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Abstract: Chromosomal polymorphism and speciation problem in genus Spalax has been investigated.

All the specimens were identified as Spalax leucodon cilicicus Mehely, 1909. In according to karyotype
analysis, two different populations were described from the field. The diploid number of Population A
from south ant northwest of the field were found to be 60 and number of fundamental numbers were
80. The corresponding numbers in the Population B from northeast of the field were 54 and 74
respectively.

In the result, the possibility of inversions in the Population B was discussed from evolutionary point of
view and also the evolutionary background of Spalax brought into attention.
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Introduction

Chromosomes which lead to evolution have been used for taxonomy and speciation in a lot
of animal groups. The studies on mammalian chromosomes have been constituted an effective
investigation area to explain their relationship. Approximately 40 karyotype of Spalax had been
reported up to date from North Africa (1), Israel (2, 3) Turkey (4, 5, 6, 7, 8, 9, 10, 11), Greece
(5, 12, 6, 8), Yugoslavia (5, 6, 8, 13, 14, 15, 16), Bulgaria (4, 5, 6, 17, 18, 19), Rumania
(20, 21, 22) and Caucasia (23, 24). It is of interest to state that the diploid number of
chromosomes ranges of Spalax from 38 to 60, while the NF values vary from 74 to 98 (6, 7,
9, 10, 16).

Karyotypic studies of mole rats in Turkey were initiated by Savic and Soldatovic (5, 6, 7) and
Soldatovic and Savic (4). Other karyotypes were reported from Turkey by Giagia et al. (8),
Yüksel (9), Gülkaç and Yüksel (10).

1 This study was supported by Turkish Scientific and Technical Research Council-TÜB‹TAK (Project Number: TBAG-
904).



Materials and Methods

Analysis of karyotype were conducted in the populations of mole rats from middle region of
River K›z›l›rmak (Fig. 1). In this study, a total of 25 mole rat specimens (15 V, 10M) were
examined.

A direct method of development from the bone marrow according to Patton’s (25)
“Colchicine-hypotonic-citrate” technique was applied for the preparation of chromosomes.

An avarage of 20 to 30 metaphase cells were counted in order to determine the diploid
number of each animal investigated.

Results

Live trapped specimens of mole rats were identified according to K›vanç (26) as Spalax
leucodon cilicicus Mehely 1909.
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Fig. 1. The map showing the area under study.



By the analysis of the karyotypes of this subspecies it was established that two karyotypical
forms are present in the area. The first karyotypical form is distributed at the south and
northwest of the field which we called it “Population A”. This karyological form is distributed
on each sides of river K›z›l›rmak but is not distributed on northeast side of Delice stream. By the
analysis of this form it was found that the diploid number of chromosomes is 60 and NF values
are 80. According to position of the centromere the chromosomes could be placed in two
groups. The first group consist of 9 pairs of subtelocentric autosomes and the second group
which were acrocentric found to be 20 pairs of autosomes. The X-chromosome is
submetacentric, while Y-chromosome is subtelocentric (Fig. 2).

The other karyological form of this subspecies is distributed at the northeast of the field
which we called it “Population B”. This form is seperated from Population A by Delice stream
and Akda¤ mountains. By the karyotype analysis, it was established that the diploid number of
chromosomes in this population is 54. This form includes 3 pairs of submetacentric, 6 pairs of
subtelocentric and 17 pairs of acrocentric autosomes. The X-chromosome is submetacentric,
while Y-chromosome is subtelocentric. According to described morphology of chromosomes NF
amount are 74 (Fig. 3).

The number of individuals, sex composition, chromosome numbers and the types of
chromosomes in both population are given in Table 1.
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Fig. 2. Idiogram of the Population A of Spalax leucon cilicicus.



Discussion

The problem of speciation processes and evolution of genus Spalax has been discussed in
great detail by many workers (1-37). The present data is not adequate in full explanation of
these problems due to lack of data concerning in biochemical and behavioral investigations.

According to the analysis of karyotypes presented, it seems that the river K›z›l›rmak has not
been acted as a natural barrier between the two populations of Spalax leucodon cilicicus, because
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Fig. 3. Idiogram of the Population B of Spalax leucon cilicicus.

Table 1. Somatic chromosome numbers and morphological types of “Population A” and “Population B”.

CHROMOSOMES

SEX                                        Autosomes                     Gonosomes

POPULATION V M 2n m sm st a X Y NF NFa

Population A 9 3 60 – – 9 20 sm st 80 76



the mole rat populations of both sides of the river have the same karyotype. But, Delice stream,
which join to river K›z›l›rmak, has been acted as a geographical barrier and did not permit
exchanging genetic material. The narrow passageway between river K›z›l›rmak and Delice
steram has been closed by a chain of Akda¤ Mountains. These mountains are aproximately 2000
m from sea level.

