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Abstract

To investigate the genetic diversity and phylogenetic status of Eurasian badgers (genus Meles) from Turkey and Iran, we used sequence
data from the complete mitochondrial cytochrome » gene (1140 bp) and examined 11 samples from Turkey and one sample from Iran.
Relying on Bayesian, Maximum Likelihood, Neighbor-Joining and Network methods, significant genetic differences corresponding to
Meles meles from the European part and Meles canescens from the Asian part of Turkey and from Iran confirmed previous genetic and
morphometric results and provide another example for the barrier effect of the Bosphorus and Dardanelle Straits for mammalian species.

Additionally, this study suggested that the Asian samples of Turkish badgers have a relatively high genetic diversity.
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Introduction

The genus Meles (Eurasian badger) is one of the most
widespread mustelids in the Palaearctic region. The
Eurasian badgers inhabit densely vegetated areas and
forests across Eurasia, from British Islands to Japanese
Islands (WiLsoN & REeDER 1993, 2005). Based on mor-
phological characters, Eurasian badgers (Meles) were pre-
viously considered a single species, M. meles (HEPTNER et
al. 1967, CorBET 1978, WiLsoN & REEDER 1993, Nowak
1999, Kurosk et al. 2001), but studies using mitochondri-
al and nuclear genes (MarwmI et al. 2006 and DeL CERRO
et al. 2010, TasHIMA et al. 2011a,b) have confirmed that
the genus Meles consists of four species, which were also
proposed on the basis of a recent morphological study

(ABrRAMOV & PuzacheNko 2013): (1) the European badg-
er (Meles meles); (2) the Caucasian-Pamir badger (M. ca-
nescens); (3) the Asian badger (M. leucurus) and (4) the
Japanese badger (M. anakuma). Moreover, based on cra-
nial morphometrics ABRAMOV & PuzAcHENKO (2013) sug-
gested the existence of two Eurasian badger species in
Turkey (M. meles in the European part and M. canescens
in the Asian part), and the presence of M. canescens in
Iran.

In general, the Eurasian badgers (Meles meles, M. leu-
curus and M. anakuma) are listed as Least Concern (LC)
in the IUCN Red List (ABRAMOV & WOozENCRAFT 2008,
Kaneko & Sasaki 2008, Kranz et al. 2008). However, in
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recent years, the Turkish population of Eurasian badger
has decreased as a consequence of unplanned urbani-
zation, noise and light pollution, intensive agriculture,
excessive use of fertilizers and pesticides, road-kill,
and floods (OZEN & Urucay 2010, PamukoGLu & SEz-
GINER 2011, INAC et al. 2012, PAMUKOGLU & ALBAYRAK
2014).

The Southwestern part of the Asian continent, in-
cluding Turkey and Iran, is Eastern region of the Me-
diterranean area in Palaearctic (KRYSTUFEK & VOHRALIK
2001, OzpikMeN 2011). There are few studies regarding
the ecology, distribution, morphology and anatomy of the
Eurasian badgers distributed in this region (PAMUKOGLU
& Cakir 2001, Ozen & Urucay 2010, INac et al. 2012,
PamukoGLu & ALBayrak 2014). Also, only few Turkish
and Iranian carnivore species were investigated by using
mitochondrial DNA (FAapAKAR et al. 2013, HassAN-BEIGI
et al. 2014, FARHADINIA et al. 2015, HIRATA et al. 2014,
iBis & TEz 2014, IBis et al. 2014, STATHAM et al. 2014).
The aim of this study is to investigate the systematic sta-
tus of Iranian and Turkish badger populations, which are
assigned to M. meles by the current mammal check-lists
of Turkey and Iran (KrRySTUFEK & VoHRrALIK 2001, 2009
Karawmi et al. 2008), by using a molecular marker.

Material and Methods

Sampling and DNA isolation

Tissue samples (ear, muscle or tail) from road-killed bad-
gers were collected from 11 localities (Table 1, Fig. 1).
Total genomic DNA was isolated from ear, muscle or tail
tissues fixed in 99% ethanol using the DNeasy Blood and
Tissue Kit (QIAGEN), following the manufacturer’s in-
structions.

PCR reaction and Sequencing

The complete cytochrome b gene was amplified by Hot
Start PCR using primer pair, Cb-M1 (5’-CTCACATGG
AATCTAACCATGAC-3) and Cb-MR1 (5’-TCTTCCTT
GAGTCTTAGGGAG-3), designed by Kurosk ez al. (2000).
PCR amplifications were performed in 50 pl reaction mix-
ture (1X Taq buffer with (NH,),SO,, 200 uM dNTP mix,
1.5 u Hot Start Taq DNA polymerase (Thermo Scientific),
1.5 mM MgCl,, 0.8 uM of each primers, 1 ul DNA ex-
tract). The Hot Start PCR program included a pre-dena-
turation procedure consisting of 15 min. at 95 °C by 1 cy-
cle, a denaturation step of 1 min. at 94 °C, an annealing
step of 1 min. at 50 °C, an extension step of 2 min. at
72 °C by 35 cycles and an ending step of 10 min. at 72 °C
by 1 cycle.

