Sarcouncil Journal of Applied Sciences
ISSN(Online): 2945-3437
Volume- 06| Issue- 03] 2026

&

[STAIR]C s

Research Article

Received: 25-01-2026 | Accepted: 20-02-2026 | Published: 06-03-2026

Evaluation of Insect Control Programs Using Time-Series Data

Adil Ali Haidar Hassan

Department of Biology, College of Education for Pure Science, University of Kirkuk-lraq

Abstract: This research was intended to determine the usefulness of insect control programs in the form of time-series data in
analyzing the insect density and abundance changes in subsequent time intervals. The experiment was held in various locations that
differed in terms of the environment (agricultural, urban, and semi-natural) and the environmental features of each of the locations
were documented. The experiment focused on the most widespread and the most significant insect species, such as flies, mosquitoes,
aphids, and locusts. Different control programs were used such as chemical control, biological control, and integrated pest
management (IPM) and insect data was collected systematically through light and sticky traps and periodic manual sampling. The
outcome showed the substantial decline of insect population after the use of control programs with a percentage change between
41.7% - 60% being the relative change of the insects based on the species and the period of follow-up, where flies recorded the
highest percent change. The statistical results (t-test and ANOVA) demonstrated the existence of the significance between the pre-
and post-control periods. Correlation applied to the different environmental variables and the abundance of insects were found to be
affected by the humidity factor the most in terms of its positive effect on the increase in the insect populations, high temperatures and
wind speed affected the factor negatively thus showing the significance of combining the environmental factors in the development
of control programs. These results indicate that integrated pest management programs are effective in decreasing the level of insects
and maintaining performance in both short-term and medium-term, and additional performance increases can be reached by using
accurate environmental monitoring and the right time of intervention.
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INTRODUCTION

The insects are also an essential part of the
ecosystems and they assist in pollination, organic
compounds decay, and food chain (Verma, R. C. et
al., 2023). Nevertheless, they may also become
dangerous pests that have adverse effects on
farming and human health. A number of insect
species, including flies, mosquitoes, aphid and
locusts, act as vectors of diseases or direct damage
of crops and a program to control them should be
implemented to protect the health and food
security of the people (Ali, M. A. et al., 2023). The
rise of population, land use, and climatic changes
have resulted in the expansion of the range of
some species of insects causing pest control to be a
constant problem by scientists and practitioners
(Ma, C. S. etal., 2025).

In this regard, conventional control programs that
use chemical insecticides only, cannot be effective
in the long run with most of them experiencing
problems of insect resistance, environmental risks
as well as exposures to non-target organisms
(Tiwari, A. K. 2024). Hence there has been
increased focus on the Integrated Pest
Management (IPM) programs where several
strategies such as chemical and biological control
are integrated with environmental and behavioral
interventions (Tiwari, A. K. 2024). The strategy
minimizes the use of the chemical insecticides and
increases sustainability of the control results
(Abbasi, E. 2025).

To determine the effectiveness of these programs,
it is necessary to carefully track the temporal
changes in the density and abundance of insects,
which is possible by using time-series design
(Wauchope, H. S. et al., 2021). This design will
facilitate the comparison of the insect populations
prior to the use of the control programs, during and
after the use of such programs (Rowen, E. K. et
al., 2022). The environmental conditions,
including temperature, humidity, wind and rainfall
are very important in the identification of insect
activity and distribution and inclusion of these
variables in the assessment enables one to
conceive a better idea of the insect community
dynamics and the performance of the control
programs in different natural conditions (Brown, J.
J.etal., 2023).

The current research is expected to determine the
effectiveness of various insect control programs at
various sites which represent the agricultural,
urban and semi-natural ecosystems with emphasis
on temporal dynamics of the target species of flies,
mosquitoes, aphids and locusts. Besides, the
analysis examines the correlation between
environmental factors and the density of insects to
offer evidence-based measures in the future to
enhance control measures, lessen the use of
chemical insecticides, and enhance environmental
sustainability.

