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Abstract - The variation pattern of the C-heterochromatin and nucleolar organizer region (nOr) distribution, both be-
tween and within two cytotypes of M. arvalis with 46 chromosomes, are described. The positive C-bands were observed 
on six or seven small bi-armed autosomal pairs and in two, three or four acrocentric autosomal pairs. Only a small dark 
C-band was observed in the acrocentric homologue from a large heteromorphic autosomal pair in the complement of 
specimens belonging to the obscurus cytotype. The nucleolar organizer region was localized in the secondary constric-
tions in three autosomal pair in the specimens of the obscurus cytotype. These results may contribute to the knowledge of 
cytogenetic differentiation between the cytotypes and investigation of their systematic status. 
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InTrODUCTIOn

karyotypic studies have been quite important for 
investigations of systematic problems in the com-
mon vole. The distinct karyotypes found in various 
geographic populations indicate that the traditional 
broad species concept of the common vole (Eller-
mann and Morrison-Scott, 1951) was not correct 
and separation into several independent species was 
consequently proposed. Most of these species (Micro-
tus arvalis, M. levis, M. transcaspicus, M. ilaeus) are 
currently included in a monophyletic branch of the 
Microtus tree (Martínková and Moravec, 2012). The 
discovery of a sibling species with distinctly divergent 
karyotype (2n=54 recorded in eastern and southeast-
ern Europe vs. 2n=46 in most of the other European 
common vole populations; see král et al., 1981; Ma-
lygin, 1983; Meyer et al., 1997b) was a milestone in 

the systematics of the common vole. The specimens 
possessing this karyotype were originally recognized 
as a new species (Meyer et al., 1969) but the exten-
sive geographic range of this cytotype included many 
type localities of the previously described subspecies. 
After a decades-long debate about the oldest species 
name available within the range of the 54-chromo-
some common vole, the current opinion is that it is 
M. levis Miller, 1908 described from the foothills of 
the Carpathians in romania. This treatment was fol-
lowed in the use of this name for the 54-chromosome 
sibling species (Musser and Carleton, 2005).

Chromosomal polytypy has also been recorded 
within the 46-chromosome cytotype of the common 
vole. Malygin (1974) differentiated two groups of 
populations with a varying proportion of acrocentric 
and bi-armed autosomes. These groups were subse-
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quently recognized as two parapatric species, M. ar-
valis sensu stricto (diploid number of chromosomes, 
2n=46; number of autosomal arms, nFa=80) and M. 
obscurus (2n=46, nFa=68) (Zagorodnyuk, 1990). 
This proposal was accepted by Musser and Carle-
ton (2005) who listed two species, M. arvalis (Pallas, 
1779) and M. obscurus (Eversmann, 1841). M. arva-
lis is distributed over most of Europe excluding the 
British Isles (except the Orkneys), the Mediterranean 
area, Scandinavia, northern and eastern parts of Eu-
ropean russia. The species can thus be considered 
a European endemic taxon (Mitchell-Jones et al., 
1999). The range of M. obscurus extends from an iso-
lated area of occurrence on the Crimean Peninsula to 
eastern parts of European russia, the Caucasus and 
Transcaucasia, and through a presumably narrow 
zone in the steppe biome of Asia to the northern Tien 
Shan Mts. and the Altai Mts. in central Asia (král et 
al., 1981; Malygin, 1983; Meyer et al., 1997b).

