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Nannospalax Palmer, 1903 (Rodentia: Spalacidae) from Turkey with consideration
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Abstract: The morphological variability of the baculum (os penis) of 147 adult specimens of species in the genus Nannospalax from
58 localities in Turkey was examined using morphological and numerical taxonomic methods. Significant differences among all of
the Turkish species in the genus were determined by morphological and biometrical comparison of the bacula, and the results of this
study showed that N. nehringi and N. xanthodon are separate species and that the names are not synonyms. Additionally, because the
central Anatolian mole rat populations that were classified by previous studies as members of N. nehringi or N. xanthodon had highly
different baculum morphologies, these populations were classified as a different species (N. labaumei) in this study. When compared
to the other populations, the central Anatolian populations, which have greater diploid chromosomal sets (2n = 56, 58, 60), had very
different baculum morphologies. Whereas individuals of the species N. labaumei had the smallest bacula, the largest baculum occurred
in a representative of the species N. leucodon. From this study, the results indicate that 5 different blind mole rat species (N. ehrenbergi,
N. leucodon, N. nehringi, N. xanthodon, and N. labaumei) live in Turkey, and in addition to these species, some of the chromosomal races
(2n = 36, 40, 52) should be treated as distinct species.
Key words: Nannospalax, baculum, morphometry, Turkey

1. Introduction
The genus Nannospalax comprises the blind mole rats that
are distributed in Europe, Asia Minor, the Caucasus, the
Transcaucasus, Ukraine, Armenia, Syria, Palestine, Iraq,
Israel, Jordan, and Northeast Africa and that are known
to be a taxonomically complex unit (Topachevskii, 1969;
Savic and Nevo, 1990). This complexity is more apparent
in the taxonomy of the Turkish blind mole rats (Kryštufek
and Vohralík, 2009). A total of 8 species (N. leucodon, N.
xanthodon, N. ehrenbergi, N. intermedius, N. nehringi, N.
labaumei, N. tuncelicus, and N. munzuri) and 10 subspecies
(N. typhlus xanthodon, N. l. nehringi, N. l. armeniacus, N.
l. cilicicus, N. l. anatolicus, N. l. turcicus, N. l. corybantium,
N. l. captorum, N. e. kirgisorum, and N. e. intermedius)
have been recorded from Turkey in numerous studies on
Turkish blind mole rats (Ognev, 1947; Topachevskii, 1969;
Savic and Nevo, 1990; Coşkun, 1996; Wilson and Reeder,
2005; Kryštufek and Vohralík, 2009).
The early studies of blind mole rats recognized only 2
species (N. leucodon and N. ehrenbergi) from Turkey and
* Correspondence: tkankilic@nigde.edu.tr
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defined the other blind mole rat species as synonyms of
these 2 species (Ognev, 1947; Corbet, 1978; Harrison and
Bates, 1991). Recent studies have revealed that 3 species of
blind mole rats (N. nehringi, N. leucodon, and N. ehrenbergi)
are found in Turkey. Of these species, N. leucodon is found
only in Thrace and N. ehrenbergi is sparsely distributed in
southeastern Anatolia. The third species, N. nehringi, is
present in the remaining parts of Anatolia (Topachevskii,
1969; Gromov and Baranova, 1981; Corbet and Hill, 1991;
Wilson and Reeder, 2005).
The latest studies have reported that N. nehringi
is a synonym of N. xanthodon and that N. xanthodon
should be a valid name according to the priority rule
of the International Code of Zoological Nomenclature
(Kryštufek and Vohralík, 2009). Thus, 3 species (N.
xanthodon, N. leucodon, and N. ehrenbergi) are currently
recognized from Turkey.
N. leucodon is accepted as the most widespread species
in Anatolia, and 5 subspecies of this species have been
described in previous studies (Ognev, 1947; Topachevskii,
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1969; Gromov and Baranova, 1981; Corbet and Hill,
1991; Wilson and Reeder, 2005). Because N. xanthodon
species that are found in Anatolia are currently recognized
by Kryštufek and Vohralík (2009), the validity of the
subspecies is controversial and, therefore, their taxonomic
statuses should be revised again.
Recent karyological studies have revealed that there
are 11 different chromosomal races (2n = 36, 38, 40, 48,
50, 52, 54, 56, 58, 60, 62) of Anatolian mole rats, and this
has led to the complexity of the taxonomy of this genus.
When fundamental numbers of chromosomal arms are
considered along with the diploid chromosome numbers,
the numbers of chromosomal races is approximately 25
(Sözen and Kıvanç, 1998a, 1998b; Coşkun, 1999, 2003;
Sözen, 2004; Sözen et al., 2006; Kankılıç et al., 2005,
2006, 2007, 2010; Matur et al., 2013; Sözen et al., 2013).
According to a study based on allozyme and karyology
performed by Nevo et al. (1995), it has been suggested that
representative blind mole rats of each chromosomal race
may be a distinct species, and therefore approximately 20
blind mole rat species are present in Turkey. The subject
of how the chromosomal races described from Anatolia
can be evaluated remains controversial in that it is unclear
whether any of these are distinct species/subspecies as
stated by Nevo et al. (1995), or whether the observed
variations occur because of how the populations of
the species are distributed. To date, no comprehensive
morphological study that includes all of the chromosomal
races has been performed to determine if blind mole rat
populations with different diploid chromosome numbers
have congruent differences at the species level or the
subspecies level. A few studies on Turkish blind mole rats
using molecular markers have been conducted. In the first
study, Arslan et al. (2010) found genetic differences in 3
chromosomal races (2n = 40, 58, and 60) of N. xanthodon
by amplifying a 630-bp region of the mitochondrial gene
cytochrome b and stated that these 3 chromosomal races
may be distinct species based on the sequence variation in
the cytochrome b gene region. In another study, Kandemir
et al. (2012) evaluated 420 bp of the cytochrome b gene
region in 6 chromosomal races (2n = 36, 38, 40, 50, 56, and
60) of N. xanthodon, 1 chromosomal race (2n = 56) of N.
leucodon, and 2 chromosomal races (2n = 52 and 56) of N.
ehrenbergi. They suggested that there are some populations
with significantly different genetic properties that could
indicate that they are new species, particularly among the
populations of the chromosomal races of N. xanthodon.
The baculum (os penis) is a small bone found in the
penis of individuals in 5 orders (Rodentia, Carnivora,
Insectivora, Chiroptera, Primates) of the class Mammalia.
When compared to other bones, this bone is smaller
and differs in shape and size. These features allow the
baculum to be used as a notable taxonomic character

