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Abstract

Thermal ecology plays a key role in shaping the behavior and distribution of reptiles, particularly under climate stress. Understand-
ing how sympatric lizard species manage their thermal preferences is essential for predicting their responses to changing climate. 
We studied thermo-ecological parameters in two lizard species, Lacerta viridis and L. trilineata that occur under syntopy in SW 
Bulgaria. We recorded in situ body, air and substrate temperatures, humidity and UV radiation for 190 individuals. Both species 
maintained body temperatures higher than air and substrate temperature. Comparison of the two species showed statistically sig-
nificant differences between them in terms of body and substrate temperature, with a trend towards higher values in L. viridis. For 
L. trilineata, statistically significant differences were found only between immatures and females in terms of substrate temperature 
(higher values in females). For L. viridis, there were significant differences between immatures and males in each of the temperature 
parameters (with a trend for higher values in males) as well as between immatures and females in air temperature (higher values 
in females). No significant differences were found in humidity or UV exposure among groups. Our findings reveal species- and 
sex-specific thermal strategies in two co-existing lacertids, likely reflecting different ecological or physiological demands. The re-
sults provide valuable baseline data for predicting species responses to increasing temperatures in hot and dry habitats.
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Introduction

As ectotherms, lizards exhibit a strong dependence on en-
vironmental temperature with regard to all life processes, 
like foraging (Harwood 1979; Du et al. 2000), locomotion 
(Herrel et al. 2007), reproduction (Licht 1972), sex de-
termination (Yamaguchi and Iwasa 2018), etc. They can 
maintain their body temperature higher than the air tem-
perature, and keep it constant mainly by behavioral ther-
moregulation (Huey 1974; Castilla and Bauwens 1991; 
Kirchhof et al. 2017). The air and substrate temperature, 
along with humidity, are the main environmental factors 
that affect lizard activity, as ectotherms rely on external 
sources to regulate their body temperature and maintain 

water balance (Rozen-Rechels et al. 2019; Bodenstein-
er et al. 2020). Solar radiation, wind speed, availability 
of shade and microhabitat structure are also important 
and interact with ambient temperature and humidity to 
influence lizard thermoregulation and overall physiolog-
ical performance (Monasterio et al. 2009; Ortega et al. 
2016а; Ortega and Pérez-Mellado 2016; Rozen-Rechels 
et al. 2019; 2020). UV light exposure plays an important 
role in the thermoecology of lizards (Conley and Lattan-
zio 2022) and is linked to physiological processes such 
as vitamin D₃ synthesis (Holick et al. 1995), which is 
essential for calcium metabolism and reproductive suc-
cess. However, excessive UV, particularly in open and 
arid habitats, may lead to overheating or skin damage, 
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and even can be lethal (Ferguson et al. 1996), prompt-
ing lizards to balance sun exposure with shade-seeking 
behaviors. Thus, UV radiation indirectly shapes thermal 
strategies by influencing both behavioral and physiolog-
ical responses (Karsten et al. 2009; Conley and Lattan-
zio 2022). Despite the important role of UV radiation in 
lizard ecology, relatively few studies have quantified UV 
exposure under natural conditions (Ferguson et al. 2010, 
2014), with the majority of available research focusing 
on captive or laboratory-maintained individuals (Baines 
et al. 2016 and references therein).

The relatively low mobility and small size do not allow 
reptiles and lizards in particular, to move long distances, 
which makes them highly vulnerable to climate change 
(Huey et al 2009; Sinervo et al. 2010; Biber et al. 2023). 
In addition to habitat loss, degradation, and fragmentation, 
the increased temperature and changes in precipitation pat-
terns are causing the decline of many reptiles worldwide 
(Choudhary and Chishty 2021). Moreover, species inhabit-
ing arid environments, such as the Mediterranean regions, 
are particularly threatened by the higher risk of drought 
(Foufopoulos et al. 2010; Belasen et al. 2017) and lizards 
dealing with seasonal changes in temperatures require 
more precise thermoregulation (Díaz et al. 2006; Huey et 
al. 2009). As environmental temperatures increase reptiles 
need to spend more time to thermoregulate (Kearney et al. 
2009; Díaz et al. 2022), and are constrained to select ther-
mally favorable microhabitats (Žagar et al. 2015; Sagonas 
et al. 2017) and spend more time in shade or in shelters, 
thus reducing their time for activity, feeding, and repro-
duction (Kirchhof et al. 2017; Sannolo and Carretero 2019.

