
* Corresponding Author’s email: ku.mukeshsharma@kalingauniversity.ac.in 

Received: 02 January 2026; Reviewed: 09 February 2026; Revised: 26 February 2026; Accepted: 28 April 2026 

(DOI): 10.70102/AEJ.2026.18.1.41 

 18(1) 462-470, Spring 2026 

 

Original Research Paper 

Rapid Habitat Changes and Microclimate Variability Driving Behavioral 

Adaptations and Thermal Stress Responses in Reptiles 

 

Mukesh Sharma1*, Anil Kumar Singh2 

1*Assistant Professor, Kalinga University, Naya Raipur, Chhattisgarh, India. 

Email: ku.mukeshsharma@kalingauniversity.ac.in, ORCID: https://orcid.org/0009-0006-4052-2358 
2Assistant Professor, Kalinga University, Naya Raipur, Chhattisgarh, India. 

Email: ku.anilkumarsingh@kalingauniversity.ac.in, ORCID: https://orcid.org/0009-0002-8764-0571 

 

Key Words Abstract 
Reptiles,  

Habitat change,  

Microclimate 

variability, 

Behavioral 

adaptation, 

Thermal stress, 

Habitat 

fragmentation, 

Conservation. 

Habitat alteration and microclimatic variations pose increasing threats to reptiles because their body 

temperature, movements, reproduction, and survival depend significantly on environmental 

temperatures. This paper examines how forest clearing, agricultural development, urbanization, road 

construction, wetland drainage, and global warming affect the thermal structure of habitats used by 

reptiles. Such alterations lead to reductions in soil moisture levels, plant density, and nest and refuge 

availability, alongside increases in surface temperatures and inappropriate microclimates. The paper 

illustrates the importance of reptiles' behavioral responses to microclimate modifications. Reptiles 

adapt to changes by altering their basking times, seeking shade, engaging in less diurnal activity, 

spending more time in shelters, changing the locations of foraging and nests, among other adaptations. 

Nevertheless, behavioral adjustments might fail to mitigate the consequences when environmental 

changes become too intense. The paper demonstrates that forest ecosystems provide greater thermal 

protection to reptiles than urbanized habitats and degraded drylands, as they expose individuals to 

greater heat and fewer refuges. Exposure to heat and lack of quality shelters cause thermal stress that 

leads to low food consumption rates, ineffective movements, poor reproduction rates, mortality rates 

among hatchlings, and loss of populations. 

 
Introduction 

The thermoregulation of reptiles largely relies 

on the external environment, making them very 

sensitive to disturbances within their habitats and 

to variations in microclimate (Kurnaz, 2026). 

The rapid alteration of habitats due to 

deforestation, agricultural encroachment, 

urbanization, mining activities, road 

development, wetland destruction, and climate 

change are modifying the thermal structure of 

reptile habitats (Assegid & Ketema, 2023). This 

impacts the availability of shade, soil moisture, 

vegetation, basking sites, nesting sites, and 

refugia. Consequently, reptiles are becoming 

more susceptible to changes in their 

microclimate, which affects their ability to move, 

digest, grow, reproduce, avoid predation, and 

survive (Mainwaring et al., 2017). Reptiles are 

very sensitive to thermal fluctuations; hence, any 

minor alterations in habitat structure are 

important from an ecological perspective 

(Shavkatov et al., 2026). 

The issue at hand involves habitat 

modification, resulting in reduced opportunities 

to access suitable thermal shelters while 

increasing vulnerability to extremely hot surface 
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temperatures (Lillywhite, 2017). This is because 

reptiles may react by altering basking periods, 

decreasing activity during the day, seeking more 

shade, moving into burrows, finding new 

locations to hunt and nest, and moving to cooler 

locations (Okafor & Mbeki, 2025). However, 

these adaptive strategies may prove ineffective if 

habitat alteration happens quickly or under harsh 

microclimatic circumstances. The effects of heat 

stress include reduced ability to feed, successful 

reproduction, survival of hatchlings, and 

population sustainability (Dusi, 2024). It is 

therefore important to understand the effect of 

habitat changes and microclimatic variation on 

behavioral adaption and heat stress                  

(Rajan & Chawla, 2024). 

Key Contribution 

1. The paper explains that environmental 

changes at a rapid pace in terms of 

deforestation, urbanization, construction 

of roads, wetland drainage, and climate 

change lead to changes in the microclimate 

of reptiles in the form of reduced shade, 

moisture, nests, and thermoregulation 

opportunities. 

