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Abstract 

Marginal habitat alteration can benefit some bird species, but extensive modification negatively 

impacts species diversity and abundance by altering vegetation structure and composition. We 

surveyed three tertiary institutions with varying land modifications in Gombe State to compare 

bird species composition and abundance with a semi-protected, degraded natural landscape. sing 

line transect census, we surveyed morning and evening transects, recording 9,624 individuals of 

100 bird species from 42 families and 73 genera. Kanawa Forest Reserve had the highest species 

richness (76), followed by FCET (67), FUK (59), and GSU (50), with Kanawa Forest Reserve 

having 22 exclusive species. However, species composition did not significantly differ among sites. 

Bird species abundance varied across species and study sites, with the Laughing Dove 

(Streptopelia senegalensis) being the most abundant species (651 individuals at GSU). Other 

notable species included the Cattle Egret (Bubulcus ibis) at FCE (T) with 571 individuals, the 

Purple Glossy Starling (Lamprotornis purpureus) at FUK with 303 individuals, and the Northern 

Grey Headed Sparrow (Passer griseus) at KFR with 244 individuals. Each campus hosts a unique 

assemblage of bird species, contributing significantly to overall avian diversity in Gombe State. 

We recommend minimizing alterations, particularly in remaining woodlands, and establishing 

additional green areas to promote heterogeneity in modified landscapes. This approach will 

enhance campus capacity to support diverse bird species, especially those with specific habitat 

requirements. 
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INTRODUCTION 

Biodiversity and cosmopolitan societies are synchronously going through rapid changes in Africa, 

with the full destructive impacts of urbanization gathering momentum in recent decades. The need 

to accommodate the growing human population in cities is driving the rate and scale of land 

conversion into cities at alarming proportions (Seto et al., 2012). This ugly trend has dire 

consequence for biodiversity and persistence of species in what is left of their extant natural 

habitats. Urbanization endangers species directly by replacing their natural habitats with 

irreversible developmental footprints typical of human occupied areas (Czech et al., 2000; 

Groffman et al., 2017). These often irreversibly modified habitats end up as mega-cities, with 

capacity to grow, taking more land, hence natural faunal habitats in its wake. 
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Cities are typically located near large water bodies, rivers and estuaries, or along coastlines (World 

Resources Institute, 1996). Thus, high proportions of urban areas are situated on the productive 

bottomland and riparian systems that traditionally support rich vertebrate communities (Knopf et 

al. 1988, Ohmart 1994). As a result, high species diversity may be supported by some large parks 

and reserves in urban areas because the protected green areas are habitat fragments and remnants 

of once contiguous and highly diverse ecosystems (Schaefer 1994; Nsor et al., 2018). 

These small patches of forests or vegetation in most cities called Urban Green Spaces (UGS) are 

important for supporting the range of species adapted to and capable of exploiting human densely 

populated areas (McKinney 2002). Urban green spaces have been shown to play important roles 

in maintaining biodiversity within the urbanized landscapes of cities (Ijeomah et al., 2013; Ihuma 

et al, 2016; Nsor et al., 2018; Nsor et al., 2019; Odewumi et al., 2020; Lawal and Iwajumo 2020). 

However documented evidence of their value to species across sub-Saharan Africa is still scarce. 

Tertiary campuses are amongst the few urban settlements with potential to support biodiversity on 

a remarkable scale (Aminu and Safianu 2018; Nsor et al., 2018; Odewumi et al., 2020). This is 

based on the fact that most campuses are typically engineered or landscaped to accommodate 

remnant natives’ along-side exotic species; these green patches will undoubtedly serve as refuges 

and habitats for small vertebrates such as the ubiquitous avian taxa.  

Birds are a group of highly mobile vertebrates, and are found in all habitats known to man (Ezealor, 

2002); their mobility, cosmopolitan nature and sensitivity to ecosystem change makes them very 

vital part of biodiversity, and as such; birds are often used as bio-indicators of the state of health 

of the environment (Gregory et al., 2003; Krisanti et al., 2017).  

