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Abstract—An analysis of the spatial distribution of green lizards of the genus Lacerta in Dagestan is given. The
distribution ranges of L. agilis, L. media, and L. strigata are specified and detailed. A set of vector (points of
records) and raster synthetic maps is created, reflecting the spatial distribution of species. Bioclimatic mod-
eling of habitat suitability is carried out. The minimum overlap of ecological (eco-climatic) niches is noted
for L. media with all the species studied, and the maximum overlap is observed in L. agilis and L. strigata.
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INTRODUCTION

One of the centers of taxonomic diversity of green
lizards of the genus Lacerfa Linnaeus 1758, which
includes ten species according to modern concepts
(Kornilios et al., 2019), is the Caucasus. Three species
of the genus live here—the sand lizard, Lacerta agilis

Linnaeus 1758, represented by six subspecies'; the
nominative subspecies of the three-lined lizard,
L. m. media Lantz et Cyrén 1920; and the Caspian
green lizard, L. strigata Eichwald 1831, which is con-
sidered as a monotypic species (Uetz et al., 2020;
www.lacerta.de). If we accept the eastern border of the
Caucasus under the scheme of the Critical Ecosystem
Partnership Fund (CEPF) (https://wwf.panda.
org/discover/knowledge hub/where we work/ black
sea_basin/caucasus/projects/english/), then this list
must also include the southern subspecies of the euro-
pean green lizard, L. viridis meridionalis Cyrén 1933,
the range of which includes, in particular, the Pontine
Mountains. Previously, the populations of the green
lizard from the north of Anatolia were identified as the
independent narrow-range subspecies L. v. paphlago-
nica Schmidtler 1986 and L. v. infrapunctata Schmidtler

! The status of L. a. boemica Suchow 1929 is proposed to be raised
to the species level, as in the original publication by G.F. Suk-
hov, while a number of other Caucasian subspecies are proposed
to be related to junior synonyms L. a. exigua Eichwald 1831
(Kalabina-Hauf and Ananjeva, 2004; Claudia et al., 2014). A
revision of the intraspecific taxonomy of L. strigata is also
needed.

1986, which were reduced to junior synonyms of
L. v. meridionalis (Marzahn et al., 2016).

It should be noted that the Caucasus has been con-
sidered one of the most unique territories of Northern
Eurasia in terms of biodiversity throughout the history
of herpetological research. According to the results of
studying the level of endemism of reptiles in the
Western Palearctic (Ficetola et al., 2018), the Cauca-
sus is one of the most significant regions. Within its
Russian part, the territory of Dagestan and Krasno-
dar krai can be recognized as “hot spots” of herpeto-
fauna diversity. All three species of green lizards indi-
cated above live there.

The history of the study of lacertids within Dages-
tan, which occupies the northeastern part of the Cau-
casus region, dates back almost 200 years and begins
with the expedition of Eichwald, who observed
“Lacerta deserti, viridis, velox, muralis (agilis L.)” in
1825 in the Tarki (p. 97, Eichwald, 1834)—most likely he
means Eremias arguta deserti (Gmelin 1789), E. v. velox
(Pallas 1771), L. a. boemica, and L. strigata (Doronin
et al., 2017). Krasovsky (1932) first discovered the
three-lined lizard on the territory of the republic.
Shibanov (1935) indicated the sand lizard in the vicin-
ity of the city of Kizlyar with the following note:
“I define the sole specimen of the collection as subsp.
exigua Eichw, although in some respects it approaches
Lacerta boemica Suchow, the taxonomic significance
of which I currently refrain from assessing” (p. 66). In
1940, Bannikov (1954) conducted herpetological
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research in South Dagestan. According to this author,
the sand lizard, which he identified as “Lacerta agilis
exigna” (lap.) (pp. 75, 79), and the Caspian green liz-
ard are sympatric in the area studied and probably
“compete, since in places where there are a lot of sand
lizards there are few Caspian green lizards, and vice
versa. However, it was not possible to notice any dis-
tinctions in habitats” (p. 79).