Therefore, collecting data on the temperature require-
ments of reptiles is particularly important in the context of 
global climate warming. For Bulgaria, the only published 
data on the thermal ecology of lizards refer to Lacerta agi-
lis Linnaeus, 1758 (Grozdanov et al. 2011; Popova et al. 
2023) and Ophisops elegans Ménétries, 1832 (Krastev et 
al. 2023). Thus, there is a fairly large knowledge gap, given 
that 16 lizard species are found in the country (Stojanov 
et al. 2011; Kotsakiozi et al. 2018; Kornilios et al. 2019). 
In many areas of Bulgaria, two or more lacertid species 
inhabit the same territory (Tzankov 2005; Vacheva et al. 
2020), but their thermal preferences have not been the sub-
ject of comparative analysis so far. Lizards that occupy the 
same habitat must differentiate their thermal preferences 
or select different microhabitats (Pianka 1986; Heltai et al. 
2015; Sagonas et al. 2017), but closely related species often 
display similar thermal tolerances (Schall 1977; Grigg and 
Buckley 2013). It should be noted that there are two main 
approaches in this type of research: in-situ and ex-situ, but 
they reflect different aspects of thermal ecology, i.e. the 
field measurements mostly reflect the ecological optimum 
of reptile body temperature, while the laboratory measure-
ments (under a constant thermal gradient) mostly reflect 
the physiological optimum of body temperature (see Meek 
1995 and references therein).

The Balkan Green Lizard (Lacerta trilineata Bedria-
ga, 1886) and European Green Lizard (Lacerta viridis 

(Laurenti, 1768)) (Fig. A1 in Appendix 1) are the largest 
species of the family Lacertidae in Bulgaria. The max-
imum known snout-vent lengths, in Bulgaria, are 153 
mm for L. trilineata and 150 mm for L. viridis (Stojanov 
et al. 2011; Vacheva et al. 2022). The range of L. trilin-
eata includes only the southwesternmost part of Bulgaria 
up to about 550–700 m a.s.l. (Stojanov et al. 2011; au-
thors’ unpublished data from 2023–2024), while L. vir-
idis is widespread from the sea level up to ca. 1200, and 
in some places up to 1600–1800 m a.s.l. (Stojanov et al. 
2011). Lacerta trilineata prefers habitats with xerophytic 
grass, shrubs or trees, and rocky terrain. Lacerta viridis 
is a more generalist species, inhabiting open landscapes 
or meadows with sparse bush vegetation and forest edg-
es, but can also be found in areas that are densely cov-
ered with bushes or sparse forests (Stojanov et al. 2011; 
Vacheva et al. 2020).

Previous studies on the thermal ecology for these spe-
cies are scant: Lacerta trilineata has been studied only 
in Greece by Sagonas et al. (2013), while for L. viridis 
the only available data is provided by Arnold (1987) 
from Bosnia and Herzegovina. To fill this gap, we con-
duct an in-situ comparison of L. trilineata and L. viridis 
(including potential sex- and age-related variations), in 
relation to body and ambient temperatures, as well as to 
UV radiation and humidity, under syntopy. Our working 
hypothesis was as follows: because the two species are 
closely related and very similar in size we hypothesized 
that they would exhibit no substantial differences in field 
body temperatures and will have similar preferences for 
some basic abiotic factors. Understanding how these spe-
cies regulate their body temperature and respond to envi-
ronmental variation provides valuable insight into their 
ecological adaptability and helps predict their vulnerabil-
ity under future climate scenarios.