To verify the quality of total DNA and PCR products,
1% and 1.5% agarose gels were run and stained with
ethidium bromide, respectively.
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The PCR products purified by High Pure PCR Pro-
duct Purification Kit (Roche) were sequenced by using
Cb-M1 (Forward) and Cb-MR1 (Reverse) with follow-
ing the internal primers, Cb-L3 (5’-CTTACATGTAGGA
CGAGGCCT-3’), Cb-L4 (S’TCCCATTCCATCCATAT
TACAC-3’), Cb-LR3 (5’GATTGCGTATGCGAATAA
GAA-3’), Cb-LR4 (5’-CGGTTGCACCTCAAAAAGA
CA-3’), Cb-LR5 (5’~-AGGGGATACCAGAGGGGTT-3)
and Cb-LR6 (5’-GTAAGATTGCGTATGCGAATAAG-
3°), for the complete cytochrome b gene reported by Ku-
ROSE et al. (2001) with an ABI 3100 Genetic Analyzer
(RefGen, METU, Technopark-Ankara, Turkey).

Sequence analysis

To determine the lineages of Turkish and Iranian haplo-
types, Turkish and Iranian badger sequences were com-
pared with those from the GenBank database (NCBI:
The National Center for Biotechnology Information) that
were registered by LEDJE ef al. (1996): X94922, by Ku-
ROSE et al. (2001): AB049790-809, by ARNASON et al.
(2007): AM711900 (= NC_011125), by YONEzAWA et al.
(2007): AB291075 (= NC _009677), by FERNANDES ef al.
(2008a): EF689063—66, by DEL CErRrO et al. (2010):
HQ711941-51, by Sarto et al. (2012): AB285330, and
by Kot et al. (2014): KF944283—87 and KF891475-83.
The hog badger, Arctonyx collaris, (AB049810: KUurROSE
et al. 2001) and the honey badger, Mellivora capensis
(EF987755: KoeprLI ef al. 2008) were used as out-group.

To align and edit mitochondrial cytochrome b se-
quences, we used Geneious v.6.1 (available from http://
www.geneious.com), yielding a sequence of 1140 bp.
The number of segregating sites (S), haplotype diversity
(Hd), nucleotide diversity () and frequency of each hap-
lotype were calculated using DnaSP v. 5.10.01 (LiBRADO
& Rozas 2009). Genetic distances were estimated under
the Kimura 2-parameter (K2P) nucleotide substitution
model (Kimura 1980) in MEGAS v. 5.01 (TAMURA et al.
2011).

Phylogenetic analyses were performed using the Max-
imum Likelihood (ML) and Neighbor-Joining (NJ) me-
thods with MEGAS (Tamura et al. 2011), and the Bayes-
ian (BI: Bayesian Inference of phylogeny) method with
Mr. Bayes v. 3.2.3 (RonqQuisT & HUELSENBECK 2003). Be-
fore Bayesian and Maximum Likelihood analyses, the
HKY (Hasegawa-Kishino-Yano) + G (Gamma) substitu-
tion model was selected as the most appropriate model
according to both Bayesian Information Criterion (BIC)
and Akaike Information Criterion (AIC) using jModel-
Test2 (GuinDON & GaAscUEL 2003, DaRrRIBA et al. 2012).
The ML and NJ trees were constructed on the basis of the
HKY+G and K2P substitution models, respectively, by
10000 bootstrap replicates.

The Bayesian tree was also generated on the basis of
the HKY + G substitution model. The Bayesian posterior
probabilities for 0.3 million generations with trees sam-
pled every 100 generations were calculated by using four
Monte Carlo Markov chains. The first 25% of samples
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Table 1. List of the Turkish and Iranian badger samples and sequences obtained from the GenBank database.

