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Abstract—Some aspects of thermal biology were considered in three species of the lizard genus Darevskia: the
parthenogenetic Darevskia armeniaca and D. unisexualis, and their parental bisexual species Darevskia val-
entini. The main objective of the present research was to compare the thermal biology of these species in a
mixed population. Material was captured at four localities in Armenia: Kuchak, Dilijan, Mets Sepasar, and
Artavaz in summer 2007, 2013, 2016, and 2018, respectively. Their snout-vent length and cloacal body tem-
perature, as well as air and substrate temperatures were measured. The following differences in the thermal
biology of the study species were revealed: D. unisexualis had a relatively low activity temperature range (7' =
22.0—32.8°C, vs. 25.6—35.6°C for D. armeniaca or 25.3—35.4°C for D. valentini). The body temperatures of
different species were found to correlate differently with both the air temperature and the substrate tempera-
ture under the conditions of their coexistence at Kuchak.

Keywords: sympatry, snout—vent length, cloacal body temperature, air temperature, substrate temperature,
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INTRODUCTION

Rock lizards belong to the genus Darevskia (Lacer-
tidae), which is divided into seven supraspecific com-
plexes (raddei, rudis, saxicola, caucasica, chlorogaster,
defilippii, and steineri (Arribas, 1999; Ahmadzadeh
et al., 2013)) and includes 34 species, seven of which
reproduce parthenogenetically (Ahmadzadeh et al.,
2013). The latter were formed as a result of hybridiza-
tion of bisexual species (Darevsky, 1967; Darevsky
et al., 2000). According to one version, the partheno-
genetic species D. armeniaca (Mehely 1909) arose as a
result of hybridization of specimens belonging to
bisexual species: male D. valentini (Boetlger 1892)
(group rudis) and female D. mixta (Mehely 1909)
(group raddei) (Fu et al., 2000). According to another
version, the origin of this species is associated with the
hybridization of the male of the bisexual species
D. valentini and the parthenogenetic female D. dahli
(Darevsky 1957) (Tarkhnishvili et al., 2017). Another
parthenogenetic species, D. unisexualis (Darevsky
1966), arose as a result of hybridization of female

D. raddei nairensis (Darevsky, 1967) (group raddei)
and male D. valentini (group rudis) (Murphy et al.,
1996). Despite the considerable time of divergence of
the main phylogenetic clades in the genus Darevskia,
about 18 Ma (Murtskhvaladze et al., 2020), rock liz-
ards are a group of biologically similar species adapted
to life in mountains (Darevsky, 1967). The hybrid ori-
gin of parthenogenetic species of rock lizards and the
presence of genomes of two species within the same
organism (Spangenberg et al., 2020), as in other reptile
species (Sites et al., 1990), indirectly indicate the
combining of the adaptive properties of parents by the
daughter species (Anderson and Stebbins, 1954).

The modern ranges of the bisexual parent species
D. valentini and its daughter parthenogenetic species
D. armeniaca and D. unisexualis overlap significantly
(Arakelyan et al., 2011). In central Armenia, they form
joint settlements, where both parthenogenetic species
can be found simultaneously, and sometimes all three
species together (Danielyan et al., 2008; Galoyan,
2010). In this case, they use the same shelters and
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basking sites and constantly interact (Galoyan, 2013).
It is known that the pattern of daily activity of D. arme-
niaca and D. unisexualis is different: D. armeniaca
leave their overnight shelters later in the morning than
D. unisexualis and hide in them later in the evening
(Abrahamyan et al., 2014). However, some features of
the thermal biology of these three species remain
unexplored. In particular, it remains unclear how their
temperature depends on the temperature of the air and
the substrate; there is no data on the activity tempera-
ture range of D. unisexualis; it is unknown if the fea-
tures of thermal biology are similar for D. armeniaca,
D. unisexualis, and D. valentini in cohabitation condi-
tions. We set ourselves the goal of determining the
thermal biological characteristics of these species
under conditions of syntopy and allopatry.

