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Abstract: A revision was carried out on 245 adult skull specimens of the common vole (Microtus arvalis sensu lato)
kept in the mammal collection of the Hungarian Natural History Museum in Budapest. A highly effective craniometric
classification function was used to reveal whether they belonged to the common vole (M. arvalis Pallas, 1778 sensu
stricto) or to the East European vole (Microtus levis Miller, 1908). It was found that M. levis specimens were present in
the Hungarian mammal fauna; the boundaries of that animal’s European range were thus expanded in the west. The
distribution of the East European vole and the common vole in Hungary showed that both of these vole species occur
together in all of the studied regions, with different predominant presence. M. levis occurred in lower numbers than
M. arvalis in the western part of the country while the 2 species were relatively equally present in the central part of the
country, with an insignificant preponderance of M. arvalis in the northeastern part. Conversely, M. levis had a clearly
expressed predominance over M. arvalis in several regions of the northern part of the country. The craniometrical
specificity of the 2 vole species in Hungary was characterized on the basis of craniologically determined samples.
Craniometrical characteristics of both species showed similar absolute variability of their corresponding parameters
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with poorly expressed cranial sexual dimorphism.
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Introduction

As a result of the systematic revision of the polytypic
species Microtus arvalis Pallas, 1778, it was found
that 2 species, Microtus levis Miller, 1908 = M.
rossiaemeridionalis Ognev, 1924, and M. arvalis
Pallas, 1778 (sensu stricto), are morphologically
sibling species. The supervening karyotaxonomic
and biochemical investigations of the species
differentiation of these sibling voles outlined their
ranges. At present, the ranges of the 2 species, generally
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accepted on the grounds of distribution evidence,
are as follows. M. arvalis occurs in Eurasia from the
European Atlantic coast in the west to the Mongolian
Altai Mountains in the east, and from the Baltic Sea
coast (Finland and Karelia) in the north to the Balkan
Peninsula and Asia Minor in the south, also including
the Middle Urals and West Siberia. M. arvalis (sensu
stricto) has been found in the Transcaucasian region
and Mongolia (Malygin, 1983; Baranovski et al., 1994;
Malygin and Bashenina, 1994; Meyer et al., 1996).
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The range of the East European vole, M. levis, covers
South Finland in the west, Latvia, Belarus, Ukraine,
Moldova (Malygin, 1983; Zagorodnyuk et al., 1994),
the Danube delta in Romania (Murariu, 1984), and
the southern part of the Balkan Peninsula (Bulgaria,
Greece) (Kral, 1975; Belcheva et al., 1977), as well
as a large area of southern Serbia and Macedonia
(Kral, 1975; Petrov et al., 1975; Ruzi¢ et al., 1975;
Zivkovi¢ et al., 1974). Specimens of this species were
found in northern Turkey (Dogramaci, 1989), and
some isolated populations were found in the Ararat
valley in Transcaucasia, as well (Malygin and Orlov,
1975). The species also occurs in the Don River valley
(Malygin and Bashenina, 1994; Tikhonova et al.,
1999), the Caspian lowland, around the Volga River
outfall, and in the Urals (Malygin, 1983; Baranovski
et al., 1994; Tikhonov et al., 1996).

The main part of the range of the East European
vole thus covers the central part of the distribution
area of the sibling species M. arvalis (sensu stricto)
(Malygin and Bashenina, 1994), where the 2 species
are distributed sympatrically. The data obtained in
recent investigations of the karyotype and cranial
morphology of the sibling species M. arvalis and M.
levis added new locations to the distribution map of
the East European vole in Europe (Suchentrunk et al.,
1998; Mazeikyte et al., 1999; Kalcheva and Topashka-
Ancheva, 2005; Markov and Kocheva, 2008) and Asia
Minor (Yigit et al., 2007), manifesting an expansion
of M. levis presence in Eurasia.

The territory of Hungary is within the boundaries
of the sympatric distribution of the 2 sibling species
(from 40°N to 60°N). In the second half of the 20th
century, when the greatest number of grey vole
skulls were collected and lodged in the zoological
collections of many countries in central and eastern
Europe, the species determination of the sibling
species through classical morphological features
depended very much on the chosen methods of
diagnostics and was very unreliable; for this reason,
all of the grey vole skulls collected in this period were
assigned to M. arvalis (sensu lato). Because of this
approach, the huge amount of material collected in
that period was not used properly to outline in detail
the sympatric occurrence of the 2 species in Europe.

A new opportunity for species determination of
massive craniological material was afforded by the
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morphological-craniometrical key for differentiation
of the grey voles’ sibling species from Europe (Markov
and Kocheva, 2007), and this predetermined the
aims of the present work as follows: 1) to carry out
revision of skull specimens of the common vole
(Microtus arvalis Pallas sensu lato) from the mammal
collection of the Hungarian Natural History Museum
in Budapest and to ascertain if M. levis is present
among the Hungarian mammal fauna; 2) if it is in
fact present, to define the regions with sympatric
distribution of the studied sibling vole species in
the country; and 3) to analyze the craniometrical
characters of craniologically identified individuals of
the common vole M. arvalis and the East European
vole M. levis from the studied territory of their
sympatric presence in Hungary.

