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Quaternary range dynamics and taxonomy of the 
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The geological and geographical settings of the Eastern Mediterranean have resulted in complex patterns of 
intraspecific diversifications and phylogeographical histories that can be observed in squamates. In this study, we 
examined genetic differentiation of the Collared dwarf racer (Platyceps collaris) using a multilocus genetic dataset 
with a sampling that covered the entire range of the species. We developed distribution models in current and past 
climatic conditions to assess the dynamics of the species distribution through time. We sequenced a fragment of 
the cytochrome b mitochondrial gene of the holotype and eight paratypes of Coluber rubriceps thracius, which is 
considered a synonym of Platyceps collaris. Our results show that there are two distinct clades within P. collaris, one 
occupying the Balkans and western and southern Anatolia (termed the Balkan�Anatolian clade), the other in the 
Levant (termed the Levantine clade). All type specimens of C. r. thracius are genetically identical and cluster within 
the Balkan�Anatolian clade. Distribution models indicate the presence of two refugia during climatically challenging 
periods. One was in western Anatolia and served as a source for the colonization of the Balkans and southern 
Anatolia, and the other was in the northern Levant, from where P. collaris dispersed further south. According to our 
results, we revise the subspecific taxonomy of P. collaris.

ADDITIONAL KEYWORDS:   biogeography � Colubroidea � Near East � reptiles � Serpentes � systematics.

INTRODUCTION

The Eastern Mediterranean is a region of complex 
geological and biological history. As a result of its 

position at the crossroads of Europe, Asia and Africa, 
the fauna of the Eastern Mediterranean shows a 
wide spectrum of biogeographical patterns and 
phylogeographical scenarios. Many recent studies 
have indicated that the diversity of squamates of the 
Eastern Mediterranean is underestimated and that *Corresponding author. E-mail: jiri.smd@gmail.com
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traditionally recognized species described on the basis 
of morphological characters often encompass cryptic 
lineages (e.g. Bellati et al., 2015; Jandzik et al., 2018; 
�míd et al., 2019). Although considerable interest 
has been attracted to the islands (Kyriazi et al., 
2013; Poulakakis et al., 2013), differentiation and 
phylogeography of the fauna of coastal Mediterranean 
Turkey and the Levant are also being studied 
increasingly (Sindaco et al., 2014; Kotsakiozi et al., 
2018; Kornilios et al., 2019). However, little is known 
in this respect about some of the widespread and 
common taxa. The colubrid genus Platyceps Blyth, 
1960 is one such example.

Racers of the genus Platyceps are medium-sized, 
slender and wary colubrid snakes. Their distribution 
spans from south-eastern Europe across the Middle 
East to central Asia and southwards across the 
Arabian Peninsula to north-eastern Africa (Sindaco 
et al., 2013). South-eastern Europe, the Eastern 
Mediterranean and the Levant are occupied by two 
species, Platyceps collaris (Müller, 1878) and Platyceps 
najadum (Eichwald, 1831). Morphological data 
indicate that these two species are distinct from other 
congeners in having unpaired apical pits (Schätti 
et al., 2014), and genetic evidence supports their sister 
relationship (Schätti & Utiger, 2001; Schätti, 2004).

The taxonomic history of P.  collaris has been 
turbulent. It was originally described as a subspecies 
(originally a variety) of Zamenis dahlii (Fitzinger, 
1826) (currently Platyceps najadum) in the late 19th 
century on the basis of two specimens, an adult male 
from Beirut, Lebanon [Naturhistorisches Museum, 
Basel, Switzerland (NHMB) 1166], and a juvenile from 
the vicinity of Tel Aviv, Israel (NHMB 1167; Müller, 
1878; Schätti et al., 2001). In the beginning of the 
20th century, another subspecies (originally a variety), 
Zamenis dahlii rubriceps Venzmer, 1919, was described 
from the Taurus Mountains in southern Turkey 
[Venzmer, 1919; between Pozanti and Tarsus (37°12�N, 
34°48�E) according to Schätti et al., 2001]. The colubrid 
genera were later revised by Inger & Clark (1943), and 
the genus Platyceps was proposed for several Eurasian 
racers, including Coluber najadum (Eichwald, 1831). 
However, most subsequent authors did not follow 
this adjustment and applied the genus name Coluber 
Linnaeus, 1758 to most Eurasian racers (e.g. Mertens & 
Wermuth, 1960; Schätti, 1993). The trinomen Coluber 
najadum rubriceps was used until Baran (1976) 
elevated Coluber rubriceps to a full species. RehÆk 
(1985) described specimens from the Black Sea coast 
of Bulgaria as a distinct subspecies, Coluber rubriceps 
thracius RehÆk, 1985, which was characterized by its 
low number of ventral and subcaudal scales and a 
relatively short tail. The type series of 11 specimens was 
originally placed in the collection of the Department of 
Systematic Zoology (currently Department of Zoology), 

