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Abstract 

Although recent molecular data has advocated the distinct position of Arvicola 
persicus De Filippi from Iran, karyotypic and differential chromosome staining 
data, informative tools to describe biological diversity, are lacking. Here we 
present the first description of the chromosome complement of A. persicus from its 
type locality in Sultaniyeh, southern Alborz Mountains, Iran. Though the diploid 
chromosome number (2n= 36) and the fundamental number of autosomal arms 
(FNa= 60) did not deviate from that reported for Arvicola amphibius sensu lato in 
Eurasia (2n= 36, FNa= 60–68), there appear to be significant differences between 
A. persicus and A. amphibius s.l. in terms of C-bands and NOR-bearing 
autosomes. Banded karyology, therefore, provides further evidence for delimiting 
A. persicus as a species, which is distinct from A. amphibius. 
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Water voles of the genus Arvicola Lacépède, 1799 
(Family Cricetidae), occupy the Palearctic region 
(Pardiñas et al., 2017), and currently comprise five 
species: Arvicola amphibius sensu stricto (s.str.) 
(Linnaeus, 1758), A. italicus Savi, 1838, A. monticola 
de Sélys-Longchamps, 1838, A. persicus De Filippi, 
1865, and A. sapidus Miller, 1908 (Kryštufek et al., 
2015; Castiglia et al., 2016; Mahmoudi et al., 2020). 
Arvicola persicus, which occurs in western and 
northern Iran, was considered a junior synonym 
(Arvicola amphibius persicus) of A. amphibius sensu 
lato (s.l.) (Thomas, 1907; Hinton, 1926; Ellerman 
and Morrison-Scott, 1951; Kryštufek et al., 2015). 
Recent molecular data, however, demonstrated a 
deep divergence separating Persian water vole from 
all the remaining Arvicola species. Arvicola persicus 
was therefore recognized as a valid species with a 
restricted range in Iran (Mahmoudi et al., 2020).  

Although chromosome characteristics of all the 
known species were extensively studied throughout 
Eurasia (e.g. Guardia and Pretel, 1979; Arslan et al., 
2011; Arslan and Zima, 2014; Castiglia et al., 2016; 
Şeker et al., 2018), the Persian water vole, A. 
persicus, has not being karyotyped until now. 

In the present study, three male specimens from the type 
locality of A. persicus in Sultaniyeh, southern Alborz 
Mountains, were analyzed by employing conventional 
and differential staining techniques (Fig. 1). Taxonomic 
affiliation of karyotyped voles was assessed from 
mitochondrial cytochrome b sequences (Mahmoudi et 
al., 2020). Karyotype preparations were obtained from 
the bone marrow of animals treated with colchicine 
(Ford and Hamerton, 1956). Approximately 10–20 
well-spread Giemsa-staining metaphase plates were 
analyzed. Constitutive heterochromatin and nucleolus 
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organizer regions (NORs) were retrieved from C-banded 
(Sumner, 1972) and Ag-NOR stained chromosomes 
(Howell and Black, 1980). The classification of 
chromosomes follows Hsu and Benirschke (1977). The 
fundamental number of autosomal arms (FNa) and the 
number of all chromosomal arms (FN) were calculated. 

The standard karyotype (2n= 36, FNa= 60) of the 
analyzed water voles from Sultaniyeh consisted of 36 
chromosomes which is in agreement with previous 
reports for A. amphibius s.l. (e.g. Miller, 1912; 
Arslan et al., 2011; Arslan and Zima, 2014; Şeker et 
al., 2018) (Fig. 2b) (Table 1). 

 

 
Figure 1: (a) The putative geographic range of Arvicola persicus in Iran (modified after Yusefi et al., 2019). The 
white circle shows the type locality of the species (Sultaniyeh, Alborz Mountains). Grey circles – distribution 
records; grey triangle – genetically analyzed samples (Mahmoudi et al., 2020). Right insets depict the Persian 
water vole in its natural habitat. Photo courtesy (b) Seyed Javad Hadi Asl, and (c) Fariborz Heydari. 
 

Table 1: Karyotype characteristics of water voles of the genus Arvicola. 2n – Diploid number of chromosomes, 
NF – The fundamental number, NFa – The number of autosomal arms, M – Metacentric, Sm – Submetacentric, 
A – Acrocentric, St – Subtelocentric, and sex chromosomes (X and Y). 

