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Abstract This study examines insect biodiversity across 28 locations in

Kamalia using key ecological indices—Species Richness, Shannon Index, and
Simpson Index—to assess species distribution and diversity. The findings
highlight significant variations in biodiversity, with areas like the Forest area, Chak
No. 740 GB Kamalia exhibiting high species richness and a balanced ecosystem,
whereas urbanized locations such as Govt. Girls High School 713 GB Kamalia
show lower diversity, dominated by species like Aedes aegypti and Periplaneta
americana. The study underscores the impact of human activities, including
urbanization, pollution, and habitat fragmentation, on insect populations. It also
identifies both beneficial species, such as Apis mellifera linnaeus, and pest
species, indicating a complex ecological balance. Key limitations include
sampling biases and the exclusion of seasonal variations. To address these gaps,
future research should incorporate broader geographic sampling and long-term
monitoring. The study emphasizes the need for targeted conservation strategies
and sustainable habitat management to preserve biodiversity. Encouraging green
spaces and community-based research can help mitigate biodiversity loss. These
findings provide valuable insights for researchers, conservationists, and
policymakers aiming to balance ecological stability with sustainable development

in Kamalia’s diverse ecosystems.

Keywords: Biodiversity, species richness, abundance, Shannon index, Simspons

Index.

Introduction

important in agroecosystems (Gurr et al., 2012; Majer,
1987). Insects make up over 73% of all known animal
species and are one of the most prolific and diverse

The decomposition of organic matter, pollination, pest
control, nutrient cycling, and other ecological services
are all provided by insects, which are especially

groups of organisms on Earth. They are also essential
to maintaining ecological balance (Raghavendra et
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al., 2022). Although insects are important, several
anthropogenic factors, including intense agricultural
practices, habitat fragmentation, pesticide usage, and
climate change, are contributing to the loss of insect
populations worldwide (Hallmann et al., 2017; Dunn,
2005). This reduction puts at risk not only biodiversity
but also the long-term viability of natural ecosystems
and food systems (Losey & Vaughan, 2006).

The preservation of biodiversity and agricultural
productivity must be balanced in agroecosystems.
The very ecosystem services that sustain crop
production are undermined by agricultural
intensification, which frequently results in a decline in
arthropod diversity (Swift et al., 1996; Rana et al.,
2019). For improving soil fertility and controlling pest
populations, insects like pollinators and natural
predators are essential (Cardinale et al., 2006;
Rathore & Jasrai, 2013). However, the location,
abundance, and diversity of these beneficial insect
populations are influenced by bioclimatic factors and
environmental changes, which make them extremely
susceptible (Yi et al., 2012). Studies have looked at
how farming techniques affect biodiversity generally,
but few have looked at the insect fauna in particular
agricultural regions, especially in developing nations
where ecological data are sometimes lacking (Nicholls
& Altieri, 2013).

Farmlands, orchards, fallow lands, and woodlands
make up the diverse environment of Pakistan's
Kamalia Region in District Toba Tek Singh (Khan et
al., 2020). It is the perfect case study for examining
how agricultural practices affect insect biodiversity
because of its diversity. Nevertheless, not much
research has been done to assess the ecological
importance and diversity of insects in this area. The
creation of evidence-based conservation plans
adapted to regional environmental and agricultural
circumstances is hampered by the lack of baseline
data on insect abundance and distribution (Saunders
et al., 2020).

By investigating the diversity and relative abundance
of insect fauna across different crop systems in the
Kamalia Region, this study seeks to close this
important knowledge gap. Additionally, it looks for
bioclimatic elements that affect insect populations.
This study will aid in the development of sustainable
and biodiversity-friendly farming techniques by
examining the effects of various agricultural strategies
on insect communities (Altieri & Letourneau, 1982). It
is anticipated that the results would aid ecological
conservation initiatives and offer recommendations
for controlling insect populations in a way that is
advantageous to the environment and agriculture
(Samways, 2007).

Materials and Methods

This research was carried out at Riphah University,
Faisalabad Campus, between July 2024 and March
2025. The primary aim intended to assess the relative

abundance of insect fauna in Kamalia city, situated in
the district T. T. Singh. Kamalia is geographically
located at 30° 44’ 0" N, latitude & 72° 39" 0 " E,
longitude. The city is bordered by the River Ravi and
Chichawatni in the south, Pir Mahal in the west,
Rajana and Mamu Kanjan in the north, and Harappa
and Sahiwal to the east.