Materials and methods

The study was based on 245 adult skull specimens
of the common vole (Microtus arvalis sensu lato)
kept in the mammal collection of the Hungarian
Natural History Museum in Budapest. The localities
examined covered the largest part of the presumable
species habitats of the common vole (Microtus arvalis
Pallas sensu lato) in Hungary and were grouped
topographically into 14 regions: Bacs-Kiskun (studied
specimens n = 21), Borsod-Abatj-Zemplén (n = 21),
Fejér (n = 12), Gyor-Moson-Sporon (n = 18), Hajdu-
Bihar (n = 21), Heves (n = 17), Komarom-Esztergom
(n = 10), Pest (n = 22), Somogy (n = 17), Szabolcs-
Szatmar-Bereg (n = 13), Jasz-Nagykun-Szolnok (n
= 22), Vas (n = 22), Veszprém (n = 22), and Tolna
(n = 6). The studied localities differ significantly in
terms of their physiographic conditions. The age
of the specimens was determined according to the
craniological criteria of Bashenina (1953).

The studied specimens were classified as either M.
arvalis or M. levis using a discriminating craniological
key (Markov and Kocheva, 2007). The discriminant
function included a set of 4 variables that did not
show sexual dimorphism in the studied species:

Y = 2.099 x length of incisive foramen - 3.678
x alveolar length of upper molar series + 7.433 x
(zygomatic width / skull height between bullae
osseae) — 2.830.



An unclassified specimen would be assigned to
one of the sibling species, M. levis or M. arvalis, after
completion of the following steps:

1. Calculation of the canonical discriminant
function, using the real values of the included
craniometric characters of the analyzed
specimen;

2. Comparison of the value of the calculated
canonical discriminant function with the
values of group centroids (0.803 for M. arvalis
and -2.71 for M. levis); and
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3. Assigning of the analyzed individual to that
species with the centroid value closest to the
calculated centroid value.

Further  craniometrical analysis included
craniologically differentiated specimens of both
species of the sibling voles in Hungary: 16 specimens
(7 males and 9 females) of M. arvalis and 15
specimens (8 males and 7 females) of M. levis. It
was based on 25 cranial characters (Figure 1) taken
from each specimen with the help of a digital caliper
with 0.1-mm accuracy as follows: V1 - condylobasal
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Figure 1. Studied cranial characters of males and females of the vole sibling
species M. arvalis and M. levis in Hungary. A description of these
characters is given in the “materials and methods” section.
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length I; V2 - condylobasal length II; V3 - basal
length; V4 - condylobasilar length; V5 - total skull
length; V6 - occipitomaxillar length; V7 - length
of upper diastema; V8 - alveolar length of upper
molar series; V9 - thickness of upper incisives; V10
— length of upper incisives; V11 — rostrum width;
V12 - interorbital width; V13 - zygomatic width;
V14 - occipital width; V15 - mastoid width; V16 -
rostrum height; V17 - cranial height at bullae osseae;
V18 - cranial height at mastoids; V19 - interparietal-
foramen magnum height; V20 - skull height between
bullae osseae; V21 - height of zygomatic arch; V22
- mandible length; V23 - alveolar length of lower
molars; 24 - articular height; V25 — mandible height
(taken at M,). Although previous investigations did
not reveal any sexual dimorphism in these characters
in the European range of sibling voles (Markov
and Kocheva, 2007), the presence of cranial sexual
dimorphism within each species and the differences
between the means of the studied metric characters
in the Hungarian samples were tested using Student’s
t-test at P < 0.05. All statistical analyses were carried
out using the STATISTICA program, version 8.0
(StatSoft, Inc., 2008).
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Results

The craniometrical revision of the taxonomic
detachment of adult skull specimens of the common
vole (Microtus arvalis sensu lato) from Hungary
revealed the presence of both sibling vole species, M.
levis and M. arvalis (sensu stricto).

In total, 92 of the studied specimens (37.55%) were
classified as M. levis. The presence of the common
vole M. arvalis (sensu stricto) in the studied sample
was found to be significantly higher, at 153 (62.45%)
of the studied skulls.

The established distribution of craniometrically
differentiated sibling voles showed that the East
European vole, M. levis, and the common vole, M.
arvalis, occurred together in samples from all of the
studied regions in the country with different relative
predominant presences (Figure 2).