Material and methods
Study area

Fieldwork was conducted in an area situated between the 
villages of Vlahi and Stara Kresna in the western foot-
hills of the Pirin Mountains (SW Bulgaria). The area is 
characterized by well-developed microrelief and hetero-
geneous land cover (a mosaic of low-stem forests, open 
stony terrains with grass and shrub vegetation, bare rocks, 
etc.) (Fig. A2 in Appendix 1). Human activity in this area 
is low (free grazing of small flocks of sheep and goats, 
low-traffic roads, minimal hiker presence), and hence 
probably little impact on local lizard populations. For the 
purpose of the study, two test sites were selected, located 
in the southeastern (41.74°N, 23.22°E; 500–700 m a.s.l.) 
and northwestern (41.76°N, 23.17°E; 450–600 m a.s.l.) 
parts of the area (Fig. 1). The two sites are physiograph-
ically similar but sufficiently distant from each other 
(ca. 4 km), which, in our opinion, excludes the possibili-
ty of the same individual being caught in both sites. The 
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Figure 1. Landscape of the study area (source: https://kais.cadastre.bg/) with rectangular outlines of the visited sites, and position 
of the study area on a relief map of Bulgaria.

climate of the study area (https://www.meteoblue.com/
en/weather/historyclimate/climatemodelled/vlahi_bul-
garia_72582), is characterized by mean daily maximum 
air temperature ranging from 6 °C in January to 29 °C in 
July/August, mean daily minimums from -2 °C in Janu-
ary to 17 °C in July/August, and mean monthly precipita-
tion between 32 mm in August and 79 mm in December.

Sampling

The study area was visited monthly in the period March–
October in 2023 and 2024. The individual visits lasted two 
or three consecutive days, always visiting both sites and in 
some cases – one of them twice. The specific dates, dura-
tion, and time intervals of individual site visits varied wide-
ly, ranging from 2 to 9 hours (average: 5 hours) between 
08:30 and 21:00 local time (UTC + 3), considering the ac-
tivity time of both species. Visits were primarily conducted 
in favorable weather conditions, thus avoiding periods of 
low or no lizard activity due to prolonged rain, sudden cold, 
or strong wind. On each visit, attempts were made to cap-
ture (by hand or using a noose) every individual of Lacerta 
trilineata/viridis that was spotted. Handling of animals was 
carried out in accordance with the Ministry of Environment 
and Water of Bulgaria’s Permit No. 861/13.01.2021.

The body temperature (Tb) of the lizards captured was 
measured in the cloaca immediately after capture using a 
Digital probe thermometer (TFA Dostmann Ltd. – Germa-

ny with a precision of 0.5 °С). Thereafter, individuals were 
measured (using a plastic ruler with an accuracy of 1 mm), 
sexed (adults only), tagged with a permanent marker (red 
dot on the back) to avoid repeated capture/measurement 
within the same visit, and released. At the exact place of 
the initial registration of each lizard captured, the following 
environmental parameters were recorded: substrate surface 
temperature (Ts) and air temperature at 20 cm above the 
ground (Ta) (via the above-mentioned thermometer); UV 
radiation intensity (UV) in the range 260–390 nm (via UV 
meter LUTRON YK-35UV with a precision of 0.01 mW/
cm2); relative humidity (RH) of the air at the substrate level 
and at 20 cm above the ground (via digital thermo-hygrom-
eter TFA Dostmann Ltd. – Germany with a precision of 
5%). Such or similar methods for assessing environmental 
parameters are widely used in ecological studies on reptiles 
(Amat et al. 2003; Huey and Pianka 2007; Arribas 2013).

