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Abstract

We propose to explore an eco-friendly and sustainable approach to malaria control by
employing fish as biological agents to reduce mosquito populations. Given the rising
challenges of insecticide resistance and the environmental concerns associated with
chemical interventions, this project investigates the effectiveness of fish species in
consuming mosquito larvae, thereby lowering the prevalence of malaria vectors. Through
a combination of laboratory experiments, ecological assessments and community
engagement in malaria-endemic regions, the project will identify optimal fish species for
this purpose, assess their impact on local ecosystems and gauge community
perspectives on adopting fish-based malaria control methods. Key objectives include
evaluating predation efficiency, determining ecological compatibility, quantifying the
reduction in malaria transmission and fostering local involvement to enhance
sustainability. This innovative approach has the potential to provide a scalable,
environmentally conscious solution for malaria management, contributing to global public
health efforts and advancing sustainable disease control strategies.
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Overview and background
Overview

The project aims to combat malaria transmission by introducing fish species that naturally
feed on mosquito larvae into water sources where mosquitoes breed (Das and Singh
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2020). These fish serve as “natural predators” of mosquito larvae, thus reducing the adult
mosquito population and limiting the spread of malaria (Dambach 2020). This biological
control method offers an eco-friendly, sustainable alternative to conventional insecticide-
based malaria control methods, addressing issues like insecticide resistance and
environmental impact.

Background

Malaria, caused by Plasmodium parasites and spread through the bites of Anopheles
mosquitoes, remains a significant health and economic challenge, particularly in tropical
and subtropical regions. Affecting nearly two billion people globally, malaria's burden is
profound, impacting public health systems, reducing workforce productivity and hindering
economic growth in endemic areas (Greenwood et al. 2005). Historically, efforts to control
malaria have relied on chemical solutions, including chloroquine treatments and the
insecticide DDT, both of which were cornerstones of the World Health Organisation’s
1955 Global Malaria Eradication Programme. However, resistance in both Plasmodium
species to chloroquine and Anopheles mosquitoes to DDT ultimately hindered the
programme, leading to its abandonmentin 1972 (Sahu et al. 2020, Singh etal. 2004).

Modern malaria control strategies emphasise integrated approaches targeting the
mosquito population. While techniques such as insecticide-treated bed nets (ITNs) and
indoor residual spraying (IRS) target adult mosquitoes, these methods present
drawbacks, including chemical resistance, environmental impacts and high costs (Killeen
et al. 2002). This has led to renewed interest in larval control as a sustainable
intervention strategy. Larval control, which targets mosquitoes at their most immobile life
stage, offers potential advantages in areas where breeding sites are accessible and
manageable (Walker and Lynch 2007, Snow et al. 2005).

An emerging, eco-friendly approach involves using larvivorous or mosquito-eating fish
species to reduce mosquito populations in breeding areas. These fish, which naturally
prey on mosquito larvae, have shown promising results in reducing larval populations in
various settings. Studies highlight successful malaria reduction in communities where
larvivorous fish, such as Gambusia species, have been introduced, with malaria
eradicated in selected Indian villages following the introduction of these fish (Chandra et
al. 2008, Ghosh and Dash 2007). Consequently, the deployment of larvivorous fish has
gained traction in integrated malaria management strategies, particularly in regions with
accessible water sources like rice paddies and ponds (Reiskind and Lounibos 2009).

One promising biological control strategy for the larvivorous fish species is to introduce
fish that naturally feed on mosquito larvae to reduce mosquito populations in their aquatic
breeding grounds. By introducing these fish into stagnant waterbodies such as ponds,
rice paddies and reservoirs, it is possible to significantly reduce the number of mosquito
larvae, thereby decreasing the overall adult mosquito population and limiting malaria
transmission.



— ARPHA Preprints Author-formatted, not peer-reviewed document posted on 12/12/2024. DOI:
https://doi.org/10.3897/arphapreprints.e144181

Historically, this approach has shown success in various regions. For instance, in India,
the introduction of fish species, such as Gambusia affinis and Poecilia reticulata, in
malaria-endemic areas led to substantial declines in mosquito populations and malaria
incidence. Similar success has been observed in Africa and Southeast Asia, reinforcing
the potential of this method as a cost-effective and eco-friendly malaria control
intervention.

This approach requires an understanding of the dynamics amongst fish, mosquitoes and
humans to optimise its impact on malaria transmission. By combining elements of
predator-prey models with epidemiological models, researchers have developed
frameworks to explore how introducing larvivorous fish can alter malaria dynamics (
Moore et al. 2009). The promising results of these mathematical models suggest that,
under the right conditions, introducing fish as biological defenders against mosquito
larvae could effectively contribute to malaria control, reducing transmission rates and
supporting other preventative measures (Lou and Zhao 2011, Oliveira and Hilker 2009).