for determining differences among closely related taxa
(Hooper and Musser, 1964). The comparative morphology
of bacula exposes obvious differences among rodent
species from the larger group Eutheria (Hooper, 1960;
Lidicker and Brylski, 1987; Baryshnikov and Abramov,
1997; Benda and Tsytsulina, 2000; Adebayo et al., 2011).
Therefore, the differences in the shape and the size of the
bacula have been widely used as a tool for distinguishing
closely related species and for determining the phyletic
relationships among species (Hooper, 1960; Walton, 1968;
Williams et al., 1980; Lidicker and Brylski, 1987; Simson
et al., 1993; Çolak et al., 1998; Benda and Tsytsulina, 2000;
Baryshnikov et al., 2003; Ferguson and Lariviere, 2004;
Malecha, 2009).
To date, no studies have been conducted that include
the comparative morphology of the baculum in the
morphologically similar and taxonomically complex
Turkish blind mole rats. The aim of this study is to
reveal the systematic relationships within and between
representative species of the genus Nannospalax via
comparison of baculum morphology.
2. Materials and methods
The baculum features of 147 adult individuals of 5 species
(N. leucodon, N. ehrenbergi, N. nehringi, N. xanthodon, and
N. labaumei) of blind mole rats that were collected from
58 localities in Turkey were investigated (Figure 1; Table
1). First, the age of all of the specimens was determined
to remove any variation that depends on age, and then the
adult and the juvenile samples were grouped according
to their ages. Finally, each of the samples was carefully
compared to the individuals in the same age group. The
individuals that were born between February and May and
that were sexually mature in the early months of winter
of the same year were considered to be adults, following
Samarsky (1962) and Kıvanç (1988). In addition to these
criteria, the samples were evaluated as adult specimens if
they had certain similar features, such as the erosion of the
molars, the presence or absence of sagittal and lambdoidal
sutures, and the angle of the sutures. First, the phalli,
which had been placed in 70% ethanol, were left to dry out,
then cleaned with 4% potassium hydroxide and subjected
to an Alizarin Red S stain (Lidicker, 1968). Finally, the
phalli were exposed to 25%, 50%, 75%, and 100% glycerin
for dehydration. All of the samples were placed in a 15%
ammonia solution and heated at 80 °C for over 20 min to
reach the baculum. Each baculum was photographed with
an Olympus CX31 stereo binocular microscope. A total
of 7 measurements were taken (DBW: the distal baculum
width in the dorsal position, PBW: the proximal baculum
width in the dorsal position, LDBW: the lateral distal
baculum width, LPBW: the lateral proximal baculum
width, WMB: the width of the middle of the baculum, BL:
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Figure 1. Map showing the geographic origin of the investigated samples from Turkey. The numbers correspond to the localities
given in Table 1.

