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Abstract 

Projection shows that by 2030, major regions of the developing world will hold more urban 

than rural dwellers, and by 2050 two-thirds of their inhabitants are likely to live in urban 

areas. Undoubtedly, this present novel challenges on birds and other biodiversity. Kano State 

is the most populous state in Nigeria and urbanisation is on the increase, which is associated 

with species loss. Understanding urban bird assemblages in a rapidly changing environment 

is central to urban bird conservation and other biodiversity, since birds are excellent 

bioindicators. We examined and compared bird diversity, richness and composition along 

rural gradient, i.e. urban, suburban and ruralin Gezawa and Nasarawa Local Governments. 

Birds were observed along a two kilometre transects in each gradient. Forty-one bird species 

were recorded from all the gradients. Rural had higher diversity (2.7), followed by suburban 

(2.5), and urban (2.2). Bird diversity significantly declined in relation to a gradient of 

increasing urbanisation (p<0.001). Bird species richness in the rural was 28, suburban 24, and 

urban 20. In addition, similarity indices obtained reveal that the bird community is not similar 

throughout the urbanisation gradient with mean similarity index of 25%. Our results suggest 

that urbanisation has a substantial impact on bird species richness. It also illustrates that 

urbanisation may be a strong driving force inthe composition of bird community. By 

promoting quality of Urban Green Spaces (UGSs), the livelihood of the native birds and other 

biodiversity can be protected and enhanced, while supporting important ecosystem services.  
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Introduction 

Birds are conspicuous and have a 

cosmopolitan distribution with over 10, 

000 known species (Ceballos et al., 2015). 

They play an important role by serving as 

indicators of environmental conditions, 

while many plants depend on birds to 

disperse their seeds. Birds act as 

pollinators, and are important to 

agricultural crops as they remove insect 

pests. In recent times, global increase of 

human population coupled with expansion 

of urban areas has all taken their toll on 

biodiversity, particularly birds (McKinney, 

2002; Magige, 2010). According to the 

projections of the United Nations (UN), by 

2030, major regions ofthe developing 

world will hold more urban than rural  

 

 

dwellers, and by 2050, two-thirds of their 

inhabitants are likely to live in urban 

areas(Montgomery et al., 2008). Further to 

this, theUN reported that, the estimated 

urban population of the developing 

countries in 2000 was 1.97 billion, and 

projected to increase to 3.90 billion by 

2030, and further to 5.26 billion by 2050. 

Currently, Nigeria is the most 

populous country in Africa and globally 

the seventh with the largest population 

(National Population Commission of 

Nigeria and Health Policy Project, 2015). 

Urban population in Nigeria has shown 

tremendous increase from 17.8% in 1970 

to 49.4% in 2017 

(http://knoema.com/atlas/Nigeria/Urban-
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population). According to Nigeria 

National Bureau of Statistics (2012), Kano 

state registered the highest population 

during the 2006 national population census 

with about 9,401,288 people. This growing 

population accompanied by urbanisation is 

a considerable threat to urban birds, and 

other biodiversity (Grimm et al., 2008).  

This is because increase in human 

population size involves various forms of 

land use and transformations, such as 

residential, commercial, and industrial 

activities. These lead to habitat loss, 

fragmentation and degradation and 

consequently decrease in natural 

vegetation, microhabitats and birds 

(Grimm et al., 2008; Magige, 2010). Also, 

harming breeding bird areas through noise 

pollution (Goddard et al., 2010). 

Researches on urban biodiversity 

landscape, especially on birds, have shown 

that the richness of species decline along a 

gradient with increasing urbanisation 

(Marzluff, 2001; McKinney, 2002; 

Clergeau et al., 2006).  

Fontana et al. (2011) found that in 

Swiss cities, bird diversity was negatively 

affected by increased pavements along 

urban gradient, probably due to sufficient 

foraging and breeding sites in rural and 

periurban areas, compared to urban areas. 

Clergeau et al. (2006) indicated a similar 

pattern of decreased abundance in ground 

nesting birds in European countries. 

