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ABSTRACT

Mosquito-borne diseases remain a major public health concern worldwide, particularly in tropical and subtropical
regions where climatic conditions favor mosquito breeding. Conventional mosquito control strategies rely heavily on chemical
insecticides; however, excessive use of these chemicals has resulted in environmental pollution, insecticide resistance, and
negative impacts on non-target organisms. Biological control has emerged as a sustainable alternative for managing mosquito
populations while minimizing ecological harm. The present study evaluates the effectiveness of predatory fish species and
microbial agents as biological control tools against mosquito larvae. Experimental observations were conducted to assess larval
reduction rates under different treatment conditions involving larvivorous fish and microbial agents such as Bacillus
thuringiensis israelensis (Bti). The results demonstrate that predatory fish significantly reduced larval densities in aquatic
habitats, while microbial agents showed high larvicidal efficiency when applied at recommended concentrations. Integrated use
of both biological control methods resulted in the greatest reduction in mosquito populations. The findings suggest that
environmentally safe biological control approaches can play a crucial role in vector management programs and contribute to
sustainable mosquito control strategies.
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I. INTRODUCTION

control methods provide rapid suppression of mosquito
populations, their continuous and widespread use has

Mosquitoes are among the most important
vectors responsible for transmitting a wide range of
infectious diseases that affect millions of people
worldwide. Vector-borne diseases such as malaria,
dengue, chikungunya, Zika virus infection, Japanese
encephalitis, and lymphatic filariasis remain major
public health challenges, particularly in tropical and
subtropical regions where environmental conditions
favor mosquito breeding and survival [1]. The increasing
prevalence of these diseases has highlighted the need for
effective vector management strategies to reduce
mosquito populations and prevent disease transmission.

Conventional mosquito control programs have
relied heavily on chemical insecticides such as
organophosphates, pyrethroids, and carbamates to
eliminate mosquito larvae and adults. While chemical

resulted in several ecological and health concerns. One
of the major issues associated with chemical insecticides
is the development of resistance in mosquito
populations, which reduces the effectiveness of control
programs over time. In addition, chemical residues may
contaminate water bodies, affect non-target organisms,
and disrupt aquatic ecosystems [2].

Due to these limitations, environmentally
sustainable alternatives to chemical insecticides have
become increasingly important in vector control
programs. Biological control is one such approach that
involves the use of natural predators, pathogens, or
parasites to suppress mosquito populations. Biological
control methods offer several advantages, including
ecological safety, species specificity, and reduced risk of
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resistance  development compared to chemical
insecticides [3].

Among the various biological control agents,
larvivorous fish have been widely used in mosquito
control programs. Fish species such as Gambusia affinis
(mosquito fish) and Poecilia reticulata (guppy) are
known for their ability to consume large numbers of
mosquito larvae in aquatic habitats. These fish can
survive in a variety of environmental conditions and are
capable of controlling mosquito populations in ponds,
irrigation channels, rice fields, and stagnant water bodies
[4]. Because of their adaptability and high larval
consumption rates, larvivorous fish have been introduced
in several mosquito control initiatives worldwide.

In addition to predatory fish, microbial agents
have also proven to be effective biological control tools
against mosquito larvae. The bacterium Bacillus
thuringiensis israelensis (Bti) is one of the most widely
used microbial larvicides in mosquito control programs.
Bti produces toxins that specifically target mosquito
larvae by disrupting the cells of the larval midgut after
ingestion. These toxins cause rapid larval mortality
while having minimal effects on non-target organisms
such as fish, amphibians, and beneficial aquatic insects
[5].

Several studies have demonstrated that
biological control agents can significantly reduce
mosquito populations when applied under appropriate
environmental conditions. However, the effectiveness of
biological control methods often depends on local
ecological factors such as temperature, water quality,
habitat type, and availability of mosquito breeding sites.
Therefore, experimental evaluation of biological control
strategies is necessary to determine their effectiveness
under specific environmental conditions [6].

Integrated vector management strategies that
combine multiple biological control agents may provide
improved mosquito control outcomes compared to
single-method approaches. For example, the combined
use of predatory fish and microbial larvicides can
provide both immediate and long-term suppression of
mosquito larvae. While microbial agents rapidly kill
larvae present in water bodies, predatory fish provide
continuous control by feeding on newly emerging larvae
[71.

Despite the growing importance of biological
mosquito control, there remains a need for experimental
studies that evaluate the combined effectiveness of
predatory fish and microbial agents under controlled
conditions. Understanding the interaction between these
biological control methods can help improve mosquito
management programs and reduce reliance on chemical
insecticides.

Therefore, the present study aims to evaluate
the effectiveness of predatory fish and microbial agents
in controlling mosquito larvae through controlled
experimental observations. The study also examines the
potential benefits of integrating these biological control

methods to develop sustainable and environmentally
friendly mosquito vector management strategies.

I1. MATERIALS AND METHODS

The present study was conducted through
controlled experimental observations designed to
evaluate the effectiveness of biological control agents
against mosquito larvae in aquatic environments.
Artificial aquatic habitats were created using plastic
containers filled with freshwater in order to simulate
natural mosquito breeding conditions commonly found
in stagnant water bodies such as ponds, drains, irrigation
channels, and temporary rainwater collections. Such
controlled experimental environments allow reliable
assessment of mosquito larval mortality and predator
efficiency under standardized conditions [1].