Charles University, Prague, Czech Republic (DZCHU). 
Owing to organizational changes at the department, 
the specimens were transferred to the herpetological 
collections of the National Museum in Prague (NMP) 
in 2014, where they are deposited under museum 
catalogue numbers NMP-P6V 75257 (holotype), NMP-
P6V 75258, 75259/1�5 and 75260�62 (paratypes; 
Table 1). One paratype was sent to Bonn [Zoologisches 
Forschungsmuseum Alexander Koenig (ZFMK)], 
where it is catalogued under the number ZFMK 46091 
(Böhme, 2014).

In a detailed taxonomic treatment, Schätti et al. 
(2001) revised the taxonomy of Coluber collaris (Müller, 
1878) and C. rubriceps. They recognized these two taxa 
to be conspecific, which resulted in the relegation of the 
name C. rubriceps to a junior synonym of C. collaris. 
The authors also designated the adult male specimen 
from Beirut as a lectotype of the species. With respect 
to the subspecies C. r. thracius, Schätti et al. (2001) 
pointed out that RehÆk (1985) based his comparisons 
on published data instead of examining the specimens 
himself. Also, the variance of the diagnostic characters 
of C.  r.  thracius falls within the range of Asian 
populations according to Schätti et al. (2001). Based 
on these grounds, they synonymized the subspecies 
C.  r.  thracius with the nominotypical one, which 
resulted in the species becoming monotypic. This has 
been followed by most recent authors (Sindaco et al., 
2013; Wallach et al., 2014; Geniez, 2018), although 
some still use the subspecific designation (Stojanov 
et al., 2011).

The last nomenclatural adjustment of the species 
had stemmed from the phylogenetic results of Schätti 
& Utiger (2001), who confirmed earlier findings of 
Inger & Clark (1943) and placed the Eurasian racers, 
including C. collaris and C. najadum, in the genus 
Platyceps.

The distribution of P.  collaris, as currently 
recognized, spans from south-eastern Bulgaria along 
the entire Mediterranean coast of Turkey through the 
Mediterranean part of Syria and Lebanon to Israel 
and western Jordan (Sindaco et al., 2013; Geniez, 
2018). Isolated populations have been recorded from 
central and southern Anatolia (Baran, 1982; ��ci et al., 
2015), but the identification of these specimens needs 
to be verified because the localities are geographically 
disparate from the rest of the range and lie well within 
the range of the closely related and morphologically 
similar P. najadum.

In this paper, we explore the genetic diversity and 
phylogeography of P. collaris across its entire range 
using a multilocus dataset of three mitochondrial 
and three nuclear markers. Using a new approach of 
multistep polymerase chain reaction (PCR) and Illumina 
amplicon sequencing, we sequence a fragment of the 
cytochrome b (cytb) mitochondrial gene of the holotype 
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and eight paratypes of the nominal taxon Coluber 
rubriceps thracius. We conduct a species distribution 
modelling analysis for the present climatic conditions and 
conditions during the last 3 Myr to assess the limits of the 
current potential distribution for the species, its historical 
range dynamics and location of potential refugia.

MATERIAL AND METHODS

SAMPLING, DNA EXTRACTION ANd AMPLIFICATION OF 
RECENT MATERIAL

For the phylogenetic analysis, we assembled a dataset 
of 35 samples of P.  collaris from 26 localities in 
Bulgaria, Israel, Syria and Turkey, covering the entire 
range of the species (Table 1). We supplemented this 
dataset with GenBank sequences of three individuals, 
two from Israel and one from Jordan (Schätti & Utiger, 
2001; Nagy et al., 2004).

