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Abstract: 	 We expanded the known distribution area of Pipistrellus kuhlii (Kuhl 1817) in Türkiye by providing 
new record locations, especially from the Turkish Thrace and Marmara Regions. The white stripe on the 
distal edge of the wing membrane is one of the distinguishing characteristics of this species. Since this 
stripe could be very indistinct in some specimens, the importance of the unicuspid structure of the upper 
inner incisor tooth in the species determination has been emphasized. In Cyt-b analyses of 383 base pair 
sequences of a Turkish population, 40 haplotypes were obtained from 47 samples with haplotype diver-
sity Hd= 0.995 and nucleotide diversity Pi= 0.044. In COI analyses (344 base pair), 51 samples gave 14 
haplotypes, and 11 of these haplotypes belonged to Turkish specimens with Hd= 0.674 and Pi= 0.028. The 
genetic distance values were determined to vary between 1.6% and 10% among the subpopulations of P. 
kuhlii distributed in Europe, Türkiye, and Asia. These genetic values support the possibility that European 
samples may have differed from Turkish and Asian samples at the species level.
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Introduction
Bats are the largest order of mammals after rodents 
and as many as 44 species of vespertilionid bats 
are known to be distributed in the Western Palearc-
tic (Horácek et al. 2000, Simmons 2005, Wilson & 
Mittermeier 2019). There are 38 to 41 bat species of 
six families in Türkiye (Albayrak 1990, 1993, 2003, 
Benda & Horáček 1998, Benda et al. 2012, Çoraman 
et al. 2013, Aşan 2014, Yorulmaz & Arslan 2020). 
The systematics of the species belonging to the fam-

ily Vespertilionidae, which includes the genus Pipis-
trellus (Kaup, 1829) is largely based on morphologi-
cal characters (Tate 1942, Kuzjakin 1950, Koopman 
& Cockrum 1967, Zima & Horácek 1985, Harrison 
& Bates 1991, Benda & Horácek 1998, Dietz & Von 
Helversen 2004, Dietz et al. 2009). Four species 
of Pipistrellus are distributed in Türkiye, although 
this is controversial; P. pipistrellus (Schreber 1774), 
P. kuhlii (Kuhl 1817), P. pygmaeus (Leach 1825), 
and P. nathusii (Keyserling & Blasius 1839). The 
current distribution area of P. kuhlii includes the 
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southern parts of Europe, Ukraine, partly Russia, 
northern Africa, Türkiye, the Arabian Peninsula, and 
Iran (Albayrak 1990, 1993, Benda & Horáček 1998, 
Horáček et al 2000, Arslan & Albayrak 2005, Benda 
et al. 2003, 2012, Dietz et al. 2009, Yorulmaz & Ar-
slan 2020). The first record of P. kuhlii (Kuhl’s pip-
istrelle), whose type locality is Trieste in Italy, from 
Türkiye was given by Danford & Alston (1880) from 
Gaziantep and Kahramanmaraş. In the studies car-
ried out to date, many distribution records have been 
given from different parts of Türkiye (Danford & 
Alston 1880, Satunin 1913, Osborn 1963, Lehmann 
1966, Çağlar 1965, 1969, Kock et al. 1972, De Blase 
& Martin 1973, Nader & Kock 1983, Nadachowski 
et al. 1990, Albayrak 1990, 1993, 2003, Lehmann 
1969, Benda & Horáček 1998, Karataş et al. 2004, 
Arslan & Albayrak 2005).

