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Abstract. On the basis of karyologically identified individuals of the common vole Microtus
arvalis and the sibling vole Microtus rossiaemeridionalis from Europe and the Asiatic part of
Turkey, a canonical craniometric classification function for the differentiation of these sibling
species was worked out. The function is sex-independent and includes four craniometric
parameters measured in millimeters (Y= 3.026 *Cranial height between bullae ossae + 2.811*
Alveolar length of upper molars - 0.470* Zygomatic width - 2.281* Length of incisive foramen -
20.365; with centroids -1.135 for M. arvalis and 1.977 for M. rossiaemeridionalis). It shows high
statistical reliability and classifies correctly 97.8% of the initial samples of karyologically
determined specimens.

The proposed function for craniometrical identification of the sibling vole species M.
arvalis and M. rossiaemeridionalis offers a new opportunity to analyze the distribution of these
species. The function provides the means for outlining the species’ ranges not only in Europe,
but also in the Asiatic part of Turkey, through examination of the massive amount of cranial
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material of the sibling species from zoological collections of numerous countries.
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Introduction
Karyological investi-
gations carried out during recent decades
on many sympatric forms of common vole
revealed genetic heterogeneity and proved
the presence of morphologically sibling
species Microtus arvalis Pallas, 1778 (sensu
stricto) and Microtus rossiaemeridionalis
Ognev 1924= M. subarvalis= M. epiroticus
(Meyer et al. 1969, Meyer et al. 1972a, Orlov
1974, Malygin 1970, Orlov & Malygin 1970,
1974, Malygin & Orlov 1974) in Eurasia. The

and hybridization
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main diagnostic features of these morpho-
logically similar species were the karyotype
(2n= 46 in M. arvalis and 2n= 54 in M.
rossiaemeridionalis) and the specific electro-
phoretic mobility of hemoglobin fractions
(Malygin 1983). Numerous differences in
the isoenzyme spectrum of both vole spe-
cies have been found as well (Suchentrunk
et al. 1998).

Although large-scale studies and the
precise mapping of sibling voles” distri-
bution are difficult to carry out, as their
species determination through karyotaxo-
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nomic or biochemical-genetic analyses
require both special laboratory equipment
and live specimens, the available data about
the ranges of the common and East
European voles indicate that these two
species are found sympatrically in most part
of their distribution areas (Malygin &
Bashenina 1994).

A detailed review of the numerous
studies dedicated to the morphological
discrimination criteria for these sibling
species of grey voles showed the following
specific features:

(i) the
analyses of these sibling species revealed a
high degree of similarity in characters
commonly used in the taxonomy of rodents
thus they were ineffective for species
determination (Malygin 1970, 1983, Meyer
et al. 1972b);

(if) the first results of multivariate
analysis (method of principal components)
to morphological discriminate between
these species (Kral et al. 1981) showed that
the morphological characters studied
manifested a large range of variation and
overlapped significantly and, therefore,
were not useful for species determination;

(iii) the
individuals belonging to two karyotypic
forms (NF= 72 and NF= 84), and recognized
by some authors as a distinct species
(Zagorodnyuk 1990, 1991, Malygin et al.
1996) in the initial group for discriminative
analysis (Meyer and Dityatev 1989) as well
as the presence of some exterior somato-
metric characters - body length and hind
foot length (Meyer & Dityatev, 1989) or tail
length (Malygin et al. 1996) - showing a
well expressed age dependence and geo-
graphic variability, in the discriminating
functions, has probably resulted in the
relatively reduced discriminating ability of

conventional ~morphometric

inclusion of M. arvalis
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the proposed morphologic keys and the
percentage of correctly assigned individuals
with preliminary known species identifica-
tion was not sufficient enough;

(iv) it was reported that the proposed
methods for craniological differentiation of
specimens in the karyologically identified
voles (Malygin 1983, Zagorodnyuk 1991,
Zagorodnyuk et al. 1991, Teslenko 1994)
classify correctly only 70-80% of the spe-
cimens. In order to increase the percentage
of correctly classified specimens regarding
the reliable determination of M. rossiaemeri-
dionalis distribution, it is necessary to apply
complex investigations including morpholo-
gical, karyological, and ecological methods
(Mazeikyte et al. 1999);

(v) the craniometrical key (Markov &
Kocheva 2007) obtained on the basis of
karyologically ~determined samples of
sibling species M. rossiaemeridionalis and M.
arvalis from different regions of South-
eastern and Central Europe, which was sex-
independent, classified correctly 100% of a
priori cytogenetically identified individuals
to their respective species and gave an
opportunity to analyze their distribution on
the European continent (Markov &
Kocheva, 2007);

(vi) the key proposed by Markov &
Kocheva (2007) showed relatively reduced
discriminating ability and lower percentage
of correct
cytogenetically identified individuals from
the Asiatic part of Turkey (Yigit et al. 2007),
when applied on craniological material of
M. rossiaemeridionalis from the Asiatic part
of Turkey (Markov & Kocheva, unpublished
data).

