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Abstract 

Sympatric lizard species differing in morphology present convenient models for studying the 

differentiation in thermal behavior and the role of morphological differences in thermal biology. 

Here we studied the thermal biology of two sympatric lizard species which occur together 

sympatrically in western Anatolia, Frig Valley. These two species differ in body size, with the 

larger Lacerta diplochondrodes and smaller Parvilacerta parva. Field body temperatures of the 

individuals belonging to both species were recorded in the activity period. Additionally, several 

environmental parameters including solar radiation, substrate temperature, air temperature and 

wind speed were also monitored to investigate the relative effect of these abiotic parameters on 

thermal biology of the two species. The field body temperature and temperature excess 

(difference between body and substrate temperature) of two species while being relatively close 

to each other, showed seasonal differences. Solar radiation, substrate temperature and air 

temperature were the main effective factors on thermal biology in the field. Additionally, 

although body size did not have a direct significant effect on body temperature or temperature 

excess, the interaction between body size and wind were effective on temperature excess. In 

conclusion, our study partially supports the conservation of thermal biology of related lizard 

species. 

 

Keywords: Lacerta diplochondrodes, Parvilacerta parva, thermal biology, body size, body 

temperature.  
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1. Introduction  

Temperature is one of the most important environmental parameters that strongly influence 

almost all biochemical reactions and thus most physiological processes linked to fitness of 

organisms (Angilletta, 2009; Hochachka and Somero, 2002; Ortega et al., 2016a; Pörtner, 2002; 

Somero, 2004). Eventually, body temperature is one of the most effective factors on the 

performance of ectothermic animals (Gaitán-Espitia et al., 2014; Huey and Kingsolver, 1989; 

Huey and Pianka, 2018; Huey and Stevenson, 1979). Thermal performance of ectotherms 

generally conforms to an asymmetric reaction-norm curve where optimal performance peaks 

between maximal and minimal thresholds (Angilletta, 2006; Chown et al., 2010; Huey and 

Stevenson, 1979; Kingsolver and Huey, 1998; Rezende and Bozinovic, 2019; Schulte et al., 

2011). Organisms strive to keep their body temperature close to this optimum by 

thermoregulation to maximize performance in life history including growth, reproduction, 

foraging, locomotion (Angilletta, 2009; Aparicio Ramirez et al., 2020; Lailvaux and Irschick, 

2007; Rutschmann et al., 2020; Seebacher and Franklin, 2005).  

Body temperatures of ectotherms, including reptiles, strongly depend on thermal properties of 

their microhabitats (Goller et al., 2014; Gómez Alés et al., 2017; Huey and Slatkin, 1976; Ortega 

and Pérez-Mellado, 2016). However, terrestrial environments show thermal variation to varying 

degrees in several spatial and temporal levels, including altitudinal (Kuyucu et al., 2018; 

Lymburner and Blouin-Demers, 2020; Van Damme et al., 1989; Zamora-Camacho et al., 2016), 

seasonal (Díaz et al., 2006; Huey and Pianka, 1977; Liz et al., 2019; Van Damme et al., 1987) 

and microhabitat level (Adolph, 1990; Goller et al., 2014; Ortega et al., 2016b; Scheers and Van 
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Damme, 2002). Because of this heterogeneity of the thermal environment, behavioral 

thermoregulation holds crucial importance for ectothermic organisms including reptiles (Cowles 

and Bogert, 1944; Huey and Slatkin, 1976; Kearney et al., 2009; McMaster and Downs, 2013; 

Rangel-Patiño et al., 2020). The thermoregulatory strategies vary both among and between 

species, which depends on the costs and benefits of thermoregulation which also depend on 

several biotic and abiotic factors in the environment (Huey and Slatkin 1976, Lymburner and 

Blouin Demers 2020). Species that rely on behavioral thermoregulation can utilize solar 

radiation by basking (heliothermy) or regulate their heat exchange with the substrate 

(thigmothermy) (Belliure and Carrascal, 2002; Garrick, 2008; Penniket and Cree, 2015; 

Rutschmann et al., 2020) to keep their body temperature in set point limits. Most Lacertids are 

classified as heliothermic, since they effectively shuttle between sun and shade in order to keep 

their body temperature (Tb) in certain optimum intervals (Basson et al., 2017; Díaz et al., 1996; 

Van Damme et al., 1987).  

It is shown that even sympatric squamate species that live in the same environments might differ 

in their usage of thermal micro-habitats (Angilletta, 2009; Gomes et al., 2016; Gómez Alés et al., 

2017). Therefore, differentiations in thermoregulatory strategies can also result in alterations for 

their habitat use in spatial and temporal scales (Buckley et al., 2015; Lymburner and Blouin-

Demers, 2020; Neel and McBrayer, 2018; Paterson and Blouin-Demers, 2018). Microhabitat 

selection (Castilla and Bauwens, 1991; Ortega and Pérez-Mellado, 2016), reproduction activities 

(Ibargüengoytía et al., 2008; Luo et al., 2010; Meiri et al., 2012; Wang et al., 2016), foraging 

rates (Kearney et al., 2020; Verwaijen and Van Damme, 2007) and growth patterns (Angilletta et 

al., 2002; Have and Jong, 1996; Refsnider et al., 2019; Sears et al., 2016) are partly determined 

by thermal factors in ectotherms' environment. The heterogeneity of the spatial thermal 
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environment has an important role in thermoregulation (Logan et al., 2019, 2015; Sears et al., 

2011). This heterogeneity provides more opportunities for activities and regulations for lizards 

by enabling lizards to behaviorally regulate their energetic thermoregulation costs (Ortega and 

Martín-Vallejo, 2019).  

Air temperature, substrate temperature, humidity, solar radiation, wind speed, availability of 

shade can be assessed as some of the most important environmental factors that influence 

thermal activities of lizards (Fei et al., 2012b; Kiefer et al., 2007; Logan et al., 2015). In addition 

to abiotic factors in the environment morphological and physical characteristics can also 

influence the thermal biology of ectotherms, such as coloration and body size (Clusella-Trullas 

and Chown, 2014; Sagonas et al., 2013a; Tanaka, 2005). For instance, darker or melanic 

coloration might increase the amount of solar radiation absorbed by integument, providing 

potential advantage to darker colored ectotherms in colder environments (Castella et al., 2013; 

Clusella-Trullas et al., 2008; Matthews et al., 2016; Stuart-fox et al., 2017). Another important 

factor on heat exchange is body size, case studies on ectotherm species have shown that 

generally there is a negative correlation between body size and heat exchange rate (Belliure and 

Carrascal, 2002; Herczeg et al., 2007; Lactin and Johnson, 1997; Rutschmann et al., 2020), i.e 

larger individuals heat up more slowly compared to smaller ones by absorbing solar radiation 

and conduction with hot substrates (Belliure and Carrascal 2002), however this might also lead 

to losing heat in a slower rate in colder environments (Garrick, 2008). Small size also can be 

both an advantage and disadvantage, for example it might enable smaller ectotherms to heat up 

more rapidly to optimal temperatures, which is particularly useful for lizards under predator 

pressure and should move quickly when predation danger is present, on the other hand this 

higher heating rate carries with it the danger of overheating and individuals have to retreat 
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quickly to shelters before body temperatures reaches harmful levels under very high 

temperatures (Gardner et al., 2011). Additionally, individuals with larger body size are able to 

maintain their body temperature more efficiently in shelter after basking, needing less shuttling 

between different thermal spaces, reducing the exposure time to predators (Dzialowski and 

O’Connor, 2001; O’Connor et al., 2000; Sagonas et al., 2013a), on the other hand large 

ectotherms are also sensitive to overheating in hot and open environments as they also cool down 

slower (Maia-Carneiro and Rocha, 2013; Porter and Gates, 1969). Wind speed is another 

important parameter that might be influential on body temperature of ectotherms due to heat loss 

by convection, and high wind speed might significantly reduce the effectiveness of 

thermoregulation (Maia-Carnero et al. 2012, Logan et al. 2015, Ortega et al. 2017). 