This species is distinguished morphologically 
from other pipistrelle species distributed in Türkiye 
by the white stripe on the distal edge of the wing 
membrane and unicuspid inner upper incisor tooth 
and it is represented by five subspecies in its dis-
tribution area (Albayrak 1990, 1993; Harrison & 
Bates 1991, Arslan & Albayrak 2005). The karyo-
type of this species is given by Karataş et al. (2004) 
and Arslan (2004) as 2n= 44, NFa= 50. Albayrak 
(1985), Arslan & Albayrak (2005), and Yorulmaz 
(2010) also suggest that, as a result of morphologi-
cal evaluations, the Turkish samples are closer to the 
samples from the Middle East than to the European 
samples and that the subspecies distributed in Tür-
kiye is Pipistrellus kuhlii ikhwanius (Cheesman & 
Hinton 1924) with type locality Saudi Arabia. The 
subspecies distributed in the Mediterranean basin 
are P. k. ikhwanius and P. k. lepidus (Blyth 1845) 
(Ellerman & Morrison-Scott 1951, Corbet 1978, De 
Blasé 1980, Dietz & Kiefer 2014, 2016, Sachanow-
icz et al. 2017). In a recent morphological study, P. 
lepidus is considered as a valid taxon that has been 
first recorded from Greece (Alivizatos et al. 2023), 
the same researchers state that this species is spread 
in north-western Türkiye by citing Dietz & Kiefer 
(2016).

Studies on the phylogeny of this pipistrelle 
based on both nuclear and mitochondrial genetic 
markers have provided significant contributions to 
the evolutionary patterns within its distribution area, 
as well as on the distinction among cryptic species 
such as P. kuhlii, P. lepidus, P. deserti, and P. made-
rensis (Pestano et al. 2003, Mayer et al. 2007, Hulva 
et al. 2010, Bray et al. 2013, Çoraman et al. 2013, 
Andriollo et al. 2015, Dietz & Kiefer 2016, Sachano-
wicz et al. 2017, Alivizatos et al. 2023). Mayer et al. 
(2007) used the ND1 mitochondrial marker to dem-

onstrate genetic diversity in P. kuhlii in European 
and Middle Eastern populations. Bray et al. (2013) 
revealed (using the Cyt-b marker) that P. kuhlii in 
the Arabian Peninsula formed a lineage distinct from 
the European and North African populations and that 
P. kuhlii in the Arabian Peninsula diverged from the 
European and North African populations approxi-
mately 0.7–1.7 million years ago due to climatic 
changes that occurred during the Pleistocene period.

Benda et al. (2015) have analysed both mito-
chondrial and nuclear markers and revealed, based 
on Cyt-b that P. kuhlii forms three lineages that are 
widespread in the Middle East, Europe, and North 
Africa, while P. deserti is also embedded in the 
Europe-Africa clade. Andriollo et al. (2015) used 
five microsatellite loci and mitochondrial markers 
(Cyt-b and COI) to examine the genetic diversity 
of P. kuhlii in Western Europe and concluded that 
P. kuhlii was not clearly separated from other cryp-
tic species of the genus based on the mitochondrial 
markers, while African and Western European line-
ages were separated by microsatellite loci. Benda et 
al. (2015); however, found that microsatellite mark-
ers could not distinguish between the widespread in 
North Africa P. kuhlii and P. deserti (considering P. 
deserti as a junior synonym of P. kuhlii).

Sachanowicz et al. (2017) analysed mito-
chondrial (16S rRNA and COI genes) and nuclear 
(RAG2) markers for P. k. kuhlii and P. k. lepidus and 
revealed haplotype diversity and distribution pat-
terns but no polymorphism in nuclear markers; re-
gardless they detected different haplotypes specific 
to both subspecies in mitochondrial markers and 
stated that Balkan and European samples spread to 
these regions from the Mediterranean region. Mon-
adjem et al. (2021) suggested, based on analyses of 
mitochondrial Cyt-b and COI regions of samples 
from Liberia and Guinea, that P. kuhlii was closer in 
the phylogeny tree to Pipistrellus nathusii, another 
species distributed in Türkiye.