Turkish Haplotype/ Map Locality Reference
and Iranian Sequence code number
samples No.
1405, 1421 MEMETR1 1 Kirikkdy, Liileburgaz, Kirklareli, Turkey THIS STUDY
1537 MECATR1 2 Candir, Kalecik, Ankara, Turkey THIS STUDY
1349 MECATR2 3 Feke, Adana, Turkey THIS STUDY
1521 MECATR2 4 Tuzluca, 1gdir, Turkey THIS STUDY
1571 MECATR2 5 Gole, Ardahan, Turkey THIS STUDY
1420 MECATR3 6 Karakurt, Kars, Turkey THIS STUDY
1519 MECATR3 7 Koyunyurdu, Selim, Kars, Turkey THIS STUDY
1508 MECATR4 8 Mammals Collection, Department of Biology, Dicle University, Diyarbakir, Turkey THIS STUDY
(collected from the Southeast part of Turkey)
1572 MECATRS 9 Bodrum, Mugla, Turkey THIS STUDY
1578 MECATR6 10 Giftlikkdy, Banaz, Usak, Turkey THIS STUDY
1526 MECAIR1 " Gilan Province, Iran THIS STUDY
HQ711945-46 12 The Levant DeL CErrO €2 a/., 2010
HQ711947-48 13 Crete Island, Greece DeL CerrO et a ., 2010
AB049808-9 14 Russia Kurose et af., 2001
HQ711941 15 Germany DeL CerrO et a/., 2010
HQ711942 16 England DeL Cerro et al., 2010
EF689063-64 17 Portugal FERNANDES et a/., 2008
EF689065-66; 18 Spain FERNANDES ét a/., 2008;
HQ711943 DeL Cerro et a/., 2010
AM711900; 19 Sweden ARNASON et al., 2007,
X94922 LeoJeeral., 1996
HQ711944 20 Norway DeL Cerro et a/., 2010
AB049790-806; 21 Japan Kurosk et al., 2001
AB291075; YONEZAWA 6t af., 2007,
AB285330 Sato et al., 2012
AB049807; 22 Russia Kurosk et a/., 2001
HQ711949; HQ711951 DeL Cerro et a/., 2010
HQ711950 23 Mongolia DeL Cerro et /., 2010
KF944283-87, 24 South Korea KoH et al., 2014
KF891475-83

were discarded as burn-in (average standard deviation of
split frequencies <0,01). After discarding burn-in trees
and evaluating convergence, the remaining samples were
retained for generating consensus trees (50% majority
rule), calculating 95% Bayesian credible intervals and
posterior probabilities. Bayesian tree was pictured with
tree figure drawing tool, FigTree v1.3.1 (RamBaut 2009).
The median-joining (MJ) network was revealed using the
Network 4.6.1.1 software (BANDELT et al. 1999, http://
www.fluxus-engineering.com) in order to represent the
intra-specific genealogy of the haplotype dataset.

Results

Mitochondrial DNA sequences

The complete mitochondrial cytochrome b gene se-
quences (1140 bp) were obtained from the 12 badger
samples, including Turkish (11) and Iranian (1) samples
(Table 1, Fig. 1). A total of eight haplotypes (MEMETRI1,
MECATR1-MECATR6, MECAIR1) were determined
among the 12 Eurasian badgers (Table 1, Fig. 1). The hap-
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lotypes MEMETR, which represented the European part
of Turkey, and MECATR1- MECATR®6, which represent-
ed the Asian part of Turkey, were observed in the Turkish
samples. For the Iranian sample, MECAIRI haplotype
was found (Table 1, Fig. 1). All haplotypes (MEMETRI,
MECATR1-MECATR6, MECAIR1) were new and so far
have not been reported in any Eurasian badger popula-
tion from different geographic regions. The newly deter-
mined cytochrome b sequences have been deposited in
the GenBank database (KT988010—KT988017). Based
on mitochondrial sequences, haplotype diversity (Hd)
(0.9091) and nucleotide diversity (m) (0.01767) dem-
onstrated relatively high levels of genetic diversity for
the 11 Turkish badgers. In addition, the number of poly-
morphic (segregating) sites was S=60. The genetic di-
vergence of the mitochondrial cytochrome b sequences
ranged from 0.001 to 0.054, with an average of 0.017
(1.7%) among all the Turkish badgers, using K2P dis-
tance. Furthermore, the mean sequence divergence was
0.053 (5.3%) between haplotypes from the European
and the Asian parts of Turkey, ranging from 0.052 to
0.054.

In comparing the Turkish and Iranian haplotypes
with those from the GenBank database, the haplotypes
MECATR1-MECATR6 and MECAIR1, which were
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Fig. 1. Localities of the Turkish and Iranian badger samples and sequence distributions from the GenBank database. (For map numbers,

see Table 1).

found in ten badger samples from the Asian part of
Turkey and Iran, were determined to belong to Meles ca-
nescens. On the other hand, the haplotype MEMETRI,
which was found in the two samples from the European
part of Turkey, was observed to belong to M. meles.

Phylogenetic analyses of the Eurasian
badger mitochondrial cytochrome b
haplotypes

The phylogenetic trees constructed by Bayesian Infe-
rence, Maximum Likelihood and Neighbor-Joining me-
thods resulted in the same topology according to the
clustering of haplotypes. Therefore, phylogenetic rela-
tionships between the complete mitochondrial cyto-
chrome b (1140 bp) haplotypes found in this study and
the GenBank database were shown only in Bayesian tree,
which resulted in four phylogroups (Fig. 2). From top to
bottom in Figure 2, these phylogroups corresponded to the
Transcaucasian badger M. canescens (from the Asian part
of Turkey, Iran, the Levant and Crete Island of Greece),
the European badger M. meles (from the European part
of Turkey, Germany, England, Portugal, Spain, Norway,
Sweden and the European part of Russia), the Japanese
badger M. anakuma (from Japan), and the Asian badger
M. leucurus (from the Asian part of Russia, Mongolia
and South Korea), respectively. Network analysis was
also applied for haplotypes used in the Bayesian analysis.
The Median-Joining network revealed that the haplotype
grouping picture of the genus Meles was in agreement
with that of Bayesian analysis, with a clear genetic pat-
tering within the genus Meles (Fig. 3). Moreover, these
analyses grouped all haplotypes into four geographical
phylogroups compatible with previous studies (MaRrMmI e?
al. 2006, DEL CErRo et al. 2010, TasHIMA et al. 2011a,
b). According to the clustering status in Bayesian and
network analyses, the haplotypes found in this study
were positioned in the two allopatric phylogroups, which
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correspond to M. canescens containing MECATRI-
MECATR6 and MECAIRI1, as well as M. meles compris-
ing MEMETRI (Figs. 2, 3). Bayesian and network anal-
yses indicated that the European part of Turkey differed
genetically from Asian part of Turkey and Iran, based on
the complete cytochrome b sequences.

