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Abstract— Urbanization is rapidly altering ecosystems worldwide, presenting both challenges and opportunities for biodiversity 

conservation. Birds of prey, as top predators and indicators of environmental health, are particularly sensitive to anthropogenic 

disturbances. This study investigates Urbanization and its impact on birds of prey in the Makurdi metropolis of Benue State, 

Nigeria, across several categories of land usage. The Timed Species Count technique was applied across various urban land-use 

types, including Highways, Residential areas, Tertiary institutions, Commercial centers, and the Airport. Diversity among avian 

species was assessed by means of the Shannon Diversity Index, Simpson's Index, Gini-Simpson Diversity Index, and Pielou's 

Evenness Index. Results indicate the occurrence of various, raptor species including the Lizard Buzzard, Black Kite, Marsh 

Harrier, African Goshawk, and Pearl Spotted Owlet. The Black Kite was the most abundant species, with the airport exhibiting 

the highest abundance of birds of prey. Infrastructure such as masts, electric poles, and rooftops were utilized by these birds for 

perching while tree species were used for nesting. Diversity indices varied across different land-use types, suggesting habitat-

specific preferences among bird of prey species. It highlights the adaptability of some bird of prey species to urban 

environments, likely due to the availability of resources and nesting habitats. Although urbanization poses threats to 

biodiversity, birds of prey create new habitats within urban landscapes, contributing to their resilience. Understanding species 

habitat behavior is crucial for effective habitat management, conservation, and ecosystem preservation in the face of 

environmental changes. Urbanization influences the spatial arrangement and population size of raptors, with some species 

thriving in urban environments. The study underscores the importance of green spaces and noise levels in urban areas for avian 

diversity. Recommendations include the conservation of green areas and the implementation of measures to mitigate 

anthropogenic impacts on bird of prey populations. 
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1. Introduction  
 

Urban ecosystems are playing a bigger role in influencing 

ecological processes as cities spread throughout the world. 

Urbanization is the most irreversible of all anthropogenic 

disturbances [28-29,34]. While urbanization significantly 

reduces biodiversity, many fauna species that are reliant on 

the unique features of the urban environment might find new 

homes and food supplies in urban and peri-urban areas. An 

extinction crisis has resulted from human activity's 

acceleration of biodiversity loss worldwide [5]. Many species 

are declining along with the number of extinctions, which 

raises the possibility that biodiversity losses could impair 

ecosystem services and have an impact on human well-being 

[1,35]. The dramatic fall in vulture populations over the 

Indian subcontinent after diclofenac was prescribed as a cattle 

medication in the 1990s [17], and the rise in rabies cases in 

humans and feral dog populations that followed [13] are now 

a well-known illustration of the dangers of species extinction. 

In addition to the well-researched ecosystem services offered 

by scavengers and predators [18], raptors, such as hawks, 

harriers, kites, eagles, falcons, owls, and vultures, can shape 

biological communities and serve as cultural emblems. They 

are also markers of biodiversity and environmental health [9]. 

Raptors are more vulnerable to manmade risks and extinction 

than most other bird species because of their high trophic 

level and relatively delayed life history [30]. Finally, because 

they can be hard to spot and occur at low population 

densities, raptors are more challenging to monitor than most 

other birds. Raptors are at risk from a variety of factors, such 

as habitat loss or alteration, deliberate killing [4], purposeful 

and accidental poisoning [11], electrocution [15], and climate 

change [12]. Laws have been put in place in many nations 

and areas to shield birds including raptors from these dangers. 