As differences

classification of a priori

in the morphotypic
craniometrical characteristics of rodents
always reflect the species
morphogenesis at population and regional

features of
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levels, the aim of the present work was to
analyze the craniometric characters of
karyologically identified individuals of the
common vole M. arvalis and the sibling vole
M. rossiaemeridionalis from different geogra-
phically distant localities in Eurasia, and to
obtain a discriminating function for
statistically significant species determina-
tion of M. rossiaemeridionalis from the Asiatic
part of Turkey.

The presence of such a craniometrical
complex of linear measurements for species
determination of the morphologically sib-
ling grey voles would allow the opportunity
for large-scale species determination of the
massive amount of craniological material
kept
Eurasian countries. It would help to clearly
specify the contemporary distribution of
grey voles, to outline the zones of their
sympatric occurrence, and to reveal their
biotopic attachment in Eurasia.

in scientific collections in many

Material and Methods

The study is based on 96 adult specimens of grey
voles originating from Europe and the Asiatic part of
Turkey. Their age was determined according to
Bashenina (1953). The grey voles from Europe were
collected in the Czech Republic (M. arvalis: 28 males
and 26 females), southern Romania (M. arvalis: one
male and three females and M. rossiaemeridionalis: 10
males and eight females), and eastern Bulgaria (M.
rossiaemeridionalis: three males and one female) and
were cytologically identified as belonging to M.
arvalis or to M. rossiaemeridionalis (Kral 1975, Kral et
al. 1980, Kral et al. 1981, Zima et al. 1981, Zima 1984,
Zima 1985). These specimens belong to the collection
of the Institute of Vertebrate Biology, Academy of
Science of the Czech Republic, Brno. The 16 skulls of
adult voles from the Asiatic part of Turkey included
in the analysis (seven males and nine females)
originated from populations inhabiting western
Turkey (Konya Province) around Yesilkoy (latitude

38°18'39.09"N, longitude 31°36'01.62"E) and Beysehir
(latitude 37° 33'53.39"N, longitude 31°35'12.08"E) and
were cytotaxonomically identified as belonging to M.
rossiaemeridionalis (2n =54, FN = 56, FNa = 52) (Yigit
et al. 2007). These specimens have been deposited in
the collection at the Department of Biology, Faculty
of Science of Ankara University.

The skull of each studied vole was measured
according to the same set of 46 cranial characters,
used in obtaining the craniometric discriminant
function for species differentiation of both Microtus
sibling species in Europe (Markov & Kocheva, 2007):
25 of them were measured with the help of a digital
caliper with 0.1 mm accuracy (Condylobasal length I;
Condylobasal length 1I; Basal length; Condylobasilar
length; Total skull length; Occipito-maxillar length;
Length of upper diastema; Alveolar length of upper
molars; Thickness of upper incisors; Length of upper
incisors; Rostrum width; Interorbital width; Zygomatic
width; Occipital width; Mastoid width; Rostrum height;
Cranial height from bullae osseae; Cranial height from
mastoids; Interparietal-foramen magnum height; Cranial
height between bullae ossae; Height of zygomatic arch;
Mandible length; Alveolar length of lower molars;
Articular height; Mandible height taken at M) and the
other 21 were measured with the help of a stereo-
microscope with 0.01 mm accuracy (Nasal length;
Distance from the anterior edge of nasals to the narrowest
part between interorbitals; Distance from the narrowest
part between interorbitals to os occipitale; Distance from
the posterior edge of nasals to os interparietale; Distance
from the posterior edge of nasals to os occipitale; Frontal
length; Parietal length; Nasals width; Postorbital width;
Cranial width at os parietale; Length of incisive foramen;
Width of M! from dental crown; Upper molar series from
dental crowns; Length of bullae osseae; Palatal length I;
Distance from posterior face of M® to the proximal exposed
point of the incisor; Palatal length II; Distance from
posterior face of M3 to the anterior face of incisor at its
distal end; Palatal width at MY, Palatal width at M3;
Coronar length of lower molars).

