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Abstract—76 sequences of the cytb gene region of mitochondrial DNA (1143 bp) and 27 sequences of i7 B-fib
nuclear DNA (483 bp) of Lacerta strigata from 57 localities in Abkhazia, Azerbaijan, Armenia, Georgia, Iran,
and Russia were analyzed. A large number of new samples were included in analysis with special focus to the
species’ range at the Caucasus Isthmus. An identical topology and four supported clades (lineages) resulted
for both mtDNA and sequences combined with nucle DNA (Bayesian and Maximum Likelihood). Four hap-
logroups (clusters) have been identified in the median cyzbh haplotype network. The lizards of clade A (hap-
logroup I) are widespread throughout the species range, while lizards of clade D (haplogroup 1V) show the
most limited distrubytion. No genetically unique populations of L. strigata were detected in the Caucasian
xerophilous refugia. Also, no genetically distinct populations of the species were recorded in the Hyrcanian
refugium (Southern Caspian region). An exception is the East Hyrcanian refugium, that is characterized by
the most distant clade D (IV). The territory of Ciscaucasia and the Transcaucasian depression are occupied
by a single clade each: A (I) and B (II), respectively. We detected several clades distributed in the four geo-
graphic areas (contact zones): in the Greater Caucasus, Alborz, Armenian Highland, and West Turkmenian
Lowland. We associate the divergence of the L. strigata phylogenetic lineage with the Turkmen-Khorasan
and, in particular, the Kopet Dag orogeny, as well as with the Late Miocene fluctuations in the level of the
Eastern Paratethys, while the leading factor of intraspecific differentiation is the Pleistocene regressions and
transgressions of the Caspian Sea. According to the current distribution pattern and species evolutionary his-

tory, L. strigata should be assigned to the Hyrcano-Caucasian zoogeographic group.
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INTRODUCTION

The Caspian green lizard, Lacerta strigata
Eichwald, 1831, is the only species of the genus Lacerta
Linnaeus, 1758, which lives throughout the southern
and western Caspian region and practically does not
occur beyond the Caucasus ecoregion and Alborz
(Darevskij, 1984; Tuniyev et al., 2009). It is confinred
to areas with grassy, steppe, mountain-steppe, and
semi-desert vegetation and settles in thickets along the
banks of watercourses, near swamps and unflooded
meadows, and on the edges of steppe forests, penetrat-
ing along river valleys into the mid-mountain areas up
to an altitude of 2500 m above sea level (Bannikov
etal., 1977). Starting from the first half of the
20th century, its phylogenetic position has repeatedly
become a subject of discussion. For example, Cyrén
(1924) placed “ Lacerta viridis var. strigata” among the
most basal taxa in the “Lacerta agilis-viridis-ocellata-

Gruppe”. The study of the chromosome sets of lacertid
lizards showed that L. strigata has interpopulation
chromosomal differences and, in addition, a pair of
small submetacentric chromosomes, which distin-
guishes its karyotype from the karyotype typical of
green lizards (Orlova and Orlov, 1969; Darevskij,
1984). Comparison of external morphological traits of
green lizards made it possible to identify a number of
plesiomorphic features in L. strigata (Schmidtler,
1986). Hybridization experiments demonstrated the
greatest reproductive isolation of L. strigata from other
species of the genus (Rykena, 1996). Roytberg (1994)
believed that the absence of intraspecific morphologi-
cal differentiation in L. strigata may indicate its later
divergence (or, at least, dispersal) compared to the
extremely variable sand lizard (L. agilis Linnaeus
1758), which forms many subspecies and morpho-
types. According to another version of this author, the
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lower degree of phenetic differentiation of L. strigata,
which is manifested both at the micro- and macrogeo-
graphic levels, may indicate the influence on its evolu-
tion of not only historical processes, but also factors
associated with the canalization of morphogenesis
(according to Schmalhausen, 1968).

Original hypotheses about the phylogeny of
L. strigata and the formation of its range in terms of
the genesis of the herpetofauna of the Caspian region
were proposed. Cyrén (1924) believed that the center
of its speciation was on the Iranian Plateau, from
where it penetrated into the central part of the Alborz
foothills and then distributed along this mountain
range to the east and west; in his opinion, the procho-
resis in the Caucasus proceeded from the western Cas-
pian region. Leister (1930) believed that “L. viridis
strigata”, on the contrary, arose in Europe, and the
territory of Iran was colonized by this species at the
final stages of the formation of its range. Darevsky
(1959) outlined a possible route of penetration of this
species into the Sevan Basin in Armenia from the
south from Araks, and Muskhelishvili (1966) assumed
that it penetrated into Georgia from the south and
southeast from the territory of Armenia, excluding its
penetration from the southwest. Later, Darevsky
(1977) suggested that the records of L. strigata in the
south of Turkmenistan could be explained by recent
colonization, probably from the Caucasus, where, in
his opinion, the evolutionary radiation of green lizards
occurred (Darevsky, 1990). Shcherbak (1994) was of
the same opinion. Tertyshnikov and Vysotin (1986)
believed that the colonization of the sandy massifs of
the Terek-Kuma Lowland in the Ciscaucasia by the
sand lizard and L. strigata occurred in the periods of
climate humidification in the Holocene during the
transformation of the desert into steppe, along the valleys
of the Kuma (from the Stavropol Upland), Terek, and
the North Caucasian Kura (from the foothills of the
Greater Caucasus). Lotiev and Tuniyev (2017) suggested
the formation of the modern range of the species in the
Holocene and the dispersal of L. strigata to Eastern
Transcaucasia through the Kura Depression.