The Kamalia region, District Toba Tek Singh,
Pakistan, was the site of this study's July-December
2024 fieldwork, which was centered at the Riphah
International  University = Faisalabad = Campus.
Assessing the relative variety and richness of insect
fauna across various agroecosystems was the main
goal. The Kamalia region is perfect for assessing
biodiversity since it provides a variety of habitats,
such as grasslands, woodland borders, and
agricultural areas (Khan et al., 2020).
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Figure 1. The boundary of Kamalia Tehsil, Punjab,
Pakistan.

On a weekly basis sampling took place in 200 m? of
well-chosen crop fields. To investigate how climatic
factors  affected insect populations, digital
thermometers and hygrometers were used to collect
environmental data, such as temperature and
humidity (Yi et al., 2012).

Several techniques of collection were used. A
commonly used technique in ecological research,
sweep netting entailed swinging a net horizontally
across vegetation to catch insects that were above the
canopy. Specimens were preserved in jars with 70%
alcohol and 30% glycerine, and this procedure was
carried out between 5:00 and 7:00 a.m. (Altieri &
Letourneau, 1982). In order to ensure accuracy and
least harm to the specimen, visible and delicate
insects were collected using forceps and handpicking
(Majer, 1987).

Pitfall traps were used to catch insects that live on the
ground in order to augment canopy-level collection.
These traps were double-cup containers filled with a
mild detergent solution to immobilize insects, and they
were buried flush with the earth (Cardinale et al.,
2006). To attract pollinators, fluorescent bowl traps in
blue and yellow were positioned at random at each
field location. The traps were in operation from 9:00
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a.m. to 5:00 p.m., and the contents were gathered at
the end of the day (Hallmann et al., 2017).

The insects were taken to the Riphah International
University's entomology laboratory so they could be
identified. Standard taxonomic keys were used to
identify specimens to the species level after
morphological characteristics were analyzed under
dissecting microscopes (Kumlert et al.,, 2018). A
deeper comprehension of insect population dynamics
and the development of regionally specific
conservation strategies were facilitated by the
analysis of the recorded data for species richness,
diversity indicators, and ecological roles (Wilson &
Fox, 2021).

Figure 2. Heatmap illustrating the abundance of
insect species across different locations in Kamalia,
with locations ordered by K-Means clustering. Species
are represented by their scientific names, and cell
values indicate observed counts.

The patterns of insect diversity in Kamalia's urban and
rural areas differ significantly. Urban locations like
Govt. Girls High School 713 GB Kamalia and Gouvt.
Girls Model High School Kamalia are mostly inhabited
by species such as Aedes aegypti and Apis mellifera
Linnaeus, both commonly associated with human-
modified ecosystems. These areas often have low
plant diversity and are subject to pesticide use, limiting
the variety of insect species. In contrast, the Forest
area, Chak No. 740 GB Kamalia hosts a broader
range of insects, including Acherontia styx,
Anavitrinella pampinaria, and Chrysoperla carnea,
reflecting a richer ecosystem. Urbanized zones also
support  specialized insects like Periplaneta
americana and Polistes flavus.

Results

Table 1. Species Richness, Shannon Diversity and
Simpsons Diversity Index at locations in Kamalia:

Species Shannon Simpson
No. Location Richness Index Index
1 Chak#: 709 GB 1 0 0
2 Bashir Colony 1 0 0
3 Ravi Town 3 1 1
4  Chak#: 710 GB 1 0 0
5 GHS No.1 3 1 1
6 GHS713GB 2 1 1
7 Chak#: 724 GB 1 0 0
8 Chak#: 735 GB 1 0 0
9 Chak #: 736 GB 1 0 0
10  Nadar Abad 1 0 0
11 GGMHS 1 0 0
12 Khurshid Abad 1 0 0
13  Makkah Town 1 0 0
14 Model Town 1 0 0
15 Nawaz Chowk 1 0 0
16 Chak#: 714 GB 1 0 0
17 Chak #: 725 GB 1 0 0
18 Chak #: 740 GB 4 1 1
19 Mal Fatyana 1 0 0
20 Chak#: 739 GB 1 0 0
21 Fateh Pur 1 0 0
22 Sheikh Burhan 1 0 0
23 Syed Musa 1 0 0
24 Kashmir Town 1 0 0
25 Zeeshan Colony 1 0 0
26 Ladies Park 1 0 0
27  Hussain Shah 1 0 0
28  Norani Chowk 1 0 0

