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Abstract 

 

In Brazil, diseases transmitted by arthropod vectors are considered a serious public health issue, 

particularly in tropical regions characterized by inadequate sanitation and unplanned urbanization. 

The municipality of Pinheiro, in the state of Maranhão, presents environmental conditions favorable 

to the proliferation of these vectors due to its climate and geographic characteristics. This study 

presents the results of a geospatial monitoring effort conducted in the municipality, using GLOBE 

Program guidelines to identify, analyze, and map mosquito breeding sites of epidemiological 

importance.This report aims to present the outcomes of geospatial monitoring of mosquitoes of 

epidemiological relevance carried out in Pinheiro, Maranhão, Brazil, using GLOBE Program 

protocols, with particular emphasis on the Mosquito Habitat Mapper. The study was conducted with 

guided student participation within a citizen science framework, integrating educational activities, 

field surveys, environmental data recording, and spatial analysis of the collected data.The 

methodology was based on the systematic identification of artificial breeding sites, the recording of 

environmental variables, and the georeferencing of monitored locations using the GLOBE Observer 

application. The collected data enabled the construction of thematic maps and heat maps, 

contributing to the visualization of the spatial distribution of breeding sites within the urban 

territory.The results revealed a heterogeneous distribution of mosquito breeding sites, with higher 

concentrations observed in areas characterized by high urban density, accumulation of solid waste, 

and inadequate water storage practices. Spatial analysis demonstrated the presence of critical zones 

for mosquito proliferation, reinforcing the relevance of geospatial tools in supporting environmental 

surveillance and vector control actions. The study highlights the strategic value of integrating 

community participation and scientific education with GLOBE protocols, consolidating this 

approach as an innovative tool for public health surveillance. 
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3. Introduction 

 

The control of arboviral diseases represents one of the most persistent challenges in 

contemporary public health, particularly in tropical regions where urbanization has occurred 

rapidly and unevenly. The spread of Aedes aegypti is not a random event but rather a 

process directly linked to environmental, socioeconomic, and infrastructural factors within 

urban areas. Issues such as inadequate basic sanitation, improper solid waste disposal, and 

unplanned urban occupation create ideal conditions for vector reproduction (Costa & Natal, 

1998; Flauzino et al., 2009; Silva & Machado, 2019). 

 

In the context of the municipality of Pinheiro, located in the Maranhão lowlands, 

these conditions are intensified by the region’s distinctive geographic characteristics. The 

local climate is marked by two well-defined seasons: a period of intense rainfall and a dry or 

low-precipitation season. The landscape is characterized by extensive flooded plains and 

high humidity, typical of tropical environments, which facilitate the persistence of both 

natural and artificial breeding sites for much of the year. This combination of high rainfall 

volumes and flood-prone areas favors the continuity of disease transmission cycles in the 

locality (Ferreira Filho, 2017; Valladares et al., 2019). As highlighted in the academic 

literature, the urban and geographic environment acts as a primary structuring factor in 

mosquito proliferation, making the incidence of diseases such as dengue a direct reflection 

of local social and environmental conditions (Lima-Camara, 2024). 

 

To address this scenario, the use of geoprocessing technologies and spatial analysis 

has become an indispensable tool. These methodologies enable the mapping of disease 

dynamics across territories and the identification of critical areas, thereby supporting more 

targeted surveillance strategies and the efficient allocation of public health resources 

(Cavalcante et al., 2013; Masullo et al., 2011). In this context, citizen science emerges as an 

effective strategy for expanding environmental monitoring efforts. Beyond contributing to 

data collection, it promotes scientific education and empowers community members to 

become active agents in the stewardship of their local environment (Baixo et al., 2021; Silva 

& Witt, 2024). 

 

 

 

 

 



4 
 

4. Materials and Methods 

The primary materials used in this study included mobile devices with access to the 

GLOBE Observer application, specifically the Mosquito Habitat Mapper protocol, electronic 

spreadsheets for data organization, geoprocessing tools for spatial analysis, and field equipment 

for photographic documentation and environmental observation. The use of the application 

enabled standardized data recording and integration into the global GLOBE Program database, 

as described by Baixo et al. (2021). 

Data collection was conducted with the active participation of primary and higher 

education students who had received prior training, characterizing a citizen science approach in 

accordance with GLOBE Program guidelines and studies highlighting the educational and 

scientific value of this methodology (Silva & Witt, 2024). Students were involved in 

environmental site recognition, identification of water-holding containers with breeding 

potential, photographic documentation, and georeferencing of breeding sites. 