Here, we study and compare the thermal biology of two sympatric lizards in western Anatolia 

with emphasis on important biotic and abiotic variables in the environment, including body size, 

sex, air temperature, substrate temperature, solar radiation and wind speed. We monitored 

Lacerta diplochondrodes and Parvilacerta parva in Phrygian valley during their active season by 

several in situ observations. Thermoregulation dynamics of various lacertid species were studied 

in mainland and islands of Greece in the last decade (Sagonas et al. 2013 a,b). However, there is 

a serious lack of field-based thermal ecology studies on not only our model species but also for 

all terrestrial reptiles in the Anatolian Peninsula. Therefore, three questions were set for this 

work: i) Do these two species differ in their thermal biology? ii) To what degree body size is 

effective on this potential difference. iii) Which microclimatic variables are effective on the 

thermal biology of these two species and to what extent? 
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2. Materials and methods 

2.1 Model organisms 

Lacerta diplochondrodes Wettstein, 1952 (formerly known as Lacerta trilineata in Western 

Anatolia) a large-sized lizard of Lacertidae, is evaluated to be endemic to the Anatolian 

Peninsula after recent phylogeographic queries (Kornilios et al., 2020). This large-sized Lacertid 

can reach up to 50 cm as a body length. The dorsal colour is brownish and there are 5 light 

coloured longitudinal lines present in juveniles. There may also be a dashed line on both sides of 

the ventralia. As the lizard grows the color of dorsalia turns to green, light lines disappear and 

small and dark spots occur densely. These spots are generally more common in females. Light 

blue coloring is observed on both sides of the head in males. The ventralia is yellowish white in 

males and pinkish yellow in females. It lives in steppe habitat, where shrubs and rocks are 

abundant. Despite its large size, its movements are very fast and it tends to hide between the 

roots of shrubs. 

The smaller sized Parvilacerta parva (Boulenger, 1887) inhabits steppe vegetation along inner 

parts of Anatolian Peninsula and Armenian mountainous steppes. It is a dwarf lizard with a body 

length of up to 14 cm. The dorsal plates are keeled, and the coloration of this part is grayish or 

light brown with black and white spots. Similarly, there are also spots on lateral sides of the 

body. While the coloration of ventralia is yellowish or white in males, it is generally white in 

females. Therefore, the highlighted dimorphic morphological character is the presence of blue 

spots on ventral laterals in only males. 
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2.2 Study area  

Although the entire Phrygian region covers parts of Ankara, Afyonkarahisar and Eskişehir 

provinces, plus most of Kütahya province and northern slopes of Konya, Isparta and Burdur in 

Western Anatolia, the study area range is only northern slopes of this region in Afyonkarahisar 

(Lat: 39.046638, Lon: 30.522929, Elevation: 1145 m) (Fig. 1). There are many deep valleys in 

this slope and elevation varies between 1100 and 1500 meters. The rock formations are shaped 

from soft volcanic tuffs, which are dated to Tertiary Era (Gürsoy et al., 2003). This also allows 

metamorphism of the greywackes and their sedimentation by corrosion process causes alluvial 

soil type. The microclimate provided by this soil type has its own characteristics: Hot and dry in 

summers and cool and less humid in winters. Vegetation in the Phrygian Valley is highly 

dominated by floristic steppe elements. The study area, which is the northern slopes of valley, 

includes various annual Poaceae species, that covers almost the entire area. Apart from that, 

shrubs are abundant in several areas, where L. diplochondrodes specimens were observed. 

However, due to Valley's geological status tuff based bedrock landscape is surrounding the study 

area (Gürsoy et al., 2003). 

The mean annual temperature in the study area is 10.2˚ C and as a result of terrestrial climate, the 

hottest months are July (22.1˚ C) and August (20.6˚ C) (TSMS, 2020). The precipitation is high 

in spring but mean precipitation is still low due to two factors: i) distance from the sea side, ii) 

low humidity. The mean annual precipitation is 406.1 mm and the cloudiness rate is 4.7/10 

(TSMS, 2020). Therefore, according to Köppen-Geiger climate classification, the climatological 

conditions of the study area displays “Csa” pattern (Warm climate with hot dry summer) (Beck 

et al., 2018; Turkes, 2020).  
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2.3. Field Sampling 

Lizards from both species were simultaneously studied between May and September 2018 for 45 

non-rainy days (9 days in May, 7 days in June, 5 days in July, 15 days in August and 9 days in 

September). In order to evaluate the activity and variation in body temperature of lizards, they 

were captured from 07.00 to 18.00 during their diurnal activity times by visual encounter survey 

(VES) method (Maia-Carneiro et al., 2012), an effective method for capturing the lizards which 

live in open habitats and are locally abundant.  

The body temperatures (Tb) were measured with an infrared thermometer (Fluke 62 MAX). Due 

to their low invasiveness, non-contact methods such as infrared thermometers and infrared 

thermography are now widely used in thermal biology studies on reptiles (Barroso et al., 2016; 

Carretero, 2012; Tattersall, 2016). The measurements were taken from lizards’ dorsal part 

between their head and neck immediately 2-5 seconds after capture to avoid heat transfer to 

animal (0.1∘C sensitivity). The hemipenis presence/absence is also an easy way for the sexual 

identification of specimens. Total body length (BL) was measured from snout to the tip of the 

tail by a digital caliper (Ecotone ®, to the nearest 0.1 mm). After these examinations, the lizards 

were released to the same point where they were originally captured.  

Air temperatures (Ta) were taken with a digital thermometer (HTC 288-ATH ®). Substrate 

temperatures (Ts) were taken with the same digital infrared laser thermometer (Fluke Model 62 

®) that was used for body temperature measurements from the lizard capture point. Substrate 

type was recorded from the lizard capture point as grass, rock or soil. Wind speed (m/s) was 

measured with a Windtronic 2 ® anemometer and solar radiation (sol) (w/m2) was measured 

with an Apogee ® pyranometer.  
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All field works were done under permission of the Ministry of Agriculture and Forest 

(27.02.2018, 72784983-488.04-49994) and Hacettepe University Local Ethical Committee 

(31.01.2018/52338575-4). 