Genomic DNA was extracted from 96% ethanol-
preserved tissue samples using an Invisorb Spin 
Tissue Kit (STRATEC), following the manufacturer�s 
instructions. We PCR-amplified six genetic markers: 
three from the mitochondrial DNA [12S ribosomal 
RNA (12S), cytochrome b (cytb) and cytochrome c 
oxidase  I (coi)] and three from the nuclear DNA 
[oocyte maturation factor MOS (cmos), neurotrophin-3 
(nt3) and recombination activating gene 1 (rag1)]. 
We used the following primer pairs and annealing 
temperatures for the amplifications: for 12S, the 
primers were 12S268 and 12S916 (Schätti & Utiger, 
2001), and the annealing temperature was 65 °C; for 
cytb, L14910 and H16064 (Burbrink et al., 2000) and 
46 °C; for coi, COIb and COIbdeg (Schätti & Utiger, 
2001; Utiger et al., 2002) and 56 °C; for cmos, S77 and 
S78 (Lawson et al., 2005) and 53 °C; for nt3, F3 and R4 
(Noonan & Chippindale, 2006) and 50 °C; and for rag1, 
R13 and R18 (Groth & Barrowclough, 1999) and 58 °C. 
The PCRs contained 0.2 �M of each primer, 7.5 �L of 
2× QIAGEN Multiplex PCR Kit, 1.5 �L of genomic 
DNA (concentration ~30 ng/�L) and double-distilled 
H2O to a total volume of 15 �L. The PCR products 
were purified with calf intestine alkaline phosphatase 
and exonuclease I (New England Biolabs, Ipswich, 
MA, USA) and Sanger sequenced along both strands 
using the PCR primers in Macrogen Europe (The 
Netherlands). Sequences were checked and contigs 
assembled in GENEIOUS v.11 (Kearse et al., 2012).

SAMPLING, DNA EXTRACTION ANd AMPLIFICATION 
OF THE TYPE sPECIMENs OF COLUBER 

RUBRIcEPS THRAcIUS

We sampled ten individuals from the type series of 
Coluber rubriceps thracius, the holotype and nine 

paratypes (Table  1). The museum samples were 
handled in a specialized non-invasive laboratory 
designed for work with rare DNA to prevent 
contamination (Institute of Vertebrate Biology of 
the Academy of Sciences, Studenec, Czech Republic). 
DNA was extracted using Invisorb Spin Forensic Kit 
(STRATEC). Concentration of samples was measured 
on a Qubit 1.0 fluorometer (Thermo Fisher Scientific) 
using the Qubit dsDNA HS Assay kit. To obtain DNA 
sequences of the type specimens, we modified the 
rodent-based DNA mini-barcoding protocol for the 
Illumina platform that targets a short cytb fragment 
(Galan et al., 2012; Bryja et al., 2014). The mini-
barcode is a fragment of 148 bp, a length short enough 
to amplify in samples with fragmented or degraded 
DNA (Galan et al. 2012). For the library preparation, 
we used a three-step PCR. All PCRs contained 0.4 �M 
of each primer, 5 �L (7.5 �L for the third PCR) of 
2× QIAGEN Multiplex PCR Kit, 1.0�1.5 �L of DNA 
(concentration 0.01�3.00 ng/�L) and double-distilled 
H2O to a total volume of 10 �L (for the first and second 
PCR) and 15 �L (for the third PCR). The PCRs were 
initiated by a denaturation step of 94 °C for 15 min, 
followed by 15�25 cycles of denaturation at 94 °C for 
30 s, annealing at 45 °C for 45 s and an extension at 
72 °C for 30 s, followed by a final extension step at 
72 °C for 10 min. All PCRs were prepared in duplicates. 
In the first PCR of 25 cycles, we amplified the target 
region with short specific primers, L15411_modif 
(GAYAAAATYYCHTTYCACCC) and H15553_modif 
(GTAGGCRAAYAGGAARTATCA). The product of the 
first PCR was then used as a template for the second 
PCR of 20 cycles, for which the primers were elongated 
at the 5� end: L15411_modif_F_nextera (TCGTCGG
CAGCGTCAGATGTGTATAAGAGACAGGAYAAAA
TYYCHTTYCACCC) and H15553_modif_R_nextera 
(GTCTCGTGGGCTCGGAGATGTGTATAAGAGAC
AGGTAGGCRAAYAGGAARTATCA). The template 
for the third PCR of 15 cycles was the product of 
the second PCR. Primers for this reaction contained 
Illumina adaptors with a unique combination of 
barcodes/tags for each sample. After the three-step 
amplification, we visualized the products on a 1.5% 
agarose gel and measured the gel band intensity with 
GENOSOFT software (VWR International, Belgium). 
The concentration of all samples was measured 
with a fluorometer (Qubit 1.0) and purity with a 
spectrophotometer (DS-11; DeNovix Inc.). All samples 
were then diluted to be of an equimolar concentration 
(~100 ng/�L). This library was purified using Agencourt 
SPRIselect (Beckman Coulter) and sequenced using 
MiSeq Illumina at CEITEC (Masaryk University, 
Brno, Czech Republic). Sequences were demultiplexed 
based on the unique tags. Primers were cut off and 
low-quality reads filtered out as follows: sequences 
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analysed, resulting in a genetic data matrix with few 
missing data (89% gene sampling).