Species richness, Shannon diversity index, and Simpson
metrics that show
significant differences in insect diversity across 28 sites in the
Kamalia region. In agroecosystems with different degrees of
disturbance, these indicators show significant trends in species

diversity

index are three ecological
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variety, evenness, and dominance (Morris et al., 2014).

Figure 3. Hierarchical clustering dendrogram of
sampling locations in Kamalia based on insect
species composition, using Ward'’s linkage method.
The y-axis represents the linkage distance, indicating
similarity between locations.

Species Richness

In terms of species richness, Figure 3 & 4 show that
most sites, such as Chak 709 GB and Mal Fatyana,
only recorded one species, indicating a low level of
diversity. On the other hand, Mohallah Ravi Town and
Govt. High School No. 1 Kamalia each had three
species, while the forest area at Chak No. 740 GB had
the highest richness (4 species). According to these
findings, a greater variety of insect species can be
found in semi-natural or less disturbed habitats
because they provide more ecological niches
(Cardinale et al., 2006; Hallmann et al., 2017).
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Figure 4. Bar plot representing species richness
across different locations in Kamalia. Species
richness is defined as the number of distinct species
recorded at each site, highlighting variation in
biodiversity among sampling locations.
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Figure 5. The highest biodiversity was observed at
Forest Area Chak 740 (H' = 1.38), while Chak 709 GB
and Mal Fatyana showed no recorded diversity (H' =
0). Other sites exhibited moderate diversity levels (H'
= 1.0-1.05).

A second indication of the poor diversity in many
places is the Shannon diversity index (Figure 5),
which combines species abundance and evenness.
For example, Chak 709 GB has a Shannon index of 0
which indicates a single-species dominance. In
contrast, the Forest area near Chak 740 GB received
a score of 1.39, whilst Govt. High School No. 1 had a
score of 1.05; this suggests that the distribution of
coexisting species is more even (Magurran, 2007).

Simpson diversity index
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Figure 6. Mohallah Ravi Town and Govt. High School
No.1 showed the highest diversity (Index = 1.0), while
Chak 709 GB and Mal Fatyana had no recorded
diversity (Index = 0). Other locations exhibited
moderate to low diversity.

The Simpson diversity index, shown in Figure 6,
exhibits a similar trend. Sites like Forest area Chak
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740 GB (0.75) and Govt. Girls High School 713 GB
(0.5) exhibit higher index values, indicating better
balance and less species dominance. This implies
that because of improved habitat structure and a
reduction in human stresses, these regions might
have higher ecological stability (Altieri & Letourneau,
1982).
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Figure 7. Comparative analysis of Species Richness,
Shannon Index, and Simpson Index across six
locations, illustrating variation in biodiversity levels.

A comparison of all three indices at specific sites is
shown in a composite line graph (Figure 7). It
highlights how, on every metric, natural or semi-
natural locations do better than intensively cultivated
or urbanized areas.

These findings highlight the significance of protecting
semi-natural areas like Chak 740 GB to preserve
ecological resilience and biodiversity, showing a
strong correlation between reduced insect biodiversity
and human disturbance, habitat simplification, and
pesticide use (Rathore & Jasrai, 2013; Yi et al., 2012).

Discussion

According to species richness, the Shannon Diversity
Index, and the Simpson Diversity Index, the results of
this study show significant heterogeneity in insect
diversity throughout the Kamalia region. Low species
richness (usually one species) was found in most
surveyed sites, indicating low ecological complexity
and biodiversity. Only a few places showed moderate
to high diversity, including Mohallah Ravi Town, Govt.
High School No. 1 Kamalia, and the wooded region of
Chak No. 740 GB Kamalia. These findings suggest
that a greater range of insect species are more
common in natural and semi-natural settings, most
likely as a result of improved habitat quality, the
availability of floral resources, and less anthropogenic
disturbance.

