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ABSTRACT
This study investigated the density and distribution of cockroaches within three selected communities of Usmanu Danfodiyo University, Sokoto (UDUS): Gidan Yunfa, Kwalkwalawa, and Shama. The research aimed to determine variations in cockroach population levels across the locations and identify environmental factors that may influence their distribution. Descriptive survey research design was adopted, and samples were collected using standardized trapping and visual inspection methods. Data were analyzed to compare species occurrence, population density, and spatial distribution patterns across the communities. Findings revealed notable differences in cockroach density among the three areas, with Shama recording the highest infestation level, followed by Kwalkwalawa and Gidan Yunfa with the lowest. Variations in human activity, waste disposal practices, and housing conditions were identified as contributing factors to the observed patterns. The study concludes that cockroach infestation within UDUS communities is influenced by environmental hygiene and structural characteristics of the locations. It recommends improved sanitation, effective waste management, and regular pest control measures to reduce cockroach populations and associated health risks.	
viii
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[bookmark: _Toc214373382][bookmark: _Toc214373492][bookmark: _Toc215564935]1.1 Background of the Study
Cockroaches, though ancient in evolutionary terms, remain some of the most persistent and adaptive pests in human environments today. Found in nearly every region of the world, these insects have learned to survive under a wide range of environmental conditions. In tropical countries like Nigeria, the warmth, humidity, and increasing urbanization have created ideal conditions for cockroach proliferation (Adedoyin et al., 2020). Their remarkable ability to inhabit human dwellings especially kitchens, bathrooms, sewage systems, and even academic institutions has made them an object of growing concern among environmental health scientists.
What makes cockroaches a grave concern is not merely their unpleasant appearance or stealthy behavior, but their documented role in the mechanical transmission of pathogens. They are known carriers of bacteria like Escherichia coli, Salmonella, and Staphylococcus aureus; parasitic worms such as Ascaris lumbricoides; and allergens that exacerbate asthma, especially in children (Oothuman et al., 2016; Nwankwo et al., 2022). Their potential to contaminate food, utensils, and surfaces makes them a significant threat in both homes and institutional settings such as hospitals and universities.
In the context of Nigeria, the issue of pest control and sanitation remains a significant challenge in many communities and institutions. Several studies have shown that urban and peri-urban areas in Nigerian cities are hotspots for cockroach infestation due to overcrowding, poor waste management, and limited awareness of public health risks. For instance, research conducted in Lagos and Calabar found that cockroach populations were most abundant in areas where domestic and commercial waste was poorly managed (Okonkwo et al., 2019). In particular, higher institutions such as universities with their densely populated dormitories, lecture halls, and cafeterias provide ample food sources and shelter for cockroach proliferation.
Usmanu Danfodiyo University, Sokoto (UDUS), located in the semi-arid region of northern Nigeria, represents a unique ecological and socio-cultural setting for the study of cockroach distribution. While the arid climate may seem unfavorable, human activities such as poor sanitary practices, overcrowding, and insufficient pest control efforts create a conducive microclimate within the university communities for cockroach survival and reproduction. However, despite anecdotal reports from students and staff about cockroach nuisances, little to no scientific research has been conducted on the actual density and species distribution of these insects within UDUS.
Therefore, this study aims to assess and document the density and distribution of cockroaches in three selected communities within the university. Such a study is not only relevant for pest control management but also serves as a preventive step towards mitigating the public health risks posed by these ubiquitous pests.
[bookmark: _Toc214373383][bookmark: _Toc214373493][bookmark: _Toc215564936]1.2 Statement of the Research Problem
The presence of cockroaches in human environments has long been associated with poor sanitation and health risks. Yet, they continue to thrive in many urban and semi-urban locations, including universities. The problem becomes more complex in institutional settings like UDUS, where waste disposal is inconsistent, and student residential halls are often overcrowded with minimal pest control initiatives. Despite numerous complaints from students about cockroach infestations, there is no empirical data or documented study that assesses their actual presence, population density, and distribution within the campus.
In the absence of this data, interventions tend to be generalized or delayed, and health risks persist. Furthermore, while students and staff frequently encounter cockroaches in bathrooms, kitchens, hostel rooms, and lecture halls, there is no clarity on which species dominate these communities, which areas are most affected, and what factors contribute to their infestation.
Without this baseline data, UDUS may continue to suffer silent public health threats, such as food contamination and disease outbreaks, while also impacting the quality of life and academic productivity of students. This study, therefore, seeks to bridge this critical gap in knowledge and propose evidence-based recommendations for improving environmental health and pest management on campus.
[bookmark: _Toc214373384][bookmark: _Toc214373494][bookmark: _Toc215564937]1.3 Objectives of the Study
Aim:
To assess the density and distribution of cockroaches in three different communities within Usmanu Danfodiyo University, Sokoto.
Objectives:
1. To identify the species of cockroaches present in each selected community within UDUS.
2. To determine the population density of cockroach species across the three communities.
3. To analyze environmental and sanitary factors influencing cockroach distribution in the selected areas.
4. To evaluate the impact of community cleanliness, infrastructure, and human behavior on cockroach infestation.
5. To recommend effective, sustainable, and practical pest management strategies for university communities.
[bookmark: _Toc214373385][bookmark: _Toc214373495][bookmark: _Toc215564938]1.4 Research Questions
1. What are the species of cockroaches identified in the selected communities of UDUS?
2. How does cockroach density vary across the three communities?
3. What environmental or sanitary conditions contribute to cockroach prevalence in each area?
4. How do residents’ behaviors and waste management practices influence cockroach infestation?
5. What control measures can be proposed to reduce cockroach infestations in UDUS communities?
[bookmark: _Toc214373386][bookmark: _Toc214373496][bookmark: _Toc215564939]1.5 Significance of the Study
This research is significant for several reasons. Firstly, it will serve as the first documented scientific investigation into cockroach density and distribution in UDUS. By identifying the species and pinpointing infestation hotspots, the study can provide practical information to health officers, campus administrators, and environmental managers.
Secondly, the study contributes to the broader understanding of urban pest ecology in northern Nigeria. Unlike the southern regions where more studies have been conducted, northern Nigerian cities have received less scholarly attention in pest-related public health research. This study helps bridge that gap and offers insights into pest behavior in arid-to-semi-arid regions.
Thirdly, the study has direct implications for students’ health, especially those living in hostels. As cockroach infestations are known to worsen asthma and allergies and increase the risk of foodborne illnesses, the research can inform policies and awareness campaigns on sanitation and hygiene among students.
Lastly, findings from this study could be used to influence university budgeting and planning—specifically in pest control, sanitation infrastructure, and environmental education.
[bookmark: _Toc214373387][bookmark: _Toc214373497][bookmark: _Toc215564940]1.6 Scope and Delimitation of the Study
The scope of this research is limited to three selected communities within Usmanu Danfodiyo University, Sokoto. These communities may include Gidan yunfa, kwalkwalawa, and shama.The study will involve physical collection of cockroach specimens, identification using standard entomological methods, and statistical analysis of population density. Delimitations of the study include:
The exclusion of off-campus residential areas where some students may live. Seasonal constraints, as the study will be conducted over a defined period that may not capture all climatic variations. The study will not assess the economic cost of infestations or the effectiveness of specific chemical or biological control methods.
[bookmark: _Toc214373388][bookmark: _Toc214373498]

