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Abstract. Termites are sensitive to environmental fluctuations and hold 
potential as bioindicators of climate change. This study evaluated 
the survivability of Nasutitermes and Macrotermes under controlled 
variations in temperature, relative humidity (RH), and CO2 
concentration. Laboratory experiments were conducted using eleven 
temperature levels (0–50°C), seven RH levels (40–100%), and 
four CO2 concentrations (500–2000 ppm). Each treatment was 
replicated three times with 50 worker termites per replicate. 
Survivability, measured as percent survival after one hour of 
exposure, was analyzed by one-way ANOVA followed by 
Tukey’s HSD test (p < 0.05). The results indicated that both genera 
exhibited sharp declines in survival under temperature extremes 
and elevated CO2. Optimal survivability for Nasutitermes and 
Macrotermes occurred at moderate temperatures (25–35°C), relative 
humidity (60–80%), and ambient CO2 levels (500 ppm), while extreme 
conditions significantly increased mortality. The study highlights 
species-specific tolerance thresholds and confirms that environmen-
tal stressors directly affect termite physiology and behavior. These 
results confirm termites’ potential as reliable bioindicators, providing 
a practical tool for monitoring ecosystem responses to climate stress 
and informing strategies for sustainable ecosystem management.
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INTRODUCTION

Climate change, driven largely by 
rising atmospheric carbon dioxide (CO2) 
from fossil fuel combustion and land-use 
change, has profound impacts on ecosystems 
(Haryanto & Prahara, 2019; Nurhayati et al., 
2020; Susilawati, 2021).These include shifts 
in rainfall, extreme weather, and biodiversi-
ty loss, all of which underscore the need for 
reliable bioindicators to monitor ecosystem 
responses (Mandala et al., 2020; Myers et al., 
2020; Parulian et al., 2022). The presence of 
termites has great potential as bioindicators 
of climate change due to their physiological 
and behavioral sensitivity to environmental 
changes. Their sensitivity to factors such as 
temperature, humidity, and CO2 concentration 
makes them an ideal species for monitoring 
ecosystem dynamics in a sustainable manner.

Termites are increasingly recognized 
as effective bioindicators due to their sensi-
tivity to variations in temperature, humidity, 
and CO2 (Indrayani, 2022; van Valkengoed 
et al., 2024). With more than 3,100 described 
species across nine families and 282 genera, 
they occupy diverse habitats and contribute 
substantially to decomposition and nutri-
ent cycling (Constantino, 2021; Krishna et 
al., 2013). Their adaptability reflects robust 
physiological and behavioral mechanisms, 
yet survival declines sharply under humidity 
below 55–65% or above 90%, with optimal 
activity typically at 60–90% RH (Indrayani et 
al., 2007). Termites also tolerate a wide ther-
mal range, from ~4°C in high-altitude regions 
to >50°C in arid zones, but only when humidity 
prevents desiccation (Scheffrahn et al., 2015).

Although termite ecological roles as 
decomposers and ecosystem engineers are 
well documented, limited attention has been 
given to their physiological tolerance under 
combined climate stressors. In particular, 

little is known about how different termite 
genera respond simultaneously to variations 
in temperature, humidity, and CO2 concentra-
tion–factors expected to fluctuate more dras-
tically under climate change. Addressing this 
gap is  crucial to validate termites as robust 
bioindicators of ecosystem health.

This study examines the survivabili-
ty of two termite genera, Nasutitermes and 
Macrotermes, under controlled variations 
in temperature, humidity, and CO2. The 
primary objectives are to assess the effects of 
temperature variations on termite 
survivability and identify the optimal 
thermal range for both genera; examine the 
influence of humidity levels to determine 
tolerance thresholds and preferred condi-
tions; evaluate the impact of different CO2 
concentrations and explore physiologi-
cal responses to elevated greenhouse gas 
levels; and integrate the findings across these 
stressors to better understand the potential of 
termites as bioindicators of environmental 
change. This study is one of the first stud-
ies to simultaneously evaluate temperature, 
humidity, and CO2 tolerance in two 
ecologically distinct termite genera. By 
adopting this integrated approach, the study 
provides a holistic perspective on termite re-
silience to climate stressors and establishes a 
novel framework for their use as bioindicators 
in biodiversity conservation and ecosystem 
monitoring.