Sukhov (1948) was the first to publish maps of the
ranges of green lizards of the fauna of the Soviet
Union, citing all three species for Dagestan. Subse-
quently, new data on the distribution of green lizards
in the region were obtained by Khonyakina (1970,
1972), who, like Shibanov, indicated the morphologi-
cal characters that are common to L. a. boemica and
L. a. exigua for the studied individuals of the sand liz-
ard (the sample from the vicinity of Makhachkala)
(p. 89, Khonyakina 1970). To date, we do not have
reliable information about the habitat of the second
subspecies in the region, although its range occupies
the northern part of the republic on a number of maps
(Szczerbak, 1966; Bischoff, 1988; Kalyabina-Hauf
and Ananjeva, 2004; etc.), and it was included in the
list of herpetofauna of Dagestan in zoogeographical
analysis (Mazanaeva and Tuniyev, 2011). There is the
possibility that L. a. exigua can be found in the valley
of the Kuma River, where the sand lizard is known in
the adjacent territory of the Chernozemelsky district
of Kalmykia (Kireev, 1981).

Roytberg et al. (2000) summarized previous studies
of chorology and published the cadaster of Dagestan
lizard finds that is the most complete to date.
Mazanaeva and Orlova (2014), making a brief review
of the taxonomic and ecological diversity of the sauro-
fauna, classified L. agilis and L. strigata as widespread
species in the region. According to their data, the Cas-
pian green lizard has colonized the subarid and meso-
phytic habitats of the lowlands and foothills, penetrat-
ing in some places into the intramountain regions and
high mountains. The sand lizard occupies mesophytic
habitats of meadow—steppe and forest—steppe land-
scapes in the lowlands, but in the mountains it adheres
to dry habitats. L. media inhabits dry mountain
steppes and the zone of upland xerophytes in the high-
lands; in the intramountain regions, it inhabits post-
forest meadows, forest—steppe, and mountain forests.

Information on the landscape—zonal distribution
of green lizards in intramountainous Dagestan is con-
tained in the study by Mazanaeva and Askenderov
(2014): according to their data, the sand lizard is dis-
tributed in the shale region, where it inhabits steppe
and forest—steppe areas, and in the subalpine belt, it
inhabits slopes of southern exposure with a height of
up to 2300 m a.s.l. The Caspian green lizard inhabits
the steppe and forest—steppe belts there up to a height
of 1200—1300 m, while in the limestone region, it
inhabits the same areas as the sand lizard. The three-
lined lizard was noted in the shale region in the steppe
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and forest—steppe belt of the gorge of the Kurakh
River (up to 1400 m), and in the limestone region, it
was noted in the same belts, as well as in upland xero-
phytes of gorges of up to 1500 m. The results of study-
ing the range of L. media on the territory of Dagestan
were published by Mazanaeva and Askenderov (2016):
they revealed four isolated populations of the species
in semiarid basins of large mountain rivers—Samur,
Kurakh, Andi Koisu, and Avar Koisu.

The publications listed above are based on the
empirical method of studying the geographical distri-
bution of species. Currently, arealogical (chorologi-
cal) studies in zoology have absorbed a significant
arsenal of GIS programs (see Lisovsky et al., 2020).
Unfortunately, among domestic publications, herpe-
togeographic (according to the terminology of Borkin
and Litvinchuk (2013)) studies using GIS are still
clearly not enough. Following ornithologists (Koblik
et al., 2011), we can say that “Applied areaology is our
weak point” (Ananjeva et al., 2019). At the same time,
some foreign publications often give distorted and
even erroneous ideas about the distribution of green
lizards in the Caucasus (for example, Honegger, 1981;
Troidl, A. and Troidl, S., 2000, 2001; Ahmadzadeh
et al., 2013; etc.). Most likely, one of the reasons for
this is errors in determining their species and subspe-
cies. We revealed the latter when working with the col-
lections of the British Museum of Natural History
(www.nhm.ac.uk/our-science/collections.html), the
Dresden Zoological Museum, the Senckenberg
Museum of Natural History (www.sesam.sencken-
berg.de/), etc., in the Global Biodiversity Information
Facility (GBIF) Database (www.gbif.org).

The goal of this publication is to analyze the distri-
bution of green lizards on the territory of Dagestan
using geographic information systems and to create a
set of models for the potential spatial distribution of
species using ecological niche modeling methods.

