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Field body temperatures and microclimatic influences in
Hermann’s Tortoise, Testudo hermanni Gmelin, 1789, from
Thrace

Ceren N. Ozgiil"*, Didem Kurtul', Begiim Boran', Bengi Baycan, Cigdem Giil%, and Murat Tosunoglu>

Abstract. Temperature is considered a fundamental factor in reptile ecology because their body temperature generally varies
depending on environmental temperature. This study investigated the thermal ecology of Testudo hermanni populations
inhabiting two different habitat types in the Thrace region (Karakog/Kirklareli-open habitat, Kesan/Edirne—closed habitat) by
examining the relationship between body temperatures (Internal Body Temperature: T. and External Body Temperature: T_ ),

int ext

microclimatic parameters (Substrate Temperature: T_and Air Temperature: T ), and morphological features (Body Weight: BW

and Straight Carapace Length: SCL). Additionally, the effect of different wde“ather conditions (cloudy and sunny) on the body
temperatures of the populations was determined. Significant positive correlations were found between body temperatures and
microclimatic parameters in both populations, whereas no significant relationship was detected between body temperatures
and morphological features. Behavioural analyses indicated that activities such as basking and movement were associated with
higher body temperatures. It was also found that individuals had higher body temperatures under sunny weather conditions.
However, no significant difference in body temperatures was detected between the two populations, one inhabiting the densely
wooded, closed habitat of Kesan and the other in the sparsely vegetated, open habitat of Karakog. The results suggest that 7.
hermanni individuals have a high capacity to maintain optimal body temperatures under varying environmental conditions. This
ability is crucial for the species’ survival in the face of environmental challenges. However, increasing habitat fragmentation
and habitat loss may significantly limit this adaptability. Moreover, rising temperatures could affect thermoregulation strategies,
potentially threatening the long—term survival of populations. Future studies should focus on the long—term impacts of climate
change on the thermal ecology and habitat use of 7. hermanni to contribute to effective conservation strategies.
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Introduction Among ectothermic organisms, reptiles rely on
various body temperature regulation strategies, which
are crucial for their response to thermal environments
(Heatwole and Taylor, 1987; Berman and Quinn, 1991).
Because reptiles depend on environmental heat sources
for temperature acquisition, their daily activities are
significantly limited. Thus, they engage in behavioural
thermoregulation to find suitable temperatures
(Dubois et al., 2009). Many reptiles regulate their
body temperature within a relatively narrow range by
adjusting their activity levels, basking duration, and body
posture (McConnachie et al., 2011; Vitt and Caldwell,
2013). These thermoregulatory behaviours vary on both
daily and seasonal scales (Shine and Lambeck, 1985;
Bauwens et al., 1996; Diaz and Cabezas—Diaz, 2004).
Tortoises are highly vulnerable to temperature
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Global temperature changes are causing devastating
effects on ecosystems and rapidly altering the living
conditions of ectothermic organisms (Parmesan and
Yohe, 2003; Dubois et al., 2009; Kearney et al., 2009).
Since ectotherms regulate their body temperature by
acquiring heat from the environment, thermal changes
in their habitats can directly affect their behavioural
and physiological processes (Huey and Kingsolver,
1989). Therefore, temperature plays a central role in
controlling many essential functions in ectotherms, such
as metabolic rate, growth, reproduction, and survival
(Bogert, 1949; Vitt and Caldwell, 2013).
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vegetation cover more susceptible to overheating
(Branch, 1984; Moulherat et al., 2014; Vujovic et al.,
2023).

The Hermann’s Tortoise, Testudo hermanni Gmelin,
1789, is a medium-sized testudinid with a relatively
broad yet patchy distribution across the Mediterranean
and sub-Mediterranean regions of Europe, particularly
fragmented in the western parts of its range (Cheylan,
2001; Vetter, 2006; Bertolero et al., 2011). The species
is listed as “Vulnerable (VU)” following criteria of the
International Union for Conservation of Nature, with
declining population trends (Luiselli, 2024). Testudo
hermanni is included in Appendix II of the Bern
Convention on the Conservation of European Wildlife
and Natural Habitats (strictly protected fauna species),
and in CITES Appendix II, which lists species not
necessarily threatened with extinction but for which
trade must be controlled to avoid utilisation incompatible
with their survival. Additionally, it is listed in Annexes
II and IV of the Habitats Directive (Council Directive
92/43/EEC), which ensures the conservation of natural
habitats and of wild fauna and flora within the European
Union. The species is becoming increasingly rare due
to threats such as pollution (Mingo et al., 2016), habitat
fragmentation (Guyot and Clobert, 1997), agricultural
activities (Matache et al., 2006; Rozylowicz and
Dobre, 2009), and wildfires (Hailey, 2000). In addition,
collection of individuals from the wild for the pet trade
and private keeping, alongside both legal and illegal
commercial trade, remains a significant threat to 7
hermanni populations, intensifying their decline at local,
regional, and global scales (Luisellietal.,2007; Tiirkozan
and Kiremit, 2007; Luiselli, 2024). Recent findings
by Shearer and Tiirkozan (2024) further highlight the
global scale of the issue, showing that 7. hermanni is
among the most frequently traded Testudo species
worldwide. Despite a rise in captive-bred individuals,
inconsistencies in trade records suggest ongoing illegal
activities and challenges in enforcement.