MATERIALS AND METHODS

	 Colonies of Nasutitermes and 
Macrotermes were collected from Pulau 
Sebesi, South Lampung Regency, Lampung 
Province, Indonesia. Sebesi Island is located 
between 05°55′37.43″S and 05°58′44.48″S 
latitude, and between 105°27′30.50″E 
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and 105°30′47.54″E longitude (details are 
presented in Figure 1). Termite colonies were 
examined for the condition of their nests 
before being designated as research samples 
(as shown in Figure 2). Healthy worker 
termites were selected for the experiments to 
ensure consistency in physiological condition 
and response. Identification of termite genera 
was confirmed based on morphological 
characteristics using established taxonomic 
keys (Ahmad et al., 1958; Krishna et al., 2013; 
Kuswanto & Pratama, 2012). 
	 The experiment was conducted 
under controlled laboratory conditions 

using an environmental chamber to regulate 
temperature, humidity, and CO2 levels. Three 
environmental variables were independently 
manipulated to evaluate termite survivability: 
(1) Temperature treatment, termites were 
exposed to 11 temperature levels: 0, 5, 10, 
15, 20, 25, 30, 35, 40, 45, and 50 (°C); (2) 
Humidity treatment, relative humidity was 
adjusted to seven levels: 40, 50, 60, 70, 80, 90, 
and 100 (%); and (3) CO2 treatment, termites 
were exposed to four CO2 concentrations: 
500, 1000, 1500, and 2000 (ppm). 

Figure 1. Map of Sebesi Island, South Lampung, Indonesia, showing the location
	   of termite colonies (red dots) used as sampling sites within lowland forest habitats



Kuswanto et al. 264

Jurnal Biodjati 10(2): 261–274, November 2025

http://journal.uinsgd.ac.id/index.php/biodjati

	 Each treatment group consisted of 
50 worker termites placed in Petri dishes 
with moistened filter paper to provide food 
and maintain microclimatic balance, with 
three replicates per treatment. Environmental 
chambers were calibrated prior to each trial, 
and temperature, humidity, and CO2 were 
continuously monitored to ensure stability. To 
reduce variability, termites of similar age and 
size were selected, as differences in instar or 
body mass can influence stress tolerance. This 
standardization ensured that survivability 
outcomes reflected experimental conditions 
rather than age- or size-related variation. No 
separate laboratory control was included, 
as baseline field data from Pulau Sebesi 
(representing the microclimatic conditions 
of natural nests measured in this study) were 
used as ecological references. This approach 
follows the methodological recommendations 
to align experimental ranges with natural 
environmental variation (Allen, 1998; Sinclair 
et al., 2016). The one-hour exposure was 
chosen to assess acute survivability responses 
while minimizing starvation or handling 
effects. Short-term assays of comparable 
duration (30–120 minutes) are widely 
used in insect ecophysiology to determine 
immediate tolerance thresholds (Hoffmann 
et al., 2013; Terblanche & Chown, 2006). 
While not representing long-term outcomes, 
this design provides robust data on short-
term physiological limits relevant to termite 
bioindicator potential.
	 Termite survivability was then 
calculated as the percentage of living 
individuals remaining after one hour of 
exposure, using the following formula:

Survivability (%) = 100 − [(Number of dead 
termites/Total termites) × 100]