Species Studied

Rock lizards are common in the Caucasus, the
Crimea, and Asia Minor. They tend to dwell in habi-
tats with a large number of rocks or stones, which they
use as shelters (Darevsky, 1967; Galoyan, 2010). Some
species (D. brauneri (Mehely 1909), D. mixta (Mehely
1909)) in the forests switch to an arboreal way of life,
and some leave the rocks for the steppes and meadows
(D. valentini, D. caucasica (Mehely 1909)). Rock liz-
ards use not only natural habitats, but also anthropo-
genic ones (stone walls, ruins of buildings, bridges,
and dams), and sometimes their numbers in artificial
habitats are even higher than in natural ones
(Darevsky, 1967; Galoyan, 2010).

D. armeniaca was detected in Armenia, Georgia,
northeastern Turkey, and northwestern Azerbaijan.
The snout—vent length (SVL) of sexually mature spec-
imens is 51—73 mm. The color of the dorsum ranges
from green or olive to brown. From the head to the tail
along the middle of the back there is an occipital band,
consisting of specimen spots elongated across the
body. On the sides of the back there are temporal
bands formed by fused dark rings with white centers.
In the region of the forelimbs, two spots have blue cen-
ters. Below the temporal bands are the lower temporal
bands, also consisting of merged dark circles. The
belly is pale yellow, sometimes with blue or black spots
on the outer plates. The head is covered with small
dark spots (Darevsky, 1967).

D. unisexualis occurs in Armenia, and its habitats
are separated and located on the borders of the range
of D. r. nairensis. The snout—vent length of mature
specimens is 56—70 mm. The upper part of the body is
beige—gray, covered with small dark spots. On the
sides of the body, there are rows of larger contiguous
spots, all of them, except for one blue one at the level
of the forelimbs, are black with white centers
(Darevsky, 1967).

D. valentini belongs to the rudis species group. This
species is found in Turkey, Georgia, and Armenia. The
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color of the back of representatives of this species var-
ies from yellow—olive to brown—green. The occipital
band consists of large black or brown spots of irregular
shape. The temporal bands consist of 1—3 rows of
merged dark circles with blue centers (Darevsky,
1967). This species is considered the parent of
D. armeniaca and D. unisexualis.

Sites and Times of Study

This work included data from four study sites.
Within them, we selected trial areas where the neces-
sary measurements were performed. The first site was
inhabited by D. armeniaca. The study site was located in
Dilijan National Park (40°45” N, 44°52’ E, Tavush dis-
trict, in the vicinity of the city of Dilijan, 1400 m a.s.l.),
in a beech—hornbeam forest. The trial site was located
at the bottom of a valley between two watersheds on
the southern macroslope of the Ijevan Range. A
stream bed runs along the bottom of the gorge, which
partially dries up in summer. The slopes of the valley
are steep up to 50°. The main forest-forming species of
the forest are Querqus spp. and Carpinus orientalis with
an admixture of Sorbus sp. and Betula sp. The surface
is formed by a “large stone slope,” on which litter is
well retained, the thickness of which reaches 15—
20 cm; single plants are found, and in some places the
vegetation forms thickets. The study was carried out
from June 21 to August 3, 2007.

The second site inhabited by D. armeniaca, D. uni-
sexualis, and D. valentini was located in the vicinity of
the city of Aparan (Aragatsont oblast), near the village
of Kuchak (40°31” N, 44°23” E; 1920 m a.s.1.) on the
northern macroslope of Aragats Mountain. The land-
scape is an alpine forb meadow, on which there are
stony hills of moraine origin 20—30 m high, inhabited
by lizards. Outcrops of basalt bedrocks located along
the road are penetrated by deep cracks in which lizards
hibernate. Rosehip bushes (Rosa sp.) grow on top of
the hills. The research was carried out in June and July
2013.

The third site was located in northwestern Armenia
in Shirak province, in the vicinity of the settlement of
Mets Sepasar, at an altitude of 2000 m a.s.l. (41.031482 N,
43.829823 E). More lizards were observed in segments
with a high number of stones. The herbaceous layer
mainly did not exceed a height of 20—30 cm, reaching
a maximum of 40—50 cm, and was composed mainly
of Bromus sp., Poa sp., Veronica sp., Trifolium spp.,
Mpyosotis alpestris, Ornithogalum sp., Rumex confertus,
and Tragopogon pratensis. The collection of D. valentini
material occurred from May 13 to June 15, 2016.

