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ABSTRACT

Mountains play a key role in forming biodiversity by acting both as barriers to gene flow among populations and
as corridors for the migration of populations adapted to the conditions prevailing at high elevations. The
Anatolian and the Zagros Mountains are located in the Alpine-Himalayan belt. The formation of these mountains
has influenced the distribution and isolation of the animal population since the late Cenozoic. Apathya is a genus
of lacertid lizards distributed along these mountains with two species, i.e., Apathya cappadocica and Apathya
yassujica. The taxonomy status of lineages within the genus is complicated. In this study, we tried to collect
extensive samples from throughout the distribution range, especially within the Zagros Mountains. Also, we used
five genetic markers, two mitochondrial (COI and Cyt b) and three nuclear (C-mos, NKTR, and MCIR), to resolve
the phylogenetic relationships within the genus and explain several possible scenarios that shaped multiple
genetic structures. The combination of results in the current study indicated eight well-support monophyletic
lineages that separated to two main groups; group 1 including A. c. cappadocica, A. c. muhtari and A. c. wolteri,
group 2 contains four regional clades Turkey, Urmia, Baneh and Ilam, and finally a single clade belonging to the
species A. yassujica. In contrast to previous studies, Apathya cappadocica urmiana was divided into four clades and
three clades were recognized within Iranian boundaries. The clades have dispersed from Anatolia to adjacent
regions in the south of Anatolia and the western Zagros Mountains. According to the evidence generated in this
study this clade is paraphyletic. Based on our assumption, orogeny activities and also climate fluctuations in
Middle Miocene and Pleistocene have influenced to formation of lineages. In this study we revisit the taxonomy
of the genus and demonstrate that the species diversity was substantially underestimated. Our findings suggest
that each of the eight clades corresponding to subspecies and distinct geographic regions deserve to be promoted
to species level.

1. Introduction

the geographical distribution of species (Taberlet et al., 1998; Avise,
2000; Hewitt, 2004a,b; Himes et al., 2008). Thus, the interaction of

The dynamics of isolation caused by geological and climatological
processes play a fundamental role in shaping the diversity and
geographical distribution of all terrestrial life forms (Ali and Aitchison,
2014). Orogenesis, the result of two tectonic plates colliding, can act
either as a barrier or as a corridor to organisms’ migration (Fouad and
Sissakian, 2011; Cox et al., 2016; Trewick, 2017). Climatic fluctuations
can play a similarly important role in shaping the genetic diversity and
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geological and climatic changes can lead up to speciation and dramatic
redistribution of species across the complex landscape (Gillespie and
Roderick, 2014). It is generally assumed that geological events form
early interspecies geographic boundaries and climate fluctuations sub-
sequently shape intra-species structures (Ahmadzadeh et al., 2013a;
Barata et al., 2012; Joger et al., 2007).

The Anatolian and Zagros Mountains are located in the Alpine-
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Himalayan belt and were created from the collision of the Arabian plate
with the European and Asian plates (Agard et al., 2005; Khadivi, 2010;
Mouthereau, 2011). The Zagros Mountains are placed in the west of the
Iranian Plateau and are extended about 1200 km along the north-west to
southeast between eastern Turkey, where the mountains join the
Anatolian Mountain range, and the Makran subduction zone in the Strait
of Hormuz (Hatzfeld et al., 2010). The mountains reflect a complex se-
ries of tectonic activities. The Zagros orogeny stretches from the Tur-
kish-Tranian border to the Makran area to the southeast
(Ellouz-Zimmermann et al., 2007; Smit et al., 2010). It is also important
to note that the Zagros probably developed during the
Oligocene-Miocene, a period characterized by major tectonic and cli-
matic changes. The tectonic deformation in the northern Zagros was
already underway in the Middle Miocene (Khadivi, 2010). The Zagros
mountain ranges with deep valleys have been referred to as the major
centers of speciation in the Irano-Anatolia area (Mohammadi et al.,
2018; Asadi et al., 2019; Goudarzi et al., 2019). The area has a high level
of species richness and endemism, thus it is considered as a biodiversity
hot-spot (Mittermeier et al., 2004; Ahmadzadeh et al., 2017; Noroozi
et al., 2018). The area was affected by both climatic and tectonic factors
that influenced the speciation processes. The Middle Miocene Climate
Transition (~15-13.7 Ma) was a major event in Cenozoic climate evo-
lution, causing global cooling, (Flower and Kennett, 1994; Foster and
Rohling, 2013; Holbourn et al., 2014) and Pleistocene climatic oscilla-
tions have played a major role in structuring current biodiversity pat-
terns and shaping the distribution of species and their genetic diversity
both at the regional and global scale (Hewitt, 2000; Hewitt, 2004a,b).
Many studies have documented that mountains surrounding the Iranian
plateau have acted as natural barriers against the dispersal of different
lizard species and as the driving force of speciation in the region ( Joger
et al., 2007; Kapli et al., 2013; Ghaedi et al. 2021). In western Iran and
neighboring regions, the species of the small Lacertini often display
fragmented ranges (Nilson et al., 2003; Arnold et al., 2007; Pavlicev and
Mayer, 2009). Rapid diversification for tribe Lacertini led to their allo-
patric and often disjunctive ranges (Carranza et al., 2004; Arnold et al.,
2007).

