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Abstract. Red-backed voles in low mountain areas in the vicinity of Nagano City,
central Honshu, Japan, have hitherto been taxonomically treated as Eothenomys sp.
since species identification has not been possible due to ambiguity in diagnostic
morphological characteristics that can be used to classify voles from Honshu into one
of the two Eothenomys species, E. andersoni or E.smithii. We examined the
karyotypes of seven individuals of from the Nagano area (altitude : 380-800 m). The
karyotype of the Eothenomys sp. consisted of 26 pairs of acrocentrics and one pair of
metacentrics, and the sex chromosomes, which is also the standard karyotype of E.
andersoni and E. smithii. X chromosomes were comprised of two types, acrocentrics
and subtelocentrics, which are known to be frequently observed in E. andersoni and
E. smithii, respectively. G-band patterns of the autosomes and the long arm of the X
chromosome of the Eothenomys sp. were identical to those of E. andersoni and E.
smithii. In contrast, Y chromosomes in the male specimens (n=3) were small-sized
submetacentric and totally heterochromatic, which was the type of E. andersoni, and
differed from those of E. smithii, which were medium-sized subtelocentric and partially
heterochromatic. Since the interspecific variation of the Y chromosome was likely to
be specific for each of the species, the Eothenomys sp. can be regarded as members of

E. andersoni.
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Introduction

Two species of the red-backed voles, FEothenomys
andersoni and E. smithii, inhabit Japan except for
Hokkaido (Kaneko, 1994). Eothenomys andersoni is
distributed in eastern and central Honshu, while E.
smithii is distributed in the western part, including
Shikoku and Kyushu. In addition, there is an isolated
population of E. andersoni in the southern part of the
Kii Peninsula, Honshu (e.g., Kaneko, 1994). Within
each of the two FEothenomys species, there seems to be a
substantial amount of variation in the morphological
characters. Thus, they are sometimes classified into
other taxonomic ranks, as suggested by Imaizumi (1979,
1988) : Kaneko’s (1994) E. andersoni is divided into
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three valid species, “E. andersoni” (northeastern Hon-
shu), “E. niigatae” (central Honshu) and “E. imaizumii”
(the Kii Peninsula), and Kaneko’s (1994) E. smithii into
two species, “E. kageus” (eastern Honshu) and “E.
smithii” (western Honshu).

In central Honshu, the two species overlap in their
horizontal distributions, but show a parapatric state in
their vertical distributions, with narrow sympatric zones
(Kaneko et al., 1992 ; Kimura et al., 1994 ; 1999).
Classification of several local populations in the central
Honshu, however, is still being debated because of
ambiguity in the morphological diagnostics, such as the
relationship between the tail length and hind-foot length,
and some skull and dental characters (Kaneko et al.,
1992 ; Kaneko, 1994 ; Kimura et al., 1994 ; 1999).

In the 1970%s, voles with ambiguous morphological
characteristics were collected at quite low mountain
areas (420-630m) in the vicinity of Nagano City,
Nagano Prefecture, central Honshu, Japan (Morozumi
and Miyao, 1974 ; Morozumi, 1977 ; Miyao et al.,
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1979a ; b; Kaneko, 1981). These voles exhibited over-
all similarity with Kaneko’s (1994) E. andersoni in
morphological features, although the body size of these
voles was remarkably small compared to that of the
specimens of Kaneko’s (1994) E. andersoni which usu-
ally occurs in high mountain areas in Nagano Prefecture
(alt.>approx. 2,000 m). They were tentatively regarded
as either Clethrionomys andersoni (= E. andersoni)
(Miyao et al, 1979a, b; Kaneko, 1981) or an
unidentified species, FEothenomys sp. (Morozumi and
Miyao, 1974 ; Morozumi, 1977 ; Morozumi and Mor-
ozumi, 1988).