 

2.4. Statistical Analysis 

We built two ordinary least square linear models for Tb and Tex. Compliance to normal 

distribution of parameters were checked with Shapiro-Wilks test. The distribution of Tb did not 

conform to a normal distribution, approaching a more leptokurtic distribution so we used a 

bijective inverse transformation using the lambertW package for R (Goerg, 2020) to transform 

the data to a normal distribution. Tb was taken as the dependent variable and species, sampling 

month (May to September), sampled substrate (soil, grass and rock) and sex (juvenile, male and 

female) were determined as categorical predictors while body size (measured as body length in 

mm), air temperature (Ta), substrate temperature (Ts), solar radiation (w/m2) and wind speed 

(m/s) were continuous predictors. Additionally, we included the following interactions, body 

length (BL): solar radiation, body size: wind speed, species: month and species: substrate. As the 

distribution of Tex conformed to a normal distribution, we built the linear model without data 

transformation to compare the effects of same environmental and morphological parameters on 

temperature excess including interactions, except Ta which was left out which since it was 

directly related with Tex. After building the initial models we used AIC (Akaike Information 

Criteria) (Aho et al., 2014; Burnham and Anderson, 2004; Symonds and Moussalli, 2011) 

backward stepwise elimination to gather the most informative model. Variance inflation was also 

checked and variables with VIF > 4 were excluded from the final models to minimize 

collinearity. The substrate use between species were compared by building cross tables for 
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proportion of observations in three substrate types and comparisons were made by chi-square 

test. All statistical analyses and transformations were carried out in R statistical software (R. 

Core Team 2018). 

3. Results  

On general both mean Tb (33.7 ± 0.13 ℃) and Tex (9.38 ± 0.14 ℃) of the smaller (BL = 114.59 ± 

0.84 mm) P. parva was higher compared to larger L. diplochondrodes (Tb: 32±0.12 ℃, Tex: 8.99 

± 0.18 ℃, BL = 326.2 ± 2.55 mm) (Table 1). As expected, body temperature reached its highest 

points during the middle of summer for both species. It can be seen from Table 2 and Fig 2 that 

temperature excess parameters show a monthly fluctuating pattern, as for both species Tex 

decreased between May and June, increasing again between June and July and decreasing after, 

on the other hand although Tex continued to decrease for Parvilacerta, for Lacerta 

diplochondrodes, it increased again in September (Table 2). According to the final model for 

body temperature, sampling month (September), type of substrate, Ta, Ts and solar radiation were 

significant factors. Additionally, although species was not a significant factor the interaction 

between species (P. parva) and substrate (rock) had significant effect (Table 3). For the 

temperature excess model, significant factors were sampling month, substrate (rock) and solar 

radiation. Additionally, we found that interactions species: month, species: substrate and body 

size: wind speed had significant effect on temperature excess (Table 4). The interaction between 

species and months i.e. the differential pattern of temperature excess is apparent in Fig. 3. We 

also detected that the two species differed in habitat use where P. parva had higher preference 

for grassy habitat (54% grass, 42% soil, 3% rock) whereas L. diplochondrodes had higher 

preference for open soil (29% grass, 69% soil, 1% rock) (χ2 = 77.25, df = 2, p < 0.001). 
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4. Discussion  

Here we studied the thermal biology of two sympatric Lacertid species (L. diplochondrodes and 

P. parva) in Phrygian Valley, Turkey. As expected for heliothermic lizards that depend on 

basking for thermoregulation; air temperature (Ta), substrate temperature (Ts), seasonality 

(months) and solar radiation were the most effective parameters on both body temperature and 

temperature excess (Clusella-Trullas et al., 2008; Garrick, 2008; Matthews et al., 2016). On the 

other hand, body size was not a statistically significant factor in Tb and Tex by itself. Although 

numerous studies (especially those which successfully implement detailed biophysical models 

into experimental study frames) documented the significant effect of body size on heating and 

cooling rate of lizards (Fei et al., 2012a; Garrick, 2008; Herczeg et al., 2007; Shine and Kearney, 

2001), this relation might not be detected directly in field conditions where several other 

important environmental, morphological and behavioral factors can conceal this interaction 

(Christian et al., 2006; Corkery et al., 2018; Sagonas et al., 2013a; Stevenson, 1985). First, the 

effect of body size is a two way process as increased thermal inertia slows both the heat gain and 

heat loss from ectotherm bodies (Garrick, 2008; Herczeg et al., 2007; Maia-Carneiro and Rocha, 

2013; Zamora-Camacho et al., 2014). On the other hand, despite not observing a substantial 

relation between either body size or wind speed and Tex, we detected a significant negative effect 

of the interaction between body size and wind speed on Tex. This finding points that heat loss by 

convection of a larger area of exposed body surface might be an important factor on thermal 

biology in the field. Previously, it was shown that increased wind speed can significantly 

decrease the effectiveness of thermoregulation and impend activity in exposed open high 

elevation habitats (Huang et al., 2020; Logan et al., 2015; Maia-Carneiro et al., 2012; Ortega et 

al., 2017). Our study area is an open steppe that is relatively more exposed to wind effects with 
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low bushes and grass as vegetation, additionally the wind speed in the area was relatively high 

during the measurements (mean wind speed: 2-5 m/s). Added together these components might 

be increasing the effect of wind speed on body temperatures in the field.  

Although observation of gender differences in thermal biology of reptiles are relatively rare, 

gender as a factor should be taken into consideration due to the biological importance of these 

rare cases (Huey and Pianka, 2007). A proportion of cases where significant difference observed 

for thermal biology this variation can be connected with sexual size dimorphism (Lailvaux, 

2007; Ortega et al., 2016b). On the other hand thermal biology differences between genders 

might also be connected with other gender specific differences in performance and behavior such 

as locomotion, stamina, assimilation efficiency and micro-habitat preference (Beal et al., 2014; 

Lailvaux et al., 2003). In our study there was not any visible sexual size dimorphism for both 

species and we did not detect any significant effect of gender or ontogeny (between juveniles and 

adults) on body temperature or temperature excess. These results suggest that regardless of 

gender or ontogeny the inviduals belonging to two species might have similar thermoregulatory 

behaviour in the field.  

Although we measured body temperatures from the neck region by infrared thermography our 

measurements (32 ± 0.12℃) for L. diplochondrodes were close to body temperature 

measurements taken from L. trilineata, a very closely related species in mainland Greece 

[Stymphalia: 31.94±1.65℃, Karditsa: 32.30±1.54℃ st.dev, (Sagonas et al., 2013c)]. 

Additionally, the relatively close pattern of body temperatures across different months suggest 

that these two species maintain similar body temperatures to each other through variable 

environmental temperatures. These results are in compliance with results from other studies and 

reviews, which suggest that thermal biology of lizards is a relatively conserved trait across 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 17, 2021. ; https://doi.org/10.1101/2021.03.16.435405doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.16.435405
http://creativecommons.org/licenses/by-nc-nd/4.0/


15 

different species (Clusella-Trullas and Chown, 2014; Gómez Alés et al., 2017; Grigg et al., 2013; 

Rowe et al., 2020).  