The use of genetic methods made it possible to
clarify the phylogenetic position of the species. On the
basis of analysis of a mitochondrial cytb gene fragment
of green lizards, Kalyabina-Hauf and Ananjeva (2004)
concluded that L. strigata was the first to diverge from
a common ancestor. Godinho et al. (2005), based on
the analysis of a fragment of the 125 and 165 rRNA
genes, suggested that L. strigata is a sister species to L.
agilis, and based on the analysis of the cyrb gene, it is
sister to all studied species of the genus. Ahmadzadeh
et al. (2013a), using a set of markers similar to the set
used in the previous work, showed that this species is
sister to L. viridis and L. bilineata. According to the
data of Kornilios et al. (2019) on cyth, L. strigata
diverged at the first stage of species radiation of the
genus of green lizards approximately 11.1 (9.1—13.7)
million years ago.

Saberi-Pirooz et al. (2021) published a special work
on the phylogeny of L. strigata (cytb, 125, C-mos, and
B-fib) and on the effect of climatic fluctuations in
Pleistocene on the genetic diversity of this species.
According to their data, samples from the eastern part
of the range formed a separate regional “eastern”
clade, and other individuals from the central and west-
ern parts of the range formed the “western” clade,
which divided into two poorly isolated subclades (a
and b). According to their calculations, L. strigata was
the first to diverge from the common ancestor of green
lizards 10.6 (8.20—12.93) million years ago. The age of
intraspecific divergence is estimated at 1.1 (0.57—1.58)
million years. It should be noted that verification of
the hypotheses and constructions proposed above is
complicated by the complete absence of finds of the
species in the paleontological record.

In the cited publications of the last two decades,
the main material for research was collected in the ter-
ritory of Iran, whereas the phylogeography and phylo-
genetic relationships of the populations of the Cauca-
sian Isthmus remain poorly studied. It should be noted
that the Caucasus ecoregion (including parts of north-
ern Iran and northeastern Turkey) contains the major
part of the distribution area and record points of
L. strigata: according to our cadastre, more than 95%
of the species records were made here. The presence of
herpetofauna refugia in this area (L. strigata occurs in
five of them) (Tuniyev, 1995; Tuniyev et al., 2019) may
indicate the possibility of discovering genetically
unique populations. Of particular interest in this
regard are the isolated enclave on the Black Sea coast
in Abkhazia (the distance between it and the nearest
known record points of L. strigata in Transcaucasia is
approximately 200 km) (Rudik, 1986; Doronin et al.,
2018) and the populations of the Terek-Kuma Low-
land. In the Caucasus, finding a refugium indicating
ancient colonization of the region or confirming a rel-
atively recent dispersal of this species can be expected.

Previously, based on the results of studies of exter-
nal morphology, it was proposed to consider the groups
of populations of L. strigata of the Caucasian Isthmus
and Alborz as independent subspecies (Cyrén, 1924,
1933; Darevskij, 1984; Schmidtler, 1986), which also
requires verification.

In a significant part of its range, L. strigata is one of
the most common reptile species, with a population
density of tens and even hundreds of individuals per
hectare (Bannikov et al., 1977; our data). However, on
the periphery of its distribution area, its population
size significantly decreases. For this reason, in a num-
ber of regions, the species received a protected status
or its inclusion in the list of protected taxa was pro-
posed. This applies to the territory of Kalmykia
(Zhdokova, 2013), Krasnodar Krai (Ostrovskikh,
2017), and Turkmenistan (Shestopal and Rustamov,
2018). Isolated Abkhazian populations also should be
added to this list. The obtained data on genetic diver-
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Fig. 1. Collection points of Lacerta strigata specimens used for molecular genetic analysis. Mitochondrial clades: A—yellow, B—
blue, C—red, D—green. The locality (no. 32) from which only the B-fib sequence is available is shown in white. The numbering

and letter designations correspond to those in Table 1.

sity will make it possible to assess their uniqueness and
will help to develop conservation measures.

The aim of this work was to perform a genetic anal-
ysis of L. strigata specimens from the areas that were
not previously covered by sampling points and to com-
pare new data with the results of previous studies and
the hypotheses on the history of the species' range for-
mation. Since some of the L. strigata samples originate
from the zone of sympatry with L. agilis, the possibil-
ity of hybridization of these species in natural condi-
tions was also studied.