Discussion

The Eurasian badger (Meles) is a widespread genus of
the family Mustelidae (WiLsoN & REEDER 1993, 2005).
There have been numerous studies based on differ-
ent genetic markers; allozyme (PertoLDI et al. 2000),
microsatellites (Pope et al. 2006, VAN DE ZANDE et al.
2007, Huck et al. 2008, O’MEARA et al. 2012, FRANTZ
et al. 2014), ZFX and ZFY genes (StatHAM et al. 2007,
TasHIMA et al. 2011b), SRY gene (TasHIMA ef al. 2011a),
nuclear genes (Sato et al. 2003, DeL CErRro et al. 2010),
mitochondrial control region (MArMI et al. 2006, DEL
CERRO et al. 2010, TasHIMA et al. 2011a, O’MEARA et
al. 2012, Frantz et al. 2014) and cytochrome b gene
(KurosE et al. 2001, Sato et al. 2003, KoH et al. 2014),
throughout the range of Eurasian badger. However, to
date, as genetic data have not been reported from Iran
and Turkey, the phylogenetic relationships of Iranian
and Turkish badgers are still unclear.

In order to determine the phylogenetic status of the
Eurasian badger populations native to Iran and Turkey,
we presented genetic data obtained from the mitochon-
drial cytochrome b gene.

The Iranian and Turkish badgers were relatively
polymorphic, since all the haplotypes (MEMETRI,
MECATRI1-MECATR6, MECAIR1) within sampling
area were new and thus far have not been reported from
any Eurasian badger population in different geographic
regions (Figs. 2—3).
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Fig. 2. Bayesian tree generated from haplotypes of the complete mitochondrial cytochrome b gene (1140 bp) of Eurasian badgers, rooted

with 4. collaris and M. capensis. Numbers above branches show the Bayesian posterior probabilities. Circles indicate the Turkish and
Iranian badger haplotypes.
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This study confirmed significant genetic differences
corresponding to M. meles from the European part of
Turkey, and M. canescens from the Asian part of Turkey
and Iran (Figs. 2, 3), as reported by the previous genet-
ic Marmt et al. 2006, DEL CErrO ef al. 2010, TASHIMA
et al. 2011a, b) and morphometric results (ABRAMOV &
PuzacHeEnko 2013). Additionally, our work provided
an example of the barrier effect of the Bosphorus and
Dardanelles straits (Fig. 1). Turkey is divided into two
geographical areas by these straits: (1) The European part
of Turkey and (2) The Asian part of Turkey. In addition
to two Eurasian badger species; M. meles and M. canes-
cens, the barrier effect of these straits in the west is also
valid for some mammalian species, such as striped field
mouse Apodemus agrarius (YiGiT et al. 2000, KEFELIOGLU
et al. 2003), European ground squirrel Spermophilus cit-
ellus (GUNDUZ et al. 2007), and European polecat Mustela
putorius (KURTONUR ef al. 1994, FERNANDES et al. 2008D,
Ibis 2013) occurring in the European part of Turkey, and
probably Anatolian ground squirrel Spermophilus xan-
thoprymnus (GONDUZ et al. 2007) occurring in the Asian
part of Turkey. In a similar example, 4. agrarius is dis-
tributed in the northeastern of the Caucasus Mountains
(CorBeT 1978, WiLsoN & REEDER 2005, KANEKO ef al.
2008), although it is absent in the Asian part of Turkey
(Yicir et al. 2000, KEFELIOGLU et al. 2003). In this context,
the Caucasus Mountains puts a barrier effect for some
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mammalian species in the East and also limits the distri-
bution of M. meles and M. canescens (Fig. 1) (MarmI et
al. 2006, DEL CERrRrO ef al. 2010, TasHIMA et al. 2011a,b,
ABRAMOV & PuzacHENkO 2013, THis STUDY), as such the
Bosphorus and Dardanelles straits.