In this study, we examined the karyotype of the voles
collected from the same localities of Nagano City where
the Eothenomys sp. was captured before (Morozumi and
Miyao, 1974 ; Morozumi, 1977 ; Miyao et al., 1979a).
Since FEothenomys species are known to exhibit sex
chromosome variations that can be used as species-
specific markers (Tsuchiya, 1981 ; Obara, 1986; Yo-
shida et al., 1989 ; Kitahara and Harada, 1996 ; Iwasa,
1998 ; Iwasa et al., 1999b), characterization of the sex
chromosomes of the Eothenomys sp. would provide us
useful clues to clarify the phylogenetic and taxonomic
relationships of Japanese Eothenomys voles.

Materials and methods

Voles and Scientific Names

Seven voles were collected from the three sites which
the Eothenomys sp. was reported to inhabit (Morozumi
and Miyao, 1974 ; Morozumi, 1977; Miyao et al.,
1979a) and were subjected to karyotyping (Table 1).

The specimen numbers and the details of the collecting
localities are shown in Table 1 and Fig. 1, respectively.
In this study, we used the scientific names of the
Japanese Eothenomys species from Imaizumi’s
classification system (Tsuchiya, 1981 ; Imaizumi, 1988)
as follows : the andersoni-complex (=Kaneko’s (1994)
E. andersoni) including Imaizumi’s (1988) “andersoni”,
“niigatae” and “imaizumii” ; the smithii-complex (=
Kaneko’s (1994) E. smithii) including Imaizumi’s (1988)
“kageus” and “smithii”, and the Eothenomys sp. (from
low mountain areas in the vicinity of Nagano City).

Chromosome Analysis

Chromosomal preparations were obtained from bone
marrow cells following short-term culture as described
by Obara (1982) and Iwasa et al. (1999a). Air-dried
cells were stained by conventional Giemsa staining, and
by C- and G-banding according to Sumner (1972) and
Kato and Yosida (1972), respectively, with a slight
modification of the latter banding technique. For com-
parison, individuals of niigatae (n=4) and kageus (n=
4) from central Honshu (Fig. 1) were also examined.

Results

All the individuals of the Fothenomys sp. had the
diploid chromosome number of 56 (Fig.2). The kar-
yotypes consisted of 26 pairs of acrocentrics, one pair of
metacentrics (the smallest autosomes) and the sex chro-
mosomes. In the sex chromosomes of the Eothenomys
sp., there were two types of X chromosomes ; large-sized
acrocentric X (A-X) and large-sized subtelocentric X

Table 1. Collecting localities and specimen numbers of Eothenomys voles examined in this study.

Species* Collecting locality Specimen No. Sex
sp. Kadosawa, the vicinity of Nagano City KT3143 f
(3641’ N, 108° 09’ E, alt. 800 m) HEG165-98 f
Nanamagari, the vicinity of Nagano City KT3144 m
(36" 40’ N, 138° 10’ E, alt. 550 m) KT3145 £
HEG164-98 f
HEG166-98 m
Satojima, the vicinity of Nagano City HEG167-98 m
(36° 39’ N, 138° 10’ E, alt. 380 m)
niigatae Mt. Yatsugatake, Yachiho, Nagano Pref. HEG220-98 m
HEG221-98 f
HEG222-98 f
HEG223-98 m
kageus Nanairi, Hinoemata, Fukushima Pref. HEG193-98 m
Tomioka, Gunma Pref. HEG224-98 m
Shiga-Kougen, Nagano Pref. HEG225-98 m
Higashinagura, Shitara, Aichi Pref. HEGI111-98 m

* Scientific species names are according to Tsuchiya (1981) and Imaizumi (1988)
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Fig. 1.

Collecting localities of the Eothenomys voles examined : niigatae, kageus and FEothenomys sp. (a).

The detailed sites of capture of Eothenomys sp. in the vicinity of Nagano City (b), solid circles and open circles
indicate previously investigated sites (Miyao et al. 1979) and our trapping sites, respectively. Locality names

are shown in Table 1.