the baculum length in the dorsal position, LBA: the lateral
baculum angle); all of the measurements were made in
units of micrometers.
Univariate and multivariate statistical analyses of
the 7 baculum measurements for each chromosomal
race were performed. The descriptive statistics (means,
standard deviations) were computed to evaluate the range
of the variation of the morphological characters. A oneway analysis of variance (ANOVA) was performed to
test the differences among the chromosomal races for
all of the variables. To determine an objectively defined
score that summarizes the major components of variable
measurements among the 5 traditionally recognized blind
mole rat species, a principal component analysis (PCA) was
conducted on the basis of 7 measurements. Cluster analysis
using Euclidean distance and unweighted pair group means
average (UPGMA) were used as the computational criteria
to determine the similarities between populations. The
descriptive statistics and ANOVA and PCA were obtained
using STATISTICA (version 7.0), and the cluster analysis
(UPGMA) was conducted using NTSYSpc (version 2.2).
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3. Results
A total of 147 bacula belonging to 5 species of blind mole
rats were evaluated. The bacula are located in the dorsum
of the urethra in all of the representatives of the genus
Nannospalax. A baculum is approximately the same length
as the glans penis and nearly reaches the tip of the ostium
urethrae externum. The entire surface of the baculum is
smooth. The lengths of the bacula ranged from 4.4 mm
to 7.8 mm, and the average length of the bacula was 5.56
mm (Table 2). Generally, the bacula were broader distally
and narrower proximally in all of the samples. Most of the
bacula were bent dorsoventrally; however, some of them
curved to the left dorsally. The distal part of the baculum
terminated in a cartilaginous structure in all of the samples.
In some of the samples, this structure had 2 openings of
unknown function, and in other samples, the openings
were in the shape of an incision that divided the tip of the
distal part of the baculum into 2. In the remaining samples,
the ends of these structures were convex or concave and
did not include any openings or incisions. The proximal
part of the baculum had 1 of 3 different shapes in all of
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Table 1. Localities and sample sizes (N).
Code

Chromosomal race

Species

Locality

N

Latitude
(N)

Longitude
(E)

Altitude
(m)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

2n = 36 NF = 68
2n = 38 NF = 74
2n = 38 NF = 74
2n = 38 NF = 74
2n = 38 NF = 74
2n = 40 NF = 72
2n = 40 NF = 72
2n = 52 NF = 70
2n = 50 NF = 70
2n = 50 NF = 70
2n = 50 NF = 70
2n = 50 NF = 70
2n = 50 NF = 70
2n = 50 NF = 70
2n = 50 NF = 72
2n = 50 NF = 72
2n = 50 NF = 72
2n = 56 NF = 72
2n = 56 NF = 72
2n = 56 NF = 72
2n = 58 NF = 72
2n = 58 NF = 72
2n = 60 NF = 76
2n = 60 NF = 76
2n = 60 NF = 76
2n = 60 NF = 76
2n = 60 NF = 76
2n = 60 NF = 76
2n = 60 NF = 76
2n = 60 NF = 78
2n = 60 NF = 78
2n = 60 NF = 78
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 80
2n = 60 NF = 82
2n = 60 NF = 84
2n = 52 NF = 74
2n = 56 NF = 78
2n = 52 NF = 76
2n = 56 NF = 78

N. xanthodon
N. xanthodon
N. xanthodon
N. xanthodon
N. xanthodon
N. xanthodon
N. xanthodon
N. xanthodon
N. nehringi
N. nehringi
N. nehringi
N. nehringi
N. nehringi
N. nehringi
N. nehringi
N. nehringi
N. nehringi
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. labaumei
N. ehrenbergi
N. ehrenbergi
N. ehrenbergi
N. leucodon

TR-AYDIN (KOÇARLI)
TR-İZMİR (MENEMEN)
TR-İZMİR (FOÇA)
TR-MANİSA (AKHİSAR)
TR-BALIKESİR (KEPSUT)
TR-ISPARTA (YENİŞARBADEMLİ)
TR-KONYA-(YEŞİLDAĞ)
TR-BOLU (GEREDE)
TR-KARS (KAZIKOPARAN)
TR-ARDAHAN (GÖLE)
TR-ARDAHAN (CITY CENTER)
TR-KARS (SUSUZ)
TR-KARS (SARIKAMIŞ)
ERZURUM (PASİNLER)
TR-BAYBURT (DEMİRÖZÜ)
TR-GİRESUN (ŞEBİNKARAHİSAR)
TR-RİZE (OVİD)
TR-ISPARTA (YILANLI)
TR-ADANA (POZANTI)
TR-MANİSA (KULA)
TR-NİĞDE (MADENKÖY)
TR-KONYA (EREĞLİ)
TR-KONYA (BEYŞEHİR)
TR-KONYA (AKŞEHİR)
TR-KÜTAHYA (MURATDAĞ)
TR-KÜTAHYA (SİMAV)
TR-KÜTAHYA (EMET)
TR-BİLECİK (BOZÜYÜK)
TR-ESKİŞEHİR (SİVRİHİSAR)
TR-ISPARTA (ATABEY)
TR-ISPARTA (GELENDOST)
TR-ANKARA (ÇELTİKLİ)
TR-ANKARA (GÖLBAŞI)
TR-ANKARA (BALA)
TR-ANKARA (ODTÜ )
TR-ANKARA (HAYMANA)
TR-ANKARA (POLATLI)
TR-ANKARA (ELMADAĞ)
TR- ANKARA (SARAYKÖY)
TR-ANKARA (KALECİK)
TR-ANKARA (KIZILCAHAMAM)
TR-ANKARA (BEYPAZARI)
TR-ANKARA (GÜDÜL)
TR-ANKARA (A.Ü. F. F.)
TR-ANKARA (ETLİK)
TR-ANKARA (ŞENYUVA)
TR-KONYA (YUNAK)
TR-KONYA (KULU)
TR-KONYA (CİHANBEYLİ)
TR-SİVAS (TEKKE)
TR-SİVAS (İMRANLI)
TR-ERZİNCAN (REFAHİYE)
TR-AFYON (ÇAY)
TR-BURDUR (YEŞİLOVA)
TR-İSKENDERUN (ARSUZ)
TR-GAZİANTEP (KİLİS)
TR-MARDİN (CITY CENTER)
TR- KIRKLARELİ (PINARHİSAR)