Certain laws, like the Bald and Golden Eagle Protection Act 

(1940) in the United States, are especially intended to protect 

raptor species. To reduce raptor mortality, best practices and 

designated habitats have been designed specifically for 
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raptors [7-8]. In accordance with the United Nations 

Convention on the Conservation of Migratory Species of 

Wild Animals (CMS), raptors that migrate throughout Africa 

and Eurasia are protected by the Memorandum of 

Understanding on the Conservation of Migratory Birds of 

Prey in Africa and Eurasia, or the "Raptors MoU," a legally 

non-binding international agreement.Raptors, sometimes 

known as birds of prey, are bird species that mostly hunt and 

consume vertebrates that are enormous in comparison to the 

hunters [2]. They also have powerful, curved beaks for 

shredding flesh, muscular feet with talons for grabbing or 

killing prey, and good eyesight for spotting food from a 

distance or while flying. They are a crucial instrument for 

concentrating conservation efforts on a local, regional, and 

international level. Even in far-flung places, raptor 

distribution or abundance changes can be used to gauge 

human influence on the environment. A greater diversity of 

bird species—which serve as prey for numerous raptor 

species—may be encouraged by urban and suburban 

environments. The fact that these urban areas may have 

higher bird and rodent numbers than the native habitats of the 

area could result in a net higher biomass of potential prey 

items for raptors, which may be more significant for raptors 

than species richness. Several raptor species seem to actively 

seek out urban areas [19]. The Mississippi Kite (Ictinia 

mississippiensis), Merlin (Falco columbarius), Cooper's 

Hawk (Accipiter cooperii), Sharp-shinned Hawk (Accipiter 

striatus), Eurasian Kestrel (Falco tinnunculus), and Eastern 

Screech Owl (Megascops asio) are just a few of the more 

than 25 species that have been documented to reside and 

breed in cities [31]. These species might occasionally be 

found in cities rather than their native environments. The 

most well-known example is the Peregrine Falcon (Falco 

peregrinus), which is most commonly known in many areas 

for being a raptor that lives in cities. These kinds of species 

usually do well in cities because they have plenty of food and 

habitat, are not subject to persecution or natural predators, 

and can flourish there. As more and more cases of raptors 

such as the Crested Goshawk (Accipiter trivirgatus), 

Crowned Eagle (Stephanoaetus coronatus), Northern 

Goshawk (Accipiter gentilis), Eurasian Sparrowhawk 

(Accipiter nisus), and Black Sparrowhawk (Accipiter 

melanoleucus) are reported, the trend of raptors colonizing 

urban areas is increasing [14]. On the other hand, a large 

number of other raptors are more susceptible to the negative 

effects of urbanization and are predicted to decrease as a 

result of things like electrocution, collisions with windows or 

cars, predation by domesticated animals, a lack of adequate 

prey or habitat, persecution, and poisoning. Even for those 

species that do not appear to be at risk, cities may present 

more subtle physiological concerns to raptors, effectively in 

city settings. Even in the face of biodiversity challenges, 

urban environments might be a good place for raptors to set 

up shop. Sufficient food sources and adequate nesting habitat 

are essential for the survival of many raptor species, and 

urban and suburban settings provide both in large quantities. 

We must study entire populations of raptors to comprehend 

how they react to changing environmental conditions and 

stressors. More attention is also necessary given their 

declining numbers and economic connections.[32] This study 

intends to identify the human structures that are utilized by 

raptors and explore the quantity, distribution, and effects of 

urbanization on raptors in Makurdi metropolises across 

various land-use types. 

 

2. Related Work  
 

To comprehend how urbanization affects prey species' 

habitats, behaviours, and populations, Ref [24] examined how 

urbanization affects different bird species globally. They 

examined the distribution and abundance of raptors in urban 

regions, as well as the major variables influencing the success 

or failure of raptors in urban settings. They also analysed how 

successfully conservation initiatives worked to lessen the 

detrimental effects of urbanization on raptors' prey. To 

comprehend how urbanization impacts Peregrine Falcons' 

breeding ecology and reproductive results, The findings 

reveal that urban-rural habitat edges support diverse bird 

communities, influenced by habitat structure and resource 

availability. Accordingly, recommendations emphasize the 

importance of management practices focused on maintaining 

habitat connectivity and enhancing edge habitats to bolster 

urban bird populations. Ultimately, the conclusions 

underscore how urbanization creates unique ecological niches 

at habitat edges, highlighting the necessity for landscape-level 

conservation approaches in urban areas. Ref [26] 

