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ABSTRACT 
 

This study investigates the effects of microclimates, specifically temperature and relative humidity, 
on the abundance of insects in Abakaliki, Ebonyi State, Nigeria. The study divided Ebonyi State 
University's Presco Campus into two habitat zones, employing quantitative methods like handheld 
sweep nets and pitfall traps. Six transect walks were conducted along 0.23-kilometer lines, 
sampling ground-level vegetation twice a week. Twelve pitfall traps with a soap-water solution were 
deployed in each habitat. Euthanized insects were preserved with ethyl acetate, and data analysis 
involved descriptive statistics, One-Way ANOVA, and diversity indices to assess species diversity 
and distribution. Results indicate variations in temperature, relative humidity and insect abundance 
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across different sites, with the Palm Oil Mill Effluent (POME) site exhibiting the highest mean insect 
abundance (10.79). The relationship between environmental variables and insect abundance 
reveals a positive correlation with temperature (r = 0.361; P = 0.03) and a negative association with 
relative humidity (r = -0.0741; P = 0.667). These findings underscore the nuanced interplay between 
microclimates and insect abundance, emphasizing the importance of context-specific analyses in 
understanding ecological relationships. The research findings have implications for agriculture, 
public health, and ecosystem management in Abakaliki and similar regions, highlighting the need 
for targeted interventions considering the unique microclimatic conditions of the area. 
 

 
Keywords: Insects; relationship; temperature; relative humidity. 
 

1. INTRODUCTION 
 

Microclimates, defined as localized climate 
conditions that differ from the surrounding areas, 
play a crucial role in shaping the abundance and 
distribution of insects. Two key factors within 
microclimates—temperature and relative 
humidity—exert significant influence on the 
behavior, development, and survival of insects, 
ultimately impacting their overall abundance [1]. 
Temperature serves as a crucial determinant in 
the life cycles of insects. Each insect species has 
a preferred temperature range for optimal 
development, and microclimates can either 
facilitate or impede their growth [2]. In warmer 
microclimates, insects may experience 
accelerated development rates, leading to 
increased reproductive success and population 
growth. Conversely, cooler microclimates may 
slow down development, potentially limiting the 
abundance of certain insect species. 
Temperature variations can also affect the 
metabolic rates of insects, influencing their 
feeding patterns, energy expenditure, and overall 
activity levels [3]. 
 

Relative humidity, the ratio of water vapor in the 
air to the maximum amount the air could hold at 
a given temperature, is equally instrumental in 
shaping insect populations. Insects exhibit 
diverse adaptations to humidity levels, with some 
species thriving in high humidity environments 
while others prefer drier conditions [4]. 
Microclimates with elevated humidity provide a 
conducive environment for certain insects, 
particularly those with aquatic or semi-aquatic life 
stages. Conversely, arid microclimates may pose 
challenges to insects adapted to moist 
conditions, potentially limiting their abundance. 
The interaction between temperature and relative 
humidity further refines the conditions suitable for 
specific insect species [5]. For instance, tropical 
microclimates often exhibit both high 
temperatures and high humidity, creating 
favorable habitats for a plethora of insect 

species. In contrast, temperate microclimates 
may experience seasonal fluctuations, 
influencing the prevalence of insects at different 
times of the year [6]. 
 
Microclimatic conditions also impact the 
geographical distribution of insects. Mountainous 
regions, with their varied elevations and 
microclimates, provide a diverse range of 
habitats for insects [7]. As one ascends a 
mountain, temperature and humidity levels 
change, leading to distinct ecological zones that 
host different insect communities. This 
phenomenon, known as altitudinal zonation, 
underscores the sensitivity of insect abundance 
to microclimatic variations [8]. Human-induced 
changes to microclimates, such as urbanization 
and deforestation, can significantly alter insect 
populations. Urban areas, characterized by the 
urban heat island effect, often experience 
elevated temperatures compared to their 
surrounding rural landscapes [9]. This can create 
microclimates that favor certain heat-tolerant 
insect species, potentially leading to shifts in 
insect abundance and community composition. 
 