Two studies were conducted in the Eastern 
Mediterranean, South-Eastern, and Eastern Ana-
tolia in order to explore the genetic variation and 
contribute to the phylogeny of the species in Tür-
kiye. Based on COI sequences of 11 specimens of 
P. kuhlii, four different haplotypes were identified, 
the most common being H1 in the samples from the 
Eastern Mediterranean Region; no clades were iden-
tified in the phylogenetic tree (Yiğit 2012). Çoraman 
et al. (2013) used Cyt-b and ND1 mitochondrial 
markers and determined three clades in P. kuhlii, in-
cluding Europe, and stated that the basal clade was 
composed of Western European samples. As can be 
seen from these studies on Turkish specimens, there 
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are inconsistencies in the phylogenetic patterns.
The aim of this study was to reveal the genetic 

variation in this species sampled from a very wide 
area in Türkiye and to contribute to the phylogeny 
and phylogeography of the species. 

Materials and Methods
Sample size, localities of sampling, and 
morphological evaluation
A total of 59 samples from 15 provinces were ex-
amined morphologically and biometrically. Record 
locations were as follows: Bursa: 1, Çanakkale: 2, 
Diyarbakır: 11, Erzincan: 6, Gaziantep: 1, Hatay: 
1, Iğdır: 3, İstanbul: 1, Kahramanmaraş: 5, Konya: 
2, Mardin: 11, Osmaniye: 6, Siirt: 4, Şanlıurfa: 3, 
Tekirdağ: 2 samples (Fig. 1). The morphological, 
external, and cranial biometric characteristics were 
studied following Harrison & Bates (1991) and Di-
etz & Von Helversen (2004). 

DNA sequencing
DNA samples from the Turkish population of P. 
kuhlii were isolated from kidney tissues using Gen-
eMATRIX TISSUE and Bacterial DNA Purifica-
tion Kit E3551–02 (BMLabosis, Ankara, Türkiye). 
Cyt-b and COI gene regions were amplified with 
MVZ04 and MVZ05 (Smith & Patton 1991) and 
MyocaF and MyocaR (Bilgin et al. 2008) primers, 

correspondingly. PCR mix, PCR conditions and 
electrophoresis stages were modified from Yiğit et 
al. (2017); the 50-µL reaction mixture consisted of 
0.5 µL of each primer (100 pmol), 1 µL dNTP (2 
mM), 4 µL MgCl2 (2.0 mm), 5 µL buffer (10×), 0.25 
µL Taq DNA polymerase (GeneAll, 5U) and 28.75 
µL purified water. The PCR conditions (TECHNE 
TC-3000 Thermal Cycler) included an initial de-
naturation step at 94°C for 2 min, followed by 35 
cycles of the following steps: denaturation (30 s at 
94°C), primer annealing (30 s at 52°C), extension (1 
min at 72°C), and final extension (5 min at 72°C). 
Forward and reverse sequencing was performed by 
Agrigenomics (Türkiye), and 34 Cyt-b and 30 COI 
sequences were obtained for the analyses. 

Sequence Analyses
After DNA sequences were controlled and saved in 
“fasta” format utilizing Chromas Lite 2.1.1 (www.
technelysium.com.au), they were aligned, adding 
sequences obtained from GenBank (https://www.
ncbi.nlm.nih.gov/genbank/) (Supplementary Ta-
ble 1) in MegaX (Kumar et al. 2018). In DnaSP 6 
(Rozas et al. 2017), genetic diversity values (hap-
lotype and nucleotide diversity values, number of 
mutations and polymorphic sites), as well as fixa-
tion index (Fst) values, were calculated. Estimation 
of mean genetic distance values (d) between sub-
populations was performed in the MegaX Program 