concentrated on the nesting success of these birds in urban 

settings. They looked into how urbanization affects the choice 

of nest sites for Peregrine Falcons, as well as the reproductive 

characteristics and success rates of these birds in urban versus 

natural environments. They also looked into possible risks 

and stressors linked to urbanization that may affect Peregrine 

Falcon populations, The findings highlight various factors 

influencing population trends and management strategies for 

Peregrine Falcons nesting in urban areas, including habitat 

availability, prey abundance, and human disturbance. In 

response, recommendations propose integrating measures into 

urban management plans aimed at reducing disturbances to 

nesting Peregrine Falcons and improving habitat quality 

within urban settings. Ultimately, the conclusions underscore 

the nuanced responses of Peregrine Falcons to urban 

environments, emphasizing the importance of tailored 

conservation efforts to secure their continued presence in 

urban landscapes. The goal of Ref [25] was to synthesize the 

literature that has already been written about the cumulative 

effects of urbanization on diurnal raptor species and quantify 

the overall impact of urban development on these birds. they 

also identified variations in the responses of various raptor 

species to urbanization and explored potential mechanisms 

that may underlie the observed impacts, such as habitat 

alteration, prey availability, and human disturbance to 

compare the foraging, roosting, and breeding behaviours of 

nocturnal raptors in urban and rural landscapes and evaluate 

the effects of artificial light pollution on nocturnal raptor 

behaviour and physiology, The findings indicate that diurnal 

birds of prey display diverse distribution patterns along urban 

gradients, reflecting species-specific habitat preferences and 

responses to urbanization. In light of this, recommendations 

advocate for prioritizing habitat conservation and restoration 

initiatives to uphold biodiversity and ecosystem functioning 
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within urban landscapes. Ultimately, the conclusions 

underscore how urbanization shapes the spatial distribution of 

diurnal raptors, emphasizing the necessity for adaptive 

management strategies to mitigate habitat fragmentation and 

loss in urban environments. Ref [21] examined how 

urbanization influences the behavior and ecology of nocturnal 

raptors, with a focus on species like owls and nightjars. 

Additionally, looking into how urban environments might 

serve as obstacles or havens for populations of nocturnal 

raptors, according to their findings, urbanization poses both 

opportunities and problems for nocturnal raptors, thus 

adaptive management techniques are needed to mitigate its 

negative consequences. Furthermore, their findings suggest 

that urbanization has a significant impact on the nocturnal 

raptors' community structure and foraging ecology, which 

alters the distribution of prey and the availability of habitat. 

To support nighttime raptor populations, they advise directing 

conservation efforts toward the preservation of appropriate 

habitats and minimizing human disturbance in urban areas. 

Ref [22] evaluated the conservation and implications of 

urbanization for raptor populations, emphasizing the 

opportunities and challenges posed by the urban landscape. 

They also explored the role of citizen science initiatives and 

community engagement in monitoring and conserving urban 

raptor populations, and they evaluated the efficacy of 

conservation strategies, such as habitat restoration and the 

provision of nesting sites, in urban areas for supporting raptor 

populations. Additionally, they identified potential conflicts 

between raptors and humans in urban settings and proposed 

strategies for mitigation, their findings indicates that 

urbanization fosters the expansion of avian predators, offering 

ample food resources and nesting sites within urban 

landscapes. Recommendations suggest that conservation 

efforts should strive to reconcile the advantages of urban 

habitats for avian predators with potential conflicts arising 

from human interactions and urban infrastructure. Ultimately, 

the conclusions underscore the substantial influence of 

urbanization on the distribution and abundance of avian 

predators, emphasizing the need for comprehensive 

management strategies to promote their coexistence with 

human populations. Ref [23] investigated how changes in 

urbanization affect the diversity and abundance of prey 

species for birds of prey, with implications for the ecology 

and population dynamics of raptors. They quantified changes 

in prey availability in urban habitats relative to natural 

environments, looked into how birds of prey adapt their diets 

and hunting techniques in response to these changes in prey 

communities, and evaluated the possible domino effects of 

altered prey dynamics on raptor population dynamics and 

community structure. Assessing genetic differentiation and 

population structure of raptor species across urban and rural 

landscapes, as well as examining the impact of habitat 

isolation and fragmentation of genetic diversity and gene flow 

in urbanized areas, the findings highlight that success of bird 

species in urban environments is linked to inter-individual 

variability in fear of humans and relative brain size. 