These findings are consistent with earlier research
that emphasized the influence of land use and habitat
structure on the composition of insect communities: A

diversified agroecosystem with mixed vegetation and
low pesticide use promotes greater arthropod diversity
(Altieri & Letourneau, 1982). Natural and less
disturbed environments support beneficial insect
populations necessary for pollination and pest
regulation (Gurr et al., 2012). The low diversity found
in urbanized or heavily modified areas of Kamalia,
such as residential neighbourhoods and school
campuses, documented a global decline in insect
populations as a result of urbanization, chemical use,
and habitat loss (Hallmann et al., 2017).

The study has a number of limitations in spite of the
new information. First, only one six-month period was
used for data collection, which would have excluded
species having seasonal occurrences. An extended
investigation spanning several seasons would
probably provide a more thorough comprehension of
insect behaviour. Second, although methods such as
pitfall traps and sweep nets were employed, the
emphasis was mostly on insects that were visible or
surface-dwelling, which may have resulted in an
underrepresentation of nocturnal or soil-dwelling
species (Cardinale et al., 2006). In addition,
environmental factors that may affect insect
dispersion, such as pesticide residues, soil quality,
and microclimatic conditions, were not thoroughly
examined.

This study concludes that Kamalia's biodiversity is
unevenly distributed and heavily impacted by human
activity and habitat quality. In order to preserve insect
populations that are essential to the sustainability of
agroecosystems, it emphasizes the necessity of
conservation and management practices that place a
high priority on habitat preservation, biodiversity-
friendly farming, and the use of less chemicals.

Conclusions

This study used a variety of sample techniques,
including bowl traps, pitfall traps, and sweep nets, to
thoroughly examine the insect species in the Kamalia
region. With a few notable exceptions, such as the
forest area in Chak No. 740 GB Kamalia, which
showed comparatively high species richness and
balanced diversity indices (Shannon Index = 1.39;
Simpson Index = 0.75), the results showed low overall
insect diversity throughout the majority of urban and
semi-urban areas. The prevalence of pests like
Periplaneta americana and Aedes aegypti in cities
highlights the impact of human activity on biodiversity.
These findings emphasize the importance of
ecological preservation, particularly in areas that have
been impacted by human activity. Longitudinal studies
should be the main focus of future research in order
to track seasonal variations in biodiversity and
evaluate how agricultural practices affect insect
populations. In addition, incorporating molecular
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identification techniques should improve species
resolution and facilitate more accurate conservation
plans (Smith et al., 2020).

Author Contributions

Qi Xue: Writing — original draft, Visualization,
Methodology, Investigation, Formal analysis, Data
curation, Conceptualization. Qian Tang: Writing —
review & editing, Visualization, Formal analysis,
Conceptualization. Lin Deng: Writing — review &
editing, Validation, Supervision, Resources, Project
administration, Funding acquisition. Wei Luo: Writing
— review & editing, Conceptualization. Mingle
Xia: Writing - review & editing,
Conceptualization. Shuang Fu: Writing — review &
editing, Conceptualization. Chaoqun Tan: Writing —
review & editing, Conceptualization. Jun Hu: Writing —
review & editing, Conceptualization. Rajendra Prasad
Singh: Writing — review & editing.

Conflicts of Interest

The author(s) declare(s) that there is no conflict of
interest regarding the publication of this paper.

Acknowledgment

We are thankful to Qujing Normal University and
Riphah International University, Faisalabad Campus,
for providing funds to full fill this study.

Data Availability

The data can be made available on request from
corresponding authors.

References

[11 Gurr, G. M., Wratten, S. D., Landis, D. A., & You, M.
(2012). Habitat management to suppress pest
populations: Progress and prospects. Annual
Review of Entomology, 57, 91-113.

[2] Raghavendra, K. V., Bhoopathi, T., Gowthami, R.,
Keerthi, M. C., Suroshe, S. S., Ramesh, K. B, &
Chander, S. (2022). Insects: Biodiversity, threat
status and conservation approaches. Current
Science, 122(12), 1374-1384.