[bookmark: _Toc215564941]1.7 Operational Definitions of Key Terms
Cockroach Density: Refers to the number of cockroach individuals per unit area within a particular community.
Distribution: The geographical or spatial spread of cockroach populations across different parts of the university.
Species Composition: The different types or classifications of cockroach species present within the study area.
Infestation: A condition in which cockroaches are present in high numbers, causing health or sanitation problems.
Public Health Risk: The potential for harm or disease transmission resulting from cockroach presence in human environments.
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CHAPTER TWO
[bookmark: _Toc214373390][bookmark: _Toc214373500][bookmark: _Toc215564943]2.0 				 LITERATURE REVIEW
In entomological research, density refers to the number of individuals of a particular species per unit area, while distribution denotes how individuals are spatially arranged within a given habitat (Smith and Whitman, 2018). Understanding these concepts is crucial for assessing the infestation levels and environmental preferences of cockroach species.
[bookmark: _Toc214373391][bookmark: _Toc214373501][bookmark: _Toc215564944]2.1 Cockroaches
Cockroaches belong to the order Blattodea and are considered one of the most primitive and resilient groups of insects. They thrive in diverse environments and are known for their adaptability to anthropogenic habitats (Cornwell, 2020). Out of the approximately 4,500 species identified globally, only about 30 are associated with human environments, and of these, fewer than 10 are commonly found in households (Rust et al., 2021).
Cockroaches are widely recognized as synanthropic organisms, meaning they thrive in environments heavily influenced by human activities (Schal and Hamilton, 2019). In the context of urban ecology, cockroaches are significant not merely as pests, but as organisms that reflect the ecological dynamics of densely populated human settlements. Urban areas provide a favorable environment for cockroach populations due to the abundance of food waste, moisture, warmth, and shelter all critical elements for their survival and reproduction (Rust et al., 2018). Common urban structures such as residential buildings, market stalls, restaurants, and waste collection points offer ideal breeding grounds for these insects.
Cockroaches have adapted remarkably well to urban life. Their ability to hide in cracks, crevices, sewers, and behind household appliances makes them particularly challenging to eradicate. This adaptive behavior contributes to their role as bioindicators of unsanitary living conditions. High cockroach densities often signal poor waste management, inadequate sanitation infrastructure, and ineffective pest control practices in urban communities (Akinjogunla and Eghafona, 2010). Their persistence and widespread occurrence in cities make them valuable indicators for assessing the environmental health and hygiene standards of human habitats.
In addition to their ecological significance, cockroaches pose substantial public health risks. Studies have shown that cockroaches act as mechanical vectors for a wide range of pathogens, including bacteria (Escherichia coli, Salmonella spp., Staphylococcus aureus), fungi (Candida albicans, Aspergillus spp.), and intestinal parasites (Ascaris lumbricoides, Entamoeba histolytica) (Tatfeng et al., 2005; Sosan et al., 2019). These pathogens are carried on the exoskeleton and in the digestive tracts of cockroaches and can be transmitted to humans via contaminated food, utensils, or surfaces.
Urban environments also exhibit variability in cockroach species composition and density, often influenced by socioeconomic and infrastructural differences between neighborhoods. For instance, densely populated and low-income communities tend to report higher levels of infestation compared to well-planned, better-serviced areas. This variation provides useful data for urban ecologists and public health officials when designing targeted pest management and environmental health interventions (Abba et al., 2020).
Overall, in urban ecological studies, cockroaches are increasingly viewed as both nuisance pests and ecological indicators, whose presence reflects broader challenges in urban planning, waste management, and public health. Their study in academic settings, such as universities, contributes to understanding how microenvironments within cities influence the survival and distribution of synanthropic species.
[bookmark: _Toc214373392][bookmark: _Toc214373502][bookmark: _Toc215564945]2.2 Classification and Species of Cockroaches
Cockroaches belong to the order Blattodea, a group of insects that has existed for over 300 million years, making them one of the most ancient and adaptable insect groups known to science (Bell and Adiyodi, 2022). They are classified into over 4,600 species worldwide, although only a small fraction of these are considered pests in human environments (Bell and Adiyodi, 2022). Their classification is primarily based on morphological, physiological, and behavioral traits, which differ according to species and environmental conditions.
[bookmark: _Toc214373011][bookmark: _Toc214373393][bookmark: _Toc214373503][bookmark: _Toc214374094]