Finally, based on the complete mitochondrial cy-
tochrome b sequences, the present study confirms that the
Eurasian badgers consist of four species and that Turkey
is inhabited by M. meles and M. canescens (Figs. 2—3),
as has been previously found by Marwmi et al. (20006),
DEL Cerro et al. (2010), TasHima et al. (2011a,b), and
ABrRaMOV & Puzachenko (2013). To elucidate the ge-
netic diversity and phylogenetic relationships of Turkish
and Iranian badgers in detail, it would be a great impor-
tance to analyze additional data from badgers throughout
Southwest Asia, and these data should consider a multi-
locus study.

Acknowledgements

This study was supported by The Research Fund of Erciyes
University (Project Nr: FBD-11-3529). We thank Vedat Cadir,
Habil Giirkan and Yalgin Giirkan for their help in collecting the
samples, and Donna Sue Ozcan for English editing.

SENCKENBERG



VERTEBRATE ZOOLOGY — 65(3) 2015

References

ABrAMOV, A.V. & Puzachenko, A.Yu. (2013): The taxonomic sta-
tus of badgers (Mammalia, Mustelidae) from Southwest Asia
based on cranial morphometrics, with the redescription of Me-
les canescens. — Zootaxa, 3681 (1): 44—58.

ABRAMOV, A. & WOozENCRAFT, C. (2008): Meles leucurus. In: IUCN
2013. IUCN Red List of Threatened Species. Version 2013.2.
<WWW.IUCNREDLIST.ORG>. Downloaded on 14 January 2014.

ARNASON, U., GULLBERG, A., JANKE, A. & KULLBERG, M. (2007):
Mitogenomic analyses of caniform relationships. — Molecular
Phylogenetics and Evolution, 45 (3): 863—874.

BanDELT, H.J., FORSTER, P. & ROHL, A. (1999): Median-joining net-
works for inferring intraspecific phylogenies. — Molecular Phy-
logenetics and Evolution, 16: 37—48.

Corger, G.B. (1978): The mammals of the Palaearctic region: A
taxonomic review. British Museum (Natural History), London.

DarriBa, D., TaBoapa, G.L., DoaLLo, R. & Posapa, D. (2012):
jModelTest2: more models, new heuristics and parallel com-
puting. — Nature Methods, 9 (8): 772.

DEL CERRO, 1., MARMI, J., FERRANDO, A., CHASHCHIN, P., TABERLET, P.
& BoscH, M. (2010): Nuclear and mitochondrial phylogenies
provide evidence for four species of Eurasian badgers (Carni-
vora). — Zoologica Scripta, 39: 415—-425.

Fapakar, D., Rezakl, H.R., HosseiNl, M., SHEYKHI ILANLOO, S. &
ZamaNL, W. (2013): Detecting domestic dog (Canis lupus fami-
liaris) in diet of Persian leopard (Panthera pardus saxicolor)
using DNA tools. — The International Journal of Environmental
Resources Research 1 (3): 247-252.

FArRHADINIA, M.S., FARAHMAND, H., GAVASHELISHVILI, A., KABOLI, M.,
Karami, M., KHaLILL, B. & MonTAZAMY, S. (2015): Molecular and
craniological analysis of leopard, Panthera pardus (Carnivora:
Felidae) in Iran: support for a monophyletic clade in Western
Asia. — Biological Journal of the Linnean Society, 114: 721-736.

FErRNANDES, C.A., GINJA, C., PEREIRA, 1., TENREIRO, R., BRUFORD, M. W.
& Santos REeis, M. (2008a): Species-specific mitochondrial
DNA markers for identification of non-invasive samples from
sympatric carnivores in the Iberian Peninsula. — Conservation
Genetics, 9 (3): 681-690.

FERNANDES, M., MARAN, T., TikHONOV, A., CONROY, J., CAVALLINI, P.,
KRraNz, A., HERRERO, J., STUBBE, M., ABRAMOV, A. & WOZEN-
CrAFT, C. (2008b): Mustela putorius. The IUCN Red List of
Threatened Species 2008: €. T41658A10501394. http://dx.doi.
org/10.2305/IUCN.UK.2008.RLTS.T41658 A10501394.en.
Downloaded on 17 September 2015.

Frantz, A.C., McDEvITT, A.D., PopE, L.C., KOcHAN, J., DavISON, J.,
CLeMENTS, C.F., ELMEROS, M., MoLINA-VAcaAs, G., Ruiz-GonN-
ZALEZ, A., BALESTRIERI, A., VAN DEN BERGE, K., BREYNE, P., Do
Ling San, E., Acren, E.O., SUCHENTRUNK, F., ScHLEY, L., Ko-
waLczYK, R., Kostka, B.I., Cirovi¢, D., Sprem, N., CoLyN, M.,
GHIRARDI, M., RACHEVA, V., BRAUN, C., OLIVEIRA, R., LANSZKI,
J., STUBBE, A., STUBBE, M., STIER, N. & BURKE, T. (2014): Revi-
siting the phylogeography and demography of European badg-
ers (Meles meles) based on broad sampling, multiple markers
and simulations. — Heredity, 113: 443 —453.

GUINDON, S. & GASCUEL, O. (2003): A simple, fast and accurate me-
thod to estimate large phylogenies by maximum-likelihood. —
Systematic Biology, 52: 696 — 704.