In Tirkiye, its presence is limited to the Thrace
region, representing the easternmost edge of the species’
distribution (Tiirkozan 2019a, b; Baran et al., 2021).
Recent studies in this region have provided data on the
species’ distribution, size structure, daily movements,
home range, and population genetics (Tiirkozan et al.,
2019a, b; Yilmaz et al., 2023). These studies indicate
that populations in Thrace are fragmented and relatively
isolated, potentially increasing their vulnerability to
environmental pressures.
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Although thermal studies have been
conducted on 7. hermanni in other parts of its range
(Meek, 1984, 1988; Wright et al., 1988; Ortega et
al., 2017; Vujovic et al., 2023), no study has yet

investigated the relationship between body temperatures

ecology

and microclimatic variables in Turkish populations.
Given the species’ ecological sensitivity, low mobility,
and ongoing habitat pressures, understanding thermal
responses at a local scale is critical. This study aims to
investigate the relationship between body temperatures
(T,, and T ) and microclimatic parameters (substrate
and air temperatures) of 7. hermanni individuals
living in the Thrace region, examine the behaviours
they exhibit under these temperatures, and determine
the effect of different weather conditions (cloudy and
sunny) on body temperatures. Additionally, this study
also examined whether there were differences between
two populations inhabiting regions with different
habitat types. This research will provide valuable data
on the thermal ecology of 7. hermanni, contributing to
the understanding of how the species may respond to
climate change.

Material and Methods

Study sites. The Thrace region, located in northwestern
Tiirkiye, is an important ecological transition zone
between Europe and Asia (Erdogan, 2010). Its strategic
position and the presence of diverse climatic conditions
enhance the region’s ecological significance and
enable a wide range of habitats. In this study, adult 7.
hermanni individuals were collected by hand from two
localities in the Thrace region; 1) Karakog/Kirklareli,
and 2) Kesan/Edirne. These localities were selected
to represent different climatic zones and habitat types
(Fig. 1). Individuals of the Karako¢ population were
collected from an open grassland habitat located in
Karakog/Kirklareli (41.7848°N, 27.2091°E, elevation
287 m). This region is influenced by a mix of Black
Sea and continental climates. Individuals of the Kesan
population were collected from a more isolated habitat
consisting of rows of trees in Kesan/Edirne (40.7545°N,
26.7147°E, elevation 71 m). This area is characterised by
a Mediterranean climate in the southern parts bordering
the Aegean Sea, while the northern parts exhibit a
continental climate. Karakog is located in the northern
part of the Thrace region, while Kesan is in the southern
part. An important isolation mechanism separating the
two populations is the Merig¢ River.

Field study and measurements. Field studies were
conducted between March and October during 2024,
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Figure 1. The habitat characteristics of the Thrace Region and the areas where the 7. hermanni populations were studied (ESRI

Global, 2024).

with data collection taking place between 08:00-12:30
and 13:30-20:00 hrs. A total of 99 adult individuals were
collected from the study sites: 37 individuals (16 33, 21
Q9) from the Karako¢ population, and 62 individuals
(27 33,35 99) from the Kesan population. The sex of
each individual was identified by examining secondary
sexual characteristics, such as the concave plastron in
males (flat in females) and tail length, following the
criteria outlined by Willemsen and Hailey (2003).

The body weight (BW) and straight carapace length
(SCL) of the tortoises were measured using a Mitutoyo
digital calliper (0.01 mm accuracy) and a tortometer,
while weights were recorded with a Sinbo digital scale
and an Orion analogue scale. Substrate temperature
(T) was measured using a Proscan 510 Infrared
Thermometer (+ 1 °C accuracy), and air temperature
(T,,) was recorded 15 cm above the ground with a UNI-
T UT333 Mini Temperature Humidity Meter. The body
temperature was determined via cloacal measurements,
considered the internal body temperature (T, ), using a
Trotec BT20 cloaca thermometer (+ 1.5 °C accuracy).