Fig. 1. Record locations (letters) and sample numbers of P. kuhlii from Türkiye: A- İstanbul, B- Tekirdağ, C- Çanakkale, 
D- Balıkesir, E- Konya, F- Osmaniye, G- Hatay, H- Kahramanmaraş, I- Gaziantep, J- Şanlıurfa, K- Erzincan, L- 
Diyarbakır, M- Mardin, N- Siirt, O- Iğdır.
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(Kumar et al. 2018), considering the p-distance pa-
rameter (Hamming 1950). Besides, Median-joining 
(MJ) networks were constructed with haplotypes in 
NETWORK 10.2.0.0 (Bandelt et al. 1999), Bayes-
ian Inference (BI) trees were built with MrBayes 
3.2.7 (Ronquist et al. 2012) with 1,000,000 itera-
tions. The most appropriate evolutionary model for 
the data files was determined with the Akaike Infor-
mation Criterion (AIC) and Bayesian Information 
Criterion (BIC) in the jModelTest 2.1.7 (Posada 
2008). Viewing and editing Bayesian MCMC trees 
were performed using FigTree 1.4 (http://tree.bio.
ed.ac.uk/software/figtree).

Results
External and cranial characteristics of P. kuhlii 
specimens analysed
Dorsal fur varied from dark brown to light camel 
colour depending on the location. The base of dorsal 
fur hairs is blackish. Tragus is sword-shaped, curved 
inwardly, length does not exceed half of the ear. The 
colour of the facial area was similar to the ear colour, 
covered with fine hair; the area around the eyes was 
bare. The buccal pad is more prominent and swollen 
in males during the breeding season. Ventral fur is 
slightly lighter in colour than the dorsal fur, base of 
the hairs is black. White stripe on distal wing mem-
brane varied in thickness (Fig. 2). Tail projecting 1-2 
mm from uropatagium; postcalcar prominent and 
extended halfway along distal edge of uropatagium. 
Hair on the uropatagium extended halfway from the 
proximal to the distal edge of the membrane; hair 
colour the same as that of dorsal fur. We recorded an 
average total length of 88.7 mm, head-body length - 
47.9 mm, and tail length - 40.8 mm.

When viewed from above, the skull is triangu-
lar and widens towards the brain capsule. Anterior 
part of rostrum quite wide, nasal slit short and oval, 
interorbital region quite wide. The zygomatic arch is 
widening slightly towards the sides. Sagittal suture 
indistinct, lambdoid suture more distinct, occipital 

condyle not clearly visible when viewed from above. 
There was a distinct slope from the brain cap-

sule to the rostrum in lateral view. Auditory bullae, 
especially the ventral ones, not very swollen but dis-
tinct. In the ventral view, the posterior point of the 
palate of the skull ends in an M shape, with marked 
protrusion in the middle. Pterygoid structures in 
contact with the bulla is relatively small. Coronoid, 
condyloid, and angular structures of the mandible 
are not very protruding but distinct. Angular suture 
inclined outwards. Dental formula 2.1.2.3/3.1.2.3= 
34. Inner upper incisor conical and unicuspid; if the 
second cusp is present, then reduced. The greatest 
length of skull is 13.44 mm, total skull length 13.02 
mm, condylobasal length 12.29 mm, palate length 
4.79 mm, and rostrum length 5.8 mm.

Descriptive genetics of mitochondrial markers
In Cyt-b analyses of 383 base pair sequences, 40 
haplotypes were obtained from 47 samples. Haplo-
type diversity of Turkish population is Hd = 0.995 
and nucleotide diversity is Pi = 0.044.

According to the COI analyses (344 base pair), 
we recorded 14 haplotypes in the 51 samples, of 
which haplotypes 11 belonged to Turkish, three to 
European (Portugal, Switzerland, Italy) and one to 
Asian (Russia, Azerbaijan, Ukraine, Iran) popula-
tions. In addition, the Asian haplotype was recorded 
in 17 samples from Türkiye. The highest Hd (0.674), 
Pi (0.028) and number of polymorphic sites and mu-
tations were observed in the Turkish population. All 
of the aforementioned genetic diversity values were 
zero in the Asian population.