Data processing and statistics

Data from the individual visits were pooled and analyzed 
as a whole, i.e. without taking into account possible sea-
sonal/time/site specific variation in lizard activity. This 
approach was chosen because, in our opinion, the pattern 
of the collected data does not allow for such a degree 
of detail. The individuals registered were divided into 
two groups according to the values of snout-vent length 
(SVL). In L. trilineata, individuals with SVL > 81 mm 
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were conditionally considered adults [according to Sag-
onas et al. (2019) the minimum SVL values for sexual-
ly mature individuals recorded in mainland Greece are 
81.3 mm for females and 80.6 mm for males], and in L. 
viridis, individuals with SVL > 79 mm were conditional-
ly considered adults [according to Sagonas et al. (2018) 
the minimum SVL values for sexually mature individuals 
recorded in Greece are 76.1 mm for females and 82.8 mm 
for males]. In our experience, sex determination by ex-
ternal features in individuals with SVL less than 80 mm 
is uncertain (in both species), therefore the sex of these 
individuals was not taken into account and they were con-
ditionally considered immatures.

Data were tested for normal distribution using Kolm-
ogorov-Smirnov test (Lilliefors modification). The test 
showed that most variables (except Ts) are not normally 
distributed (Lilliefors p < 0.05), therefore only non-para-
metric statistics were used. Spearman rank order cor-
relation was used to evaluate the relations of lizard Tb 
with the ambient temperature parameters. Preliminary 
estimates showed that the correlation between Ts and Ta 
was moderate (Spearman’s Rho = 0.68, p < 0.001), while 
that between substrate and air humidity was very high 
(Spearman’s Rho = 0.91, p < 0.001). In view of the latter, 
the arithmetic mean of measurements at substrate level 
and 20 cm above the ground was used for relative hu-
midity estimation. Mann-Whitney U test was performed 
to detect possible differences between Tb and Ts and Ta, 
as well as between the two species in terms of all pa-
rameters studied. Kruskal-Wallis ANOVA (with post-hoc 
multiple comparisons) was used to compare the sex/size 
groups with each other at the intrapopulation level. Since 
the data corresponded to the basic assumptions of these 
tests (all variables were continuous and the variances in 
the groups compared were similar (Levene test of homo-
geneity of variances: p > 0.05 in all variables)), the results 
can be considered sufficiently correct.

The statistical procedures were done using STATISTI-
CA 10.0 (StatSoft Inc. 2011).

Results
A total of 72 measurements of Lacerta trilineata and 118 
of L. viridis were made (Fig. A3 in Appendix 1). The low-
est Tb measured in L. trilineata was 21.5 °C (an immature 
individual, caught on April 25 at a Ts of 18.9 °C and a Ta 
of 17.8 °C), the highest – was 37.5 °C (an adult female, 
caught on June 21 at Ts of 41.4 °C and Ta of 35.6 °C), and 
the median was 31.25 °C. In L. viridis, these values were 
22.0 °C (an immature individual, caught on April 24 at Ts 
of 17.6 °C and Ta of 17.5 °C), 38.5 °C (an adult female, 
caught on June 22 at Ts of 32.7 °C and Ta of 33.3 °C), and 
33.20 °C, respectively.

No statistically significant correlation was found be-
tween the lizard’s SVL and Tb (L. trilineata: Rho = -0.10, 
p = 0.397; L. viridis: Rho = 0.09, p = 0.322). The correla-
tion (Table 1) of Tb with Ts was positive and statistically 

significant (Table 1). In L. trilineata, it can be defined as 
weak, and in L. viridis – as moderate, at least as far as the 
full samples are concerned. At the intrapopulation level, 
the following differences are noticeable: in L. trilineata, 
the correlation was significant only in females, while in 
L. viridis, it was significant in both sexes, but higher in 
females. Correlation between Tb and Ta was statistically 
significant in both species (full samples) as well as in all 
of the sex/size groups (Table 1).

The Mann-Whitney test showed statistically significant 
differences between Tb and Ts and Ta in all combinations, 
with Tb being higher in both comparisons (Table 2; Ap-
pendix 2). In both species, Tb measured was usually higher 
than both Ts (in 88.73% of measurements in L. trilineata 
and 92.37% in L. viridis) and Ta (in 92.96% of measure-
ments in L. trilineata and 95.73% in L. viridis). Compari-
son of the pooled samples of the two species showed sta-
tistically significant differences between L. trilineata and 
L. viridis in terms of Tb and Ts (Table 3; Appendix 2), 
with a trend towards higher values in L. viridis in both 
cases (Fig. 2). The comparison between species at the lev-
el of sex/size group showed significant differences only 
between males, with each of the temperature parameters 
trending towards higher values at L. viridis, while the op-
posite trend was evident in regards to air humidity.

