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Incongruence between taxonomy and genetics: three divergent
lineages within two subspecies of the rare Transcaucasian rat snake
(Zamenis hohenackeri)
David Jandzik1,2,∗ , Aziz Avcı3 , Václav Gvoždík4,5
Abstract. Two morphologically differentiated subspecies with presumably allopatric distribution have traditionally been
recognized in the rare Transcaucasian rat snake, Zamenis hohenackeri: Z. h. hohenackeri (Caucasus region and E Turkey,
NW Iran and N Iraq) and Z. h. tauricus (S Anatolia and Levant). Both subspecies are sometimes considered just colour forms
of a monotypic species. We used sequences of the mitochondrial gene cytochrome b to find out whether both subspecies are
also genetically differentiated, or whether their haplotypes form a cluster without clear subdivision. We found that the species
forms three divergent lineages: one corresponds to the nominotypic subspecies, another comprises an individual from the
region of the type locality of Z. h. tauricus in southern Anatolia and the third, with no available name and separated from
the previous by the Amanos (Nur) Mountains, is distributed in the Levant. The pattern of divergence and distribution of the
lineages correspond to other species of amphibians and reptiles, demonstrating that similar geo-climatic events presumably
formed genetic variation and triggered speciation processes in this region.
Keywords: Anatolian Diagonal, Central Anatolian Plateau, Colubridae, phylogeography, reptiles, Serpentes, systematics.

The Transcaucasian rat snake, Zamenis hohenackeri (Strauch, 1873), is a relatively small
slender snake with known distribution in the
area of the Caucasus, Asia Minor and northwestern Levant (fig. 1). It is a highly secretive
terrestrial snake with predominantly crepuscular and nocturnal activity, which makes it extremely difficult to encounter and sample in the
field. It mainly inhabits montane localities at
altitudes between 900 and 3000 m above sea
level (a.s.l.), but in southern parts of the range
it can occasionally be found as low as 300 m
a.s.l. (Schulz, 1996), or even approaching sea
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level (Dalyan, Turkey, voucher of a roadkill juvenile in National Museum in Prague NMP6V
71067). Beside the nominotypic subspecies occurring in the Caucasus region (type locality:
“Helenendorf” = [Goygol], “Elisabethpol” =
[Ganja] in Azerbaijan and “Tiflis” = [Tbilisi] in Georgia; Strauch, 1873), another subspecies, Z. h. tauricus (Werner, 1898) was described from the Taurus Mountains in southern Turkey (type locality: Gülek), initially as
a species distinct from “Coluber Hohenackeri
Strauch” (Werner, 1898). Both subspecies are
sometimes considered just colour forms of a
monotypic species (Nilson and Andrén, 1984;
Bischoff, 1993) – Z. h. hohenackeri has ochre
or brown dorsal spots arranged in two rows separated by a light vertebral line, while Z. h. tauricus has only one row formed by lateral spots
joined together (Venchi and Sindaco, 2006). According to published data, the ranges of Z. h.
hohenackeri and Z. h. tauricus seem to be separated from each other by the Central Anatolian Plateau, which partially overlaps with the
Anatolian Diagonal – mountain ranges passing
across the eastern, central and southern Anatolia known to serve as an isolating barrier and
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Figure 1. Map showing the origin of Z. hohenackeri samples used in this study. The range of Z. hohenackeri in dark grey
colour is based on published records reviewed in Schulz (1996) and Sindaco, Venchi and Grieco (2013). It is not clear
whether the records from northern central Turkey and western Iran (dark grey circles) represent isolated occurrences or
extremes of a continuous distribution. Origin of the samples: Z. h. hohenackeri – 1) Chechenia, Russia, pet trade sample,
2) Boshuri, Georgia, 3) Artvin, Turkey, 4) Trabzon, Turkey (Burbrink and Lawson, 2007); Z. h. tauricus – 5) Adana, Turkey;
Z. hohenackeri Southern lineage – 6) Hatay, Turkey, 7) Bcharré (Cedars), Lebanon.

a speciation centre of several animal and plant
species (see fig. 1; Davis, 1971; Sindaco et al.,
2000; Kapli et al., 2013; review in Bilgin, 2011).
The alleged present pattern of distribution coupled with conflicting opinions on the intraspecific taxonomy raise the question of whether
the genetic structure within Z. hohenackeri corresponds to phenotypically-characterized subspecies, or whether the species represents genetically undifferentiated group. To address this
we analysed mitochondrial DNA sequence data
of Z. hohenackeri from both parts of the range
within the phylogenetic context of the genus Zamenis.
DNA was collected via oral swabs from live individuals, or extracted from liver or muscle pieces from
ethanol-preserved or road-killed animals (see fig. 1). Total genomic DNA was extracted from tissue using standard phenol-chlorophorm extraction and the complete mitochondrial DNA gene for cytochrome b (Cytb) was amplified with primers L14910 and H16064 (Burbrink, Lawson and Slowinski, 2000) following standard PCR procedures. The PCR products were sequenced by Macrogen Inc. (Seoul, S. Korea, http://www.macrogen.com) using H16064 primer and newly designed internal sequencing primers LZSi1 (5 -TTCTCAATYAACGACCC-3 ) and