Recommendations suggest that conservation efforts need to 

account for individual differences in behavioral responses to 

urbanization when devising strategies to address human-

wildlife conflicts. Conclusions emphasize that the capacity of 

bird species to acclimate to urban settings varies depending 

on individual traits, underscoring the significance of 

integrating behavioral ecology into urban wildlife 

management practices. Ref [27] investigated how 

urbanization affects the genetic diversity and gene flow of 

populations of birds of prey, taking into consideration the 

implications for their long-term viability and adaptability. 

Finally, the study examined the possibility of genetic 

adaptation to urban environments in populations of birds of 

prey over a period of time, The findings reveal that 

urbanization significantly shifts the trophic structure of avian 

communities, primarily through changes in prey availability 

and resource distribution. In response, recommendations 

advocate for ecosystem-based management strategies that 

prioritize the conservation of habitat diversity and ecological 

connectivity within urban environments, aiming to sustain 

avian biodiversity. Ultimately, the conclusions highlight how 

urbanization reshapes food webs and resource dynamics, 

underscoring the imperative of integrating trophic interactions 

into urban ecology and conservation planning efforts. 

 

3. Materials and Methods 
 

3.1 Study area  

Makurdi spans across both banks of the Benue River, 

bordered to the West by Keana, North by Lafia and Doma 

Local Governments in Nasarawa State, East by Guma Local 

Government, and South by Gwer and Gwer-West Local 

Governments. Positioned at latitude 7°43'60" N and longitude 

8°31'60"E of the Greenwich meridian, Makurdi serves as both 

a local government headquarters and the state capital. It 

comprises 11 council wards with an approximate population 

of 500,797 individuals [33]. 

 

 
Figure: 1. Map of Makurdi Local Government Area 

Source: Benue State Ministry for Lands and Survey 

 

3.1.2 Climate 

The climate of Makurdi Local Government Area, where the 

study area is situated, exhibits two distinct seasons. There is a 

dry season from November to April, followed by a rainy or 

wet season from May to October, with the peak rainfall 

typically occurring from late July to September each year. 
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Temperatures in Makurdi are at their highest during the dry 

season and lowest during the rainy season, with mean 

monthly maximum temperatures ranging from 39.4ºC to 

30.6ºC and mean monthly minimum temperatures ranging 

from 26.7ºC to 18.4ºC. The average annual rainfall is 

approximately 1238mm, and the relative humidity generally 

exceeds 78% [16]. 

 

4. Experimental Method 
 

Field work covered Five land use types in urban settlements, 

namely: (1) Highways (2) Residential areas (3) Tertiary 

institutions (4) Commercial centres (5) Airport. The study 

sites were visited fortnightly for six months. 

 

The "Timed Species Count (TSC)" technique of bird’s survey 

developed by (Pomeroy and Tengecho, 1989) and adopted by 

Ref [20]. The technique was employed to assess the 

abundance and distribution of raptor species within the study 

sites. Point counts or predetermined locations were 

established across various land use types sampled within 

urban settlements. A minimum distance of 500m was 

maintained between each counting point. A total of 100 

counting points were utilized, comprising 20 stations per land 

use type. Upon reaching the sites, observed raptor species 

were recorded within a predetermined timeframe (10 

minutes). Physical characteristics of birds that could not be 

immediately identified were documented, and a field 

guidebook of West African birds [3] was consulted for 

species identification. Additionally, structures utilized by the 

observed raptor species were noted. 

 

4.1 Data Analysis 

Pielou's Evenness Index (J), Simpson's Index (λ), and the 

Shannon diversity index as adopted by Ref [19] were used to 

calculate the diversity of avian species based on the obtained 

data. 