 

Bird communities in urban settings are generally characterized by low species richness and high 

total density or biomass compared to adjacent natural areas (Chapman and Reich, 2007; Caula et 

al., 2008). Due to the presence of both urban-avoiding native species and urban-adapted exotic 

species, intermediate levels of suburban development are often associated with a peak in bird 

richness, (Blair and Johnson, 2008). Species common to urban settings, such as exotics, are thought 

to have plentiful food and experience low predation pressure, thus leading to high reproductive 

success and higher density (Shochat et al., 2004).  

 

Studies of urban bird communities typically examine the influence of natural environmental 

factors, such as small-scale vegetation features (Daniels and Kirkpatrick, 2006a, b; Lawal and 

Iwajumo 2020) and the size and spatial arrangement of natural habitat patches (Melles et al., 2003; 

Campbell, 2009; Evans et al., 2009). Studies like these have contributed greatly to our 

understanding of the relationships between avian habitats and urban areas.  

 

The aim of this study was to assess how well birds have adapted to human modified landscapes 

using bird diversity and abundance as determinants. The following objectives were considered: 

determine the composition and diversity of bird species in the study sites; identify species of birds 

that may have adapted to a human modified environment as opposed to their typical semi pristine 

environments; investigate the composition of bird species dietary guilds in the study areas as an 

indicator of habitat suitability and heterogeneity.  
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Study areas 

Federal College of Education (Technical) Gombe is located within Latitude 10˚ 18'.30'' N, and 

Longitude 11˚ 9'.30'' E, along Ashaka road in Akko Local Government Area of Gombe 

State.  Federal University Kashere is located within latitude 9o 52' N and Longitude 11o 0' E in 

Kashere, Akko Local Government Area of Gombe State, while Gombe State University is located 

within Latitude 10o 30’ N and Longitude 11o 17’ E, in Tudun Wada Quarters in Gombe metropolis, 

the capital city, under Akko Local Government Area of Gombe State, Nigeria. The campuses are 

structurally divided into the academic, administrative and residential areas. However, the 

vegetation of GSU is largely dominated by reintroduced plant species such as date palms, 

mahogany, and various orchards and plantations of fruit and shade trees. GSU campus has a zoo 

and a well-established botanical garden; designed to mimic the various vegetation zones in the 

country. Apart from this unique features highlighted above, the other two campuses are quite 

similar in remnant tree composition.  However, FCET and FUK are relatively more adorn with 

remnants of less-disturbed areas, farmlands, and degraded land spaces largely dominated by 

Azadirachta indica and other introduced species. 

Kanawa Forest Reserve Gombe was gazetted as a forest reserve in 1953 and is located in 

Yamaltu/Deba Local Government Area of Gombe State. It lies between Latitude 10o 16 N and 10o 

18’ 30” N Longitude 11o 18’10” E and 11o 22’ 09”E. It is currently managed by Nigerian Erosion 

and Watershed Management Project (NEWMAP) Gombe. 
 

 

            Figure 1: Map of Gombe State showing the study areas 

All the study areas fall within the same vegetation zones in Gombe.  In Gombe, there are two 

distinct seasons, the rainy and dry seasons with an annual rainfall which ranges from 850 to 1000 
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mm. The rainy season starts from May to October and dry season from November to April. 

Average daily temperatures are 34°C in April and 27°C in August. The relative humidity ranges 

from 70 to 80% in August and decreases to about 15 to 20 % in December. The natural vegetation 

is typically that of the Sudano-Sahelian Savannah, composed of shrubs, herbs, grasses and sparsely 

distributed trees. 
 

Study design 

Line transect method (Bibby et al, 2000) was adopted for the survey. Four transects of 1000m each 

were used in each of the study areas. Bird observations were carried out twice daily; morning 

session between 6:30 to 9:30 am and evening session between 3:30 to 6:30 pm. Transects were 

surveyed by walking slowly along the route, and all bird seen and heard were identified with the 

aid of a binocular (Drapter ® 12X50). Data was collected from June to November 2019. The 

number of times a particular bird species was seen performing the same activity gave clue about 

habitat utilization of the bird. Check list of all the bird species in all study sites was drawn from 

the total number of bird species recorded in all the sites.  

 

Data Analysis 

Data was analyzed using statistical package for social sciences (SPSS) version 25. Species richness 

was determined numerically as total number of species recorded in each study site. Shannon 

Weiner diversity index was used to determine the diversity in each of the study plots as follows; 

 

H=−∑[(pi)×ln(pi)] 

 

Where H' = Shannon Wiener Index 

Pi = the proportion of individuals of species “i” in relation to the total population of all species. 

