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Introduction

The rural-urban gradient serves as a valuable context for investigating the impact of urbanization on biodiversity. While previous studies have demonstrated shifts in bird communities along this gradient, our understanding of the specific impacts of individual urban components such as man-made physical structures and anthropogenic noise along this gradient remains limited, and more so, in Afro-tropical environments.





Method

Employing the point count method, we recorded birds and also determined the levels of anthropogenic noise and physical structures, across fifteen sites along the rural-urban gradient on the Jos Plateau, Nigeria. We then investigated variations in bird communities along the urbanization gradient and assessed the influence of the two urban components -anthropogenic noise and physical structures, on bird populations.





Results

There was a decline in bird abundance and species richness along the urbanization gradient. Similarly, species common to all the urbanization categories (species present at least at one point in rural, suburban, and urban) also exhibited a decrease in abundance. The suburban area showed a greater similarity in bird community composition to the urban area than the rural area. Notably, as the level of urban development increased, numerous bird species associated with undisturbed sites gradually vanished. Both anthropogenic noise and physical structures exhibited significant negative effects on bird abundance and species richness. Interestingly, we did not find evidence to suggest that the impact of anthropogenic noise was dependent on the level of physical structures. Anthropogenic noise had a significant negative relationship with bird abundance and species richness at all levels of physical structures.





Discussion

We provide evidence that bird abundance and species richness respond negatively to urbanization-related increase in anthropogenic noise and physical structures. That the impact of anthropogenic noise on birds was independent of physical structures suggests that birds in reserved areas, including urban green areas with fewer human activities may equally be affected by noise as are birds in human-dominated areas, if noise sources are near. Overall, our research underscores the detrimental consequences of anthropogenic habitat modification, particularly the alteration of structural and acoustic properties, and emphasizes the importance of preserving undisturbed habitats and implementing ecologically mindful urban planning strategies to safeguard bird communities in the Afro-tropics.
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1 Introduction

Urbanization is the transformation of rural areas and natural landscapes into built-up environments through the development of infrastructure, such as buildings, roads, and utilities. The main driver of urbanization is human population increase (United Nations, Department of Economic and Social Affairs, Population Division, 2018); a process by which an increasing proportion of a population resides in urban areas, leading to the growth and expansion of cities and towns. Urbanization represents a major transformative anthropogenic process shaping terrestrial landscapes worldwide. It alters natural habitats and is considered one of the most significant threats to wildlife, leading to the extinction of native species (Isaksson, 2018).

Although urbanization impacts all biodiversity, birds are a common subject used in studying this impact. They are considered to be a good candidate taxon, because they show predictable population responses to environmental changes and relatively easy to detect and identify (Gregory et al., 2003; Fraixedas et al., 2020). Typically for birds, increased urbanization has significant influence on species richness, diversity, abundance and composition (Benítez-López et al., 2010; Batáry et al., 2018; Callaghan et al., 2019; Neate-Clegg et al., 2023). Although, species richness and diversity are commonly reported to decrease with urbanization (Evans et al., 2018), there are also reports that, for some species, abundance increases with urbanization intensity because they are capable of exploiting available resources within the altered urban landscape (Proppe et al., 2013; Evans et al., 2018; Isaksson, 2018).

The variation in the level of urban development allows classification of settlements into rural, sub-urban and urban land uses. As such, the rural-urban gradient is important for studying the effect of urbanization on birds (Norton et al., 2016; Narango and Rodewald, 2016). Studies along this urbanization gradient – rural-suburban-urban have shown to be more effective in detecting the negative effect of urbanization on bird communities when compared to studies that only compared two levels of urbanization (Batáry et al., 2018).