The fourth study site was located in the vicinity of
the village of Artavaz (Armenia, Kotai oblast, 40°37" N,
44°34’ E, height about 2000 m a.s.l.) in a small area of
an “Unmanaged mesic grassland” (type E2.7; Fay-
vush and Aleksanyan, 2016). Here D. armeniaca and
D. unisexualis were revealed; however, only specimens
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of the first species were included in the samples.
Among the plants on the site, various cereals predom-
inated; the family Fabaceae was represented mainly by
Trifolium repens, Trifolium campestre, and Trifolium
ambiguum. The family Asteraceae was represented by
the common dandelion (7araxacum officinale) and
Achillea biebersteinii. Plantago lanceolata was also
detected everywhere on the site. The site was limited
on three sides by roads, and on the fourth side by the
left bank of the Marmarik River. A concrete building
with cracks in the north wall was located on the left
bank of the Marmarik River. These cracks served as
hiding places for the lizards. In addition, from east to
west the site had a shallow ravine filled with concrete
slabs. Lizards also hid in the cracks between them.
Here, the studies were carried out on June 16 and 17,
2018.

MATERIALS AND METHODS
Collection of Field Material

Field studies were carried out during the period of
activity of lizards in the first half of the day. Lizards
were caught by noosing. Immediately after capture,
the snout—vent length (SVL) was measured with a
ruler with an accuracy of 1 mm and the cloacal body
temperature was measured with a thermocouple
(AZ8803) with an accuracy of 0.1°C. During the mea-
surements, we held the lizards in our hands; therefore,
we tried to measure the temperature within 10 s so that
the body temperature of the lizards did not have time
to change due to contact with the hands and the stress
of the animal. After the necessary manipulations with
the lizard, a thermocouple was used to measure the
temperature of the substrate on which the lizard was
caught and the air temperature near the surface of the
substrate at a height of 2—3 cm.

The study did not include data on immature speci-
mens, the snout-vent length of which was less than
50 mm (Darevsky, 1967). The rate of heating and
cooling in small lizards is higher than this in large liz-
ards of the same species (Carothers et al., 1997), which
is why their inclusion in the sample could distort the
results. In this study, we used data of 22 D. armeniaca
specimens from the neighborhood of Artavaz, 26
D. armeniaca specimens and 21 D. unisexualis speci-
mens from Kuchak, 18 D. armeniaca specimens from
Dilijan, eight males and 21 females of D. valentini from
Mets Sepasar and 19 males and four females of D. val-
entini from Kuchak.

The body temperature range of a reptile at which it
can exhibit activities such as movement, feeding,
hunting, etc., although it may remain motionless or to
regulate body temperature, is the activity temperature
range (Bauwens et al., 1996; Espinoza and Tracy,
1997). In order to achieve and maintain this tempera-
ture, reptiles use physiological (darkening or lighten-
ing of covers, increasing or decreasing heart rate) and
2022
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behavioral (transition from illuminated areas to shade
and vice versa, movement between substrates with dif-
ferent temperatures) reactions (Espinoza and Tracy,
1997). In Artavaz, we caught only lizards that lay near
shelter, more or less motionless on a sunlit surface
(i.e., probably engaged in heating, or basking). In
other study sites, only lizards showing forms of routine
activities such as moving, feeding, etc., were caught
(Cherlin, 2015).

Material Treatment

For each species of lizard, we found the mean
activity temperature (Huey, 1982; Espinoza and Tracy,
1997), which made it possible to compare the obtained
data with the available data on other species of rock
lizards (Tsellarius and Tsellarius, 2001). We also cal-
culated the median (Me) for each sample of cloacal
body temperatures of lizards. In addition, for the
description of the body temperature of the lizards
studied, the dependence of the cloacal body tempera-
ture on the temperature of the substrate and the ambi-
ent air temperature were plotted and regression equa-
tions for these dependences were obtained (in all
equations x is air or the substrate temperature, and y is
the cloacal body temperature).