3
1
3
1
3
4
1
3
9
8
2
3
1
1
5
4
1
3
1
2
5
1
6
2
5
5
1
2
1
1
2
1
6
2
1
4
3
2
1
1
4
1
2
2
1
2
1
2
1
2
1
1
3
3
5
1
1
3

37°44′
38°35′
38°39′
38°55′
39°41′
37°42′
37°32′
40°48′
40°05′
40°51′
41°07′
40°46′
40°19′
39°47′
40°09′
40°26′
40°45′
37°47′
37°19′
38°23′
37°27′
37°30′
37°54′
38°21′
38°56′
38°59′
39°20′
39°45′
39°23′
37°57′
38°07′
40°10′
39°36′
39°33′
39°55′
39°43′
40°18′
39°55′
40°18′
40°05′
39°59′
40°10′
40°12′
39°55′
39°58′
40°00′
39°49′
39°05′
38°39′
39°11′
39°52′
39°54′
38°35′
37°35′
36°29′
36°43′
37°23′
41°37′

27°34′
27°04′
26°51′
27°50′
28°09′
31°23′
31°28′
32°11′
43°27′
42°36′
42°42′
43°08′
42°35′
40°38′
39°53′
38°24′
40°35′
30°59′
34°47′
28°38′
34°37′
34°03′
31°32′
31°24′
29°40′
29°03′
29°15′
29°56′
31°48′
30°38′
31°00′
31°55′
32°50′
33°06′
32°51′
32°28′
33°39′
33°13′
32°55′
33°24′
32°39′
31°55′
32°14′
32°51′
32°50′
32°53′
31°44′
33°04′
32°55′
38°26′
38°06′
38°46′
31°05′
29°54′
36°00′
37°15′
40°43′
27°30′

18
34
10
105
82
1208
1139
1325
1101
1983
1798
1740
2098
1772
1697
1621
1030
1228
1447
668
1725
1058
1152
1039
2003
1159
897
1111
893
1041
950
681
1099
1136
888
1102
617
1104
986
739
863
681
908
861
898
969
1082
996
966
1868
1604
1590
988
1097
67
584
929
403

147

KANKILIÇ et al. / Turk J Zool
Table 2. Means of the measurements of the 7 morphometric characters obtained from the bacula of 5 species.
Species/Chromosomal Race

N

DBW
(µm)

PBW
(µm)

LDBW
(µm)

LPBW
(µm)

WMB
(µm)

BL
(µm)

LBA
(°)