The relevance of the study is emphasized by both
the nature protection aspect (L. media is included in

the Red Book of the Russian Federation? (Darevsky,
2001) and Dagestan (Mazanaeva and Orlova, 2009))
and the epidemiological aspect (green lizards, includ-
ing those in the Caucasus, play an important role in
maintaining natural vector-borne disease foci in
humans and domestic animals (Balashov, 2009; Kidov
et al., 2016)). The data obtained can also be used to
clarify the ways of lizard spread: due to physical and
geographical conditions (less development of moun-
tain glaciation, lower elevations compared to the
Western and Central Caucasus, peculiarities of the
location of high-altitude plant belts), the paths of fau-

2According to the Order of the Ministry of Natural Resources
and Ecology of the Russian Federation as of March 24, 2020,
no. 162 “On Approval of the List of Wildlife Objects Listed in
the Red Book of the Russian Federation” (registered on April 2,
2020, no. 57940), only L. media populations of the Black Sea
coast were included in the new list of protected taxa of Krasno-
dar krai.
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nistic exchange between the North Caucasus and
Transcaucasia went through the territory of the repub-
lic (Mazanaeva and Tuniyev, 2011), moreover, clearly
in both directions. In addition, Dagestan stands out
among other regions of the Caucasus and Europe (if
its southern border is drawn along the Main Caucasian
Range) by the presented variety of climate types
according to Koppen-Geiger (Peel et al., 2007), which
makes this territory an extremely convenient platform
for bioclimatic modeling.

MATERIALS AND METHODS

The materials for this study were the collections of
the Zoological Institute of the Russian Academy of
Sciences (St. Petersburg, ZISP), the Zoological
Museum of Moscow State University (Moscow,
ZMMU), Karazin Kharkov National University
(Kharkov, MNKhU), National Museum of Natural
History (Washington, NMNH), our own field
research 1970—2020, and published data. The field
collections of the second author covered all the
administrative regions of Dagestan, which, together
with published data and information from the collec-
tions, allows us to speak of a sufficient amount of data
for reliable constructions.

Determination of the geographical coordinates
(decimal coordinates up to the fourth place after the
decimal point) and the height of the points of record-
ing lizards in field conditions was carried out using a
GPS navigator (Garmin). When working with
museum collections and published sources, interac-
tive maps (www.wikimapia.org and www.maps.goo-
gle.ru) were used, and their localization was deter-
mined based on the known biotopic preferences of liz-
ards. A location that was at least 1 km away from the
nearest one was taken for one point, which is due both
to the specifics of working with GIS and to the data on
individual movements of green lizards (Tertyshnikov
et al., 1976). Descriptive statistical calculations were
conducted using the Statistica V program 7.0.

The distribution of recording points throughout
the region is shown on maps created using the Quan-
tum GIS (QGIS) v. 3.10.2 (www.qgis.org/ru/site/).
They demonstrated the point (discrete) method of
mapping, which is the first stage in the study of the
geographical distribution of species. At the second
stage, the grid (raster) method or the method of formal
squares was implemented in QGIS (terminology
according to Voronov et al., 2002); it consisted in dis-
tinguishing an area with assigned sizes (squares with a
side corresponding to 15 km of the locality, i.e., with
an area of 225 km?), within which at least one point is
known; we also built the so-called heatmaps with
color gradation of the number of finds of each species
and the number of species in the standard square.
When ranking the territory, we used the following
color designation: white, no finds within the conven-
tional square; blue, 1 point; green, 1—5 points; red, 5—
2022
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10 points. On the heat map of the distribution of the
number of lizard species, the white color of the square
indicates the absence of finds in it, the blue color
marks the presence of one species, the green color
marks the presence of two species, and the red color
marks the presence of three species.

Note that the grid method was used in our time to
create the latest version of the atlas of amphibians and
reptiles of Europe (Sillero et al., 2014,
https://www.seh-herpetology.org/distribution-atlas),
maps of green lizard ranges in the Red Books of Kras-
nodar krai (Ostrovskikh, 2017; Tuniyev and Ostro-
vskikh, 2017; Tuniyev, B.S. and Tuniyev, S.B., 2017,
Tuniyev, S.B. and Tuniyev, B.S., 2017) and South
Ossetia (Tuniyev and Lotiev, 2017, 2017a). The com-
pilers of the first report (Zamotailov et al., 2017) noted
that the areaological information on specially pro-
tected taxa published in the Red Book must contribute
to the most reliable assessment of the nature conserva-
tion significance of various territories in the region. In
this regard, the grid method, which includes the color
designation of critical habitats, is especially conve-
nient, since significance estimates are often distorted
precisely by point maps of the ranges of poorly studied
species, which often do not reflect the real ecological
range (covering the colonized habitats) of a taxon
within its geographic regional range. In the third edi-
tion (Butaeva et al., 2017), this approach was
explained by environmental considerations like a
reluctance to publish the exact locations of taxa that
are subject to commercial capture, but, at the same
time, giving essays for all rare and endangered repre-
sentatives of the herpetofauna that contain precise
localization, which eliminates this motive.