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 1
(CC BY-NC-ND 4.0) International License

*Corresponding Author: Adil Ali Haidar Hassan
DOI- https:/ /doi.org/10.5281/ zenodo.18895212



Hassan, A. A. H.

Sarc. Jr. Appl. Sci. vol-6, issue-3 (2026) pp-1-9

Environmental Factors
Temperature » Humidi
Wind + Rainfall

Insect Density
Flies » Mosquitoes

Aphids  Locusts

Integrated Pest N M:: mim
Management (IPM) Dec?sions

Agricultural &
Public Health Impacts

Figure 1 : Causal loop diagram of insect control,Environmental drivers and adaptive management

MATERIALS AND METHODS

Study Area

The experiment was carried out in a few chosen
locations that consist of different kinds of
environments (agricultural, urban and semi-
natural) to assess the effectiveness of insect control
programs in different environmental conditions.
The sites were selected on the basis of existence of
target insect groups and frequent use of the control
programs. Geographic location of every site was
also recorded, as well as the general environment
description (type of vegetation, soil type, and
human activity).

Study Design

The time series experimental approach was used to
monitor the time-based variation in insect density
and abundance in order to determine the
effectiveness of the pest control programs. The
design will enable the comparison of pre- and
post-treatment measures, which will enable the
identification of the effect of the program rather
than the natural differences. The research was split
into three phases, in which the pre-control phase
was to determine the initial levels of insects, the
active control phase to measure the immediate
responses and the post-control/follow-up phase to
determine the persistence of the effects and the
possible re-emergence of populations.

Target Insects

The research was based on the most prevalent and
significant insects found in the study areas, disease
vectors like flies and mosquitoes, agricultural pests
like aphids and local locusts. Standard taxonomic

keys were used to identify the species with the
order and family of each species recorded.

Pest Control Programs

Some of the pest control programs were compared,
such as chemical control with registered
insecticides, biological control with natural
enemies or environmental factors, and Integrated
Pest Management (IPM) with the combination of
several strategies. The specifics of every program
such as the kind of control, active ingredients, dose
of application, application method and timing were
recorded correctly.

Time-Series Data Collection

Insect Sampling Methods

Insect data were collected using a variety of
techniques that included light and sticky traps,
periodic manual collections, ground or aerial traps
by different species of insect based on the species
of interest(Sahayaraj, K., & Hassan, E. 2023).
Systematic collection of data was done on a daily
or weekly basis over the period of study, and at the
same time of sampling was used in all sites to
reduce the possibility of bias by time, as well as to
facilitate comparative analysis.

Recorded Variables

Time-series data were recorded that comprised the
number of insects caught at a given unit time,
species, site of collection, collection date and time,
and control stage (pre- or post-treatment)
(Kavallieratos, N. G. 2025). These variables were
utilized in generating accurate time-series data to
examine temporal variation of insect density and
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abundance and determine how control programs
change with time.

Associated Environmental Variables

In order to understand temporal changes in insect
populations, environmental variables that were
measured simultaneously with each of the
sampling periods included the use of temperature,
relative humidity, wind speed, and rainfall
wherever it occurred (Mazarire, T. T. et al., 2024).
These variables were analyzed to determine their
association with the dynamics of insect
communities and to aid in the explanation of
fluctuations in abundance and density of insects
over time other than the direct impact of the
control programs.

Data Processing

Data obtained passed through pre-processing
stages, that is, data validation, using outliers,
missing values, and standardization of time
intervals so that there would be uniformity in
analysing the time-series. The data were then
arranged in numerical tables with the help of
suitable statistical software to be used in further
analysis.

Statistical Analysis

Time-Series Analysis

Time-series graphs were used to analyze temporal
data to demonstrate the variation over the various
periods and trend analysis and seasonal analysis to
show patterns that are related to insect population
changes (Basset, Y. et al., 2023).

Assessment of Control Effectiveness.