The geographic contact between the two taxa was 
found in the Vladimir region on the right bank of the 
klyazma river in northeastern russia (56° 20’ n, 41° 
25’ E) (Meyer et al., 1997a, 1999; golenischev et al., 
2001). The ranges in other parts of eastern russia are 
apparently allopatric and separated by a gap in which 
no common vole populations occur (Zagorodnyuk, 
1990). However, new data indicate that the distribu-
tion gap between both the cytotypes may be quite 
narrow in the Volga-Don region (Bulatova et al., 
2007, 2010a; Baskevich et al., 2009). In the contact 
zone near Vladimir, natural hybridization between 
the two cytotypes was evidenced and hybrid kary-
otypes were recorded (Bulatova et al., 2007, 2010b; 
Lavrenchenko et al., 2009; Safronova et al., 2011). 
The hybrid zone exhibits some unusual features such 
as the absence of individuals with parental karyo-
types and the deficiency of F1 hybrids. Introgres-
sion of mtDnA markers into the M. arvalis cytotype 
was indicated and differences were observed in the 
introgression pattern of chromosomal and nuclear 
markers and the respective cline widths within the 
hybrid zone (Lavrenchenko et al., 2009; Bulatova et 
al., 2010b). Other hybridization areas in the Central 
Chernozem region in southeastern European rus-
sia have recently been recorded by Baskevich et al. 

(2012). Considering the genetic data from the hybrid 
zones, the separate species status of M. arvalis and 
M. obscurus was not supported and is doubtful.

Chromosomal research has been quite exten-
sive in the common vole (král et al., 1981; Malygin, 
1983). The C-heterochromatin distribution pattern 
was studied in various geographic populations of 
both the M. arvalis and M. obscurus cytotypes by 
gamperl (1982), Zagorodnyuk (1985), kozlovskii et 
al. (1988), Ashley et al. (1989), Fredga et al. (1990), 
Zima et al. (1992), and Baskevich (1996). Detailed 
studies have been performed studying a rearrange-
ment changing the centromere position in a large 
pair of subtelocentric autosomes (kozlovskii et al., 
1988; Baskevich, 1996; gileva et al., 1996; Akhver-
dyan et al., 1999; Baskevich et al., 2005; 2008, 2009; 
gileva and rakitin, 2006). Variation in the centro-
mere position on the Y chromosome was reported by 
Baskevich (1996) in populations from the Caucasus.

The aim of the present study was to investigate in 
detail the variation pattern of the C-heterochromatin 
and nucleolar organizer region (nOr) distribution 
both between and within both cytotypes of M. arva-
lis with 46 chromosomes. The results may contribute 
to the knowledge of cytogenetic differentiation be-
tween cytotypes and provide additional markers for 
identification of their hybrids.

MATErIALS AnD METHODS

A total of 22 specimens from eight geographic sites 
in central Europe and Turkey were studied. These 
were: M. arvalis cytotype: Zischke Alm, St. Veit 
in Defferegen, Matrei in Osttirol, Austria (47° 00’ 
n, 13° 33’ E); 1 F, 1 M (leg. F. Spitzenberger); Mt. 
Sněžka, krkonoše Mts., north-eastern Bohemia, 
Czech republic (50° 45’ n, 15° 45’ E), 2 F, 1 M (leg. 
J. Lazarová); Drnholec, Břeclav district, southern 
Moravia, Czech republic (48° 52’ n, 16° 30’ E), 2 M 
(leg. J. nesvadbová); Oslov, Písek district, southern 
Bohemia, Czech republic (49° 17’ n, 17° 07’ E); 2 F 
(leg. J. Zima); ruda near Veselí nad Lužnicí, Tábor 
district, southern Bohemia, Czech republic (49° 11’ 
n, 14° 04’ E), 2 F (leg. J. Lazarová and P. Vašíčková); 
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Ořech near Prague, central Bohemia, Czech repub-
lic (50° 03’ n, 14° 23’ E), 4F, 2 M (leg. J. Lazarová 
and P. Vašíčková); Blatnica, Vel’ká Fatra Mts., Martin 
district, Slovakia (48° 57’ n, 18° 54’ E), 2 F (leg. J. 
Zima); M. obscurus cytotype: Şavşat, Artvin Prov-
ince, north-eastern Turkey (41° 15´ n, 42° 21´ E), 3 
F (leg. T. Yorulmaz and T. kankılıç).

karyotype preparations were obtained from the 
bone marrow of animals treated with colchicine 
(Ford and Hamerton, 1956). After the preparation 
of chromosome slides, conventional giemsa-stain-
ing was carried out. Constitutive heterochromatin 
was detected in all individuals via C-banding (Sum-
ner, 1972). Ag-nOr staining was performed only 