At the third stage, we carried out ecological and cli-
matic GIS modeling of lizard ranges using 19 environ-
mental parameters (Bio 1—19 predictors, see Table 2),
which reflect data on the temperature and precipita-
tion of the territory (Busby, 1991), as well as on the
heights, which allow interpolation of the observed data
from 1950 to 2000 (Current) (Hijmans et al., 2005).
These data were obtained from the Worldclim Data-
base (http://www.worldclime.org) at a resolution of 30
arcseconds or ~1 km per pixel near the equator.

At the initial stage, the significance of all biocli-
matic variables was assessed. Subsequently, predictors
that correlated with each other were excluded to build
the model. To do this, we calculated the Pearson cor-
relation coefficient for all pairs of predictors using
ENMTools (Warren et al., 2010). We excluded a vari-
able from a correlated pair with | > 0.7, which was
considered less biologically important based on
known preferences for the species studied (Szczerbak
et al., 1976; Ahmadzadeh et al., 2013; Kafash et al.,
2019; authors’ data). The resulting data set contained
six bioclimatic predictors: Bio 2 (temperature mean
diurnal range, max—min), Bio 6 (minimum tempera-
ture of coldest month, x10, °C), Bio 7 (temperature
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Table 1. Distribution of points of recording lizards of the genus Lacerta on the territory of Dagestan by information sources

Information source
total authors’ collection | literature
Species observations, | data, % data, %

’ ’ ’ + + + +4+
numper % of the total | of the total | of the total 3+4 35 4+3 3+4+s
of points

amount amount amount

1 2 3 4 6 7 8 9
L. agilis 78 34 (43.6) 4(5.1) 7(9) 1(1.3) 25 (32.1) 4(5.1) 3(3.8)
L. media 30 0 0 4(13.3) 21 (70) 0 5(16.7)
L. strigata 253 154 (60.9) 22 (8.7) 18 (7.1) 3(1.2) 35 (13.8) 7 (2.8) 14 (5.5)
Total 361 188 (52.1) 26 (7.2) 25 (6.9) 8(2.2) 81 (22.4) 11 (3.1) 22 (6.1)
Table 2. Altitude distribution of points of recording lizards of the genus Lacerta on the territory of Dagestan

Species " Distribution range, Mean Standard Coefficient

P m above sea level value (L) deviation (6) | of variance (CV, %)

L. agilis 78 —30-2300 914.61 737.09 80.59
L. media 30 560—1710 1278.66 253.91 19.85
L. strigata 253 —30—1780 281.60 356.70 126.66
Total 361 —30-2300 501.23 575.18 114.75

annual range, X10, °C), Bio 8 (mean temperature of
wettest quarter of the year, X10, °C), Bio 10 (mean
temperature of warmest quarter of the year, xX10, °C),
Bio 14 (precipitation of driest month, mm), Bio 15
(precipitation seasonality, CV), and Bio 19 (precipita-
tion of coldest quarter of the year, mm).

The ENMTools v. 1.4.3 program was used to
remove the localities that were close to each other and
located in the same square (1 X 1 km). Modeling was
performed using the MaxEnt program (Maximum
Entropy Species Distribution Modeling) v. 3.4.1
(www.cs.princeton.edu/~schapire/maxent/), which
extrapolates the spatial distribution of species using
the maximum entropy method (Elith et al., 2011).
With its help, maps of the most likely areas of distribu-
tion (habitat suitability) of lizards were created and the
contribution (in %) of each factor to the construction
of the model was determined.

To parameterize the models correctly, we evaluated
the performance of various combinations of ten Max-
Ent adjustment options (from 0.5 to 5.0 in 0.5 steps;
see Vences et al., 2017). The most suitable version of
the model was parameterized with a regularization
factor of 1.0 (30 repetitions). We used the default set-
tings, i.e., all space object classes, the maximum num-
ber of iterations (500) and the maximum number of
background points (10000) were involved (Phillips
and Dudik, 2008). To test the models obtained, 25%
of the points were used. We applied jackknife analysis
to estimate the relative contribution of variables to the
MaxEnt model.

The reliability of the model was assessed using the
built-in function for constructing the AUC curve (area
under receiver operating characteristic (ROC) curve),
which reflects the sensitivity of the species to parame-
ters and its specificity. An AUC index value that is
greater than 0.75 and close to one indicates a high
degree of significance (Elith, 2002). MaxEnt maps
were visualized using the DIVA-GIS v. 7.5.0
(www.diva-gis.org) (Scheldeman and van Zonneveld,
2010).