Fig 1: Classification of Cockroaches
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Cockroaches that thrive in human environments particularly in urban and tropical regions are of significant interest in medical and urban entomology due to their resilience, ecological adaptability, and potential as mechanical vectors of disease.
Common Species in Tropical Environments
In tropical and subtropical environments such as Nigeria, a few cockroach species dominate both residential and institutional settings. The most commonly encountered species include:
1. Periplaneta americana (American cockroach): This is one of the largest pest cockroach species, typically measuring between 35 and 40 mm in length. It prefers warm, moist environments and is often found in drainage systems, basements, toilets, and food storage areas.
2. Blattella germanica (German cockroach): A smaller species (13–16 mm), it is light brown with two dark longitudinal stripes on the pronotum. It is highly reproductive and often found in kitchens, dormitories, and areas with food debris.
3. Blatta orientalis (Oriental cockroach): This species is dark brown or black and slightly larger than B. germanica but smaller than P. americana. It is less mobile, prefers cooler, damp environments, and is commonly found in basements and under sinks.
These three species are not only the most widespread in Nigeria but are also notoriously resistant to chemical control measures, making them persistent pests in both public and private settings (Nasirian, 2019). Their ability to adapt to varied conditions has made them a recurring concern in urban pest management and ecological health studies.
[bookmark: _Toc214373394][bookmark: _Toc214373504][bookmark: _Toc215564946]2.2.1 Life Cycle and Reproduction
Cockroaches undergo incomplete metamorphosis, which includes three developmental stages: egg, nymph, and adult. The reproductive strategy of cockroaches significantly contributes to their success as urban pests (Koehler et al., 2020).. Female cockroaches produce oothecae (egg cases) containing multiple embryos often up to 40 eggs per ootheca depending on the species.
[image: C:\Users\PC\Downloads\Ciclo de Vida de la Cucaracha.png]For instance, Blattella germanica can produce an ootheca every 20 to 25 days, leading to a rapid population build-up, with one female potentially producing up to 400 offspring during her lifespan (Koehler et al., 2020). Nymphs emerge as miniature versions of adults but lack wings and reproductive organs. Through successive molts, they grow into sexually mature adults, a process that may take several weeks to months depending on environmental conditions (Koehler et al., 2020).
[bookmark: _Toc214373013][bookmark: _Toc214373395][bookmark: _Toc214373505][bookmark: _Toc214374096]Fig: Life Cycle of Cockroach
The high reproductive potential, especially in warm and moist environments, enables cockroach populations to increase exponentially if left unchecked. This biological advantage makes them a resilient target for pest control efforts, particularly in densely populated or poorly sanitized environments (Olaitan et al., 2022). Understanding the classification, species composition, morphology, and reproductive biology of cockroaches is essential for devising effective pest surveillance and control strategies. As urban environments like those found in university communities offer ideal conditions for cockroach proliferation, species-level identification provides critical insight into infestation patterns, risk assessments, and environmental health planning.
[bookmark: _Toc214373396][bookmark: _Toc214373506][bookmark: _Toc215564947]2.3 Factors Affecting Cockroach Density and Distribution
The distribution and density of cockroaches in urban and semi-urban environments are influenced by a combination of environmental, structural, climatic, and anthropogenic factors. Understanding these elements is essential for assessing infestation levels and implementing effective pest management strategies, especially in communal settings like universities.
1. Environmental Conditions: Cockroaches are ectothermic organisms that thrive in warm, humid, and nutrient-rich environments. These conditions significantly influence their breeding, development, and survival rates. Studies have shown that environments with temperatures ranging between 25°C and 33°C and relative humidity above 70% are ideal for cockroach proliferation (Olaitan et al., 2022). Moist areas such as kitchens, bathrooms, sewage drains, and waste disposal sites serve as breeding hotspots, particularly when food particles and organic matter are readily available.
2. Sanitation and Human Activities: The role of sanitation and human behavior cannot be overstated in influencing cockroach infestation patterns. Poor waste management practices, such as indiscriminate littering and irregular waste disposal schedules, directly contribute to the presence and multiplication of cockroach populations (Bala and Suleiman, 2018). Additionally, food residues, unwashed dishes, and open food storage in residential and communal kitchens are common sources of attraction for cockroaches.
3. Housing Structures and Infrastructure: The design and condition of housing structures also play a critical role in cockroach distribution. Poorly maintained buildings with structural defects such as cracks, wall voids, leaking pipes, faulty drainage systems, and damp corners offer perfect harborage for cockroaches. These insects are nocturnal and photophobic, preferring dark, undisturbed, and moist locations to hide during the day.
Many African university hostels and academic buildings suffer from aging infrastructure, overcrowding, and inadequate maintenance, which contribute significantly to the presence of cockroaches (Ibrahim and Lawal, 2021). For example, broken tiles, exposed drainage, and damaged ceilings provide not only shelter but also direct pathways for cockroach movement and colonization within and between buildings.
4. Climatic Influence: Climatic conditions, particularly temperature and seasonal variation, have a profound impact on cockroach life cycles. Regions with consistently warm weather, such as Sokoto in Northwestern Nigeria, provide ideal climatic conditions for year-round breeding (Osuala et al., 2017). Unlike temperate regions where cold winters limit cockroach activity, tropical and arid zones experience minimal seasonal disruption, enabling continuous reproduction and sustained population density throughout the year.
[bookmark: _Toc214373397][bookmark: _Toc214373507][bookmark: _Toc215564948]2.4 Cockroach Behavior and Habitat Preference
Cockroach behavior and habitat preferences are central to understanding their persistence and patterns of infestation in human environments. Their adaptive strategies, nocturnal habits, dietary flexibility, and social communication mechanisms enable them to thrive in diverse and often challenging conditions.
1 Nocturnal Activity and Movement Patterns
Cockroaches are primarily exhibiting peak activity during the night when they search for food, water, and mates (Roth and Willis, 2021). During daylight hours, they retreat to be such as cracks, wall voids, under appliances, and behind furniture. This nocturnal habit reduces their exposure to predators and human detection, contributing to their reputation as elusive pests. Their movement patterns at night are often rapid and erratic, facilitated by highly sensitive antennae that detect chemical cues and vibrations. These sensory adaptations help them navigate complex environments in search of resources while avoiding threats. In institutional settings like university hostels and cafeterias, this nocturnal behavior complicates control efforts, as infestations may go unnoticed until populations become significant.
2 Food and Water Sources
Cockroaches are omnivorous scavengers, feeding on a wide variety of organic materials, which significantly contributes to their survival in urban habitats (Dambatta et al., 2020). Their diet includes:
i. Food residues such as crumbs, grease, and spilled liquids.
ii. Organic waste like decaying food scraps and garbage.
iii. Non-food items containing organic matter, such as paper, glue, and soap residues.