It was shown that sympatrically coexisting lizards might differentiate their niches, and this also 

might affect their thermoregulatory behavior (Akashi et al., 2016; Gomes et al., 2016; Gómez 

Alés et al., 2017; Sagonas et al., 2017). In our study study we have found that the two species 

differed in their preferences for different habitat types. On the other hand, we did not detect a 

significant relation between thermal biology and preference of grass and soil substrates, which 

are the main habitat types in the study area. The smaller P. parva might be preferring grassy 

habitats for the suitability to hide smaller lizards from predators. The main difference for Tb and 

Tex between species were seasonal as shown by the effect of the interaction between month and 

species, thus our results confirm that seasonality is the main factor on the field body temperature 

of lacertids, considering that other abiotic parameters including temperature and solar radiation 

are also highly dependent on seasonality (Ortega and Pérez-Mellado, 2016). Additionally, aside 

from the direct effects of seasonality on body temperature other important life history activities 

such as reproduction, foraging and feeding depend on both thermal biology and seasonality 

patterns (Adolph and Porter, 1996; Christian et al., 2003; Van Damme et al., 1987). This 

seasonal difference was much more pronounced for Tex as P. parva shows higher Tex for both 

July and August with high significance (Table 1) while for Tb this effect was marginally 

significant for August (Table 2). The relatively stable state of Tb compared to the difference in 

Tex between months indicates that the role of behaviour in maintenance of optimal body 

temperature might be important, as the higher amount of difference between Tb and Ta in warmer 

periods of year might indicate a higher frequency of overheating avoidance (Vicente Liz et al., 

2019). Given that both of these two species are diurnal with most active times being spring and 
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summer, efficient thermoregulatory behaviour is crucial for heat avoidance while maintaining an 

optimal body temperature for foraging and metabolism (Huey and Pianka, 2018; Sepúlveda et 

al., 2014). It is also striking that while smaller P. parva has higher Tex than L. diplochondrodes 

in July when ground temperature is at its highest, this picture is reversed in September when 

temperatures are lower. Since we did not detect a direct effect of body size on temperature 

excess this pattern might have been caused by the temporal behavioral differences between the 

two species. 

Regarding the usage of substrate in the study area, the effect of rock type of substrate was 

significant and negative on Tb and Tex. However, the interaction between P. parva and rock 

substrate was significant and positive. Which might be due to the effect of rocky substrate being 

smaller on P. parva, on the other hand both of these species rarely prefer rock, as we observed 

the individuals from two species on rocky substrates only in 22 times out of 1059 total 

observations. In addition rocky substrates in the study area were relatively rare with most of the 

area being either shrubs or naked soil. 

Although thermal ecology of various lizard species was investigated in Aegean Islands and 

mainland Greece in the east Mediterranean region (Sagonas et al., 2017, 2013c, 2013b) to our 

knowledge this study is the first to investigate the thermal biology of lizard species occurring in 

Anatolia. On the other hand, additional studies on the operative temperatures (Hertz et al., 1993; 

Ortega et al., 2014; Sagonas et al., 2013a), voluntary and critical thermal limits (Aparicio 

Ramirez et al., 2020; Camacho and Rusch, 2017; Qu et al., 2011) and also thermal preferences 

(Goller et al., 2014; Van Berkel and Clusella-Trullas, 2018; Wang et al., 2013) are necessary for 

a more realized thermal ecology framework for these species. We believe that this study will also 

be a first step in constructing a framework for predicting the responses of reptile populations 
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inhabiting western Anatolia to climate change. As thermal traits, particularly thermal behavior 

and tolerance plays a significant role in determining the responses of ectothermic species to 

global environmental change (Buckley et al., 2015; Enriquez-Urzelai et al., 2020; Kearney et al., 

2009), knowledge of the thermal ecology and physiology differences and microhabitat 

preferences would provide useful information to infer and prevent the effects of climate change 

on reptile species under threat (Ceia-Hasse et al., 2014; Kearney et al., 2009).  

Acknowledgments 

M.K. Sahin contributed to the study design, collected the field data and contributed to the 

manuscript draft. A.C. Kuyucu designed and supervised the study, carried out the statistical 

analysis and drafted the manuscript. This work was supported by Hacettepe University Scientific 

Research Coordination Unit. (Project Number FHD -2018-16903).  

Data accessibility 

Data supporting this study are provided in the link, doi:10.17632/g868g5m438.1 

References 

Adolph, S.C., 1990. Influence of behavioral thermoregulation on microhabitat use by two Sceloporus 

lizards. Ecology 71, 315–327. 

Adolph, S.C., Porter, W.P., 1996. Growth , seasonality , and lizard life histories : age and size at maturity. 

Oikos 77, 267–278. 

Aho, K., Derryberry, D., Peterson, T., 2014. Model selection for ecologists: the worldview of AIC and 

BIC. Ecology 95, 631–636.  

Akashi, H.D., Cádiz Díaz, A., Shigenobu, S., Makino, T., Kawata, M., 2016. Differentially expressed 

genes associated with adaptation to different thermal environments in three sympatric Cuban Anolis 

lizards. Mol. Ecol. 25, 2273–2285.  

Angilletta, M.J., 2009. Thermal adaptation: a theoretical and empirical synthesis. Oxford University 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 17, 2021. ; https://doi.org/10.1101/2021.03.16.435405doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.16.435405
http://creativecommons.org/licenses/by-nc-nd/4.0/


18 

Press, USA. 

Angilletta, M.J., 2006. Estimating and comparing thermal performance curves. J. Therm. Biol. 31, 541–

545.  

Angilletta, M.J., Niewiarowski, P.H., Navas, C.A., 2002. The evolution of thermal physiology in 

ectotherms. J. Therm. Biol. 27, 249–268. 

Aparicio Ramirez, A., Perez, K., Telemeco, R.S., 2020. Thermoregulation and thermal performance of 

crested geckos (Correlophus ciliatus) suggest an extended optimality hypothesis for the evolution of 

thermoregulatory set-points. J. Exp. Zool. Part A Ecol. Integr. Physiol. 1–10.  

Barroso, F.M., Carretero, M.A., Silva, F., Sannolo, M., 2016. Assessing the reliability of thermography to 

infer internal body temperatures of lizards. J. Therm. Biol. 62, 90–96.  

Basson, C.H., Levy, O., Angilletta, M.J., Clusella-Trullas, S., 2017. Lizards paid a greater opportunity 

cost to thermoregulate in a less heterogeneous environment. Funct. Ecol. 31, 856–865.  

Beal, M.S., Lattanzio, M.S., Miles, D.B., 2014. Differences in the thermal physiology of adult Yarrow’s 

spiny lizards (Sceloporus jarrovii) in relation to sex and body size. Ecol. Evol. 4, 4220–4229.  

Beck, H.E., Zimmermann, N.E., McVicar, T.R., Vergopolan, N., Berg, A., Wood, E.F., 2018. Present and 

future köppen-geiger climate classification maps at 1-km resolution. Sci. Data 5, 1–12.  

Belliure, J., Carrascal, L.M., 2002. Influence of heat transmission mode on heating rates and on the 

selection of patches for heating in a mediterranean lizard. Physiol. Biochem. Zool. 75, 369–376.  

Buckley, L.B., Ehrenberger, J.C., Angilletta, M.J., 2015. Thermoregulatory behaviour limits local 

adaptation of thermal niches and confers sensitivity to climate change. Funct. Ecol. 29, 1038–1047.  

Burnham, K.P., Anderson, D.R., 2004. Multimodel inference: Understanding AIC and BIC in model 

selection. Sociol. Methods Res. 33, 261–304.  

Camacho, A., Rusch, T.W., 2017. Methods and pitfalls of measuring thermal preference and tolerance in 

lizards. J. Therm. Biol. 68, 63–72.  

Carretero, M.A., 2012. Measuring body temperatures in small lacertids: Infrared vs. contact 

thermometers. Basic Appl. Herpetol. 26, 99–105.  