Population A (2n=60, NF=80) show the same chromosomal characters both in number and
morphology with that reported by Yüksel (9) and Gülkaç and Yüksel (10) from east Anatolia. It
has been argued by Nevo and Cleve (38) and Nevo (34) that in Spalax complex, relatively very
few allelic changes are needed for the dispersion of populations. That is to say, at least at the
level of structural genes, the essence of speciation, i.e. the development of pre- and post-mating
reproductive isolation per se may occur with little genomic changes, either genic and
chromosomal.

It is believed (6, 9, 10, 11, 25, 40) that karyotypic changes may be brought about through
Robertsonian variation, i.e. centric fusion, and pericentric inversions. Through Robertsonian
variation two acrocentric chromosomes may fuse at the centromere to produce one bi-armed
chromosome. Thus, this mechanism allows for the evolution of the karyotype in such a way that
the diploid number is reduced but the fundamental number is kept constant. Fundamental
numbers, on the other hand, may change by pericentric inversions through which some
acrocentric chromosomes may be converted into a biarmed chromosome without changing
chromosome number. In the present study, it seems that the both mechanism were in action.
That is, by analysing the karyotypes of Population A (2n=60, NF=80) and Population B (2n=54,
NF=74) one may realize that the latter can be evolved from the former by the pericentric
inversions between three of acrocentric and three of subtelocentric chromosomes. Therefore,
both diploid number and the fundamental numbers were changed.

Some pecularities of Spalax must be taken into account; these are; i) They are largely
confined to a subterranean existence with a limited motility. Thus the gene flow between
populations is limited. ii) Interbreding between overlapping karyotypes either not observed at
all (11, 16 and in the present study) or very narrow and lower than expected proportions of
hybrid were observed (37) which indicates strong selection against hybrids. iii) Generally, the
ethologic isolation mechanism endowes a very complex genetical background. However, the
major origin of isolation in Spalax ehrenbergi complex seems to be incidental by-product of
adaptive differentiation (39).

Occasional chromosomal variations were encountered within cells of single in dividual. These
included a centrically fused chromosome in one cell of an animal with i.e. 2n=60 chromosomes,
and an inverted chromosome in one cell of an animal with i.e. 2n=54 chromosomes. The fixation
of these changes is not so surprising as it has been pointed out by Nevo (34) that, those
population seperated by natural barriers may have different chromosome numbers. In the case
of mole rats, natural barriers may have different chromosome numbers. In the case of mole
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rats, natural barriers are not even necessary, in the classic sense, in as much as mole rats in
peripheral situations live in small somewhat isolated populations and their motility, in generally
is very restricted (2). Such populations expected to be highly inbred and gene exchange is
restricted between them. The achievement of relatively rapid fixation of new karyotypes
prevents hybridization, and also often results in the evolution of pre- and post-mating
reproductive isolation. Ultimately, the gene pools became more or less seperated and the species
or subspecies level was practically reached (11).

This argument let us to look for hybrids along the contacts between different karyotypical
forms and no hybrids were found. This finding is in agreement with that reported by Savic and
Soldatovic (16). Nevertheless, Wahrman et al. (2), Nevo (35) and Nevo and Bar-El (37) reported
that narrow hybrid zones occur in Spalax ehrenbergi along the contact between different
karyotypical forms. However, the authors also emphasized that the hybrids were inferior in
fitness in these forms. In discussing the distribution range and evolution of Spalacidae by Savic
and Soldatovic (6) concluded that subspecies Spalax leucodon turcicus from Turkish part of
Balkans was the form with the most primitive karyotype and might be closets to initial one.
Spalax leucodon turcicus has 2 pairs of metacentrics, 5 pairs of submetacentrics, 3 pairs of
subtelocentrics and 17 pairs of acrocentrics. Diploid number and NF values of this subspecies
are 54 and 78, respectively. The karyotypic froms of Spalax leucodon cilicicus from middle
K›z›l›rmak basin (in the present study) and east Anatolia (9, 10) have 2n=60 and NF=80 and
82 with no metacentric and submetacentric autosomes. Therefore, these forms seems to be
more primitive and probably closer to the initial one than other described forms up to now.
These data have been supported to the thesis of a common Asiatic origin of the European
Spalacidae and the existence of a direct inital nucleus in Asia Minor.
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