 

5. Results 

 
Table 1 shows the five raptor species that have been 

identified in the research area, the Pearl Spotted Owlet, 

African Goshawk, Marsh Harrier, Black Kite, and Lizard 

Buzzard.  

 
Table 1: Checklist Of Birds of Prey Recorded in the Study Area 

Family Common 

Name 

Scientific Name Iucn Status 

Accipitridae Lizard Buzzard Kapifalco 

monogrammicus 

Least Concern 

 Black Kite Milvus migran Least Concern 

 Marsh Harrier  Circus aeruginosus Least Concern 

 

 
Strigidae 

African 

Goshawk 
Pearl Spotted 

Owlet 

Accipiter tachiro 

 
Glaucidium 

perlatum 

Least Concern 

 
Least Concern 

 

Table 2 shows species and number of individuals observed 

across different Land-use types in the study area with the 

Black Kite as the most abundant bird of prey in the research 

area, and the airport was the land use type where the most 

abundant bird of prey was found. 
 

Table 2: Species and Number of Individuals Observed across Different 
Land-Use Types in the Study Area. 

 
Key: H/W=Highways, T/I=Tertiary Institutions, C/A=Commercial Areas, 

R/A=Residential Area, A/P= Airport 

 

Table 3 The Tertiary institution consistently shows the 

highest diversity indices, indicating greater species richness, 

evenness, and diversity. Conversely, the Commercial area 

tends to have the lowest diversity indices, suggesting lower 

species richness and uneven distribution of individuals among 

species. 
 

Table 3: Diversity Indices of Birds of Prey in the Study Area 

Habita

t Type 

Shannon 

Diversity 

Index (′H′) 

Simpson 

Diversity 

Index (D) 

Gini-Simpson 

Diversity 

Index 

Pielou's 

Evenness Index 

(J) 

H/W 1.717 0.648 0.352 0.792 

T/I 1.761 0.668 0.332 0.874 

C/A 1.624 0.611 0.389 0.798 

R/A 1.641 0.602 0.398 0.813 

AP 1.718 0.648 0.352 0.799 

Key:H/W= Highways, T/I=Tertiary Institutions, C/A=Commercial Areas, 
R/A=Residential Area, A/P= Airport 

 

Table 4 provides information on the infrastructure utilized 

and activities observed by different species of birds of prey 

across various land-use types within the study area 
 

Table 4: Infrastructures utilized and activity by Birds of Prey across 
Different Land-Use Types in the Study Area 

     Species Name    Structure Utilized      Activity   Observed 

    Lizard Buzzard 

    Black Kite 

Mast, Electric pole, 

Rooftop, Electric pole, 
Mast,                                                                                  

             Perching 

             Perching 
             Nesting          

    Marsh Harrier Mast, Rooftop              Perching 

   African Goshawk Rooftop, Electric pole, 

Tree 

             Perching 
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Figure: 2 Bird species abundance in the study Area. 

 

Figure 2 illustrates birds of prey abundance in the study area, 

revealing the Black Kite as the most abundant species and the 

Pearl Spotted Owl as the least abundance 
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Figure: 3 Bird species abundance across different Land use types. 

 
Figure 3 illustrates that the Airport exhibited the highest 

frequency of sightings of birds of prey species, whereas 

Residential areas recorded the least occurrence of these 

raptors. 

 

5. Discussion 

Five species of raptors the Lizard Buzzard, Black Kite, Marsh 

Harrier, African Goshawk, and Pearl Spotted Owlet are 

identified on the checklist as being present in the research 

area. Every species has an IUCN conservation status and is 

linked to a particular family. To lay the groundwork for 

future investigations and conservation initiatives aimed at 

preserving birds of prey, this baseline inventory offers vital 

details about the bird community in the study area. Because 

of the limited human access and disturbance, raptors, or birds 

of prey, are among the most vulnerable taxa to habitat 

disturbance. The majority of raptors that have been observed 

are found at airports, particularly on the runways, where their 

survival is aided by the abundance of rodents and other small 

mammals. This aligns with Ref [6], which states that the 

distribution of birds was mostly influenced by the availability 

of cover, water, and food. The distribution of bird species 

among various land-use types offers information about 

resource availability, habitat preferences, and possible 

interactions between humans and wildlife. It emphasizes how 

crucial it is to take habitat variability into account when 

developing conservation planning and management plans. 

