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Abstract

Lakes are unique features of the earth and cover approximately
1.8% of the earth’s surface. A good hydrological cycle, a limnology,
and ecosystems can form, while others negatively influence human
life. In semiarid environments, lakes should first be inhospitable to
mosquitoes but conducive to the proliferation of disease vectors.
However, the presence of standing water bodies such as lakes and
ponds creates breeding habitats for mosquitoes that can cause some
handful of diseases to persist. The risk of transmission involves a
complex interplay of factors related to public health, environmental
management, and the community. These diseases pose a significant
threat to public health in various parts of the world, especially in
developing areas with arid and semiarid regions where multiple lakes
coexist from extensive earth and solid mineral exploitation. The
reclamation of mosquito breeding sites is essential for reducing the
risk of mosquito-borne diseases such as malaria, dengue, and Zika
viruses. This study provides an overview of the criticality of and
strategies for reclaiming regions suitable for conducive breeding. A
case study of the geospatial technique and its application to Birnin
Kebbi, Nigeria is presented for additional information.

Keywords: Reclamation, Mosquito eradication, Semiarid
Environments, Climate-Resilient Practices, Technological solutions,
Community Health

1. Introduction

Inhabitants of semiarid regions across the world have long
faced challenges that are posed by scarce water resources, arid
landscapes, and the myriad of environmental intricacies associated
with these unique climatic zones [1]. However, amid the perennial
struggle for water, there is a silent and persistent threat that has
far-reaching health implications with for mosquitoes and malaria
[2]. While semiarid environments may not be synonymous with
prolific mosquito breeding grounds, they are not exempt from
the threat of these disease vectors. Mosquitoes, driven by their
adaptability and resilience, have found niches even in these
seemingly inhospitable regions, rendering the need for knowledge

of ecology and breeding sites imperative for effective reclamation
strategies [3, 4]. The aim of this field is to reconnoiter the intricate
web of factors that contribute to the proliferation of mosquitoes and
malaria infections in semiarid landscapes [5] and, more importantly,
to offer insights into innovative and sustainable approaches to
mitigate this threat [6]. A deeper understanding of why these
regions, though with water scarcity, are not immune to the public
health risks associated with mosquitoes is needed [7]. These
findings resonate with the global commitment to combat mosquito-
borne diseases, which affect millions of people annually. Malaria,
dengue, Zika, and other vector-borne diseases are often associated
with tropical and subtropical climates [8]. On occasion, they have
cast shadow over semiarid landscapes, emphasizing the universal
nature of this challenge. Furthermore, sustainable mosquito control
methods in semiarid environments serve as a microcosm of broader
environmental stewardship and adaptation to changing climatic
conditions [9].

There are strategies for reclaiming mosquito breeding sites
in semiarid environments; these strategies involve multifaceted
procedures, encompassing source reduction [10], biological control
[11], chemical and physical interventions [12], habitat modifications
[13], community engagement [14], and education [15]. Drawing on
real-world case studies and the latest research findings, we offer
pragmatic solutions that strike a harmonious balance between effective
mosquito control and responsible environmental management. In
progression, we need to recognize not only the challenges, but also
the boundless opportunities offered for innovation and collaboration.
Together we navigate the complex terrain of mosquito-borne disease
control, embracing a future where even the driest landscapes can
thrive freely from the incessant whine of these tiny yet intelligent
and formidable foes [14, 16].

Mosquitoes and their control, especially in arid and semiarid regions
are rooted in multifaceted interactions between environmental
factors, public health concerns, and the unique challenges posed
by specific climatic conditions in some regions of the world
[17]. Clinging to semiarid environments as a case study, these
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environments are characterized by scarce water resources and
irregular precipitation patterns [1]. They experience prolonged
dry seasons, and water resources become valuable, creating the
need for artificial storage, and the development of borrow pits for
infrastructural development. These kinds of regions are prone to the

presence of standing water bodies scuh as lakes and ponds, which
experience stagnant and slow water flow [18]. These factors increase
the likelihood of mosquitoes laying their eggs and developing
undisturbed larvae, potentially leading to the risk of malaria

-~

Figure 1. Life cycle of a mosquito (Northeast Massachusetts, Mosquito Control and Wets Management District;
\_ (118R Tenney district Georgetown MA 01833 (978) 352 2800). j

transmission [19].