Mortality was confirmed by the absence of 
movement after gentle stimulation with a fine 
brush. Chamber calibration was carried out to 
ensure that environmental variables remained 
fully stable before the treatments began, so that 
differences in survivability could be attributed 
solely to the experimental conditions. Termite 
age/size variation was controlled by selecting 
only healthy worker termites of uniform body 
size, ensuring consistency in physiological 
conditions across individuals. In addition, 
control treatments were conducted under near-
natural environmental conditions as a baseline 
for comparison with extreme treatments. 
	 Data were expressed as the mean 
percentage (±standard error) of termite 
survivability for each treatment. One-way 
analysis of variance (ANOVA) was conducted 
to evaluate the effects of temperature, 
humidity, and CO2 concentration on termite 
survivability. When significant differences 
were detected, means were compared using 
Tukey’s Honestly Significant Difference 
(HSD) test at a significance level of p < 0.05. 
All statistical analyses were performed using 
SPSS v.25. 
	 In addition to the laboratory 
experiments, measurements of microclimatic 
conditions inside the natural nests of 
Nasutitermes and Macrotermes were also 
conducted. Three nests of each genus were 
equipped with sensors to monitor temperature, 
relative humidity, and carbon dioxide (CO2) 
concentration. Each sensor was carefully 
inserted into the central part of the nest to 
minimize disturbance to termite activity. 
Measurements were recorded continuously 
for 24 hours, with readings taken every three 
hours. The resulting data were averaged to 
represent the microclimatic conditions of 
natural nests.
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Figure 2. Researchers observing termite nests: (a) Nasutitermes nest on tree trunk/branches; 
	 (b) Macrotermes mound on open ground

RESULTS AND DISCUSSION

Effects of Temperature on Termite 
Survival
	 The survivability of Nasutitermes 
and Macrotermes was strongly influenced 
by temperature variations (Table 1), showing 
distinct species-specific tolerance thresholds. 
The data indicate that Nasutitermes exhibited 
its highest survivability between 25°C and 
35°C, as shown by identical superscripts in 
the statistical analysis, while Macrotermes 
reached maximum survivability at 30°C and 
35°C. Moderate survival responses were 
observed for Nasutitermes at 15°C and 20°C 
and for Macrotermes at 20°C and 25°C, 
whereas both species showed markedly 
reduced survivability at 5°C and 10°C. At 
extreme temperatures (0°C, 40°C, 45°C, 
and 50°C), no individuals of either species 
survived, indicating complete mortality 
under both cold and heat stress. These 
results indicate that both Nasutitermes and 
Macrotermes have moderate thermal optima, 

reflecting the narrow temperature windows 
suitable for their physiological functioning 
(Bignell et al., 2011; Woon et al., 2019).
	 The differential survivability patterns 
can be explained by the effects of temperature 
on metabolic and enzymatic activities. At low 
temperatures (0–20°C), enzymatic reactions 
slow down, feeding and movement are 
inhibited, and energy production is reduced, 
leading to high mortality. Conversely, 
temperatures above 35°C can induce protein 
denaturation, oxidative stress, and cellular 
dysfunction, resulting in rapid declines in 
survivability (Chouvenc, 2020; Korb, 2003; 
Korb & Linsenmair, 2000; Rust & Cabrera, 
1994; Wang et al., 2024).
	 Interestingly, Macrotermes displayed 
a slight tolerance advantage at the upper 
end of moderate temperatures, reaching full 
survivability at 35°C. This may be related to 
species-specific adaptations such as mound 
architecture and social thermoregulation 
that buffer environmental extremes (Korb, 
2003; Neoh & Lee, 2009; Turner, 2001). 
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Treatment of Temperature 
Variations (°C)

% Survivability of Nasutitermes % Survivability of Macrotermes

0 0.0 ± 0.0e 0.0 ± 0.0e

5 7.3 ± 1.8d 3.0 ± 0.9d

10 12.3 ± 0.3d 6.0 ± 1.7d

15 33.7 ± 0.3c 12.7 ± 0.7d

20 35.3 ± 1.0c 21.7 ± 1.7c

25 100.0 ± 0.0a 39.0 ± 0.0c

30 100.0 ± 0.0a 100.0 ± 0.0a

35 100.0 ± 0.0a 100.0 ± 0.0a

40 0.0 ± 0.0e 0.0 ± 0.0e

45 0.0 ± 0.0e 0.0 ± 0.0e

50 0.0 ± 0.0e 0.0 ± 0.0e

Table 1. Survivability of Nasutitermes and Macrotermes under temperature variations