Loge = Natural logarithm of base e.  

 

Sorenson’s Similarity Index was used to compare the similarity of species among the various study 

sites following the equation below: 

 

CC = 2C/S1+S2 

 

Where CC = Sorenson’s similarity index or Sorenson’s coefficient of community 

C = number of species present in both communities 

S1 = number of species present in community 1 

S2 = number of species present in community 2 

 

RESULTS AND DISCUSSION 

Results 

Bird Species Composition in the three Campuses and KFR 

A total of 9,624 bird individuals belonging to 100 bird species drawn from 42 families and 73 

genera were recorded during the survey in all the study sites including Kanawa Forest Reserve 

which serves as control (semi-pristine environment) (Appendix 1).  Results show that Kanawa 

Forest Reserve was the most species rich, with a total of 76 bird species belonging to 41 families 
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and 61 genera (Table 1). However, similarities and uniqueness in species did not differ 

significantly among and between the campuses (F3=1.805, p<0.144). 

 Dissimilarities and Uniqueness 

The Kanawa forest was the most unique in terms of species composition, with an exclusive 

composition of 22 species (i.e. 28.95%) contribution to the total species richness in this study.  A 

total of 4 species each was exclusive to FCE (T) and FUK; while only two species were exclusive 

to GSU. 

 

Bird species composition was most similar between FCE (T) Campus and FUK Campus (SI = 8.3, 

83%) and least similar between FUK Campus and GSU Campus (SI = 7.5, 75%).  Among the three 

Campuses, FUK Campus had the highest bird diversity (species richness), followed by FCET and 

GSU Campuses (Table 3).  

Species Abundance 

Species abundance differed between avian species and between study sites (F99 = 2.477, p<0.00). 

Ironically, the most abundant bird species in this study; Laughing Dove 

(Streptopelia  senegalensis) with a total of 651 individuals was found in GSU - the least diverse 

study site. Accordingly, Cattle Egrets Bulbus ibis with 571, Purple Glossy Starling Lamprotornis 

purpureus with 303 and Northern Grey Headed Sparrow Passer griseus with 244 individuals were 

the most abundant species in FCET, FUK, and KFR respectively. The most species rich family 

was the Estrildidae family with 8, 7, and 6 species distributed across FUK, GSU and FCE (T) 

respectively. The three most dominant families in terms of species number were Estrildidae 

(Finches), Columbidae (Pigeons and Doves), and Ploceidae (Weavers) with 12, 7, and 7 species 

in total across the four study sites respectively (Table 2).  

 

          Table 1: Avian Species Composition in the Study Sites 

Location       Habitat                         Species                     Family       Genera 

FCET          Modified                           67                       33         52 

FUK            Modified                           59                       31         48 

GSU            Modified                           50                       28         44 

KFR (Semi-Pristine)                           76                       41         61 

 

Utilization of habitat by birds and feeding guilds 

Avian species recorded in the various study sites were disproportionately engaged in various life 

sustaining activities (Figure 2). However for the most part, bird species were recorded perched, 

while feeding was the second most pre-dominant activity in the various study sites. Breeding, a 

major indicator of habitat suitability was recorded only in FUK (Figure 2). 

 

                                      Table 3: Diversity index within the study area 

Shannon Index FCET FUK GSU KFR 

Shannon DI(H) 3.08 3.19 2.83 3.29 

Hmax 4.21 4.08 3.93 4.33 

Equitability 0.73 0.78 0.72 0.76 

 

 



FUTY Journal of the Environment            Vol. 16 No. 2, June 2022                                                    
 

55 
 

                                  Table 4: Matrix of Sorenson’s coefficient of community  

                                   for the three campuses and KFR 

Study Sites FCE FUK GSU 

FUK 0.83 (83%) 
  

GSU 0.79 (79%) 0.75 (75%) 
 

KFR 0.69 (69%) 0.61 (61%) 0.63 (63%) 

 

Figure 2: Distribution and abundance of avian     Figure 3: Distribution of avian species across 

species with regards to their activities in the         different dietary guilds in the three campuses  

three campuses and KFR                                       and Kanawa Forest Reserve. 