Studies from United States (Blair and 

Johnson, 2008) showed that urbanisation 

cause extinction of native bird species, 

following invasion of common bird 

species. On the contrary, Lee et al. (2004) 

argued that urbanisation favoured bird 

species richness in Taiwan. Albeit they 

added that bird species richness could be 

indirectly affected by increase 

urbanisation.  

In Nigeria, studies on urban 

biodiversity, especially birds received poor 

attention despite increase threats from 

intense urbanisation. In Kano, a decade 

ago there were many natural places 

designated as gardens and parks, which 

play a vital role in maintaining urban bird 

species, and other biodiversity. Presently, 

nearly all these parks were lost and the 

remnants degraded due to urbanisation. 

Some strong evident examples of recent 

transformations are the clearance of two 

gardens along Maiduguri road for mosque, 

school and filling station. Another 

modification occurred along Zoo road 

where a large garden was transformed into 

a paediatric hospital. Furthermore, within 

the Government Reserve Areas (GRAs), 

there are a number of parks that have been 

converted into restaurants. Marzluff (2001) 

views urbanisation as one of the most 

important driver of biodiversity extinction 

in the 21
st
century.  

The modern form in the field of 

urban ecology originated in the 1970s 

(Bonier, 2012) and the previous works of 

urban ecologists have been aimed at 

understanding how climate, 

biogeochemical cycles, ecosystems, and 

organisms respond to urbanisation 

(Marzluff and Neatherlin, 2006; 

McKinney, 2006). A lot has been learned 

from their work, yet much need to be done 

to understand how species and ecosystems 

responses to urbanisation. Specifically, in 

the developing countries where 

urbanisation surge and rich in biodiversity. 

It is important when dealing with a 

concept as general as biodiversity to 

identify at which organizational level we 

want to act, or which group of organisms 

we target. Recently, the use of birds as 

indicator species in the conservation of 

biodiversity, and monitoring has 

significantly increased (Gregory et al., 

2003), since conservationists are 

challenged by insufficient fund, time and 

expertise (Myers et al., 2000). This paper 

is concerned with the impact of 

urbanisation on birds, but the same claim 

could be applied to plants, insects or 

mammals (Savard et al., 2000).  

Studies on the urban birds ecology 

is well-documented (Blair, 1999; Marzluff, 

2001; Melles et al., 2003; Crooks et al., 

2004; van Heezik et al., 2008; Fontana et 
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al., 2011). However in Nigeria, such 

studies are completely lacking. This study, 

for the first time, seeks to provide an 

invaluable information on diversity 

(species richness and abundance), and 

composition of birds along urban gradient 

in Kano State, with particular reference to 

Gezawa and Nasarawa Local 

Governments. We hypothesized that bird 

species diversity, richness and composition 

do not vary along the urban gradient, i.e. 

urban, suburban, and rural.  

 

Divisions of human inhabited areas 

There are three major divisions of human 

residential areas based on their human 

population, activities and natural 

vegetation or characteristics. These are: 

- Rural– This is an area located outside 

towns and cities,  characterized   by 

natural vegetation 

(https://en.m.wikipedia.org/wiki/Rural

_area). Rural areas have low 

population density, large open green 

space and scattered settlements.   

- Suburban – This is described as the 

area interface between the rural- urban 

transition zone, characterized by 

scattered pattern of lower density 

settlement areas, green open spaces, 

such as urban woodlands, farmland, 

nature reserves and industrial areas 

(Ravetz et al., 2013).  

- Urban – Several definitions exist 

depending on the country and case 

specific. In this study, it is defined as a 

human settlement with high population 

density and infrastructure of built 

environment 

(https://en.m.wikipedia.org/wiki/Urban

_area), including residential, 

commercial, and industrial types of 

uses and some public open and green 

space.  

 

In the context of this study, we use the 

term ‗‗urbanisation‖ to refer to the general 

demographic processes by which the 

world‘s cities are expanding (McDonald et 

al., 2008). 

 

Categories of urban gradient species 

Broadly, there are three categories of 

urban species based on their adaptability to 

changes caused by human activities along 

urban gradient. These are; urban avoiders, 

urban exploiters and urban adapters (Blair, 

2001). These terminologies are appropriate 

when describing changes in species 

composition and diversity for a wide range 

of taxa, including birds (Leveau, 2013), 

butterflies (Blair and Launer, 1997), 

reptiles (Germaine and Wakeling, 2001) 

and plants (Burton et al., 2005). Croci et 

al. (2008) also define these species as 

urban adapters (tolerant species) and urban 

avoiders (intolerant species). 