Castella, B., Golay, J., Monney, J.C., Golay, P., Mebert, K., Dubey, S., 2013. Melanism, body condition 

and elevational distribution in the asp viper. J. Zool. 290, 273–280.  

Castilla, A.M., Bauwens, D., 1991. Thermal biology, microhabitat selection, and conservation of the 

insular lizard Podarcis hispanica atrata. Oecologia 85, 366–374. 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 17, 2021. ; https://doi.org/10.1101/2021.03.16.435405doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.16.435405
http://creativecommons.org/licenses/by-nc-nd/4.0/


19 

Ceia-Hasse, A., Sinervo, B., Vicente, L., Pereira, H.M., 2014. Integrating ecophysiological models into 

species distribution projections of European reptile range shifts in response to climate change. 

Ecography (Cop.). 37, 679–688.  

Chown, S.L., Hoffmann, A.A., Kristensen, T.N., Angilletta, M.J., Stenseth, N.C., Pertoldi, C., 2010. 

Adapting to climate change: A perspective from evolutionary physiology. Clim. Res. 43, 3–15.  

Christian, K.A., Tracy, C.R., Tracy, C.R., 2006. Evaluating thermoregulation in reptiles: an appropriate 

null model. am. nat. 168, 421–430.  

Christian, K.A., Webb, J.K., Schultz, T.J., 2003. Energetics of bluetongue lizards (Tiliqua scincoides) in a 

seasonal tropical environment. Oecologia 136, 515–523.  

Clusella-Trullas, S., Chown, S.L., 2014. Lizard thermal trait variation at multiple scales: A review. J. 

Comp. Physiol. B Biochem. Syst. Environ. Physiol.  

Clusella-Trullas, S., Terblanche, J.S., Blackburn, T.M., Chown, S.L., 2008. Testing the thermal melanism 

hypothesis: A macrophysiological approach. Funct. Ecol. 22, 232–238.  

Corkery, I., Bell, B.D., Nelson, N.J., 2018. Thermoregulation of a temperate reptile in a forested habitat. 

Zoology 127, 63–69.  

Cowles, R.B., Bogert, C.M., 1944. A preliminary study of the thermal requirements of desert reptiles. 

Iguana 83, 53. 

Díaz, J.A., Bauwens, D., Asensio, B., 1996. A comparative study of the relation between heating rates 

and ambient temperatures in Lacertid lizards. Physiol. Zool. 69, 1359–1383.  

Díaz, J.A., Iraeta, P., Monasterio, C., 2006. Seasonality provokes a shift of thermal preferences in a 

temperate lizard, but altitude does not. J. Therm. Biol. 31, 237–242.  

Dzialowski, E.M., O’Connor, M.P., 2001. Physiological control of warming and cooling during simulated 

shuttling and basking in lizards. Physiol. Biochem. Zool. 74, 679–693.  

Enriquez-Urzelai, U., Tingley, R., Kearney, M.R., Sacco, M., Palacio, A.S., Tejedo, M., Nicieza, A.G., 

2020. The roles of acclimation and behaviour in buffering climate change impacts along elevational 

gradients. J. Anim. Ecol. 89, 1722–1734.  

Fei, T., Skidmore, A.K., Venus, V., Wang, T., Schlerf, M., Toxopeus, B., van Overjijk, S., Bian, M., Liu, 

Y., 2012a. A body temperature model for lizards as estimated from the thermal environment. J. 

Therm. Biol. 37, 56–64.  

Fei, T., Skidmore, A.K., Venus, V., Wang, T., Toxopeus, B., Bian, M., Liu, Y., 2012b. Predicting micro 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 17, 2021. ; https://doi.org/10.1101/2021.03.16.435405doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.16.435405
http://creativecommons.org/licenses/by-nc-nd/4.0/


20 

thermal habitat of lizards in a dynamic thermal environment. Ecol. Modell. 231, 126–133.  

Gaitán-Espitia, J.D., Bacigalupe, L.D., Opitz, T., Lagos, N.A., Timmermann, T., Lardies, M.A., 2014. 

Geographic variation in thermal physiological performance of the intertidal crab Petrolisthes 

violaceus along a latitudinal gradient. J. Exp. Biol. 217, 4379–4386. 

Gardner, J.L., Peters, A., Kearney, M.R., Joseph, L., Heinsohn, R., 2011. Declining body size: A third 

universal response to warming? Trends Ecol. Evol. 26, 285–291.  

Garrick, D., 2008. Body surface temperature and length in relation to the thermal biology of lizards. 

Biosci. Horizons Int. J. Student Res. 1, 136–142.  

Goerg GM (2020). LambertW: Probabilistic Models to Analyze and Gaussianize Heavy-Tailed, Skewed 

Data. R package: version 0.6.6.  

Goller, M., Goller, F., French, S.S., 2014. A heterogeneous thermal environment enables remarkable 

behavioral thermoregulation in Uta stansburiana. Ecol. Evol. 4, 3319–3329.  

Gomes, V., Carretero, M.A., Kaliontzopoulou, A., 2016. The relevance of morphology for habitat use and 

locomotion in two species of wall lizards. Acta Oecologica 70, 87–95.  

Gómez Alés, R., Acosta, J.C., Laspiur, A., 2017. Thermal biology in two syntopic lizards, Phymaturus 

extrilidus and Liolaemus parvus, in the Puna region of Argentina. J. Therm. Biol. 68, 73–82.  

Grigg, J.W., Buckley, L.B., Grigg, J.W., Buckley, L.B., 2013. Conservatism of lizard thermal tolerances 

and body temperatures across evolutionary history and geography Conservatism of lizard thermal 

tolerances and body temperatures across evolutionary history and geography. 

Gürsoy, H., Piper, J.D.A., Tatar, O., 2003. Neotectonic deformation in the western sector of tectonic 

escape in Anatolia: Palaeomagnetic study of the Afyon region, central Turkey. Tectonophysics 374, 

57–79.  

Have, V. Der, Jong, D., 1996. Adult size in ectotherms : temperature effects on growth and 

differentiation. J. Theor. Biol. 183, 329–340. 

Herczeg, G., Török, J., Korsós, Z., 2007. Size-dependent heating rates determine the spatial and temporal 

distribution of small-bodied lizards. Amphib. Reptil. 28, 347–356.  

Hertz, P.E., Huey, R.B., Stevenson, R.D., 1993. Evaluating temperature regulation by field-active 

ectotherms: The fallacy of the inappropriate question. Am. Nat. 142, 796–818. 

https://doi.org/10.1086/285573 

Hochachka, P.W., Somero, G.N., 2002. Biochemical adaptation: mechanism and process in physiological 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 17, 2021. ; https://doi.org/10.1101/2021.03.16.435405doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.16.435405
http://creativecommons.org/licenses/by-nc-nd/4.0/


21 

evolution. Oxford university press, 2002. 

Huang, S.P., Lin, Y.C., Lin, T.E., Richard, R., 2020. Thermal physiology explains the elevational range 

for a lizard, Eutropis longicaudata, in Taiwan. J. Therm. Biol. 93.  

Huey, R.B., Kingsolver, J.G., 1989. Evolution of thermal sensitivity of ectotherm performance. Trends 

Ecol. Evol. 4, 131–135.  

Huey, R.B., Pianka, E.R., 2018. Body temperature distributions of active diurnal lizards in three deserts: 

Skewed up or skewed down? Funct. Ecol. 32, 334–344.  

