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The represents of the family Spalacidae are
subterranean rodents that at present exclusively
are distributed in the Palaearctic region. The
distribution area of the family includes north-
eastern Africa, the Balkans, southeastern Eur-
ope, Central Asia, Middle East and Caucasia
(Topachevskii 1969; Savic and Nevo 1990;
Musser and Carleton 1993). Mole rats of the
family Spalacidae range over Turkey (Asia
Minor) and Turkish Thracia in two taxa; the
ancestral Spalax leucodon (over most of Tur-
key) and the more descendant Spalax ehren-
bergi in southeastern Turkey (Nevo et al. 1995).
The mole rats of the genus Nannospalax
(formerly Spalax) have been widely studied
during recent years to clarify species bound-
aries and phylogenetic relationships. The
wide chromosomal variability of the genus
has been highlighted in several studies, with
each accepted species characterized by its
individual karyotypes and others being re-
vealed as cryptic species (Nevo et al. 1994a).
Therefore, taxonomic treatment of the genus
remains a challenge, which is further compli-
cated by high genetic variation in some taxa
(Nevo et al. 1988).

The species, Nannospalax ehrenbergi origin-
ally described by Nehring (1898), on speci-
mens collected from Yafa-Israel also occurs
in Libya, Syria, Jordan, Lebanon, Israel,

Egypt, Iraq, and Southeast Anatolia of
Turkey (Lay and Nadler 1972; Musser and
Carleton 1993). Nehring (1898) also de-
scribed a new species, as S. intermedius in
this region from Iskenderun-Arsuz-Cengen-
koy, but no consensus is yet in sight on this
species. Hitherto, classical morpho-taxo-
nomic traits have not sufficed to diagnose
the different species (Savic and Nevo 1990).
Wahrman et al. (1969a, b) carried out the first
studies on the karyological peculiarities of
N. ehrenbergi. In these studies four different
chromosomal forms were recorded in Israel
with a diploid number of chromosomes of
2n=>52, 54, 58 and 60. Also, Lay and Nadler
(1972) confirmed the diploid number of
chromosomes of Egyptian specimens of this
species as 2n = 60.

The first karyological analyses of Turkish
N. ehrenbergi populations were made by
Yiiksel (1984) from the Elazig population.
Karyotype studies of N. ehrenbergi from
across their distribution revealed obvious
chromosome polymorphisms and several
different karyotypes from this region have
already been described (Yiiksel and Giilkag
1992; Nevo et al. 1994b, 1995; Ivanitskaya
et al. 1997; Coskun 2004a, b).

Thus, N. ehrenbergi has a great chromosomal
polymorphism according to the diploid number

1616-5047/$ - see front matter © 2006 Deutsche Gesellschaft fiir Sdugetierkunde. Published by Elsevier GmbH. All rights reserved.

d0i:10.1016/j.mambio.2006.02.005

Mamm. biol. 71 (2006) 4 - 244-250


www.elsevier.de/mambio
dx.doi.org/10.1016/j.mambio.2006.02.005

Chromosomal diversity in mole-rats of the species Nannospalax ehrenbergi

of chromosomes and the number of chromo-
some arms.

The aim of this study therefore is to
investigate the karyotypes of the five popula-
tions of N. ehrenbergi from 54 localities of
southeast Anatolia, an area of the distribu-
tion range yet poorly studied.

A total of 150 (59 male, 75 female, 16
unknown) mole-rats were captured at 54
localities in the south and southeast of
Anatolia (Fig. 1), during 12 expeditions
between 2000 and 2004. The sampling area
is characterized by substantial habitat and
climatic diversity. Trapping mole rats in-
volves the opening of a burrow system and
catching an animal with a hoe when it comes
to plug the opening. Voucher specimens are
deposited at the Department of Biology,
University of Dicle (Fig. 1).