SENCKENBERG

GUNDUZ, 1., JaarRoLA, M., TEZ, C., YENIYURT, C., PoLLy, P.D. & SEAR-
LE, J.B. (2007): Multigenic and morphometric differentiation of
ground squirrels (Spermophilus, Scuiridae, Rodentia) in Turkey,
with a description of a new species. — Molecular Phylogenetics
and Evolution, 43: 916—-935.

Hassan-BEiaGl, Y., FERNANDES, C., FARHADINIA, M. & MoNTAZAML, S.
(2014): Phylogeny and genetic diversity of Caracal in Iran. —
Wildlife Middle East Volume 7, Issue 1, April, 1.

HEePTNER, V.G., Naumov, N.P., YURGENsON, P.B., SrLubpskiy, A.A.,
CHirkOVA, A.F. & Bannikov, A.G. (1967): Mlekopitayushchie
Sovetskogo Soyuza [Mammals of Soviet Union], Vol. 2 (1) Sea
cows and carnivora. — Moscow (In Russian).

Hirata, D., ABRAMOV, A.V., BarysHnikov, G.F. & Masupa, R.
(2014): Mitochondrial DNA haplogrouping of the brown bear,
Ursus arctos (Carnivora: Ursidae) in Asia, based on a newly
developed APLP analysis. — Biological Journal of the Linnean
Society, 111: 627—-635.

Huck, M., Frantz, A.C., DAwsoN, D.A., BUurkg, T. & Roper, T.J.
(2008): Low genetic variability, female-biased dispersal and high
movement rates in an urban population of Eurasian badgers
Meles meles. — Journal of Animal Ecology 77 (5): 905-915.

Inis, O. (2013): Molecular phylogeny of species of the family Mu-
stelidae (Mammalia: Carnivora) distributed in Turkey by nu-
clear and mitochondrial DNA sequences analyses. — Erciyes
University, Graduate School of Natural and Applied Sciences,
November 2013, Ph. D. Thesis (in Turkish, abstract in English).

Iis, O. & TEz, C. (2014): Phylogenetic Status and genetic diversity
of the Turkish marbled polecat, Vormela peregusna, (Muste-
lidae: Carnivora: Mammalia), inferred from the mitochondrial
cytochrome b gene. — Vertebrate Zoology, 64 (2): 285-294.

Isis, 0., Tez, C. & Ozcan, S. (2014): Phylogenetic status of the
Turkish red fox (Vulpes vulpes), based on partial sequences of
the mitochondrial cytochrome b gene. — Vertebrate Zoology,
64 (2): 273-284.

INAG, S., Akay, A E. & DEMIRBAG, H. (2012): Determine the ecolo-
gy and distribution of porcupines (Hystrix indica Kerr, 1792)
and badgers (Meles meles Linnaeus, 1758) living in the for-
est around Adiyaman-Kéhta district with the help of geo-
graphic information system. — I. Ulusal Akdeniz Orman ve
Cevre Sempozyumu, 26—28 Ekim 2011, Kahramanmaras,
Tiirkiye, Kahramanmarag Siit¢ii Imam University Journal of
Engineering Sciences, Special Issue, 243—250 (in Turkish, ab-
stract in English).

KaNEko, Y. & Sasaxi, H. (2008): Meles anakuma. In: TUCN 2013.
TUCN Red List of Threatened Species. Version 2013.2. <www.
IUCNREDLIST.ORG>. Downloaded on 14 January 2014.

KANEKO, Y., KRYSTUFEK, B., ZAGARONDNYUK, I., VOHRALIK, V., BA-
TSAIKHAN, N., AVIRMED, D. & SukHCHULUUN, G. (2008): 4Apo-
demus agrarius. The IUCN Red List of Threatened Species
2008:¢.T1888A8654207. Downloaded on 15 September 2015.
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T1888A865
4207.en.

KaraMI, M., HUTTERER, R., BENDA, P., SIAHSARVIE, R. & KRYSTUFEK,
B. (2008): Annotated check-list of the mammals of Iran. —
Lynx (Praha), 39 (1): 63—-102.

KereLioGLy, H., Tez, C. & GuNbUz, 1. (2003): The taxonomy and
distribution of Apodemus agrarius (Pallas, 1771) (Mammalia:
Rodentia) in the European part of Turkey. — Turkish Journal of
Zoology, 27: 141—146.

405



Isis et al.: Phylogenetic analysis of Turkish and Iranian Badgers

KiMura, M. (1980): A simple method for estimating evolutionary
rates of base substitutions through comparative studies of nu-
cleotide substitutions. — Journal of Molecular Evolution, 16:
111-120.

KokprLl, K., DEERE, K.A., SLATER, G. J., BEGG, C., BEGG, K., GRASS-
MAN, L., LucHERINI, M., VERON, G. & WayNE, R.K. (2008): Mul-
tigene phylogeny of the Mustelidae: Resolving relationships,
tempo and biogeographic history of a mammalian adaptive
radiation. - BMC Biology, 6 (10): 1-22.