MATERIALS AND METHODS

Genomic DNA was isolated from parts of regener-
ated tails or phalanges of the forelimb digits of lizards,
whcih were fixed in 96% ethanol. Thirty-nine voucher
specimens and tissue fragments are stored in the col-
lection of the Herpetology Laboratory of the Zoolog-
ical Institute of the Russian Academy of Sciences
(ZISP and ZISP TS). A total of 76 sequences of the
mitochondrial cytochrome b gene (cytb, 1143 bp) and
27 sequences of the nuclear gene region of intron 7 of

BIOLOGY BULLETIN  Vol. 52:230 2025

beta-fibrinogen (B-fib, 483 bp) from 57 localities
(Table 1, Fig. 1) were included in the phylogenetic
analysis. Of these, 48 sequences were obtained during
the studies, and 55 sequeces were taken from Gen-
Bank (http://www.ncbi.nlm.nih.gov/gene/). As noted
above, these genetic markers have previously been
used in studies of the phylogeny and phylogeography
of the species.

Total DNA was isolated using the standard salt
method with proteinase K lysis (Aljanabi and Marti-
nez, 1997). The cytb gene was amplified using the
primer pair GluDG 5'-GCC CCA AAA TAA GGA
GAT GG-3"and ThR 5-TAG TGA TGG GGG ATT
AAA GC-3' was used (Marzahn et al., 2016; Kukush-
kin et al., 2020) under the following conditions: initial
denaturation at 95°C for 3 min, then 32 cycles (at 95°C
for 30 s, at 56°C for 30 s, and at 72°C for 90 s), and
final elongation at 72°C for 5 min.

The B-fib region was amplified using the primer
pair FIB-BI7U 5'-GGA GAA AAC AGG ACA ATG
ACA ATT CAC-3"and FIB-BI7L 5'-TCC CCA GTA
GTA TCT GCC ATT AGG GTT-3' (Prychitko and
Moore, 1997) under the following conditions: initial
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Table 2. Genetic diversity indices in the studied sample of Lacerta strigata according to the analysis of gene fragment
sequences cytb (1143 bp)

Clades n S/M h T K Tajima’s D Fu’s Fs

A 34 16/16 0.62 £0.10 | 0.002 = 0.0004 1.32 —2.20 (p<0.01) —3.11 (p <0.05)

B 12 8/8 0.77 £0.13 | 0.002 = 0.0005 1.61 —1.57 (p > 0.1) —1.49 (p > 0.1)

C 20 11/11 0.83 £0.06| 0.002 %+ 0.0005 2.13 —1L11 (p>0.1) —1.20 (p > 0.1)

D 10 3/3 0.38 £0.18 | 0.001 £ 0.0004 0.6 |—1.56 (0.1 >p>0.05) —1.78 (p > 0.1)
Total 76 49/49 0.90 = 0.02 0.01 £ 0.001 7.83 —0.71 (p > 0.1) —2.04 (0.1 > p>0.05)

n—Sample size, S—total number of polymorphic positions, n—total number of substitutions, #—haplotype diversity, T—nucleotide

diversity per site, K—mean number of nucleotide substitutions, Tajima’s D—Tajima’s test value, Fu’s Fs—Fu’s neutrality test value.

denaturation at 95°C for 3 min, then 30 cycles (at 95°C
for 30 s, at 60°C for 30 s, and at 72°C for 50 s), and
final elongation at 72°C for 5 min.

The PCR reaction mixture (25 uL) contained 50—
100 ng of DNA, 0.5 uM of each primer, 0.2 mM
dNTPs, 1.5 mM MgCl,, 2.5 uL of 10x PCR buffer
(10 mM Tris-HCI (pH 8.3) and 50 mM KCI), and
2 units of Taq polymerase (Thermo Scientific).
Sequencing was performed in an ABI PRIZM 3500xL
genetic analyzer (Applied Biosystems).

Sequence alignment was performed using Gene-
ious Prime 2021.0.1 (https://www.geneious.com) and
AliView 1.6 software (Larsson, 2014). Phylogenetic
relationships were reconstructed using the Bayesian
analysis (BA) in Mr. Bayes 3.1.2 software (Huelsen-
beck and Ronquist, 2001; Ronquist and Huelsenbeck,
2003; Altekar et al., 2004) and the maximum likeli-
hood (ML) method in the MEGA X software package
(Kumar et al., 2018). For the combined mtDNA and
nDNA sequence dataset, the ML method was used in
RAXML software (Stamatakis 2016) via CIPRES Sci-
ence Gateway V. 3.3 (http://www.phylo.org/sub_sec-
tions/portal/) (Miller et al.,, 2010). We used the
RAXML-HPC BlackBox tool with 10000 bootstrap
iterations followed by ML search using the General-
Time-Reversible (GTR) algorithm and gamma-dis-
tributed substitution rates (GTR+G) for each section
independently. For BA, 5 million generations were
used; the statistical significance of ML tree nodes was
assessed by bootstrap analysis (1500 pseudo-repli-
cates). The robustness of dendogram nodes in case of
Bayesian analysis was assessed by calculating posterior
probabilities. The node support level of 0.95 is high,
0.90—0.95 is average, and less than 0.90 is unsup-
ported. Bootstrap support values in ML analysis are as
follows: more than 75% is significant, 50—75% is a
trend, and less than 50% is unsupported (Felsenstein,
2004).