Mosquito larvae used in the experiment were
collected from natural breeding sites located in stagnant
water bodies within the study area. These breeding
habitats included drainage channels, ponds, and small
water accumulations frequently observed in urban and
peri-urban environments. Collected larvae were carefully
transferred into laboratory containers filled with water
from the original habitats to prevent sudden
environmental stress. The larvae were acclimatized for a
short period before experimentation to ensure normal
physiological activity and survival under laboratory
conditions [2].

For the evaluation of biological predation,
larvivorous fish species commonly used in mosquito
control programs were selected. The fish species
Gambusia affinis (mosquito fish) and Poecilia reticulata
(guppy) were chosen because of their well-documented
feeding behavior and high capacity to consume mosquito
larvae. These species are widely used in mosquito
control programs due to their adaptability to diverse
environmental conditions and their ability to
significantly reduce mosquito breeding in aquatic
habitats [3]. The fish were introduced into experimental
containers containing mosquito larvae and allowed to
acclimatize before observations began to ensure natural
feeding activity.

Microbial control experiments were conducted
using the bacterium Bacillus thuringiensis israelensis
(Bti), a widely recognized biological larvicide used in
mosquito control programs worldwide. Bti produces
specific endotoxins that are highly toxic to mosquito
larvae but generally harmless to other aquatic organisms
and vertebrates. The microbial agent was applied to the
experimental containers at recommended concentrations
according to standard guidelines for larval mosquito
control. Observations were then made to record larval
mortality after exposure to the microbial toxin [4].

To compare the effectiveness of different
control strategies, the experimental design included three
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treatment conditions as well as an untreated control
setup. One set of containers included only predatory fish,
another set received only microbial treatment using Bti,
and a third set involved the combined application of
predatory fish and microbial agents. Control containers
were maintained without any biological control agent in
order to observe natural survival rates of mosquito larvae
under similar  environmental conditions.  This
comparative experimental design enabled evaluation of
the relative efficiency of each control strategy [5].

Larval populations were monitored at regular
time intervals throughout the experimental period. The
number of live larvae, dead larvae, and partially
immobilized larvac was recorded during each
observation session. Mortality percentages were
calculated by comparing the initial number of larvae
introduced into each container with the number of
surviving larvae at the end of the observation period.
Monitoring larval survival rates provided quantitative
data for evaluating the effectiveness of different
biological control methods [6].

Environmental  factors such as  water
temperature, pH, and dissolved oxygen levels were also
recorded during the experimental period because these
parameters can influence mosquito larval development
and predator feeding behavior. Maintaining stable
environmental conditions ensured that variations in
larval mortality were primarily related to biological
control treatments rather than external environmental
fluctuations [7].

Finally, the collected experimental data were
compiled and analyzed to determine the relative
effectiveness of predatory fish, microbial agents, and
their combined use in controlling mosquito larvae. The
results were presented in the form of tables and graphical
representations to illustrate larval reduction trends and
comparative performance of biological control methods
under the experimental conditions [8].

III. RESULTS

The experimental results demonstrated that
biological control agents significantly reduced mosquito
larval populations compared to untreated control
conditions. Predatory fish showed strong larvivorous
activity and rapidly consumed mosquito larvae present in
the experimental containers.

Microbial treatment using Bacillus
thuringiensis israelensis also produced high larval
mortality within a short period. Larvae exposed to the
microbial toxin exhibited reduced mobility and
eventually died due to disruption of digestive processes.

The combined application of predatory fish and
microbial agents resulted in the highest larval reduction
rates. This integrated approach provided both immediate
and sustained control of mosquito populations.

Table 1: Larval Reduction Under Different

Treatments
Treatment Initial Final = Reductio
Larvae Larvae n (%)
Control 100 95 5
Predatory Fish 100 30 70
Microbial
Agent (Bti) 100 20 80
Combined
Treatment 100 10 90

Table 2: Average Larval Consumption by Predatory

Fish
Fish Species Average Larvae Consumed
per Day
Gambusia affinis 80
Poecilia reticulata 60

Larval Reduction Trend of Mosquito Larvae Under Different Biological Control Treatments

100

80

60 4

40 4

Larval Population

Control Fish Bti Combined
Treatment Type

Graph: Larval Reduction Trend

The graph indicates that the combined
treatment showed the greatest reduction in mosquito
larvae.

IV.  DISCUSSION AND CONCLUSION

The findings of the study highlight the potential
of biological control agents as sustainable alternatives to
chemical insecticides for mosquito management.
Predatory fish were highly effective in reducing larval
populations due to their continuous feeding behavior in
aquatic environments. Their ability to consume large
numbers of larvae makes them suitable for long-term
mosquito control in stagnant water bodies [4].

Microbial agents such as Bacillus thuringiensis
israelensis also demonstrated strong larvicidal activity.
The toxin produced by Bti specifically targets mosquito
larvae and has minimal impact on other aquatic
organisms, making it an environmentally safe control
method [5].

The combined use of predatory fish and
microbial agents provided the highest level of mosquito
control in the experimental setup. This integrated
approach ensures immediate larval mortality through
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microbial action while maintaining
suppression through predatory fish activity.

Biological control strategies offer several
advantages over chemical methods, including
environmental safety, reduced risk of resistance
development, and sustainability. These methods are
particularly suitable for community-based mosquito
control programs in rural and urban environments.

In conclusion, the study demonstrates that
biological control using predatory fish and microbial
agents can effectively reduce mosquito vector
populations. Integration of these methods into public
health vector management programs can contribute to
sustainable control of mosquito-borne diseases while
minimizing environmental impacts.

long-term
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