To assess the overlap of ecological (environmen-
tal—climatic) niches using ENMTools v. 1.4.3,
Schoener’s (D) index and the standardized Hellinger’s
I (I) distance were calculated, the value of which is sta-
tistically measured from zero (in the case of the com-
plete absence of niche overlap) to one (in the case of
their identity); for this reason, this indicator is called
the identity test, I-test. It is recommended to use it
with all predictors in 100-fold replication (Warren
et al., 2010). The high efficiency of using the D index
was previously shown based on the example of parthe-
nogenetic and bisexual lizard species of the genus
Darevskia 1999 (Petrosyan et al., 2019, 2020).

RESULTS

As of September 1, 2020, the cadastre of green liz-
ard finds in Dagestan includes 361 recording points
(78 for L. agilis, 30 for L. media, and 253 for L. strigata)
(Appendix 1, http://sev-in.ru/ru/zoologiceskii-zur-
nal). According to the source of information (Table 1),
more than half (188 points, or 52.1%) were obtained
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Fig. 1. Altitude distribution of points of recording (n = 361) lizards of the genus Lacerta on the territory of Dagestan.

only from the results of the authors’ observations and
were not previously published. It is indicative that the
data on the finds of the three-lined lizard were 100%
made public, due to the increased attention of special-
ists to this species, which is listed in the regional and
federal Red Books.

The range of altitudes inhabited by species varies
from —30 m for populations of the sand lizard and
Caspian green lizard on the coast of the Caspian Sea
(the minimum values for these species in general
throughout the range) to 2300 m above sea level for the
population of the sand lizard in the vicinity of the vil-
lage of Shari in the Agulskii district (ZISP no. 22021;
Kalyabina-Hauf and Ananjeva, 2004; data of
L.F. Mazanaeva, 2005, 2007). The altitude distribu-
tion of finds is presented in Table 2, from which it follows
that, under the conditions of the northeastern Caucasus,
according to the average indicators, L. strigata (range
from —30 to 1780 m, W is 281.60) can be associated with
the plains zone (according to Gurlev, 1972), L. agilis
(range from —30 to 2300 m, W is 914.61) can be associ-
ated with the zone of foothills, and L. media (560—
1710 m, p is 1278.66) can be related to the zone of
mountains.

Figure 1 notes the maximum coverage of heights
for L. agilis; this is the only species that is present in all
altitudinal ranges (the interval between divisions = 150 m
was chosen on the histogram). The largest number of
finds of green lizards (143 points, or 39.7%) was made
at altitudes from —30 to 120 m, which demonstrates
their high-altitude preference in Dagestan. Similar
figures are typical for the sand lizard and Caspian
green lizards, while 127 points (50.4%) at these marks

BIOLOGY BULLETIN  Vol. 49
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are known for the second species. Most localities of
the three-lined lizard (9 (30%)) are known at altitudes
of 1170—1320 m.

‘When comparing point maps (Fig. 2) with a map of
the landscape zones of Dagestan (Fig. 3), we see that
the sand lizard and the Caspian green lizard were
found in all five zones: lowlands, foothills, frontal
ranges, intra-mountain, and high-mountain Dages-
tan. The largest number of finds of L. agilis and
L. strigata accounts for the third of them and for the
first and second of them, respectively; L. media was
found in the fourth and fifth zones with a quantitative
predominance in the highland zone. This corresponds
to the analysis of the height distribution of species
recording points.

On grid maps (Fig. 4), where the territory of the

region is covered by 421 full squares,® 150 squares
(35.6%) include at least one find of representatives of
Lacerta. The Caspian green lizard is the most wide-
spread in the region. It is recorded in 117 squares
(27.8%) and is a background species; the sand lizard is
known in 51 squares (12.1%), and the three-lined liz-
ard is known only in 17 squares (4%) (Table 3). L. agi-
lis is characterized by the absence of areas with the
maximum number of finds: the largest one (four local-
ities) was noted in the upper reaches of the Kaziku-
mukh Koisu and Hunnikh rivers; for L. media, the
only red raster was found in the middle course of the
Samur River; for L. strigata, it was found in the upper
reaches of the Sulak River in the area of the Chirkei