Furthermore, climate change amplifies the 
impact of microclimates on insects. As global 
temperatures rise, microclimates become 
increasingly variable and unpredictable. Insects, 
with their finely tuned adaptations to specific 
environmental conditions, may face challenges in 
adjusting to rapid changes [10,11]. This could 
result in altered phenology, distribution patterns, 
and, ultimately, abundance. The interplay 
between these factors shapes the ecological 
niches available to different insect species, 
influencing their life cycles, behaviors, and 
overall populations [12]. Understanding these 
dynamics is essential for predicting and 
mitigating the consequences of environmental 
changes on insect communities, with broader 
implications for ecosystem health and 
biodiversity. 
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The need for the study therefore becomes very 
urgent due to the recognition of the pivotal role 
that local climatic conditions play in shaping 
ecological dynamics. The motivation for this 
study is deeply rooted in the unique 
environmental context of Abakaliki and the 
broader implications for agriculture, public health, 
and ecosystem stability. Abakaliki, located in 
Ebonyi State, Nigeria, is characterized by a 
tropical climate, with distinct wet and dry seasons 
[13,14]. This region is agriculturally significant, 
relying heavily on crops for sustenance and 
economic activities. Understanding the 
microclimatic factors influencing insect 
abundance is vital for agricultural planning and 
pest management. However, the existing 
literature on the subject often lacks specificity 
concerning the microclimates of Abakaliki and 
their direct impact on local insect populations. 
 

A comprehensive review of literature reveals a 
gap in the understanding of the intricate 
relationship between microclimates and insect 
abundance in the specific context of Abakaliki. 
While broader studies discuss the impact of 
climate on insect populations [15,16], the 
localized factors unique to Abakaliki, such as its 
topography and vegetation, are often overlooked. 
Consequently, there is a need for a study that 
delves into the microclimatic nuances of 
Abakaliki to provide a more accurate and 
context-specific understanding of how 
temperature and relative humidity influence 
insect abundance. Furthermore, the agricultural 
landscape of Abakaliki is diverse, featuring crops 
with varying susceptibility to insect pests [17]. 
The motivation for this study is intensified by the 
potential agricultural consequences of an 
imbalance in insect populations. For example, 
staple crops like cassava and yams are crucial to 
the local economy, and their vulnerability to 
specific insect pests can have cascading effects 
on food security and economic stability. The 
existing literature provides generalized insights 
into the impact of climate on agriculture [18,19], 
but fails to offer a granular examination of how 
microclimates in Abakaliki contribute to insect-
related challenges in specific crops. 
 

Public health is another critical dimension driving 
the motivation for this study. Insects, particularly 
those that serve as vectors for diseases, are 
sensitive to climatic conditions [20,21]. Abakaliki, 
like many tropical regions, faces health 
challenges associated with insect-borne 
diseases such as malaria and dengue fever. 
Understanding how microclimates influence the 

abundance and distribution of disease-carrying 
insects is imperative for developing targeted 
public health interventions. The existing literature 
provides a global perspective on climate change 
and its implications for vector-borne diseases 
[22,23], but a focused study on Abakaliki is 
necessary to tailor interventions to the local 
context. Rapid urbanization alters local 
microclimates, creating pockets of heat and 
humidity that can significantly affect insect 
populations. This study aims to fill this gap by 
exploring how the unique combination of urban 
development and microclimate influences the 
abundance and distribution of insects in 
Abakaliki. 
 

2. METHODS 
 

The research was conducted at Ebonyi State 
University's Presco Campus in the Abakaliki 
capital territory of Ebonyi State, Southeast 
Nigeria. Positioned in the Guinea Savannah 
zone, the campus experiences distinct 
precipitation phases in June and September, with 
an annual rainfall ranging from 1000 mm to 1500 
mm. The climate is characterized by a mean 
annual temperature of 29°C to 30°C and relative 
humidity varying from 60% to 80%. The terrain 
comprises undulating plains with irregular river 
valleys and steep ridges, featuring a dendritic 
drainage pattern. The open savannah woodland 
environment is rich in biodiversity, hosting 
various plant species.  
 