Apathya is a lacertid genus distributed in southeastern Turkey,
western Iran, and northern Iraq and Syria (Eiselt, 1979; Nilson et al.,
2003; Arnold et al., 2007) and currently consists of two species: Apathya
cappadocica (Werner, 1902) and Apathya yassujica (Nilson et al. 2003).
Apathya yassujica is a monotypic species restricted to the southern
Zagros Mountains in Iran (Nilson et al., 2003); A. cappadocica is a
polytypic species and broadly distributed in southeastern Turkey,
northern Iraq, Syria, and western Iran (Arnold et al., 2007; Kapli et al.,
2013). Up until now, five subspecies including A. c. cappadocica
(Werner, 1902), A. c. urmiana (Lantz and Suchow, 1934), A. c. wolteri
(Bird, 1936), A. c¢. muhtari (Eiselt, 1979), and A. c. schmidtlerorum (Eiselt,
1979) were recognized within the species. In spite of previous attempts
to identify morphological traits and genetic structures (Schmidtler and
Bischoff, 1995; Nilson et al., 2003; Arnold et al., 2007; Ilgaz et al.,
2010), the phylogenetic relationships within the genus remain unclear.
Kapli et al. (2013) showed that Apathya is a genetically diverse genus,
and in fact, the diversity of mitochondrial DNA even between intra-
specific lineages was higher than that between recognized lacertid
species. Despite the general concordance between morphological and
phylogenetic conclusions, they observed some important discrepancies;
the most impressive one was the phylogenetic position of A. c. urmiana
and its relationship with A. yassujica. Therefore, they suggested a
comprehensive investigation with more samples, in particular from Iran,
to resolve ambiguous relationships within the genus.

In the present study, we conduct a much more detailed sampling of
localities and loci, combining two mitochondrial (Cyt b and COI) and
three nuclear (C-mos, NKTR and MC1R) genes, to investigate the rela-
tionship within the genus more thoroughly. We, additionally, investi-
gate the geological and climatological processes associated with shaping
Apathyas diversity and distribution.
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2. Material and methods
2.1. Sampling, laboratory procedures and preparing dataset

We did extensive sampling and sequencing of Apathya from the west
of Iran and the south of Turkey (for more details see Table S1). Also, 44
additional specimens were retrieved from Kapli et al. (2013) and added
(see Table S1) to the generated sequence dataset. Overall 66 specimens
were analyzed and 92 new sequences were obtained in this study.
Therefore, we made a comprehensive dataset throughout of the genus
distribution range (Fig. 1). During fieldwork, a small part of the tail tip
was removed from each animal and specimens were released at the site
of capture. Tissue samples were preserved in 96 % ethanol and stored in
a freezer at — 20 °C for long-term maintenance.