Table 1. Spearman rank order correlations (Rho, p) of lizard’s 
body temperature (Tb) with substrate (Ts), and air (Ta) tempera-
tures Statistically significant correlations are marked with aster-
isks: * p < 0.05, ** p < 0.01, *** p < 0.001.

L. trilineata L. viridis
Rho p Rho p

Tb w/ Ts Overall 0.37 0.001** 0.58 0.000***
Females 0.50 0.010* 0.77 0.000***
Males 0.40 0.090 0.43 0.002**

Immatures 0.24 0.241 0.31 0.105
Tb w/ Ta Overall 0.68 0.000*** 0.67 0.000***

Females 0.72 0.000*** 0.73 0.000***
Males 0.65 0.003** 0.48 0.001**

Immatures 0.67 0.000*** 0.72 0.000***

Table 2. Mann-Whitney U test (U, p) for the difference be-
tween lizard’s body temperature (Tb) and substrate (Ts) and air 
(Ta) temperatures based on the entire samples of both species 
and separately for the sex/size groups. Statistically significant 
differences are marked with asterisks: * p < 0.05, ** p < 0.01, 
*** p < 0.001.

L. trilineata L. viridis
U p U p

Tb vs. Ts Overall 987.50 0.000*** 2677.00 0.000***
Females 184.50 0.003** 337.50 0.000***
Males 101.00 0.021* 410.00 0.000***

Immatures 47.50 0.000*** 117.00 0.000***
Tb vs. Ta Overall 823.50 0.000*** 2186.50 0.000***

Females 155.00 0.001** 225.00 0.000***
Males 70.50 0.001** 442.50 0.000***

Immatures 46.00 0.000*** 53.50 0.000***
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Table 3. Mann-Whitney U test for the difference between L. trilineata and L. viridis in the studied factors (Tb = body temperature; 
Ts = substrate temperature; Ta = air temperature; UV = UV radiation intensity; RH = relative humidity). Statistically significant 
differences are marked with asterisks: * p < 0.05, ** p < 0.01, *** p < 0.001; for the values of medians see Appendix 2.

Overall Females Males Immatures

U p U p U p U p
Tb 3266.00 0.008** 499.50 0.730 193.00 0.000*** 352.00 0.680
Ts 3288.50 0.013* 505.50 0.989 310.00 0.027* 307.50 0.245
Ta 3536.00 0.088 496.00 0.888 279.00 0.011* 348.50 0.637
UV 3197.00 0.219 431.50 0.494 344.00 0.299 271.00 0.764
RH 3535.00 0.322 454.00 0.711 276.50 0.020* 313.00 0.680

For L. trilineata, the post-hoc test (Table 4; Fig. 3) 
showed a statistically significant difference only between 
immatures and females in terms of Ts (higher values in 
females). For L. viridis, there were significant differences 
between immatures and males in each of the temperature 
parameters (with a trend for higher values in males) as 
well as between immatures and females in Ta (higher val-
ues in females). Regarding the other two factors consid-
ered (UV and RH) there were no significant differences 
between the sex/size groups.

Discussion
Our results revealed species-specific thermal differences 
under syntopic conditions. L. viridis exhibited significant-
ly higher Tb and Ts compared to L. trilineata, particular-
ly among males. Relative humidity showed an opposite 
trend, with higher values associated with L. trilineata. 
Intraspecific comparisons indicated sex- and age-related 
thermal variation: in L. trilineata, only females and im-
matures differed significantly in Ts, while in L. viridis, 

immatures differed from both males and females. Across 
both species, Tb was consistently higher than Ts and Ta 
in most individuals, confirming active thermoregulation 
under natural conditions.