2. The paper gives an insight into some of the 

behavioral adaptations made by reptiles 

including increased bask period, increased 

use of shade, decrease in activity during 

the daytime, increased use of shelters, 

modification of foraging areas, and 

cooling of nests. 

3. The paper explains that thermal stress has 

adverse effects on feeding, movement, 

reproduction, hatchlings' survival, and 

population stability of reptiles. 

In Section I, habitat alteration, microclimate 

variation, and thermal stress in reptiles have been 

defined. In Section II, past findings and their 

conclusions have been mentioned. Section III 

highlights microclimatic changes driven by 

environmental factors. Behavioral adaptations 

made by reptiles have been discussed in section 

IV. Section V mentions the effects of thermal 

stress on reptiles. 

Literature Review 

Habitat structure has been identified to play a 

significant role in influencing the body 

temperatures, behaviors, and survival of reptiles 

in previous studies in reptile thermal ecology. As 

ectotherms, changes such as an increase in 

surface temperatures or loss of shading provided 

by trees and canopy affect the thermoregulation 

capabilities of reptiles (Plasman et al., 2025). 

Research suggests that reptiles use microhabitats 

depending on factors like thermal quality, 

predation pressure, availability of prey, and 

reproduction (Pincebourde et al., 2016). Clearing 

for forests, converting habitats into agricultural 

lands or urban areas, and constructing roads may 

affect the thermal conditions of the microhabitat 

used by reptiles through changes in temperature. 

Behavioural adaptations to changed 

microclimates involve modification of the 

duration of basking, seeking shelter, foraging, 

nesting place choice and daily movements 

(Nowakowski et al., 2018). More adaptable 

reptile species can adapt their activity towards 

morning and evening times, use burrows more 

often or move to shaded habitats. However, any 

change can be accompanied by certain costs as 

decreased activity at high temperatures can 
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decrease overheating risks but also decrease 

chances of feeding, reproduction or territory 

defence. Therefore, an assumption can be made 

that while behavioural plasticity helps survival, it 

cannot provide protection from overheating 

when microhabitats are limited                                

(Woods et al., 2015). 

Thermal stress effects can include decreased 

locomotion capacity, digestion, immunity, 

fertility and survivability of eggs                                    

(Du et al., 2023). Juveniles and eggs can be even 

more sensitive to temperature changes due to 

their inability to move away from unfavourable 

temperatures. Fragmented and open habitats pose 

higher risks for overheating and dehydration due 

to the lack of cooling microhabitats. Based on the 

current studies, it can be seen that microclimate 

changes have great impact on thermal stress and 

behavioural response. An important conclusion 

from the literature review is that reptile species 

should be conserved with attention paid to 

microhabitat, habitat fragmentation and thermal 

stress management. 

Figure 1: Conceptual Framework of Habitat Change Effects on Reptile Behavioural Adaptation 

and Thermal Stress 

Habitat change is evident from the figure 

(Figure 1), were deforestation and urbanization 

lead to drastic micro-climate shifts due to 

temperature variation. Reptiles react to this stress 

in their environment by making immediate 

behavioral adaptations, including changing their 

activity cycles or suffering thermic stress, which 

can result in dehydration and hyperthermia. 

Habitat Changes and Microclimate 

Variability 

Factors Contributing to Rapid Habitat 

Changes 

These modifications happen rapidly owing to 

the effects of anthropogenic influences and 

climate variations on the habitat. The habitat 
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destruction causes deforestation, leading to 

exposure to the sun’s rays. Agricultural 

expansion replaces heterogeneous habitats with 

homogenous ones. Human settlements involve 

pavements and building structures that absorb 

heat energy. The expansion of mining activities 

fragments the habitat while inhibiting 

movements within the areas conducive for 

temperature regulation. Furthermore, climate 

change exacerbates all these stressors through 

extreme heat, irregular precipitation, droughts, 

and alterations in the seasons. For reptiles, these 

disturbances disturb the delicate balance of 

available warm spots for thermoregulation versus 

cool hiding places. Both habitat destruction and 

climate change pose serious challenges for the 

survival of reptiles as these animals have narrow 

temperature tolerances and low dispersal 

abilities.  

Impact of Microclimate Variability on 

Reptiles 

Variability in microclimate rather than 

regional climate will have a direct effect on 

reptiles, as reptiles operate at the ground level, 

where the climate is characterized by changes in 

shade, humidity, wind, and soil temperatures. A 

forest patch with shade can make an ideal habitat 

for a reptile, as compared to a similar but open 

forest patch, where the animal may be 

constrained to move due to high temperatures. 