Generally, these species differed in 

their social structure and migratory status. 

For instance, exploiters are more social 

and sedentary than urban adapters (Kark et 

al., 2007). In addition, urban avoiders do 

not adapt to  changes in their natural 

environment, which serve as an advantage 

to urban adapters. However, in urbanized 

areas where there are  high human 

activities, such as commercial areas, 

pavements like roads and residential areas, 

comprises fewer species mainly non-native 

species, urban exploiters (Kark et al., 

2007).       

 

Material and methods 

Kano is located in the North-western 

Nigeria (11
o
30'N/8

o
30'E). It is bordered by 

Katsina State to the North-West, Jigawa 

State to the north-east, Bauchi State to the 

south-east and Kaduna State to the south-

west. Kano has a total land mass of about 

20, 289 Km
2
.It has the largest human 

population in Nigeria with about 9, 401, 

288 million people (Nigeria National 

Bureau of Statistics, 2012). The climate of 

the state is tropical with clear wet and dry 

season. The wet season starts from May to 

September, while the dry season starts 

from October through April. Annual 

rainfall is between 500- 750 millimetres. 

The state experiences high humidity from 

June to September. In the dry season 
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however, there is low humidity. The 

vegetation type is Guinea savanna and 

Sudan savanna biome. Kano is being 

known as the Nigeria‘s ―Centre of 

Commerce‖.  

However, the expansion of 

socioeconomic activities in recent years 

coupled with increased flow of humans 

from rural areas and other states of the 

country led to boom in human population. 

For instance, the population increased 

from 5, 810, 470 in 1991 to 9, 401, 288 in 

2006 (Nigeria National Bureau of 

Statistics, 2012). This urbanisation 

accompanied by clearance of vegetation 

for residential and commercial, activities 

have been responsible for declining birds 

and other biodiversity (van Heezik et al., 

2008; Fontana et al., 2011).  

 

Sites selection 

Three sites with different levels of human 

disturbances were selected along urban 

gradient (urban, suburban, and rural) in 

Gezawa and Nasarawa local governments 

as a basis to compare the impact of 

urbanisation on bird diversity, richness and 

composition. The urban gradient located in 

Nasarawa local government is 

characterized by high human activities, i.e. 

high human population, low vegetation 

cover, built surfaces (houses, shopping 

malls, and roads among others). The 

suburban area falls under Jogana (Gezawa 

local government), and is 6 kilometres 

away from the urban environment. It‘s 

main features are residential areas with 

low human population and thus 

disturbances, as well as more vegetation 

cover around residential, compare with the 

urban environment. The rural on the other 

hand, is located just three kilometres from 

the suburban. It consist of Kwanar Dan Ja 

to Ketawa village within the Gezawa local 

government. The main characteristic 

features of this gradient are very low 

human population with scattered houses 

and high vegetation cover. Agriculture and 

small scale businesses, such as trading, 

hawking, vulcanizing, and other related 

occupations are the main activities of the 

people inhabiting this area.  

 

Bird surveys 

The study was conducted from early June 

to end of July, 2018. Field studies were 

conducted in the morning between 6:00 

am to 10:00 am. Line transect method was 

used to survey birds (Bibby et al., 2000). 

The length of the transect in each gradient 

was two kilometres. Upon arriving at the 

transects 3-5 minutes were provided for 

the birds to settle down in case of any 

disturbances caused by the observers. 

Birds were observed using binocular 

(Nikon monarch 3, 8 x 10 m) and were 

identified based on field guide to the birds 

of Western Africa by Borrow and Demey 

(2014). Each transect was surveyed twice 

during the study period and the average 

number of birds were taken for all the 

gradients to avoid double counting. Birds 

were observed and recorded to and fro the 

transects at each gradient in order to 

maximise the checklist of the bird species. 