[3] Hallmann, C. A., Sorg, M., Jongejans, E., Siepel, H.,
Hofland, N., Schwan, H., ... & de Kroon, H. (2017).
More than 75 percent decline over 27 years in total
flying insect biomass in protected areas. Public
Library of Science ONE, 12(10), e0185809.

[4] Dunn, R. R. (2005). Modern insect extinctions, the
neglected majority. Conservation Biology, 19(4),
1030-1036.

(5]

(6]

(7]

(8]

El

Losey, J. E., & Vaughan, M. (2006). The economic
value of ecological services provided by insects. Bio
Science, 56(4), 311-323.

Swift, M. J., Izac, A. M., & Van Noordwijk, M. (2004).
Biodiversity and ecosystem services in agricultural
landscapes—are we asking the right

questions? Agriculture, ecosystems &

environment, 104(1), 113-134.

Swift, M. J., Izac, A. M. N., & van Noordwijk, M.
(1996). Biodiversity and ecosystem services in
agricultural landscapes—are we asking the right
questions? Agriculture, Ecosystems & Environment,
74(1-3), 5-19.

Rana, M. R., Rehman, A., & Zafar, Y. (2019).
Arthropod diversity in agroecosystems: A
comparative study of monoculture and polyculture
farming. Pakistan Journal of Zoology, 51(1), 93—100.
Cardinale, B. J., Srivastava, D. S., Duffy, J. E.,
Wright, J. P., Downing, A. L., Sankaran, M., &
Jouseau, C. (2006). Effects of biodiversity on the
functioning of trophic groups and ecosystems.
Nature, 443(7114), 989-992.

[10] Rathore, A., & Jasrai, Y. T. (2013). Biodiversity:

importance and climate change
impacts. International Journal of Scientific and
Research Publications, 3(3), 1-5.

[11] Rathore, D. S., & Jasrai, Y. T. (2013). Role of

arthropods in agroecosystem: A review. International
Journal of Plant Protection, 6(1), 146—149.

[12] Vi, Z., Jincheng, L., & Xiang, H. (2012).

Environmental factors influencing insect diversity
and abundance in farmland ecosystems. Ecological
Indicators, 20, 35-42.

[13] Nicholls, C. 1., & Altieri, M. A. (2013). Plant

biodiversity enhances bees and other insect
pollinators in agroecosystems. A review. Agronomy
for Sustainable development, 33, 257-274.

[14] Khan, M. A., Jabeen, A., & Arshad, M. (2020).

Impact of agricultural practices on insect biodiversity
in Toba Tek Singh, Pakistan. Journal of Biodiversity
and Environmental Sciences, 17(4), 12—-21.

[15] Saunders, M. E., Janes, J. K., & O’Hanlon, J. C.

(2020). Moving on from the insect apocalypse
narrative: engaging with evidence-based insect
conservation. BioScience, 70(1), 80-89.

[16] Altieri, M. A., & Letourneau, D. K. (1982). Vegetation

management and biological control in
agroecosystems. Crop Protection, 1(4), 405-430.

[17] Altieri, M. A. (1999). The ecological role of

biodiversity in agroecosystems. Agriculture,
Ecosystems & Environment, 74(1-3), 19-31.

[18] Samways, M. J. (2007). Insect conservation: a

synthetic management approach. Annual Review of
Entomology, 52(1), 465-487.

[19] Majer, J. D. (1987). Invertebrate conservation in

agricultural and pastoral lands. Invertebrate
Taxonomy, 1(3), 355-364.

[20] Kumlert, R., Chaisiri, K., Anantatat, T., Stekolnikov,

A. A., Morand, S., Prasartvit, A., & Paris, D. H.
(2018). Autofluorescence microscopy for paired-
matched morphological and molecular identification
of individual chigger mites (Acari: Trombiculidae),
the vectors of scrub typhus. Public Library of
Science ONE, 13(3), e0193163.

[21] wilson, R. J., & Fox, R. (2021). Insect responses to

global change offer signposts for biodiversity and
conservation. Ecological Entomology, 46(4), 699-

Pak. J. Zool. Sci. 2025, 1(1)

https://doi.org/10.57074/pjzs.v1i1.002


https://journals.ijsmartpublishing.com/index.php/PJZS/

Pak. J. Zool. Sci. 2025

7of 7

717.