The sexual dimorphism within each species and
the differences between means of the studied metric
characters were tested by analysis of variance -
ANOVA (Multivariate Tests of Significance, Sigma-
restricted parameterization); (STATISTICA Version
6). Stepwise discriminant analysis (SPSS 14.0 for
Windows, 2005) was used to find a set of skull
measurements that allowed the best discrimination
between species.
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Results and Discussions

Sexual dimorphism was found in one
character in M. rossiaemeridionalis (Palatal
width at M?!) and in three characters in M.
arvalis ~ (Interparietal-foramen  magnum
height; Alveolar length of lower molars;
Coronar length of lower molars) (ANOVA,
P<0.05). These characters were excluded
and both sexes were pooled in the sub-
sequent analysis.

The discriminant function analysis of the
interspecies differences in skull metric
structure, consisting of the rest of the cha-
racters studied (42), allowed a classification
canonical craniometric function for species
differentiation of both sibling species to be
deduced. This function is independent of
sex and shows high statistical reliability
(Eigenvalue= 2.297; % of Variance= 100%;
Cumulative %= 100%; Canonical Corre-
lation= 0.835; Wilks' Lambda= 0.303; Chi-
square= 96.641; df = 4; Sig. = 0.000). It
classifies correctly 97.8% of the initial
samples of karyogically determined spe-
cimens. Cross validation revealed that only
3.4% of M. arvalis (two specimens from the
Czech Republic) were classified incorrectly,
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or this morphometric key correctly classi-
fied 100% of M. rossiaemeridionalis indivi-
duals, which were a priori cytogenetically
identified to their respective species, inclu-
ding the specimens from the Asiatic part of
Turkey (Table 1 and Fig. 1). This finding
supported the previous results of morpho-
metric analysis for European populations of
both species (Markov & Kocheva 2007).

The discriminant function included a set
of only 4 variables: Cranial height between
bullae ossae (V1), Alveolar length of upper
molars (V2), Zygomatic width (V3) and Length
of incisive foramen (V4) (Fig 2), which did not
show sexual dimorphism in the studied
species:

Y=3.026 * (V1) + 2.811%(V2) - 0.470* (V3)
- 2.281* (V4) - 20.365

With centroids
-1.135 for M. arvalis
1.977 for M. rossiaemeridionalis

An unclassified grey vole specimen is to
be assigned to one of the sibling species - M.
rossigemeridionalis or M. arvalis after com-
pleting the following steps:
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Figure 1. Frequency distribution of discriminant scores of M. arvalis, (Group centroid= - 1.135) (A) and M.

rossiaemeridionalis, (Group centroid= 1.977) (B)
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Table 1. Classification results of craniometrically analyzed individuals of the sibling
vole species Microtus arvalis (MA) and Microtus rossiaemeridionalis (MR), which
were a priori cytogenetically identified to their respective species.

Predicted Group Membership

Species Total
MA MR
Count MA 56 2 58
. MR 0 34 34
Original

% MA 96.6 3.4 100.0
MR 0 100.0 100.0

Count MA 56 2 58

Cross-validated MR 0 34 34
% MA 96.6 3.4 100.0
MR 0 100.0 100.0

Figure 2. Cranial measurements of vole sibling species included in the craniometrical key for species
differentiation of M. arvalis or M. rossiaemeridionalis: V1 - Cranial height between bullae ossae 1; V2 -
Alveolar length of upper molars; V3- Zygomatic width; V4 - Length of incisive foramen

(1.) take the dimensions in [mm] of the
craniometrical complex compound of 4
linear measurements: Cranial height between
bullae ossae (V1), Alveolar length of upper
molars (V2); Zygomatic width (V3) and Length
of incisive foramen (V4) (see Fig 2);

(2) Calculation of the
discriminant function, using the real values
of included craniometric characters of the
analyzed specimen;

(3.) The value of calculated canonical
discriminant function must be compared
with the values of group centroids (-1.135

canonical

for M. arvalis and 1.977 for M. rossiae-
meridionalis);

(4.) The analyzed individual is to be
assigned to those species whose centroid the
calculated value is closer to;

Conclusions

The established refined craniometric cano-
nical discriminant function for species
determination of the morphologically sib-

ling vole species, worked out through
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including specimens from the Asiatic part of
Turkey in the analysis, allows the analysis
of massive amounts of cranial material and
the determination of the small mammals’
fauna species diversity in the zones of
sympatric occurrence of both species. In
contrast to Kral et al. (1981) who reported
that multivariate analysis was unsuccessful
in the attempt to discriminate between these
species, the high accuracy of the proposed
function for species determination allows it
to be used for the specimen determination
in zoological collections and offers a new
opportunity to analyze the distribution of
these species and to outline their ranges not
only in Europe, but also in the Asiatic part
of Turkey.
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