Two important features of the urban environment are physical structures - concrete buildings, tarred roads and other reflective surfaces; and anthropogenic noise emanating from different sources such as moving vehicles, industry machines, human activities, home gadgets etc (Slabbekoorn and Peet, 2003; Dowling et al., 2012; Matthew et al., 2024). An increase in the density of urban physical structures results in reduced bird species richness because of the destruction and fragmentation of suitable habitats and foraging sites for the birds (Seress and Liker, 2015; Isaksson, 2018). However, some species, especially synanthropic species benefit from the abundant physical structures in urban areas because they take advantage of cavities and edges of buildings as well as structures like telecom towers for roosting and nesting, thereby accounting for increased bird abundance along the urbanization gradient (Mainwaring, 2015).

Most anthropogenic noise is less than 2 kHz (Slabbekoorn and Peet, 2003) and can impair communication in birds through the masking of bird vocalizations occurring in its range (Kleist et al., 2016). Almost all birds utilize vocalization, or other sounds as a channel of communication, which has important functions for survival and reproduction (Winkler, 2001; Osinubi et al., 2012). Many bird species, therefore, tend to avoid noisy areas leading to reduced abundance and richness (Proppe et al., 2013; Kumdet et al., 2021; Ajibola-James et al., 2024). This has been demonstrated in the result of a meta-analysis by Benítez-López et al. (2010) showing a general decrease in bird population densities with increasing proximity to noise sources. Additionally, anthropogenic noise can influence birds to abandon rich habitat patches due to high predation risk driven by the inability of individuals to detect danger in noisy habitats (Slabbekoorn, 2017).

Importantly, anthropogenic noise and physical structures are shown to increase along the urbanization gradient (Dowling et al., 2012, Matthew et al., 2024); studies have also demonstrated shifts in bird communities along this gradient (Benítez-López et al., 2010; Evans et al., 2018; Callaghan et al., 2019; Neate-Clegg et al., 2023). However, the impact of urbanization, including the specific impact of anthropogenic noise and physical structures, on bird communities has received relatively less attention in Africa (Awoyemi and Ibáñez-Álamo, 2023) despite the continent’s high rate of urbanization (United Nations, Department of Economic and Social Affairs, Population Division, 2018). As such, our understanding of their singular as well as interactive effects on birds remain limited. In this study, we evaluated the effect of anthropogenic noise and physical structures on bird communities along an urbanization gradient in Nigeria, an Afrotropical environment. Specifically, 1) we compared bird abundance, species richness and composition among settlements along the urbanization gradient, 2) we determined the effects of anthropogenic noise and physical structures on the abundance and species richness of birds and 3) we determined the combined effect of the above predictors on the abundance and richness of birds.




2 Materials and methods



2.1 Study area

We carried out bird surveys in Jos (latitude 09°55′00″N, and longitude 08°53′25″E), Plateau State, Nigeria (Figure 1), from October to December (late wet season to early dry season), 2020. Jos is the largest human settlement on the Jos Plateau and the capital city of Plateau State. According to the national 2006 census, Jos had a population of about 900,000 residents (Federal Republic of Nigeria, 2012). Recent findings revealed that the city had marked differences in land-use types and urbanization levels that depict a rural-to-urban gradient (Matthew et al., 2024).




Figure 1 | Study area map, showing sampling points along the rural-urban gradient in Jos). Five point count stations were sampled at each of 5 rural sites (Zarazong, Babawo, Rizek, Laminga, SabonGari), 5 suburban sites (Kwang, Haske, Lamingo, Eto Baba) and 5 urban sites (Burkuru, Rayfield, Tudun Wada, British, Tina), making a total of 25 points for each of the three urbanization categories and a total of 75 sampling points across the rural-urban gradient.






2.2 Definition of study areas and selection of study sites

Site were representative of different urban land uses from rural areas to the city center. Rural areas were characterized by relatively lower densities of people (≤142 individuals/Km2), buildings and road networks. Land use type is predominantly farmlands and with scattered building interspersed by open lands and natural vegetation. Suburban areas were characterized by intermediate population (between 142-800 people/Km2), intermediate building and road network densities and mainly included areas just outside of busier urban centers. Urban areas were characterized by high population density (>1000 people/Km2), high density of buildings and human-created structures, little open space, dense road networks, and high commercial activities. Population density information were sourced from (https://citypopulation.de/en/nigeria/admin/plateau/) and (https://www.arcgis.com/apps/mapviewer/index.html?layers=bcaa2926caf54782b360bd46305cecf1). According to Matthew et al. (2024), physicals structures (mostly buildings and pavements) along this gradient ranged from 0.49% in rural area to 99% in the urban area (Figure 1).