Phylogenetic assessment of P. kuhlii 
subpopulations
The mean genetic distance values (d) between the 
subpopulations of P. kuhlii ranged from 4.3 to 10% 
based on the p-distance parameter (Hamming 1950) 
according to the Cyt-b gene region (Table 3). The 
lowest genetic distance value was determined to be 
4.3% (Türkiye-Asia) and the highest as 10% (Asia-

Table 1. Values of Cyt-b marker-based genetic diversity of subpopulations of P. kuhlii (NS: Number of samples, NH: 
Number of haplotypes, Hd: Haplotype diversity, Pi: Nucleotide diversity, PS: Number of polymorphic sites, PI: Num-
ber of parsimony informative sites, SB: Number of singleton sites, Mu: Number of mutations).

NS NH  Hd Pi PS PI SB Mu
P. kuhlii (Türkiye) 34 31 0.995 0.044 75 53 22 90
P. kuhlii (Asia) 4 3 0.833 0.012 8 1 7 8
P. kuhlii (Africa-Yemen) 3 3 1.000 0.005 3 0 3 3
P. kuhlii (Europe) 6 3 0.600 0.024 25 1 24 25
P. kuhlii (Total) 47 40 0.991 0.052 88 56 32 105
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Europe). The fixation index values were between 
0.239 (Türkiye-Asia) and 0.866 (Asia-Yemen). COI 
gene region analyses yielded that the mean genetic 
distances ranged from 1.6 to 6.5% (Table 3), these 
values were 1.6% for Türkiye-Asia, 5.2% for Eu-
rope-Asia, and 6.5% for Türkiye-Europe, respec-
tively. The fixation index values were also between 
0.016 and 0.755. 

Bayesian inference (BI) trees were constructed 
for Cyt-b and COI gene regions regarding HKY+I 
and HKY+G parameters (Hasegawa et al. 1985), re-

spectively. According to the BI tree of Cyt-b marker 
(Fig. 3), there was no significant distinction in sub-
populations of P. kuhlii in terms of geographical 
region or location and a total of five main lineages 
were observed with posterior probability (pp)=0.78-
1.00, and namely for specimens from Europe (Swit-
zerland), Europe/Türkiye, Africa (Yemen) and Tür-
kiye/Asia. In the MJ network (Fig. 4), European 
and African (Yemen) haplotypes positioned within 
themselves and were separated from other haplo-
types by a small number of mutations. In addition, 

Fig. 2. The variation on white stripe (arrows) on the distal wing membrane (Left: Osmaniye, Right: Şanlıurfa).

Table 2. Values of COI marker-based genetic diversity of subpopulations of P. kuhlii (NS: Number of samples, NH: 
Number of haplotypes, Hd: Haplotype diversity, Pi: Nucleotide diversity, PS: Number of polymorphic sites, PI: Num-
ber of parsimony informative sites, SB: Number of singleton sites, Mu: Number of mutations).

NS NH  Hd Pi PS PI SB Mu
P. kuhlii (Türkiye) 30 11 0.674 0.028 102 16 86 114
P. kuhlii (Europe) 13 3 0.615 0.027 18 17 1 18
P. kuhlii (Asia) 8 1 0 0 0 0 0 0
P. kuhlii (Total) 51 14 0.736 0.038 111 35 76 125

Table 3. Mean genetic distance (d) with standard errors and fixation index (Fst) values among subpopulations  
of P. kuhlii. 

Cyt-b COI
Genetic Distance Fst Genetic Distance Fst

P. kuhlii (Türkiye-Asia) 0.043 ± 0.006 0.239 0.016 ± 0.001 0.016
P. kuhlii (Türkiye-Yemen) 0.060 ± 0.008 0.507 - -
P. kuhlii (Türkiye-Europe) 0.097 ± 0.001 0.645 0.065 ± 0.010 0.580
P. kuhlii (Asia-Europe) 0.10 ± 0.001 0.847 0.052 ± 0.010 0.755
P. kuhlii (Asia-Yemen) 0.064 ± 0.001 0.866 - -
P. kuhlii (Europe-Yemen) 0.062 ± 0.001 0.771 - -
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Turkish and Asian haplotypes were not separated 
from each other.