We divided the sample of D. armeniaca from
Artavaz into two groups: those that reached and those
that did not reach the activity temperature. For this,
the cloacal body temperatures of lizards from Artavaz
with the cloacal body temperatures of lizards from the
combined sample from Kuchak and Dilijan were com-
pared, since significant differences between the body
temperatures of lizards from these places were not
revealed (Mann—Whitney test, N = 26, 18, respec-
tively, p = 0.684).

We considered that these samples reflect the range
of activity temperatures of Armenian lizards, since in
these research sites body temperature was measured
only in active specimens, based on their behavior. In
the combined sample of Armenian lizards from
Kuchak and Dilijan, we found the mean body tem-
perature and values limiting the 95% confidence inter-
val (they were calculated as M £ 25D, where M is the
mean, SD is the standard deviation; M = 30.7, SD =
1.84, M+ 28D =34.41, M — 25D = 27.05). We consid-
ered it possible to use such a formula, since the distri-
bution of the mean cloacal body temperature in the
combined sample from Kuchak and Dilijan did not
differ significantly from normal (Shapiro-Wilk test,
p=0.192, N=44, Fig. 1). Values below the lower limit
of the calculated confidence interval were then
removed from the sample of body temperatures of liz-
ards from Artavaz.

We also carried out all calculations for the sample
from Artavaz, from which we did not remove data on
lizards with a temperature below the calculated confi-
dence interval. The samples from which the values of
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Fig. 1. Distribution of the body temperature of D. armeniaca from Kuchak and Dilijan.

lizard body temperatures below the calculated confi-
dence interval were removed or not removed were
called “truncated” and ‘“untruncated” samples,
respectively.

For the analysis of data on the temperature values,
nonparametric methods were used (Mann—Whitney
test, Kruskal—Wallis test, Spearman correlation coef-
ficient). For a comparison of the coefficients of the
regression equations of the body temperature of lizards
and the ambient temperature, we used the Chow test
with the x? distribution. Before the Chow test, the
studied samples were checked for equality of the resid-
ual variances using the F-test. In cases with significant
differences in the residual variances found according
to this test, we did not perform the Chow test. For all
analyses, the alternative hypothesis was accepted at p <
0.05. The data was processed using the R language
strucchange (Zeileis et al., 2002) and dunn.test (Dino,
2017) packages. The plots were made using the ggplot2
package (Wickham, 2016).

RESULTS
Air Temperature

Significant differences between air temperatures in
Mets Sepasar and Dilijan and Mets Sepasar and
Kuchak were revealed, while significant differences

between other study sites were not detected (Kruskal—
Wallis test, Dunn test, Holm method) (Table 1).

Effects of Body Size and Gender on Temperature

A significant correlation between the snout—vent
length of lizards and their cloacal temperature was not
revealed for D. armeniaca from Dilijan, Kuchak, or
Artavaz with and without taking into account lizards
with a body temperature below the range of body tem-
peratures of active lizards (Rs = 0.29, 0.1, 0.09, 0.007,
p = 0.249, 0.644, 0.703, 0.977; N = 18, 26, 21, 22,
respectively) and D. unisexualis from Kuchak (Rs =
0.03, p = 0915, N = 20). Significant differences
between the activity temperatures of D. valentini males
and females were also not found (Mann—Whitney test,
p=10.634, N=27, N =25, respectively); therefore, in
further analyses, we used data on males and females as
a single sample.

Activity Temperature

Significant differences between activity tempera-
tures of D. armeniaca from Kuchak, Artavaz, and Dili-
jan using “truncated” and “untruncated” samples
from Artavaz (Kruskal—Wallis test, p = 0.192, 0.221;
N=126, 21, 22, 18, respectively) and D. valentini from
Kuchak and Mets Sepasar (Mann—Whitney test, p =

Table 1. p-Values obtained by a pairwise comparison of air temperatures in different places of the study using the Dunn test

Location of the study Artavaz (N = 22)

Dilijan (N = 18) Kuchak (N = 70)

Dilijan 0.166 - —
Kuchak 0.212 0.177 —
Mets Sepasar (N = 26) 0.254 0.006 0.006
N is the sample size.
BIOLOGY BULLETIN  Vol. 49 No. 8 2022
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Table 2. Indicators of the cloacal body temperature of the lizards studied