Vector abundance is influenced by temperature, humidity, vegetation,
temporary water collection and watershed conditions [20]. These
viruses are prolific vectors, that transmit a range of diseases that are
significant to human population health threats, especially to pregnant
women and children [21]. Mosquito-borne diseases not only affect
human health but also extend as a burden to healthcare systems,
disrupt economies, and impede social development in many regions
of the world [22].

There is always a negative relationship between lakes and ponds,
and between human well-being and malaria, a complex vector-
borne disease primarily transmitted through the bite of an infected
female Anopheles mosquito. There have been concerted efforts of
programs across the world to mitigate and control malaria as a silent
killer [23]. Some of the programs considered insecticide-treated bed
nets, indoor residual sprays, and the manufacture of antimalarial
drugs [24]. Furthermore, educational awareness has been created
for prompt medical treatment of symptoms while encouraging
proper environmental management and water body modifications,
such as regular maintenance, and removal of aquatic vegetation and
debris in the environment to minimize conducive breeding habitats
for Anopheles’ mosquitoes, despite that there are variabilities in
geographical locations, and climatic and local conditions [25].

This study aimed to at provide a comprehensive overview of
the challenges and opportunities associated with contending with
mosquitoes. The objectives are as follows:

(a) To provide an overview of the content, and structure of the
challenges and opportunities associated with malaria control.

(b) To clarify the environmental factors that make room for malaria
progress in some regions of the world.

(c) To highlight how to differentiate the diversity of mosquito-borne
diseases and the strategies to combat them.

(d) To identify the dangers posed by allowing mosquitoes to breed in
our neighborhoods and the burden they generate.
(e) To highlight the need for collaborative efforts to eliminate the

threat of malaria worldwide. Real-world case studies of successful
reclamation efforts around the world are presented.

2. Understanding Mosquito Breeding areas in
semiarid Environments

Semiarid regions are characterized by limited water resources
and experience erratic precipitation patterns [26]. Temporary water
stored in containers, tanks and reservoir water bodies is not available
because of the advantages associated with these containers and
tanks [27]. However, these individuals need adequate care, and as a
consequence, mosquito breeding is not encouraged.

Furthermore, unreclaimed mining regions can also contribute
to mosquito breeding and malaria transmission through several
mechanisms. These include water accumulation, poor drainage
[28], ecosystem deterioration [29], water source contamination,
infrastructure development, human movement, and a lack of
reclamation [30]. To mitigate these issues, it is crucial for mining
companies and relevant authorities to implement responsible mining
practices, including proper site reclamation, water management,
and environmental impact assessment. Public health initiatives,
community education, and the use of mosquito control measures can
help reduce the risk of malaria transmission in these areas in the long
run [31, 32].

2.1 Characteristics of semiarid environments and their impact on
mosquito breeding

As previously defined, these regions usually exhibit precipitation
patterns, water scarcity, temperature, and climate, as do common
mosquito species [33]. There are extended periods of aridity and
sporadic rainfall that are sometimes brief or intensive [34]. The
abundance of mosquitoes followed the temporal patterns of rainfall,
storage containers and increased activity during the dry season.
Larvae can develop in any small water storage facility, pupate, and
emerge as adult mosquitos [35].

2.2 Common mosquito species in semiarid regions

There are diverse groups of mosquitoes, as insects adapt to different
environments, the semiarid kinds of mosquitoes are as follows: (a).
Aedes aegypti are common species that cause yellow fever [36].
They are small, dark and white patches on their legs and body and
are good at devastation during the day. This category can also cause
dengue fever and Zika virus. They are commonly urban neighbors;
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(b). Anopheles species [37] are larger and darker in color. They
preferred quiet, fresh, and stagnant water. These monsters are
responsible for malaria transmission and thus pose significant health
risks to people living in environments that habit them. Any temporary
water collection from rainfall is conducive for breeding; (c). Culex
species are medium-sized and brown with unmarked wings. They
have nocturnal feeding habits and are active both at night and day.