Likewise, in the Bayesian tree built using COI 
sequences (Fig. 5), no geographical separation was 
determined between subpopulations. Four main lin-
eages were formed: Türkiye, Europe (two lineages), 

and Türkiye/Asia (posterior probability (pp): 0.77-
1.00). In the MJ network, European haplotypes split 
by a small number of mutations from Turkish and 
Asian haplotypes (Fig. 6). Furthermore, although 
Turkish and Asian haplotypes clustered together, 
more mutations accumulated in H4 (Türkiye-Iğdır 
Province) and H11 (Türkiye-Tekirdağ Province) 
haplotypes as compared to the other haplotypes.

Discussion
According to more recent studies, the distribution 
area of P. kuhlii, which is mostly in the Mediterra-
nean basin, has been expanding towards the north 
of Europe (Bauer 1996, Horácek et al. 2000, Re-
iter et al. 2007, Chişamera & Murariu 2009, An-
driollo et al. 2015, Sachanowicz et al. 2017). This 
species has been recorded mostly from Southeast-
ern Anatolia and the Mediterranean coastal areas 
of Türkiye (Danford & Alston 1880, Çağlar 1965, 
Kock et al. 1973, Nader & Kock 1983, Albayrak 
1990, 1993, Benda & Horácek 1998, Karataş 2000, 
Aşan & Albayrak 2006, Kahraman 2007, Köksalan 
2010, Yorulmaz 2010). In addition to the given 
distribution areas, P. kuhlii was first recorded from 
Bursa, Çanakkale, Erzincan, İstanbul, Konya, Si-
irt, and Tekirdağ, which contributed to the distri-
bution records of the species in Türkiye (Albayrak 
1993, Benda & Horáček 1998, Karataş et al. 2004). 
The capturing of female specimens, especially 
in Konya and Erzincan, could serve as evidence 
that the species has established breeding colonies 

Fig. 3. Bayesian inference tree of Cyt-b gene marker. Posterior probability (pp) values were shown with the numbers 
on the branches.

Fig. 4. Median-joining network derived from Cyt-b hap-
lotypes. Mutations are the lines on the branches; node 
sizes are directly proportional to the number of samples. 
Black nodes: Türkiye, Red nodes: Europe, Blue nodes: 
Asia, Green nodes: Africa.
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in the interior of Türkiye. The prevalence of this 
species in Southeastern Anatolia suggests that it is 
better adapted to hot and arid environments. Fur-
thermore, in our studies in South-Eastern Anatolia, 
P. pipistrellus, which has a sympatric distribution 
with P. kuhlii in Türkiye, was very rare or absent 
(Benda et al. 2003, Arslan 2004, Yorulmaz et al. 
2020). Therefore, this distribution pattern suggests 
ecological dominance of P. kuhlii over P. pipistrel-
lus in Southeastern Anatolia.

The morphological and morphometric char-
acteristics of the examined specimens of P. kuhlii 
coincide with those given both from Türkiye and 
different countries (Albayrak 1990, 1993, Har-
rison & Bates 1991, Barlow et al. 1997, Benda & 
Horáček 1998, Horáček et al. 2000, Arslan & Al-
bayrak 2005, Benda et al. 2006, 2012, 2015, Dietz 
et al. 2009, Sachanowicz et al. 2017, Yorulmaz & 
Arslan 2020). We recorded significant variations in 
the thickness of the white stripe on the distal edge of 
the wing membrane of this species, indicating that 
this white stripe was not a very reliable taxonomic 
characteristic, as it was also seen in some specimens 
of P. pipistrellus. Further, Pestano et al. (2003) em-
phasize that although P. kuhlii and P. maderensis are 
close taxa and that the white stripe on the distal wing 
membrane occurs also in P. maderensis, the latter is 
a valid taxon. 