3>50% of which is within the administrative boundaries of
Dagestan, covering an area of 50300 km~.
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Fig. 2. Maps of points of recording lizards of the genus Lacerta in Dagestan: (a) L. agilis; (b) L. media; and (c) L. strigata.
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Fig. 3. Map of the landscape zones of Dagestan: /, lowlands; /1, foothills; ///, frontal ranges; /V, intra-mountain areas; V, high-
lands (according to Fedina, 1963; from the study by Mazanaeva and Tuniyev, 2011, with changes).
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Fig. 4. Maps of the distribution of the number of points of recording lizards of the genus Lacerta using the grid (raster) method
for dividing the territory of Dagestan: (a) L. agilis; (b) L. media; (c) L. strigata. The color shading indicates the number of record-
ing points in a standard 15 X 15 km square: white, 0; blue, 1; green, 1-5; red, 5—10.

reservoir and in the coastal zone of the Caspian Sea in
the lower reaches of the Ulluchay River.

On the resulting map of species abundance (Fig. 5),
the maximum indicator was noted only for one (0.2%)
square located in the valley of the Kurakh River—a
small arid basin with vegetation of the Mediterranean
type; there were 116 squares (27.6%) with the presence
of one species and 33 squares (7.8%) with the presence
of two species. “Empty” squares with zero values are
concentrated mainly in the northern part of the region
in the Terek-Kuma lowland and in the southwestern
part in the area of high-altitude watershed ridges and
plateaus. Most likely, this reflects the real absence of
lizard populations there due to the unsuitability of the
territory: the lowlands are characterized by insuffi-
cient moisture (the driest part of the republic) and very
hot summers (the highest average annual tempera-
tures), and the highlands are characterized by a
sharply continental climate with cold winters and cool
summers (the lowest mean annual temperatures).

When modeling the distribution of the species
using the MaxEnt program, good results were
obtained for the performance of the potential distribu-
tion model (AUC index = 0.98—0.99). Based on these
data, the maps reliably characterize the features of the
distribution of the studied species and allow us to give

our comments and additions together with new mate-
rial.

The most significant contribution to the construc-
tion of the models (=10%) of the modern ranges of all
three species was made by the minimum temperature
of the coldest month (Bio 6), the amount of precipita-
tion of the driest month (Bio 14), and the amount of
precipitation of the coldest season (Bio 19) (Table 4).
The total contribution of these factors to the formation
of the model reaches 76.2%. For L. agilis and
L. media, the dominant predictors included the
annual temperature range (Bio 7); for L. media alone,
they included the seasonality of precipitation (Bio 15).
Thus, in the presence of a significant number of com-
mon indicators, each species demonstrated an indi-
vidual set of parameters that dominated in the con-
struction of the model under the conditions of the
northeastern Caucasus. Noteworthy is the lack of
influence of the height of the terrain on the construc-
tion of the maps.

On the obtained GIS maps (Fig. 6), the highest
prevalence, i.e., the proportion of the area in which we
expect the presence of the species, was noted for the
Caspian green lizard. The sand lizard is slightly infe-
rior to it in this indicator, while the number of its
actual finds is 3.2 times less. Differences were revealed

Table 3. Distribution of the number of finds of lizards of the genus Lacerta using the grid (raster) method for dividing the

territory of Dagestan
Number of squares (%) with finds of lizards
Species white blue green red
(0 points) (1 point) (1-5 points) (5—10 points)
L. agilis 370 (87.9) 35(8.3) 16 (3.8) 0
L. media 404 (96) 9(2.1) 7 (1.7) 1(0.2)
L. strigata 304 (72.2) 52 (12.3) 63 (15) 2 (0.5)
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Fig. 5. Maps of the distribution of the number of lizard
species of the genus Lacerta using the grid (raster) method
for dividing the territory of Dagestan. Color shading indi-
cates the number of species marked in a standard 15 X 15 km
square: white, 0 species; blue, 1; green, 2; red, 3.

in the location of the territories that are most suitable
for them, which can be designated as the core areas:
for L. strigata, these are lowlands and foothills; for
L. agilis, these are foothills and frontal ridges.

The overlap of ecological (ecological—climatic)
niches in our study is minimal for the three-lined liz-
ard with all species studied (Table 5), with which it is
sympatric in single localities according to field studies.

DORONINA et al.

The maximum overlap was noted for the sand lizard
and Caspian green lizard (0.52/0.78) living together
over a large area of the region (Roytberg, 1994).

DISCUSSION

Despite significant altitude marks, none of these
three species in Dagestan reaches the limit of its distri-
bution known in the Caucasus: L. agilis = 2730 m in
the area of the Ardagan Pass in Turkey (Tuniyev et al.,
2014), L. media = 2700 m in the vicinity of Mount Ag-yurt
in the Nakhchivan Autonomous Republic of Azerbai-
jan (Kuzmin, 1981), and L. strigata = 2100 m on
Mount Ara (=Araler, Arailer) in Armenia (ZISP
no. 20216).