HZSi1 (5 -TATGGGTGRAATGGGAT-3 ). The aligned and
trimmed sequences used in analyses are 1102 bp in length.
The nucleotide sequences of all individual haplotypes of
newly obtained Z. hohenackeri (see figs 1, 2), Z. lineatus (haplotype L1 – Ressutano, Sicily, Italy; L2 – Etna,
Sicily, Italy) and Z. situla (haplotype S1 – Bačina, Croatia) were deposited in the GenBank under accession numbers KF639740-KF639748. For our analyses we supplemented the dataset with Cytb sequences of other species of
the genus Zamenis and related genera (sensu Pyron et al.,
2011) retrieved from GenBank: Z. hohenackeri DQ902137,
Z. persicus DQ902117, Z. situla DQ902125, Orthriophis
taeniurus DQ902122 (Burbrink and Lawson, 2007); Z.
longissimus HQ392548, HQ392559-61 (Musilová et al.,
2011); Elaphe sauromates AY486931, Rhinechis scalaris
AY486932, Coronella austriaca AY486930 (Nagy et al.,
2004).
No stop codons were detected in the dataset with the program DnaSP 5.00 (Librado and Rozas, 2009). The best-fit
model of sequence evolution was selected by the Akaike
information criterion (AIC) as implemented in jModelTest 0.1.1 (Posada, 2008) and MrModeltest 2.3 (Nylander,
2004), respectively. The phylogeny was reconstructed using
Maximum likelihood (ML) and Bayesian inference (BI). We
employed the program PhyML 3.0 (Guindon et al., 2010)
for ML analysis with the best approach combining nearest
neighbour interchanges with subtree pruning and regrafting algorithm and using the TIM2 + G model of sequence
evolution. Branch support was quantified as bootstrap values (based on 100 resampled datasets) calculated in PhyML
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3.0. (Guindon et al., 2010). BI was performed with MrBayes 3.1.2 (Huelsenbeck and Ronquist, 2001; Ronquist
and Huelsenbeck, 2003). The analysis was set with partitions for each codon position within Cytb (1st/2nd/3rd
codon position: GTR + I + G/HKY + G/GTR + I + G)
with parameters optimized during the run. Two independent BI analyses were run each with four coupled chains
that were run for six million generations. Parameter and tree
samples were saved every 100 generations and the sampled
trees, after discarding the first 1/10 of trees as the burn-in,
were used to construct a 50% majority-rule consensus tree.
The posterior probabilities were calculated as the frequency
of samples recovering any particular clade (Huelsenbeck
and Ronquist, 2001). Uncorrected p-distances among the
sequences were calculated using PAUP* 4.0b10 (Swofford,
2003) and then manually averaged between the taxa.