2.3 Point count survey

We used a stratified-random design for this study. Rural, suburban and urban areas were identified in the Greater Jos Metropolis (this includes Jos North, Jos South, and Jos East Local Government Areas). Five point count stations were sampled at each of 5 rural sites (Zarazong, Babawo, Rizek, Laminga, SabonGari), 5 suburban sites (Kwang, Haske, Lamingo, Eto Baba) and 5 urban sites (Burkuru, Rayfield, Tudun Wada, British, Tina), making a total of 25 points for each of the three urbanization categories and a total of 75 sampling points across the rural-urban gradient (Figure 1).

Each point was surveyed just once and for 10 minutes between the hours of 0630 - 1100. Points were located between 200 - 500 m apart in order to reduce the chance of double counting and pseudo replication (Morelli et al., 2017). During counts at each sampling point, all bird species seen and heard withing a 50 meters radius around the sampling points were counted and recorded (Danjuma et al., 2012). We sticked to 50 meters radius to minimize problems of detectability associated with increasing distance of birds from the observer. We also avoided collecting bird data on rainy days or days with strong wind. To avoid any bias due to observer ability, all sampling points were surveyed by the same observer (DAM) who is a trained ornithologist.




2.4 Measurement of physical structures expressed as a percentage

In this study we considered physical structures to include both horizontal and vertical man-made urban structures such as buildings tarred roads, concrete and interlocking floors (Dowling et al., 2012; Isaksson, 2018). We determined the percentage of physical structures within a 200 m radius around the points where birds were counted. GPS coordinates of sampling points were exported from the Garmin Etrex 20 GPS device onto the BaseCamp software and saved as a single file in the GPS exchange format (GPX). The data was thereafter cleaned using the MapSource software and converted into a CSV file in excel 2016. We then obtained a 30 m resolution satellite image (Landsat 8) of the study area for the year 2020 from the Earth Explorer website (earthexplorer.usgs.gov). In ArcGIS 10.8, we overlaid the shape file of the study area extracted from the map of Nigeria on the satellite image and carried out supervised image classification as follows. Training samples were generated by selecting multiple pixels of the different land-use types and land features -vegetation, water body, impervious surfaces like roads and concrete floors, and building from the composite layer of bands 1-7 of the satellite image. The mapping software ArcGIS then used these training samples to categorize the area in the shape file into the respective categories of land-use types and land features (Richards, 1986). Afterwards, we grouped all land use types and land features into physical structures and others since we were only interested in physical structures. Still in ArcGIS, we imported coordinates of the sampling points overlaid on the classified image, and converted them into a shape file and created a 200-m radius buffer around each coordinate. Finally, we calculated the percentage of physical structures within each buffer using the “calculate geometry” function (Rhodes et al., 2023; Hao et al., 2024). The percentage was calculated by dividing the number of pixels of physical structures by the total number of pixels and multiplied by 100.




2.5 Measurement of anthropogenic noise

At every sampling point, we recorded anthropogenic noise in decibel (dB) at 1.5 m height with a calibrated Extech 407730 digital sound level meter for three minutes from the four cardinal directions (N, E, S, W) (Slabbekoorn and Smith, 2002; Matthew et al., 2024). We set the noise meter to “C weighting” and “slow” mode when recording. This setting is good at capturing most of the low-frequency background noise and automatically averages the noise levels in case of abrupt high levels. We then took the mean of the noise levels from the four cardinal directions for each point.