The relative numbers of the 2 species in the studied
samples demonstrated that M. arvalis predominated
in the samples from Vas (M. levis - 13.6%, M.
arvalis — 86.4%), Hajdu-Bihar (M. levis — 23.8%, M.
arvalis - 76.2%), Gyor-Moson-Sporon (M. levis -

Ukraine

Romania

Hungary

International boundary
County boundary

Figure 2. The relative presence (in percentages) of the craniometrically classified East
European vole (M. levis) (dotted) and the common vole (M. arvalis sensu
stricto) (hatched) in samples from the studied county regions in Hungary:
1) Szabolcs-Szatmar-Bereg (studied specimens n = 13); 2) Borsod-Abauj-
Zemplén (n = 21); 3) Hajdu-Bihar (n = 21); 4) Heves (n = 17); 5) Jasz-
Nagykun-Szolnok (n = 22); 6) Pest (n = 22); 7) Bacs-Kiskun (n=21); 8)
Komarom-Esztergom (n = 10); 9) Fejér (n = 12); 10) Tolna (n = 6); 11) Gyor-
Moson-Sporon (n = 18); 12) Veszprém (n = 22); 13) Somogy (n = 17); 14) Vas

(n=22).
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22.2%, M. arvalis — 77.8%), Pest (M. levis — 31.8%,
M. arvalis 68.2%), Somogy (M. levis - 35.3%, M.
arvalis — 64.7%), Szabolcs-Szatmar-Bereg (M. levis
- 30.8%, M. arvalis 69.2%), Jasz-Nagykun-Szolnok
(M. levis — 22.7%, M. arvalis 77.3%); and Tolna- (M.
levis — 33.3%, M. arvalis - 66.7%), and, in the region
of Fejér, the common vole accounted for 91.7% of
the specimens presented. Although M. levis slightly
predominated (at 4.68% higher) in the samples
from the Bacs-Kiskun region (M. levis — 52.34 %,
M. arvalis — 47.66%), the presence of the 2 species
was almost equal there. In the sample from the
Borsod-Abauj-Zemplén region (M. levis - 47.6%, M.
arvalis — 52.4%), the 2 species were also represented
comparatively equally; there were only 4.8% more
specimens of M. arvalis than of M. levis. The regions
with a higher relative presence of M. levis were Heves
(M. levis — 52.9%, M. arvalis — 47.1%), Komdarom-
Esztergom (M. levis - 60%, M. arvalis — 40 %), and
Veszprém (M. levis — 86.4%, M. arvalis — 13.6%); the
highest predominance of M. levis over M. arvalis was
found in the studied sample from Veszprém (86.4%).

The comparative detailed analysis (Student’s t-test
at P < 0.05) of mean values of the craniometrical
characteristics and their absolute variation in the
2 morphologically sibling vole species (Table)
confirmed the absence of statistically significant
differences between the mean values of all studied
craniometrical characters of the males and females
in each species; that the specimens of both sexes
could thus be pooled together to deduce the basic
descriptive statistics of cranial measurements of the
2 species from Hungary; and that the mean values of
respective craniometrical characters were very close
and showed similar absolute variability.

Discussion

The craniometrical revision of the collection of skull
specimens from the common vole Microtus arvalis
Pallas (sensu lato) resulted in their differentiation as
M. arvalis or M. levis; thus, the presence of M. levis in
Hungarian mammal fauna was made manifest.

The high degree of craniometrical similarity
found in the sibling voles showed that only
multiple examinations of a relatively large number
of craniometrical characters could enable the
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craniological differentiation of these 2 species in
Hungary.

The fact that craniometrical examination
revealed M. levis specimens in Hungary supports
recent ideas about the distribution of M. levis in
Europe (Zima 1999; Shenbrot and Krasnov, 2005)
by extending the borders of its range into the west.
At the same time, it is consistent with the generally
accepted idea of M. levis as a widespread lowland
species, tolerant to a wide range of habitat types
(Zagorodnyuk et al., 2008).

The established craniometrical classification of the
studied skulls of Microtus arvalis Pallas (sensu lato)
from Hungary encourage the following conclusions:
the 2 morphologically sibling voles are not equally
present in most of the studied localities, differing
by their physiographical characteristics; there were
significantly fewer specimens of M. levis than of M.
arvalis found in the western part of the country; the
2 species were both present in the central and eastern
part of the country, with an overall preponderance of
M. arvalis; and in several regions of the northern part
of the country, M. levis dominated over M. arvalis.

Mosaic distribution of M. levisin Hungary suggests
that further detailed investigation is necessary to
determine the sympatric distribution of M. levis and
M. arvalis with regard to their biotopic preferences.
Namely, the East European vole prefers biotopes with
tree stands and more humid or anthropogenized
biotopes, such as vegetable gardens, undergrowths
of large-stalk grass, or landmarks (Malygin, 1970,
1983; Dobrokhotov et al., 1985; Tikhonov et al.,
1998); and the common vole prefers meadow-type
coenoses and agricultural areas (Dobrokhotov et al.,
1985; Teslenko and Zagorodnyuk, 1986; Tikhonov et
al., 1992; Karaseva et al., 1994) and inhabits poorly
timbered forest biotopes in river valleys, forest belts,
and gorges in the zone of deciduous forests and
forest steppes, avoiding strongly anthropogenized
and transformed territories (Tikhonov et al., 1992;
Tikhonov et al., 1998; Tikhonov and Tikhonova,
1997). The application of this approach together with
the tentative data about the sympatric distribution
of the 2 sibling species in Hungary obtained by
craniological investigation, supported by the
results of cytotaxonomic and biochemical-genetic
analyses confirming unambiguously their species
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differentiation, would allow the specification of the
present distribution and biotopic adherence of M.
levis in Hungary and the more accurate outlining of
the zones of sympatric distribution of the 2 sibling
vole species M. levis and M. arvalis in the country.
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