Field procedures consisted of the systematic inspection of domestic and peridomestic 

environments, encompassing artificial containers such as tires, bottles, buckets, water storage 

tanks, disposable plastic containers, and other objects commonly found in the urban 

environment. For each identified breeding site, information was recorded regarding container 

type, presence or absence of water, associated environmental conditions, and geographic 

coordinates. 

Following data collection, records were exported from the GLOBE platform and 

organized into electronic spreadsheets. Spatial analysis was subsequently performed, including 

the development of thematic maps and heat maps, enabling visualization of the spatial 

distribution of breeding sites and the identification of areas with higher concentration, in 

accordance with methodologies described by Cavalcante et al. (2013) and Bastos et al. (2019). 

 

Study Area 

 

The study was conducted in the municipality of Pinheiro, Maranhão, Brazil, located in the 

Maranhão Lowlands, a region characterized by extensive floodplains, high rainfall regimes, and 

environmental dynamics strongly influenced by water bodies. The municipality comprises urban 

and peri-urban areas with heterogeneous infrastructure, including sectors with inadequate drainage, 

irregular solid waste collection, and improper household water storage. These characteristics make 

the territory highly conducive to the formation of both artificial and natural mosquito breeding sites. 
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Data Collection 

 

Data collection for this study was conducted in accordance with the Mosquito Habitat 

Mapper protocol, a tool designed to identify and analyze different types of mosquito breeding sites. 

The selection of sampling locations was carried out strategically, based on information provided by 

the Municipal Health Department of Pinheiro. This criterion allowed the prioritization of areas with 

a higher risk of arbovirus vector occurrence within the municipality. 

In total, 39 sites were surveyed in the municipality of Pinheiro during the period from 

September 2024 to March 2025. Based on this monitoring effort, 19 sites were subsequently 

identified as critical areas for vector presence. Field inspections were conducted by students within 

their own communities, where they completed detailed data sheets containing information on the 

type of site surveyed, the nature of the breeding habitat, the material of the container, and the 

presence of larvae and/or adult mosquitoes. When feasible, the mosquito genus was also identified. 

The collected data were organized and categorized according to habitat type, classified as 

artificial, natural, or capture sites. Additionally, records were grouped based on container type and 

local environmental characteristics. This classification enabled a detailed analysis of breeding site 

distribution in the urban environment, integrating geospatial data with field conditions observed in 

the Maranhão lowlands. 

 
 

Figure 2. Study area: representation of 

the municipality of Pinheiro, 

Maranhão, Brazil, and the sampling 

sites. 
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5. Results and Discussion 

 

The data collected during the monitoring period in the municipality of Pinheiro revealed a 

widespread and significant presence of mosquito breeding sites with potential to transmit diseases. A total of 

39 sites were analyzed, showing a substantially higher occurrence of artificial breeding habitats, particularly 

in urban neighborhoods and transition areas. This pattern confirms that urban environments, when subjected 

to intense human modification and characterized by a high availability of water-holding objects, become 

highly favorable for mosquito reproduction. These findings are consistent with previous studies that describe 

mosquito proliferation as a direct consequence of urban expansion and the availability of artificial 

oviposition sites (Costa & Natal, 1998; Flauzino et al., 2009). 

 

The application of the Mosquito Habitat Mapper protocol enabled the identification of multiple types 

of water-holding containers. Among the most frequently observed items in the communities of Pinheiro were 

improperly discarded tires, plastic bottles, packaging materials of various kinds, buckets, and, most notably, 

domestic water storage tanks and cisterns. The selection of 19 sites as critical areas was essential to 

demonstrate that inadequate waste disposal and the need for household water storage are key factors 

explaining the presence of Aedes aegypti in the region (Ferreira Filho, 2017; Valladares et al., 2019). 

Furthermore, the detection of larvae and adult mosquitoes at the same sites over different months suggests 

the persistent activity of breeding foci, indicating that current control measures require reinforcement 

through regular sanitation practices and increased community awareness. 

 

The spatial distribution of breeding sites across Pinheiro was heterogeneous, with higher 

concentrations observed in densely populated neighborhoods lacking adequate basic services, such as proper 

drainage systems and efficient solid waste collection. The heat maps generated in this study highlighted 

critical zones where social vulnerabilities overlap with climatic conditions favorable to mosquito 

proliferation. Regarding taxonomic identification, the study revealed that the genus Aedes showed a 

preference for smaller containers with relatively clean water, whereas Culex mosquitoes were more 

frequently associated with environments containing high levels of organic matter, such as areas near open 

sewage systems. This distinction underscores how deficiencies in sanitation infrastructure in the Maranhão 

lowlands directly influence the composition and abundance of mosquito populations in different locations 

(Cavalcante et al., 2013; Masullo et al., 2011; Lima-Camara, 2024). 