Total genomic DNA was extracted with standard protocols of high-
salt and phenol-chloroform methods (Sambrook et al., 1989). Five
partial genes including two mtDNA (Cytochrome b (Cyt b) and cyto-
chrome c oxidase subunit I (COI)) and three nuclear (Oocyte maturation
factor Mos (C-mos), MelanoCortin-1 (MC1R) and Natural Killer Cell
Triggering Receptor (NKTR)) markers were used. Polymerase chain re-
actions (PCRs) were performed in a total volume of 25 ul containing
12.5 ul of Master Mix Red (Ampliqon, Copenhagen, Denmark), 0.5 ul of
each primer, 10.5 pl dd H;O, and 1 pl of template DNA (50-100 ng).
Primers and conditions used in PCR amplification for each gene are
demonstrated in Table S2. PCR products were visualized on 1 % agarose
gel. The successfully amplified PCR samples were then sent to Macrogen
(Macrogen, Seoul, South Korea) for sequencing. Sequences were edited
using Geneious Prime® V. 2021.0.0 (Biomatters, www.geneious.com).
The generated sequences were submitted to the GenBank database
(Table S1).

2.2. Alignments and phylogenetic analyses

To infer the phylogenetic relationship of Apathya lineages
throughout its distribution, we combined our newly produced sequence
data with previous published ones (see Table S1). Two species of
Podarcis (Podarcis cretensis and Podarcis pityusensis) were considered as
outgroups. The datasets of all genes were aligned with MAFFT v.6
(Katoh et al., 2019) (https://mafft.cbrc.jp/; algorithm: Auto; scoring
matrix: 200Pam/k = 2; Gap open penalty: 1.53) and were then com-
bined, resulting in a final 2156 bp alignment (Cyt b: 319 bp, COI: 368 bp,
C-mos: 351 bp, MCIR: 637 bp, and NKTR: 481 bp).

The best-fit partitioning scheme and the associated nucleotide sub-
stitution models for each partition under the Akaike’s Information Cri-
terion (Akaike, 1974) were obtained using PartitionFinder v.2 (Lanfear
et al., 2016). The best scheme was six partitions. A summary of models
for each partition is provided in Table S3.

The Maximum Likelihood (ML) inference was performed using IQ-
Tree v.1.6.12 (Nguyen et al., 2015) under the six partitions
(Table S3), and the confidence of branch supports were assessed from
1000 pseudoreplicates using the ultrafast Bootstrap (UFB) approach
(Hoang et al., 2018).

The Bayesian Inference (BI) analysis was conducted for the combined
dataset under the same partitioning scheme as in ML using MrBayes
v.3.2 (Huelsenbeck & Ronquist, 2001). The analysis was performed in
two independent runs with four chains for five million generations.
Subsampling trees and parameters were saved every 100 iterations,
which produced 50,001 trees during the analysis. Finally, 10 % of trees
were discarded as burn-in, and the remaining trees were used to
reconstruct the 50 % majority-rule consensus tree. The final standard
deviation (SD) of split frequencies was 0.0025. The parameters were
separately calculated for each partition. The performance of each run
and evaluate convergence was explored using Tracer v.1.6 (Rambaut &
Drummond, 2009).

The statistical significance of alternative tree topologies using the
Shimodaira-Hasegawa (SH) (Shimodaira and Hasegawa, 1999) was
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Fig. 1. The distribution map of Apathya. The black circles represent locations of samples that were used in the genetic analyses. The ranges of A. c. muhtari, A. c.
schmidtlerorum, A. c. cappadocica, A. c. wolteri, Turkey Clade, Urmia Clade, Baneh Clade, Ilam Clade, and A. yassujica are illustrated with light green, gray, dark blue,
pink, light blue, red, orange, dark green, and purple crosshatches, respectively. The sign of (?) shows missing data for these countries (Iraq and Syria). (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

evaluated with 1000 bootstrap pseudoreplicates likelihood ratio test
(SH-aLRT; Anisimova et al., 2011) as implemented in IQ-Tree v.1.6.12.

Uncorrected genetic distances were calculated among clades with
Mega X (Kumar et al., 2018) for mtDNA (Cyt b and COI) datasets,
separately.