Equally important for their survival is access to moisture, which influences their distribution within buildings. Water sources such as sinks, bathrooms, leaking pipes, and damp areas are common habitats due to the high humidity and water availability they provide. Even minimal moisture can sustain cockroach populations, making plumbing leaks and condensation hotspots critical control points. The availability of both food and water in proximity supports continuous reproduction and population growth, especially in communal settings where waste management may be inadequate.
3 Social Structure and Pheromone Use
Cockroaches exhibit complex social behaviors mediated by chemical communication. One of the key mechanisms is the release and detection of aggregation pheromones, chemical signals that attract individuals to congregate in specific microhabitats (Silverman and Bieman, 2018). These pheromones encourage clustering behavior, which offers multiple survival advantages:
i. Enhanced mating opportunities.
ii. Increased moisture retention within groups.
iii. Improved defense against predators.
Aggregation behavior explains why infestations often appear localized but rapidly expand once established. A few individuals detecting a favorable microhabitat can signal others, leading to explosive population increases in those areas. Understanding pheromone-mediated behavior has important implications for pest management, as traps and baits that mimic these chemical cues can effectively lure cockroaches and reduce populations.
[bookmark: _Toc214373398][bookmark: _Toc214373508][bookmark: _Toc215564949]2.5 Health and Ecological Implications of Cockroach Infestation
Cockroach infestations pose significant challenges not only to public health but also to environmental hygiene and emotional well-being. Their presence in residential, institutional, and commercial settings serves as both an indicator and amplifier of poor environmental conditions. This section explores the various health and ecological risks associated with cockroach presence, focusing on disease transmission, allergenic effects, and psychological consequences.
1. Disease Transmission: Cockroaches are known vectors of a wide variety of pathogenic microorganisms, including bacteria, viruses, fungi, and intestinal parasites, which they carry on their exoskeletons, in their saliva, and in their droppings. Through their scavenging activities especially in contaminated environments such as toilets, garbage dumps, and sewers cockroaches pick up disease-causing organisms and transfer them to food preparation surfaces, utensils, and exposed food (Agbodaze and Owusu, 2019). Among the most commonly reported diseases associated with cockroach infestation are:
i. Salmonellosis: caused by Salmonella spp. leading to gastrointestinal distress, fever, and diarrhea.
ii. Typhoid fever: caused by Salmonella typhi, which can be transmitted via cockroach-contaminated surfaces.
iii. Cholera: resulting from the transmission of Vibrio cholerae, especially in unsanitary environments with poor water hygiene.
iv. Dysentery: caused by Shigella spp. and Entamoeba histolytica, leading to severe abdominal cramps and bloody diarrhea.
In several studies conducted in Nigeria and other tropical regions, cockroaches have been found to harbor multiple strains of antibiotic-resistant bacteria, making their role in disease transmission even more concerning. These findings reinforce the need for improved sanitation and pest control in communal settings such as university hostels, dormitories, and food service areas.
2.  Allergenic Reactions: Beyond disease transmission, cockroaches also pose a significant risk to individuals with respiratory conditions and hypersensitive immune systems. The presence of cockroach allergens found in their saliva, feces, shed exoskeletons, and body parts has been scientifically linked to asthma exacerbation and allergic rhinitis, particularly in urban, overcrowded, and poorly ventilated environments (Chew et al., 2020). Children, the elderly, and immunocompromised individuals are particularly vulnerable to cockroach-related allergens. The fine particles from cockroach feces and body fragments become airborne and, when inhaled, can trigger inflammation of the respiratory tract. In school and university environments, this can lead to increased absenteeism, reduced concentration, and academic underperformance among affected students.
Furthermore, studies have shown that consistent exposure to cockroach allergens is a strong predictor of asthma development in children, especially in low-income settings where infestations are more frequent and severe. This elevates the importance of proactive pest management in shared living spaces.
3. Impact on Mental Well-being: The psychological impact of living in a cockroach-infested environment should not be underestimated. Cockroach presence often evokes feelings of disgust, fear, shame, and anxiety, particularly in settings where hygiene is a reflection of personal or institutional responsibility. In residential institutions such as university hostels, the constant sighting or discovery of cockroaches especially at night or around food can significantly degrade the perceived quality of life (Anyanwu et al., 2018). Studies on environmental psychology highlight that pest infestations contribute to chronic stress, sleep disturbances, and emotional distress, particularly among individuals who feel helpless to control the infestation. This psychological burden can compound other academic and social pressures already experienced by students, making pest control not only a public health issue but also a mental health priority. Cockroach infestations carry a triad of implications: they are vectors of serious communicable diseases, they contribute to allergic and asthmatic reactions, and they negatively affect the mental and emotional well-being of residents. These effects are especially pronounced in communal settings like universities, where large numbers of people share facilities under varying standards of hygiene and infrastructure. Therefore, controlling cockroach populations is not only a matter of physical cleanliness but also an essential component of public health management, emotional wellness, and ecological responsibility.
[bookmark: _Toc215564950]2.6 Methodologies in Entomological Surveys
Entomological surveys form the backbone of insect ecology and pest control research, providing insights into species composition, distribution, abundance, and behavioral patterns. In the context of cockroach infestations within human environments such as university communities, selecting appropriate methodologies is critical for collecting reliable, representative, and ethically sound data. This section reviews the standard techniques used in cockroach surveys, highlighting their applicability and limitations.
1. Trapping Techniques: Sticky traps, bait stations, and pitfall traps are among the most widely used tools for assessing cockroach presence and population density. Sticky traps, typically made with adhesive surfaces, are strategically placed near potential hiding spots such as behind furniture, under sinks, and in storage areas. These traps offer a non-invasive, passive sampling method that provides quantitative data on species prevalence and spatial distribution (Ahmad et al., 2019).
Bait stations utilize attractants, often laced with food-based lures or insecticides, to draw cockroaches into confined areas where they can be counted or removed. Pitfall traps, though less commonly used indoors, are effective in open or semi-open spaces. These devices exploit the cockroaches’ nocturnal movement patterns, capturing them as they navigate floor-level spaces. Trapping methods allow for continuous monitoring over several days and can be used to detect trends, such as peak activity periods or infestation hotspots, making them valuable for spatial analysis and behavior studies.