 

Student involvement in the investigative process was a key factor contributing to the success of the 

monitoring activities. Their participation not only expanded the spatial coverage of the survey—reaching 

locations often overlooked by conventional surveillance—but also functioned as an effective scientific 

learning experience. By applying GLOBE Program protocols, students were able to systematically organize 

records and upload data from Pinheiro to a globally accessible platform. This collaborative effort between 

students and researchers contributes to the development of robust databases, which are essential for 

supporting evidence-based decision-making by municipal authorities and public health agencies (Baixo et al., 

2021; Silva & Witt, 2024). 
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Finally, the results reinforce that mosquito control in Pinheiro cannot rely solely on chemical 

interventions or waste removal. The observed scenario highlights the need for an integrated approach that 

combines improvements in urban infrastructure, the use of spatial mapping tools for neighborhood-level 

monitoring, and, most importantly, sustained investment in education. The integration of technological 

mapping with active community engagement emerges as the most effective strategy for reducing disease 

risks and promoting a healthier environment for local populations (Nascimento et al., 2023; Vasconcelos & 

Luna, 2020).5. Results and Discussion 

 

The data collected during the monitoring period in the municipality of Pinheiro revealed a 

widespread and significant presence of mosquito breeding sites with potential to transmit diseases. A total of 

39 sites were analyzed, showing a substantially higher occurrence of artificial breeding habitats, particularly 

in urban neighborhoods and transition areas. This pattern confirms that urban environments, when subjected 

to intense human modification and characterized by a high availability of water-holding objects, become 

highly favorable for mosquito reproduction. These findings are consistent with previous studies that describe 

mosquito proliferation as a direct consequence of urban expansion and the availability of artificial 

oviposition sites (Costa & Natal, 1998; Flauzino et al., 2009). 

 

The application of the Mosquito Habitat Mapper protocol enabled the identification of multiple types 

of water-holding containers. Among the most frequently observed items in the communities of Pinheiro were 

improperly discarded tires, plastic bottles, packaging materials of various kinds, buckets, and, most notably, 

domestic water storage tanks and cisterns. The selection of 19 sites as critical areas was essential to 

demonstrate that inadequate waste disposal and the need for household water storage are key factors 

explaining the presence of Aedes aegypti in the region (Ferreira Filho, 2017; Valladares et al., 2019). 

Furthermore, the detection of larvae and adult mosquitoes at the same sites over different months suggests 

the persistent activity of breeding foci, indicating that current control measures require reinforcement 

through regular sanitation practices and increased community awareness. 

 

The spatial distribution of breeding sites across Pinheiro was heterogeneous, with higher 

concentrations observed in densely populated neighborhoods lacking adequate basic services, such as proper 

drainage systems and efficient solid waste collection. The heat maps generated in this study highlighted 

critical zones where social vulnerabilities overlap with climatic conditions favorable to mosquito 

proliferation. Regarding taxonomic identification, the study revealed that the genus Aedes showed a 

preference for smaller containers with relatively clean water, whereas Culex mosquitoes were more 

frequently associated with environments containing high levels of organic matter, such as areas near open 

sewage systems. This distinction underscores how deficiencies in sanitation infrastructure in the Maranhão 

lowlands directly influence the composition and abundance of mosquito populations in different locations 

(Cavalcante et al., 2013; Masullo et al., 2011; Lima-Camara, 2024). 

 

Student involvement in the investigative process was a key factor contributing to the success of the 
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monitoring activities. Their participation not only expanded the spatial coverage of the survey—reaching 

locations often overlooked by conventional surveillance—but also functioned as an effective scientific 

learning experience. By applying GLOBE Program protocols, students were able to systematically organize 

records and upload data from Pinheiro to a globally accessible platform. This collaborative effort between 

students and researchers contributes to the development of robust databases, which are essential for 

supporting evidence-based decision-making by municipal authorities and public health agencies (Baixo et al., 

2021; Silva & Witt, 2024). 

 

Finally, the results reinforce that mosquito control in Pinheiro cannot rely solely on 

chemical interventions or waste removal. The observed scenario highlights the need for an 

integrated approach that combines improvements in urban infrastructure, the use of spatial mapping 

tools for neighborhood-level monitoring, and, most importantly, sustained investment in education. 