The level of control was determined by
determining the proportion of the change in the
abundance of insects at the pre-treatment and post-
treatment stage by the use of the following
formula:

Percentage Reduction (%)=post Npre=N /preN %100
This metric was used to quantify the success of
programs in reducing insect densities (PATIL, M.
R. D. 2024).

Statistical Comparisons

The t-test comparing the periods before and after
treatment and the analysis of variance (ANOVA)
comparing sites or among various control
programs were used as proper statistical tests. The
effects of the control programs and other
environmental factors were also estimated through
time-series regression models. All analyses were
adopted at a level of significance of (P \leq 0.05).

Statistical Software

Data were analyzed via R analyses, with the
supplement of SPSS to organise and give
descriptive analyses, and to assure the results of
the analysis were accurate and interpretable.

RESULTS

Temporal variation of the Insect Density.

The table depicts a definite reduction in the
abundance of insects after the control programs
were implemented and flies were the ones which
were reduced by the highest percentage of around
50% as compared to the baseline stage and then
the mosquitoes, aphids and locusts. The figures of
values are shown as the mean standard deviation
per trap/day.

Table 1. Mean Number of Insects that were caught/pest control stage.

Stage Flies Mosquitoes Aphids Locusts
(No./trap/day) (No./trap/day) (No./trap/day) (No./trap/day)

Baseline (Pre- | 120+ 15 85+ 10 50+ 8 305

control)

During Control 70+ 12 407 25+5 15+4

Post-Control & | 60£10 35%6 20+ 4 12+3

Follow-up

The bar chart (figure 2) shows that the population
of insects has steadily decreased during the three

phases, which has been caused by pest control
programs.
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Figure 2 :Population density of pests across control stages

Pest Control Effectiveness Assessment.

The table indicates the relative decrease in insect
population after adoption of the control programs
and during the follow up period which indicates
the effectiveness of the control programs in the

reduction of densities of various insect species.
The decreases varied between 41.7 percent and 60
percent, according to the species and the post-
control period meaning that the control effects
lasted longer than the time the control was done.

Table 2. Percentage Relative Decrease in the Insect Numbers after Control

Insect Type | Reduction After Control (%) | Reduction After Follow-up (%)
Flies 41.7 50

Mosquitoes | 52.9 58.8

Aphids 50 60

Locusts 50 60

The figure 3 shows that the relative decrease in
density of both species of insects following control
application and follow-up period indicates the
disparity in the instant decrease in density during

treatment and delayed decrease in density during
follow-up, which reflects the short- and medium-
term efficacy of the programs.

Il Arfter Control
mm After Follow-up
g
=
2
]
=
=
@
o
Flies Mosquitoes Aphids Locusts
Insect Type
Figure 3:- Reduction percentage of insects after control and follow-up
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Relationship between Environmental Variables.
The analysis of correlation shows that the
influence of humidity was the most beneficial on

the abundance of insects,

and the negative

influences were high temperatures and wind speed
on densities. These findings underscore the need to
watch the environmental variables in considering
the efficiency of pest control programs.

Table 3. Pearson (r) Correlation of Environmental Factors and Insect Numbers.

Environmental Variable | Flies | Mosquitoes | Aphids | Locusts
Temperature (°C) -0.35 | -0.42 -0.30 | -0.28
Humidity (%) 0.55 | 0.60 0.50 0.48
Wind Speed (m/s) -0.25 | -0.20 -0.18 | -0.22
Rainfall (mm) 0.30 | 0.35 0.28 0.25

The figure 4 gives a graphical comparison of the
effect of each environmental variable on various
species of insects making it easy to identify the

most effective factors on insect distribution and

density.

Humidity

Rainfall

Te

Flies
Mosquitoes
Aphids

Locusts

perature

Figure 4 : Correlation patterns between insects and environmemtal variables

COMPARISON OF THE STATISTICAL

ANALYSIS

Those differences between the insect abundance
before and after the control application are

statistically significant and prove the efficiency of
the applied programs and indicate the differences
in the reaction of sites and programs.