2.6 Statistical analyses

We used the R program version 4.3.3 (R Core Team, 2024) for all analyses. For objective 1: testing the variation in general bird abundance and abundance of birds encountered at least at one point in all the urban categories (hereafter called common birds), bird species richness and bird species composition along the urbanization gradient; we used a generalized linear model (GLM) with the Poisson error distribution because the response variables were count data. There was overdispersion in the models with abundance as a response variable, therefore, we used the quasipoisson error distribution for the GLM analyses having abundance as a response variable. We maintained the use of the Poisson error distribution where there was no overdispersion, as was the case with all the GLMs having species richness as the response variable. The post hoc test, emmeans from the emmeans package in R was used for pairwise comparison between levels of categorical predictor variables. Furthermore, we used analysis of similarity (ANOSIM) with the adonis function in R to test the similarity in bird species composition between and among settlements. Thereafter, we visualized the result of ANOSIM using a Non-metric Multidimensional Scaling (NMDS) analysis. For objective 2, to test the individual effect of anthropogenic noise and physical structures; we first checked and confirmed weak correlation between anthropogenic noise and physical structure (r = 44.29). We then included both variables in the models for bird abundance and species richness. Therefore, one model was run for testing abundance and another model for species richness. Before testing the second objective, we first used a GLM with gaussian family to investigate variation in values of anthropogenic noise and physical structures across the settlement gradient (rural, suburban and urban). To test objective 3, the interaction effect of anthropogenic noise and physical structure on bird abundance and richness, we ran a GLM model with interaction of anthropogenic noise and physical structure. However, to be able to determine and visualize the relationship between one predictor variable (anthropogenic noise) and the response variables within each category of the other predictor variable (physical structure), we used a k-means clustering analysis to categorized physical structures into two categories (high and low) (Dowling et al., 2012) as determined by Within-Cluster Sum of Squares (WSS) and silhouette plots from the “factorextra” package in R. The reason for using k-means clustering was to avoid the ambiguity that may result when the variables are grouped by mere settlement classification (Matthew et al., 2024). Simple classification of study sites into rural and urban may not fully describe the variation in the physical and acoustic habitat properties between sites for reason of overlaps in values of the variables (Zhan et al., 2021). K-means clustering is able to group the values into categories irrespective of settlement classification by pooling similar values from all settlements around a given mean and creating non-overlapping levels of the variables.





3 Results



3.1 Bird abundance and species richness along urbanization gradient

A total of 1214 birds of 68 species in 37 families and 14 orders were recorded in this survey (species list can be found in Supplementary Table S1). The total count of birds was 524 (rural), 393 (suburban) and 297 (urban). Bird abundance ranged from 4 to 43 in the rural, 3 to 30 in the suburban and 4 to 28 in the urban. Species richness was 54 in the rural, 43 in the suburban and 31 in the urban (see Figure 2 for species accumulation curve). Furthermore, the species richness at sampling points ranged from 4 to 19 for rural, 3 to 11 for suburban and 2 to 11 for urban. Compared to rural settlement, the bird abundance was significantly lower in suburban (GLM: Est = -0. 2877 ± 0.13, t = -2.126, df = 73, p = 0.037, R2 = 0.22) and urban (GLM: Est = -0.527 ± 0.15, t = -3.578, df = 73, p = 0.001, R2 = 0.22) settlements respectively, Figure 3A). However, pairwise comparison with a post-hoc test revealed no significant difference in the abundance of birds between suburban and urban settlements (p = 0.348) Relatedly, bird species richness was significantly lower in suburban (GLM: Est = -0.271 ± 0.09, z = -2.972, df = 73, p = 0.003, R2 = 0.36) and urban (GLM: Est = -0.481 ± 0.09, z = -4.893, df = 73, p < 0.001, R2 = 0.36) settlements respectively compared to the rural settlement (Figure 3B) which had a mean abundance of 10.64 ± 4.27. Although species richness was higher in the suburban settlement, compared to the urban settlement, the observed difference was not statistically significant (p = 0.225).




Figure 2 | Species accumulation curve for all the 75 sampling stations across all sites. A total of 68 species were encountered in the study.