This kind of virus transmits the West Nile virus [38]; (d). Culiseta
species [39], are differentiated from culex by the wing venation,
and transmit their disease vectors mostly to animals; (¢). Mansonia
species, are fringed distinctively with comb-like antennae. They are
often associated with aquatic habitats, including slow-moving water
bodies. This type of infection transmits filariasis that affects both
humans and animals [40].

-

Figure 2. Mosquito breeding areas in urban environments (Amos et al., 2020).
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Figure 3. A view of mosquito species from Olagunju (2023).
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3. Source reduction strategies

Source reduction is a fundamental component of integrated mosquito
control programs, aiming to minimize or eliminate mosquito
breeding sites to reduce mosquito populations and the transmission
of mosquito-borne diseases. In semiarid environments, where water
resources are limited and sporadic, source reduction strategies play a
crucial role in mitigating the risk of mosquito breeding [41].

3.1 Identification and elimination of potential breeding sites

First, for resource reduction, the potential regions of mosquito
breeding sites in any environment need to be identified. This includes
searching for regions of stagnant water in natural and artificial
containers, watersheds, abandoned tires, gutters, ditches, etc. This
requires constant and routine inspection schedules, during and after
rains, and educating communities about inspections and how to
minimize the risk of malaria [28].
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3.2 Importance of community engagement in source reduction

Community engagement is needed for successful source reduction
strategies for mosquito control [42]. This involvement empowers
local communities not only to enhance the effectiveness of control
measures but also to foster a sense of ownership and responsibility
among residents. Engagement includes the creation of opportunities
for education on risk associations, knowledge, and awareness of the
categories of mosquito-borne diseases and the need for a reduction in
the mosquito population through the identification of likely breeding
environments [43], as these individuals are more familiar with their
surroundings and could readily identify potential sites for breeding
on their properties. Container management should be performed by
ensuring that storage containers such as tanks, drums, and buckets are
properly covered or sealed, and that the containers are no longer in
use. The swimming pools and decorative ponds were maintained, and
stagnant water was treated with larvicides if necessary. The collective

actions carried out by communities strongly impact building trust,
fostering a cooperative approach to risk and reducing sources [44].

4. Biological Control Methods

There are biological control methods for managing mosquitoes
through the harnessing and development of natural predators and
organisms to regulate mosquito populations [45]. Some of these
approaches are environmentally friendly and can be particularly
effective in reducing the number of mosquito breeding regions. The
following are several methods for carrying out biological control
strategies:

4.1 Introduction to biological control approaches

Biological control methods are among the essential components of
integrated mosquito management systems. Moreover, these methods
are environmentally friendly and sustainable for reducing and

-

\_ Figure 4. Biological approaches to control Mosquito spread. j

mitigating the risk of mosquito-borne diseases.

4.2 The role of native predators and biological agents

Native predators and biological agents have been identified to play
roles in recent past, present, and future efforts to reduce mosquito

populations in different ecosystems [46, 47]. These organisms prey
on larvae and pupae by introducing pathogens that are lethal to
mosquitoes.

-

\_ Figure 5. Biological predators are used to control mosquito spread [47]. j
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5. Chemical Control Methods

There are also methods that use insecticides to target adult
mosquitoes, so that the larvae and breeding habitats are the primary
targets. The strategy adopted includes the following steps: (a) identify
sites and targets that are mostly regions of water collection and pose
risk; (b) an effective larvicide technique should be chosen with a deep
understanding of the safety precautions for the avoidance of incorrect
use; (c) considers every negative influence on the environment.

5.1 Safe and effective use of larvicides

Larvicides are essential tools in mosquito programs and are used
to target breeding habitats. However, absolute precautions are
needed here to avoid runoff into natural water bodies because some
categories of runoff could be harmful to other aquatic organisms [48].
This approach has the capacity to be combined with other techniques
that could reduce or eradicate the mosquito population [49].

-
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Figure 6. Larvicides for mosquito Lavae control (Milugo et al., 2021).
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5.2 Considerations for chemical control in semiarid areas
Chemical application methods are carefully considered, as semiarid

regions are known to have limited water resources and thus are not

at high risk [50]. These regions also exhibit seasonal variations and

environmental sensitivities and require carefulness and community

involvement [51].