The research site was divided into two habitat 
zones, and quantitative assessment methods, 
including handheld sweep nets and pitfall traps, 
were employed to evaluate insect populations. 
Line transects of 0.23 kilometers were 
established at each site, with six transect walks 
conducted in the two habitats. Insect sampling 
using handheld sweep nets occurred twice a 
week along predetermined transect routes, 
targeting ground-level vegetation.  
 

Twelve pitfall traps were deployed in each 
habitat, filled with a soap and water solution. 
Insects were euthanized and preserved using 
ethyl acetate, with identification carried out in the 
laboratory using relevant keys. 
 

Descriptive statistics and One-Way ANOVA were 
employed for data analysis, assessing variances 
in orders, families, and species. Diversity indices, 
including species diversity, richness, and 
evenness, were used to evaluate species 
diversity and distribution 
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3. RESULTS 
 

In this section, the result of the monthly mean 
abundance of insects alongside key 
environmental variables — temperature and 
relative humidity were presented.  
 

3.1  Monthly Mean Abundance of Insects, 
Temperature and Relative Humidity 

 

The summary of the result on the mean 
abundance of insect and environmental variables 
(temperature and relative humidity) is presented 
in Table 1. The result showed that the highest 
mean temperature was recorded in the POME 
site (24.82±0.725) while the least was in the 
control site (24.33±0.666). The relative humidity 
was higher (60.82%±4.499) in the site exposed 
to spent engine effluent while least in the control 
site (58.93%±4.191). The result also revealed 
that the highest mean number of insects 
(10.79±1.250) was recorded in the POME site 
while the least was recorded in the spent engine 
effluent site (2.95±0.344).  
 

3.2 Relationship between the Abundance 
of Insects Associated with Sites              
and Environmental Variables 
(Temperature and Relative Humidity) 

 

The relationship existing between some 
environmental variables and insect abundance in 

the study area is presented in Table 2. The result 
in Table 2 indicates that mean abundance of 
insects was positively associated with mean 
temperature (r = 0.361; P = 0.03). This indicates 
that insect abundance increased simultaneously 
with increase in temperature. However, the mean 
abundance of insects was negatively associated 
with mean relative humidity (r = -0.0741; P = 
0.667). This indicates that insect abundance 
decreased simultaneously with increase in 
relative humidity. 
 

4. DISCUSSION 
 
Table 1 summarizes the results of a study 
examining the mean abundance of insects and 
associated environmental variables, namely 
temperature and relative humidity, across 
different sites. The POME site exhibited the 
highest mean temperature, in contrast to the 
control site with the lowest. This finding aligns 
with previous research indicating temperature 
variations across different ecological niches             
[24,25]. Additionally, the site exposed to spent 
engine effluent demonstrated higher relative 
humidity, contrasting with the control site where it 
was least, indicative of potential environmental 
stressors influencing humidity levels. Regarding 
insect abundance, the POME site recorded the 
highest mean number, while the spent engine 
effluent site had the least. This observation

 
Table 1. Summary of insect abundance, temperature and relative humidity of the study sites 

 

Sites  Mean abundance ± 
SEM 

Mean Temperature ± 
SEM 

Mean relative 
humidity ± SEM 

Palm Oil Mill Effluent  10.79b±1.250 24.82a ±0.725 59.78a±3.969 

Spent Engine Effluent 2.95a±0.344 24.57a±0.681 60.82a±4.499 

Control  5.47a±0.461 24.33a±0.666 58.93a±4.191 

P-value 0.00 0.882 0.951 
Columns sharing similar superscripts are not significantly different at P>0.05 

 

Table 2. Relationship between environmental variables and insect abundance in the study area 
 