The integration of technological mapping with active community engagement emerges as the most 

effective strategy for reducing disease risks and promoting a healthier environment for local 

populations (Nascimento et al., 2023; Vasconcelos & Luna, 2020). 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Percentage of breeding sites by container type in the municipalities of Pinheiro, 

Maranhão, and São Bento, Maranhão, Brazil. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Percentage of breeding sites by locality type in the municipalities of Pinheiro, Maranhão, 

and São Bento, Maranhão, Brazil. 
 

 

 

 

 

 

 Table 1. Types of containers and indication of the presence of larvae and/or adult arbovirus 

vector mosquitoes 

 

 

Container Type 
Presence of Larvae and/or Adult 

Mosquitoes 

Small pond; tires; bottles; packaging materials Larvae and adult mosquitoes  

 
Water storage tank 
 

 
Larvae 

Packaging materials; PET bottles  
 

Larvae and adult mosquitoes 

Animal drinking troughs; plastic containers; 
swimming pools; tires; buckets 
 

Larvae and adult mosquitoes 

Tires 
 

Larvae and adult mosquitoes 

Flower pots Larvae and adult mosquitoes 
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Figure 5. Containers with mosquito breeding sites in the municipalities of Pinheiro, Maranhão, and 

São Bento, Maranhão, Brazil. 
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5. Conclusion 

The monitoring conducted in the municipality of Pinheiro clearly demonstrated that the 

presence of disease-transmitting mosquitoes is directly associated with environmental conditions and 

population habits within the territory. The high number of artificial breeding sites identified—

particularly containers related to improper solid waste disposal and domestic water storage—confirms 

that urban spaces and peri-urban areas play a central role in mosquito reproduction. This scenario is 

consistent with findings reported in several studies addressing the influence of urban occupation on 

public health (Costa & Natal, 1998; Flauzino et al., 2009; Ferreira Filho, 2017). 

The analysis of the 39 monitored sites, supported by spatial mapping and geolocation tools, 

enabled the identification of 19 critical areas with higher concentrations of breeding sites. These 

locations correspond to zones of greater social vulnerability, where high population density and 

deficiencies in urban infrastructure facilitate the mosquito life cycle. Such results reinforce the 

importance of mapping and geoprocessing technologies as indispensable tools for planning 

surveillance and vector control actions in a more efficient and targeted manner, particularly in 

neighborhoods with greater needs (Cavalcante et al., 2013; Bastos et al., 2019). 

The use of GLOBE Program protocols proved effective in organizing data from Pinheiro in a 

standardized format, allowing local records to be integrated into a broader research database. This 

integration strengthens environmental monitoring efforts and generates valuable scientific information 

for the municipality. Furthermore, citizen science emerged as a key strategy for expanding data 

collection, enabling research activities to reach areas that are often not routinely covered by 

conventional surveillance programs (Baixo et al., 2021; Silva & Witt, 2024). 

Active student participation throughout the research process was one of the most notable 

strengths of the study. Beyond expanding the scope of field inspections, this approach enhanced 

students’ understanding of the relationship between environmental stewardship and community 

health. Such engagement transforms young participants into informed agents and multipliers of good 

practices within their neighborhoods, which is essential for the success of preventive public health 

measures (Nascimento et al., 2023). 

Finally, the results indicate that addressing mosquito-borne diseases in Pinheiro and across the 

Maranhão lowlands requires integrated actions that combine education, basic sanitation services, and 

continuous surveillance. The continuation of projects that integrate technological tools, community 

engagement, and environmental education represents the most reliable pathway to achieving long-

term reduction of breeding sites and safeguarding local population health (Vasconcelos & Luna, 

2020). 
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6. Emblem Descriptions 

 

I Am a GLOBE Researcher 

 

Students from participating schools were actively engaged throughout the study, collecting 

data in their neighborhoods and documenting detailed information on the surveyed sites. The 

research support team was responsible for conducting field surveys, data analysis, and the 

preparation of the results and discussion sections. 

 

I Am an Earth System Scientist 

 

During the execution of field activities, the climate–mosquito relationship was addressed, 

highlighting the climatic variables that optimize the vectors’ life cycle and examining their 

interaction with the local geography of the study area. 

 

 

   I Make an Impact 

 

   The study had a significant societal impact, as students—through data collection, the          

exchange of information provided by the Municipal Health Department, which collaborated in 

selected field activities, and learning about disease-vector mosquitoes—shared this knowledge with 

their families. These family members reported changes in behaviors that could otherwise favor the 

proliferation of these insects. As a result, a positive impact on the community can be observed. 