In contrast to Transcaucasia (Rudik, 1986), in the
North Caucasus the joint habitation of all three spe-
cies of green lizards was previously unknown. During
field research in the valley of the Kurakh River on July 28,
2003, we identified a zone of their sympatry: the Cas-
pian green lizard (2—3 ind./200 m of the survey route)
was found between the village of Kurakh and the vil-
lage of Kukaz in the area where sibljak forms dense
thickets along the northern slopes closer to the river
valley. The three-lined lizard (1—4 ind./500 m of the
survey route) was found between the village of Kukaz
and the village of Kurakh on the northern slopes with
sparse sibljak and tragacanth, as well as in the section
of the gorge between the village of Kurakh and the vil-
lage of Huta with mountain—steppe vegetation; the
sand lizard was noted on the slope with mountain—
meadow vegetation of this part of the gorge (1 ind./500 m).
Taking into account the high scientific value of the
designated territory, we recommend expanding the
boundaries of Kasumkentskii State Nature Reserve in
the southwesterly direction, which will contribute to
the preservation of the saurofauna of this region.

Fig. 6. Maps of predicted areas of geographical distribution of lizards (SDM-maps) of the genus Lacerta on the territory of Dages-
tan, which were built using the MaxEnt v program. 3.4.1: (a) L. agilis; (b) L. media; (c) L. strigata. Color shading indicates the
areas of likely distribution (habitat suitability) with high (100—80%; red), medium (80—60%; orange), low (60—40%; yellow), and
extremely low (40—20%; green color) probability of recording; black dots mark places of finds.
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Table 4. Significance of the involved bioclimatic parameters (%) in the construction of distribution models (habitat suit-
ability) of lizards of the genus Lacerta on the territory of Dagestan

Species
Parameter Abbreviation L. agilis L. media L. strigata
contribution |permutation |contribution [permutation|contribution [permutation
Temperature mean diurnal | BIO 2
range (monthly average, 5.6 26.2 5.1 43.8 8.2 33
min—max)
Minimum temperature BIO 6
of coldest month (x 10, °C) 11.1 0.5 11.9 2.4 39.3 41.1
Temperature annual range | BIO 7
(BIO 5-BIO 6) (x10,°C) 32.1 33.5 29.4 37.5 8.7 0.1
Mean temperature of wettest | BIO 8
quarter of the year (x 10, °C) 1.9 0 6.1 0.2 0.8 0.1
Mean temperature BIO 10
of warmest quarter 0.1 0 2.9 0.1 1.7 0
of the year (%10, °C)
Precipitation of driest BIO 14 118 01 18 0 16.9 s
month, mm
Prempltgtmn seaspnghty BIO 15 17 0.6 19.6 o 44 07
(coefficient of variation)
Precipitation of coldest BIO 19 35.7 391 13.2 13.2 20 20
quarter of the year, mm

* The gray color indicates the values of the leading parameters, the contribution of which exceeds 10%.

According to GIS-maps, the middle and upper
reaches of the Avar Koisu River (with the Karakoisu
and Kazikumukh Koisu tributaries) and the Andi
Koisu River can be recognized as a promising territory
for searching for similar territories. Thus, populations
of L. media and L. strigata were found in the vicinity of
the village of Botlikh on July 3, 2002, and the high
cenotic diversity of this area (broad-leaved forests,
meadow steppes, subalpine meadows) (Abdulaev
et al., 2011) suggests that L. agilis also lives here. It is
significant that during the herpetogeographic zoning
of the republic this territory was assigned to the Intra-
mountain District of limestone Dagestan—the most
original division within the entire Greater Caucasus,
which is of significant scientific and environmental
value (Mazanaeva and Tuniyev, 2011).

Speaking about the predictive role of GIS maps, we
note that at the first stage of modeling we did not have
information about the finds of the sand lizard in the
valley of the Kurakh River, but this territory was
included in the area with the maximum suitability for
the species.