(ST-X), and unique type of Y chromosomes, small-sized
submetacentrics (small SM-Y), judging from the statisti-
cal analysis of the relative length, arm ratio and
centromere index (Tables2 and 3). All the females
(n=4) and males (n=3) carried single sets of A-X/
ST-X and ST-X/Y, respectively. From the statistical
analysis, the indices of relative lengths of the A-X
(5.83+0.48) and ST-X (6.76+0.46) in the Eothenomys
sp. were quite similar to those of “mniigatae” and
“kageus”, respectively (Table 2 and Fig. 3). The rela-
tive length of the small SM-Y in the Eothenomys sp. was
1.46+0.31 which was similar to that of the small SM-Y
of “niigatae” (1.36+0.19 ; Table 3 and Fig. 3).
C-bands were consistently located at all centromeric
regions in the autosomes and X chromosomes. In
contrast, the Y chromosomes had rather variable C-band
patterns. The Y chromosomes of the Eothenomys sp.
and “niigatae” were totally C-stained, whereas the Y
chromosome of “kageus” was C-negative in half of the

terminal region of the long arm (Figs.4a and 5). In
this study, it was observed that one male specimen of the
Eothenomys sp. (specimen No.: HEG166-98) carried a
heterozygous C-band in a medium-sized autosomal pair,
in which half of the proximal region of the long arm was
positively stained by C-banding (Fig.4b). A heter-
ozygous C- band pattern in an autosomal pair is often
observed in red-backed vole species such as Cleth-
rionomys rufocanus (Tsuchiya and Yosida, 1974;
Kartavtseva et al., 1998).

The G-band patterns of autosomes of the Eothenomys
sp. were common to those of vole species in the Far East,
including C. rufocanus, C. rex, E. regulus and Japanese
Eothenomys voles (the so-called ‘“‘rufocanus” type
group) but were different from those of voles from
Europe and North America, including C. glareolus, C.
rutilus, C. gapperi and C. californicus (the so-called
“glareolus” type group) (Fig.6; Gamperl, 1982;
Obara, 1986 ; Ando et al., 1988 ; Kashiwabara and
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Fig.2. Conventionally stained karyotype of Eothenomys sp. The inset shows the XY chromosomes from a
male specimen. IST, large-sized subtelocentric ; A, large-sized acrocentric ; sSM, small-sized submetacentric.

Table 2. Morphological features of the X chromosomes in the Eothenomys voles examined in this study

Relative length Arm ratio  Centromere position
Species* n** Short arm q P Morphology
TCL =X 100£SD FiSD p+q X 100=SD
sp. 30 present 6.761+0.46 7.241+0.53 12.584+0.42 Subtelocentric
30 absent 5.831£048 — — Acrocentric
niigatae 25 absent 5.74+0.12 — — Acrocentric
kageus 31 present 6.9910.15 7.19£0.11 12.514+0.05 Subtelocentric

* Scientific names are according to Tsuchiya (1981) and Imaizumi (1988).
** Number of cells observed.

Table 3. Morphological features of the Y chromosomes in the Eothenomys voles examined in this study

Relative length Arm ratio Centromere position
Species* n** b Morphology
TCL X 100+ SD %iSD S < 100SD
sp. 28 1.46+0.31 2.10+0.14 3231+1.44 Submetacentric
niigatae 25 1.36+0.19 1.91+0.10 3435+1.23 Submetacentric
kageus 31 3.35+0.34 2.59+£0.20 27.89+1.58 Subtelocentric

* Scientific names are according to Tsuchiya (1981) and Imaizumi (1988).
** Number of cells observed.