 Mean 
abundance 

Mean 
Temperature 

Mean relative 
humidity 

Mean abundance Pearson Correlation 1   

Sig. (2-tailed)    

Mean Temperature Pearson Correlation .361* 1  

Sig. (2-tailed) .030   

Mean relative humidity Pearson Correlation -.074 .544** 1 

Sig. (2-tailed) .667 .001  
*. Correlation is significant at the 0.05 level (2-tailed) 
**. Correlation is significant at the 0.01 level (2-tailed) 
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supports the notion that different pollutants can 
impact insect populations differently [26], this 
was also highlighted in a related study on the 
effects of industrial effluents on insect 
communities [27]. The variations in insect 
abundance across sites could be attributed to the 
specific ecological responses to pollutants and 
temperature, as noted in studies exploring similar 
ecosystems [11]. In summary, the study 
emphasizes the complex interplay between 
environmental variables and insect abundance, 
warranting further investigation into the specific 
mechanisms underlying these observations. 
 
Table 2 presents the relationship between 
environmental variables and insect abundance in 
the study area, revealing contrasting 
associations. The mean abundance of insects 
exhibited a positive correlation with mean 
temperature, indicating that as temperature 
increased, insect abundance also increased. 
This finding aligns with previous studies 
highlighting the impact of temperature on insect 
populations [19]. In contrast, the mean 
abundance of insects showed a negative 
association with mean relative humidity. This 
suggests that insect abundance decreased as 
relative humidity increased, opposing the positive 
relationship observed with temperature [21]. The 
observed negative correlation between insect 
abundance and relative humidity is in agreement 
with findings from a related study on insect 
responses to varying humidity levels [28]. 
However, the lack of a significant correlation in 
this study emphasizes the context-dependent 
nature of these relationships, underscoring the 
need for considering specific environmental 
contexts [29]. The study highlights the nuanced 
interplay between temperature, relative humidity, 
and insect abundance, emphasizing the 
importance of context-specific analyses in 
understanding ecological relationships. 
 

5. CONCLUSION 
 

The exploration into the impact of microclimates, 
specifically focusing on temperature and relative 
humidity on insect abundance in Abakaliki, 
Ebonyi State has yielded significant findings. 
Through meticulous data collection and analysis, 
we have unraveled compelling associations that 
underscore the intricate interdependence 
between environmental variables and insect 
populations. This study elucidates the critical role 
that temperature and relative humidity play as 
determinants shaping the distribution and 
abundance of insects. The observed correlations 

highlight the sensitivity of insect life cycles and 
behaviors to variations in these microclimatic 
conditions, emphasizing the need for a nuanced 
understanding of ecological dynamics. 
 

The practical implications of our research extend 
beyond academic curiosity, offering valuable 
insights for pest management, agriculture, and 
conservation efforts in the region. As global 
climate change continues to exert its influence, a 
thorough comprehension of how microclimates 
influence insect communities becomes 
paramount for devising informed strategies and 
sustainable environmental practices. Looking 
ahead, it is imperative to recognize the dynamic 
nature of microclimates and their potential 
ramifications on insect populations. Ongoing 
research in this field will not only contribute to our 
broader understanding of ecological processes 
but will also aid in developing adaptive strategies 
to mitigate the effects of environmental changes 
on insect biodiversity. In essence, this study 
contributes a crucial piece to the puzzle of 
ecosystem dynamics in Abakaliki, Ebonyi State. 
By shedding light on the intricate relationships 
between microclimates and insect abundance, 
this study provides a foundation for future 
investigations, inspire further inquiry, and 
facilitate the development of strategies that 
safeguard the delicate equilibrium between 
environmental variables and insect communities 
in the face of a changing climate. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Shamshiri RR, Jones JW, Thorp KR, 
Ahmad D, Man HC, Taheri S. Review of 
optimum temperature, humidity, and 
vapour pressure deficit for microclimate 
evaluation and control in greenhouse 
cultivation of tomato: A review. 
International agrophysics. 2018;32(2):287-
302. 