2n = 36
2n = 38

3

1398.96

647.92

968.56

440.28

581.43

7810.96

142.83

8

998.58

572.92

880.50

488.39

482.74

6174.68

154.46

2n = 40

5

1124.41

552.06

890.41

496.00

496.86

5721.50

134.64

2n = 52

3

1018.78

519.45

960.07

502.17

487.61

6892.95

139.89

N. xanthodon

19

1098.09

570.83

909.57

484.97

502.80

6427.19

145.11

N. nehringi (2n = 50)

34

1337.59

529.87

971.62

434.01

635.17

6838.68

159.18

2n = 56

6

1199.47

579.18

755.07

324.64

397.80

4411.80

156.66

2n = 58

7

1264.61

625.75

787.04

440.81

425.79

4607.19

164.66

2n = 60

71

1367.59

692.82

932.64

458.80

409.64

4907.21

158.67

N. labaumei

84

1347.00

679.11

907.82

447.71

410.13

4846.82

159.02

N. ehrenbergi (2n = 52)

7

833.78

424.51

693.03

300.60

533.63

5030.81

130.52

N. leucodon (2n = 56)

3

1775.63

656.13

1154.63

565.02

544.74

7058.74

158.68

TOTAL

147

1296.96

618.01

917.62

444.75

482.79

5565.69

155.90

the samples: highly tapering, broader toward the tip, and
bifurcated. The baculum was cylindrical and the lateral
section was elliptical and moderately dorsoventrally
flattened through its axis. However, in some samples,
the baculum was extremely dorsoventrally flattened and
laterally lunate. The general shapes and sizes were clearly
different among species (Table 2; Figure 2).
3.1. The baculum characteristics of Nannospalax nehringi
(Satunin, 1898)
In total, 34 bacula samples of N. nehringi were investigated,
9 of which were obtained from the topotypes (Kazkoparan
village, Kars). The average baculum length was 6.84 mm
(Table 2; Figure 2). The baculum was very broad distally
and gradually narrowed proximally. The narrowest region
of the baculum was at the tip, and this region was bifurcated
in some of the samples and broadly flattened like the head
of a pin in the others. There was a wide lateral incision on
the distal tip that divided the tip region into 2 parts, the
first of which was dorsal and another that was ventral. The
baculum was extremely dorsoventrally flattened through
its axis. Thus, in lateral view, the baculum was semicircular.
The dorsal surface was convex from one side to the other,
whereas the ventral surface was slightly concave. In lateral
view, most of the samples of the baculum resembled a flat
stick. Despite this, it was bent dorsoventrally, creating a
maximal angle of 159° in some of the samples. Dorsally,
the baculum was slightly curved toward the right or the
left in some of the samples. The width at the distal tip was
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approximately 2.5 times larger than the width at the crest
(Figure 3).
3.2. The baculum characteristics of Nannospalax
labaumei Matschie, 1919
A total of 84 bacula that were obtained from N. labaumei were
evaluated. The baculum was found dorsally in the phallus and
was bent dorsoventrally in numerous samples. The distal end
of the baculum was approximately 2 times larger than the
proximal end. The average length of the baculum was 4.85
mm; therefore, this species had the shortest baculum of all
of the species. Although this was true for the length, this
species included samples with the greatest distal width (Table
2; Figure 2). The cartilaginous structure found at the distal
tip of the baculum had 2 ellipse-shaped openings that were
directed inward in all of the samples of this species (Figure
4), which is different from the bacula of the other species.
Proximally, the baculum was highly variable in all of the
investigated samples and resembled the head of a pin in some
of the samples or was bifurcated in other samples. As for the
remaining samples, the baculum was proximally bifurcated
and pitted inside on the dorsoventral surface. The baculum
was very broad distally; it narrowed medially. It then widened
proximally, and this region resembled a spatula. Therefore,
the narrowest part of the baculum was the discoid part. The
baculum was extremely dorsoventrally flattened distally. The
bacula of the different chromosomal races (2n = 56, 58, 60)
within this species showed no differences and were almost
identically shaped (Figure 4).

KANKILIÇ et al. / Turk J Zool

Figure 2. Morphometric variation among the species of the 6 measurements taken from the baculum.
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Figure 3. Dorsal, lateral, and ventral views, respectively, of the different types
of bacula of N. nehringi.

Figure 4. Dorsal, lateral, and ventral views, respectively, of the variable baculum types of N. labaumei.
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3.3. The baculum characteristics of Nannospalax
xanthodon Nordmann, 1840
This species generally included populations from western
Turkey and had the lowest diploid chromosome values. The
chromosomal races within this species mostly consisted of
small and isolated populations. The bacula of this species
were generally longer (6.43 mm) than those of the other
species. This species had no distal openings in the bacula,
such as those that were found in the species N. labaumei,
the functions of which are unknown.
Distally, the baculum had an incision between the 2
lateral parts and was extremely dorsoventrally flattened.
When the length of the baculum was taken into account,
it was much shorter distally than proximally. Most of the
samples were slanted dorsoventrally. Variations in the shape

of the proximal part of the baculum were not detected in
this species. The baculum gradually narrowed proximally
and was smooth at the tip. Although the structures of the
baculum were generally similar within this species, noticeable
differences were observed among the different chromosomal
races. The most curved bacula were found in the 2n = 40 and
the 2n = 52 chromosomal races of this species, with angles
of 134.6° and 139.9°, respectively. The longest baculum
occurred in the samples of the 2n = 36 chromosomal race
(7.81 mm) (Table 2; Figure 2). Proximally, the width of the
baculum was approximately equal to that of the distal part in
the 2n = 36 chromosomal race. The narrowest region of the
baculum was the discoid part (Figure 5). Additionally, the
samples with the widest discoid part were found in the 2n =
36 chromosomal race (0.581 mm).