The use of larvivorous fish presents a viable, eco-friendly and sustainable method for
malaria vector control. When implemented effectively, this approach can complement
existing malaria prevention efforts, offering a long-term solution that minimises reliance
on chemical insecticides. Further research and field applications will help refine
methodologies and expand the applicability of this intervention across diverse ecological
settings.

Global Malaria Challenge

Malaria remains a major global health issue, particularly in tropical and subtropical
regions where mosquitoes thrive. Traditional control methods, like insecticides, have
faced challenges, including rising resistance in mosquito populations and environmental
concerns regarding chemical use.

Need for Sustainable Solutions

Given the limitations of chemical interventions, the search for sustainable, non-chemical
malaria control strategies has become increasingly important. Biological control methods
that harness natural predator-prey relationships present a promising alternative.

Biological Control with Fish

Fish have been observed to naturally prey on mosquito larvae and certain species are
especially efficient in this regard. By introducing specific types of fish into mosquito-prone
water sources, researchers can potentially reduce the number of mosquitoes, thereby
lowering malaria transmission rates without harming the ecosystem.

Project Goals

This study seeks to identify and test the most effective fish species for mosquito control,
evaluate the ecological impact of introducing these species into malaria-endemic regions
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and engage with local communities to ensure sustainable and culturally accepted
implementation.

Objectives

The primary objectives of this research are to:

1. Identify five fish species in Ghana with documented larvivorous properties through
a comprehensive literature review.

2. Assess the predation efficiency of these identified fish species on malaria vector
larvae.

3. Determine the most effective fish species for sustainable mosquito control in local
environments.

4. Evaluate the ecological impacts of introducing larvivorous fish into malaria-
endemic waterbodies.

5. Explore community perspectives and acceptance regarding the use of fish as a
biological control strategy for malaria.

6. Quantify the potential reduction in malaria transmission achieved through fish

predation on mosquito larvae.

Implementation

The implementation of the proposal, "Utilising Fish as Malaria Defenders," involves
several stages combining laboratory research, fieldwork, community engagement and
ecological assessment to establish fish-based biological control of malaria vectors. Here
is the step-by-step approach to implementation:

Study Design and Preparation

Species Selection: Identify fish species known for feeding on mosquito larvae. Five
species are selected for this project: Gambusia affinis, Poecilia reticulata, Oreochromis
niloticus, Oreochromis mossambicus and Anabas testudineus. Each of these species has
been well-documented as effective mosquito control agents due to their predation on
mosquito larvae. Gambusia affinis (mosquitofish) and Poecilia reticulata (Quppy) are
particularly known for their strong larvivorous behaviour, with both species being widely
used in biological control programmes. Additionally, Oreochromis niloticus, Oreochromis
mossambicus (tilapia species) and Anabas festudineus (climbing perch) have been
observed consuming mosquito larvae in controlled environments and semi-natural
settings (Chandra et al. 2008).

Gambusia affinis and Poecilia reticulata have a high invasive potential due to their
adaptability, rapid reproduction and aggressive behaviour towards native fish species,
requiring careful management to prevent ecological disruption (Pyke 2005). While
Oreochromis niloticus and Oreochromis mossambicus are also invasive in certain
freshwater systems, their introduction is sometimes justified for biological control,
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whereas Anabas testudineus poses a lower invasive risk, but is highly resilient and
capable of surviving in harsh conditions (Canonico et al. 2005).

The chosen species offer a combination of well-documented mosquito control potential,
availability of prior research and varying levels of ecological risk (Walton 2007). While
some species pose invasive threats, proper management strategies can help balance
their benefits against potential environmental impacts.

Fish Sourcing: Obtain fish from the Fisheries and Aquaculture Division of the CSIR-Water
Research Institute to ensure quality and consistency for laboratory and field experiments.

Laboratory Experiments

Predation Rate Assessment: Conduct experiments to measure how effectively
each fish species preys on mosquito larvae. Stockfish tanks with five individuals of
each species and introduce 200 mosquito larvae into each tank. Monitor and
measure larval consumption over 24-hour cycles using the larval dipping
technique, which tracks how many larvae remain.

Gut Content Analysis: At the end of each 24-hour cycle, one fish from each
species is dissected and PCR (Polymerase chain reaction) testing on the fish’s
gut content is performed to detect mosquito DNA. This analysis confirms that
mosquito larvae are being consumed and provides a quantifiable measure of
predation.

Field Testing in Malaria-Endemic Regions

Site Selection: Choose suitable water sources within malaria-endemic areas,
such as ponds, cisterns and household water storage facilities where mosquitoes
commonly breed. Before stocking fish, perform larval dipping at each site to
assess mosquito larvae density.