2. García Frómeta Y, Ruiz Valero L, 
Cuadrado Rojo J. Indoor temperature and 
relative humidity assessment of three 
construction systems for dominican social 
housing in different micro-climates: A 
modelling study. Indoor and Built 
Environment. 2019;28(5):693-710. 

3. Jiang Y, Wu C, Teng M. Impact of 
residential building layouts on microclimate 



 
 
 
 

Okeke et al.; Asian J. Biol., vol. 20, no. 2, pp. 7-13, 2024; Article no.AJOB.112071 
 
 

 
12 

 

in a high temperature and high humidity 
region. Sustainability. 2020;12(3):1046. 

4. Omeokachie DN, Laniyan TA, Olawade 
DB, Abayomi-Agbaje O, Esan DT, Ana 
GR. Indoor environmental conditions of 
selected shopping malls in Nigeria: A 
comparative study of microclimatic 
conditions, noise levels and microbial 
burdens. Science of the Total 
Environment. 2024; 906:167620. 

5. Yin Y, Lai M, Zhou S, Chen Z, Jiang X, 
Wang L, Li Z, Peng Z. Effects and 
interaction of temperature and relative 
humidity on the trend of influenza 
prevalence: A multi-central study based on 
30 provinces in mainland China from 2013 
to 2018. Infectious Disease Modelling. 
2023;8(3):822-831.  

6. Siloko IU, Ukhurebor KE, Siloko EA, 
Enoyoze E, Ikpotokin O. The interactions 
between temperature and relative 
humidity: results for Benin City, Nigeria 
using statistical analysis. Current                 
Applied Science and Technology. 2022; 
10:55003.  

7. Yang Q, Chen W, Qian L, Yang D, Liu X, 
Wang M. the effect of environmental 
factors on the diversity of crane flies 
(tipulidae) in mountainous and non-
mountainous regions of the qinghai-tibet 
plateau and surrounding areas. Insects. 
2022;13(11):1054.  

8. Harvey JA, Tougeron K, Gols R, Heinen R, 
Abarca M, Abram PK, Basset Y, Berg M, 
Boggs C, Brodeur J, Cardoso P. Scientists' 
warning on climate change and insects. 
Ecological Monographs. 2023;93(1):              
e1553.  

9. Zhao Z, Sharifi A, Dong X, Shen L, He BJ. 
Spatial variability and temporal 
heterogeneity of surface urban heat island 
patterns and the suitability of local             
climate zones for land surface temperature 
characterization. Remote Sensing. 
202113(21):4338. 

10. Pincebourde S, Murdock CC, Vickers M, 
Sears MW. Fine-scale microclimatic 
variation can shape the responses of 
organisms to global change in both natural 
and urban environments. Integrative and 
Comparative Biology. 2016;56(1):45-61.  

11. Zandalinas SI, Fritschi FB, Mittler R. 
Global warming, climate change, and 
environmental pollution: Recipe for a 
multifactorial stress combination disaster. 
Trends in Plant Science. 2021;26(6):588-
599.  

12. Le-Lann C, Van Baaren J, Visser B. 
Dealing with predictable and unpredictable 
temperatures in a climate change context: 
The case of parasitoids and their hosts. 
Journal of Experimental Biology. 2021; 
224(Suppl_1):jeb238626. 

13. Nnabuihe EC, Onweremadu EU, Uzoho 
BU, Aririguzo BN. Characterization and 
classification of selected floodplain soils for 
arable crop production in Abakaliki 
southeastern Nigeria. International Journal 
of Agriculture and Environmental 
Research. 2022;8(1):114-136.  

14. Ota HO, Aja D, Okolo CC, Oranu CO, 
Nwite JN. Influence of tree plantation 
Gmelina arborea and Gliricidia sepium on 
soil physico-chemical properties in 
Abakaliki, Southeast, Nigeria. Acta 
Chemica Malaysia (ACMY). 2018;2(2):23-
28. 