 

Data analyses 

Paleontological Statistics Software 

(Hammer et al., 2001) was used to 

compute bird species diversity and 

richness using Shannon-Weiner diversity 

index. Comparison of species diversity 

between gradient and sites were done 

using special t-test. The level of 

significance was set at p<0.05. Sorenson‘s 

similarity index (Magurran, 2004) was 

used to measure bird species similarity 

between the different gradients. 

 

Results 

In total, 41 species belonging to 13 orders 

and 24 families were recorded from urban, 

suburban, and rural (Table 1). Rural had 

higher species diversity (H' = 2.7), 

followed by suburban (H' = 2.5) and urban 

(H' = 2.2). There was significant 

difference in diversity between all the 

gradients (t = -1.54, df = 44, p<0.001). 

Bird species richness in the rural was 28, 

suburban 24, and urban 20.  
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Table 1: The forty one  bird species recorded along rural gradient in the Gezawa and Nasarawa  

Scientific name Common name Specialization Diet guild N* 

Accipiter badius  Shikra R C 2 

Dendrocygna viduata  White-faced Whistling Duck S V 2 

Cypsiurus parvus African Palm Swift G I 76 

Apus affinis  Little Swift  G I 84 

Nycticorax nycticorax Black-crowned Night Heron S I 13 

Bubulcus ibis Cattle Egret  G I 38 

Tockus erythrorhynchus Northern Red-billed Hornbill G O 8 

Streptopelia senegalensis Laughing Dove G Gr 112 

Columba guinea Speckled Pigeon  G Gr 157 

Streptopelia vinacea  Vinaceous Dove G Gr 2 

Eurystomus gularis Rufous-crowned Roller G I 2 

Corvus albus  Pied Crow G O 1 

Ptilostomus afer Piapiac G I 16 

Cuculus gularis African Cuckoo G I 2 

Uraeginthus bengalus Red Cheeked Cordon-bleu G I 4 

Lagonosticta senegala Red-billed Firefinch  G Gr 3 

Falco tinnunculus  Common Kestrel R C 8 

Falcon biarmicus  Lanner Falcon R C 1 

Serinus leucopygia  White-rumped Seedeater G Gr 1 

Pogoniulus chrysoconus Yellow-fronted Tinkerbird G I 1 

Laniarius barbarus Yellow-crowned Gonolek  G I 1 

Crinifer piscator Western Grey Plantain-eater G F 12 

Cinnyris pulchellus Beautiful Sunbird G N 1 

Ploceus luteolus Little Weaver G Gr 13 

Passer griseus Northern Grey-headed Sparrow  G Gr 5 

Ploceus cucullatus  Village Weaver  G Gr 54 

Bubalornis albirostris White-billed Buffalo Weaver G Gr 132 

Euplectes franciscanus Northern Red Bishop G Gr 1 

Sporopipes frontalis Speckle-fronted Weaver G Gr 2 

Psittacula krameri  Rose-ringed Parakeet G F 17 

Poicephalus senegalus  Senegal Parrot  G F 3 

Pycnonotus barbatus Common Bulbul G Gr 14 

Lamprotornis pulcher Chestnut-bellied Starling  G I 62 

Lamprotornis chalybaeus Greater Blue-eared Starling  G F 4 

Lamprotornis caudatus Long-tailed Glossy Starling  G F 24 

Lamprotornis purpureus Purple Glossy Starling G F 3 

Prinia subflava Tawny-planked Prinia G I 6 

Cisticola juncidis Zitting Cisticola G Gr 2 

Turdoides plebejus Brown Babbler G I 3 

Turdus pelios African Thrush G I 2 

Vidua chalybeata  Village Indigobird  G Gr 2 
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Key: N* (Number of records of the species), G (Generalist), S (Specialist), R (Raptor), C (Carnivore), F 

(Frugivore), Gr (Granivore), I (Insectivore), Nectivore (N), O (Omnivore), V (Vegetarian) 

 

Table 2: Bird diversity attributes recorded along urban gradient in the Gezawa and 

Nasarawa 

Gradient  Species 

richness 

Diversity Evenness Dominance Total no. of 

birds 

Urban 20 2.2 0.44 0.17 443 

Suburban 24 2.5 0.52 0.11 205 

Rural 28 2.7 0.51 0.10 248 

    Total 896 

 

Families with the highest species 

were Ploceidae (six species), Sturnidae 

(four species)  and Columbidae (three 

species) while those with the lowest 

species were Apodidae, Ardeidae, 

Falconidae, Estrildidae, Sylviidae, and 

Corvidae with two  species each while 

Accipitridae, Anatidae, Bucerotidae, 

Lybiidae, Fringillidae, Malaconotidae, 

Musophagidae, Nectariniidae, Timaliidae, 

Turdidae, Viduidae, and Cuculidae  with 

one species each. 