Table 4. t-test and ANOVA Results Insect Numbers by Control Stages

Test Insect Type | Test Statistic | P-value
t-test Flies 5.23 <0.001
t-test Mosquitoes | 6.12 <0.001
ANOVA | All species | F=12.45 <0.001
The visual representation of the statistical findings decreased with the application of control

is depicted in the figure which shows how the
average numbers of each type of insect were

programs, which makes it easy to compare the
changes of each stage in each insect species.
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DISCUSSION

The findings of the present research showed that
there was a definite decrease in the number of
insects after the adoption of pest management
programmes as indicated by Table 1 and Figure 1.
Flies showed the greatest reduction of about 50 per
cent against the base level with the other insects
taking second place with mosquitoes, aphids and
locusts. This slow decline in the three phases
suggests that the control programs influenced the
instant and deferred abundance of insects, which
depicts the effectiveness of the strategies utilized,
be it chemical, biological or as a part of integrated
pest management (IPM) programs (Yarahmadi, F.,
& Rajabpour, A. 2024). The higher mortality rate
of flies compared to locusts or aphids can be
explained by biological variation in species
(Sharma, S., and Mohanty, S. 2024); flies have
short life cycles, have high reproductive capacity,
and live in more open habitats, and thus are more
vulnerable to pesticides (Hodjat, S. H. 2025) than
locusts or aphids which may live in shelters or
grow in social groups and can be less affected by
chemical treatments (Meissle, M. et al., 2022).
These results align with other earlier reports that
have indicated that species that are more active
and mobile are more susceptible to the insecticides
as opposed to those hidden and widely distributed.

The findings of the present research showed that
there was a definite decrease in the number of
insects after the adoption of pest management
programmes as indicated by Table 1 and Figure 1.
Flies showed the greatest reduction of about 50 per
cent against the base level with the other insects
taking second place with mosquitoes, aphids and
locusts. This slow decline in the three phases
suggests that the control programs influenced the
instant and deferred abundance of insects, which
depicts the effectiveness of the strategies utilized,
be it chemical, biological or as a part of integrated
pest management (IPM) programs (Yarahmadi, F.,
& Rajabpour, A. 2024). The higher mortality rate
of flies compared to locusts or aphids can be
explained by biological variation in species
(Anton, S., & Cortesero, A. M. 2022); flies have
short life cycles, have high reproductive capacity,
and live in more open habitats, and thus are more
vulnerable to pesticides (Sharma, S., & Mohanty,
S. 2024) than locusts or aphids which may live in
shelters or grow in social groups and can be less
affected by chemical treatments (Hodjat, S. H.
2025). These results align with other earlier reports
that have indicated that species that are more
active and mobile are more susceptible to the
insecticides as opposed to those hidden and widely
distributed (Meissle, M. et al., 2022).
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Figure 6 :- Impact of pest control programs and environmental factors on insect abundance

In relation to the impact of the environmental
factors, correlation analysis (Table 3 and Figure 3)
showed that there was a pronounced positive
impact of humidity on the abundance of insects,
but that high temperatures and wind speed had a
negative impact on the densities of insects (Knop,
E. et al., 2023). The humid weather also offers
good environment to propagation of insect species,
especially the mosquitoes and flies, by increasing
the survival of eggs and larvae (Prasad, P. et al.,
2024). Conversely, high temperatures can slow
down insects or enhance water evaporation thereby
lowering apparent abundance (Harvey, J. A. et al.,
2020). Wind speed affects insect dispersion and
movement as well as may decrease trapping
efficiency, whereas rainfall affects the formation
of new breeding sites, which is why it was found
to have positive relationships with insect
abundance (Hodges, S. et al, 2024). These
findings highlight the need to infiltrate
environmental monitoring in  pest control
initiatives (Yarahmadi, F., & Rajabpour, A. 2024),
since climatic information may direct the most
effective timeline of actions, thus enhancing
effectiveness and minimizing waste patterns of
pesticides (Afshari, M. et al., 2021).