[22] Morris, E. K., Caruso, T., Buscot, F., Fischer, M.,
Hancock, C., Maier, T. S., & Rillig, M. C. (2014).
Choosing and using diversity indices: insights for
ecological applications from the German Biodiversity
Exploratories. Ecology and evolution, 4(18), 3514-
3524.

[23] Magurran, A. E. (2007). Species abundance
distributions over time. Ecology Letters, 10(5), 347—
354.

[24] Gurr, G. M., Wratten, S. D., & Snyder, W. E. (2012).
Biodiversity and insect pests. Biodiversity and insect

pests: key issues for sustainable management, 1-20.

[25] Amin, M., Mahmood, K., Bodlah, I., Hassan, M. A,,
Qasim, M., Sarwar, Z. M., & Ullah, Z. (2023). New
data on alien aphid species from Pakistan
(Hemiptera: Aphididae). Journal of Insect
Biodiversity, 42(2), 35-45.

[26] Abid, K., Rana, N., Majeed, W., Alotaibi, N. J., Khan,

H. A., Manzoor, S., Maalik, S., Kiran, R., & Arif, M. Z.

E. (2024). Diversity and abundance of insects in two
different districts of Punjab, Pakistan. Journal of
Animal and Plant Sciences, 34(2), 435-444.

[27] Cardinale, B. J., Duffy, J. E., Gonzalez, A., et al.
(2012). Biodiversity loss and its impact on humanity.
Nature, 486(7401), 59-67.

[28] Hamer, G. L., Fimbres-Macias, J. P., Juarez, J. G.,
Downs, C. H., Carbajal, E., Melo, M., ... & Hamer, S.
A. (2024). Development of an operational trap for
collection, killing, and preservation of triatomines
(Hemiptera: Reduviidae): the kissing bug kill trap.
Journal of Medical Entomology, 61(6), 1322-1332.

[29] Lovei, G. L., & Ferrante, M. (2024). The use and
prospects of nonlethal methods in entomology.
Annual Review of Entomology, 69(1), 183-198.

[30] Munir, I., Ghaffar, A., Aalam, A., Khuram Shahzad,
M., & Jafir, M. (2020). Impact of weeds on diversity
of soil arthropods in Bt cotton field in Faisalabad,
Pakistan. Journal of Weed Science Research, 27(2),
119-129.

[31] Muhammad, S., Shafeeq, A., Siddiqui, M. F., Khan,
Z.-U.-D., & Butt, Z. A. (2015). Weed assemblages in
four vegetable crops of Tehsil Kamalia, District Toba
Tek Singh, Pakistan. International Journal of Biology
and Biotechnology, 12(2), 309-316.

[32] Khan, M. A., Ali, A, Akhtar, N., et al. (2020).
Diversity of insect species in the Kamalia Region of
Pakistan: An assessment of agroecosystem health.
Pakistan Journal of Zoology, 52(2), 531-542.

[33] Stefanescu, C., Paramo, F., & Jarosik, V. (2011).
Species richness and relative abundance of
butterflies in Mediterranean agroecosystems.
Agricultural and Forest Entomology, 13(1), 95-107.

Disclaimer / Publisher’s Note

The statements, opinions, and data contained in all
publications of the PAKISTAN JOURNAL OF
ZOOLOGICAL SCIENCES (PJZS) are solely those
of the individual author(s) and contributor(s) and
do not necessarily reflect those of IISMART

Publishing and/or the editor(s). IISMART
Publishing and/or the editor(s) disclaim any

responsibility for any injury to persons or property
resulting from any ideas, methods, instructions, or
products mentioned in the content.

Pak. J. Zool. Sci. 2025, 1(1)

https://doi.org/10.57074/pjzs.v1i1.002


https://journals.ijsmartpublishing.com/index.php/PJZS/

	Introduction
	Materials and Methods
	Results
	Species Richness
	Shannon diversity index
	Simpson diversity index

	Discussion
	Conclusions
	Author Contributions
	Conflicts of Interest
	Acknowledgment
	Data Availability

	References
	Disclaimer / Publisher’s Note