Kon, H.S., Kryukov, A., OH, J.G., BAYARKHAGVA, D., YANG, B.G.,
AnN, N.H. & BAzARrsAD, D. (2014): Two sympatric phylogroups
of the Asian badger Meles leucurus (Carnivora: Mammalia)
identified by mitochondrial DNA cytochrome b gene sequenc-
es. — Russian Journal of Theriology, 13 (1): 1-8.

KRraNz, A., TikHONOV, A., CoNRrOY, J., CAvALLINI, P., HERRERO, J.,
StuBBE, M., MARAN, T., FERNANDES, M., ABRAMOV, A. & Wo-
ZENCRAFT, C. (2008): Meles meles. In: TUCN 2013. IUCN Red
List of Threatened Species. Version 2013.2. <www.iucnredlist.
org>. Downloaded on 14 January 2014.

KRrYSTUFEK, B. & VOHRALIK, V. (2001): Mammals of Turkey and
Cyprus. Introduction, checklist, Insectivora. — First edition 41
Knjiznica Annales Majora, Koper.

KRrYSTUFEK, B. & VOHRALIK, V. (2009): Mammals of Turkey and
Cyprus. Rodentia II: Cricetinae, Muridae, Spalacidae, Calomy-
scidae, Capromyidae, Hystricidae, Castoridae. — First edition
41 Knjiznica Annales Majora, Koper.

Kurosk, N., ABRAMOV, A.V. & MasuDpa, R. (2000): Intrageneric di-
versity of the cytochrome b gene and phylogeny of Eurasian
species of the genus Mustela (Mustelidae, Carnivora). — Zoo-
logical Science, 17 (5): 673—679.

Kuroskg, N., KaNeko, Y., ABRAMOV, A.V., SIRIAROONRAT, B. & Ma-
suDpA, R. (2001): Low genetic diversity in Japanese populations
of the Eurasian badger Meles meles (Mustelidae, Carnivora) re-
vealed by mitochondrial cytochrome b gene sequences. — Zoo-
logical Science, 18 (8): 1145—-1151.

KURTONUR, C., Kry$TUFEK, B. & Ozkan, B. (1994): The European
Polecat (Mustela putorius) in Turkish Thrace . Small Carnivora
Conservation, (IUCN), 11: 8—10.

Lepig, C. & ArnasoN, U. (1996): Phylogenetic analyses of com-
plete cytochrome b genes of the Order Carnivora with particu-
lar emphasis on the Caniformia. — Journal of Molecular Evolu-
tion, 42: 135—144.

LiBraDO, P. & Rozas, J. (2009): DnaSP v5: A software for compre-
hensive analysis of DNA polymorphism data. — Bioinformatics,
25: 1451-1452. http://www.ub.edu/dnasp/.

Marwml, J., LoPEZ-GIRALDEZ, F., MACDONALD, D. W., CALAFELL, F.,
ZHOLNEROVSKAYA, E. & DomiNnGo-Roura, X. (2006): Mitochon-
drial DNA reveals a strong phylogeographic structure in the
badger across Eurasia. — Molecular Ecology, 15: 1007—1020.

Nowak, R.M. (1999): Walker’s mammals of the World. Sixth Edi-
tion. Volumes I and II. — Johns Hopkins University Press,
Baltimore.

O’MEARA, D.B., Ebwarps, C.J., SLEEMAN, D.P., Cross, T.F., Star-
HAM, M.J., McpOWELL, J.R., DILLANE, E., CouGHLAN, J.P., O’LEA-
Ry, D., O’REwLLy, C., BrRADLEY, D.G. & CARLSSON, J. (2012):
Genetic structure of Eurasian badgers Meles meles (Carni-
vora: Mustelidae) and the colonization history of Ireland. —
Biological Journal of the Linnean Society, 106: 893 —909.

406

OzpikmeN, H. (2011): An assay on zoogeographic regions of the
Earth: Palaearctic longhorned and leaf beetles say that ... —
Munis Entomology and Zoology, 6 (2): 642—662.

Ozen, A.S. & ULucay, 1. (2010): Ecological, biological and tax-
onomical characteristics of Meles meles Linnaeus, 1758
(Mammalia: Carnivora) in Kiitahya. — Dumlupinar Universitesi
Fen Bilimleri Enstitiisti Dergisi, 21: 9—20 (in Turkish, abstract
in English).

PaMukoGLU, N. & ALBAYRAK, 1. (2014): The taxonomy and ecol-
ogy of Meles meles (L., 1758) in Western Turkey. — Hacettepe
Journal of Biology and Chemistry, 42 (4): 451—458.

PamukocGLu, N. & CakIr, A. (2001): Os penis (baculum) in badger
(Meles meles). — Ankara Universitesi Veteriner Fakiiltesi Der-
gisi, 48: 139-140.