M Med Max Min SD
2 2 Q 2 2
S [ a S, S,
Species Sex Locality = 5 > § > § > 5 N > g
s | = s | 2 s | 2 s | = s | =
S| 5 |5 |8 |5 |5 |5 |8 E |5
S | 5 5 | 5 S | 5 5 | S S | 5
(72} on @ o0 7] o0 (72} on 72} on
D. armeniaca |Females | Artavaz 31.8 | 31.1 |31.7 |30.95|35.6 | 356 | 273 | 27.2 | 21 | 2.35| 2.08
(22) |(2.66)|(2.17)
Kuchak 30.9 31 35 27.8 26 1.94
Dilijan 30.6 30.85 33.4 27.2 18 1.72
D. unisexualis | Females | Kuchak 27.8 - 129 — (328 — 22 — 21 3.07 —
D. valentini Females | Mets Sepasar | 31.4 | 31.5 |31.3 | 31.6 [354 | 354 | 26.7 | 253 | 21 2.52 | 2.17
Kuchak 32.8 32.65 34.6 31.2 4 1.52
Males Mets Sepasar | 31.2 31.15 34.2 28.3 2.19
Kuchak 31.4 31.8 33.8 25.3 19 1.91

Figures in parentheses are the data obtained on the “untruncated” sample from Artavaz.

0.549, N = 23, 29, respectively) were not revealed;
therefore, the D. armeniaca and D. valentini samples
from different locations were combined for the calcu-
lation of the activity temperatures (Table 2).

The lower limit of the activity temperature range of
Armenian lizards according to the combined “trun-
cated” sampling from Artavaz, Kuchak, and Dilijan
was 27.2°C, according to the “untruncated” sample it
was 25.6°C, and the upper limit was 35.6°C. The aver-
age body temperature taking into account the data of
the “truncated” sample was 31.1 (£2.08)°C, and the
median was 31°C; taking into account the data of the
“untruncated” sample, the mean value was 31
(£2.17)°C and the median was 30.95°C.

The body temperature range of D. unisexualis was
within 22—32.8°C. At the same time, the mean value
was 27.8 (£3.25)°C, and the median was 29°C and sig-
nificantly differed from the median body temperature
of Armenian lizards using data from both “truncated”
and “untruncated” samples from Artavaz (Dunn test,
Holm method, p < 0.001).

The comparison of the activity temperatures of
parthenogenetic species with the activity temperatures
of the bisexual parental species D. valentini showed
that it is similar to D. armeniaca in the analysis of the
“truncated” and “untruncated” samples from Artavaz
and significantly different from D. unisexualis (Dunn
test, Holm method, p = 0.127, p = 0.102, p < 0.001,
respectively) and the average is 31.5 (£2.17)°C (25.3—
35.4°C, Me = 31.6°C, N = 52) (Fig. 2, Table 2).
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Relationship of the Cloacal Temperature
of Lizards, Air and Substrate Temperatures

We found a positive relationship between the air
temperature in the surface layer and the cloacal body
temperature of D. armeniaca in Artavaz in the “trun-
cated” Rs = 0.477, N= 21, p = 0.029, y = 0.3382x +
24.3588) and “untruncated” (Rs = 0.51, N=22, p =
0.016, y =0.3854x + 23.0622) samples in Dilijan (Rs =
0.477, N =18; p = 0.045; y = 0.2734x + 25.0264) and
Kuchak (Rs = 0.151, p = 0.459, N= 26, y = 0.3404x +
24.2269). However, differences in the coefficients of
the regression equations between Kuchak and Dilijan
(Chow test, N =26, 18, p = 0.668, Figs. 3b, 3c), Dili-
jan and Artavaz (Chow test, N = 18, 21, p = 0.539,
Figs. 3a, 3b), and Artavaz and Kuchak using “trun-
cated” (Chow test, N =21, 26, p = 0.991, Figs. 3a, 3b)
and “untruncated” (Chow test, N =22, 26, p = 0.922)
samples were not revealed. The substrate temperature
and cloacal body temperature of D. armeniaca from
Artavaz in “truncated” (Rs = 0.61, p = 0.003, N =21,
y=0.31x+23.09) and “untruncated” (Rs=0.568,p =
0.006; N =22; y =0.355x + 21.631) samples and the
sample from Kuchak (Rs = 0.746, p < 0.001, N = 26,
y= 0.2851x + 21.8152) were significantly related
(Figs. 3e, 3g). Furthermore, the coefficients of the
regression equations for the cloacal body temperature
and substrate temperature and the cloacal body tem-
perature and air temperature for D. armeniaca from the
“truncated” (Chow test, = 21, p = 0.026; Figs. 3a, 3e)
and “untruncated” (Chow test, N =22, p =0.026) sam-
ples from Artavaz differed significantly (Figs. 3c, 3g).