Fig. 1. Variation in the C-banding pattern in karyotypes of the Microtus arvalis cytotype. Complements of the specimens originating 
from Drnholec (a), Oslov (b), and Ořech (c) in the Czech republic.
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in the individuals from Turkey following the tech-
nique proposed by Howell and Black (1980). From 
each specimen, 10 to 20 slides were prepared, and at 

least 20 well-spread metaphase plates were analyzed. 
Standard voucher specimens (skins and skulls) are 
deposited in the Department of Biology, Faculty of 

Fig. 2. Conventionally stained (a), C-banded (b) and silver-stained (c) karyotype of the Microtus obscurus cytotype from Şavşat in 
Turkey.
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Science, Selçuk University, konya, Turkey, and the 
Institute of Vertebrate Biology AS Cr, Brno, Czech 
republic.

rESULTS

The karyotype of the specimens belonging to the M. 
arvalis cytotype consisted of 46 chromosomes. The 
autosomal complement included four large and 13 
small metacentric or submetacentric autosomal pairs 
(nos. 1-17), one large subtelocentric pair (no. 18) and 
four acrocentric pairs (nos. 19-22) (nFa=80). The 
X chromosome was a medium-sized metacentric 
(nF=84), the Y chromosome was a small acrocentric. 
Positive C-bands were observed on six or seven small 
bi-armed autosomal pairs and in some acrocentric 
autosomal pairs. Two pairs of acrocentric autosomes 
with distinctly dark centromeric C-bands were ob-
served in complements of the specimens originating 
from the Alps in Austria, whereas three or four acro-
centric autosomal pairs were identified in specimens 
from Czech and Slovak populations. An interstitial 
dark C-band was occasionally observed in the short 
arm of a large bi-armed autosome (no. 4). Positive 
C-staining was observed in the centromeric area of 
the X chromosome in some specimens only. The Y 
chromosome was entirely C-positive, with a lower 
intensity of staining compared to autosomal regions 
(Fig. 1a, b, c).

The karyotype of the specimens belonging to the 
M. obscurus cytotype consisted of 46 chromosomes 
including four large and seven small metacentric 
or submetacentric autosomal pairs (nos. 1-11), one 
large heteromorphic bi-armed pair (subtelocentric 
or acrocentric, no. 12) and ten small acrocentric 
autosomal pair (nos. 13-22) (nFa=67). The X chro-
mosome was a medium-sized metacentric (nF=71) 
(Fig. 2a). Certain small bi-armed and acrocentric 
autosomes possessed distinct C-positive bands in 
centromeric areas (pairs nos. 6-11, 12-13, 15-16, 20-
21). A distinct dark C-band was observed in a large 
bi-armed autosome (no. 4). The X chromosome had 
a distinct pericentromeric dark C-band. The C-het-
erochromatin bands of the pairs nos. 11 and 12 were 
present in one homologous chromosome only and 

these pairs appeared heteromorphic (Fig. 2b). Only 
the acrocentric homologue possessed dark C-stain-
ing in the centromeric region of the heteromorphic 
pair no. 12. By using silver nitrate staining, the nucle-
olar organizer region was localized in the secondary 
constrictions in the autosomal pair nos. 1, 3, 4 and 
13. All the observed nOrs were homomorphic and 
occurred in both the homologues (Fig. 2c). 

DISCUSSIOn

The general characteristics of karyotypes of the stud-
ied specimens are quite similar to those reported 
in previous studies of both cytotypes (Malygin, 
1983; Zima and král, 1984; kefelioğlu, 1995; Meyer, 
1997b). Our findings show that the C-heterochroma-
tin distribution has common features as well as dif-
ferences between the cytotypes. The three large met-
acentric autosomes have no distinct C-positive dark 
bands. A large submetacentric autosome possesses a 
C-positive centromeric area in the obscurus cytotype 
whereas an interstitial dark C-band was observed in 
this chromosome in the arvalis cytotype. The large 
subtelocentric autosome had no C-positive staining 
in the centromeric area in the arvalis cytotype but a 
centromeric dark band was observed in the presuma-
bly rearranged, acrocentric variant of the heteromor-
phic pair. kozlovskii et al. (1988) recorded a similar 
C-banding pattern in this heteromorphic autosomal 
pair. The number of small bi-armed and acrocentric 
autosomes possessing dark pericentromeric C-bands 
is similar in both studied cytotypes. The slight dif-
ference is apparent in the C-banding of the X chro-
mosome, with more distinct positive staining in the 
centromeric region in the obscurus cytotype.