Figure 5. Different baculum types of 3 species (N. xanthodon, N. ehrenbergi, and N.
leucodon) in dorsal, lateral, and ventral view, respectively.
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3.4. The baculum characteristics of Nannospalax
ehrenbergi (Nehring, 1898)
A total of 7 bacula were examined from N. ehrenbergi.
This species had the samples with the smallest bacula
(5.03 mm), excluding N. labaumei. All of the bacula were
curved dorsoventrally, and the most curved baculum was
observed in this species (130.5°). The general structure of
the baculum was slender. The baculum became thinner
from the distal end to the proximal end. Therefore, the
narrowest region occurred proximally. There was no
variation in the shape of the baculum proximally, and this
portion terminated evenly. Unlike in other species, the
distal end of the baculum was convex or concave, with
no incisions or openings. Distally, the baculum in this
species was the narrowest of all of the species (0.42 mm).
The baculum was cylindrical and the diameter decreased
from the distal end to the proximal end, unlike in the other
species. Laterally, the baculum was approximately circular
(Figure 5).
3.5. The baculum characteristics of Nannospalax
leucodon (Nordmann, 1840)
Only 3 bacula were studied from N. leucodon. The longest
baculum (7.06 mm) was found in this species (Figure
2; Table 2). The significant diagnostic characters of this
species were that the baculum was very wide distally (1.78
mm) and that the baculum was considerably flattened
dorsoventrally. Thus, laterally the baculum appeared
lunate. The ventral surface of the baculum was pitted from
the distal end to the medial part. The distal part constituted
approximately one-third of the entire baculum. Proximally,
no shape variation was observed in the baculum, and this
part was smooth (Figure 5).
3.6. Biometric comparisons of the bacula
The differences among the morphometric characters of
the bacula were tested by one-way ANOVA and post-hoc

Tukey’s test. One-way ANOVA showed that 6 of 7 sizeadjusted variables (DBW, PBW, LPBW, WMB, BL, and
LBA) were significantly different (P < 0.01; Table 3). The
comparisons of the means were performed with Tukey’s
post-hoc range test. The morphometric characters, such as
the DBW, the PBW, the LPBW, the WMB, the BL, and the
LBA, were variable among the chromosomal races of the
studied species. Only one character (LDBW) showed no
significant differences (P > 0.05) among the mean values of
all of the studied chromosomal races. Notably, 3 common
characters (DBW, BL, and LBA) for pairwise comparisons
were descriptors among all of the chromosomal races
(Table 4).
Results of PCA showed that the first 3 principal
components had eigenvalues greater than 1 and explained
a combined 77.9% of the total variation of the full data.
Therefore, only these 3 axes were used in subsequent
analyses. Principal component axis 1 (PC1) explained most
of the variation (45.73%). Principal component axes 2 and
3 (PC2, PC3) represented 19.02% and 13.15%, respectively,
of the variation. PC1 had high loading scores (>0.40) for
BL, WMB, LDBW, and DBW after varimax rotation (Table
5). PC2 included high loading scores for PBW, LPBW,
LDBW, and DBW (Table 5). DBW and LBA were found to
be the most significant characteristics for PC3 (Table 5).
Only LDBW and DBW had high loading scores for both
PC1 and PC2. The third component was mainly linked to
the baculum angle, with a positive correlation (Table 5).
The scatter plot of the scores of the first 3 components
from PCA indicated that the major separation on PC1
occurred between the N. labaumei samples and the
samples of other species. The projection of the individual
scores onto these axes showed that the N. labaumei samples
were most clearly separated from those corresponding to
the other samples (Figure 6). The 2n = 60, 2n = 58, and

Table 3. Results of the one-way ANOVA among the samples of the 5 studied species. **:
P < 0.01; ***: P < 0.001; ns: not significant.
Variable
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Among groups,
sum of squares

Within groups,
sum of squares

F ratio

Significance

DBW
PBW

3,788,330.3

9,894,666.0

5.8

0.00***

1,007,280.2

2,406,055.1

6.4

0.00***

LDBW

942,604.8

8,273,907.4

1.7

0.09 ns

LPBW

331,775.0

1,931,987.7

2.6

0.01**

WMB

1,295,340.8

1,542,806.7

12.8

0.00***

BL

132,488,810.2

128,567,060.4

15.7

0.00***

LBA

9541.1

19,762.9

7.3

0.00***
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Table 4. Tukey’s honestly significant difference comparisons for all of the chromosomal races; asterisks indicate that the
group means are significantly different. *: P < 0.05; **: P < 0.01; ***: P < 0.001, -: P > 0.05.
Pairwise comparison