Note: Values are presented as mean ± standard error (SE). Mean survival rate (± SE) of worker termites under different 
temperature treatments (n = 3). Column-wise values with different superscripts indicate significant difference (p<0.05)

These structural and behavioral adaptations 
allow Macrotermes to maintain internal nest 
conditions favorable for survival, even when 
ambient temperatures approach the upper 
physiological limits.	
	 The complete mortality observed 
at extreme low (0°C) and high (45–50°C) 
temperatures highlights the vulnerability 
of both genera to climate extremes. Such 
thresholds are ecologically significant, as they 
indicate the potential impact of climate change, 
including heat waves or unusually cold events, 
on termite population (Indrayani, 2022; Woon 
et al., 2019, 2022). Termites’ sensitivity to 
temperature underscores their potential role 
as bioindicators for monitoring ecosystem 
health and environmental stress (Ashton et al., 
2019; Indrayani, 2022; Korb, 2003; Korb & 
Linsenmair, 2000).
	 In conclusion, these findings 
demonstrate that both Nasutitermes and 
Macrotermes have well-defined thermal 
tolerances, with optimal survival under 

moderate temperatures. Extreme temperatures 
outside these ranges sharply reduce 
survivability, providing critical information 
for understanding how climate change may 
influence termite distribution, population 
dynamics, and ecological functions.

Effects of Relative Humidity on Termite 
Survival
	 The survivability of Nasutitermes 
and Macrotermes was strongly influenced by 
relative humidity (RH) (Table 2). Consistent 
with the temperature response, Nasutitermes 
showed the highest survival rates at relative 
humidity levels between 50–80%, whereas 
Macrotermes exhibited optimal survivability 
under slightly higher humidity, ranging from 
60–90%. These patterns, as indicated by 
identical superscripts in the statistical analysis, 
suggest that both genera perform best under 
moderately humid conditions but differ slightly 
in their upper tolerance limits. Mortality 
increased at lower (40%) and extreme high RH 
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(100%), indicating that both insufficient and 
excessive moisture negatively affect termite 
survival. These findings highlight the narrow 
moisture tolerance ranges that support optimal 

physiological and behavioral functioning 
(Bignell et al., 2011; Korb & Linsenmair, 
2000; Woon et al., 2019, 2022). 

Treatment of Humidity 
Variations (%)

% Survivability of 
Nasutitermes

% Survivability of 
Macrotermes

40 74.3 ± 1.20c 76.3 ± 1.20c

50 98.0 ± 1.15a 91.0 ± 0.00b

60 99.3 ± 0.67a 97.3 ± 0.67a

70 100.0 ± 0.00a 98.7 ± 1.15a

80 100.0 ± 0.00a 100.0 ± 0.00a

90 78.0 ± 0.58b 96.7 ± 0.67a

100 75.7 ± 1.20bc 62.0 ± 1.00d

Table 2. Survivability of Nasutitermes and Macrotermes under humidity variations

Low RH (40%) caused significant mortality, 
likely due to desiccation stress. Termites 
rely on cuticular water retention and stable 
microclimates to maintain homeostasis, and 
insufficient moisture rapidly disrupts their 
water balance, reducing survival (Ashton et al., 
2019; Chouvenc, 2020; Eggleton, 2000; Woon 
et al., 2019, 2022). On the other hand, very 
high RH (100%) also decreased survivability, 
particularly in Macrotermes, possibly due to 
increased risk of fungal infection, reduced 
oxygen availability, or microbial proliferation 
within nests (Chouvenc, 2020; Woon et al., 
2019, 2022).
	 Interestingly, Macrotermes showed 
slightly greater tolerance at high RH (90%) 
compared to Nasutitermes, suggesting 
species-specific adaptations such as mound 
ventilation, which can buffer environmental 
moisture extremes and maintain internal nest 
humidity within survivable limits (Korb, 
2003; Peeters et al., 2024; Turner, 2001). 
Such adaptations allow Macrotermes to 
occupy habitats with higher ambient moisture, 