The C-banding pattern found in specimens be-
longing to the arvalis cytotype is similar to that de-
scribed in other studies (gamperl, 1982; Zagorod-
nyuk, 1985; Ashley et al., 1989; Fredga et al., 1990; 
Zima et al., 1992). The C-positive centromeric re-
gions were recorded in three or four pairs of small 
acrocentric autosomes. The presence of only two 
pairs of small acrocentric autosomes with C-positive 
centromeric regions found in the sample from the 
Austrian Alps can be considered exceptional. Bauer 
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(2001) suggested that the alpine populations of com-
mon voles in higher altitudes of the Alps originat-
ed in refugia separated from the other populations 
in central Europe and are phylogenetically distinct 
(they were recognized as a separate subspecies M. a. 
rufescentofuscus).

The AgnOr distribution in the obscurus cyto-
type from Armenia was described by kozlovskii et 
al. (1988) who found a certain variation. Our results 
are congruent with some of the reported variants. 
However, kozlovskii et al. (1988) also described a 
newly arisen nOr in the acrocentric homologue of 
the heteromorphic autosomal pair no. 12, along with 
C-heterochromatinization of the rearranged seg-
ment. In specimens described in our study, neither 
the appearance of a nucleolar organizer region nor a 
large C-heterochromatic block were observed in this 
heteromorphic pair.

Acknowledgments – Our thanks are due to all colleagues who 
helped us to collect the materials used in this study.

rEFErEnCES

Akhverdyan, M.R., Lyapunova, E.A., Vorontsov,N.N., and S.V. Tes-
lenko (1999). Intrapopulation autosomal polymorphism 
in the common vole Microtus arvalis of the Transcauca-
sian region. Russian J. Genet. 35, 1452-1463. (in russian, 
English summary)

Ashley, T., Jaarola, M., and K. Fredga (1989). Absence of synapsis 
during pachynema of the normal sized sex chromosomes 
of Microtus arvalis. Hereditas 111, 195-304.

Baskevich, M.I. (1996). On the karyological differentiation in 
Caucasian populations of common vole (rodentia, Crice-
tidae, Microtus). Zool. Zh. 75, 297-308. (in russian, Eng-
lish summary)

Baskevich, M.I., Okulova, M.N., Potapov, S.G., Mironova, T.A., 
Sapelnikov, S.F., Sapelnikova, I.I., Egorov, S.A., and A.A. 
Vlasov 2012. new data on the distribution of sibling-
species and hybridization of 46-chromosomal forms of 
Microtus arvalis sensu lato (rodentia, Arvicolinae) in 
Central Chernozemic region. Zool. Zh. 91, 994-1005. (in 
russian, English summary)

Baskevich, M.I., Okulova, N.M., Sapelnikov, S.F., Balakirev, A.E., 
Ryabina, S.B., and V.M. Malygin (2005). Cytogenetic and 
electrophoretic differentiation of the common vole, Micro-
tus arvalis sensu lato, at the Voronezhskii state reserve and 

adjacent territories of central Chernozem region. Zool. Zh. 
84, 1298-1309. (in russian, English summary)

Baskevich, M.I., Oparin, M.L., Sokolenko, O.V., and E.A. Avilova 
(2008). new data on chromosome variability and distribu-
tion sibling species in the common vole (Microtus arvalis 
sensu lato, rodentia, Arvicolinae) in the Low Volga basin. 
Zool. Zh. 87, 1382-1390. (in russian, English summary)