Habitat alteration can create thermal barriers, 

making it difficult for the reptiles to access food, 

mating sites, and nesting sites. From research into 

the impacts of habitat alteration on reptiles, it has 

been noted that thermal biology plays a crucial 

role in explaining the impacts, where heat 

tolerance explains a large part of variation                

(Table 1).  

Table 1: Habitat Change, Microclimate Effects and Reptile Responses 

Habitat  

Change Factor 

Microclimate  

Effect 

Reptile Behavioral  

Response 

Possible Thermal  

Stress Outcome 

Forest clearing Reduced shade and higher 

ground temperature 

Increased shade seeking and 

reduced daytime activity 

Higher overheating 

risk 

Agricultural 

expansion 

Open habitat and reduced 

refuge cover 

Movement towards field edges, 

burrows, or vegetation patches 

Reduced foraging 

time 

Urbanisation Heat-retaining surfaces and 

fragmented refuges 

Shift to early morning or evening 

activity 

Increased dehydration 

risk 

Road 

construction 

Surface heat and habitat 

fragmentation 

Avoidance of exposed road edges Restricted movement 

Wetland 

conversion 

Reduced soil moisture and 

humidity 

Increased refuge use in moist 

patches 

Higher egg and 

juvenile mortality 

Climate change Heat waves and irregular 

rainfall 

Longer shelter use and altered 

basking time 

Reduced reproduction 

and survival 
 

Figure 1 demonstrates how various habitat 

modification processes affect reptile 

microclimate and induce behavioral responses. 

Processes such as deforestation, agriculture, 
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urbanization, road creation, wetlands conversion, 

and climate change result in decreased thermal 

refuge suitability and increased encounters with 

unsuitable temperatures. This may lead to limited 

activity, feeding failure, dehydration, poor 

reproductive capabilities, and mortality. 

Examples of Species Experiencing Habitat 

and Microclimate Changes 

Various reptile communities behave 

differently with respect to changes in habitat and 

microhabitat temperatures. Fragmentation of 

forest habitats could cause lizards to move from 

shade to sun more often to prevent overheating. 

In desert reptiles, the periods spent on the ground 

will decrease at times of peak warmth, with 

increased time in the burrow. Forest geckos and 

skinks might be threatened when trees are cleared 

because cooler vertical microhabitats will no 

longer exist. Snake behaviour may change 

regarding feeding hours, shelters, and routes 

through a hotter landscape. For urban reptiles, 

habitat disturbance may sometimes be tolerated, 

but for the most part, various changes in refuge 

availability, behaviour, and increased 

vulnerability to predators or people may occur.  

Behavioral Adaptations 

Strategies Used by Reptiles to Adapt to 

Changing Habitats 

Behavioral adaptation in reptiles occurs in a 

number of ways. Firstly, reptiles use behavioral 

thermoregulation to survive when there are 

changes in their environments and 

microenvironment. Behavioral thermoregulation 

entails behavior such as basking in the sun to 

receive heat and seeking shade and underground 

burrows when the heat becomes too intense. 

Other behaviors include shifting time of activity 

such as early morning and late evenings during 

times of high temperatures. Reptiles may also 

limit activity and movements during times when 

temperature is very high. Other adaptations by 

reptiles include changing feeding places, nest 

sites, increasing refuge use or changing social 

behaviors. 

Role of Behavioural Plasticity in 

Adaptation 

Behavioural plasticity describes the capacity 

of an animal to alter its behaviour as influenced 

by its environment. In reptiles, it becomes 

essential as it gives a quick reaction to 

thermoregulatory and habitat stress. High 

flexibility in behavior increases the chances of 

survival in a stressful environment through 

alterations in the timing of activities, the choice 

of appropriate microhabitat, and the avoidance of 

stressful temperatures. This conclusion has been 

drawn from the fact that lizards can use 

behavioural adaptation to counter the negative 

impacts of warming in environments with high 

heterogeneity in terms of temperature. 

Nevertheless, there are limitations to this kind of 

adaptation. If all microhabitats become warm, 

dry, and open, reptiles cannot make behavioral 

adjustments 

Importance of Behavioural Flexibility for 

Survival 

Flexibility in behavior contributes to better 

survival chances because it allows reptiles to 

keep their optimal body temperatures despite 

performing important tasks like eating, 
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reproducing, making nests, and avoiding threats. 