Huey, R.B., Pianka, E.R., 2007. Lizard thermal biology: Do genders differ? Am. Nat. 170, 473–478.  

Huey, R.B., Pianka, E.R., 1977. Seasonal variation in thermoregulatory behavior and body temperature of 

diurnal Kalahari lizards. Ecology 58, 1066–1075.  

Huey, R.B., Slatkin, M., 1976. Cost and benefits of lizard thermoregulation. Q. Rev. Biol. 51, 363–384.  

Huey, R.B., Stevenson, R., 1979. Integrating thermal physiology and ecology of ectotherms: A discussion 

of approaches. Am. Zool. 19, 357– 366. 

Ibargüengoytía, N.R., Acosta, J.C., Boretto, J.M., Villavicencio, H.J., Marinero, J.A., Krenz, J.D., 2008. 

Field thermal biology in Phymaturus lizards: Comparisons from the Andes to the Patagonian steppe 

in Argentina. J. Arid Environ. 72, 1620–1630.  

Kearney, M., Shine, R., Porter, W.P., 2009. The potential for behavioral thermoregulation to buffer “cold-

blooded” animals against climate warming. Proc. Natl. Acad. Sci. U. S. A. 106, 3835–3840. 

https://doi.org/10.1073/pnas.0808913106 

Kearney, M.R., Porter, W.P., Huey, R.B., 2020. Modelling the joint effects of body size and microclimate 

on heat budgets and foraging opportunities of ectotherms. Methods Ecol. Evol. 0–2.  

Kiefer, M.C., Van Sluys, M., Rocha, C.F.D., 2007. Thermoregulatory behaviour in Tropidurus torquatus 

(Squamata, Tropiduridae) from Brazilian coastal populations: An estimate of passive and active 

thermoregulation in lizards. Acta Zool. 88, 81–87.  

Kingsolver, J.G., Huey, R.B., 1998. Evolutionary analyses of morphological and physiological plasticity 

in thermally variable environments. Am. Zool. 38, 1–15.  

Kornilios, P., Thanou, E., Lymberakis, P., Ilgaz, Ç., Kumlutaş, Y., Leaché, A., 2020. A phylogenomic 

resolution for the taxonomy of Aegean green lizards. Zool. Scr. 49, 14–27.  

Kuyucu, A.C., Sahin, M.K., Caglar, S.S., 2018. The relation between melanism and thermal biology in a 

colour polymorphic bush cricket, Isophya rizeensis. J. Therm. Biol. 71, 212–220.  

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 17, 2021. ; https://doi.org/10.1101/2021.03.16.435405doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.16.435405
http://creativecommons.org/licenses/by-nc-nd/4.0/


22 

Lactin, D.J., Johnson, D.L., 1997. Response of body temperature to solar radiation in restrained nymphal 

migratory grasshoppers (Orthoptera: Acrididae): Influences of orientation and body size. Physiol. 

Entomol. 22, 131–139.  

Lailvaux, S.P., 2007. Interactive effects of sex and temperature on locomotion in reptiles. Integr. Comp. 

Biol. 47, 189–199.  

Lailvaux, S.P., Alexander, G.J., Whiting, M.J., 2003. Sex-based differences and similarities in locomotor 

performance, thermal preferences, and escape behaviour in the lizard Platysaurus intermedius 

wilhelmi. Physiol. Biochem. Zool. 76, 511–21.  

Lailvaux, S.P., Irschick, D.J., 2007. Effects of temperature and sex on jump performance and 

biomechanics in the lizard Anolis carolinensis. Funct. Ecol. 21, 534–543.  

Liz, A.V., Santos, V., Ribeiro, T., Guimarães, M., Verrastro, L., 2019. Are lizards sensitive to anomalous 

seasonal temperatures? Long-term thermobiological variability in a subtropical species. PLoS One 

14, 1–16.  

Logan, M.L., Fernandez, S.G., Calsbeek, R., 2015. Abiotic constraints on the activity of tropical lizards. 

Funct. Ecol. 29, 694–700.  

Logan, M.L., van Berkel, J., Clusella-Trullas, S., 2019. The Bogert Effect and environmental 

heterogeneity. Oecologia 191, 817–827.  

Luo, L.G., Ding, G.H., Ji, X., 2010. Income breeding and temperature-induced plasticity in reproductive 

traits in lizards. J. Exp. Biol. 213, 2073–2078.  

Lymburner, A.H., Blouin-Demers, G., 2020. Changes in thermal quality of the environment along an 

elevational gradient affect investment in thermoregulation by Yarrow’s spiny lizards. J. Zool. 312, 

133–143.  

Maia-Carneiro, T., Dorigo, T.A., Rocha, C.F.D., 2012. Influences of seasonality, thermal environment 

and wind intensity on the thermal ecology of Brazilian sand lizards in a Restinga remnant. South 

Am. J. Herpetol. 7, 241–251.  

Maia-Carneiro, T., Rocha, C.F.D., 2013. Influences of sex, ontogeny and body size on the thermal 

ecology of Liolaemus lutzae (Squamata, Liolaemidae) in a restinga remnant in southeastern Brazil. 

J. Therm. Biol. 38, 41–46.  

Matthews, G., Goulet, C.T., Delhey, K., Chapple, D.G., 2016. The effect of skin reflectance on thermal 

traits in a small heliothermic ectotherm. J. Therm. Biol. 60, 109–124.  

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 17, 2021. ; https://doi.org/10.1101/2021.03.16.435405doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.16.435405
http://creativecommons.org/licenses/by-nc-nd/4.0/


23 

McMaster, M.K., Downs, C.T., 2013. Thermoregulation in leopard tortoises in the Nama-Karoo: The 

importance of behaviour and core body temperatures. J. Therm. Biol. 38, 178–185.  

Meiri, S., Brown, J.H., Sibly, R.M., 2012. The ecology of lizard reproductive output. Glob. Ecol. 

Biogeogr. 21, 592–602.  

Neel, L.K., McBrayer, L.D., 2018. Habitat management alters thermal opportunity. Funct. Ecol. 32, 

2029–2039.  

O’Connor, M.P., Zimmerman, L.C., Dzialowski, E.M., Spotila, J.R., 2000. Thick-walled physical models 

improve estimates of operative temperatures for moderate to large-sized reptiles. J. Therm. Biol. 25, 

293–304.  

Ortega, Z., Martín-Vallejo, F.J., 2019. Main factors affecting lacertid lizard thermal ecology. Integr. Zool. 

14, 293–305.  

Ortega, Z., Mencía, A., Pérez-Mellado, V., 2017. Wind constraints on the thermoregulation of high 

mountain lizards. Int. J. Biometeorol. 61, 565–573.  

Ortega, Z., Mencía, A., Pérez-Mellado, V., 2016a. The peak of thermoregulation effectiveness: Thermal 

biology of the Pyrenean rock lizard, Iberolacerta bonnali (Squamata, Lacertidae). J. Therm. Biol. 

56, 77–83.  

Ortega, Z., Mencía, A., Pérez-Mellado, V., 2016b. Sexual differences in behavioral thermoregulation of 

the lizard Scelarcis perspicillata. J. Therm. Biol. 61, 44–49.  

Ortega, Z., Pérez-Mellado, V., 2016. Seasonal patterns of body temperature and microhabitat selection in 

a lacertid lizard. Acta Oecologica 77, 201–206.  