Baskevich, M.I., Potapov, S.G., Okulova, N.M., Sapelnikov, S.F., 
Vlasov, A.A. Oparin,M.L., Mironova, T.A. and E.A. Avilova 
(2009). To distribution and variability of sibling species of 
Microtus arvalis (rodentia, Arvicolinae) in Central Cher-
nozemic region based on chromosome and molecular-
genetic data. Zool. Zh. 88, 473-487. (in russian. English 
summary)

Bauer, K. (2001). Feldmaus Microtus arvalis (Pallas, 1778). In: 
Die Säugetierfauna Österreichs (Ed. F. Spitzenberger), 462-
471. grüne reihe des Bundesministeriums für Land- und 
Forstwirtschaft, Band 13, graz.

Bulatova, N., Golenishchev, F., Bystrakova, N., Pavlova, S., Kovals-
kaya, J., Tikhonov, I., Didorchuk, M., and K. Ivanov (2007). 
Distribution and geographic limits of the alternative cy-
totypes of two Microtus voles in European russia. Hystrix 
18, 99-109.

Bulatova, N.S., Golenishchev, F.N., Kovalskaya, Y.M., Emelyano-
va, L.G., Bystrakova, N.V., Pavlova, S.V., Nadzhafova, R.S., 
and L.A. Lavrenchenko (2010a). Cytogenetic study of the 
parapatric contact zone between two 46-chromosomal 
forms of the common vole in European russia. Russian J. 
Genet. 46, 443-448.

Bulatova, N.S., Potapov, S.G., and L.A. Lavrenchenko (2010b). 
genomic versus chromosomal polytypy in studies of mi-
tochondrial and nuclear DnA markers in the Microtus ar-
valis group. Russian J. Genet. 46, 586-594.

Ellerman, J.R., and T.C.S. Morrison-Scott (1951). Checklist of 
Palaearctic and Indian mammals 1758-1946. British Mu-
seum, London.

Ford, C.E., and J.L. Hamerton (1956). ‘A colchicine-hypotonic-
citrate’ squash sequence for mammalian chromosomes. 
Stain Technol. 31, 247-251.

Fredga, K., Jaarola, M., Ims, R.A., Steen, H., and N.G. Yoccoz 
(1990). The “common vole” in Svalbard identified as Mi-
crotus epiroticus by chromosomal analysis. Polar Research 
8, 283-290.

Gamperl, R. (1982). Die Chromosomen von Microtus arvalis 
(rodentia, Microtinae). Z Säugetierkunde 47, 356-363.

Gileva, E.A., Cheprakov, M.I., and D.Yu. Nochrin (1996). Voles 
of the group Microtus arvalis (rodentia, Cricetidae) in the 
Urals. Zool. Zh. 75, 1436-1439. (in russian. English sum-
mary)



CHrOMOSOMES OF COMMOn VOLES 995

Gileva, E.A., and S.B. Rakitin (2006). Factors of maintaining 
chromosome polymorphism in common vole Microtus 
arvalis Pallas, 1779: reduced fertility and meiotic drive. 
Russian J. Genet. 42, 498-504.

Golenishchev, F.N., Meyer, M.N., and N.Sh. Bulatova (2001). The 
hybrid zone between two karyomorphs of Microtus arvalis 
(rodentia, Arvicolidae). Proc. Zool. Inst. RAS 289, 98-94.

Howell, W.M., and D.A. Black (1980). Controlled silver staining 
of nucleolus organizer regions with a protective colloidal 
developer: a 1-step method. Experientia 36, 1014-1015.

Kefelioğlu, H. (1995). The taxonomy of the genus of Microtus 
(Mammalia: rodentia) and its distribution in Turkey. 
Turk. J. Zool. 19, 35–63. (in Turkish, English summary)

Kozlovskii, A.I., Bulatova, N.S. and A.D. Novikov (1988). Double 
effect of an inversion in the karyotype of common vole. 
Doklady AN SSSR 298, 994-997. (in russian)

Král, B., Bel’anin, A.N., Zima, J., Malygin, V.M., Gaichenko, V.A., 
and V.N. Orlov (1980). Distribution of Microtus arvalis 
and M. epiroticus. Acta Sc. Nat. Brno 14(9), 1-30.