For the type material of C. r. thracius, we were able 
to obtain the targeted 148-bp-long cytb fragment for 
nine of the ten specimens. DNA concentrations of 
these specimens ranged between 0.01 and 3.42 ng/�L, 
and average number of reads generated for them 
was 5735 (range 2113�10 302; Table 2). Artefactual 
variants and contaminations were identified based 
on a BLAST analysis and discarded manually. 
One specimen was removed from further analysis 
(CRT05) because the reads showed a mix of various 
contaminations (predominantly Homo). There were 
several synonymous substitutions along the 148 bp 
fragment, indicating that the amino acid content of 
this gene fragment was similar across all samples.

PHYLOGENETIC ANALYsEs

The samples of P. collaris form two well-differentiated 
clades in all analyses. One comprises all samples from 
Bulgaria (including the types of C. r. thracius), western 
Turkey and most samples from southern Turkey 
(ML bootstrap = 98/BI pp = 1.00; support values are 
given in this order hereafter), and we term it here the 
Balkan�Anatolian clade. The other clade comprises 
samples from Israel, Jordan and Syria, and we term 
it the Levantine clade, although this clade has only 
moderate support in the ML analysis (Fig. 1; support 
65/1.00; for original ML and BI trees, see Supporting 
Information, Figs S1, S2, respectively). Relationships 
within both clades remain unresolved owing to low 
branch support. The position of sample DJ8199, from 
a locality in extreme southern Turkey (locality 19 in 
Fig. 1), differs in the two analyses. It was reconstructed 

and supported as sister to the Bulgarian and other 
Turkish samples in the ML analysis (support 74), but 
the BI analysis recovers it as sister to the Levantine 
clade (support 0.94). Both support values are on the 
edge of interpretability, but the haplotype networks 
constructed for each marker independently show 
the sample to be closer to the Levantine clade in its 
mitochondrial DNA, whereas the nuclear markers are 
more similar to the Balkan�Anatolian clade (networks 
in Fig.  1). When only mitochondrial markers are 
analysed, topologies of the ML and BI trees remain 
similar to those of the complete dataset, including 
the varying position of sample DJ8199 (Supporting 
Information, Figs S3, S4). The haplotype networks 
clearly differentiate the two clades described above, 
but the nuclear ones show a certain degree of allele 
sharing.

The phylogenetic network analysis resulted in 
similar groups to those recovered in the ML and BI 
analyses (Fig. 2). The reciprocal monophyly of the 
Balkan�Anatolian and Levantine clade is strongly 
supported (bootstrap 99.9). Sample DJ8199, whose 
phylogenetic position varied in the ML and BI analysis, 
is clustered at the base of the Levantine clade. No signs 
of recombination are detected for the three nuclear loci 
(P-values ranging between 0.68 and 1.00).

Genetic p-distances between the Balkan�Anatolian 
and Levantine clades are (–SD): 1.3 – 0.2% in 12S, 
2.2 – 0.2% in cytb and 1.6 – 0.2% in coi. Genetic 
diversity within the Balkan�Anatolian clade is 0.2% in 
12S, 0.6% in cytb and 0.3% in coi; within the Levantine 
clade it is 0.3% in 12S, 0.7% in cytb and 0.4% in coi. 
Genetic distances of P. collaris to its sister species 
P. najadum are 10.6 – 0.3% in 12S, 11.2 – 0.3% in cytb 
10.8 – 0.2% in coi.

Table 2.  Type specimens of Coluber rubriceps thracius included in the genetic analysis

Voucher Sample DNA concentration (ng/�L) BLAST results Number of reads after filtering

First coverage Second coverage 

NMP-P6V 75259/1 CRT01 0.038 Platyceps collaris 2113 3988
NMP-P6V 75259/2 CRT02 1.08 P. collaris 3022 6351
NMP-P6V 75257 CRT04 2.61 P. collaris 6405 6817
NMP-P6V 75259/5 CRT05 0.038 Contamination 4208 6372
NMP-P6V 75259/4 CRT06 0.128 P. collaris 7015 8626
NMP-P6V 75261 CRT11 < 0.01 P. collaris 6272 5512
NMP-P6V 75258 CRT12 3.42 P. collaris 4546 6947
NMP-P6V 75259/3 CRT13 < 0.01 P. collaris 3349 5910
NMP-P6V 75262 CRT14 2.07 P. collaris 3018 5019
NMP-P6V 75260 CRT15 < 0.01 P. collaris 8910 10 302

The DNA concentration was measured using a Qubit 1.0 fluorometer (Qubit High Sensitivity Kit). Results of the BLAST search showed that one of 
the specimens was contaminated by human DNA. The columns headed �Number of reads after filtering� show the total number of sequences obtained 
from the two independent duplicates.

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/193/2/655/6048377 by U

niverzita K
om

enskeho user on 08 O
ctober 2021








































	zlaa151_suppl_supplementary_materials.pdf