 

 
Discussion 

The main goal of the study was to determine how well human modified habitats serve as refugia 

for bird species across a matrix of human dominated landscapes and remnant savanna woodlands. 

The idea is to evaluate the relative potential of each campus as refugium for avian diversity and to 

Figure 4: Variations in Mean 

Number of bird species across 

the various locations with time 

of day (E= Evening, 

M=Morning) 
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identify the factors that may foster bird species persistence and survival in these remnants of once 

contiguous savannah landscapes.  

Several factors are taken into consideration by birds in choosing a particular habitat; this varies 

from species to species based on inherent traits and ecological requirements. Territorial birds for 

instance will keep bigger territories in degraded landscapes and habitats, than in resource rich ones 

(Osinubi 2010). This dynamics interact with basic factors such as the vegetation structure to 

underpin avian diversity and distribution.  

The fact that Kanawa forest was the most species-rich, despite not being the largest in area, suggest 

that species diversity is a function of several factors with vegetation  structure and consistency 

being the foremost. The results suggest interplay between habitat size, quality and vegetation 

structure in predicting species richness and abundance; this assertion is based on the findings of 

this study where GSU with relatively smaller land area compared to the other sites had the highest 

record of laughing doves despite being the least in overall species richness. However, the result 

was neither numerically or statistically significant. Nonetheless, this perception was strengthened 

by the seeming correlation between size of study area and species richness, with FCET, the largest 

in land area ranking tops followed closely by FUK and GSU. 

The importance of vegetation structure was emphasized in this study. For example, despite its 

smaller land area, GSU had a higher number of trees compared to FCET and FUK campuses. The 

dense tree cover and overall vegetation played a significant role in the relatively higher species 

richness compared to the other campuses with larger land areas but lower tree density. FCET 

campus, being the largest in terms of landmass, had a more spacious environment and lower tree 

density. Unfortunately, it also experienced more anthropogenic activities due to poor visitor entry 

regulations compared to FUK and GSU campuses. These factors reduced the predictive power of 

habitat size in relation to species richness and abundance. 

 

In contrast to most avian surveys, where more birds are typically sighted in the morning, this study 

found more sightings in the evening than in the morning. This finding may be attributed to the 

presence of more people on the campuses during the early morning hours, while in the evenings, 

human activity decreases as people retire home. This leaves the birds with a better and less 

disturbed environment in terms of human presence, allowing them to move around more freely. 

 

In total, 100 bird species from 42 bird families and 76 genera were recorded which is quite 

impressive compared to other similar landscapes elsewhere in the region. For instance, the 

combined result and in some cases for each campus is relatively higher than the 54 species in 31 

families recorded in Zaria (Tanko & Ivande, 2006), 37 species in 25 families observed in Gombe 

State University Campus (Adang et al., 2015a), and the 60 species in 27 families recorded in 

Dadin-Kowa Dam (Adang et al., 2015b), the 69 species in 32 families at FCET, Gombe (Nsor et 

al., 2018). Conversely, the result is lower than the 108 species in 43 families recorded in Lokoja 

(Adang et a., 2018) and 136 species in 42 families recorded in Jos wild life Park (Khobe and 

Kwaga, 2017) and 138 in Pandam (Dami and Manu 2010).  

 

The study primarily sought to understand how avian species utilize human modified habitat, and 

possible factors that could be responsible for species persistence in heavily modified landscapes. 

The result shows that even though there were bird species that were unique to all the study areas 

including KFR, certain species tended to prefer certain habitat features that were not common to 
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all the study sites and as such were excusive to only one or two sites. For instance FCET and FUK 

had 4 unique species, while GSU had only 2.   As expected, 22 species were exclusively found in 

KFR (Appendix 2). Despite these differences, Sorenson Coefficient of Similarity suggests that 

some sites are compositionally similar to KFR a semi-pristine and partially degraded site (Table 

4). This high level of similarity shows that human modified landscapes have capacity to support a 

wide range of species across different feeding guilds and families. On the other hand the results 

also suggest that some traditionally forest or patch dependent species are gradually adapting to a 

peri-urban lifestyle, as more natural habitats are progressively modified to meet the needs of man. 