Figure 3 | Variation in bird abundance (A) and bird species richness (B) across urbanization gradient. Bird abundance was significantly higher in rural area than suburban and urban areas. However,the result of a post-hoc test of pairwise comparison between suburban and urban areas with TukeyHSD revealed no significant difference between them (p = 0.275). The species richness was significantly higher in rural area than suburban and urban areas. However,the result of a post-hoc test of pairwise comparison between suburban and urban areas with TukeyHSD revealed no significant difference between them (p = 0.107). * p <0.05, ** p < 0.01, *** p < 0.001.






3.2 Abundance of birds common to different urban categories and observation of unique species to the urban categories.

Of the 68 species recorded in the survey, only 17 were common to all settlements (i.e., species present at least at one point in each of rural, suburban and urban areas). The overall abundance of these common species was lower in urban and suburban settlements compared to rural settlement (Figure 4). The observed difference between rural and urban settlements was significant (GLM: Est = -0.354 ± 0.14, t = -2.454, df = 73, p = 0.016, R2 = 0.07), suburban was not significantly different from the rural settlement (GLM: Est = -0.178 ± 0.14, t = -1.310, df = 73, p = 0.194, R2 = 0.07). Furthermore, a pairwise comparison between suburban and urban settlements did not show a significant difference (p = 0.462).




Figure 4 | Abundance of birds common to all settlements across the urbanization gradient. Significant difference was only found between rural and urban areas. * p <0.05; ns, p value not significant.



The number of bird species uniquely observed at the different settlements generally decreased along the gradient from rural to urban (see Table 1 for a list of unique species and the number of individuals recorded for each settlement); while 16 species were observed in the rural settlement only, 7 and 3 species were observed in only suburban and urban settlements respectively. Although there was a general decrease in the abundance of the common birds, some species like the Laughing Dove Stretopilia senegalensis and Speckled Pigeon Columbia guinea, showed peak abundance in suburban settlements; a few other species such as Western Plantain Eater Crinifer piscator, Yellow-billed Kite Milvus aegyptius, Red-billed Firefinch Lagonosticta senegala and Bronze Mannikin Spermestes cuculata, showed an increasing trend from rural to urban settlements (Figure 5). However, none of the observed variation in the number of individual species across the gradient was significant (Supplementary Table S2).


Table 1 | List of species and number of individuals recorded uniquely in each settlement.






Figure 5 | Count of common bird species across urbanization gradient. This figure shows only number of the 17 species observed at least at one point in each of rural, suburban and urban areas, termed common species. The Laughing Dove Stretopilia senegalensis and Speckled Pigeon Columbia guinea, showed peak count in suburban settlements; the Western Plantain Eater Crinifer piscator, Yellow-billed Kite Milvus aegyptius, Red-billed Firefinch Lagonosticta senegala and Bronze Mannikin Spermestes cuculata, were more in urban area. The remaining 11 species were more in rural area.






3.3 Bird species composition along urbanization gradient

Table 2 shows the Bray-Curtis dissimilarity indices from ANOSIM of species composition (not for common species but for all species) between settlements. Bird species composition was more similar between suburban and urban settlements than rural versus suburban, and rural versus urban settlements respectively. The ANOSIM showed that the observed difference in bird community composition across settlements was significant (R = 0.20, p = 0.001). This is visualized with non-metric multidimensional scaling (Figure 6).


Table 2 | Bray-Curtis dissimilarity indices between settlements.






Figure 6 | Result of NMDS of bird community composition across settlements along the urbanization gradient. Stress = 0.2102. Species composition in suburban settlement was more similar to urban settlement than the rural settlement. The centroids for the settlements are represented with square shapes and circular points represent species.






3.4 Individual effect of urban components on bird species richness and abundance

The levels of anthropogenic noise and physical structures differed across settlement types. They significantly increased from rural to urban settlement along the urbanization gradient (GLM: Anthropogenic noise: Chisq = 20.794, df = 2, p < 0.0001, R2 = 0.25 Figure 7A; percentage physical structure: Chisq = 84.75, df = 2, p < 0.0001, R2 = 0.57; Figure 7B).