The air temperature in the surface layer and the
cloacal temperature of D. unisexualis from Kuchak
turned out to be related (Rs = 0.62, p = 0.004, N =20,
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Fig. 2. Activity temperatures of D. armeniaca from Artavaz (A1), Kuchak (A2), and Dilijan (A3); D. unisexualis from Kuchak (U);
and D. valentini from Mets Sepasar (V1) and Kuchak (V2). The black line is the median. The borders of the box are the upper and
lower quartiles. The ends of the whiskers are the lowest and highest values within 1.5 interquartile ranges, and the dot is the outlier.

y = 0.8085x + 12.7479). A relationship between the
temperature of the substrate and the cloacal body tem-
perature of D. unisexualis from Kuchak (Rs = 0.254,
p=0.28, N =20, y = 0.1833x + 22.3913) was not
detected. The coefficients of the regression equations
for the cloacal body temperature and the substrate
temperature and the cloacal body temperature and the
air temperature for D. unisexualis from Kuchak (Chow
test, N =20, p = 0.005, Figs. 3d, 3f) differed signifi-
cantly.

The correlation between the cloacal body tempera-
ture of D. valentini and the temperature of the sub-
strate was not statistically significant in the samples
from Kuchak and Mets Sepasar (Rs = 0.32, 0.25, p =
0.134, 0.233, N =23, 24, y = 0.1598x + 27.2479; y =
0.097x + 28.645, respectively), but we found a rela-
tionship between the cloacal body temperature and the
air temperature in the groups from Kuchak (Rs =0.42,
p=0.046, N =23, y = 0.1884x + 26.6143) and Mets
Sepasar (Rs=—0.53, p=10.005, N=26,y=—0.3367x +
40.0517), and in the latter case the relationship was
inverse. The coefficients of the regression equations
for the cloacal body temperature and air temperature
did not differ significantly in D. valentini samples from
Kuchak and Mets Sepasar (p = 0.404, N =23, 26), the
coefficients of the regression equations for the body
temperature and substrate temperature in these sam-
ples also did not differ (Chow test, p = 0.993, N = 23,
24, Figs. 3h, 3j).

The coefficients of the regression equations for the
air temperature (Chow test, N = 23, 20, p = 0.003;

Figs. 3d, 3k) and the cloacal temperature for D. val-
entini and D. unisexualis from Kuchak differed signifi-
cantly. The coefficients of the regression equations for
the cloacal body temperature of D. armeniaca and
D. unisexualis and the substrate temperatures (Chow
test, N = 26, 20, p < 0.001, Figs. 3f, 3g) and air tem-
perature (Chow test, N = 26, 20, p < 0.001, Figs. 3c,
3d) in Kuchak also differed significantly. The coeffi-
cients of the regression equations for air temperature
and the cloacal body temperature for D. valentini and
D. armeniaca from Kuchak did not differ significantly
(Chow test, N =23, 26, p = 0.669, Figs. 3c, 3k), while
the coefficients of the regression equations for the sub-
strate temperature and cloacal temperature bodies dif-
fered significantly (Chow test, N = 23, 26, p < 0.001,
Figs. 3g, 3j).