Species Locality 2n NFa NF X Y Reference 

Arvicola amphibius s.l. Turkey 36 60 64–66 M A Şeker et al. (2018) 
Arvicola amphibius s.l. Anatolia, Turkey 36 62 66 M - Şeker et al. (2018) 
Arvicola amphibius s.l. Turkey 36 62 66 Sm A/St Arslan et al. (2011) 
Arvicola amphibius s.l. Central Europe 36 68 72 Sm St Arslan et al. (2011) 
Arvicola amphibius s.l. Europe 36 - 60–68 Sm A Zima and Kral (1984) 
Arvicola amphibius s.l. Turkey 36 62 66 Sm A Arslan and Zima (2014) 
Arvicola amphibius s.l. Turkey 36 60 64 Sm - Tez et al. (2011) 
Arvicola amphibius s.l. Azerbaijan 36 62 66 Sm A Kuliev et al. (1978) 
Arvicola amphibius s.l. Novosibirsk, Russia 36 - 72 - - Kuliev et al. (1978) 
Arvicola amphibius s.l. Romania 36 60 64 Sm A Raicu et al. (1971) 
Arvicola amphibius s.l. Turkish Trace 36 60 64 Sm A Gözcelioğlu et al. (2006) 
Arvicola amphibius s.l. Central Anatolia 36 60 64 Sm A Özkurt et al. (1999) 

Arvicola monticola Switzerland 36 68 72 Sm A Schmid and Leppert (1968) 
Arvicola monticola Spain 36 64 68 M A Guardia and Pretel (1979) 

Arvicola italicus Italy 36 68 72 Sm A Castiglia et al. (2016) 
Arvicola persicus Iran 36 60 64 Sm A This study 
Arvicola sapidus Spain 40 - - Sm A Sánchez et al. (1990) 
Arvicola sapidus Iberian Peninsula 40 64 68 Sm A Guardia and Pretel (1979) 
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Figure 2: Karyogram of Arvicola persicus from 
Sultaniyeh (the type locality), Zanjan Province, 
southern Alborz Mountains, Iran. Conventional (a), 
C-banded (b), and silver-stained karyotypes (c). 

The autosomal complement consisted of 12 meta- 
and submetacentric pairs (nos. 1–12), one pair of 
large subtelocentric (no. 13), one pair of medium-
sized as well as three pairs of small-sized 
acrocentrics (nos. 14–17). The X chromosome was 
medium-sized submetacentric, while the Y 
chromosome was small acrocentric. Five biarmed 
(nos. 1, 2, 4, 5, 7), and two acrocentric autosomes 
(nos. 14, 15) showed centromeric C-bands, while the 
remaining autosomes (nos. 3, 6, 8, 9, 10, 11, 12, 13, 
16, 17) and both sex chromosomes stained C-
negatively (Fig. 2b). In Turkish populations of A. 
amphibius s.l., centromeric C-bands were observed in 
only one biarmed (no. 6) and in all acrocentric 

autosomes (Arslan et al., 2011; Arslan and Zima, 
2014; Şeker et al., 2018). 

The homomorphic active AgNORs were observed 
near the centromere on the metacentric pair no. 12, 
on the telomeric region of submetacentric pair no. 6, 
and within the pericentromeric C-positive areas of 
three smaller acrocentric pairs (nos. 15, 16, 17) (Fig. 
2c). In contrast to A. amphibius s.l. (cf. Fig. 2: Arslan 
et al., 2011; cf. Fig. 3: Şeker et al., 2018), the Persian 
water vole is characterized by a small amount of C-
positive heterochromatin and a higher number of 
NORs. In particular, an active NOR on the 
submetacentric pair no. 6 has not yet been reported 
for A. amphibius s.l. and is unique to A. persicus.  

This is the first karyotypic description of A. persicus 
from its type locality. The genus Arvicola displays 
two distinct diploid chromosome numbers, namely 
2n= 36, and 2n= 40. Populations with 2n= 40 are 
endemic to the Iberian Peninsula and France and are 
classified as A. sapidus. All the remaining water 
voles with 2n= 36 and occupying vast expanses 
between western Europe and Siberia, and from the 
Arctic circles to the Zagros Mountains belong to 3–4 
distinct species (A. amphibius, A. monticola, A. 
italicus, A. persicus) (Kryštufek et al., 2015; 
Castiglia et al., 2016; Mahmoudi et al., 2020). Given 
that A. persicus holds a basal position in 
mitochondrial phylogenetic trees (Fig. 3) (Mahmoudi 
et al., 2020) we suggest that the primitive 
chromosome number in the genus is 36. Arvicola 
persicus currently has a small restricted range in 
western and northern Iran, but according to the 
available records of this species (Fig. 1a), one can 
expect its wider range including in eastern Turkey, 
probably Iraq, and parts of Transcaucasia. 

 

Figure 3: A simplified phylogenetic tree of the genus 
Arvicola (modified after Mahmoudi et al., 2020). 
Diploid chromosomal numbers of the species are 
indicated on the relative branches.  

 [
 D

O
I:

 1
0.

52
54

7/
JA

D
.2

02
2.

4.
2.

6 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
66

85
.2

02
2.

4.
2.