2. Manual and Visual Inspection: Manual collection and visual inspection are essential components of qualitative cockroach surveys. These methods typically involve nighttime surveys using flashlights or headlamps to directly observe cockroaches in their active states. Manual collection can be done using forceps or aspirators to capture live specimens for morphological identification (Uzoma and Maduka, 2020). Visual inspections focus on identifying likely harborage sites such as cracks in walls, under sinks, ceiling voids, and kitchen cabinets. These inspections are particularly useful for identifying early signs of infestation (e.g., droppings, egg cases, or shed skins) and assessing environmental factors that support cockroach survival. While manual inspection provides species-specific data and behavioral observations, it can be labor-intensive and may disturb occupants in shared environments.
3. Use of GPS and GIS in Mapping Distribution: Recent advancements in spatial analysis tools have revolutionized entomological studies. Geographic Information Systems (GIS) and Global Positioning Systems (GPS) are increasingly used to map the spatial distribution of cockroach populations, particularly in complex settings like university campuses or urban neighborhoods.
By assigning georeferenced coordinates to trap sites and infestation zones, researchers can develop heat maps, distribution models, and cluster analyses to identify high-risk areas (Okolie et al., 2021). This spatial visualization aids in understanding patterns of infestation in relation to environmental variables such as sanitation, infrastructure, and human population density. GIS tools also support data-driven decision-making in pest control programs, enabling the deployment of interventions where they are most needed.
4. Ethical Considerations in Field Studies: Conducting entomological surveys in inhabited environments, especially residential or academic institutions, requires strict adherence to ethical standards. Field researchers must consider the privacy, safety, and comfort of human occupants during data collection. Informed consent is essential, especially when entering personal spaces or handling food preparation areas (Aliyu et al., 2022). Ethical guidelines emphasize non-disruptive practices, such as using non-toxic traps, conducting surveys at agreed-upon times, and maintaining confidentiality in data reporting. Researchers are also expected to educate participants on the purpose of the study and potential benefits, including recommendations for improved sanitation and pest control.
Additionally, ethical considerations extend to humane treatment of insect specimens, especially in cases where live trapping is involved. Researchers are encouraged to follow institutional or national protocols for the ethical handling and disposal of captured specimens. Effective entomological survey methods are integral to understanding cockroach behavior, distribution, and infestation dynamics. By combining passive (trapping) and active (manual inspection) techniques with spatial mapping tools and ethical field practices, researchers can collect robust data that informs targeted pest control strategies. The methodologies reviewed in this section provide a framework for scientifically sound and socially responsible field studies within communal institutions such as universities.
[bookmark: _Toc214373399][bookmark: _Toc214373509][bookmark: _Toc215564951]2.7 Empirical Studies on Cockroach Distribution
Empirical research on cockroach infestation patterns has provided valuable insights into species prevalence, distribution density, and the environmental and anthropogenic factors influencing their spread. These studies have contributed significantly to pest control strategies and public health interventions in both institutional and urban environments.
1. Studies from Nigerian University Environments
Several studies have investigated cockroach infestations in Nigerian tertiary institutions, underscoring the relevance of this problem in communal living spaces such as university hostels and cafeterias. For instance, Bello et al. (2018) conducted a survey on cockroach infestation in student hostels at Bayero University, Kano, where infestation rates reached up to 87%, primarily attributed to poor sanitation and overcrowded rooms. Similarly, Yusuf and Garba (2020) examined cockroach prevalence at Ahmadu Bello University, Zaria, and reported widespread infestation in kitchens, toilets, and student dormitories, with Blattella germanica and Periplaneta americana identified as the dominant species.
These findings are particularly relevant to the current study at Usmanu Danfodiyo University, Sokoto (UDUS), as they highlight the vulnerability of Nigerian university environments to cockroach infestation due to shared facilities, weak sanitation practices, and aging infrastructure. Moreover, the identification of species and their preferred habitats in these studies informs the methodological design of the present research, which similarly focuses on density, species composition, and ecological factors within a university setting.
2. Comparative Global Perspectives
Beyond Nigeria, international studies provide a comparative lens through which cockroach infestation dynamics can be analyzed. In Egypt, Hassan et al. (2017) reported that Periplaneta americana was the most frequently encountered species in public buildings, especially those with poor ventilation and improper waste disposal. The study emphasized the role of climate and infrastructural conditions in shaping cockroach population density. In Brazil, Silva et al. (2021) explored the correlation between refuse management practices and cockroach density in urban neighborhoods, finding that households with irregular waste disposal experienced significantly higher infestation rates.
These global findings reinforce the ecological patterns observed in Nigerian contexts and demonstrate that cockroach infestations are not confined to any one region, but are instead shaped by environmental hygiene, structural integrity, and human behavior. As such, they validate the need for localized studies such as the one proposed for UDUS, which will contribute to the global body of knowledge while offering context-specific solutions.
3. Gaps in Literature Regarding UDUS Communities
Despite the relevance of this issue, there is a noticeable paucity of empirical studies specifically focused on cockroach distribution within Usmanu Danfodiyo University, Sokoto (UDUS). Most existing studies have focused on broader environmental health concerns in Northwestern Nigeria, without detailed assessments of arthropod vectors within academic institutions. This gap presents a significant limitation in the formulation of effective pest control and hygiene policies tailored to the university’s unique environmental and infrastructural context.
The current study, therefore, addresses a critical research gap by investigating the density, species composition, and distribution patterns of cockroaches within three selected communities in UDUS. By building on previous empirical findings and extending the focus to a new geographical and institutional context, this research contributes original data that can support campus-wide pest management strategies, public health campaigns, and ecological risk assessments.
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The theoretical framework guiding this study integrates ecological and behavioral theories that help explain the spatial distribution, density, and adaptive success of cockroach populations in urbanized, human-inhabited environments such as university communities. This section draws on Niche Theory, the Urban Ecology Model, and principles from Behavioral Ecology to provide a multidimensional understanding of cockroach ecology within the context of UDUS.
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Originally proposed by G. Evelyn Hutchinson (1957), Niche Theory posits that each species occupies a specific niche defined by its environmental requirements, resource use, and interactions with biotic and abiotic factors. Within this theoretical lens, cockroaches are understood as generalist organisms that have successfully adapted to exploit a wide range of ecological conditions within anthropogenic environments.
Their ability to inhabit kitchens, toilets, drainage areas, and hidden crevices reflects the flexibility of their ecological niche, particularly in terms of food availability, moisture, temperature, and shelter. In the context of this study, niche theory provides a foundation for analyzing how cockroach species distribute themselves across different community environments within UDUS based on local habitat suitability. The variations in infestation levels among the three selected communities can therefore be interpreted as expressions of niche optimization under varying environmental pressures.