CONCLUSIONS

The analysis showed that the insect density had
been reduced by a large margin after the
introduction of pest control schemes with flies
recording the most impact when compared to the
mosquitoes, aphids and locusts. Relative analogy

showed that the impacts of the control programs
were experienced even after the application period
thus depicting the efficiency of the programs in
short term and medium term. It was found that the
environmental factors played an important role in
determining the number of insects, given that
humidity was positively related to the abundance,
and high temperatures and wind speed decreased
the activity of insects. The results affirm that a
combination of various strategies in IPM is more
effective in controlling pests than approaches that
apply one method of controlling pests.
Environmental variables are suggested to be put in
mind when planning and implementing so as to
enhance efficiency of control and reduce
dependence on chemical insecticides.

REFERENCES

1. Verma, R. C., Waseem, M. A., Sharma, N.,
Bharathi, K., Singh, S., Anto Rashwin, A., et
al. "The role of insects in ecosystems, an in-
depth review of entomological research.”
International Journal of Environment and
Climate Change 13.10 (2023): 4340-4348.

2. Ali, M. A., Abdellah, I. M., and Eletmany, M
R. "Towards sustainable management of insect
pests: Protecting food security through
ecological intensification.”  International
Journal of Chemical and Biochemical
Sciences 24.4 (2023): 386-394.

3. Ma, C. S, Wang, B. X., Wang, X. J, Lin, Q.
C., Zhang, W., Yang, X. F., et al. "Crop pest
responses to global changes in climate and

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 7
(CC BY-NC-ND 4.0) International License

Publisher: SARC Publisher



Hassan, A. A. H.

Sarc. Jr. Appl. Sci. vol-6, issue-3 (2026) pp-1-9

land management." Nature Reviews Earth &
Environment 6.4 (2025): 264—283.

recommendations." In
Pest Control: Impact,

evaluation for
Insecticides in

4. Tiwari, A. K. "IPM essentials: Combining Challenges and Strategies. InTechOpen, 2024:
biology, ecology, and agriculture for 1-19.
sustainable pest control." Journal of Advances 15. Anton, S., and Cortesero, A. M. "Plasticity in
in Biology & Biotechnology 27.2 (2024): 39— chemical host plant recognition in herbivorous
47. insects and its implication for pest control.”

5. Abbasi, E. "Innovative approaches to vector Biology 11.12 (2022): 1842.
control: Integrating genomic, biological, and 16. Sharma, S., and Mohanty, S. "Insecticide
chemical strategies." Annals of Medicine and exposure may pose a threat to the future life
Surgery 87.8 (2025): 5003-5011. expectancy of non-targets: Inferred from fly

6. Wauchope, H. S., Amano, T., Geldmann, J., research.” Toxicology International 31 (2024):
Johnston, A., Simmons, B. I., Sutherland, W. 593-606.

J., and Jones, J. P. "Evaluating impact using 17. Hodjat, S. H. "Locusts, armyworms and aphids
time-series data." Trends in Ecology & are following phase routes to escape
Evolution 36.3 (2021): 196-205. environmental stress.” 2025.

7. Rowen, E. K., Pearsons, K. A., Smith, R. G., 18. Meissle, M., Naranjo, S. E., and Romeis, J.
Wickings, K., and Tooker, J. F. "Early-season "Does the growing of Bt maize change
plant cover supports more effective pest abundance or ecological function of non-target
control  than  insecticide  applications." animals compared to the growing of non-GM
Ecological Applications 32.5 (2022): e2598. maize? A systematic review." Environmental

8. Brown, J. J., Pascual, M., Wimberly, M. C., Evidence 11.1 (2022): 21.

Johnson, L. R., and Murdock, C. C. 19. Ranabhat, S., Altung, Y. E., Athanassiou, C.
"Humidity—The overlooked variable in the G., Zhu, K. Y., and Morrison, W. R. "Efficacy
thermal biology of mosquito-borne disease."” of long-lasting insecticide-incorporated netting
Ecology Letters 26.7 (2023): 1029-1049. in controlling preharvest and postharvest pest

9. Sahayaraj, K., and Hassan, E. "Predatory insects: A meta-analysis study." Entomologia
insects collection methods.” In Worldwide Generalis 44 (2024): 1441-1458.