Birds of prey species' varying abundances in Makurdi 

Metropolis's various land use types at different times can only 

be explained by the behavior of the species in their habitats, 

not by the habitat's physical characteristics. By focusing on 

species habitat behavior, insights are gained into the 

ecological functioning of ecosystems, species interactions, 

and the dynamic relationships between organisms and their 

environments. This understanding is crucial for effective 

habitat management, species conservation, and ecosystem 

preservation in the face of environmental changes and 

anthropogenic impacts. The Black Kite was the most 

abundant bird of prey in the research area, and the airport was 

the land use type where the most abundant bird of prey was 

found. These findings contradict Ref [19] which stated that 

Mean abundance was highest at Commercial centers. 

Diversity indices varied across different land-use types, The 

diversity indices suggest that certain habitat types, such as 

Highways and Tertiary Institutions, support higher species 

diversity and evenness of birds of prey compared to others 

like Commercial Areas and Residential Areas. This implies 

that birds of prey might exhibit habitat preferences based on 

factors such as food availability, nesting sites, and human 

disturbance levels. The presence of birds of prey in urban 

habitats like Highways and Commercial Areas highlights 

their adaptability to human-modified environments. 

Understanding the distribution and diversity of these species 

in urban areas is crucial for urban planning, conservation 

efforts, and mitigating human-wildlife conflicts. Higher 

species diversity and evenness in certain habitats may 

indicate healthier ecosystems with diverse prey populations 

and suitable environmental conditions. Monitoring changes in 

bird of prey diversity over time can serve as an indicator of 

ecosystem health and help identify potential environmental 

disturbances or habitat degradation.it is suggesting habitat-

specific preferences among bird of prey species. It highlights 

the adaptability of some bird of prey species to urban 

environments, likely due to the availability of resources and 

nesting habitats.  Urbanization is giving rise to new habitats 

for a number of species, as evidenced by the fact that birds of 

prey species have been observed using rooftops, electric 

poles, and masts—a finding that is consistent with the 

discovery made by Ref [10]. Despite the fact that habitat loss 

caused by human activity has an adverse effect on the 

population of birds of prey, the birds continue to establish 

new, suitable habitats. The presence of birds of prey utilizing 

man-made structures such as Electric poles and Rooftops 

highlights their adaptation to urban environments. Monitoring 

their interactions with human infrastructure is crucial for 

mitigating potential conflicts and promoting coexistence. 

Understanding the infrastructure utilized and activities 

performed by raptors offers information about their 

ecological requirements, behaviour, and potential interactions 

with human infrastructure. This information can inform 

habitat management and conservation strategies to mitigate 

conflicts and enhance habitat suitability for these species. 

 

6. Conclusion and Future Scope  
 

Urbanization causes environmental changes that have direct 

impact on biodiversity, particularly affecting bird 

populations. Birds may relocate or migrate due to urban 

development. However, certain species have adjusted to 

urban settings, thriving and even growing in numbers. Factors 

such as the presence of green spaces and noise levels play 

significant roles in shaping the urban avian community. 

Green areas tend to enhance bird diversity, although there 

might be fewer species of birds of prey, their individual 

numbers often increase. This phenomenon is observable in 

species such as such as Black kite, African Goshawk as well 

as Lizard Buzzard. The study underscores the importance of 

green spaces and noise levels in urban areas for avian 

diversity. The conservation of green areas and the 

implementation of measures to mitigate anthropogenic 

impacts on bird of prey populations is imperative to protect 

this bioindicator. 
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Future scope 
This baseline inventory provides essential information about 

the avian community in Makurdi Metropolis, serving as a 

foundation for further research and conservation efforts 

targeting birds of prey. 
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