2.3. Species delimitation

The Apathya genus was delimited by the General Mixed Yule Coa-
lescent (GMYC) model (Pons et al., 2006), and Bayesian implementation
of the Poisson tree processes model (bPTP: Zhang et al., 2013) using the
mtDNA sequence dataset (Cyt b and COI). The GMYC model was run in R
package SPLITS (SPecies’Limits by Threshold Statistics). The method is
available as part of the R package ‘splits’ (https://r-forge.r-project.org/
projects/splits/). An ultrametric tree obtained by BEAST was employed
for the analysis. The bPTP infers species boundaries based on phyloge-
netic trees with branch lengths representing substitutions per site,
therefore, we use the ML tree inferred with IQTree as the input file. The
analysis was run on the bPTP online web server (https://species.h-its.
org/ptp/) with 5 x 10 > MCMC generations, with a thinning of 100
and burn-in of 10 %.

2.4. Estimation of divergence times

Divergence times were estimated with BEAST v.1.7.2 (Drummond
and Rambaut, 2007) using the combined dataset (five genes, 2156 bp).
To calibrate the molecular clock, a secondary calibration approach was
taken based on the age estimated for the Apathya genus (13.6 million
years ago (henceforth Mya); Kapli et al. 2013). This calibration point
was applied at the Apathya node (normal distribution, M: 13.7, SD: 0.2).

A lognormal relaxed clock (uncorrelated) was used for all markers
(because primary runs using an uncorrelated lognormal clock revealed
ucld.stdev (8 > 0.1) for all genes) with the Yule model for the speciation
prior. The analysis was run for two million generations and sampled
every 1,000 generations. Convergence diagnostics for the MCMC ana-
lyses were assessed using Tracer v. 1.6.1.

Lineage Through Time plotting (LTT) was constructed using Tracer
v.1.6 within Apathya based on the combined dataset (five genes) to show
the diversification of extant lineages through time.

2.5. Biogeographic analysis

Biogeographic reconstructions were executed using RASP 2.1 beta
(Yu et al., 2015) for mtDNA markers (Cyt b and COI) because of the
adequate available samples and comparatively higher mutation rate. For
reconstructing the possible ancestral range of Apathya species, we used
two different methods including the statistical dispersal-vicariance (S-
DIVA, Yu et al., 2010) and Bayesian binary MCMC (BBM, Yu et al., 2010)
analyses. As a result of phylogenetic analysis, nine different areas were
considered within their distribution range (see results). Four areas
settled in Iran through the north-south Zagros Mountains included
Urmia, Baneh, Ilam and Yassuj and five regions were placed mostly in
the south of Turkey (see Fig. 1). To take into account phylogenetic un-
certainty, 20,000 trees generated from the Mr Bayes tree were set as the
input file for S-DIVA. The BBM analysis was run for 5 x 10 ® generations
under ten MCMC and the sampling frequency was every 100 genera-
tions. The Jukes-Cantor model with equal among-site rate variation was
used for the BBM analysis.

TCS network constructed in PopART v1.7 (Leigh and Bryant, 2015)
for combined of three nuDNA genes.
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3. Results
3.1. Phylogenetic analyses

The constructed phylogenetic trees from the combined genes showed
the same topologies for both ML and BI trees. Eight strongly supported
major clades were recovered within Apathya which were divided into
two monophyletic clades referred to as groups. Group 1 included A. c.
cappadocica, A. c. muhtari and A. c. wolteri with high support values (BS
=100 %, PP = 1.00), which occur in Anatolia. Group 2 containing four
clades (Urmia Clade, Baneh Clade, Ilam Clade, and A. yassujica) from
Iran and one clade (Turkey Clade) from Anatolia were well separated
from each other with high support values (Fig S1). Based on the
phylogenetic tree, A. cappadocica (including A. c. cappadocica, A. c.
mubhtari, A. c. wolteri, Urmia Clade, Baneh Clade and Ilam Clade) and
A. c. urmiana (i.e. Urmia Clade, Baneh Clade, Ilam Clade) are para-
phyletic groups.