DBW

PBW

LDBW

LPBW

WMB

BL

LBA

2n = 36–2n = 38
2n = 36–2n = 40
2n = 36–2n = 50
2n = 36–2n = 52
2n = 36–2n = 56
2n = 36–2n = 58
2n = 36–2n = 60
2n = 36–N. ehrenbergi
2n = 36–N. leucodon
2n = 38–2n = 40
2n = 38–2n = 50
2n = 38–2n = 52
2n = 38–2n = 56
2n = 38–2n = 58
2n = 38–2n = 60
2n = 38–N. ehrenbergi
2n = 38–N. leucodon
2n = 40–2n = 50
2n = 40–2n = 52
2n = 40–2n = 56
2n = 40–2n = 58
2n = 40–2n = 60
2n = 40–N. ehrenbergi
2n = 40–N. leucodon
2n = 50–2n = 52
2n = 50–2n = 56
2n = 50–2n = 58
2n = 50–2n = 60
2n = 50–N. ehrenbergi
2n = 50–N. leucodon
2n = 52–2n = 56
2n = 52–2n = 58
2n = 52–2n = 60
2n = 52–N. ehrenbergi
2n = 52–N. leucodon
2n = 56–2n = 58
2n = 56–2n = 60
2n = 56–N. ehrenbergi
2n = 56–N. leucodon
2n = 58–2n = 60
2n = 58–N. ehrenbergi
2n = 58–N. leucodon
2n = 60–N. ehrenbergi
2n = 60–N. leucodon
N. ehrenbergi–N. leucodon

*
**
*
*
**
***
***

***
***
***
-

-

*
*

*
***
***
***
-

***
***
***
**
*
*
*
*
*
***
***
***
**
**
*
**
-

**
**
**
**
***
**
***
***
*

153

KANKILIÇ et al. / Turk J Zool
Table 5. Principle components analysis of loading scores for 7 morphological characters.
Characters examined

PC1

PC2

PC3

The distal baculum width (DBW)

0.4233

0.6142

0.3814

The proximal baculum width (PBW)

–0.1505

0.8727

0.0105

The lateral distal baculum width (LDBW)

0.5885

0.6269

0.0654

The lateral proximal baculum width (LPBW)

0.3401

0.7302

0.0920

The width of the middle of the baculum (WMB)

0.8793

0.0633

–0.0416

The baculum length in the dorsal position (BL)

0.8938

0.1438

0.0527

The lateral baculum angle (LBA)

–0.0232

0.0899

0.9777

Proportion of variation explained

45.73

19.02

13.15

Figure 6. PCA scatter plot for the 2 canonical variates generated from the 7 morphometric characters
from 5 species.

2n = 56 chromosomal race samples were clearly classified
within N. labaumei. The N. nehringi, N. ehrenbergi, and N.
xanthodon (2n = 36, 38, 40, 52) samples clearly generated
3 distinguishable clusters on PC2. N. nehringi was the most
morphologically distinct species in the complex. Although
N. xanthodon, N. leucodon, and N. ehrenbergi are separated
by large geographic distances, some individuals of N.
xanthodon/N. leucodon and N. xanthodon/N. ehrenbergi
do approach one another, but there is no overlap. However,
the chromosomal races samples (2n = 36, 2n = 38, 2n = 40,
and 2n = 52) belonging to the species N. xanthodon were
all in a separated group, although close to the samples of
the N. ehrenbergi (Figure 6).
The UPGMA cluster analysis of bacular differentiation
among species computed from a matrix of pairwise
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Euclidean distances showed similar results to the PCA
(Figure 7). Populations with lower diploid chromosome
numbers, and that are distributed in western Anatolia
(2n = 36, 38, 40, and 52), clustered together. N. nehringi
and N. ehrenbergi from eastern and southeastern Anatolia
were closely grouped with the western Anatolian species.
N. labaumei, including the races with the higher diploid
chromosome values (2n = 56, 58, and 60), clustered with N.
leucodon in a different group (Figure 7). N. labaumei was
divergent from all of the geographically proximal species
in terms of baculum morphology. Neither results of cluster
analysis nor PCA revealed a clear relationship between the
diversity pattern among species and their geographical
origin. Bacular similarity among samples of species was
independent of their geographical origin, and there were

KANKILIÇ et al. / Turk J Zool

Figure 7. Dendrogram produced by UPGMA clustering based on means of the 7
morphometric characters from 5 species.

no baculum characters that could clearly separate the
species on the basis of geographical origin. These results
suggest that there was independent differentiation among
populations rather than greater correlation between
morphological similarity and geographic distance.
4. Discussion
Currently, the presence of 3 blind mole rat species (N.
leucodon, N. ehrenbergi, and N. xanthodon) distributed in
Turkey is accepted by traditional morphometric studies
(Kryštufek and Vohralík, 2009). Many of the researchers
that have performed karyological studies have suggested
that the current effective classification of blind mole rats in
Turkey does not reflect reality, and all of the chromosomal
races should be evaluated as distinct species (Nevo et
al., 1994, 1995). Molecular studies that were performed
recently on the chromosomal races showed that they are
genetically different, and they were promoted to the species
level (Nevo et al., 1995; Arslan et al., 2010; Kandemir et
al., 2012). However, not all of the chromosomal races in
Turkey were able to be evaluated as a whole in any of those
studies, and the comparisons and the discussions were
generally conducted on the current morphological species
or conducted between several of the chromosomal races.
This study enables the comparison of all of the species
and chromosomal races in Turkey regarding baculum
morphology. The shape and size variations of the bacula
reflected that the present morphological species do not
exactly represent the genus Nannospalax. N. xanthodon
was recognized as a dominant species all over Anatolia,
excluding southeastern Anatolia, in a recent study
(Kryštufek and Vohralík, 2009). However, this study
revealed that the central Anatolian populations (2n = 56,
58, 60) had notable differences in baculum morphology
when compared to other populations in the remaining
parts of Anatolia. Thus, in this study, we recognize that
N. xanthodon is only distributed in western Anatolia
and not in all of Anatolia. The different chromosomal
races of N. xanthodon, including populations with lower