demonstrating ecological plasticity.
	 Relative humidity (RH) is a critical 
factor determining termite survival. 
Cryptotermes brevis can adapt within an RH 
range of 60–90% (Steward, 1983), while 
Coptotermes formosanus performs best at 90% 
RH and Reticulitermes speratus at 70–90% 
RH (Nakayama et al., 2004). Reticulitermes 
flavipes remains stable at moderate humidity 
levels of 70–80%, although its gut microbiota 
is susceptible to temperature fluctuations 
(Arango et al., 2021). In addition, C. brevis is 
sensitive to heat, and maintaining RH at 70–
80% supports its survival (McDonald et al., 
2022).
	 These results confirm that relative 
humidity is a key determinant of termite 
survival and activity. Both low and excessively 
high RH levels act as environmental stressors, 
limiting survival and potentially affecting 
colony development, foraging efficiency, 
and ecological functions. Consequently, 
monitoring termite responses to RH can serve 
as a practical approach to evaluating habitat 

Note: Values are presented as mean ± standard error (SE). Mean survival rate (± SE) of worker termites under different 
relative humidity treatments (n = 3). Column-wise values with different superscripts indicate significant difference (p<0.05)
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quality and environmental stress, reinforcing 
their role as bioindicators in ecosystems 
subject to climate change (Ashton et al., 
2019; Indrayani, 2022; Woon et al., 2022).
In conclusion, moderate RH (60–80%) 
provides optimal conditions for the survival 
of both Nasutitermes and Macrotermes, while 
deviations from this range significantly reduce 
survivability. This reinforces the importance 
of moisture regulation in termite ecology and 
its relevance in environmental monitoring 
programs.

Effects of Carbon Dioxide on Termite 
Survival
	 The survivability of Nasutitermes 
and Macrotermes decreased progressively 
with increasing CO2 concentrations (Table 
3). Both Nasutitermes and Macrotermes 
showed similar survivability patterns across 
increasing CO2 concentrations, as indicated 
by identical superscripts in the statistical 
analysis. Both species maintained full 
survival (100%) at 500 ppm, but survivability 
progressively declined at higher CO2 levels. 
At 2000 ppm, survival dropped to around 
50% for both genera, indicating comparable 
physiological tolerance to elevated CO2 and 
suggesting that hypercapnic stress affects 

them similarly under short-term exposure 
conditions. This demonstrates that elevated 
CO2 imposes physiological stress on termites, 
affecting their ability to maintain normal 
metabolic and respiratory functions (Bignell 
et al., 2011; Chouvenc, 2020; Hassan et al., 
2024; Korb, 2003).
	 The decline in survivability of 
Nasutitermes and Macrotermes under 
elevated CO2 concentrations reflects the 
physiological limitations of termites in coping 
with hypoxic stress. Termites rely on efficient 
gas exchange through their tracheal system 
to sustain cellular respiration, and increased 
CO2 levels reduce oxygen availability, 
leading to impaired metabolic processes. This 
hypoxia sensitivity is closely linked to their 
ecological roles, as termites function as major 
decomposers that brak down lignocellulosic 
material and recycle nutrients in ecosystems. 
Reduced survivability under high CO2 
conditions suggests that termite populations 
may become less effective in maintaining soil 
fertility and organic matter turnover under 
altered atmospheric conditions, highlighting 
the vulnerability of their ecological functions 
to environmental change (Bignell et al., 
2011).