The topological analyses indicated that SH-aLRT in the main clade
was higher than 90 %. Also, eight clades (A. c. cappadocica, A. c. muhtari
and A. c. wolteri (group 1); Turkey Clade, Urmia Clade, Baneh Clade,
Ilam Clade and A. yassujica (group 2) well supported.

Uncorrected genetic distances between clades were approximately
5-17 % (Cyt b) and 4-19 % (COI). Apathya yassujica had the maximum
genetic distance among other clades, and the genetic distance of A. c.
schmidtlerorum with A. c. muhtari was the lowest for COI gene (Table 1).

3.2. Species delimitation

The GMYC model identified 19 genetic clusters, while PTP identified
nine putative species within the genus.

3.3. Estimation of divergence times

Based on the calibrated tree, Apathya species diverged two main
groups at 13.79 Mya (95 % highest posterior density (henceforth HPD):
13.31 -14.07 Mya). The diversification within group 1 happened at 6.28
Mya (95 % HPD: 4.67 — 7.89 Mya). A. c. cappadocica, and A. c. wolteri
were separated from each other at 2.76 Mya (95 % HPD: 1.93 - 3.94
Mya). Diversification within group 2 occurred 9.85 Mya (95 % HPD:
7.78 —11.72 Mya), Baneh Clade derived from Turkey Clade-Urmia Clade
at 4.05 (95 % HPD: 3.19 — 5.82 Mya), and the split of Turkey Clade/
Urmia Clade happened almost 2.86 Mya (95 % HPD: 1.84 — 3.98 Mya).
Ilam Clade, and A. yassujica split 5.95 Mya (95 % HPD: 4.31 - 7.69 Mya,
Fig. 2).

The LTT plot indicated that diversification over time within the
Apathya was happened around 13 Mya with an increasing slope to
present (Fig. 3).

3.4. Biogeographic analysis
S-DIVA analysis indicated four nodes of dispersal (69, 92, 117 and

118) and eight nodes of vicariance (68, 91, 92, 99, 102, 116, 117 and
118) events (Fig. 4a). The BBM analysis showed both dispersal and
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vicariance events in eight nodes (i.e. 68, 91, 92, 99, 102, 116, 117 and
118 (Fig. 4b).

The TCS network showed that major clades were placed far from
others without any shared haplotypes. Two main groups separate
completely with several step-mutations (Fig. S2).

4. Discussion

We carried out an extensive study on the genus Apathya to recon-
struct its evolutionary history and assess the genus’ species diversity.
Our results suggest that several clades within the two currently species
of the genus may correspond to distinct species and do not match the
subspecific arrangement based on morphology.

4.1. Phylogenetic relationships

The phylogenetic trees using multilocus DNA sequences revealed
eight monphyletic clades within the genus (Fig. S1) without any shared
haplotypes for nuclear genes (Fig. S2). All clades were divided into two
main groups. The first one comprised of Anatolian lineages (A. c. cap-
padocica, A. c. muhtari, A. c. wolteri), and the second included Iranian
clades (Urmia Clade, Baneh Clade, Ilam Clade, and A. yassujica) with one
clade from Anatolia (Turkey Clade). Based on the study, A. c. schmidt-
lerorum and A. c. muhtari have low genetic distances and phylogenetic
differentiation (Fig. S1 and Table 1). Despite this, according to the
pervious researches, they form distinct clades with proteins methods
and morphologies features (Nilson et al., 2003; Ilgaz et al., 2010). Be-
sides, Hosseinian Yousefkhani et al. (2019) studied niche overlap and
niche differentiation between clades of Apathya. They indicated that
A. c. schmidtlerorum has niche similarity with other subspecies. Also,
Kapli et al. (2013) mentioned that there is not any genetic distance
between these two subspecies (A. c. muhtari and A. c. schmidtlerorum).