W1,

ST/A ST/SM A/SM  ST/ST

Esp Esp Eng Ekg Fig. 3. Conventionally stained X and Y chromosomes of
Q J - g Eothenomys sp. (Esp), niigatae (Eng) and kageus (Ekg).
ST, subtelocentric ; A, acrocentric ; SM, submetacentric.
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Fig. 4. C-banded karyotype (a) of Eothenomys sp. The inset shows the XY chromosomes from a male
specimen, and the hetechromatinized autosome observed in specimen HEG166-98. The arrowhead and arrow
indicate an autosome with large heterochromatic segments, and Y chromosome, respectively. IST, large-sized
subtelocentric ; 1A, large-sized acrocentric ; sSM, small-sized submetacentric.

Onoyama, 1988 ; Modi, 1987 ; Modi and Gamperl,

i i 1989 ; Yoshida et al., 1989 ; Obara et al., 1995 ; Kita-

~ " | o hara and Harada, 1996 ; Iwasa, 1998 ; Iwasa et al.

XX XY XYy Xy 1999a). The G-band patterns of the long arm of the X

ST/A ST/SM A/SM ST/ST chromosome in the Eothenomys sp. were conservative

"Esp Esp Eng Ekg one identical to those of other Eothenomys voles, irre-
B s spective of the absence or presence of the short arm of

B the X (Gamperl, 1982; Obara, 1986; Ando et al.,

Fig. 5. C-banded X and Y chromosomes of Eothenomys 1988 ; Kashiwabara and Onoyama, 1988 ; Modi, 1987 ;
sp. (Esp), niigatae (Eng) and kageus (Ekg). ST, Modi and Gamperl, 1989 ; Yoshida et al., 1989 ; Obara
subtelocentric ; A, acrocentric ; SM, submetacentric. et al., 1995 ; Kitahara and Harada, 1996 ; Iwasa, 1998 ;

Iwasa et al. 1999a). G-band patterns in the Y chromo-
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Fig. 6. Pair-matching of G-banded haploid chromosomes among Eothenomys sp. (Esp : left), niigatae (Eng:
middle) and kageus (Ekg: right). ST, subtelocentric; A, acrocentric; SM, submetacentric.
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some were unclear in the FEothenomys sp., as in
“niigatae” (Fig. 6).

Discussion

The Japanese Eothenomys voles, including the Eoth-
enomys sp., has been shown to carry conserved
autosomes but variable sex chromosomes from the
present data (Figs.2 and 3) and the literature (Obara,
1986 ; Tsuchiya et al., 1986; Ando et al., 1988 ;
Yoshida et al., 1989 ; Kitahara and Harada, 1996 ;
Iwasa et al., 1999b), as summarized in Table 4. In the
Japanese Eothenomys voles, hence, there are three types
of combinations of sex chromosomes for male individ-
uals; 1) A-X/small-sized Y, 2) ST-X/ small-sized Y
and 3) ST-X/medium-sized Y. The former two were
common sets of “andersoni”, “niigatae” and “ima-
izumii”, while the last one was the typical set of
“kageus” and “smithii” (Table 4 ; Tsuchiya, 1981 ;
Obara, 1986 ; Tsuchiya et al., 1986 ; Ando et al., 1988,
1991 ; Yoshida et al., 1989 ; Kitahara and Harada,
1996 ; Iwasa et al., 1999b). The X chromosomes in
the Eothenomys voles tend to show a variable state
within and among species, and the variation of A-X or