External body temperature (T ) was calculated as the
mean of carapace (T) and plastron (TP) temperatures,
measured with a Proscan 510 Infrared Thermometer.
Observed behaviours were categorised into seven
groups: immobile, hiding, moving, basking, feeding,
reproduction, and oviposition, based on criteria from
Mazzotti et al. (2002). The weather was recorded at the
moment individuals were captured on each fieldwork
day: cloudy: when more than 50% of the sky is covered
by clouds; sunny: when 50% or less of the sky was
covered by clouds.

Data analyses. The data obtained were analysed
using IBM SPSS Statistics 27 and R Project for
Statistical Computing. The Kolmogorov—Smirnov test
was applied to assess the normality of the data. The
Pearson Correlation Coefficient was used to examine
the relationships between variables such as T, , T ,
SCL, BW, T and T . Two-way Analysis of Variance
(two-way ANOVA) was used to evaluate the effects of
two independent variables (weather and sex) and their
interactions (weather:sex) on T, and T_ . To determine
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whether there were significant differences between
populations and sexes, the Student’s —test was used for
parametric data, while the Mann—Whitney U test was
applied for non—parametric data. In all analyses, a p—
value < 0.05 was considered statistically significant.

Results

Temperature measurements, behaviour and
weather effects for the Karako¢ population.
Microclimatic parameters (T, T ), body temperatures
(T,, and T ), and morphological features (BW, SCL)
were recorded from 37 adult individuals (16 4,
21 99) of the Karakog¢ population. During the field
studies, the minimum T, was recorded as 17.80 °C,
while the maximum T, was 36.10°C. The minimum
T, was recorded as 15.60 °C, and the maximum T_,
was 35.75 °C. The minimum recorded T was 17.40 °C,
and the maximum was 35.40 °C. T, ranged from 15.90
°C to 45.50 °C. Morphological features revealed that
SCL ranged from 11.50 cm to 21 cm, while BW ranged

between 445 g and 1840 g.
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When analysing the relationship between body

temperatures, microclimatic ~ parameters, and
morphological features in all adult individuals, a positive
correlation was found in males between T and T, (p =
0.009, r = 0.627) as well as T and T (p = 0.003, r
= 0.691). Similarly, T showed a positive correlation
with T, (p = 0.011, » = 0.619) and T, (p = 0.014, r
= 0.599). Additionally, T, and T, were positively
correlated with each other (p = 0.001, » = 0.926) (Fig.
2A). No significant correlation was detected between
morphological features and body temperatures (Fig. 2B).
In female individuals, T, showed a positive correlation
with both T, (p =0.002, »=0.636) and T, (p = 0.001,
r=0.768). Likewise, T was positively correlated with
T, (»=0.002,7=0.688)and T, (p =0.001, » = 0.688).
A strong positive correlation was also found between T,
and T (p=0.001, » = 0.881) (Fig. 2C). No significant
correlation was found between morphological features
and body temperatures (Fig. 2D). When examining
differences in body temperatures between male and

female individuals, no significant difference was found
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Figure 2. Multiple correlation graphs from the Karakog population. (A) Correlation between body temperatures and microclimatic
parameters in males. (B) Correlation between body temperatures and morphological features in males. (C) Correlation between
body temperatures and microclimate parameters in females. (D) Correlation between body temperatures and morphological

features in females.
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Figure 3. Box plots of internal body temperature (T, ) (A) and external body temperature (T ) (B) of individuals in the Karakog
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population during different behaviours.

in T, (p > 0.05). However, a statistically significant
difference was observed in T_, with males having a
higher T than females (U = 98.500, p = 0.032). Lastly,
T, and T  of all individuals in the population during
different behaviours are given in Fig. 3.

‘When examining the effects of weather conditions and
sexon T, and T_ in the population, it was determined
that weather had a statistically significant effect on T,
(p = 0.0284) and T (p = 0.0143). However, neither
sex nor the weather: sex interaction had a statistically
significant effect on T, and T (p > 0.05). In cloudy
weather, the mean T, for male individuals was 25.97 °C,
and the mean T, was 25.78 °C. For female individuals,
the mean T, was 26.81 °C, and the mean T, was 25.63
°C. In sunny weather, the mean T, for male individuals
was 30.78 °C, and the mean T  was 31.41 °C. For
female individuals, the mean T, was 28.58 °C, and the
mean T, was 28.39 °C (Fig. 4).

