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Abstract. Taxonomy of mole rats (Nannospalax) is highly provisional and the genus is in a 
need of a thorough revision. In this investigation, 23 (13��, 10��) specimens from the Central 
East (Malatya, Sivas) and Northeast (Kars, Ardahan) Anatolian provinces, were studied 
karyologically and twelve of these specimens (7��, 5��) were employed to analyse 
electrophoretic patterns of their blood proteins (serology). This study indicated chromosomal 
separation of both region (2n=50, NF=82, NFa=78 and 2n=60, NF=70, NFa=66). The 
separation of both regions was supported by the differences obtained in serograms in which 
blood serum proteins were composed by 11 fractions belonging to the 2n=50 chromosomal 
specimens and by 10 fractions in 2n=60 chromosomal specimens. Therefore the serological 
data obtained from this study support the results of the present and earlier karyological 
studies showing that populations of mole rats in both regions are karyologically and 
genetically distinct one from another. It is suggested that these two populations could be 
assigned to separate putative biological species.  
 
Key Words: Nannospalax, Nannospalax nehringi, electrophoresis, karyology, serology, Turkey. 

 
 
 
Introduction 
 
The Family Spalacidae, Palaearctic sub-
terranean rodents known as mole rats, are 
widespread in the Balkans, Eastern Europe, 
Turkey, Caucasus and the Middle East 
(Méhely 1909, Ognev 1947, Topachevskii 
1969, Wilson & Reeder 2005). Recently, mole 
rats have been studied intensively to reveal 
karyological structures, to clarify species 
boundaries, phylogenetic relationships and 
evolutionary history (Soldatovic & Savic 
1978, Savic & Soldatovic 1979, Savic & 
Soldatovic 1984, Savic & Nevo 1990). Spe-

cies of this family exhibit one of the widest 
ranges of karyotypic variability (mostly Ro-
bertsonian chromosomal polymorphism) in 
mammals; diploid chromosome numbers 
(2n) range from 36 and 62 and fundamental 
number of chromosomal arms (NF) range  
from 66 to 124 (Lyapunova et al. 1974, Zima 
& Kral 1984, Nevo et al. 1994). The different 
karyotypes suggest active ecological spe-
ciation throughout the Quaternary, which 
matches climatic diversity (Nevo 1999, 
Nevo et al. 2001). Studies on the eight 
classical morphospecies of Spalacidae in the 
Palaearctic revealed about 50 chromosomal 
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forms of which 30 were described in various 
localities in Turkey (Yüksel 1984, Gülkaç & 
Yüksel 1989, Nevo et al. 1994, Ivanitskaya et 
al.  1997, Tez et al. 2001, Co�kun 2003, 
2004a,b, Sözen et al. 2000, Co�kun & 
Ulutürk 2004 and reference therein). But, 
there are still some unstudied or poorly 
studied areas in Turkey, and which there-
fore require investigation. These include: 1- 
East Anatolia, 2- Aegean coast, 3- Central 
East Anatolia and 4. Mediterranean region.  

Cytogenetic data on the genus Nanno-
spalax from Turkey show variation from 
2n=36 to 60 and FN variation from 66 to 92 
(Nevo et al. 1995, Ivanitskaya et al. 1997, 
Co�kun 1999, Co�kun et al. 2006). 
Nannospalax nehringi was first described by 
Satunin (1898) based on specimens collected 
from the Kars-Gaziler-Kaskoparan in East 
Anatolia. The first karyotypic description of 
N. nehringi was presented by Matthey (1959) 
who recorded 2n=48 in the material from 
the Caucasus. Later Nevo et al. (1995), 
Sözen et al. (2000) and Co�kun (2003) 
reported additional karyotypes of N. 
nehringi from Turkey.  

Here we present a first comparative 
study on both, chromosomal and serological 
properties of two populations of Nanno-
spalax nehringi from two different regions in 
Turkey. Our results are based on our own 
field collections conducted between 2006 
and 2007. 
 
 
Material and Methods 
 
A total of 23 (13 ��, 10 ��) mole-rats were captured 
at nine different localities from the Central East and 
Northeast Anatolia during expeditions between 2006 
and 2007 (Fig.1). Trapping mole rats involved the 
opening of a burrow system and catching an animal 
with a hoe when it came to plug the opening. The 
specimens were transported alive to the laboratory 

and later their blood was taken from a cardiac 
puncture after the specimens were anesthetized. 
Blood serum was centrifuged for 5 minutes at 1200 
rpm and stored at -20oC until electrophoresis. The 
electrophoretic separation of the blood serum 
proteins was done according to Davis (1964) with 
slight modifications according to Özeti & Atatür 
(1979). Electrophoretic separation was carried out at 
room temperature using the Canalco Model 1200 
apparatus. Gels containing separated proteins were 
stained with 0.5% Amido Black (Naphtol Blue Black 
10-B) and then excess stain was removed passively in 
7% acetic acid baths. Qualitative evaluation of the 
gels was done directly from the electropherograms. 
Obtaining the densitometric curves of the sepa-
rations using a Gelman ACD-15 39430 densitometer 
at 500 nm, these were photographed.  

