera (which possesses a
different dental formula — 13/2 + C1/1 + P4/4 + M3/3 =
42). These conflicting data can be explained by hypo-
thesizing that the common dental formula of Talpa and
Euroscaptor is an ancestral characteristic (Motokawa
2004). The shared dental formula of Talpa and Euros-

captor is also the same as the fundamental eutherian for-
mula; therefore, we consider it to be a symplesiomorphic
character that has no meaning in the definition of the
genus.

Based on the skull morphology of E. micrura and E.
longirostris, Motokawa (2004) suggested that this genus
is paraphyletic. While we recovered Euroscaptor as a
monophyletic group, boostrap support for this associa-
tion was not high (Fig. 1). However, this finding may
have arisen from the small number of taxa sampled in
this study, and the extensive period of isolation separat-
ing these two species (see below). Further studies are
needed, including samples from other closely related
genera (i.e. Scaptochirus and Parascaptor), to address
this issue.

The most likely scenario that explains the present
distribution of Japanese fossorial moles, including F.
mizura and three species of Mogera, is as follows
(Tsuchiya et al. 2000): First, E. mizura, whose current
distribution is restricted to scattered mountainous
regions of Honshu (the main island of Japan), was the
first and the most primitive fossorial mole species that
migrated into Japan, and it once was distributed widely.
Second, modern fossorial moles of the genus Mogera
probably evolved from an ancestral species of Euros-
captor on the Asian Continent and migrated into Japan,
presumably displacing E. mizura from the lowland
habitat. The Malaysian E. micrura represents the south-
ernmost population of the family Talpidae and presum-
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Table 1. Distance of sequence divergence of the three gene sequences between fossorial moles*.
T. europaea T. altaica E. mizura E. micrura M. insularis M. tokudae M. imaizumii M. wogura

T. europaea -
T altaica 0.077 -
E. mizura 0.091 0.087 -
E. micrura 0.089 0.094 0.078 -
M. insularis 0.090 0.085 0.079 0.081 -
M. tokudae 0.087 0.087 0.077 0.077 0.063 -
M. imaizumii 0.085 0.083 0.074 0.076 0.056 0.052 -
M. wogura 0.088 0.092 0.080 0.076 0.064 0.057 0.042 -

*Sequence divergence was computed by Kimura (1980) with all substitutions at all codons positions.

ably has been isolated from its core population since the
early stages of mole evolution in Southeast Asia, perhaps
by changes in climate and sea level. Consequently, E.
mizura and E. micrura have presumably been isolated
for a long period of time. To examine this hypothesis,
we used the Kimura two-parameter model (Kimura 1980)
to calculate the genetic distances between Eurasian
and Japanese fossorial moles (Table 1). The distance
between E. micrura and E. mizura (= 0.078) was much
larger than the maximum distance found between mem-
bers of the genus Mogera (= 0.064), and nearly equal to
that between T. europaea and T. altaica (= 0.077). Thus
our data supports the contention that E. micrura and E.
mizura have undergone long period of geographic iso-
lation.

Finally, Tsuchiya et al. (2000) estimate divergence
between Mogera and Euroscaptor to have occurred
about 15 Mya (in the middle Miocene), which corre-
sponds with the onset of the spread of the Sea of Japan
and with the time when the climate of the islands of
Japan changed dramatically from tropical and subtropi-
cal to temperate (Chinzei 1991). After these climate
changes, the genus Euroscaptor may have shifted its
habitat from the lowlands to the highlands in both tropi-
cal and temperate regions. This hypothesis needs to be
examined by further studies that sample a much greater
number of taxa from this genus, including Himalayan
populations of E. micrura.
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