According to the genetic evaluation of Turk-
ish samples based on two mitochondrial markers, 
haplotype and nucleotide diversities, as well as the 
number of polymorphic sites and mutations, were 

considerably higher in the Turkish population than 
in Asian and European subpopulations. Moreover, 
the number of polymorphic sites and mutations of 
the Cyt-b gene was considerably higher in the Turk-
ish population than in Asian (Azerbaijan), African 
(Yemen), and European (Switzerland, Malta, Mac-
edonia) populations. On the other hand, the value 
of Hd was 1,000 in the African (Yemen) popula-

Fig. 5. Bayesian Inference tree of COI gene marker. Posterior probability (pp) values were shown with the numbers 
on the branches.

Fig. 6. Median-joining network derived from COI haplo-
types. Mutations are the lines on the branches; node sizes 
are directly proportional to the number of samples. Black 
nodes: Türkiye, Red nodes: Europe, Blue nodes: Asia.
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tion; however, it could be expected considering that 
the number of samples was only three. According 
to the comparative sequence analyses in this study, 
the genetic distance among the subpopulations of 
P. kuhlii varied between 1.6% and 10% (Table 3), 
with the lowest value being for the Turkish-Asian 
and the highest value being for the Asian-European 
samples. These results are similar to those of Mayer 
et al. (2007), who used the ND1 gene as a taxo-
nomic tool and found a genetic difference of 5.2% 
in the Western European and Middle Eastern line-
ages of P. kuhlii. The phylogeny tree these authors 
constructed identified P. pygmaeus and P. pipist-
rellus as the most divergent groups, and P. kuhlii 
and P. deserti were connected to this clade. Similar 
genetic differences among three clades of P. kuhlii 
have also been reported through analysing Cyt-b 
and ND1 and ranged between 4.5 and 6.9% (Çora-
man et al. 2013). Such a high percentage of genetic 
difference (> 5%) indicates interspecies differences 
in mammals (Baker & Bradley 2006). According to 
Wright (1978), the high Fst value (≥ 0.25) indicates 
low gene flow and high genetic differentiation. 
These Fst values (> 0.25) indicate a differentiation 
except for between Türkiye-Asia (< 0.25). These 
high genetic distances may indicate cryptic specia-
tion within the distribution area of P. kuhlii. In a 
recent morphological study (Alivizatos et al. 2023) 
P. k. lepidus, which is mostly expanding its range 
to northern Europe is considered a valid taxon. In 
this study, a first record from Greece was noted, 
as the authors suggested, by citing Dietz & Kiefer 
(2016), that the species is also spread in North-
western Türkiye. However, the genetic distance 
values in this study (3% for COI, 6% Cyt-b in Turk-
ish samples) do not fully express cryptic specia-
tion within Turkish samples as presented in Yiğit 
(2012) for COI and Çoraman et al. (2013) for Cyt-
b and ND1. Çoraman et al. (2013) analysed Cyt-b 
and ND1 sequences of P. kuhlii and P. maderensis 
from Genbank and samples mostly from the Eastern 
Mediterranean and Southeastern Anatolia in Türki-
ye (the same samples analysed by Yiğit (2012) for 
COI) and found clustering in three different clades, 
with the Western European clade forming the basal 
group. Although Turkish samples seem to consti-
tute an intermediate form between Asia and Europe, 
the genetic distance between Asian and European 
samples supports the hypothesis that the European 
samples differ at the species level. A similar view 
was expressed by Mayer et al. (2007), taking into 
account genetic differences. However, Andriollo et 
al. (2015) suggest that mitochondrial markers such 
as Cyt-b and COI do not distinguish P. kuhlii from 

related cryptic species that have spread to Western 
Europe.