Information from the literature forvariation of Tb and 
ambient temperature in Lacerta trilineata and L. viridis 
in natural conditions is scarce. For adult males of L. tri-
lineata from Greece, Sagonas et al. (2013) reported mean 
values of Tb between 31.3 °C and 32.3 °C, with minimum 
and maximum values of 28.5 °C and 35.0 °C, respective-
ly. In our case, Tb of males varied in the range 24.8–35.9 
°C with a median of 29.4 °C. For L. viridis (n = 6) from 
Bosnia and Herzegovina, Arnold (1987) gave a mean 
value of 33.9 °C with range from 30–35 °C (information 
about sex and age of the individuals was absent). In our 
case, the mean Tb was quite similar (33.2 °C), but with 
a wider range of 22–38.5 °C which could be due to the 
larger sample size and extended period of collecting data.

Our results show that Tb (in both species) does not 
depend on body length. This is also valid for Lacerta tri-
lineata from Greece (Sagonas et al. 2013). Other studies 
on lacertid lizards have shown weak or no significant cor-
relation between body size and field body temperatures as 
well (Sagonas et al. 2013; Şahin and Kuyucu 2021). This 
suggests that behavioral thermoregulation plays a more 
significant role than just passive thermal effects (Ver-
waijen and Van Damme 2007; Beal et al. 2014).

In both species, our results indicated a positive rela-
tionship between Tb and environmental temperature. The 
relationship was more pronounced for Ta than for Ts (in 
both species). This suggests that both species were more 
influenced by air temperature for maintaining their body 
temperature. Thus, they may rely more on behavior ther-
moregulation such as basking or seeking shelter depend-
ing on air temperature fluctuations, rather than solely re-
lying on the temperature of the substrate. To regulate their 
Tb precisely, both species may prefer microhabitats with 
more favorable air temperatures, such as more complex 
habitats (with sparse forests or single trees) or places with 
available shelters (such as stones and rock crevices). It is 
possible that there is an additional reason for the stronger 
correlation with air temperature, i.e. since the air tem-
perature changes faster than substrate temperature, then 
the body temperature probably also changes faster than 
substrate temperature, given the small size and physical 
structure of the lizards.

Figure 2. Percentage distribution of the individuals of both spe-
cies according to their body temperature (Tb) per interval of 2 °C.
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Table 4. Kruskal-Wallis ANOVA and post-hoc multiple comparisons (z’-values above the diagonal; p-values below the diagonal) 
for the difference between the sex/size groups (F = females; M = males; IM = immatures) for the studied factors (Tb = body tempera-
ture; Ts = substrate temperature; Ta = air temperature; UV = UV radiation intensity; RH = relative humidity). Statistically significant 
differences are marked with asterisks: * p < 0.05, ** p < 0.01, *** p < 0.001.

Lacerta trilineata Lacerta viridis
Tb H = 5.12, p = 0.077 H = 13.21, p = 0.001**

F M IM F M IM
F 2.26 1.07 F 1.47 2.18
M 0.071 1.27 M 0.422 3.63
IM 0.853 0.613 IM 0.089 0.001**

Ts H = 7.53, p = 0.023* H = 14.55, p = 0.001**
F M IM F M IM

F 0.87 2.71 F 1.57 2.26
M 1.000 1.62 M 0.348 3.81
IM 0.020* 0.315 IM 0.071 0.000***

Ta H = 3.75, p = 0.153 H = 21.77, p = 0.000***
F M IM F M IM

F 0.74 1.93 F 2.06 2.65
M 1.000 1.04 M 0.118 4.66
IM 0.161 0.901 IM 0.024 0.000***

UV H = 0.99, p = 0.607 H = 0.43, p = 0.805
F M IM F M IM

F 0.98 0.23 F 0.61 0.52
M 0.986 0.73 M 1.000 0.01
IM 1.000 1.000 IM 1.000 1.000

RH H = 1.57, p = 0.457 H = 4.71, p = 0.095
F M imm F M IM

F 1.25 0.48 F 1.71 0.31
M 0.635 0.79 M 0.262 1.90
IM 1.000 1.000 IM 1.000 0.171

In most cases, Tb was higher than the temperature of 
the environment, and this was valid for all sex/size cate-
gories. Higher Tb can enhance metabolic rates, thus lead-
ing to increased activity levels, and higher efficiency in 
foraging and reproduction (Castilla et al. 1999; Verwaijen 
and Van Damme 2007).