Material investigated: Numbers are localities
as indicated in figure 1 and numbers in
paranthesis indicate sample sizes. Diyarbakir
population: 1. Sirnak-Silopi-Cukurca village
(3), 2. Sirnak-Idil- 10km east (4), 3. Siirt-
Pervari-Ormandag: village (5), 4. Siirt-Eruh
10km west (4), 12. Batman -Gerciis-Akyar
(1), 13. Mardin-Midyat 2km east (2), 14.
Mardin-Omerli 4km east (1) 15. Mardin-
Omerli-Alich village (3), 16. Mardin-Nusay-
bin-Sogiitli village (3), 17. Mardin -Merkez
7km west (7), 18. Mardin-Kiziltepe-Istasyon
(1), 19. Mardin-Mazidagi-Evciler village (7),
20. Diyarbakir-Bismil-C6ltepe (3), 21. Diyar-
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bakir-Bismil-Yenikdy (2), 22. Diyarbakir-
Silvan 20km west (2), 23. Diyarbakir-Kulp
(2), 24. Diyarbakir-Cermik (2), 25. Elazig-
Gozeli village (3), 26. Adiyaman-Kahta-
Ballikéy (2), 27. Adiyaman-Sambayat 1km
west (3), 28- Adiyaman-Goélbast 2km north
8), 29. Adiyaman-Golbasi-Caglayancerit
road junc. (3), 30. Sanlurfa- Ceylanpinar-
15. km north (2), 31. Sanliurfa- Viransehir-
Kocanezim village (3), 32. Sanlurfa 40 km
east- Diizenli village (1), 33. Sanlwurfa -
Harran - Balgat village (1), 34. Sanliurfa-
Siverek-Kiigiikgol village (1), 35. Sanlurfa-
Surug-Payaml (1), 36. Sanlurfa- Surug- Sasi
village (4), 37. Sanlurfa-Surug- Miirsitpiar
village (3), 38. Sanlurfa- Bozova- Ordek
village (4), 39. Sanlurfa- Birecik-Kocaali
village (2), 44. Kahramanmaras-Pazarcik-
Seyrantepe village (3).

Siirt population: 5. Siirt-Kurtalan-Baglica-
Yenikoprii (1), 6. Siirt-Kurtalan-Baykan road
junc. (2), 7. Siirt-Kurtalan-Yolbulan village
(2), 8. Siirt-Kurtalan 15km west (2), 9.
Batman-Kozluk-Yenicaglar village (2), 10.
Batman-Besiri-Yolkonak village (4), 11. Bat-
man-Hasankeyf- Sugeken village (5). Hatay
population: 40. Gaziantep-Karkamis-Karanfil
village (2), 41. Gaziantep-Tirkyurdu village
(2), 42. Gaziantep-Nurdagi-Komiirler (3),
43. Gaziantep-Islahiye-Bogazi¢i village (1),
45. Osmaniye-Bahge 4 km west (2), 46. Osma-
niye-Cona village (4), 48. Hatay-Arsuz-C
engenkdy (5), (Type locality of S. intermedius).
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Fig. 1. Sampling localities of Nannospalax ehrenbergi. Locality numbers as in text.
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49. Hatay-Kirikhan-Muratpasa village (1), 50.
Hatay-Reyhanli-Besarslan village (1).

Tarsus population: 47. Osmaniye-Kadirli-
Anberinarki village (2), 52. Adana-Ceyhan-
Yakapmar 3km west (3), 53. Adana-Kozan-
Pekmezci village (3), 54. Mersin-Tarsus-Ibrisim
village (5).

Yayladagi population: 51. Hatay-Yayladagi-
Senkdy (2).

Karyotyping was performed in the laboratory.
Mitotic chromosomes were obtained from
bone marrow of long bones and preparations
were made by means of the general air-drying
technique (Lee and Elder 1980). Slides were
conventionally stained with 4% Giemsa-solu-
tion. Well-spread metaphases were recorded
using a camera attached to a microscope.
Karyotypes were prepared from the best
metaphases. Chromosomes were paired, using
the position of the centromere and chromo-
some size. The diploid number (2n), the
fundamental number (NF) and where possible
the autosomal fundamental number (NFa)
were scored in at least five metaphases per
specimen. To allow comparison between the
different karyotypes, the NF and NFa listed
refer to the female karyotype.

According to the karyotype analyses, five
different N. ehrenbergi populations were
described from the south and southeast
Anatolia. Diagnostic features for the differ-
ent karyotypes are described below and
summarized in table 1. This table gives a
comparative survey of all populations of
N. ehrenbergi (Nehring, 1898) from Turkey
analysed to date. The approximate geogra-
phical distribution areas of each chromoso-
mal form are shown in figure 3.