Treatment of carbon dioxide 
variations (ppm)

% Survivability of 
Nasutitermes % Survivability of Macrotermes

500 100.0 ± 0.0a 100.0 ± 0.0a

1000 72.0 ± 2.1b 74.7 ± 1.5b

1500 67.0 ± 1.7c 55.7 ± 0.3c

2000 56.0 ± 0.6d 53.7 ± 0.6d

Table 3. Survivability of Nasutitermes and Macrotermes under carbon dioxide variations

Note: Values are presented as mean ± standard error (SE). Mean survival rate (± SE) of worker termites under different CO2 
concentration treatments (n = 3). Column-wise values with different superscripts indicate significant difference (p<0.05)
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The decrease in survivability with increasing 
CO2 can be attributed to reduced oxygen 
availability within the respiratory system, 
which may lead to hypoxia and impaired 
energy metabolism. Macrotermes appeared 
more sensitive than Nasutitermes at higher 
CO2 concentrations, suggesting species-
specific differences in respiratory efficiency, 
body size, or tolerance to hypoxic conditions 
(Chen et al., 2023; Wang et al., 2024). Such 
differences are ecologically significant, as 
they influence species distribution and niche 
occupancy in environments with variable gas 
concentrations.
	 The results also highlight the 
potential of using termites as bioindicators 
of CO2-related environmental changes. 
Changes in CO2 concentration in soil or 
nest microclimates may reflect ecosystem 
disturbances, including decomposition rates, 
soil respiration, and anthropogenic impacts 
(Korb, 2003; Risch et al., 2012; Woon et al., 
2022). Monitoring termite survivability under 
varying CO2levels provides practical insights 
into ecosystem health and can support climate 
change impact assessments. In conclusion, 
moderate CO2 levels (~500 ppm) are optimal 
for termite survival, whereas elevated CO2 
significantly reduces survivability, especially 
for Macrotermes. These findings reinforce the 
value of termites as bioindicators for assessing 
both physiological stress and environmental 

quality under changing climate conditions 
(Ashton et al., 2019).

Microclimatic Conditions of Natural Nests
	 To complement the laboratory findings, 
microclimatic measurements were conducted 
directly within natural nests of Nasutitermes 
and Macrotermes on Sebesi Island (Table 4). 
The data represent mean values from three 
nests of each termite genus. Results show 
that Macrotermes nests exhibited slightly 
higher temperature, markedly higher relative 
humidity, and greater CO2 concentration 
compared to Nasutitermes. All differences 
were statistically significant (p<0.05).
	 The observed survival responses 
of Nasutitermes and Macrotermes under 
different temperature, humidity, and CO2 
conditions were consistent with the natural 
nest microclimates measured in the field. 
As shown in Table 4, Macrotermes nests 
maintained higher humidity and CO2 
concentrations than those of Nasutitermes. 
These in situ data support the laboratory 
findings that Macrotermes exhibited optimal 
survivability at higher relative humidity (60–
90%) and tolerated elevated CO2levels better 
than Nasutitermes. Conversely, Nasutitermes 
colonies, which inhabit comparatively drier 
and cooler nests, demonstrated superior 
survival at moderate humidity and temperature 
levels.

Parameter Nasutitermes 
(Mean ± SE)

Macrotermes 
(Mean ± SE) Remarks

Temperature (°C) 27.54 ± 0.42a 28.75 ± 0.07b
Macrotermes nests exhibited significantly 
higher temperatures than Nasutitermes nests.

Relative Humidity (%) 86.38 ± 0.78a 95.58 ± 1.20b Macrotermes maintained significantly higher 
humidity inside their nests.

CO2 Concentration (ppm) 526.17 ± 2.32a 559.50 ± 6.48b
CO2 levels were significantly higher in
Macrotermes nests compared to Nasutitermes.

Table 4. Microclimatic conditions in Nasutitermes and Macrotermes nests (n = 3 each)