The model of evolution for nucleotide sequences
was selected in the MrModeltest 2.4 software
(Nylander, 2004) using the Akaike information crite-
rion (AIC): GTR + G for cyth and GTR+G for B-fib.

Graphic images of trees were obtained using the
FigTree 1.4.4 software (http://tree.bio.ed.ac.uk/soft-

BIOLOGY BULLETIN  Vol. 52:230 2025

ware/figtree). The haplotype network was constructed
using the TCS method in the PopART software (Leigh
and Bryant, 2015). When analyzing genetic variability
using the DnaSP v.5.10.01 software (Librado and
Rozas, 2009), the following parameters were calcu-
lated: the total number of polymorphic positions (.5),
the total number of substitutions (1), the number of
haplotypes (H), the diversity of haplotypes (%), the
diversity of nucleotides per site (1), the average num-
ber of nucleotide substitutions (K), the Tajima test
value (Tajima’s D), and the Fu neutrality test (Fu’s
Fs). Genetic distances (p-distances) were calculated in
the MEGA X software.

To identify taxonomic boundaries by molecular
genetic features, the ASAP (Automated simultaneous
analysis phylogenetics) (Sarkar et al., 2008) and
ABGD (Automatic barcode gap discovery) (Puillan-
dre et al., 2012) algorithms were used. They allow des-
ignating conditional molecular operational taxonomic
units (MOTUs), which are monophyletic clades of
uncertain rank. The analysis was performed using the
following parameters: Pmin (minimum a priori dis-
tance) = 0.01, Pmax (maximum a priori distance) = 0.1,
and X (relative interval width) = 0.5; a matrix of pairwise
K80 distances was used.

RESULTS

All new sequences were deposited in GenBank
(NCBI) wunder accession numbers 0Q914981—
0Q915016 and 0Q915467—0Q915477.

The 76 cytb gene sequences form 36 haplotypes. A
total of 49 (4.3% of the total fragment length) variable
positions were identified, 29 (2.5%) of which are
wereparsimony-informative. The ratio of transitions
to transversions was 6.96. The indices of genetic diver-
sity in the sample are given in Table 2.

The 27 B-fib gene sequences of L. strigata form
seven haplotypes. Seven (1% of the total fragment
length) variable positions were revealed, 5 (0.71%) of
which were parsimony-informative. The ratio of tran-
sitions to transversions was 1.37. The indices of genetic
diversity in the sample were as follows: S=7,1 =9,
h= 042 (£ 0.08), = = 0.002 (* 0.001), K = 0.917,
Tajima’s D=—1.48 (p > 0.1), Fu’s Fs=—1.33 (p > 0.1).
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Fig. 2. Dendrogram of phylogenetic relationships of Lacerta strigata representatives based on the analysis of the cyth gene
(1143 bp). Bayesian posterior probabilities and bootstrap supports (BA/BS) are indicated at the nodes. Letter designations of
clades correspond to those in Tables 1 and 2. The selected molecular operational taxonomic units (MOTUs) are indicated in dif-

ferent colors in two columns.

The results of the reconstruction of the phyloge-
netic relationships of representatives of this species
(cytb and cytb + B-fib) were used to construct dendro-
grams with identical topology, on which four sup-
ported clades can be distinguished (Figs. 2, 3). The
minimum value of uncorrected genetic distances
(p-distance) was found between clades A and B
(0.53%); the maximum value, between clades A and D
(2.95%) (Table 3). As mentioned above, two clades
with two subclades were previously known for

Table 3. Mean genetic p-distances (%) (below the diagonal)
and their standard deviations (above the diagonal) between
clades of Lacerta strigata based on cytbh (1143 bp) gene frag-
ment sequence analysis

Clades A B C D
A 0.22 0.30 0.60
B 0.53 0.26 0.58
C 0.84 0.72 0.53
D 2.95 2.80 2.33

L. strigata (Saberi-Pirooz et al., 2021). If we apply the

hierarchical approach used by these authors', then in
our case we will also obtain a division into two clades,
one of which is formed by three subclades.

Four haplogroups (clusters) can be identified on
the obtained median network of cyth haplotypes
(Fig. 4). Haplogroup 1V is the most distant from all
the others: it is located 23 nucleotide substitutions
away from I, 24 from haplotype 11, and 16 from haplo-
type I1I. Unlike the network for cyzb, the differences
between B-fib haplotypes are represented mainly by
single-mutation transitions, and the predicted haplo-
types are practically absent (Fig. 5). The network
showed the conserved nature of this marker due to its
relatively low variability.