DISCUSSION

It is known from the literature that the body tem-
perature of the active forest lizards D. brauneri
(Mehely 1909) on average is 32.0 (£2.2)°C (Tsellarius,
Tsellarius, 2001), and it is similar to the temperatures
obtained in our study for species living in high moun-
tain meadows. Data on the preferred body tempera-
ture of D. armeniaca obtained by us are quite close to
the literature data on this species (approximately 30°C
according to literature data) (Darevsky, 1967) and
some other species, although they differ from them by
about 1°C. In the literature there are no data on the
activity temperatures of D. unisexualis, and according
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Fig. 3. Relationship of the cloacal temperature of D. armeniaca with the air temperature in Artavaz (a), Dilijan (b), and Kuchak (c);
the relationship of the cloacal body temperature of D. unisexualis with the air temperature (d) and substrate temperature (f); the
relationship of the cloacal body temperature of D. armeniaca with the substrate temperature in Artavaz (e¢) and Kuchak (g). Rela-
tionship of the cloacal body temperature of D. valentini with the substrate temperature in Mets Sepasar (h) and Kuchak (j) and
the air temperature in Mets Sepasar (i) and Kuchak (k). * Statistically significant relationships, the white dot means data on this

specimen were removed from the “truncated” sample.

to our data, the mean values (and median) are 27.8—
29.0°C, which is several degrees lower than that of the
other studied representatives of the genus Darevskia.
Based on some features obtained us for the studied
species (the activity temperature range is in the region
of 30°C, and for D. unisexualis it is even lower, after
heating in the morning, there is a long basking, which
is noticeable in D. armeniaca sample from Artavaz,
and optimal body temperatures can be recorded
during basking), all of them can be attributed to poten-
tially nocturnal reptiles (Cherlin, 2010).

It has been shown previously that D. unisexualis liz-
ards start to leave night shelters earlier in the morning
and return into them earlier in the evening than
D. armeniaca lizards that live syntopicaly (Abra-
hamyan et al., 2014). The relatively early exit of D. uni-
sexualis from shelters can be attributed to the fact that
their activity temperatures are lower than those of
D. armeniaca, which means for the start of routine
activities they need a lower body temperature and,
probably, a lower environmental temperature.

It can be assumed that the low activity temperature
range of D. unisexualis in comparison with D. armeni-
aca is associated with the origin of this species from
the alpine subspecies of D. raddei, D. raddei nairensis
(Vergun et al., 2020), living at altitudes of 2000—
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3000 m a.s.l. (Arakelyan et al., 2011), while the species
that are considered maternal for D. armeniaca,
D. mixta and D. dahli (Fu et al., 2000; Vergun et al., 2014),
occur in warmer climates and at lower altitudes: 1250—
1500 (Petrosyan et al., 2019) and 700—1500 m as.l.,
respectively.

There are reasons to believe that the ecological
niches of D. valentini and D. armeniaca are close, since
they have similar requirements for temperature,
humidity, and other environmental parameters
(Petrosyan et al., 2019). The detected similarity in the
activity temperatures of these species also indicate
their ecological proximity (Fig. 2), which was also
confirmed in an experiment in a thermogradient
apparatus (Galoyan et al., 2019). Thus, the experi-
mental data and observations show differences in the
thermal biology of D. unisexualis, D. armeniaca, and
D. valentini, which is interesting from a biological
point of view and allows us to hypothesize about the
biological differences between these species. In
Kuchak the substrate temperature had a different
effect on the cloacal temperature of D. valentini and
D. armeniaca lizards, which may indicate a different
use of substrate heat for heating by these species. Also,
the temperature of both of these species depends on
ambient temperatures differently than the temperature
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of D. unisexualis, which may indicate a different use of
resources for heating by different species of rock liz-
ards under cohabitation conditions. It is possible that
these differences allow coexisting species to reduce
interspecies competition in mixed populations with
high population densities.

The revealed statistically significant negative cor-
relation coefficient between the air temperature in
Mets Sepasar and the cloacal temperature of D. val-
entini may be due to the small sample size, since it is
difficult to find an explanation for this phenomenon.
The statistically significant correlation coefficient
between the air temperature in Kuchak and the cloacal
temperature of D. valentini shows a rather weak rela-
tionship. Thus, we did not reveal biologically signifi-
cant relationships between the cloacal body tempera-
tures of representatives of this species and the environ-
mental temperatures.
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