Number of the most abundant 

individual were the White-billed Buffalo 

Weaver Bubalornis albirostris, 39 

individuals recorded in urban, 40 and 53 in 

rural and rural, respectively. The B. 

albirostris were mostly observed on 

Mahogany tree Khaya senegalensis 

(Madaci). The most abundant species in 

the family Columbidae were Laughing 

dove Streptopelia senegalensis and 

Speckled pigeon Columba guinea being 

heavily represented, and found along the 

gradients, with the exception of C. guinea 

which was not recorded in the Rural area. 

African palm swift Cypsiurus parvus was 

also recorded in large number in all the 

gradients. 

 

Table 3: Number of the most abundant species and their families recorded 

along rural gradient  

Family Species Abundance 

Urban Suburban Rural 

Ploceidae White-billed Buffalo 

Weaver 

39 40 53 

Columbidae Laughing Dove 61 23 28 

Apodidae African Palm Swift 54 5 17 

Total 154 68 98 

 

From the results, all the species were Least 

concern (LC) and were also resident with 

the exception of African cuckoo Cuculus 

gularis which is an intra-African migrant 

and was recorded in the suburban. Some 

species were sighted only in the Urban 

gradient and included the Yellow-fronted 

Tinkerbird Pogoniulus chrysoconus, 

Western Grey Plantain-eater Crinifer 

piscator, Beautiful Sunbird Cinnyris 

pulchellus, Black-crowned Night Heron 

Nycticorax nycticorax, and Pied Crow 

Corvus albus. Unique species observed in 

the suburban were White-faced Whistling 

Duck Dendrocygna viduata, White-

rumped Seedeater Serinus leucopygius, 

Lanner Falcon Falcon biarmicus, and 

Brown Babbler Turdoides plebejus.  
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On the other hand, rural gradient 

uniquely supports Yellow-crowned 

Gonolek Laniariusbarbarus, Rufous-

crowned Roller Eurystomus gularis, 

Vinaceous Dove Streptopelia vinacea, 

African Thrush Turdus pelios, Village 

Indigobird Vidua chalybeata, Speckle-

fronted Weaver Sporopipes frontalis, 

Greater Blue-eared Starling Lamprotornis 

chalybaeus, and Northern Red Bishop 

Euplectes franciscanus. Sorenson's 

similarity index shows that the gradients 

are similar in species composition by 25%. 

While the overall birds foraging guilds 

indicate that out of the total number of bird 

species recorded (41), 17 are insectivore, 

16 granivore, three carnivore, two 

frugivore, two omnivore, and one 

nectivore.  

 

Discussion 

Comparison of bird diversity between 

rural, suburban and urban show that rural 

significantly had higher diversity and the 

diversity decreases along the urbanisation 

gradient, i.e. from rural-urban. In addition, 

similarity indices obtained from the study 

reveal that the bird community is not 

similar throughout the urbanisation 

gradient (Magurran, 2004). The higher 

diversity in the rural might be due to low 

human disturbances and vegetation 

complexity, which provided a suitable 

microhabitats for many birds (Neave, 

1996; Tews et al., 2004; Clough et al., 

2009). Farmland areas, commonly found 

around the rural areas are extremely 

important by serving as foraging ground 

for birds (Doxa et al., 2010). Probably, this 

could also be the reason for the higher 

diversity and richness in the rural than the 

suburban and urban.  

Bird species richness decreases 

along the gradient (from rural-urban), 

indicating the impact of urbanisation on 

the species richness. This has also been 

reported by several previous studies (e.g. 