LAt present, there is no single approach to describing phyloge-
netic trees. For example, the terms “clade” and “subclade” (the
term “lineage” should be added to this list) denote a monophy-
letic group of organisms containing a common ancestor and all
its direct descendants, i.e., the same entire “clade” (Cracraft
and Donoghue, 2004).

BIOLOGY BULLETIN  Vol. 52:230 2025
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Fig. 3. Dendrogram of phylogenetic relationships of Lacerta strigata representatives based on cyth + [-fib analysis (1626 bp).
Bayesian posterior probabilities and bootstrap supports (BA/BS) are indicated at nodes. Letter designations of clades correspond

to those in Tables 1 and 2.

Relatively high 4 values and low 7 values in
L. strigata are characteristic of populations with rapid
population growth from an initially small number of
founders in case when the elapsed time is sufficient for
the restoration of haplotypic variability through the
mutation process but insufficient for accumlation of
significant differences between nucleotide sequences
(Abramson, 2007). Low values of other indices of
genetic diversity (5, 1, and K) may also indicate a pos-
sible recent dispersal of L. strigata. The minimum
indices of haplotypic and nucleotide diversity were
found in clade D. Negative values of Tajima’s D and
Fu’s Fs neutrality tests (although they are not statisti-
cally significant) may also indicate expansive popula-
tion growth in the past and/or positive selection (Fu,
1997; Grant, 2015).

In our study of the variability of the mitochondrial
gene fragment of the first subunit of cytochrome oxi-
dase (COI) for L. strigata, the lowest genetic diversity
indices among green lizards of the Caucasus and adja-
cent territories were also obtained (Doronina et al.,
2023).

The ASAP/ABGD analysis showed a clear gap
between the values of population variability (treshold
distance = 1.40%, barcoding gap = 3.40%). The use of
these algorithms allowed us to identify two and one
monophyletic MOTU, respectively, in L. strigata vol-
ume (Fig. 2). In the first case, clade D was delimited.

BIOLOGY BULLETIN  Vol. 52:230 2025

In seven studied syntopic and sympatric popula-
tions of L. agilis and L. strigata (Abkhazia: Sukhum;
Russia: Aleksandrovskoe, Zolskaya, Makhachkala,
Pyatigorsk, Staropavlovskaya; Georgia: Tianeti),
genetic characters of interspecific hybridization (bor-
rowing mtDNA and heterozygosity for nDNA) were
not detected. This confirms the conclusions of Royt-
berg (1982), made on the basis of studying external
morphology, about the absence of crossing of this pair
of species in nature.

DISCUSSION

On the basis of the analysis of phylogenetic den-
drograms and the median network of cyrb haplotypes,
in which clade D or group IV of haplotypes occupies a
basal position, it can be assumed that the isolation of
the species is associated with the area in the southeast-
ern Caspian region adjacent to Kopet Dag or with the
Turkmen-Khorasan Mountains in a broader sense.
The beginning of the formation of these mountains is
attributed to the Late Miocene (9.75—7.65 million
years ago), to the era of the Alpine orogeny (Sborsh-
chikov et al., 1981). At this time, the divergence of the
L. strigata phylogenetic lineage also occurred (Kornil-
ios et al., 2019; Saberi-Pirooz et al., 2021). This dating
is also consistent with the early divergence of a number
of other reptile groups in West and Central Asia and
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Fig. 4. Median network of cytb haplotypes of Lacerta strigata representatives (1143 bp). Each colored circle is a unique haplotype;
the size of the icon is proportional to its occurrence in the sample, its color corresponds to the color of the clade in Figs. 1 and 2.
Connecting lines are probable evolutionary relationships, notches are nucleotide substitutions, black circles at the nodes of the
lines are predicted haplotypes. Geographic regions are indicated by colored fill. Haplotype groups are delimited by a dotted line.

Roman numerals are numbers of haplotype groups.

suggests parallelism in the evolution of regional biota
determined by environmental changes (Guo et al.,
2004; Jablonski et al., 2023).

Along with orogeny, large-scale and frequent fluc-
tuations in the level of the Eastern Paratethys in the
Late Miocene, which also covered the territories of the
modern southeastern Caspian region (Palcu et al.,
2021), could also cause the isolation of the species.
This territory of the species formation did not experi-
ence complete flooding by the waters of the Akchagyl
and Apsheron transgressive basins (Popov et al., 2004,
2006; Svitoch, 2015, 2016), and mountain glaciation
in the Pleistocene in the Kopet Dag Mountains,
according to available data, did not develop (Dumi-
tragko, 1982) and was small-scale in the subsequent
period (Selivanov, 1984). Probably, this allowed the
most genetically isolated clade of the species to sur-
vive. It is known that Kopet Dag is characterized by
pronounced endemism of reptiles (Darevsky, 1981;
Shcherbak, 1994). Using the phylogeny and phyloge-
ography of rock lizards of the genus Darevskia Arribas,
1999 (Ahmadzadeh et al., 2013) and the Caucasian pit
viper, Gloydius caucasicus (Nikolsky, 1916) (Asadi

et al., 2019) as an example, the importance of the east-
ern part of Alborz and Kopet Dag as a center of specia-
tion and refugium was shown. Apparently, from this
territory, L. strigata penetrated into the Caucasus
along the Alborz mountain range (clade C/hap-
logroup III) in the Pleistocene, which was shown ear-
lier (Saberi-Pirooz et al., 2021). This contradicts the
hypothesis of the Caucasian origin of the species, i.e.,
its distribution from west to east.