An unresolved issue is the habitation of the sand
lizard in the valley of the Samur River: for the lower
reaches of this river, the species was given in the pub-
lication by Khonyakina (1970), Szczerbak et al.
(1976), and Roytberg et al. (2000); moreover, in the
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second study the locality was given with a reference to
the data of Khonyakina, and the third one referred to
the article by Bannikov (1954), which, in fact, gives no
indications of the exact places of observation of liz-
ards. Samples of the species from this territory are
absent in all collections that are known to us. On the
obtained GIS map, the Samur delta was not included
in the number of favorable territories, but high suit-
ability was revealed in the middle and upper reaches of
this river, in the valleys of the Akhtychay and Usukh-
chay rivers, as well as in the adjacent territory of Azer-
baijan from the upper and middle reaches of the
Kusarchay River to the Velvelichay River. This terri-
tory has already been included in the range of the sand
lizard (Szczerbak et al., 1976), but without reliable
confirmation of this: unfortunately, the cadastre in the

Table 5. Values of the ecological niche identity test—the
Schoener’s index and the standardized Hellinger’s distance
(D/1) in a pairwise comparison of lizard species of the genus
Lacerta inhabiting the territory of Dagestan

Species L. agilis L. media
L. agilis — —
L. media 0.41/0.66 —
L. strigata 0.52/0.78 0.30/0.57
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monograph The Sand Lizard was compiled with
numerous errors. New finds of L. agilis are also
expected in the lower reaches of the Terek River, in the
valley of the Avar Koisu and Andi Koisu Rivers.

The ZMMU collection (no. 2014) contains a sam-
ple of L. agilis made by B.A. Krasavtsev in the village
of Tushilovka in the Kizlyarskii district on June 25,
1932. At present, the species has not been found there
(field studies on May 24, 2006, and June 18, 2010),
and on the GIS map (SDM) this point, which is the
northernmost point in the range of L. a. boemica, fell
out of the suitable area. We can assume the extinction
of this population located in the pessimum zone at the
border of the range.

The Caspian green lizard can be detected with a
high probability in the valley of the Avar Koisu and
Andi Koisu rivers, which was also noted for the sand
lizard; in this case, the GIS map indicates the likely
routes of penetration of these species into the intra-
mountain and high-mountain zones. In addition, it is
necessary to search for lizards in the valley of the
Samur River above the village of Akhty. A detailed
analysis of the distribution model of L. media was
given by us earlier (Doronin et al., 2018).

The intensive development of GIS and their intro-
duction into zoology again raises one of the key ques-
tions—what determines the boundary of the species
range? Following the approach of modern ecological
niche researchers (see Hargreaves et al., 2014; Lee-
Yaw et al., 2016), the choice must be made between
two main responses—the restriction of expansion due
to isolation barriers or the deterioration of habitat con-
ditions, including climatic ones. In our case, based on
the data obtained, in particular, the absence of depen-
dence of the model construction on heights, prefer-
ence must be given to the second option.

The temporal (historical) factor cannot be ignored
either. The most illustrative example is L. media:
according to our unpublished data, populations from
the territory of Dagestan, the appearance of which is
attributed to the final stage of the phylogeny of the
species and is dated about one million years ago
(Lower Pleistocene), are included on its phylogenetic
tree in the Transcaucasian—East Anatolian subclade,
and the divergence within it is dated at less than 200 ka
(Middle Pleistocene) (Ahmadzadeh et al., 2013a; Sag-
onas et al., 2014). It is possible that this species, having
penetrated from Transcaucasia into the territory of
Dagestan, did not have time to spread in the North
Caucasus, although favorable climatic conditions for it
were identified in the adjacent territory of Chechnya
and in the region of the Caucasian Mineralnye Vody
(Doronin et al., 2018). On the other hand, the previ-
ously existing North Caucasian populations could
have disappeared from the enclaves during the last gla-
cial maximum about 22000 years ago, after which
L. media did not manage to restore its former range.

DORONINA et al.

In the future, it is necessary to compare the Max-
Ent models of lizard ranges built only on the basis of
points from the territory of Dagestan with the models
covering the Caucasus, or the entire area of their dis-
tribution. This will allow us to highlight in more detail
the regional features of the populations we studied, to
assess the sensitivity of GIS to changes in the analyzed
volume of primary data like the localities, as was
already done when modeling the range of the bog tur-
tle (Emys orbicularis (Linnaeus 1758)) (Duysebaeva
et al., 2019). Here we can expect differences in niche
overlap rates for green lizards in different parts of the
ranges. At the same time, if they live in different cli-
matic conditions, then it is obvious that the indicator
of the similarity of the ecological niches of popula-
tions of the same species may have a low value, but this
does not yet indicate their ecological and climatic
divergence, since they can live in different environ-
ments due to ecological plasticity (see Zink, 2015).
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