After taking blood from each specimen, the 
mitotic chromosome preparations were performed 
from bone marrow cells, with the use of colchicines, 
fixation in Carnoy’s mixture and stained with giemsa 
(Ford & Hamerton 1956). By taking photographs of 
well metaphase plate, the diploid number of 
chromosomes (2n), fundamental number of chromo-
somal arms (NF) and number of autosomal arms 
(NFa) were determined according to centromere 
positions. Voucher specimens are deposited at the 
Department of Biology, Science and Art Faculty, 
University of Dicle.  

 
 

Results and Discussions 
 

Karyological evaluation 
Central East Anatolian Population: (1) Malatya 
– Arapgir - Günyüzü village (38º58'39.61''N 
38º28'51.79''E) 2��, 1��; (2) Malatya – 
Arguvan - Gümü�lü village (38º39'41.04''N 
38º22'19.87''E) 1��, 2��;  (3) Malatya – 
Hekimhan - Ye�ilp�nar village (38º42' 
09.07''N 38º05'43.58''E) 1��, 2��; (4) Sivas – 
Kangal - Davuto�lu village (39º14'44.86''N 
37º41'35.39''E) 1��; (5) Sivas – Divri�i - 
Karasar village (39º15'31.68''N 37º57' 
25.87''E)  2��.  

The karyotypes of twelve specimens 
from Malatya and Sivas province had 
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2n=60, NF=82 and NFa=78. Their karyo-
types consisted of 10 pairs of meta/sub-
metacentric and 19 pairs of acrocentric 
autosomes. The X chromosomes were large 
and submetacentric, whereas the Y chro-
mosomes were minute acrocentric (Fig.2A). 
The karyotype observed was identical with 
those first described by Gülkaç & Yüksel 
(1989) from Arguvan-Malatya. Our results 
were different from the other 2n=60, NF= 78 
and NFa=74 form previously recorded from 
Malatya (30 km W) and Kayseri-P�narba�� 
(58 km E) (Nevo et al. 1994, 1995), Malatya 
(12 km E) (Yüksel 1984, Ivanitskaya et al. 
1997) and Gürün-Sivas and Kayseri pro-
vince (Tez et al. 2001) (Tab.1). 

North East Anatolian Population: (6) 
Ardahan - Hanak-Alta� village (41º09' 

46.80''N 42º52'46.56''E) 1��, 1��; (7) Arda-
han – Ç�ld�r - Akçakale village (41º04' 
57.93''N 43º17'51.96''E) 2��, 1��; (8) Arda-
han – Göle - Yi�itkona�� village (40º57' 
14.80''N 42º34'08.04''E) 2��, 1��; (9) Kars – 
Arpaçay - Gedik sat�lm�� village (40º45' 
10.91''N 43º21'48.07''E) 1��, 2��. 

The other group of specimens collected 
from Kars-Ardahan province had 2n=50, 
NF=70 and NFa=66 karyotypes. Their ka-
ryotypes consisted of 9 pairs of meta/sub-
metacentric, and 15 pairs of acrocentric 
autosomes. The X chromosomes are large 
submetacentric, whereas the Y chromo-
somes are minute acrocentric (Fig.2B). The 
karyotypes of animals from the populations 
surveyed here showed no differences to 
those  previously  reported  for the Erzurum  

 

 
 

Figure 1. The collection localities (�) of the specimens. (1) Malatya - Arapgir - Günyüzü village, 
(2) Malatya - Arguvan - Gümü�lü village, (3) Malatya - Hekimhan - Ye�ilp�nar village, (4) Sivas 
- Kangal - Davuto�lu village, (5) Sivas - Divri�i - Karasar village, (6) Ardahan -  Hanak - Alta� 
village, (7) Ardahan - Ç�ld�r - Akçakale village, (8) Ardahan - Göle - Yi�itkona�� village, 
(9) Kars - Arpaçay - Gedik Sat�lm�� village. 



Ulutürk, S. et al.�

 
North-West J Zool, 5, 2009�

352 

 
 

Figure 2. Karyotypes of Nannospalax nehringi populations from A) Malatya - Hekimhan and 
B) Ardahan - Göle. 

 
 
 
and Sar�kam�� (Nevo 1994, 1995), five diffe-
rent localities in the region (Co�kun 2003); 
whereas they did differ from Sözen et al. 
(2000) (Tab.1). 