In our opinion, one of the key factors of intraspe-
cific differentiation of L. strigata, along with climatic
fluctuations (Saberi-Pirooz et al., 2021), was the
changes in the Caspian basin (i.e. the pres-
ence/absence of geographic barriers), in particular,
the Turkic regression. Its onset (0.78 million years
ago, Early Neopleistocene) (Yanina, 2012) chronolog-
ically coincides with the divergence of clades accord-
ing to molecular clock data (Saberi-Pirooz et al.,
2021). Before this, during the existence of the Akcha-
gyl basin, the dispersal of the species could have been
hindered by the flooding of the modern territory of the
Southern and Western Caspian region (Popov et al.,
2006; Van Baak et al., 2019).

BIOLOGY BULLETIN  Vol. 52:230 2025
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Clades A and B, judging by the haplotype network,
originated from clade C. Most likely, their divergence
began on the southwestern coast of the Caspian Sea.
Two of the haplotypes found in this region (Hap 19
and 20) are likely ancestors for them. This assumption
is supported both by modeling of the species distribu-
tion area during the Last Glacial Maximum (approxi-
mately 21 thousand years ago) (Saberi-Pirooz et al.,
2021) and by its altitudinal preferences (Doronina
et al., 2022a).

It can be assumed that, simultanelusly with the col-
onization of the Armenian Highlands, the Transcau-
casian Depression, and the southern macroslope of
the Greater Caucasus (B/II), the species penetrated
into the Ciscaucasia and the northern slope of the
Greater Caucasus (A/I) through the Eastern Cauca-
sus. The last migration route has been repeatedly
shown for a number of taxa and individual evolution-
ary lineages of reptiles (Mazanaeva and Orlova, 2009;
Mazanaeva and Tuniyev, 2011; Jablonski et al., 2023).
The expansion of L. strigata’s range in the North Cau-
casus could have been facilitated by the aridization of
the early Holocene climate (about 11.7—7.8 thousand
years ago), when an extensive invasion of xerophytes
from the North-Eastern Caucasus took place (Taisu-
mov et al., 2018). The fast pace of this process is indi-
cated by the presence of a distinct star-shaped cluster
of the haplotype network consisting of samples from
the Ciscaucasia and the northern macroslope of the
Greater Caucasus. Probably, the source of coloniza-
tion in this case were the xerophilic refugia of Dages-
tan (the first has been preserved on the Caspian coast
of the foothills of Dagestan, and the second includes
semiarid mid-mountain basins between the Bokovoi
and Skalistyi Ranges, some of which are located in
Dagestan (Gunib and Botlikh). At present, L. strigata
inhabits both refugia, and the haplotypes distributed
in the North-Eastern Caucasus (Hap 1, 16-18) form
the core of the star-shaped cluster of the haplotype
network.

We associate the appearance of L. strigata on the
Black Sea coast (B/1I) with the xerothermic period of
the Holocene (about 4.5—2.5 thousand years ago),
when, according to Tuniyev et al. (2019), in dry and
warm climate conditions, the ranges of Mediterranean
species of flora and fauna within the Black Sea refu-
gium expanded. During this period, L. strigata could
have colonized the spurs of the southern macroslope
of the Greater Caucasus up to the area of modern
Sukhum, from where it reached Cape Pitsunda along
the coast. Further cooling and increased precipitation
(Vekuaetal., 1991) should have led to the extinction of
populations of this xerophilic and thermophilic spe-
cies in Western Transcaucasia, with the exception of
the Abkhazian enclave.

The representatives of clade A (haplogroup I)
found in the Ciscaucasia, in the northeast of the
Greater Caucasus, in the east of the Armenian High-

BIOLOGY BULLETIN  Vol. 52:230 2025
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Fig. 5. Median network of B-fib haplotypes of Lacerta
strigata representatives (483 bp). Each colored circle is a
unique haplotype; the size of the symbol is proportional to
its occurrence in the sample, its color corresponds to the
color of the clade in Figs. 1 and 2. Connecting lines are
probable evolutionary relationships, notches are nucleo-
tide substitutions, black circles at the nodes of the lines are
predicted haplotypes.

lands, and the northwestern tip of Alborz were most
widespread in the range (Figs. 1, 4). This clade is char-
acterized by minimal values of the Tajima test and the
Fu neutrality test (Table 2). A separate subgroup on
the network within haplogroup I was formed by Hap
21 and 28 (Astara, Iran). In general, we observe a
poorly expressed internal structuring of Caucasian
populations, where almost all groups, one way or
another, are related by hypothetical haplotypes. The
smallest area is occupied by clade D (IV), localized
within one physical-geographical section.