PamukoGLu, N. & SEzGINER, T. (2011): A study on badger Meles
meles (L.,1758) In Canakkale Province Kepez district. — Tabiat
ve Insan, Eyliil: 23—27 (in Turkish, abstract in English).

PertoLDI, C., LOESCHCKE, V., MADSEN, A.B. & Ranpi, E. (2000): Al-
lozyme variation in the Eurasian badger Meles meles in Den-
mark. — Journal of Zoology, London, 252: 544—547.

Porg, L.C., DommnGgo-Roura, X., Erven, K. & Burkg, T. (2006):
Isolation by distance and gene flow in the Eurasian badger
(Meles meles) at both a local and broad scale. — Molecular
Ecology, 15: 371-386.

RaMmBAUT, A. (2009): FigTree: Tree figure drawing tool, version
1.3.1. — Institute of Evolutionary Biology, University of Edin-
burgh.

Ronquist, F. & HUELSENBECK, J.P. (2003): MrBayes 3: Bayesian
phylogenetic inference under mixed models. — Bioinformatics,
19: 1572—-1574.

Saro, J.J., Hosopa, T., WoLsaN, M., TsucHiva, K., YamamoTto, M.
& Suzuki, H. (2003): Phylogenetic relationships and diver-
gence times among mustelids (Mammalia: Carnivora) based on
nucleotide sequences of the nuclear interphotoreceptor retinoid
binding protein and mitochondrial cytochrome b genes. — Zoo-
logical Science 20 (2): 243 —-264.

Saro, J.J., WoLsaN, M., PrevosrTl, F. J., D’ELiA, G., BEca, C., BEGG,
K., Hosopa, T., CampBeELL, K.L. & Suzuki, H. (2012): Evo-
lutionary and biogeographic history of weasel-like carnivorans
(Musteloidea). — Molecular Phylogenetics and Evolution, 63:
745-757.

STATHAM, M.J., MURDOCH, J., JANECKA, J., AUBRY, K.B., EDWARDS,
C.J., SouLsBURY, C.D., BErrY, O., WaNG, Z., HarrISON, D.,
PearcH, M., ToMseTT, L., CHUPASKO, J. & Sacks, B.N. (2014):
Range-wide multilocus phylogeography of the red fox reveals
ancient continental divergence, minimal genomic exchange
and distinct demographic histories. — Molecular Ecology, 23
(19): 4813-4830.

StatHAM, M.J., TURNER, P.D. & O’REILLY, C. (2007): Molecular sex
identification of five mustelid species. — Zoological Studies 46
(5): 600—608.

Tamura, K., PETERSON, D., PETERSON, N., STECHER, G., NEI, M. &
Kumar, S. (2011): MEGAS: Molecular evolutionary genetics
analysis using maximum likelihood, evolutionary distance, and
maximum parsimony methods. — Molecular Biology and Evo-
lution, 28 (10): 2731-2739.

TasHIMA, S., KaNEkO, Y., ANEzAkl, T., BaBA, M., YACHIMORI, S.,
ABRAMOV, A.V., SAVELIEV, A.P. & Masupa, R. (2011a): Phy-

SENCKENBERG



VERTEBRATE ZOOLOGY — 65(3) 2015

logeographic sympatry and isolation of the Eurasian badgers  Yiair, N., VERiMLE, R., SozEN, M., CoLak, E. & Ozkurr, S. (2000):

(Meles, Mustelidae, Carnivora): implication for an alterna- The karyotype of Apodemus agrarius (Pallas, 1771) (Mamma-
tive analysis using maternally as well as paternally inherited lia: Rodentia) in Turkey. — Zoology in the Middle East, 20:
genes. — Zoological Science, 28: 293—-303. 21-23.

TasHIMA, S., KaNEkO, Y., ANEzAKI, T., BABA, M., YACHIMORI, S., YonEzawa, T., Nikaipo, M., Konno, N., Fukumoto, Y., OKADA, N.
ABRAMOV, A.V., SAVELIEV, A.P. & Masupa, R. (2011b): Identi- & HaseGgawa, M. (2007): Molecular phylogenetic study on the
fication and molecular variations of CAN-SINEs from the origin and evolution of Mustelidae. Gene, 396: 1—12.

ZFY gene final intron of the Eurasian badgers (genus Meles). —  WiLsoN, D.E. & ReeDer, D.M. (1993): Mammal species of the
Mammal Study, 36: 41—-48. world. A taxonomic and geographic reference. — Second edi-

VaN DE ZANDE, L., VAN DE VLIET, M., PErTOLDI, C., LOESCHCKE, V., tion Smithsonian Institution Press, USA.

Muskens, G. & Bursma, R. (2007): Genetic structure within ~ WiLsoN, D.E. & ReeDer, D.M. (2005): Mammal species of the
and among regional populations of the Eurasian badger (Meles world. A taxonomic and geographic Reference. — Third edi-
meles) from Denmark and the Netherlands. — Journal of Zoo- tion, Johns Hopkins University Press, USA.

logy 271: 302—309.

SENCKENBERG 407