Temperature measurements, behaviour and
the
Microclimatic parameters (T, T ), body temperatures
(T, and T, ), and morphological features (BW, SCL)
were recorded from 62 adult individuals (27 &d, 35
Q9) of the Kesan population. During the field studies,
the minimum T, recorded was 20.60 °C, while the
maximum T, was 35.00 °C. The minimum T, was 17.95
°C, and the maximum T, was 35.45 °C. The minimum
T, was recorded as 20.90 °C, while the maximum was
33.90 °C. T, ranged from a minimum of 12.30 °C to a
maximum of 36.60 °C. Morphological features revealed
that SCL ranged from 10.17 cm to 19.20 cm, while BW

ranged between 320 g and 1700 g.

weather effects for Kesan population.

When examining the relationship between body

ext

temperatures,  microclimatic ~ parameters,  and
morphological features for all adult individuals in the
population, a positive correlation was detected in males
between T and T_ (p = 0.003, r = 0.544), while there
was no significant correlation between T, and T, . No
significant correlation was found between T and body
temperatures (p > 0.05). T, and T, were positively
correlated with each other (p = 0.001, » = 0.807) (Fig.
5A). No significant correlation was detected between
morphological features and body temperatures (p >
0.05) (Fig. 5B). For female individuals, a positive
correlation was found between T, and T, (p = 0.001, r
=0.538) and between T and T, (p = 0.01, = 0.698).
There was a positive correlation between T, and T (p
=0.014, r = 0.411), but no significant correlation was
detected between T, and T, (p>0.05). T, and T, were

also positively correlated with each other (p =0.001, =

Weather
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Figure 4. Scatter plots of internal body temperature (T, ) and

external body temperature (T, ) of individuals in the Karakog
population during different weather conditions.
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Figure 5. Multiple correlation graphs in the Kesan population. (A) Correlation between body temperatures and microclimatic

parameters in males. (B) Correlation between body temperatures and morphological features in males. (C) Correlation between

body temperatures and microclimate parameters in females. (D) Correlation between body temperatures and morphological

features in females.

0.896) (Fig. 5C). No significant correlation was detected
between morphological features and body temperatures
(p > 0.05) (Fig. 5D). Also, no significant difference was
found between male and female individuals in terms of
T, and T  temperatures (p > 0.05). Since there were
no statistically significant differences between sexes,
T, and T_ of all individuals in the population during
different behaviours were given in Fig. 6.

When examining the effects of weather conditions
(cloudy and sunny) and sex on T, and T, in the
population, no statistically significant effect of weather,
sex, or the weather: sex interaction was detected (p >
0.05). In cloudy weather conditions, the mean T, for
male individuals was 29.65 °C, and the mean T, was
27.62 °C. For female individuals, the mean T, was
28.63 °C, and the mean T, was 28.71 °C. In sunny
weather conditions, the mean T, for male individuals
was 29.07 °C, and the mean T_ was 28.44 °C. For
female individuals, the mean T, was 27.99 °C, and the
mean T, was 27.53 °C (Fig. 7).

Comparison between populations. When the body
temperatures of male and female individuals in the
Karako¢ and Kesan populations were compared, no
statistically significant difference was determined (p >
0.05).

Discussion

This study presents important findings on the
thermal ecology of Testudo hermanni populations
in two different habitats in the Thrace region. The
relationships between body temperatures, microclimatic
parameters, morphological features, and behaviours
were analysed to compare body temperatures between
populations. Additionally, changes in body temperature
under different weather conditions were examined,
contributing to the limited knowledge of the thermal
ecology of Hermann'’s Tortoise.

A strong correlation between T, , T

ext”

and T,
highlighting 7. hermanni’s dependence on substrate
temperatures for thermoregulation, was observed in both
populations. This result aligns with the study conducted
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Figure 6. Box plots of internal body temperature (T. ) (A) and external body temperature (T ) (B) of individuals in the Kesan
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population during different behaviours.

by McMaster and Downs (2013), which demonstrated
that carapace and plastron temperatures in Leopard
Tortoises, Stigmochelys pardalis (Bell, 1828), closely
reflect environmental temperatures. Similarly, Ortega et
al. (2017) and Vujovi¢ et al. (2023) reported significant
correlations between body temperature (T,) and surface
or environmental temperatures in 7 hermanni, further
supporting our findings. Moreover, the strong correlation
between T, and T, supports the idea that external body
temperatures can serve as reliable indicators of internal
temperatures in field studies (Terepolsky and Brereton,
2021).