15. Robinet C, Roques A. Direct impacts of 
recent climate warming on insect 
populations. Integrative zoology. 
2010;5(2):132-142.  

16. Skendžić S, Zovko M, Živković IP, Lešić V, 
Lemić D. The impact of climate change on 
agricultural insect pests. Insects. 2021; 
12(5):440. 

17. Ann M, Ruffina N, Maureen CO, Esther 
AE, Chisom F. Extraction and identification 
of plant parasitic nematode from some 
vegetable crops cultivated by local farmers 
in abakaliki, Nigeria. Extraction. 2016;1(1).  

18. Malhi GS, Kaur M, Kaushik P. Impact of 
climate change on agriculture and its 
mitigation strategies: A review. 
Sustainability. 2021;13(3):1318.  

19. Abarca M, Spahn R. Direct and indirect 
effects of altered temperature regimes and 
phenological mismatches on insect 
populations. Current Opinion in Insect 
Science. 2021; 47:67-74.  

20. Ogden NH, Lindsay LR. Effects of climate 
and climate change on vectors and vector-
borne diseases: Ticks are different. Trends 
in parasitology. 2016;32(8):646-656.  

21. Amjad-Bashir M, Batool M, Khan H, 
Shahid Nisar M, Farooq H, Hashem M, 
Alamri S, A El-Zohri M, Alajmi RA, Tahir M 
Jawad R. Effect of temperature & humdity 
on population dynamics of insects’ pest 
complex of cotton crop. Plos one. 
2022;17(5):e0263260.  

22. Matlack M, Covert H, Shankar A, Zijlmans 
W, Wahid FA, Hindori-Mohangoo A, 
Lichtveld M. A scoping review of current 
climate change and vector-borne disease 



 
 
 
 

Okeke et al.; Asian J. Biol., vol. 20, no. 2, pp. 7-13, 2024; Article no.AJOB.112071 
 
 

 
13 

 

literacy and implications for public health 
interventions. The Journal of Climate 
Change and Health. 2023;100295. 

23. Vieira RF, Muñoz-Leal S, Faulkner G, 
Şuleşco T, André MR, Pesapane R. Global 
climate change impacts on vector ecology 
and vector-borne diseases. In Modernizing 
Global Health Security to Prevent, Detect, 
and Respond.  Academic Press. 2024;155-
173. 

24. Martínez‐Ainsworth NE, Scheppler H, 

Moreno‐Letelier A, Bernau V, Kantar MB, 

Mercer KL,  Jardón‐Barbolla L. Fluctuation 
of ecological niches and geographic range 
shifts along chile pepper's domestication 
gradient. Ecology and Evolution. 2023; 
13(11):e10731. 

25. Xue Y, Lin C, Wang Y, Zhang Y, Ji L. 
Ecological niche complexity of invasive 
and native cryptic species of the       
Bemisia tabaci species complex in China. 
Journal of Pest Science. 2022;95(3):1245-
1259. 

26. Michelangeli M, Martin JM, Pinter-Wollman 
N, Ioannou CC, McCallum ES, Bertram 
MG, Brodin T. Predicting the impacts of 
chemical pollutants on animal groups. 
Trends in ecology & evolution; 2022. 

27. Pereira EAO, Labine LM, Kleywegt S, 
Jobst KJ, Simpson AJ, Simpson MJ. 
Metabolomics revealed disruptions in 
amino acid and antioxidant biochemistry in 
Daphnia magna exposed to industrial 
effluents associated with plastic and 
polymer production. Environmental 
Research. 2024;241:117547.  

28. Bell CH. review of insect responses to 
variations encountered in the managed 
storage environment.  Journal of            
Stored Products Research. 2014;59:          
260-274.  

29. Sperling EA, Stockey RG. The temporal 
and environmental context of early animal 
evolution: Considering all the ingredients  
of an “explosion”. Integrative and 
Comparative Biology. 201858(4):605-622.  

_________________________________________________________________________________ 
© 2024 Okeke et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/112071 

http://creativecommons.org/licenses/by/4.0