Comparison of the geographic and haplotype dis-
tribution (Figs. 1, 4) revealed the following zones of
cohabitation of representatives of different
clades/haplogroups (contact zones): the Greater Cau-
casus (A/I on its northern macroslope and B/II on the
southern macroslope), the northeastern part of the
Armenian Highland (A/I and B/II), the northwestern
part of Alborz (A/I and C/III), and the West Turkmen
Lowland (C/III and D/IV). The presence of one
clade/haplogroup has been currently found only
within the Ciscaucasia and the Transcaucasian
Depression (A/I and B/II, respectively). It is notewor-
thy that earlier we discovered the presence of two
clades/haplogroups for another species of green liz-
ards, Lacerta media Lantz et Cyrén, 1920, in the
Armenian Highland (Doronina et al., 2022).

In the future, individuals from the territories not
covered by the sampling points (including those from
the “transit zones” between the areas of distribution of
evolutionary lineages) should be included in the anal-
ysis. This will allow us to detail the history of the range
formation. The northern boundary of distribution
C/III and the eastern boundary B/II cannot currently
be established due to the poor study of the territory of
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Azerbaijan, where, presumably, representatives of A/l
were most widespread.

Apparently, the question of the origin of the
L. strigata population that presumably inhabited the
vicinities of Krasnovodsk (the shores of the Krasno-
vodsk or Balkhan Bay in Turkmenistan), from where
the species was described by Eichwald, remains open.
The only record was made in 1823, after which
L. strigata has never been found here again (Doronin
etal., 2017). It can be assumed that the colonization of
the eastern coast of the Caspian Sea proceeded either
along the foothills of the Kopet Dag and Greater
Balkhan or along the sea coast. Archaeological evi-
dence of greater moisture on the eastern coast of the
Caspian Sea testifies to possible habitation of
L. strigata in this part of Turkmenistan in the historical
past (Lisitsyna, 1973; Kes et al., 1980). Taking into
account the fact that L. strigata is often found in
anthropogenic landscapes (in particular, along drain-
age canals, on the banks of reservoirs, in gardens,
etc.), the existence here of a branched network of
canals in the Middle Ages could have contributed to
the dispersal of this species in the south of Turkmeni-
stan in the conditions of a subtropical arid climate. It
should be noted that the second record of the species
in Turkmenistan after Eichwald was made in a culti-
vated area, in a pomegranate grove in the Akyayla Vil-
lage in the Atrek River valley on the border with Iran
(Bogdanov, 1956). The time of the appearance of
L. strigata on the Absheron Peninsula in Azerbaijan is
also debatable. According to Alekperov (1971, 1973),
this happened only after the territory was flooded in
the 1960s; however, the existence of a relict population
here cannot be ruled out.

Another scenario of chorogenesis is also possible.
In the period of numerous regressions of the Caspian
Sea (see Svitoch, 2016) and the formation of a land
bridge in the Apshero-Balkhan uplift zone, which
directly connected the Krasnovodsk Gulf region and
the Apsheron Peninsula (Apsheron threshold) (Kle-
nova, 1954), this territory could have been colonized
by L. strigata from the west, provided that a population
existed on Apsheron in this period. This corridor has
been repeatedly mentioned as one of the possible
routes of penetration of Central Asian (Turanian) rep-
tile species into the Caucasus (Darevsky, 1957;
Akhmedov, 1977; Tertyshnikov, 1992). The possibility
of an accidental introduction of lizards to the Krasno-
vodsk region also remains. The loss of the holotype
and the absence of other specimens from the eastern
coast of the Caspian Sea do not allow us to answer
these questions.

Currently, L. strigata continues to spread across the
Caucasus and adjacent territories. Ostrovskikh (1998)
pointed out the probable modern expansion of the
species’ range in the Kuban River valley (Krasnodar
Krai, most likely, A/I). Its penetration into the forest
belt of the Talysh Mountains in Azerbaijan as a result