In our study, 7 hermanni individuals from both
populations consistently exhibited body temperatures
higher than air temperatures. These results are consistent

Weather
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1 A sunny

Sex
% » Female
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20

Figure 7. Scatter plots of internal body temperature (T, ) and
external body temperature (T ) of individuals in the Kesan
population during different weather conditions.

ext

with findings reported by Meek and Inskeep (1981),
Meek (1984), and Filippi et al. (2010) in their studies
on 7" hermanni. The maximum T, (36.10 °C) and T,
(35.75 °C) recorded in the Karakog population as well
as the maximum T, (35.00 °C) and T, (35.45 °C)
recorded in the Kesan population were found to be higher
than the 34.00 °C reported by Meek (1984) and Filippi
et al. (2010). This discrepancy may be attributed to a
combination of geographical and climatic differences.
Our study areas were located in the Thrace region of
Tiirkiye, where summer temperatures are generally
higher and longer than in the Mediterranean regions of
Italy and France, where the above-mentioned studies
were conducted (Tiirkozan et al., 2019). Temperature
differences resulting from this geographical difference
exposed tortoises to more intense solar radiation and
higher substrate temperature (T ), which is critical for
determining body temperature in tortoises (McMaster
and Downs, 2013). Ortega et al. (2017) also emphasised
that regional thermal environments can significantly
affect body temperatures of tortoises, even within the
same species. Therefore, climatic variation in different
habitats, especially in terms of habitat type and sunlight
exposure, probably played an important role in the
slightly higher body temperature values recorded in our
study.

In this study, the body temperatures of male and
female individuals from two different populations of 7.
hermanni were compared, and a statistically significant
difference in T, between sexes was found only in the
Karakog population. This difference between the sexes
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may be attributed to the distinct thermal strategies
used by males and females, as well as disparities in
habitats. Similarly, Meek (1984) suggested that sexual
differences in thermoregulation of 7. hermanni may
vary depending on habitat use. Lambert (1981) reported
that small adult males of 7 graeca Linnaeus, 1758 were
active only below 28 °C, while medium and large males
were active only in the morning and after 16:00 h above
28 °C. In contrast, females were active between 12:00
and 16:00 hrs, with three individuals recorded below
23 °C and two large individuals recorded above 28 °C.
Furthermore, individuals in densely vegetated areas
achieved lower body temperatures, likely due to the
availability of shade and cooler ground temperatures.
Ortega et al. (2017) found that male and female 7. /.
hermanni individuals were recorded at similar air
temperatures, but males were found at higher substrate
temperatures. Filippi et al. (2010) reported that female
individuals had higher body temperatures than males
and maintained a greater difference between body
temperature and air temperature (T, and T ) compared to
males. In our study, higher body temperatures observed
in males of the Karakoc population were associated with
open habitats and limited shade. This finding supports
the hypothesis proposed by Moulherat et al. (2014) and
is consistent with observations reported on by Vujovi¢ et
al. (2023), who noted that individuals in more exposed
habitats exhibited greater thermoregulatory effort and
higher body temperatures in 7. hermanni populations
in Montenegro. Body size and morphology are known
to affect thermoregulation efficiency in reptiles
(Zimmerman and Tracy, 1989). However, no significant
relationship was found between body temperatures and
body size in our study. Our results align with research
suggesting that behavioural thermoregulation plays a
crucial role in regulating body temperatures in reptiles,
making the effect of body size on thermal conductivity
less apparent (Huey and Kingsolver, 1989; Akin, 2011).
This result may be due to the relatively narrow size range
of the studied individuals, which may have limited the
detection of size-related thermal effects.

Behavioural adaptations such as basking, hiding, and
movement are critical strategies reptiles use to regulate
their body temperatures (Shine and Lambeck, 1985;
Vitt and Caldwell, 2013). The T, and T_ temperature
ranges observed during different behaviours in our study
were consistent with activity—specific thermal ranges
reported by Meek (1984) for 7. hermanni. Meek (1984)
reported that T, in 7" hermanni individuals ranged from
22.6 °Cto 33.9 °C during movement, 27.5 °C to 32.8 °C

Ceren N. Ozgiil et al.

during feeding, 25.5 °C to 32.0 °C during reproduction,
and 21.4 °C to 34.2 °C during basking. The T, and T,
values in our study aligned with these findings. Higher
temperatures recorded during basking and movement
behaviours reflect active thermoregulation, while lower
temperatures observed during inactivity or hiding
indicate passive avoidance of thermal stress.