Nonetheless, some bird species are naturally cosmopolitan and well adapted to a peri-urban and 

urban lifestyle (Borow and Demey, 2004), and as such may not be affected by anthropogenic 

disturbance. These group of species accounts for the similarity in composition of species in the 

three campuses and therefore represent a subset of those found in KFR with a range of 60 to 70% 

similarity.  

However, although statistically insignificant, the difference in species composition amongst the 

study areas affirms the view that heterogeneous habitat (as seen in KFR) support more species than 

most homogeneous habitats (Abalaka and Manu, 2007; Dami et al., 2014), as seen in most parts 

of FCET, FUK and GSU; the homogeneous nature of the campuses is driven by the afforestation 

and greening program of the various tertiary institutions where the remnant natives, are 

interspersed and dominated by exotic plant species and expansive homogenous tree plantations of 

date palm, mahogany, and mango as seen in GSU. Renmant natives in these campuses include but 

not limited to Parkia biblogosa, Tamarindus indica, Balanites aegyatiaca, Adansonia digitata and 

Phoenix dactilifera. These remnant native tree species represent a subset of those found in Kanawa 

Forest Reserve, a semi protected landscape.  

With regards to the presence of various feeding guilds, insectivores with 26 species was the most 

species rich generally, while nectarivores with 3 species were the least in terms of number of 

species across the study sites (Figure 3). The three campuses and Kanawa Forest reserve held all 

the 6 feeding guilds recorded in this survey, although the diversity and composition of species 

across these guilds differed amongst the study sites attesting to the relative differences in habitat 

structure, heterogeneity and size of total land area of each campus and KFR.  

The high level of exclusive species recorded at Kanawa forest (Appendix 2) in contrast to the 

campuses could be attributed to the presence of a perennial stream which of course is a major 

habitat variable and driver of species richness. Ironically, species known to be traditionally forest 

dependent and non-peri-urban were recorded more in the campuses than in KFR (Appendix 3). 

This could be driven by a host of factors; the lack of protection in the forest reserve must have let 

to increase in poaching and persecution of small vertebrates such as birds compared to the other 

campuses that enjoy perimeter fences, security guards and a conscious drive for reforestation and 

vegetation restoration.  

The size of the habitats might have contributed, for instance FCET had the most forest dependent 

species, followed by FUK and GSU, while KFR had the least, despite seemingly being larger than 

GSU. The interplay of the forces might be working synergistically to affect habitat use and overall 

avian preferences and trade-offs. 

With regards to previous work in FCET 18 of the 69 species found by Nsor et al, (2018) were not 

observed in this study while 16 species observed in this study were not observed previously. This 

difference in composition between the two surveys could be attributed to a couple of factors, 
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prominent amongst them being seasonality and duration of assessment.  The experimental design, 

primary goal of each study, scope of study or some unfolding development as a result of habitat 

modification could also be the reason for the compositional differences. 
 

CONCLUSION  

The study has shown that humans can actually meet their diverse needs while still coexisting side 

by side with nature and biodiversity. The similarities in species composition between the three 

campuses and the semi-pristine KFR suggest that bird species are gradually becoming more 

adapted to human occupied and/or modified habitats. In other words, the effects of habitat 

alteration can be less debilitating if a holistic approach in urban development is emphasized, such 

that environmental managers and architects begin to integrate urban development plans with the 

needs of other biotic components of the environment. This all-inclusive developmental approach 

will consolidate the “one health” goal of promoting a healthy environment for humans and 

biodiversity while providing livelihood support for the growing human population.  

This study highlights the fact that most bird species are increasingly adapting to a peri-urban and 

human dominated landscape despite their traditional preferences for contiguous and densely 

forested habitats. The study shows that bird species habitat requirements is primarily driven by 

vegetation structure and each micro-habitat unit, degraded or semi-pristine maybe crucial to the 

overall abundance/diversity of an area. The campuses each hold a unique assemblage of avian 

species and therefore crucial to the overall avian diversity of the total surveyed area and Gombe 

state. We recommend minimal alterations especially of remnant woodlands and native flora on 

campuses and the establishment of more green areas in urbanized landscapes to foster 

heterogeneity. This will boost the capacity of campuses to accommodate more diversity especially 

bird species with unique habitat requirements. 
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