6.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
d.

lu
.a

c.
ir

 o
n 

20
25

-0
4-

17
 ]

 

                               3 / 5

http://dx.doi.org/10.52547/JAD.2022.4.2.6
https://dorl.net/dor/20.1001.1.2676685.2022.4.2.6.8
https://jad.lu.ac.ir/article-1-200-en.html


Mahmoudi et al.                                                                                                                                                     113 

Journal of Animal Diversity (2022) | © Lorestan University Press  

Acknowledgements 

This paper benefited from constructive criticism 
provided by two anonymous reviewers. The first author 
would like to express his gratitude to Seyed Javad Hadi 
Asl and Fariborz Heydari who granted permission to 
use their photograph of Arvicola persicus.  

Conflict of interest 

The authors declare that there are no conflicting 
issues related to this short communication. 

References 

Arslan, A., Yorulmaz, T., Toyran, K., Gozutok, S. 
and Zima, J. (2011). C-heterochromatin variation 
and NOR distribution in the karyotype of water 
vole, Arvicola terrestris (Mammalia, Rodentia). 
Caryologia, 64 (2): 215–222.  

 https://doi.org/10.1080/00087114.2002.10589786 

Arslan, A. and Zima, J. (2014). Karyotypes of the 
mammals of Turkey and neighbouring regions: a 
review. Folia Zoologica, 63 (1): 1–62.  

 https://doi.org/10.25225/fozo.v63.i1.a1.2014 

Castiglia, R., Aloise, G., Amori, G., Annesi, F., 
Bertolino, S., Capizzi, D., Mori, E. and 
Colangelo, P. (2016). The Italian peninsula hosts 
a divergent mtDNA lineage of the water vole, 
Arvicola amphibius sl., including fossorial and 
aquatic ecotypes. Hystrix, the Italian Journal of 
Mammalogy, 27 (2): 99–103.  

 https://doi.org/ 10.4404/hystrix-27.2-11588 

Diaz de la Guardia R. and Pretel A. (1979). 
Comparative study of the karyotypes of two 
species of water vole: Arvicola sapidus and 
Arvicola terrestris (Rodentia, Microtinae). 
Caryologia, 32 (2): 183–189.  

 https://doi.org/10.1080/00087114.1979.10796785 

Ellerman, J. R. and Morrison-Scott, T. C. S. (1951). 
Checklist of Palaearctic and Indian mammals 
1758 to 1946. Trustees of the British Museum 
(Natural History), London, UK. 810 pp. 

Ford, C. E. and Hamerton, J. L. (1956). A colchicine, 
hypotonic citrate, squash sequence for 
mammalian chromosomes. Stain technology, 31 
(6): 247‒251.  

 https://doi.org/10.3109/10520295609113814 

Gözcelioğlu, B., Çolak, E. and Çolak, R. (2006). 
Karyotype of Arvicola terrestris (Mammalia: 
Rodentia) in Turkish Thrace. Pakistan Journal of 
Biological Sciences, 9 (12): 2387–2388. 

 https://doi.org/10.3923/pjbs.2006.2387.2388 

Hinton, M. A. C. (1926). Monograph of the voles and 
lemmings (Microtinae) living and extinct. Volume 
1. British Museum, Natural History, London. 488 
pp.  + 15 plates. 

 https://doi.org/10.5962/bhl.title.8319 

Howell, W. M. and Black, D. A. (1980). Controlled 
silver-staining of nucleolus organizer regions 
with a protective colloidal developer: a 1-step 
method. Experientia, 36 (8): 1014–1015.  

 https://doi.org/10.1007/BF01953855 

Hsu, T. C. and Benirschke, K. (1977): An atlas of 
mammalian chromosomes. Volume 10. Springer 
Verlag, Berlin-Heidelberg-New York. 306 pp. 

 https://doi.org/10.1007/978-1-4615-6436-2  

Kryštufek, B., Koren, T., Engelberger, S., Horváth, G. F., 
Purger, J. J., Arslan, A., Chisamera, G. and, Murariu, 
D. (2015). Fossorial morphotype does not make a 
species in water voles. Mammalia, 79 (3): 293–303.  

 https://doi.org/10.1515/mammalia-2014-0059 

Kuliev, G. N., Kulijev, G. K. and Radjabli, S. I. (1978). 
Karyotypical differences between different 
populations of Arvicola terrestris (Rodentia, 
Cricetidae). Zoologichesky Zhurnal, 57: 1409–1411. 

Mahmoudi, A., Maul, L. C., Khoshyar, M., Darvish, J., 
Aliabadian, M. and Kryštufek, B. (2020). Evolutionary 
history of water voles revisited: confronting a new 
phylogenetic model from molecular data with the fossil 
record. Mammalia, 84 (2): 171–184. 

 https://doi.org/10.1515/mammalia-2018-0178 

Miller, G. S. (1912) Catalogue of the Mammals of 
Western Europe (Europe exclusive of Russia) in 
the Collection of the British Museum. British 
Museum, London. 1019 pp. 