Weather conditions are known to have a significant
impact on reptile body temperatures. Data from the
Karakog population showed that both male and female
individuals reached higher body temperatures on sunny
days, whereas these values decreased on cloudy days.
These results are consistent with findings from studies
by Lambert (1981) and Meek and Jayes (1982). In
particular, Lambert (1981) reported that on sunny
days, body temperatures of individuals were closer to
the preferred thermal range of the species (28-35 °C).
Ortega et al. (2017) also reported that 7. 4. hermanni
individuals attained higher body temperatures in fully
sunny conditions, emphasising the sun’s critical role in
thermoregulation. These findings highlight the primary
role of solar radiation as a crucial heat source for 7.
hermanni. In addition, our findings show important
parallels with those reported by Vujovi¢ et al. (2023) for
T. hermanni in southern Montenegro. In both studies,
body temperatures of individuals were closer to the
thermal ranges preferred by the species on sunny days
and behavioural thermoregulation efficiency (E-score)
increased in sunny conditions. For example, Vujovié¢ et
al. (2023) reported that E-score increased from 0.31 to
0.38 in males and from 0.19 to 0.41 in females. This is
consistent with the higher T, and T_, values observed in
sunny weather in our study.

In this study, 7. hermanni individuals from the
Karakog¢ and Kesan populations in the Thrace region
were compared in terms of body temperatures, and no
statistically significant difference was found. Previous
research has demonstrated that reptile body temperatures
are closely linked to environmental temperatures,
but thermoregulation mechanisms allow individuals
to adapt to environmental changes (Lambert, 1981;
Meek, 1984). While the Karakog population inhabits
more open and sunny habitats, the Kesan population
is found in more isolated and wooded areas. However,
our study revealed no significant difference in body
temperatures between these two populations. This
finding is consistent with other studies on similar reptile
species. For instance, Lambert (1981) and Filippi et
al. (2010) demonstrated that tortoises could maintain
similar thermal ranges regardless of environmental
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conditions. One primary reason for this could be the
ability of tortoises to modify their thermal behaviour
under different climatic conditions. The denser
vegetation in the Kesan population’s habitat may allow
individuals to maintain optimal body temperatures by
utilising shade and cooler microhabitats. Similarly,
individuals in the Karako¢ population may optimise
their basking durations to manage thermal stress in
open areas. However, increasing habitat fragmentation
and habitat loss may restrict these thermal behaviour
modification abilities. Rising temperatures and
decreasing microhabitat diversity may limit access to
shaded or cool areas, negatively affecting tortoises’
thermoregulation capabilities.

despite in habitat
characteristics between the Karakog and Kesan
populations, no

temperatures was detected. The results indicate that

In  conclusion, differences

significant difference in body
T. hermanni individuals can maintain optimal body
temperatures through behavioural strategies, regardless
of habitat type or climatic variations. However,
increasing habitat fragmentation and loss, along with
rising temperatures, may reduce the availability of
shaded and cool microhabitats, potentially affecting
individuals’ thermoregulation strategies. Future studies
should investigate the long—term effects of climate
change on the thermal ecology of 7. hermanni and
focus on potential changes in behaviour, habitat use,
and population dynamics. Such research is crucial for
developing targeted conservation strategies for this
endangered species and ensuring its survival in rapidly
changing environmental conditions.

Acknowledgments. This study was supported by Canakkale
Onsekiz Mart University, The Scientific Research Coordination
Unit, Project FBA-2024-4705. The necessary
permissions have been obtained from the Ethics Committee of
Animal Experiments of Canakkale Onsekiz Mart University
(decision no: 2023/01-06) for the studies that were carried out.

Number:

References

Akin, J.A. (2011): Homeostatic Processes for Thermoregulation.
Nature Education Knowledge 3(10): 7.

Baran, 1., Avel, A., Kumlutas, Y., Olgun, K., Tigaz, C. (2021):
Tirkiye Amfibi ve Siirlingenleri. Palme Yayincilik, Ankara.
Tirkiye.

Bauwens, D., Hertz, P.E., Castilla, A.M. (1996): Thermoregulation
in a lacertid lizard: the relative contributions of distinct
behavioral mechanisms. Ecology 77(6): 1818-1830.

Berman, C.H., Quinn, T.P. (1991): Behavioral thermoregulation and
homing by spring chinook salmon, Oncorhynchus tshawytscha
(Walbaum), in the Yakima River. Journal of Fish Biology 39:

729

301-312.

Bertolero, A., Cheylan, M., Hailey, A., Livoreil, B., Willemsen,
R.E. (2011): Testudo hermanni (Gmelin 1789) — Hermann’s
Tortoise. In: Conservation Biology of Freshwater Turtles and
Tortoises, a compilation project of the TUCN/SSC Tortoise and
Freshwater Turtle Specialist Group, 5, p. 059.1-059.20. Rhodin,
A.G.J,, et al., Eds. Chelonian Research Monographs.

Bogert, C.M. (1949): Thermoregulation in reptiles, a factor in
evolution. Evolution 3(3): 195-211.