Ortega, Z., Pérez-Mellado, V., Garrido, M., Guerra, C., Villa-García, A., Alonso-Fernández, T., 2014. 

Seasonal changes in thermal biology of Podarcis lilfordi (Squamata, Lacertidae) consistently 

depend on habitat traits. J. Therm. Biol. 39, 32–39.  

Paterson, J.E., Blouin-Demers, G., 2018. Density-dependent habitat selection predicts fitness and 

abundance in a small lizard. Oikos 127, 448–459.  

Penniket, S., Cree, A., 2015. Adherence to Bergmann’s rule by lizards may depend on thermoregulatory 

mode: support from a nocturnal gecko. Oecologia 178, 427–440.  

Porter, W.P., Gates, D.M., 1969. thermodynamic equilibria of animals with environment. Ecol. Monogr. 

39, 227–244.  

Pörtner, H.O., 2002. Climate variations and the physiological basis of temperature dependent 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 17, 2021. ; https://doi.org/10.1101/2021.03.16.435405doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.16.435405
http://creativecommons.org/licenses/by-nc-nd/4.0/


24 

biogeography: Systemic to molecular hierarchy of thermal tolerance in animals. Comp. Biochem. 

Physiol. - A Mol. Integr. Physiol. 132, 739–761.  

Qu, Y., Li, H., Gao, J., Xu, X., Ji, X., 2011. Thermal preference, thermal tolerance and the thermal 

dependence of digestive performance in two Phrynocephalus lizards (Agamidae), with a review of 

species studied. Curr. Zool. 57, 684–700.  

Rangel-Patiño, C.A., Mastachi-Loza, C.A., Eifler, D., García-Morales, C., Ruiz-Gómez, M. de L., 2020. 

When things get hot: Thermoregulation behavior in the lizard Sceloporus aeneus at different thermal 

conditions. J. Therm. Biol. 89.  

Refsnider, J.M., Clifton, I.T., Vazquez, T.K., 2019. Developmental plasticity of thermal ecology traits in 

reptiles: Trends, potential benefits, and research needs. J. Therm. Biol. 84, 74–82.  

Rezende, E.L., Bozinovic, F., 2019. Thermal performance across levels of biological organization. Philos. 

Trans. R. Soc. B Biol. Sci. 374.  

Rowe, J.W., Clark, D.L., Martin, C.E., Valle, C., 2020. Diel and seasonal variations in the thermal 

biology of San Cristobal Lava Lizards (Microlophus bivittatus). J. Therm. Biol. 88, 102518.  

Rutschmann, A., Rozen-rechels, D., Dupoué, A., Blaimont, P., de Villemereuil, P., Miles, D.B., Richard, 

M., Clobert, J., 2020. Climate dependent heating and cooling efficiency in the common lizard. 1–26.  

Sagonas, K., Kapsalas, G., Valakos, E., Pafilis, P., 2017. Living in sympatry: The effect of habitat 

partitioning on the thermoregulation of three Mediterranean lizards. J. Therm. Biol. 65, 130–137.  

Sagonas, K., Meiri, S., Valakos, E.D., Pafilis, P., 2013a. The effect of body size on the thermoregulation 

of lizards on hot, dry Mediterranean islands. J. Therm. Biol. 38, 92–97.  

Sagonas, K., Meiri, S., Valakos, E.D., Pafilis, P., 2013b. The effect of body size on the thermoregulation 

of lizards on hot, dry Mediterranean islands. J. Therm. Biol. 38, 92–97.  

Sagonas, K., Valakos, E.D., Pafilis, P., 2013c. The impact of insularity on the thermoregulation of a 

Mediterranean lizard. J. Therm. Biol. 38, 480–486.  

Scheers, H., Van Damme, R., 2002. Micro-scale differences in thermal habitat quality and a possible case 

of evolutionary flexibility in the thermal physiology of lacertid lizards. Oecologia 132, 323–331.  

Schulte, P.M., Healy, T.M., Fangue, N.A., 2011. Thermal performance curves, phenotypic plasticity, and 

the time scales of temperature exposure. Integr. Comp. Biol. 51, 691–702.  

Sears, M.W., Angilletta, M.J., Schuler, M.S., Borchert, J., Dilliplane, K.F., Stegman, M., Rusch, T.W., 

Mitchell, W.A., 2016. Configuration of the thermal landscape determines thermoregulatory 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 17, 2021. ; https://doi.org/10.1101/2021.03.16.435405doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.16.435405
http://creativecommons.org/licenses/by-nc-nd/4.0/


25 

performance of ectotherms. Proc. Natl. Acad. Sci. 113, 10595 LP – 10600.  

Sears, M.W., Raskin, E., Angilletta Jr, M.J., 2011. The world is not flat: defining relevant thermal 

landscapes in the context of climate change. Integr. Comp. Biol. 51, 666–675. 

Seebacher, F., Franklin, C.E., 2005. Physiological mechanisms of thermoregulation in reptiles: A review. 

J. Comp. Physiol. B Biochem. Syst. Environ. Physiol. 175, 533–541.  

Sepúlveda, M., Sabat, P., Porter, W.P., Fariña, J.M., 2014. One solution for two challenges: The lizard 

Microlophus atacamensis avoids overheating by foraging in intertidal shores. PLoS One 9, 1–11.  

Shine, R., Kearney, M., 2001. Field Studies of Reptile Thermoregulation : How Well Do Physical Models 

Predict Operative Temperatures ? Func. Ecol. 15(2), 282-288. 

Somero, G.N., 2004. Adaptation of enzymes to temperature: Searching for basic “strategies.” Comp. 

Biochem. Physiol. - B Biochem. Mol. Biol. 139, 321–333.  

Stevenson, R.D., 1985. Body size and limits to the daily range of body temperature in terrestrial 

ectotherms. Am. Nat. 125, 102–117.  

Stuart-fox, D., Newton, E., Clusella-trullas, S., Stuart-fox, D., 2017. Thermal consequences of colour and 

near-infrared reflectance. Phil. Trans. R. Soc. B 372, 20160345.  

Symonds, M.R.E., Moussalli, A., 2011. A brief guide to model selection, multimodel inference and model 

averaging in behavioural ecology using Akaike’s information criterion. Behav. Ecol. Sociobiol. 65, 

13–21.  

Tanaka, K., 2005. Thermal Aspects of Melanistic and Striped Morphs of the Snake Elaphe quadrivirgata. 

Zoolog. Sci. 22, 1173–1179.  

Tattersall, G.J., 2016. Infrared thermography: A non-invasive window into thermal physiology. Comp. 

Biochem. Physiol. -Part A  Mol. Integr. Physiol. 202, 78–98.  

Turkes, M., 2020. Climate and Drought in Turkey, in: Water Resources of Turkey. Springer, pp. 85–125. 

TSMS, Turkish State of Meteorological Service, 2020. Link: https://mgm.gov.tr/eng/forecast-cities.aspx. 

Van Berkel, J., Clusella-Trullas, S., 2018. Behavioral thermoregulation is highly repeatable and 

unaffected by digestive status in Agama atra. Integr. Zool. 13, 482–493.  

Van Damme, R., Bauwens, D., Castilla, A.M., Verheyen, R.F., 1989. Altitudinal variation of the thermal 

biology and running performance in the lizard Podarcis tiliguerta. Oecologia 80, 516–524. 