Bray et al. (2013) compared lineages of P. kuhlii 
from the Middle East, North Africa, and Europe us-
ing microsatellite markers, Cyt-b, and RAG2 genes 
and stated that P. kuhlii from the Arabian Peninsula 
diverged from other subpopulations 0.7-1.7 mil-
lion years ago, indicating that Arabian lineages may 
have derived from multiple Pleistocene refuges. The 
Western European subpopulations formed as the ba-
sal group in the phylogenetic trees constructed in our 
study, findings that are consistent with other studies 
(Bray et al. 2013, Çoraman et al. 2013). These results 
support the range expansion of this species from 
Northern Europe via North Africa and the Arabian 
Peninsula into Southeastern Anatolia of Türkiye. 
Moreover, Sachanowicz et al. (2017) analysed mi-
tochondrial 16S rRNA and COI and nuclear RAG2 
gene sequences of two subspecies of P. kuhlii (P. p. 
kuhlii and P. k. lepidus), distributed in Central Europe 
and the Balkans, and suggested that these subspecies 
had diverged allopatrically and expanded simultane-
ously the range to the Balkans and Central Europe 
from the Mediterranean region (P. kuhlii/deserti) and 
Southwestern Asia to Eastern Europe (P. k. lepidus). 

Although Turkish samples are considered as 
a different subspecies from the nominative form P. 
k. ikhwanius (Arslan & Albayrak 2005, Yorulmaz 
2010), the genetic differences in Cyt-b and COI 
markers among our Asian, Middle East-Türkiye-
European samples indicate that Asian and Turkish 
samples differ from European samples (nominative 
subspecies) at the species level. On the other hand, 
the effect of analysing short sequences should also 
be taken into account when discussing the results. 
To fully clarify this taxonomic problem, more com-
prehensive phylogenetic analyses along with cranial 
examination are needed, taking into account the sub-
species of P. kuhlii (P. k. kuhlii and P. k. lepidus) in 
Continental Europe along with the subpopulations 
(P. k. ikhwanius) which are distributed in Asiatic 
Türkiye and the Middle East, as well as P. deserti, 
which is genetically very close to P. kuhlii (Meyer et 
al. 2007, Benda et al. 2015).

Conclusion
We provide new record locations for the Turkish 
population of P. kuhlii. Our results highlight the 
importance of the unicuspid structure of the upper 
inner incisor tooth in the species determination. Fur-
ther, we speculate that the European and Turkish/
Asian populations might have differentiated at the 
species level according to the Cyt-b and COI data.
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Supplementary
Table 1. Accession numbers and locations of the sequences acquired from GenBank 
(https://www.ncbi.nlm.nih.gov/genbank/).

Species Accession Number Location Reference

P. kuhlii (Cyt-b)

PQ862262-PQ862291

Türkiye (Çanakkale, Siirt, Şanlurfa, 
Mardin, Hatay, Kahramanmaraş, 
Bursa, Erzincan, Iğdır, İstanbul 

provinces)

This Study

AJ504444 Macedonia Stadelmann et al. (2004)
KF218392-95 Türkiye Çoraman et al. (2013)

kX375158, 60, 61 Yemen Benda et al. (2016)
MN045568-70 Malta Mifsud et al. (2019)
OQ885407-08 Switzerland Ruedi et al. (2023)
PP929230-33 Azerbaijan Phelps et al. (2024)

Hypsugo savii (Cyt-b) AJ504450 Switzerland Stadelmann et al. (2004)

P. kuhlii (COI)

PQ845651,  PQ849462-
PQ849488, PQ849263, 

PQ963962

Türkiye  (Çanakkale, Siirt, Şanlurfa, 
Mardin, Hatay, Kahramanmaraş, 
Bursa, Erzincan, Iğdır, İstanbul 

provinces)

This Study

FR856760-63, 65, 66 Italy Galimberti et al. (2022)
JF443050, 53 Ukraine Kruskop et al. (2012)

JF443052 Iran Kruskop et al. (2012)
JF443054, 63, 65, 67 Russia Kruskop et al. (2012)

JF443055, 56 Switzerland Kruskop et al. (2012)
JF443062 Azerbaijan Kruskop et al. (2012)

KT613284-87 Switzerland Andriollo et al. (2015)
MT407314-15 Portugal Rebelo et al. (2020)

Hypsugo savii (COI) MT407280 Portugal Rebelo et al. (2020)