Diyarbakir population: The karyotypes of 96
specimens from all sites of this population
studied comprised 2n = 52 chromosomes.
The autosomal complement consisted of 11
meta/submetacentric and 14 acrocentric pairs.
The X chromosome was small sized meta-
centric, the Y chromosome was small acro-
centric. The number of chromosomal arms is
NF =76 and number of autosomes NFa=72
(Fig. 2A).

The karyotypes observed are identical with
those described by Yiiksel (1984) from
Elazig, Ivanitskaya et al. (1997) from Elazig
and Sanlwurfa, Yiksel and Gilkag (1994)

from Adiyaman and Hilvan, Nevo et al.
(1995) from Diyarbakir, Coskun (1998) from
Sirnak (Tab. 1).

Yiiksel and Gilkag (1992) additionally re-
ported 2n = 54 chromosomal forms from
Sanliurfa-Surug. But we could not find or
observe 2n = 54 chromosomal specimens
from this area.

The most common chromosomal form is
2n = 52, NF=76, NFa=72, which is known
from Southeast Anatolia. This population
occupies a wide range of the region (Fig. 3).
Siirt population: In all the samples of this
population the diploid number of chromo-
somes is 2n = 56, NF=66 and NFa=062.
Their karyotypes consist of 4 pairs of
metacentric/submetacentric and 23 pairs of
acrocentric autosomes. The X chromosomes
are medium sized and submetacentric; the Y
chromosomes are small and acrocentrics
(Fig. 2B).

The karyotype of this population was first
defined by Coskun (2004b) and the karyo-
types observed here are identical with those.
The geographical distribution of this chro-
mosomal form is shown in figure 3.

Hatay population: Specimens were collected
from the type locality of S. intermedius
Nehring, 1898. The karyotypes of 21 speci-
mens from Hatay populations have 2n = 52,
NF=74, and NFa=70. Their karyotype
consist of 10 pairs meta/submetacentrics,
and 15 pairs of acrocentric autosomes.
The X chromosomes are large sized and
submetacentric; Y chromosomes are small
and acrocentric (Fig. 2C). According to the
karyotype, S. intermedius occurs in the Hatay
Province and should be considered a separate
species. The geographical distribution of this
chromosomal form is shown in figure 3. The
karyotype observed is identical with those
described by Coskun (1999, 2004a).

Tarsus population: These specimens are
asigned by a 2n = 56, NF=72 and NFa=68.
Their karyotype consist of 7 pairs meta/
submetacentrics, and 22 pairs of acrocentric
autosomes. The X chromosome is a medium-
sized meta/submetacentric, while the Y is small
and acrocentric (Fig. 2D). However, two
specimens from Adana-Kozan Pekmezci vil-
lage have five pairs of meta/submetacentric
autosomes (NF =68, NFa=064).
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Fig. 2. Standard karyotypes of Nannospalax ehrenbergi (A) Diyarbakir population (male), with 2n = 52; (B) Siirt
population (female), with 2n = 56 from Coskun (2004b); (C) Hatay population (male), with 2n = 52 from
Coskun (2004a); (D) Tarsus population (male), with 2n = 56; (E) Yayladag population (female), with 2n = 48
from Coskun (2004a).

The karyotype of mole rats from Tarsus does  Yayladagi population: The karyotypes of
not differ from those that earlier described two specimens from the Yayladagi popula-
(Nevo et al. 1995; Ivanitskaya et al. 1997, tion are 2n = 48, NF=74, and NFa=70. It
S6zen 1999). The geographical distribution of  consists of 12 pairs of meta/submetacentrics,
this chromosomal form is shown in figure 3. and 11 pairs of acrocentric autosomes. The X
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Fig. 3. Geographical distribution of Nannospalax ehrenbergi karyotypes.

chromosomes are large sized (Fig. 2E)
(Coskun 2004a). The karyotype of this
population represents a cytogenetically dis-
tinct taxon, with a high percentage of
metacentric chromosomes. The geographical
distribution of this chromosomal form is
shown in figure 3.

The present study extends the list of karyo-
types of N. ehrenbergi with five karyotypes in
the wide distribution area from south and
southeast Anatolia. The data show that the
Diyarbakir population has a broad distribu-
tion on both banks of the Euphrate (Firat)
and Tigris (Dicle) rivers.

Nevo et al. (1995) have pointed out that each
chromosomal form must be assigned to a
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