of logging began to be recorded in the 1980s (Berezh-
noi, 1984); this process is still actively ongoing (Kidov
and Matushkina, 2016). We have noted range shifts in
Eastern Georgia. Muskhelishvili (1966, 1970) estab-
lished that the species was distributed in the upper
reaches of the Iori River to the Bochorma Village (h =
950 m ASL). However, L. strigata was not recorded
upstream, in the urban-type settlement Tianeti (h =
1140 m ASL), which is located between the Kakheti
and Kartli Ridges on the southern slope of the Greater
Caucasus (for this locality, the author reported only
L. agilis). In May 2018, in Tianeti and its vicinities,
L. strigata (B/11) was the most numerous reptile spe-
cies (Doronin et al., 2019). The dispersal of the species
probably took place along the Iori River valley and/or
along the roadsides of the roads built along the bed of
this river. In the North Caucasus, in 1982—2018,
L. strigata (A/I) has become widespread within the
Terek sand massif due to sand overgrowth (Lotieva
and Batkhiev, 2019). Previously, only isolated popula-
tions of the species were known for this territory (Ter-
tyshnikov et al., 1984). Notably, the specimen from
the Kissyk tract in Chechnya (ZISP 24667, Hap 3)
showed the greatest distance (three nucleotide substi-
tutions from the central pool) in the star-shaped clus-
ter of haplogroup I on the haplotype network, which
indicates the isolation of the population in the past.

It can be assumed that L. strigata appeared in the
northernmost record point within the Astrakhan
oblast (the environs of the urban-type settlement
Liman) (Doronin et al., 2018) (probably A/I) also in
the last decades. This process may be part of the mod-
ern pan-European trend of the northward expansion
of the ranges of thermophilic lacertid species (Maier
etal., 2022). A similar process was recorded in the
North Caucasus for meadow lizards of the Darevskia
(praticola) complex (Doronin, 2015; Doronin and
Smirnova, 2022), sympatric and syntopic with
L. strigata over a significant part of the range. Further
dispersal of the species in the west of the Caspian
Lowland within the administrative boundaries of the
Astrakhan oblast and in the Kuban-Azov Lowland in
the Krasnodar krai can be expected.

For the xerophilic herpetofauna refugia distin-
guished in the Caucasus (Tuniyev, 1995; Tuniyev
et al., 2019), we found no genetically unique (signifi-
cantly diverged within their clade/haplogroup) popu-
lations of L. strigata: the Daghestan Hills refugium,
similarly to the entire North Caucasus, is colonized by
representatives of A/I (most likely, this also applies to
the refugia of the North-Eastern Caucasus); the Black
Sea Coast, by B/II, widespread in Transcaucasia; and
the Kuro-Araksian, by A/I and B/II. A similar picture
can be seen when the geographical distribution of
clades/haplogroups is compared with the scheme of
the Hyrcania refugia (Kidov, 2022): the West Hyrca-
nian (Talysh Mountains and adjacent western sections
of Alborz, as well as the Lankaran Lowland within
southeastern Azerbaijan and the Iranian provinces of
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Ardabil and Gilan) and Central Hyrcanian (eastern
Gilan and Mazandaran in Iran) are inhabited by rep-
resentatives of C/II1, with an insignificant presence of
A/I in the west. An exception is the East Hyrcanian
refugium (Golestan, Kopet Dag in Turkmenistan and
Northern Khorasan), whcih is inhabited by represen-
tatives of the most distant clade/haplogroup D/IV.

On the basis of all data obtained, it can be con-
cluded that the level of genetic diversity of L. strigata is
low and that there are no populations that could be
considered as subspecies. For comparison, the p-dis-
tance for cytb between the recognized subspecies of the
L. viridis (Laurenti, 1768), is 5.3—6.9% (Marzahn et al.,
2016). This index, as well as the divergence time of clades,
coincide maximally in L. strigata with L. m. media: 1.39—
2.07% and approximately 1 million years ago
(Ahmadzadeh et al., 2013a; Doronina et al., 2022).
Here, we do not consider the subspecies of L. agilis,
since its intraspecific taxonomy needs revision
(Doronina et al., 2023).

Regarding the zoogeographic status of L. strigata, it
should be noted that, in previous papers, it was classi-
fied as belonging to the West Asian (Sobolevsky,
1929), Asia Minor (Darevsky, 1957; Muskhelishvili,
1966; Alekperov, 1978), Mediterranean (Anderson,
1968; Tuck, 1971; Berezhnoi, 1984), Caucasian-Asia
Minor (Rustamov and Shammakov, 1982; Shamma-
kov, 2008), East Mediterranean (Dzhafarov, 1949;
Tertyshnikov, 1977; Tuniyev, 1990), and Near Asian
(Lotiev and Tuniyev, 2017) zoogeographic group.
Engelmann et al. (1985) implicitly associated
L. strigata with the East Caucasian refugium and
noted a wide distribution of this species within the
Near East. Kireev (1984, 1987) considered it as an
East Mediterranean element and included it in the
group of species of the Caucasian origin. Sindaco and
JeremCenko (2008) associated this species with the
European-Mediterranean-Iranian (Iranian-Cauca-
sian) transition zone (chorotype). If we adhere to the
approach according to which the zoogeographic iden-
tity of a taxon should be assessed by the type of its
range, origin, and phylogenetic position (Hoffmann,
2001; Borkin and Litvinchuk, 2013), then L. strigata
should be assigned to the Hyrcanian-Caucasian zoo-
geographic group.
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