Note: Values represent mean ± SE obtained from three nests per termite genus (Nasutitermes and Macrotermes) on Sebesi 
Island. Different superscripts within rows denote significant differences between genera (p < 0.05)
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This correspondence between experimental 
and natural conditions reinforces the ecological 
validity of the laboratory assays, suggesting 
that each genus has evolved physiological 
tolerances suited to its nesting environment. 
The integration of field microclimatic 
data thus provides a more comprehensive 
understanding of termite survival strategies 
under variable environmental conditions.
	 The survivability patterns of 
Nasutitermes and Macrotermes under 
temperature, relative humidity, and CO2 
variations reveal that both genera exhibit 
species-specific tolerance thresholds. 
Optimal survival occurred under moderate 
conditions: 25–35°C for temperature, 60–
80% RH for humidity, and ambient CO2 
(~500 ppm). Deviations from these ranges 
sharply reduced survivability, indicating that 
extreme environmental conditions act as 
physiological stressors affecting metabolism, 
water balance, respiration, and overall 
colony functioning (Chouvenc, 2020; Korb, 
2003; Korb & Linsenmair, 2000; Neoh & 
Lee, 2009) The species-specific differences, 
such as Macrotermes’ slightly broader 
tolerance to high humidity and moderate 
upper-temperature limits, likely result from 
nest architecture, social thermoregulation, 
and behavioral adaptations that buffer 
environmental fluctuations (Turner, 2001; 
Woon et al., 2019, 2022).
	 These findings underscore the 
potential of Nasutitermes and Macrotermes 
as bioindicators for environmental stress 
and ecosystem health under climate change 
scenarios. By responding sensitively to 
multiple abiotic stressors, termites provide 
valuable information on habitat suitability, 
microclimate stability, and the cumulative 
impacts of environmental degradation (Ashton 
et al., 2019; Eggleton, 2020; Indrayani, 2022). 
Integrating survivability assessments across 

temperature, humidity, and CO2 conditions 
can enhance bioindicator-based monitoring 
programs, supporting sustainable ecosystem 
management, biodiversity conservation, and 
early detection of climate change effects on 
terrestrial ecosystems.
	 Under projected warming scenarios, 
regional temperatures and the frequency of 
extreme heat and drought events are expected 
to increase, with substantial implications for 
termite habitat suitability. The IPCC AR6 
projects a global mean surface temperature 
increase of about 2.1–3.5°C by 2081–2100 
under SSP2-4.5 (intermediate emissions) and 
3.3–5.7 °C under SSP5-8.5 (high emissions), 
relative to 1850–1900 baselines. Such 
warming will be accompanied by intensified 
hydrological extremes, with more frequent 
compound events of heat and drying (IPCC, 
2023). Applying these projections to our 
findings suggests likely shifts in termite 
distributions and community composition. 
Because survivability in both Nasutitermes 
and Macrotermes is tightly constrained by 
humidity as well as temperature, increases 
in temperature coupled with declining local 
moisture could render presently suitable 
habitats marginal or unsuitable—particularly 
for Macrotermes, which showed greater 
sensitivity to elevated CO2 and desiccation in 
our assays. These range adjustments would 
in turn alter decomposition dynamics and 
nutrient cycling.
	 Finally, the anticipated changes in 
the hydrological cycle —greater atmospheric 
moisture overall but regionally heterogeneous 
precipitation and increases in drought 
risk— mean that relative humidity trends 
will not be uniform, so local outcomes for 
termite populations will depend strongly on 
regional climate trajectories and microhabitat 
buffering (e.g., soil moisture, canopy cover, 
nest architecture). Thus, while our short-
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term laboratory assays identify physiological 
thresholds that predict vulnerability, they 
should be integrated with regional climate 
projections and field monitoring to forecast 
realistic distributional outcomes and 
ecosystem service impacts under specific SSP 
pathways. 

CONCLUSION 

Nasutitermes  and Macrotermes 
exhibited optimal survivability at 25–
35°C, 60–80% RH, and ambient CO2 (500 
ppm). Extreme environmental conditions 
significantly reduced survivability, with 
Macrotermes showing slightly greater 
sensitivity to elevated CO2 than Nasutitermes. 
The distinct tolerance thresholds observed 
support the use of both genera as bioindicators 
for monitoring ecosystem changes under 
climate stress. This study was limited by its 
short exposure duration and laboratory-based 
conditions, which may not fully reflect long-
term survival or natural habitat dynamics. 
Future research should include longer 
exposure periods, different termite castes, 
and field validation of laboratory findings to 
strengthen ecological relevance and refine 
the application of termites as bioindicators in 
climate change monitoring.
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