In contrast to previous studies (Nilson et al., 2003; Kapli et al., 2013;
Hosseinian Yousefkhani et al., 2019), the results of the current study
showed four clades within A. c. urmiana (i.e. throughout the distribution
range of the subspecies). Although, the lineages are not grouped ac-
cording to the current taxonomy in the case of A. c. urmiana. Based on
previous reports, two subspecies of A. cappadocica were recorded from
Iran (i.e. A. c. urmiana and A. c. muhtari) (Bahmani et al., 2012). How-
ever, our investigation indicated that some samples from Baneh in
Kurdistan Province of Iran which were assigned to A. c. muhtari, were
placed in a separate clade near the clade of A. c. urmiana (Fig. 2). Also,
the Baneh samples showed a high genetic distance from A. c. muhtari
(about 16 %).

Contrary to the previous expectation, more genetic structuring was
recognized within the genus. The previous assumption consisted of five
subspecies within the polytypic species (A. cappadocica) including A. c.
cappadocica, A. c. muhtari, A. c. schmidtlerorum, A. c. urmiana and A. c.
wolteri. In the current research, the results of GMYC and bPTP indicated
19 and nine lineages within the genus, respectively. Lohse (2009)
mentioned that the results of GMYC model may overestimate the species
number and it could also artificially yield clusters recognized as separate
species when approximately less than 20 % of all demes were sampled.

Table 1
Uncorrected genetic p-distances within Apathya clades using Cyt b (above matrix) and COI (below matrix).
A. c. cappadocica A. c.wolteri A.c. muhtari A. c. schmidtlerorum Turkey Clade Urmia Clade Baneh Clade A. yassujica

A.c. cappadocica 0.050 0.115 0.122 0.159 0.134 0.135 0.144
A. c.wolteri 0.063 0.109 0.118 0.161 0.127 0.151 0.146
A.c. muhtari 0.114 0.115 0.051 0.157 0.144 0.139 0.175
A. c. schmidtlerorum 0.110 0.112 0.042 0.167 0.141 0.138 0.168
Turkey Clade 0.187 0.188 0.167 0.178 0.093 0.081 0.150
Urmia Clade 0.161 0.169 0.163 0.169 0.061 0.076 0.136
Baneh Clade 0.172 0.175 0.163 0.167 0.089 0.072 0.150
A. yassujica 0.154 0.158 0.147 0.148 0.128 0.119 0.105
Ilam Clade 0.155 0.161 0.143 0.153 0.116 0.116 0.117 0.089
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However, the bPTP model is more conservative. Taking together, our
findings of species delimitations and genetic distances, along with the
phylogeny of multiple genes and the haplotype network, especially
unresolved the branch of A. c. schmidtlerorum (Fig S1) indicated eight
resolved evolutionary entities within Apathya. Kapli et al. (2013) iden-
tified five supported lineages for the genus and reported a new popu-
lation from Syria (A. c. cf. wolteri). Since there is no access to the
comprehensive dataset from this region, we excluded the population.
Extensive sampling in the current study (especially within Iranian

boundaries) provides a more robust phylogenetic inference and clarified
the mystery phylogenetic status of lineages within the genus.

4.2. Evolutionary history of Apathya

In recent years, several studies indicated that the genetic structures
and distribution patterns of many species are related to past climate
change in the Irano-Anatolian region (Farasat et al., 2016; Afroosheh
etal., 2019; Aghbolaghi et al., 2020). The diversification within Apathya
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began mid-Miocene (13.79 Mya; 95 % HPD: 13.31 — 14.07) and at that
time two main clades of the genus were separated from each other. LTT
plot shows the diversification within the genus happened about 13 Mya
rapidly with a significant level of diversification over time (Fig. 3). At
this time Middle Miocene Climate Transition (MMCT) occurred and the
global temperature was significantly reduced (Zachos et al., 2001;
Shevenell et al., 2004) and influenced to the separation of main clades.
Besides an early phase of contractional deformation of the Zagros
Mountains happened in the Middle Miocene (since 15 Mya; Carminati
et al., 2016).