[bookmark: _Toc214373402][bookmark: _Toc214373512][bookmark: _Toc215564954]2.8.2 Urban Ecology Model
The Urban Ecology Model views urban areas as complex ecosystems shaped by the interactions between human populations, infrastructure, waste generation, and environmental management practices (Pickett et al., 2011). This model is highly relevant to the present study as it situates cockroach infestations within the broader context of urban environmental degradation.
Inadequate sanitation, structural neglect, overcrowded housing, and inefficient waste disposal systems commonly observed in university hostels and public facilities are seen not only as contributors to infestation but as integral parts of the ecological system that support pest persistence. By applying this model, the study emphasizes the role of human-induced environmental conditions in shaping cockroach density and distribution. Thus, the infestation is interpreted not solely as a biological phenomenon, but also as a consequence of urban environmental mismanagement.
[bookmark: _Toc215564955]2.8.3 Behavioral Ecology
Behavioral Ecology, as conceptualized by West-Eberhard (2003), focuses on the adaptive behaviors that organisms evolve in response to environmental challenges, with an emphasis on survival and reproductive success. Cockroaches exhibit a number of behavioral adaptations including nocturnality, high reproductive output, aggregation through pheromones, and rapid dispersal which enable them to persist in hostile and variable environments.
In relation to the present study, behavioral ecology helps explain why cockroach infestations are difficult to eliminate once established. Their tendency to cluster in dark, humid locations, coupled with high fecundity and chemical communication, leads to rapid colonization of favorable habitats. These behaviors are not random but are evolutionary responses to human-influenced environments, particularly in areas with intermittent food and moisture availability.
This theoretical lens is critical for understanding infestation dynamics and for interpreting data related to trap catches, species diversity, and observed movement patterns in the field.
[bookmark: _Toc214373403][bookmark: _Toc214373513][bookmark: _Toc215564956]2.9 Summary of Literature Review 
The literature demonstrates a complex interplay of biological, environmental, and socio-cultural factors influencing cockroach density and distribution. While numerous studies affirm the prevalence of cockroach infestations in communal human habitats, specific data on UDUS remains scarce. This study therefore fills a critical gap by mapping the density and distribution of cockroaches across three distinct communities within the university.
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This study adopted a descriptive survey research design aimed at assessing the density and distribution of cockroaches in three selected communities within Usmanu Danfodiyo University, Sokoto (UDUS). The descriptive survey approach is appropriate because it allows for systematic observation, collection, and analysis of data related to cockroach populations, species composition, and environmental factors influencing their distribution. By documenting current infestation levels and patterns, this design provides baseline information necessary for effective pest management interventions.
[bookmark: _Toc214373407][bookmark: _Toc214373517][bookmark: _Toc215564960]3.2 Study Area
The study was conducted in three selected communities within the Usmanu Danfodiyo University, Sokoto (UDUS) campus, namely Gidan Yunfa, Kwalkwalawa, and Shama. These communities were purposively selected to assess the density and distribution of cockroaches, given their differences in human activities, housing structures, sanitation practices, and environmental conditions.
Gidan Yunfa is a relatively small and sparsely populated settlement within the UDUS campus. Most residents live in detached houses with surrounding open spaces. The community is predominantly residential, with limited commercial activities. Poor sanitation and scattered waste disposal points create favorable conditions for cockroach infestation. The layout of the area with its mix of enclosed homes and open areas provides diverse microhabitats for cockroach breeding and movement.
Kwalkwalawa is a moderately dense community located within the campus, featuring a mix of student hostels, staff housing, and small-scale commercial outlets. The community experiences moderate human traffic and regular waste accumulation, which can influence the abundance and spatial distribution of cockroaches. The structured arrangement of buildings and clustered housing units allows for comparative analysis of cockroach density across different environmental setups.
Shama is the largest and most densely populated of the three communities. It is primarily characterized by high residential occupancy, a higher number of student hostels, administrative offices, and commercial facilities. The concentration of human activities, coupled with inconsistent waste management, creates an environment highly conducive to cockroach proliferation. High density, coupled with limited open spaces, affects the distribution patterns of cockroaches, making Shama a key site for understanding infestation hotspots.
The climate of Sokoto, which is typically tropical savannah with distinct wet and dry seasons, further influences the survival, reproduction, and seasonal distribution of cockroaches across the three communities. By selecting Gidan Yunfa, Kwalkwalawa, and Shama, the study captures a range of ecological and socio-economic settings within UDUS, providing a representative framework for analyzing cockroach density and distribution in residential and semi-urban environments.
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A purposive sampling technique was employed to select specific locations within each community where cockroach infestations are likely to occur, such as kitchens, bathrooms, and refuse disposal points. Within these sites, stratified random sampling will be used to ensure representative collection of cockroach specimens from different microhabitats (indoor vs. outdoor, high human activity vs. low activity areas). 
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The researcher, assisted by three trained research assistants, visited the selected communities to administer traps and collect cockroach specimens. Each site will be examined systematically: Traps will be set in strategic locations for 48 hours, after which specimens will be collected, counted, and preserved for identification. 
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Collected data was analyzed using both quantitative Quantitative Data Analysis: Descriptive statistics such as frequency counts, percentages, and mean density per unit area will be used to assess cockroach population density and species distribution. Comparative analysis across the three communities will be performed to identify areas with higher infestation levels.
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[bookmark: _Toc215564966]4.0 Results
The species of cockroach collected from the different location is shown in table 1. The table clearly reveal that a total of 139 cockroach were recorded. The table shows that Shama recorded the highest cockroach density with 41.73% of the total sample, followed by Kwalkwalawa with 30.21%, while Gidan Yunfa had the lowest density (28.06%). This implies that cockroach infestation was highest in Shama, which could be attributed to higher population density, poor sanitation, or proximity to refuse dumps and open drainage systems. The variation in cockroach density across communities suggests that environmental cleanliness and housing patterns influence the level of infestation.
[bookmark: _Toc214373031][bookmark: _Toc214373413][bookmark: _Toc214373523][bookmark: _Toc214374114]Table 4.1: Variation of Cockroach Density Across the Three UDUS Communities
	Community
	Total Number Collected
	Percentage (%)