ST-X can not be used as a species-specific marker to
recognize the andersoni- and smithii-complexes.
Accordingly, the arm ratio and centromere index of the
Y chromosomes were also variable in the andersoni-
complex (Table 3 ; Tsuchiya, 1981). It has been shown
that the morphology of the Y chromosomes varies
within and among species of the red-backed voles (Vor-
ontsov et al., 1980; Yoshida et al., 1989 ; Kitahara
and Harada, 1996). However, the overall features of
the Y chromosomes, such as relative length (small- or
medium-size) and C-band pattern (totally or partially
heterochromatic), tend to show good accordance with
the current systematics. These two characteristics, there-
fore, would be useful for species classification (Table 4 ;
Tsuchiya, 1981 ; Obara, 1986 ; Ando et al., 1988, 1991 ;
Yoshida et al., 1989 ; Kitahara and Harada, 1996 ;
Iwasa, 1998). Accordingly, the small-sized and totally
heterochromatic Y and the medium-sized and partially
heterochromatic Y are considered to be characteristic of
the andersoni-complex and smithii-complex, respective-
ly, irrespective of morphology (arm ratio) of the Y
chromosomes (Table 3, Figs. 3 and 5; Tsuchiya, 1981 ;
Obara, 1986 ; Tsuchiya et al., 1986 ; Ando et al., 1988,
1991 ; Yoshida et al., 1989 ; Kitahara and Harada,

Table 4. Chromosome features of the Japanese Eothenomys voles.

Morphology

of X Size of Y

Species* 2n FN

Morphology
of Y

Positive C-band

of Y References

andersoni 56 56 A Small

niigatae 56 56 A Small

imaizumii 56 56 ST Small

kageus 56 56 ST Medium

smithii 56 56 ST Medium

sp. 56 56 A/ST Small

M Total Tsuchiya (1981)

Obara and Yoshida (1985)
Obara (1986)

Tsuchiya et al. (1986)
Yoshida et al. (1989)

Iwasa et al. (1999b)

Present data

Tsuchiya (1981)

Tsuchiya et al. (1986)
Kitahara and Harada (1996)

Tsuchiya (1981)

Kitahara and Harada (1996)
Iwasa (1998)

Iwasa et al. (1999b)

Present data

Tsuchiya (1981)
Tsuchiya et al. (1986)
Ando et al. (1988)
Iwasa et al. (1999b)

Tsuchiya (1981)
Ando et al. (1988)
Ando et al. (1991)
Iwasa (1998)

Iwasa et al. (1999a)
Iwasa et al. (1999b)

Present data

SM Total

M Total

ST Partial

ST Partial

SM Total

FN, autosomal fundamental arm number ; A, acrocentric; ST, subtelocentric ; SM, submetacentrih ; M, metacentric.
* Scientific species names are according to Tsuchiya (1981) and Imaizumi (1988).
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1996 ; Iwasa et al., 1999b).

Many studies on the morphology of the Eothenomys
sp. have also been performed to date but taxonomic
classification based on morphology has remained con-
troversial because of conflicting findings by different
morphological taxonomists (Imaizumi, 1979 ; Kaneko,
1981 ; Miyao, 1981 ; Miyao et al., 1979a, b; Kaneko
et al., 1992 Kitahara, 1995; Kimura et al., 1994,
1999). However, in our opinion, the difference of
mammae formula is likely to provide useful information
to discriminate the andersoni-complex (2+0+2=38)
from the smithii-complex (1+0+2=6 or 0+0+2=4)
(Miyao et al., 1979a, b: Kaneko, 1981). The FEoth-
enomys sp., which shows the formula 2+0+2=38
belongs to the andersoni-complex type. It is also
notable that the Eothenomys sp. and the andersoni-
complex share common characteristics in the enamel
patterns of the upper third molar (posterior type:
Kaneko, 1981) irrespective of variation in external body
sizes (e.g., Morozumi and Miyao, 1974). Moreover,
our Eothenomys sp. specimens appear to have another
characteristic of the andersoni-complex in the relation-
ship between hind-foot length and tail length (Iwasa,
unpublished data), which has been used to classify both
species-complexes by Kaneko et a/. (1992) and Kimura
et al. (1994,1999). We conclude, therefore, that the
Eothenomys sp. is a member of Kaneko’s (1994) E.
andersoni in taxonomic status judging from the several
sets of morphological characteristics (Kaneko, 1981 ;
1994 ; Miyao et al., 1979a, b; Kaneko et al., 1992 ;
Kimura et al., 1994,1999) as well as the Y
chromosomal variation.
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