Introduction of Fish: Stock selected waterbodies with the most effective predatory
fish species, based on laboratory findings.

Field Monitoring: Conduct daily larval dipping at each site to track mosquito larval
reduction. Dissect one fish per day for gut content PCR analysis to verify
continued consumption of mosquito larvae.

Community Involvement

Consent and Collaboration: Engage with local communities to obtain consent,
especially in household settings and explain the purpose and methods of the
project. Educate community members on how the fish will help reduce malaria
transmission and empower them to participate in monitoring efforts.

Workshops and Outreach: Conduct workshops to share the project's goals,
methods and expected benefits, fostering community understanding and
ownership.
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Environmental and Ecological Assessments

. Ecological Monitoring: Observe the broader ecological impacts of introducing fish
to local water sources to ensure that the intervention does not negatively affect
non-target species or disrupt existing ecosystems. Use adaptive management
strategies to mitigate any unforeseen ecological impacts.

. Species Compatibility: Prioritise native or ecologically compatible fish species to
minimise the risk of disrupting local biodiversity.

Data Collection and Analysis

. Quantitative Analysis: Collect data on mosquito larvae population reduction and
document any corresponding decrease in malaria incidence. Track fish predation
rates and ecological impacts to evaluate the effectiveness and sustainability of the
intervention.

. Community Feedback: Regularly gather community feedback to understand their
perspectives and any concerns about the project's impact on their environment.

Documentation and Reporting

. Progress Reports: Keep detailed records of field and laboratory observations,
community feedback and environmental data. Provide regular updates to
stakeholders and funders to document successes, challenges and lessons
learned.

. Knowledge Dissemination: Share findings through presentations, publications
and collaborations with other malaria control organisations and public health
stakeholders.

Impact

The proposal, "Utilising Fish as Malaria Defenders," could have significant impacts
across several key areas, making it a promising addition to current malaria control
strategies. Here are the primary anticipated impacts:

Reduction in Malaria Transmission: By introducing predatory fish that consume
mosquito larvae, the project directly targets the mosquito population at its source. This
reduction in mosquito numbers could decrease malaria transmission rates in affected
communities, contributing to overall public health improvements.

Eco-Friendly Disease Control: Unlike insecticides, which can lead to environmental
pollution and resistance in mosquito populations, this biological control method
minimises chemical use. The project leverages natural ecosystem dynamics, promoting a
sustainable, chemical-free approach to disease management that is less disruptive to
local flora and fauna.
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Increased Community Engagement and Ownership: By involving community members
in monitoring and data collection, the project fosters local ownership and understanding
of disease control methods. Educational programmes and community workshops can
increase awareness, empower communities and improve long-term acceptance and
maintenance of these fish-based interventions.

Support for Gender Equality: The project emphasises inclusive involvement,
encouraging both men and women to participate in decision-making and project
implementation. Gender-sensitive training and roles in the project could help break down
barriers and empower women, fostering more equitable access to resources and
leadership opportunities within the community.

Identification of Optimal Species for Mosquito Control: By evaluating the predation
rates of different fish species on mosquito larvae, the study can identify the most effective
species for reducing mosquito populations. These data will be valuable for future malaria
control initiatives, potentially guiding the selection of fish species best suited to various
ecological settings.

Positive Environmental Impact and Biodiversity Preservation: The project carefully
considers environmental compatibility by choosing fish species with minimal disruption to
local ecosystems. Using native or low-impact species reduces the risk of invasive species
introduction, protecting biodiversity and maintaining ecological balance in malaria-
endemic waterbodies.

Innovation in Malaria Research and Control: This proposal adds to the body of malaria
research by exploring novel biological methods, expanding the toolkit of malaria control
strategies. lts success could pave the way for more nature-based solutions in disease
control, potentially inspiring other research initiatives focused on leveraging natural
predators in public health efforts.

Hosting institution

Council for Scientific and Industrial Research - Biomedical and Public Health Research
Unit

Ethics and security

Ethical Approach: Engaging local communities is essential. The project requires
informed consent from households and community members in malaria-endemic areas,
especially where fish are introduced to water sources near homes.

Implementation: Educate community members on the purpose, benefits and methods of
the project to foster transparency and trust. Collaborate with community leaders to
address local concerns and integrate traditional knowledge.
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Security Concern: Introducing fish into ecosystems could inadvertently harm local
species or create imbalances if not properly managed.

Mitigation: The project emphasises using native or non-invasive fish species and
ecological assessments will be conducted throughout to monitor any potential negative
impacts on biodiversity.

Conflicts of interest

The authors have declared that no competing interests exist.
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