When we compared the two species in terms of Tb 
values, they were higher in L. viridis than those in L. 
trilineata. This was true both for the median and for the 
minimum and maximum values measured (Appendix 
2). The same trend was observed for Ts. In both cases, a 
comparison of sex/size groups showed that these differ-
ences applied to adult males, while for adult females and 
immatures (i.e. individuals with SVL less than 80 mm) 
the differences between the two species were not signif-
icant (Table 3). Lacerta viridis inhabits cooler and more 
diverse environments. Therefore, similar to other species 
in cooler regions, it probably adopts a more active ther-
moregulation strategy (Ortega et al. 2016b; Ortega et al. 
2016c). In such conditions, lizards may need to actively 
search for warm microhabitats and maintain higher body 
temperatures to optimize their physiology and overall 
functions. In contrast, L. trilineata is found in drier and 
hotter areas, where overheating is a greater risk. To avoid 
excessive heat stress, it may regulate its Tb at a lower lev-
el and use behavioral adaptations such as seeking shade, 
being active during cooler times of the day, etc. For ex-
ample, Sannolo et al. (2018) reported a similar result for 

Podarcis bocagei (Lopez-Seoane, 1885) inhabiting areas 
with cooler and wetter microclimate and P. lusitanicus 
Geniez et al. 2014, which prefers warmer and drier mi-
croclimate, with P. bocagei selecting higher temperatures.

The slight intraspecific differences that display the ten-
dency for higher temperatures in males (Table 4 and Fig. 
3) could be due to their larger body size. This means that 
they have greater thermal inertia, compared to females 
and subadults (Herczeg et al. 2007). In addition, males 
are more active, especially in the reproductive season 
while searching for mates, or guarding their territories. 
This increased activity requires a higher metabolic rate, 
which in turn benefits from a higher Tb (Verwaijen and 
Van Damme 2007). Another explanation could be that 
males may occupy more sun-exposed areas to thermoreg-
ulate efficiently. On the other hand, females and subadults 
might be forced to select less favorable microhabitats to 
reduce intraspecific competition or to avoid predators 
(Childers and Eifler 2015; Delaney and Warner 2017). 
Adult females may also depend on their reproductive sta-
tus (Tosini and Avery 1996), and could be forced by the 
reproductive costs of pregnancy to choose habitats that 
provide them both safe places and better thermoregula-
tion opportunities.

No differences were found in UV intensity (measured 
at the sites of capture) between the two species as a whole 
or between the sex/size groups in particular. The limits 
of lizard activity against UVI values vary between 0.0 to 
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Figure 3. Boxplots of descriptive statistics of body, substrate and air temperature (respectively Tb, Ts and Ta) for the sex/size 
groups of both species (LT = L. trilineata; LV = L. viridis; F = females; M = males; imm = immatures).

4.5 mW/cm2 in L. viridis (with a median of 1.14) and 0.1 
to 4.1 mW/cm2 (median 1.6) in L. trilineata. The UV vi-
sion is widespread in lacertid lizards (Pérez i de Lanuza 
and Font 2014), which indicates they have a complex col-
or vision, including a specific UV-sensitive photoreceptor. 
Consequently, thermoregulatory behaviors should serve 
not only to regulate body temperature but also to regulate 

the UV exposure (Conley and Lattanzio 2022). Neverthe-
less, further research is needed to clarify the importance of 
UV light and lizards’ adaptation in view of UV exposure.