diploid chromosome numbers and that are isolated from
one another, are obviously different from one another
regarding baculum morphology. However, variations
in the baculum that were observed in the chromosomal
races of the western Anatolian populations were not
encountered in the central Anatolian populations that
have higher diploid chromosome numbers. There was
little morphological variation in the bacula of the central
Anatolian chromosomal races, and the central Anatolian
populations were highly homogeneous in this respect.
N. nehringi, which was recognized as a synonym of N.
xanthodon by Kryštufek and Vohralík (2009), is accepted
as a distinct species in this study. This is because the
topotype samples of N. nehringi from Kazkoparan in Kars
and those of N. xanthodon from İzmir were compared
to one another, and the morphologies of the bacula
were highly differentiated in both shape and size, which
invalidates synonymizing N. nehringi and N. xanthodon. N.
ehrenbergi and N. leucodon were incontestably considered
to be 2 distinct species, and this is consistent with other
studies (Ognev, 1947; Topachevskii, 1969; Savic and Nevo,
1990; Coşkun, 2004; Wilson and Reeder, 2005; Coşkun et
al., 2006; Kryštufek and Vohralík, 2009; Kandemir et al.,
2012). The western Anatolian (2n = 36, 38, 40) and the
central Anatolian (2n = 56, 58, 60) populations formed
2 monophyletic groups in a study by Kandemir et al.
(2012). Similar results were also suggested by Arslan et
al. (2010), in which the K2P divergence was high between
the western Anatolian (2n = 40) and the central Anatolian
(2n = 58 and 60) populations (10.05%–11.3%). In another
study based on comparative cranial morphology, Kankılıç
et al. (2009) observed that each of the mandibular
molars (M1, 2, 3) had only 1 root in the central Anatolian
populations, but populations from İzmir (2n = 38) had
2 roots in each of the mandibular molars (M1, 2, 3), and
M1, M2, and M3 had 4, 2, and 2 roots in the mandibular
molars in populations from Aydın (2n = 36) in western
Anatolia. The differences observed in the molars of the
central Anatolian populations were also detected in the
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baculum morphology of these populations. Specifically,
because the central Anatolian populations had 2 basal
openings in the bacula and a typical bacula shape, these
populations were easily separated from the other Anatolian
populations. Kankılıç et al. (2007) emphasized that N.
nehringi had a thorny bulge that was directed backwards
on the palatine bone, and that each of the 3 molars had 3
roots; these features enabled the separation of this species
from the others. In this study, the baculum structures of
the western Anatolian populations (2n = 36, 38, 40, 52),
the central Anatolian populations (2n = 56, 58, 60), and
the eastern Anatolian populations (2n = 50) showed that
these 3 groups were not the same species. When the type
localities of the species were considered, the classification
of the western Anatolian populations of N. xanthodon, the
central Anatolian populations of N. labaumei Matschie,
1919 (the first recorded species from this region), and
the eastern Anatolian populations of N. nehringi were
recognized as species. In this study, the presence of 5
allopatric species, N. leucodon (Thrace), N. ehrenbergi

(southeastern Anatolia), N. nehringi (eastern Anatolia), N.
xanthodon (western Anatolia), and N. labaumei (central
Anatolia), is recognized. Additionally, genetic (Nevo et al.,
1994, 1995; Arslan et al., 2010; Kandemir et al., 2012) and
morphological (Kankılıç et al., 2007, 2009) differences at
the species level were reported among local populations
that have different diploid chromosome values within
N. xanthodon. These results were supported by the
variations observed in the bacula of the chromosomal
races of N. xanthodon. However, the hypothesis that all
of the chromosomal races are separate species, which was
suggested by Nevo et al. (1994, 1995), was not supported
by this study. Because the chromosomal races (2n = 56, 58,
60) of N. labaumei did not differ in baculum morphology,
it was determined that these chromosomal races were not
separate from one another and even showed no variation
at the subspecies level. Although this study results in
a different approach to the taxonomy of Turkish mole
rats, current and new studies are required regarding the
classification problems of the different chromosomal races.
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