Predatory  Insects in  Agroecosystems. 20. Jeong, J., Pitchik, H. O., and Fink, G. "Short-
Singapore: Springer, 2023: 1-23. term, medium-term and long-term effects of

10. Kavallieratos, N. G. "Abstracts of the 2nd early parenting interventions in low- and
International  Electronic  Conference on middle-income  countries: A systematic
Entomology (IECE 2025), 19-21 May 2025." review." BMJ Global Health 6.3 (2021).
Proceedings 128.1 (2025): 1. 21. Thilak, K. S., Parmar, D. N., and Rajeshbhai,

11. Mazarire, T. T., Lobb, L., Newete, S. W., and M. A. "Parasitoids as biological control agents
Munhenga, G. "The impact of climatic factors in agroecosystems.” In Role of Beneficial
on temporal mosquito distribution and Insects in Agricultural Ecosystems. 2025: 178—
population dynamics in an area targeted for 202.
sterile  insect technique pilot trials." 22. Bruinsma, J. World Agriculture: Towards
International  Journal of Environmental 2015/2030: An FAO Study. Routledge, 2017.
Research and Public Health 21.5 (2024): 558. 23. Knop, E., Grimm, M. L., Korner-Nievergelt,

12. Basset, Y., Butterill, P. T., Donoso, D. A, F., Schmid, B., and Liechti, F. "Patterns of
Lamarre, G. P., Souto-Vilaros, D., Perez, F., et high-flying insect abundance are shaped by
al. "Abundance, occurrence and time series: landscape type and abiotic conditions."
Long-term monitoring of social insects in a Scientific Reports 13.1 (2023): 15114.
tropical rainforest." Ecological Indicators 150 24. Prasad, P., Gupta, S. K., Mahto, K. K., Kumar,
(2023): 110243. G., Rani, A, Velan, I., et al. "Influence of

13. Patil, M. R. D. "Seasonal incidence and climatic factors on the life stages of Aedes
evaluation of biopesticides against defoliator mosquitoes and vectorial transmission: A
insect pests.” Doctoral dissertation. Mahatma review." Journal of Vector Borne Diseases
Phule Krishi Vidyapeeth, 2024. 61.2 (2024): 158-166.

14. Yarahmadi, F., and Rajabpour, A. 25. Harvey, J. A., Heinen, R., Gols, R., and
"Insecticides and natural enemies: Thakur, M. P. "Climate change-mediated
Applications in integrated pest management temperature extremes and insects: From
programs—Challenges, criteria, and

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 8

(CC BY-NC-ND 4.0) International License
Publisher: SARC Publisher



Hassan, A. A. H.

Sarc. Jr. Appl. Sci. vol-6, issue-3 (2026) pp-1-9

26.

outbreaks to breakdowns." Global Change
Biology 26.12 (2020): 6685-6701.

Hodges, S., Hassall, C., and Neely, R. Il
"Weather radars reveal environmental
conditions for high altitude insect movement
through the aerosphere.” Remote Sensing
16.23 (2024).

27. Afshari, M.,

Karimi-Shahanjarini, A,
Khoshravesh, S., and Besharati, F.
"Effectiveness of interventions to promote
pesticide safety and reduce pesticide exposure
in agricultural health studies: A systematic
review." PL0S One 16.1 (2021): e0245766.

Source of support: Nil; Conflict of interest: Nil.

Cite this article as:
Hassan, A. A. H. " Evaluation of Insect Control Programs Using Time-Series Data.” Sarcouncil Journal of Applied
Sciences 6.3 (2026): pp 1-9.

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 9
(CC BY-NC-ND 4.0) International License

Publisher: SARC Publisher