	Shama
	58
	41.73

	Gidan Yunfa
	39
	28.06

	Kwalkwalawa
	42
	30.21

	Total
	139
	100



[bookmark: _Toc214373032][bookmark: _Toc214373414][bookmark: _Toc214373524][bookmark: _Toc214374115][bookmark: _Toc215564967]Table 4.2: Species of Cockroaches Identified in Selected Communities of UDUS
	S/N
	Species of Cockroach
	Total
	Percentage (%)

	1
	American Cockroach (Periplaneta americana)
	50
	35.97%

	2
	Australian Cockroach (Periplaneta australasiae)
	63
	45.32%

	3
	Oriental Cockroach (Blatta orientalis)
	21
	15.11%

	4
	Brown-banded Cockroach (Supella longipalpa)
	3
	2.16%

	5
	Smoky Brown Cockroach (Periplaneta fuliginosa)
	2
	1.44%

	Total
	
	139
	100%



Periplaneta australasiae (Australian Cockroach) recorded the highest occurrence with 63 individuals, representing 45.32%. This is followed by Periplaneta americana (American Cockroach) with 50 individuals (35.97%). The Blatta orientalis (Oriental Cockroach) recorded preview of (n=21) 15.11%, while Supella longipalpa (Brown-banded Cockroach) and Periplaneta fuliginosa (Smoky Brown Cockroach) were the least with 2.16% (n=3) and 1.44% (n=2) respectively. The interpretation of the data indicates that the Australian Cockroach is the most dominant species across UDUS communities, while the Smoky Brown Cockroach is the least encountered. The result suggests a high adaptability of the Australian Cockroach to the local environmental and sanitary conditions.
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The results of this study revealed significant variation in the density and species distribution of cockroaches across the three Usmanu Danfodiyo University, Sokoto (UDUS) communities Shama, Kwalkwalawa, and Gidan Yunfa. A total of 139 cockroaches were collected, with Shama recording the highest infestation rate (41.73%), followed by Kwalkwalawa (30.21%), while Gidan Yunfa had the lowest (28.06%). The differences in cockroach density across these communities reflect the influence of environmental sanitation, housing structure, and population density on cockroach infestation.
The higher density of cockroaches in Shama may be attributed to poor environmental sanitation, higher human population, and proximity to refuse dumps and open drainage systems. According to Ogedengbe et al. (2019), the abundance of cockroaches in urban areas is closely linked to poor waste disposal practices and the availability of organic matter that serves as food sources. Similarly, Olayemi and Oyeyemi (2016) also observed that inadequate waste management and overcrowding in residential areas create ideal breeding conditions for cockroaches, particularly in student hostels and peri-urban settlements.
The relatively lower density of cockroaches in Gidan Yunfa could be due to improved hygiene practices or better waste management in that community. Service (2012) noted that environmental cleanliness significantly influences insect pest abundance, with cleaner environments discouraging insect habitation. Therefore, these results underscore the importance of community-level sanitation and infrastructural planning in minimizing vector infestation within and around residential areas.
The study identified five species of cockroaches across the three communities, namely:
i. Periplaneta americana (American Cockroach) – 35.97%
ii. Periplaneta australasiae (Australian Cockroach) – 45.32%
iii. Blatta orientalis (Oriental Cockroach) – 15.11%
iv. Supella longipalpa (Brown-banded Cockroach) – 2.16%
v. Periplaneta fuliginosa (Smoky Brown Cockroach) – 1.44%
The Australian Cockroach (Periplaneta australasiae) was found to be the most dominant species, accounting for 45.32% of the total sample. This finding aligns with the reports of Rust et al. (2020) and Schal and Hamilton (2018), who noted that P. australasiae thrives well in warm, humid environments and shows strong adaptability to both indoor and outdoor habitats. The species’ dominance in this study suggests its high ecological fitness and adaptability to local environmental conditions typical of Sokoto’s semi-arid climate.
In contrast, the Smoky Brown Cockroach (Periplaneta fuliginosa) recorded the least occurrence (1.44%), possibly due to its preference for highly humid environments with abundant vegetation, which are relatively scarce in the UDUS setting. Appel and Smith (2002) indicated that P. fuliginosa is less tolerant to dry environments and tends to occur more in forested or coastal regions, which could explain its minimal presence in this study area. The presence of Blatta orientalis and Supella longipalpa in smaller proportions supports earlier studies by Olaniran et al. (2017), which found these species to be less dominant in northern Nigerian environments, where higher temperatures and lower humidity levels reduce their breeding success.
Cockroaches are well-known vectors of various pathogenic microorganisms. They can mechanically transmit bacteria such as Salmonella typhi, Escherichia coli, and Staphylococcus aureus, which cause diseases including typhoid fever, food poisoning, and diarrhea (Pai et al., 2004; Salehzadeh et al., 2007). The high density of cockroaches in the studied UDUS communities, especially Shama and Kwalkwalawa, therefore, poses a public health concern.