Marzluff, 2001; McKinney, 2002; 

Clergeau et al., 2006). High human 

activities in the urban ecosystem, such as 

clearance of natural vegetation for 

settlement and infrastructures can have a 

profound impact on bird species richness 

(Savard et al., 2000). These impair bird 

habitat structure and resource availability, 

e.g. food might become more available for 

species that are able to exploit 

anthropogenic food sources, typically 

urban adapters, such as Pied Crow Corvus 

albus, and Speckled Pigeon Columba 

guinea. In addition, for predatory species 

with more abundant prey, probably due to 

road kill (Bonier, 2012) like Shikra 

Accipeter badius and Common Kestrel 

Falco tinnunculus. 

Findings indicate evenness 

decreased in response to urbanisation 

gradient. This is not surprising due to the 

fact that heavily urbanized ecosystems 

have been associated with low levels of 

evenness, which is attributed to the local 

extinctions of rare native species 

(Marzluff, 2001; Fuller et al., 2009). 

However, increased dominance in birds 

along the rural gradient confirm that a 

significant proportion of species are well 

adapted to urban ecosystem (Shochat et 

al., 2004). This is in harmony with the 

assumptions that high food sources and 

low predations risk in urban ecosystem 

will result in a few species becoming 

dominant, especially generalists (Fuller et 

al., 2009). Thus, urban bird species adapt 

to differing degree to which they can 

tolerate disturbances, utilize and rely on 

human provided resources (Blair, 1996: 

McKinney 2002). In contrast, for many 

other species, such as insectivores and 

many other foraging specialists, food 

might become less abundant in the urban 

ecosystem as observed by the present 

study. Similarly, for species reliant on 

native vegetation, suitable habitat might be 

limited or nonexistent in urban, whereas 

for species that can use human-made 

structures and exotic flora (e.g. Beautiful 

Sunbird Cinnyris pulchellus), suitable 

habitat becomes more abundant 

(McKinney, 2002).   
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Typical urban avoiders are often 

long-term migrants, habitat specialists, or 

species that are sensitive to human related 

disturbances, such as large raptors and 

ground nesters. These birds are mostly 

native and can be found in relatively 

undisturbed habitats covered mainly by 

native vegetation outside of cities (Blair, 

1996). Urban avoiders are the most 

adversely affected by urbanisation 

resulting in their abundance to be the 

lowest in urban areas, for example, E. 

gularis, and S. vinacea (Blair, 1996; 

McKinney, 2002). They are usually edge 

species, residing in areas with intermediate 

levels of disturbance e.g. suburban. 

However, they facultatively utilize a 

remarkable proportion of human provided 

resources within the urban ecosystems.  

Our results show that some bird 

species (e.g. C. piscator and C. albus) 

occur only in the urban landscape. 

Clergeau et al. (1998) noted that, urban 

bird communities can be composed of 

species not common in the surrounding 

landscapes and local factors play an 

important role in shaping the structure of 

urban bird communities. This conform 

with other findings (e.g. Birkhead, 1991). 

Furthermore, specialist species had lower 

detection probability than generalist 

species. This result underlines the need to 

account for the fact that probability of 

detection could vary among species when 

examining the impact of landscape 

disturbance on communities (Newmark, 

2006). Thus, specialist species had 

significantly higher local extinction and 

turnover rates than generalist species, 

suggesting that specialist species were 

more inclined to local extinction followed 

by recolonization (Devictor et al., 2007).  

 

Conservation implications 

Urbanisation and increasing urban 

intensity can have profound impact on bird 

species diversity, richness and composition 

as demonstrated by this study. The higher 

bird diversity and richness in the rural 

suggest higher ecological stability, 

compared to human-dominated 

landscapes, urban and suburban, where 

diversity and richness is lower. Our results 

conclude that urbanisation has a 

substantial impact on the diversity and 

richness of birds. It also confirm that 

urbanisation may be a strong driving force 

in bird functional community composition. 

By promoting quality of Urban Green 

Spaces (UGS), birds and other biodiversity 

can be protected, while supporting 

important ecosystem services which will 

indirectly have a positive impacton human 

lives. Furthermore, cooperation among the 

different urban stakeholders: ecologists, 

policy-makers, local and state 

governments, environmentalists, 

conservationists, and communities among 

others is required to ensure birds and other 

biodiversity are conserved, especially in 

human inhabited areas. 
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