Pardiñas, U. F. J., Kryštufek, B., Myers, P., León-
Paniagua, L., Ordoñez-Garza, N., Cook. J. A. and 
Patton, J. L. (2017). Family Cricetidae (True Hamsters, 
Voles, Lemmings and New World Rats and Mice), In: 
Wilson, D. E., Mittermeier, R. A. and Lacher, T. E. 
(Eds), Handbook of the Mammals of the World. 
Volume 7: Rodents II. Lynx Edicions, Barcelona. 

Raicu, P., Duma, D., Kirillova, M. and Tuta, A. 
(1971). Chromosomal polymorphism in the water 
vole (Arvicola terrestris L.). Revue Roumaine de 
Biologie-Zoologie, 16: 269–296. 

Özkurt, Ş., Çolak, E., Yiğit, N., Sözen, M. and Çolak, 
R. (1999). Contributions to the karyology and 
morphology of Arvicola terrestris (Lin., 1758) 
(Mammalia: Rodentia) in Central Anatolia. Turkish 
Journal of Zoology, 23 (3): 253–258. 

 https://journals.tubitak.gov.tr/zoology/vol23/iss3/7 

Sánchez, A., Burgos, M., Jiménez, R. and Guardia, R. D. 
D. L. (1990). Variable conservation of nucleolus 
organizer regions during karyotypic evolution in 
Microtidae. Genome, 33 (1): 119–122.  

 https://doi.org/10.1139/g90-019 

Schmid, W. and Leppert, M. F. (1968). Mammalian 
X-chromosomes: A new kind of composite-type 
X in the vole Arvicola scherman exitus miller. 
Experientia, 24(3): 277–279.  

 https://doi.org/10.1007/BF02152817 

Şeker, P. S., Arslan, A., Selvi, E., Kankılıç, T. and 
Zima. J. (2018). Variation in the conventional and 
banded karyotypes among populations of Arvicola 
amphibius (L., 1758) (Mammalia: Rodentia) from 
Turkey. Acta Zoologica Bulgarica, 70 (2): 147–152. 

 [
 D

O
I:

 1
0.

52
54

7/
JA

D
.2

02
2.

4.
2.

6 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
66

85
.2

02
2.

4.
2.

6.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
d.

lu
.a

c.
ir

 o
n 

20
25

-0
4-

17
 ]

 

                               4 / 5

http://dx.doi.org/10.52547/JAD.2022.4.2.6
https://dorl.net/dor/20.1001.1.2676685.2022.4.2.6.8
https://jad.lu.ac.ir/article-1-200-en.html


C-heterochromatin and NOR distribution in the karyotype of Persian water vole ...

Journal of Animal Diversity (2022), 4 (2): 110–114 | www.jad.lu.ac.ir  114 

Sumner, A. T. (1972). A simple technique for 
demonstrating centromeric heterochromatin. 
Experimental Cell Research, 75: 304–306.  

 https://doi.org/10.1016/0014-4827(72)90558-7 

Tez, C., İbiş, O., Tez, R., Kiliç, M. and Telcioğlu, 
M. (2011). Distributional, morphological and 
karyotypic contributions for the Eurasian 
water vole, Arvicola amphibius (Linnaeus, 
1758) (Rodentia: Mammalia), from Turkey. 
Archives of Biological Sciences, Belgrade, 63 
(2): 407‒412.  

 https://doi.org/10.2298/ABS1102407T 

Thomas, O. (1907). On Mammals from Northern Persia, 
presented to the National Museum by Col. A. C. 
Bailward. The Annals and Magazine of Natural 
History, including Zoology, Botany and Mineralogy, 
7th ser. 20: 196–202. 

Yusefi, G. H., Faizolahi, K., Darvish, J., Safi, K. and Brito, 
J. C. (2019). The species diversity, distribution, and 
conservation status of the terrestrial mammals of Iran. 
Journal of Mammalogy, 100 (1): 55–71.  

 https://doi.org/10.1093/jmammal/gyz002 

Zima, J. and Král, B. (1984) Karyotypes of European 
Mammals I. Acta Sciences of Nature Brno, 18 (8): 1–62. 

 [
 D

O
I:

 1
0.

52
54

7/
JA

D
.2

02
2.

4.
2.

6 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
66

85
.2

02
2.

4.
2.

6.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
d.

lu
.a

c.
ir

 o
n 

20
25

-0
4-

17
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               5 / 5

http://dx.doi.org/10.52547/JAD.2022.4.2.6
https://dorl.net/dor/20.1001.1.2676685.2022.4.2.6.8
https://jad.lu.ac.ir/article-1-200-en.html
http://www.tcpdf.org