World Health Organization (WHO, 2020) emphasizes that cockroach infestations in residential areas increase the risk of gastrointestinal infections, particularly where food handling and sanitation standards are low. Furthermore, cockroach allergens have been implicated in respiratory allergies and asthma among children (Chew et al., 2006). Thus, the observed infestation patterns indicate a potential health burden within the university communities if appropriate vector control measures are not implemented.
The dominance of Periplaneta australasiae also indicates that the species may have successfully adapted to the microclimatic and sanitation conditions of the studied communities. The species’ omnivorous feeding habit and strong dispersal capacity enable it to exploit a wide range of habitats, from waste dumps and kitchens to sewer systems (Robinson, 2005). Its adaptability supports environmental plasticity theory, which posits that species capable of exploiting multiple ecological niches tend to dominate in disturbed or anthropogenic habitats (Begon, Townsend and Harper, 2006).
The results of this study are consistent with findings from other regions of Nigeria and Africa. Adebayo and Ibukun (2018) reported P. australasiae as the most prevalent species in tertiary institutions in southwestern Nigeria, attributing its dominance to high humidity, food residues, and poor waste management. Similarly, Okoh et al. (2021) found that the American Cockroach (P. americana) and Australian Cockroach were the most frequently encountered species in university hostels and cafeterias in Ghana, suggesting similar ecological patterns in West African educational environments.
However, the relatively low number of B. orientalis and S. longipalpa in the current study contrasts with observations from southern Nigeria, where higher rainfall and humidity favor their reproduction (Olawale and Akinlabi, 2019). This supports the view that geoclimatic factors significantly shape cockroach distribution and abundance.
[bookmark: _Toc214373418][bookmark: _Toc214373528][bookmark: _Toc215564971]5.2   Conclusion
The findings of this study have demonstrated that cockroach infestation in UDUS communities is a product of environmental and behavioral factors. The dominance of Periplaneta australasiae (Australian Cockroach) suggests that this species has a high level of adaptability to local environmental conditions. Poor sanitation, irregular waste disposal, open drains, and inadequate hygiene practices create favorable habitats that promote cockroach breeding and survival.
The study concludes that Shama community recorded the highest infestation due to poor environmental management and improper waste disposal, while Gidan Yunfa recorded the lowest due to relatively better sanitation practices. The variation in infestation levels across communities highlights the influence of cleanliness, waste management, and residents’ behavior on pest population.
Hence, effective control and prevention of cockroach infestation within UDUS communities require a coordinated approach involving community education, regular environmental sanitation, proper waste management, and periodic fumigation. Strengthening these areas will not only reduce cockroach populations but also improve public health and environmental quality across the university communities.
[bookmark: _Toc214373419][bookmark: _Toc214373529][bookmark: _Toc215564972]5.3	Recommendations
1. Regular Environmental Sanitation: Community-wide sanitation exercises should be organized periodically to eliminate breeding sites such as open drains, waste dumps, and decaying organic materials that attract cockroaches.
2. Proper Waste Management: Residents should ensure proper waste disposal through the use of covered bins and timely removal of refuse to prevent accumulation of food remnants that attract cockroaches.
3. Routine Fumigation: The university management and local health authorities should carry out regular fumigation in residential areas, especially in Shama and Kwalkwalawa, where infestation is higher.
4. Public Hygiene Education: Awareness programs should be introduced to educate residents on the relationship between environmental hygiene and pest infestation, emphasizing the importance of regular cleaning and good waste handling practices.
5. Repair and Maintenance of Drainage Systems: Open and leaking drains should be repaired or covered to prevent cockroach breeding and movement between households.
6. Community Participation: Residents should be encouraged to take collective responsibility for their environment through neighborhood sanitation groups and participation in waste management initiatives.
7. Further Research: Future studies should investigate the seasonal variation of cockroach species, their potential role as disease vectors, and the effectiveness of eco-friendly control methods compared to chemical fumigation.
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