 
Serological evaluation. 
Electrophoretic analyses was performed on 
12 (7 ��, 5 ��) specimens of N. nehringi 
(n=6) in both populations. All specimens 
examined were sexually mature. Since no 
discernible differences were obtained bet-
ween the sexes, both males and females 
were pooled together in the analyses of 

blood serum electrophoresis. The gel photo-
graph and the densitometric curve of the 
separation of a female specimen from Ç�ld�r 
(Ardahan) belonging to the 2n=50 chromo-
somal population are shown in figure 3A. 
Blood serum proteins contained 11 fractions 
containing 1 (A) in albumin zone and 10 (G1-

10) in globulin zone as shown in figure 3A.  
The gel photograph and densitometric 

curve of the blood serum proteins of an 
adult male specimen from Kangal (Sivas) 
belonging to the 2n=60 chromosomal popu-
lation are shown in figure 3B. Blood serum 
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proteins contain 10 fractions, 1 (A) in albu-
min zone and 9 (G1-9) in globulin zone in 
total in the 2n = 60 chromosomal popu-
lation.  

When considering the densitometric 
curves of blood serum proteins of two 
populations, it was observed that each po-
pulation has a particular electropherograms.  

 
Table 1. Chromosomal records of Nannospalax from Central East and Northeast Anatolia Region-Turkey. sm: 

submetacentric, st: subtelocentric, a: acrocentric, m: metacentric, 2n: diploid chromosome number, NF: 
chromosome arm number, NFa: fundamental (autosomal) number (female), X: X chromosome, Y: Y 
chromosome, E: East, W: West. 

 

Autosome pairs Gonosomes Popul
ations Locality 2n 

m/sm/st a 
NFa NF 

X Y 
References 

Yaz�han Yüksel 1984 

Akçada� 
9 20 76 80 sm St 

Gülkaç & Yüksel 1989 

30 km W Nevo et al. 1994, 1995 

12 km E 
8 21 74 78 sm A 

Ivanitskaya et al. 1997 

Arguvan St Gülkaç & Yüksel 1989 

Hekimhan 

Arguvan 

Malatya 

Arapgir 

Kangal 

Divri�i 

10 19 78 82 sm 
A This study 

Sivas 

Gürün 

C
en

tr
al

 E
as

t A
na

to
lia

 

Kayseri Central 

60 

8 21 74 78 sm A Tez et al. 2001 

20 km E Nevo et al. 1994, 1995 

Pasinler 
9 15 66 70 sm A 

Co�kun 2003 Erzurum 

20 km E 10 14 68 72 m A Sözen et al. 2000 

Sar�kam�� 9 15 66 70 sm A Nevo et al. 1994, 1995 

Susuz 10 14 68 72 m A Sözen et al. 2000 

Selim 

Digor 

Arpaçay 

9 15 66 70 sm A Co�kun 2003 
Kars 

Arpaçay 9 15 66 70 sm A This study 

10 km E 10 14 68 72 m A Sözen et al. 2000 

Göle 9 15 66 70 sm A Co�kun 2003 

Hanak 

Ç�ld�r 

N
or

th
ea

st
 A

na
to

lia
 

Ardahan 

Göle 

50 

9 15 66 70 sm A This study 
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Figure 3. Gel photograph and the densitometric curve of the blood serum proteins of an adult female specimen 

from A) Ardahan-Ç�ld�r (2n=50 chromosomal population) and B) Sivas-Kangal (2n=60 chromosomal 
population). (G1-10: protein fractions of globulins region; A: Albumin fraction; O.D: Optical density; S: 
Start, junction between the stacking and separation gels). 

 
 
While the albumin zone fraction was similar 
between the two populations, differences 
were found by means of fractions in 
globulin zone both qualitatively and quanti-
tatively. 

Many authors (Dessauer & Fox 1956, 
Chen 1967, Ferguson 1980 and Ar�kan 1990) 
reported that the protein fractions number, 
speed and density of their separation from 
blood serum protein have a taxonomic 
relevance. While the sex, age, season and 
marginal factors might cause some quanti-
tative differences, genetic variation express 
the qualitative differences; so it was stressed 
that qualitative differences have taxonomic 
relevance (Ferguson 1980).  

The results of these analyses, demon-
strate that there is a qualitative differences 
between the two chromosomal populations 
by means of the fractions number (10 frac-
tions in 2n=50 and 9 fractions in 2n=60 
chromosomal population) especially in the 
globulin zone, therefore genetic variation 
could exist in these populations. In addition 

quantitative differences between the protein 
fractions in the globulin zone were present. 

The two described karyotypes present 
clear differences in 2n values as well as arm 
number. These differences suggest that each 
region could be assigned to separate puta-
tive biological species.  
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