Branch, W.R. (1984): Preliminary observations on the ecology of
the angulate tortoise (Chersina angulata) in the Eastern Cape
Province, South Africa. Amphibia-reptilia 5(1): 43-55.

Cheylan, M. (2001): Testudo hermanni Gmelin. 1798-Griechische
Landschildkroten. pp. 179-289. In: Handbuch der Reptilien und
Amphibien Europas. Band 3/IITA: Schildkréten (Testudines).
I. (Bataguridae. Testudinidae. Emydidae). Fritz., U. Eds.,
Wiebelsheim: Aula—Verlag.

Diaz, J.A., Cabezas-Diaz, S. (2004): Seasonal variation in the
contribution of different behavioural mechanisms to lizard
thermoregulation. Functional Ecology 18(6): 867-875.

Dubois, Y., Blouin-Demers, G., Shipley, B., Thomas, D. (2009):
Thermoregulation and habitat selection in wood turtles
Glyptemys insculpta: chasing the sun slowly. Journal of Animal
Ecology 78(5): 1023-1032.

Erdogan, S. (2010): Trakya Bolgesi (Edirne, Tekirdag, Kirklareli)
Rotifera Faunasi. Trakya University, Edirne, Tiirkiye.

Escoriza, D., Tiirkozan, O. (2024): Habitat partitioning among
Mediterranean tortoises (Genus Testudo) in response to
vegetation seasonality. Chelonian Conservation and Biology
23(2): 264-273.

Fernandez-Chacon, A., Bertolero, A., Amengual, A., Taandcchia,
G., Homar, V., Oro, D. (2011): Spatial heterogeneity in the
effects of climate change on the population dynamics of a
Mediterranean tortoise. Global Change Biology 17(10): 3075~
3088.

Filippi, E., Rugerio, L., Capula, M., Burke, R.L., Luiselli, L. (2010):
Population and Thermal Ecology of Testudo hermanni hermanni
in the Tolfa Mountains of Central Italy. Chelonian Conservation
Biology 9: 54-60.

Guyot, G., Clobert, J. (1997): Conservation measures for a
population of Hermann’s tortoise 7estudo hermanni in Southern
France bisected by a major highway. Biological Conservation
79: 251-256.

Hailey, A. (2000): The effects of fire and mechanical habitat
destruction on survival of the tortoise Testudo hermanni in
northern Greece. Biological Conservation 92: 321-333.

Heatwole, H., Taylor, J.A. (1987): Ecology of reptiles. New South
Wales, Australia, Surrey Beatty and Sons, Chipping Norton.

Huey, R.B., Kingsolver, J.G. (1989): Evolution of thermal
sensitivity of ectotherm performance. Trends in ecology &
evolution 4(5): 131-135.

Hutchison, V.H., Vinegar, A. Kosh, R.J. (1966): Critical thermal
maxima in turtles. Herpetologica 22(1): 32-41.

Kearney, M., Shine, R., Porter, W.P. (2009): The potential for
behavioral thermoregulation to buffer “cold-blooded” animals
against climate warming. Proceedings of the National Academy
of Sciences 106(10): 3835-3840.

Lambert, M.R.K. (1981): Temperature, activity and field sighting



730

in the Mediterranean spur—thighed or common garden tortoise
Testudo graeca L. Biological Conservation 21: 39-54.

Luiselli, L. (2024): Testudo hermanni. The TUCN Red List of
Threatened Species 2024: ¢. T21648A2777071.

Luiselli, L., Capula, M., Capizzi, D., Filippi, E., Jesus, V.T,
Anibaldi, C. (2007): Human predation and habitat alteration are
the main threats to the survival of the Mediterranean tortoise
Testudo hermanni in Italy. Amphibia-Reptilia 28(1): 87-95.

Matache, M.L., Rozylowicz, L., Hura, C. Matache, M. (2006):
Organochlorine pesticides—a threat on the hermann’s tortoise
perpetuation. Organohalogen Compounds 68: 728-731.

Mazzotti, S., Pisapia, A., Fasola, M. (2002): Activity and home
range of Testudo hermanni in Northern Italy. Amphibia—Reptilia
23:305-312.

McConnachie, S.,

Thermoregulation

Greene, S.N., Perrin, M.R. (2011):
in the semi-aquatic yellow anaconda,
Eunectes notaeus. Journal of Thermal Biology 36(1): 71-77.
McMaster, M.K., Downs, C.T. (2013): Thermal variability in body
temperature in an ectotherm: Are cloacal temperatures good
indicators of tortoise body temperature? Journal of Thermal

Biology 38: 163—168.