Van Damme, R., Bauwens, D., Verheyen, R.F., 1987. Thermoregulatory responses to environmental 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 17, 2021. ; https://doi.org/10.1101/2021.03.16.435405doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.16.435405
http://creativecommons.org/licenses/by-nc-nd/4.0/


26 

seasonality by the lizard Lacerta vivipara. Herpetologica 43, 405–415. 

Verwaijen, D., Van Damme, R., 2007. Correlated evolution of thermal characteristics and foraging 

strategy in lacertid lizards. J. Therm. Biol. 32, 388–395.  

Vicente Liz, A., Santos, V., Ribeiro, T., Guimarães, M., Verrastro, L., 2019. Are lizards sensitive to 

anomalous seasonal temperatures? Long-term thermobiological variability in a subtropical species. 

PLoS One 14, e0226399. 

Wang, Y., Zeng, Z.G., Li, S.R., Bi, J.H., Du, W.G., 2016. Low precipitation aggravates the impact of 

extreme high temperatures on lizard reproduction. Oecologia 182, 961–971.  

Wang, Z., Lu, H., Ma, L., Ji, X., 2013. Differences in thermal preference and tolerance among three 

Phrynocephalus lizards (Agamidae) with different body sizes and habitat use. Asian Herpetol. Res. 

4, 214–220.  

Zamora-Camacho, F.J., Reguera, S., Moreno-Rueda, G., 2016. Thermoregulation in the lizard 

Psammodromus algirus along a 2200-m elevational gradient in Sierra Nevada (Spain). Int. J. 

Biometeorol. 60, 687–697.  

Zamora-Camacho, F.J., Reguera, S., Moreno-Rueda, G., 2014. Bergmann’s Rule rules body size in an 

ectotherm: heat conservation in a lizard along a 2200-metre elevational gradient. J. Evol. Biol. 27, 

2820–2828.  

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 17, 2021. ; https://doi.org/10.1101/2021.03.16.435405doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.16.435405
http://creativecommons.org/licenses/by-nc-nd/4.0/


27 

 

Figures 

 

Figure 1. Study area: Phrygian Valley, Afyon, Turkey 
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Figure 2. A) Monthly boxplots of body temperature (Tb) values for L. diplochondrodes and P. 

parva. B) Monthly boxplots of temperature excess (Tex) values for L. diplochondrodes and P. 

parva. 
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Figure 3. A) Boxplots of temperature excess (Tex) values for L. diplochondrodes and P. parva. 

B) Boxplot values of body temperature (Tb) values for L. diplochondrodes and P. parva. C) 

Scatteplot of body temperature (Tb) with substrate temperature (Ts). D) Scatteplot of temperature 

excess (Tex) with solar radiation (w/m2). 
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Tables 
Table 1 Mean body temperature (Tb), mean temperature excess (Tex) and mean body length of two lizard species. 

Species Mean Tb ± St. error Tex ± St. error BL ± St. error 

Lacerta diplochondrodes 32±0.12 ℃ 8.99 ± 0.18 ℃ 326.2 ± 2.55 mm 

Parvilacerta parva 33.7 ± 0.13 ℃ 9.38 ± 0.13 ℃ 114.59 ± 0.84 mm 

 
 
 
Table 2 Monthly Mean body temperature (Tb) and mean temperature excess (Tex) of two lizard species. 

Species Month Tb ± St. error Tex ± St. error N 

Lacerta diplochondrodes May 30.6± 0.25 ℃ 11.1 ± 0.37 ℃ 91 

June 32.4± 0.14 ℃ 9.1± 0.47 ℃ 70 

July 33.1± 0.13 ℃ 10.4 ± 0.36 ℃ 49 

August 32.9± 0.21 ℃ 6.83 ± 0.27 ℃ 150 

September 30.9± 0.28 ℃ 9.62 ± 0.41 ℃ 90 

Parvilacerta parva May 32.6± 0.19 ℃ 11.3 ± 0.24 ℃ 119 

June 34.7± 0.25 ℃ 9.35 ± 0.25 ℃ 89 

July 34.9± 0.34 ℃ 12.4 ± 0.34 ℃ 58 

August 34.9± 0.18 ℃ 8.34 ± 0.22 ℃ 223 

September 31.4± 0.39 ℃ 7.97 ± 0.3 ℃ 120 
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Table 3 Results of the best model for parameters effective on body temperature (Tb).  

 Coefficient Std.error t value P 

Intercept 24.07 0.89 27.10 <0.001*** 

Species: P. parva 0.58 0.48 1.21 0.23 

June -0.001 0.36 -0.002 ~1 

July 0.39 0.40 0.98 0.33 

August -0.18 0.34 -0.54 0.59 

September -0.72 0.34 -2.11 0.034* 

Substrate: Rock -1.31 0.60 -2.18 0.03* 

Subsrate: Soil 0.081 0.20 0.41 0.68 

Body length -0.0008 0.0018 -0.44 0.66 

Solar rad 0.002 0.00048 4.60 <0.001*** 

Ta 0.18 0.024 7.57 <0.001*** 

Ts 0.093 0.021 4.43 <0.001*** 

Species: P. parva 
June 

0.41 0.44 0.92 0.36 

Species: P. parva 
July 

0.83 0.5 1.63 0.1 

Species: P. parva 
August 

0.92 0.39 2.37 0.018* 

Species: P. parva 
September 

-0.51 0.44 -1.16 0.25 

Species: P. parva 
Substrate: Rock 

2.73 0.99 2.77 <0.01** 

Species: P. parva 
Substrate: Soil 

-0.12 0.27 -0.43 0.67 

 
 *: 0.01 < p <0.05   **: 0.001< p < 0.01   ***: p < 0.001  
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Table 4 Results of the best model for parameters effective on body temperature (Tex). 
 
 Coefficient Std.error t value P 

Intercept 11.45 1.34 8.56 <0.001*** 

Species: P. parva -0.87 0.75 -1.28 0.20 

Month:June -3.44 0.58 -5.94 <0.001*** 

Month:July -1.77 0.62 -2.84 <0.01**  

Month:August -4.9 0.49 -10.0 <0.001*** 

Month:September -2.10 0.53 -3.98 <0.001*** 

Body length 0.0019 0.0034 0.55 0.58 

Ts -0.06 0.032 -1.87 0.062 

Substrate:Rock -3.29 0.94 -3.5 <0.001*** 

Substrate:Soil 0.28 0.31 0.93 0.36 

Solar rad. 0.0034 0.00075 4.62 <0.001*** 

Wind Speed 0.061 0.083 0.73 0.46 

Species: P. parva 
June 

1.32 0.73 1.8 0.073 

Species: P. parva 
July 

2.83 0.79 3.57 <0.001*** 

Species: P. parva 
August 

2.0 0.61 3.3 <0.001*** 

Species: P. parva 
September 

-0.91 0.69 -1.31 0.19 

Species: P. parva 
Substrate: Rock 

4.68 1.55 3.02 <0.01** 

Species: P. parva 
Substrate: Soil 

-0.17 0.43 -0.39 0.70 

Body length:Wind 
speed 

-0.00082 0.00036 -2.27 <0.023* 

 
*: 0.01 < p <0.05   **: 0.001< p < 0.01   ***: p < 0.001  
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