6. Physical Control Measures

There are many other methods that use physical modalities, barriers,

or modifications to prevent harmful insects from accessing breeding
sites or for mosquitoes that are part of their host [52]. The techniques
required here must be environmentally friendly and effective
for reducing the population of mosquitoes and the diseases that
accompany them. Some of the physical methods applied include the
use of mosquito normal and insecticide-treated nets (ITNs) [53], and
screens at windows and doors. Drainage provisions have also been
another form of modification at regions of breed [54].

e

Figure 7. Physical methods to reduce malaria incidence (https://www.vdci.net/blog/adult-mosquito-control-best-

\_ practices-ul). j

~

6.1 Modification of water bodies and drainage systems

The environment is altered to discourage stagnant water
accumulation and minimize the risk of mosquito breeding. This can
be carried out through planning, ditch maintenance, improved water
flow, and community participation in the clean-up of the environment
[55].

7. Habitat Modification

This is accomplished through the identification of breeding sites,
prioritization of regions of the human population, planning for the
reduction of breeding factors. Manage regions of vegetation, maintain
aquatic regions, clear ditches and drainages while encouraging
community participation [56].

7.1 Vegetation management and its impact on mosquito breeding

Vegetation provides support and shelter for mosquito breeding, so
that overgrown aquatic plants can create shade and shelter leading
to the formation of stagnated water regions. Therefore, vegetation

management is needed conducive

environments [57].

to discourage breeding

7.2 Strategies for altering water flow in semiarid environments

There is every need for good management of water flow in urban
environments to minimize watersheds and stagnant lakes. The specific
suitable strategy to apply will always depend on the local context,
including factors such as geographical and climatic conditions, water
availability, needs, and community priorities. A combination of these
strategies could be effective if tailored to unique circumstances
for every region. These foster collaborations between government
agencies, local communities, and other stakeholders. Direct activities
can include ditch and drain maintenance, drainage enhancement, and
wetland and water harvesting techniques. Education and community
involvement are multifaceted approaches. Table 1 lists the historical
efforts and future directions for preventing mosquito breeding in
regions prone to water storage.
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Year Historical Strategies Advantages | Limitations | Future
development Directions
1950s Initial methods | Open water storage Reduction Initial cost of | Development of
in containers without of regions of | implanting cost-effective
covers, which created breed advanced and sustainable
limited awareness of technology technologies for
mosquito breeding in water storage
stored water
1970s Awareness and | Introduction of Reduce breed | Dependence | Development of
basic control | larvicides for water and vectors on chemical | cost-effective
treatment, where larvicides and sustainable
increased use of technologies for
covered water storage water storage
containers
1990s Integrated Implementations of Improvement | Limited Integration of
approaches integrated mosquito of community | community climate-resilient
control programs, health awareness practices in
and use of biological and water storage
controls and participations | and mosquito
community education control
2000s Technological | Introduction of Increased Limited Integration of
advancements | mosquito-proof water | well-being community climate-resilient
storage tanks, where awareness practices in
remote sensing and and water storage
GIS for mapping and participations | and mosquito
monitoring water control
sources
2010s Sustainable Rainwater harvesting Enhanced Limited Community
solutions with mosquito-proof water community engagement
design with adoption of | conservation | awareness and education
eco-friendly larvicides and to promote
and biological controls participations | sustainable
water
management
practices
Table 1. Effective strategies and storage management.

J

8. Regular Inspections and Monitoring

To achieve effective water storage and management, regular
inspection and routine monitoring are needed especially in semiarid
regions. To understand the merits of environmental monitoring, real-
world examples of successful mosquito breeding sites and the need
for reclamation in semiarid environments were presented by Amusuk
et al. [30] and Hasyim et al. [58].