Meek, R. (1988): The thermal ecology of Hermanns tortoise
(Testudo hermanni) in summer and autumn in Yugoslavia.
Journal of Zoology 215: 99-111.

Meek, R. (1989): Thermoregulatory behavior in a population of
Hermann’s tortoise (7estudo hermanni) in southern Yugoslavia.
British Journal of Herpetology 6: 387-391.

Meek, R., Inskeep, R. (1981): Aspects of the field biology of a
population of Hermann’s tortoise (7estudo hermanni) in southern
Yugoslavia. British Journal of Herpetology 6: 159—164.

Meek, R., Jayes, A.S. (1982): Body temperatures and activity
patterns of Testudo graeca in northwest Africa. British Journal
of Herpetology 6: 194-197.

Mingo, V., Létters, S., Wagner, N. (2016): Risk of pesticide exposure
for reptile species in the European Union. Environmental
Pollution 215: 164-169.

Moulherat, S., Delmas, V., Slimani, T., Louzizi, T., Lagarde, F.,
Bonnet, X. (2014): How far can a tortoise walk in open habitat
before overheating? Implications for conservation. Journal for
Nature Conservation 22(2): 186-192.

Ortega, Z., Mencia, A., Pérez-Mellado, V. (2017): Notes on the
thermal ecology of Testudo hermanni hermanni in Menorca
(Balearic Islands, Spain). Amphibia—Reptilia 38(1): 108—112.

Parmesan, C., Yohe, G. (2003): A globally coherent fingerprint
of climate change impacts across natural systems. Nature
421(6918): 37-42.

Rozylowicz, L., Dobre, M. (2009): Asessment of threatened status
of Testudo hermanni boettgeri Mojsisovics, 1889 (Reptilia:
Testudines: Testudinidae) population from Romania. Final
report for Rufford Small Grant Foundation #49.01.08 [online].

Shearer, 1., Tiirkozan, O. (2024): Global Testudo Trade: Update and
Recent Trends. Chelonian Conservation and Biology: lebrating
25 Years as the World’s Turtle and Tortoise Journal 23(2): 161—
168.

Shine, R., Lambeck, R. (1985): A radiotelemetric study of
movements, thermoregulation and habitat utilization of Arafura
filesnakes (Serpentes: Acrochordidae). Herpetologica 1985:
351-361.

Ceren N. Ozgiil et al.

Terespolsky, A., Brereton, J.E. (2021): Investigating the Thermal
Biology and Behaviour of Captive Radiated Tortoises. Journal
Veterinary Medicine Animal Science 4(1): 1046.

Tiirkozan, O., Kiremit, F. (2007). Testudo trade in Turkey. Applied
Herpetology 4(1): 31-37.

Tiirkozan, O., Yilmaz, C., Karakaya, S., Karaman, S., Ulger,
C. (2019a): Distribution, size, and demographics of Eastern
Hermann’s Tortoise, Testudo hermanni boettgeri, in Turkey.
Chelonian Conservation and Biology 18(2): 210-216.

Tiirkozan, O., Karaman, S., Yilmaz, C., Ulger, C. (2019b): Daily
movements and home range of Eastern Hermann’s Tortoise,
Testudo hermanni boettgeri (Reptilia: Testudines). Zoology in
the Middle East 65(1): 28-34.

Vitt, L.J., Caldwell, J.P. (2013): Herpetology: an introductory
biology of amphibians and reptiles. Fourth Edition. Oklahoma,
USA, Academic press. Norman.

Vujovi¢, A., Pesi¢, V., Meek, R. (2023): Living in a Thermally
Diverse Field Body Temperatures and
Thermoregulation in Hermann’s Tortoise, Testudo hermanni, in
Montenegro. Conservation 3(1): 59-70.

Willemsen, R.E., Hailey, A. (2003): Sexual dimorphism of body
size and shell shape in European tortoises. Journal of Zoology
260(4): 353-365.

Wright, J., Steer, E., Hailey, A. (1988): Habitat separation in
tortoises and the consequences for activity and thermoregulation.
Canadian Journal of Zoology 66(7): 1537-1544.

Yilmaz, C., Tiirkozan, O., Karaman, S., Ulger, C. (2023):
Population genetic structure of Testudo hermanni boettgeri

Environment:

(Hermann’s Tortoise) in Tiirkiye. Turkish Journal of Zoology
47(6): 505-516.

Zimmerman, L.C., Tracy, C.R. (1989): Interactions between
the environment and ectothermy and herbivory in reptiles.
Physiological Zoology 62(2): 374-409.

Accepted by Frederic Griesbaum