Among the 1102 bp-long fragments of the
mtDNA gene Cytb, 372 sites are variable and
279 of them are parsimony informative in the
dataset comprising all species of the genus Zamenis with all outgroups. Both ML and BI
produced trees with the same topology within
the genus Zamenis, however with low statistical support for most branches (fig. 2). Zamenis
hohenackeri forms a highly supported monophyletic clade in both analyses. It comprises
three divergent lineages: one formed by specimens from the Caucasus and north-eastern Anatolia, representing thus the nominotypic subspecies Z. h. hohenackeri, a second corresponds
to Z. h. tauricus from the Adana Province in
southern Turkey, and a third, which we refer to
as “Southern lineage” throughout the text, consists of two haplotypes from the Amanos (Nur)
and Lebanon Mountains in north-western Levant. The genetic distance between the Z. h. hohenackeri lineage and the two remaining lineages is 5.1% and 5.2%, respectively, in pdistance, while the distance between Z. h. tauricus and the Southern lineage is 4.3%. The overall high genetic diversity within Z. hohenackeri
is accentuated by the fact that each of the seven
sampled localities contained a different haplotype.
The existence of three divergent phylogenetic
lineages within Z. hohenackeri is in contrast to
the previous taxonomy of this species, which
either recognized only two subspecies, or considered these groups merely colour forms with
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no taxonomic significance (Nilson and Andrén,
1984; Bischoff, 1993). The Caucasian lineage
corresponds to the nominotypic subspecies Z. h.
hohenackeri. Another subspecies, Z. h. tauricus,
was previously thought to comprise all populations from southern Anatolia and north-western
Levant, which are presumably geographically
separated from Z. h. hohenackeri by the Central
Anatolian Plateau. However, our study showed
that this part of the range is inhabited by at
least two distinct lineages (figs 1, 2). One of
them could be assigned to the subspecies Z.
h. tauricus as it contains a sample collected in
the region of the type locality of this taxon.
The Southern lineage, seemingly with no available name, is represented by samples from extreme southern-Turkish locality Hatay and from
Mt. Makmel in Lebanon. All three lineages
are relatively deeply divergent from each other.
The genetic distance between Z. h. hohenackeri and other two lineages is more than 5% (in
p-distance), which is equivalent to the genetic
distance between many closely related snake
species, such as e.g. species of the crotaline
genus Lachesis, vipers V. ursinii and V. renardi,
cobras Naja siamensis and N. mandalayensis or
species of the elapid genus Acanthophis (Zamudio and Greene, 1997; Slowinski and Wüster,
2000; Wüster et al., 2005; Gvoždík et al., 2012).
Comparison of divergences among the species
of the genus Zamenis, however shows that the
genetic distances between the lineages of Z. hohenackeri are considerably smaller than those
between any other two Zamenis species (from
8.7% between Z. longissimus and Z. lineatus
to 14.5% between Z. hohenackeri and Z. lineatus; data not shown). The lowest interspecific genetic distance is almost twice higher
than the distance between Z. h. hohenackeri
and the other two Z. hohenackeri lineages. We
also lack information from independent markers such as nuclear DNA and/or detailed morphological comparison which are essential to
confirm the level of evolutionary divergence.
Few differences exist in colouration and morphology between Z. h. hohenackeri and popula-
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Figure 2. Maximum likelihood haplotype tree of 1102 bp fragment of Cytb mtDNA showing the phylogenetic relationships
within the genus Zamenis, with emphasis on Z. hohenackeri. The substitution model TIM2 + G was selected under
AIC. The statistical support of the branches is expressed as percentage bootstrap values/Bayesian posterior probabilities.
Letters/numbers accompanying the terminal clade names are haplotype names; (GB) – sequences obtained from GenBank.
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tions from the southern parts of the range (previously referred to as Z. h. tauricus, however
containing both mtDNA lineages revealed in
this study), but the morphological differentiation has never been subject to a detailed analysis, nor are any differences known between Z.
h. tauricus and the populations corresponding
to the Southern lineage. Based on the relatively
high genetic distance between Z. h. tauricus and
the Southern lineage (4.3% in p-distances), the
Southern lineage presumably represents a separate subspecies. This, however, needs to be confirmed by more detailed sampling and independent lines of evidence first. Taking all this into
account, at this time we refrain from drawing
any taxonomic conclusions from our results.
Although the knowledge of the distribution
of this secretive snake species remains incomplete, the data published so far suggest that the
recent range of Z. hohenackeri is fragmented. If
this is true, it presumably represents remnants
of historically continuous range in the Caucasus, Anatolia and Levant. Based on the genetic
distances between the three lineages and estimated mutation rate of Cytb (2% of sequence
divergence per Myr; Johns and Avise, 1998),
the basal split within the species occurred about
2-2.5 Mya, therefore much later than the uplifting of the Central Anatolian Plateau (Middle Miocene, ca. 12 Mya; Hrbek et al., 2004)
possibly separating the northern and southern
parts of the recent species range. It seems thus
plausible that Z. hohenackeri, which represents
a snake species capable of living at a relatively
broad altitudinal range, inhabited the continuous range during the climatic optima in Pliocene
or Pleistocene warm periods, before the basal
divergence took place. Although our data suggest that both parts of the recent species range
are allopatrically inhabited by descendants of
the basal split (Z. h. hohenackeri in the northern part, and Z. h. tauricus with the Southern
lineage in the southern part), due to the gap in
our sampling from regions of SE Turkey, NW
Iran, N Iraq, and S Transcaucasia (Armenia,
Azerbaijan), we cannot exclude the possibility

that other populations phylogenetically related
to Z. h. tauricus could occur in this area – a
similar phylogeographic pattern is known in the
treefrog Hyla savignyi (Gvoždík et al., 2010).
However, the rat snakes from this region show
phenotypic characteristics of Z. h. hohenackeri
(Afrasiab and Mohamad, 2011), suggesting they
are presumably related to this subspecies.
Divergence between Z. h. tauricus from
southern Anatolia and the Southern lineage
from Levant, which are geographically separated by the Amanos (Nur) Mountains, corresponds to the pattern observed in the urodelan
amphibian Ommatotriton vittatus (Litvinchuk et
al., 2005), treefrog Hyla savignyi (Gvoždík et
al., 2010), and in the vipers of the Montivipera
xanthina complex (Stümpel and Joger, 2009).
Thus it seems that the split described here reflects a more general pattern of distribution of
amphibians and reptiles in this region, which
could be potentially attributed to the fact that
the genetic variation of herpetofauna has been
formed by similar geo-climatic factors.
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