9. Challenges and Future Directions

As mosquito-borne diseases continue to pose significant public
health threats, it is important to address the challenges that
mosquitoes bring. Some of these setbacks are as follows: (a) Water
scarcity and balancing water conservation with mosquito control
efforts are challenges; (b) Climate change leads to shifting weather
patterns, including altered rainfall and temperature patterns; (c)
Limited resources constrain adequate funding for training personnel
and purchasing of equipment; (d) Resistance to control measures, as
mosquito populations can develop resistance to insecticides, reducing
the effectiveness of chemical control methods [59] (¢) To maintain
ecological sensitivity, semiarid environments are ecologically fragile
and require careful management; and (f) Socioeconomic factors,
poverty, and limited access to healthcare exacerbate the impact of
mosquito-borne diseases. Vulnerable populations may face additional
challenges in preventing and treating these diseases.

Future directions are viewed with emphasis on the use of sustainable

mosquito control practices that minimize environmental impact and
promote long-term ecological balance. Additionally, climate change
for mosquito control, even under changing climatic conditions, should
be considered, and monitoring should be performed. There are further,
integrated collaborative approaches that combine multiple control
methods and community involvement while making the environment
sustainable. Additionally, research and innovation will continue to
develop in control measures and the use of larvicides, early warning
facilities and public awareness. In the context of mosquito control
and vector-borne disease management, the development of effective
strategies is mandatory. However, the major challenges to address
include water scarcity and seasonal variations, diverse ecosystems,
extreme temperatures, limited resources, and climate change effects.
Other effects include socioeconomic vulnerabilities, vector species
diversity, resistance to control measures, ecological sensitivity,
remote and dispersed populations, and data gaps.

There is development of promising strategies and technological
advancements in research in the future, and some of the areas of
interest include the following: (a) Wolbachia bacterial symbionts,
which can occur as bacteria in mosquito populations. This approach
has the potential to reduce the ability of targets to transmit diseases
such as dengue and Zika; (b) The production of genetically modified
mosquitoes that carry a lethal gene injection and consequently
produce nonviable offspring. However, this technique requires
rigorous safety assessments and community engagement; (c) The
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sterile insect technique involves the mass release of sterilized male
mosquitoes to mate with wild females, reducing the mosquito
population over time. This topic is still under investigation; (d)
The use of GIS and remote sensing where images are acquired,
processed, analyzed, and combined with GIS to identify, monitor and
narrow down areas of search; (e) Climate and disease modeling of
regions with potential outbreaks and proactive control measures; (f).
Friendly sustainable larvicide application while minimizing vector-
borne diseases [60]; (g) Increase community involvement through
the use of mobile apps to improve report functionality, and increase
community-based surveillance; (h) Advances in molecular biology
and diagnostics for accurate and rapid target detection, disease
pathogen identification, and facilitation of control measures; (i)
Research on mobile health technologies is in advance for education,
real-time data collection, storage, communication, and healthcare
provision, even in remote environments; and (j) Development of
diagnostic tools for monitoring insecticide resistance, ecological
restoration, sustained land management, public awareness, and
integrated water resource management promising strategies and
technologies, when implemented with other professionals, improve
sustainability.

10. Conclusions

Mosquito control is a unique challenge worldwide, where some
regions experience water scarcity, climate variability, and risk.
This requires the development and implementation of strategies
that are tailored to public health and environmental sustainability.
Semiarid environments are characterized by limited water resource
supplies, extreme temperatures, diverse ecosystems, and vulnerable
populations. Therefore, the following factors are considered
backdrops for mosquito control: (a) The use of integrated vector
management (IVM) is a cornerstone for effective mosquito control.
This approach engages communities in the fight against mosquito
populations while providing insight into ecological sensitivity, as it
affects the environment; (b) Climate change adaptation has been a
major factor in strategizing on how to address issues of uncertainty
as weather shifting patterns are dynamic; and (c) The promising
emerging technologies includes the use of Wolbachia symbionts,
genetically modified mosquitoes, remote sensing, and molecular
diagnostics. All these findings hold promise for improving the control
of mosquitoes. While the challenges of mosquito control in semiarid
regions are significant, they are insurmountable. With concerted
efforts involving combinations of innovative approaches, community
involvement, and commitment to sustainability, it is possible to
achieve a reduction in the mosquito population and increase the well-
being of people living in these dynamic and fragile environments.
All these factors not only are health problem oriented but also can
promote harmony between human health and the environment.

Competing Interest: The author(s) declare that they have no
competing interests.
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