According to several studies Anatolia was the origin of many lacertid
species (Ghane-Ameleh et al.,, 2021; Ahmadzadeh et al., 2013a).
Therefore, it is assumed that the ancestral of Apathya has colonized Iran
and spread to Anatolia was then split into several clades. Considering
previous study (Rogl, 1999), the Tethys passage has been opened during
the Langhian (15.97-13.65 Mya). It is suggested that the hypothesized
ancestral of Apathya could disperse to Iran and were then diverged two
clades of Iran and Anatolia after closing the way during the Seravalian
(13.65-11.62) (Kapli et al., 2013). Therefore, the area was contracted by
both climatic and tectonic factors that influenced on the speciation.
Anatolian clades diverged from each other because of the orogeny ac-
tivity of Pontides, Lesser Caucasus, and Taurus mountains. A. c. muhtari-
separated from A. c. cappadocica and A. c. wolteri during 6.28 (95 % HPD:
4.67 — 7.89 Mya). Subsequently, some groups fragmented in Iran
boundaries by forming the Zagros Mountains.

Also, Pleistocene climatic oscillations have the role of microevolu-
tionary processes and also responsible for shaping intra-species struc-
tures by isolation populations in different refugia (Hewitt, 2000;
Widmer and Lexer, 2001; Ahmadzadeh et al., 2012; Saberi-Pirooz et al.,
2021). Several studies indicated that many species’ genetic structures
and distribution patterns are related to past climate change in the Irano-
Anatolian region (Farasat et al., 2016; Afroosheh et al., 2019; Aghbo-
laghi et al., 2020). The uplifting of the Zagros mountains has happened
by the Arabian plate indentation into Iran during the late Miocene
during that time another phase of contractional tectonics was generated
(Macey et al., 1998; Carminati et al., 2016), and led to the separation of
A. yasujica and Ilam Clade from other clades in the second main clade.
Following that due to the continuing southern Zagros mountain uplift
activity the separation of A. yasujica and Ilam Clade has happened. Also,
the role of the Zagros Mountains orogeny in the separation of Baneh,
Urmia, and Turkey clades is undeniable. It seems the uplifting of the
mountains has probably contributed to allopatric speciation and diver-
sification within aridification as well as deep valley as a result of
providing different macroclimate conditions for each clade (Hosseinian
Yousefkhani et al., 2019). The results of BBM and SDIVA confirmed that
multiple vicariance events occurred within the genus (Fig. 4). The
mountain acted as a natural barrier to the dispersal of the genus to the
Iranian plateau. This fact reinforces by other lizard genera (Iranolacerta,
Saara, Timon) which have been distributed in this region (Ahmadzadeh
et al., 2012; Ahmadzadeh et al., 2013b; Ghaedi et al. 2021). Taking
together, Irano-Anatolian region plays a crucial role in the diversifica-
tion of small vertebrates (Torki et al., 2011; Ahmadzadeh et al., 2012;
Hendrix et al., 2014; Aghbolaghi et al., 2019). Past climate change and
orogeny activities have had an impact on the genetic structure and
distribution patterns of multiple species in the Irano-Anatolian region
(Farasat et al., 2016; Afroosheh et al., 2019; Aghbolaghi et al., 2020).

In this study, we investigated a comprehensive dataset from the most
distribution range of Apathya with different genetically aspects. Our
data indicated that eight lineages are well-established within the genus
that are separated each other completely. Recent studies about niche
overlap and niche differentiation (Hosseinian Yousefkhani et al., 2019)
and also other genetic studies (Kapli et al., 2013) are in line with our
findings. Therefore, we suggest that three subspecies (A. c. cappadocica,
A. c. muhtari, and A. c. wolteri) promote at the species level. Also, the
distribution boundary of A. c. urmiana modify and just restrict to the
north east of Iran. Afterwards, Turkey, Baneh and Ilam clades describe as
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a new species.
5. Conclusion

We investigated the phylogenetic relationship within Apathya with
extensive sampling along the distribution range of the species especially
the Iranian boundaries. We identified eight well supported clades within
the genus and based on the genetic data these clades are separated from
each other with high genetic distances. Furthermore, our results suggest
that the lineages within the genus colonized to the west of the Zagros
Mountains from Anatolia. We assumed that orogenic activities and
climate fluctuations caused clades within the genus to separate. Our
comprehensive molecular dataset reveals eight distinct clades within the
genus, and we suggest that they should be classified at the species level.
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