Lavrenchenko, L.A., Potapov, S.G., Bulatova, N.Sh., and F.N. Go-
lenishchev (2009). A genetic study of natural hybridization 
between two forms of the common vole (Microtus arva-
lis) with the use of molecular and cytogenetic methods. 
Doklady Biological Sciences 426, 222-224.

Malygin, V.M. (1974). A comparative morphometric analysis of 
the karyotypes of two geographic forms of the 46-chromo-
some common vole (Microtus arvalis). Zool. Zh. 53, 769-
778. (In russian, English summary)

Malygin, V.M. (1983). Systematics of the common voles. nauka, 
Moskva. (in russian)

Martínková, N. and J. Moravec (2012). Multilocus phylogeny of 
arvicoline voles (Arvicolini, rodentia) shows small tree 
terrace size. Folia Zool. 61, 254-267.

Meyer, M.N., Golenishchev, F.N., and N.Sh. Bulatova (1999). Pe-
culiarities of geographic distribution of two karyomorphs 
of Microtus arvalis Pallas, 1779 (rodentia, Arvicolinae) in 
European russia. Proc. Zool. Inst. RAS 281, 33-38. 

Meyer, M.N., Golenishchev, F.N., Bulatova, N.Sh., and G.V. Arto-
bolevsky (1997a). On distribution of two Microtus arva-

lis chromosomal forms in European russia. Zool. Zh. 76, 
487-493. (in russian, English summary)

Meyer, M.N., Goleniščev, F.N., Radjabli, S.I., and O.V. Sablina 
(1997b). grey voles of the fauna of russia and adjacent 
areas. Proc. Zool. Inst. rAS 232, Sankt-Petersburg. (in 
russian, English summary)

Meyer, M.N., Orlov, V.N., and E.D. Scholl (1969). Utilization of 
karyological, physiological and cytological analysis for the 
separation of a new species of rodents (Mammalia, ro-
dentia). Doklady AN SSSR 188, 1411-1414. (in russian)

 Mitchell-Jones, A.J., Amori, G., Bogdanowicz, W., Kryštufek, B., 
Reijnders, P.J.H., Spitzenberger, F., Stubbe, M., Thissen, 
J.B.M., Vohralík, V., and J. Zima (1999). Atlas of European 
mammals. Poyser natural History - Academic Press, Lon-
don.

Musser, G., and M. Carleton (2005). Superfamily Muroidea. In: 
Mammal species of the world. A taxonomic and geographic 
reference. 2nd ed. (Eds. D.E. Wilson, and D.M. reeder), 
894–1531. The Johns Hopkins University Press, Balti-
more.

Safronova, L.D., Golenishchev, F.N., Cherepanova, E.V., and M.I. 
Baskevich (2011). Meiosis in grey voles of the subgenus 
Microtus (rodentia, Arvicolinae) and in their hybrids. 
Russian J. Genet. 47, 857-863. 

Sumner, A.T. (1972). A simple technique for demonstrating cen-
tromeric heterochromatin. Exp. Cell Res. 75, 304-306.

Zagorodnyuk, I.V. (1985). karyotypic variation in common voles. 
Vestnik Zoologii, Kiev 1985 (6), 50-55. (in russian)

Zagorodnyuk, I.V. (1991). karyotypic variation of 46-chromo-
some forms of the vole group of Microtus arvalis (roden-
tia) (a taxonomic evaluation). Vestnik Zool., Kiev 1991 (1), 
36-45. (in russian, English summary)

Zima, J. and B. Král (1984). karyotypes of European mammals 
II. Acta Sc. Nat. Brno 18(8), 1-62.

Zima, J., Macholán, M., Míšek, I., and O. Štěrba (1992). Sex chro-
mosome abnormalities on natural populations of the com-
mon vole (Microtus arvalis). Hereditas 117, 203-207. 