The flexibility helps the animals adapt to the 

various conditions during different seasons and 

change their mode of movement according to 

changes in the temperature. It becomes extremely 

necessary when there are situations when the 

environment changes due to drought, loss of 

trees, or even warming up of the place due to 

urbanization. However, flexibility could also 

have some disadvantages attached to it. For 

instance, remaining in the shadow may avoid 

heating up but limit their ability to forage. 

Thermal Stress 

Definition and Effects of Thermal Stress 

Thermal stress is the term that encompasses 

the various physiological and behavioral issues 

that are associated with the levels of temperatures 

that are unfavorable to the organisms for their 

effective functioning. Thermal stress among 

reptiles arises due to excess temperatures, and 

this may affect metabolism, locomotion, 

dehydration, immune system malfunctioning, 

and reproductive issues. The prolonged thermal 

stress among reptiles causes bad feeding 

behaviors, slow growth, embryo deaths, sex 

ratios imbalances, and mortality. This stress is 

especially harmful to eggs and juvenile reptiles 

since they lack the capacity to avoid unfavorable 

temperature levels. Temperature during nesting 

affects hatching rates and survival of young 

reptiles. 

Relationship Between Microclimate 

Variability and Thermal Stress 

Microclimatic variation may either lower or 

exacerbate thermal stress, depending on the 

structural complexity of the habitat. The presence 

of diverse vegetation with shaded areas, moist 

soils, logs, rocks, and burrows makes it possible 

for the reptiles to choose temperatures in the 

habitat. In other words, there are different 

temperatures where they can go. However, when 

the habitat is made simpler through a reduction in 

vegetation cover, then the number of thermal 

options is reduced. It means that once the 

microhabitat becomes less available for use, the 

period spent by the reptiles above their 

temperature threshold is prolonged (Figure 2). 

 

Figure 2: Thermal Stress Risk Across Different Habitat Conditions 
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The graph presented below depicts the rising 

thermal stress risk of reptiles under different 

habitat types. The intact forest shows the least 

risk of thermal stress since they have more 

availability of shade, moisture, and thermal 

refuges. Forest fragments and agricultural lands 

present moderate to high thermal risks owing to 

a lack of vegetative cover. Urban areas and 

degraded drylands display high thermal stress 

risk owing to high surface temperatures. 

Examples of Reptiles Experiencing 

Thermal Stress Due to Habitat Changes 

Thermal stress has been documented in 

reptiles inhabiting forests, desert ecosystems, 

agricultural landscapes, and urban environments. 

Reptiles that live in forests may be more prone to 

exposure to higher levels of heat if they lack the 

canopy. Open agricultural lands may not make 

good pathways for reptiles, as they could 

experience higher levels of heat on their surfaces 

during the daytime. The city-dwelling reptiles 

can be stressed because of the existence of 

concrete pathways, less vegetation, and 

illumination. Deserts could already be places 

where the reptiles reside under conditions that 

could push their biological limits. Thermal stress 

in some reptiles results in changes to activity 

patterns, which could negatively affect feeding 

success. 

Conclusion 

The fast changes of their habitats and 

microclimatic variation are considered 

significant ecological pressures on reptile 

behavior and existence. As per the paper, 

deforestation, agriculture, urbanization, road 

construction, wetland destruction, and climatic 

changes impact the natural thermal environment 

of reptiles by decreasing their ability to find 

shade, humidity of soil, plant coverage, nesting 

sites, and places of shelter. This forces reptiles to 

adapt their behavior by changing their basking 

times, more frequently using shade, moving less 

during the day, spending more time in shelters, 

hunting in new locations, and selecting cooler 

places to nest. Further, the results reveal that 

behavioral plasticity is an adaptation mechanism 

for survival only as long as there are no suitable 

microhabitats available. The table and graph 

below also confirm that the forested habitats are 

least exposed to thermal stresses compared to 

urban and degraded drylands.  

The impact of thermal stress is very severe on 

the survival of reptile species, as too much heat 

may hinder their effectiveness in feeding, 

movement, breeding, hatching of eggs, and 

maintaining populations. The vulnerability of 

eggs and juvenile stages is higher since they have 

little capacity to avoid exposure to excessive heat 

conditions. Continuous exposure of reptiles to 

thermal conditions will lead to dehydration, 

mortality of embryos, and ultimately a decline in 

population numbers. Future studies need to be 

done concerning monitoring of habitats, 

microclimatic mapping, determination of thermal 

thresholds, and the behavior of each species. 
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