No differences were found for air humidity, except for 
a slightly significant difference between the two species 
in adult males – a tendency for higher values in L. trilin-
eata. It is known that to cope with the drought and risk 
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of dehydration, lizards in dry environments must balance 
thermoregulation with water preservation, by changing 
their activity time or spending less time at higher tem-
peratures. For example, Sannolo and Carretero (2019) 
showed that dehydration may negatively affect thermo-
regulation in lacertid lizards, thus forcing them to select 
body temperatures lower than the preferred ones. How-
ever, this was beyond the scope of our study and the ef-
fect of evaporation was not taken into account.The im-
portance of humidity and its significance on the studied 
species, requires further investigation. Overall, long-term 
studies on the impact of temperature and other climat-
ic factors on lacertid lizards, as well as their response to 
climate change, are scarce and primarily conducted in 
high-mountain areas (Chamaillé-Jammes et al. 2006; Or-
tega et al. 2016b; Díaz et al. 2022). In this context, the 
present study emphasizes the thermal ecology of lacertid 
species in a hot and dry area and lays the necessary foun-
dation for future research, as well as monitoring of the 
impact of rising temperatures on lizard ecology.
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Figure A1. Images of the studied species: on the left – Lacerta viridis, from top to bottom: a pair of Lacerta viridis, a male with a 
mating coloration and a female; on the right – L. trilineata, from top to bottom: a pair, a male and a female L. trilineata. Photographs 
by Emiliya Vacheva.
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Figure A2. Images of the habitats in the two studied parts of the area: above – the northwestern part of the area with the local road; 
below – the southeastern part of the area and a characteristic habitat with stones and rare shrubs (the small photo). Photographs by 
Emiliya Vacheva.
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Figure A3. Spatial distribution of L. trilineata and L. viridis registrations in the study area on satellite images (see also Fig. 1): 
NW refers to the northwestern part of the area (41 registrations of L. trilineata and 69 registrations of L. viridis); SE refers to the 
southeastern part of the area (31 registrations of L. trilineata and 49 registrations of L. viridis).
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Appendix 2

Table A1. Descriptive statistics of the studied factors (SVL = snout-vent length; Tb = body temperature; Ts = substrate temperature; 
Ta = air temperature; UV = UV radiation intensity; RH = relative humidity) for the full samples (Overall) and separately for the sex/
size groups (Females, Males, Immatures) of both species.

Lacerta trilineata Lacerta viridis
N Median Min Max N Median Min Max

SVL (mm) Overall 72 106.50 39 140 118 95.75 36 119
Females 27 119.00 84 137 39 99.00 84 111
Males 19 123.00 85 140 50 102.00 80 119

Immatures 26 59.75 39 81 29 63.00 36 79
Tb (°C) Overall 72 31.25 21.5 37.5 118 33.20 22.0 38.5

Females 27 32.60 24.5 37.5 39 33.00 22.5 38.5
Males 19 29.40 24.8 35.9 50 34.20 27.3 37.3

Immatures 26 31.85 21.5 36.5 29 30.90 22.0 37.6
Ts (°C) Overall 71 24.80 14.2 41.6 118 26.95 17.6 46.2

Females 26 26.70 15.6 41.6 39 26.90 17.7 46.2
Males 19 25.30 17.9 33.5 50 28.85 21.6 39.7

Immatures 26 23.30 14.2 30.1 29 24.00 17.6 34.3
Ta (°C) Overall 71 25.00 15.8 38.5 117 26.00 16.9 37.4

Females 26 25.85 17.9 38.5 39 25.30 16.9 33.9
Males 19 25.00 15.8 32.6 49 26.80 18.8 37.4

Immatures 26 24.50 17.6 28.5 29 23.30 17.5 29.4
UV (mW/cm2) Overall 66 1.60 0.1 4.1 109 1.41 0.0 4.5

Females 26 1.35 0.3 3.8 37 0.95 0.1 4.0
Males 18 2.09 0.1 4.1 46 1.61 0.0 4.0

Immatures 22 1.60 0.4 3.4 26 1.84 0.0 4.5
RH (%) Overall 68 38.75 25.5 64.5 114 34.25 23.0 72.6

Females 26 37.00 25.5 54.5 37 38.00 25.5 63.0
Males 18 39.75 29.5 64.5 49 33.00 23.0 59.4

Immatures 24 39.25 26.5 59.5 28 40.00 23.5 72.6
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