Figure 7 | Variation in ambient noise (A) and percentage cover of physical structures (B) along the urbanization gradient. There were significant differences in the levels of anthropogenic noise and physical structure across the settlements.The difference in ambient noise between suburban and urban settlements was not significant. * p <0.05, ** p < 0.01, *** p < 0.001.



Bird abundance had a negative and significant relationship with anthropogenic noise (GLM: Est = -0.025 ± 0.51, t = -2.843, df = 2, p = 0.006, R2 = 0.32, Figure 8A) and physical structure (GLM: Est = -0.005 ± 0.01, t = -2.670, df = 2, p = 0.009, R2 = 0.32Figure 8B). Similarly, as shown in Figures 9A, B, bird species richness had a negative and significant relationship with anthropogenic noise (GLM: Est = -0.209 ± 0.01, z = -3.176, df = 2, p = 0.001, R2 = 0.44) and physical structure (GLM: Est = -0.007 ± 0.01, z = -3.176, df = 2, p = 0.001, R2 = 0.44) respectively. The observed decrease in bird abundance and species richness with anthropogenic noise and physical structure were not affected by the level of urbanization (Supplementary Figure S1).




Figure 8 | Relationship between (A) ambient noise, (B) physical structure and general bird abundance. Significant decrease of bird abundance with increasing levels of anthropogenic noise and physical structure was observed.






Figure 9 | Relationship between (A) ambient noise, (B) physical structure and bird species richness. Significant decrease in bird species richness with increasing levels of anthropogenic noise and physical structure was observed.






3.5 Interaction effect of urban components on bird species richness and abundance

The effect of anthropogenic noise on bird abundance and species richness did not seem to be dependent on physical structure as the effect was similar at all levels of physical structures. The interaction models were not statistically significant (GLM: physical structure x Anthropogenic noise: Abundance: Chisq = 2.136, df = 1, p = 0.144, R2 = 0.28, Figure 10A; Species richness: Chisq = 0.713, df = 1, p = 0.399, R2 = 0.38, Figure 10B). Similar trend was observed at all urbanization levels (Supplementary Figure S1).




Figure 10 | Relationship between (A) anthropogenic noise, (B) bird abundance and species richness at different levels of physical structure. The interaction of anthropogenic noise and physical structure was not significant on bird abundance and species richness. There was decrease of bird abundance and species richness at each level of physical structure.







4 Discussion



4.1 Bird abundance and species richness across settlement gradient

Our results show that the abundance and richness of avifauna decreased along the rural-urban gradient. This is likely in response to the level of development along the gradient; we observed a significant increase in both anthropogenic noise and percentage cover of physical structure along the urbanization gradient (rural -suburban-urban). Together with climate change, land-use change in the form of urban development is recognized as a major threat to wildlife (Isaksson, 2018). The process of urbanization results in the destruction of natural habitats and introduces human-induced pressure that ultimately affects bird communities (Isaksson, 2018). The observed decrease in bird species richness along the rural-urban gradient in this study implies that some bird species are unable to cope with the alteration being made to their habitat (Isaksson, 2018). We observed that most bird species assumed to be found in undisturbed sites gradually dropped out as the landscape transformed into urban settlements, and this perhaps explains why the rural settlement had the highest number of unique species. Slabbekoorn et al. (2007) recognized that the urban environment is evolutionarily new to birds while Isaksson (2018) acknowledged that a great majority of birds are unable to have their normal life in this altered environment of the urban landscape. Our observation of the decline in species richness along the rural-urban gradient agrees with the reports of several other studies captured in a meta-analysis by Batáry et al. (2018). This relationship is observed across different biogeographical regions (Evans et al., 2018).

We also observed a decrease in abundance along the urbanization gradient implying that urban development also negatively impacts the number of birds. Our result agrees with previous reports of similar studies (Catterall, 2009; Gagne and Fahrig, 2011; Rija et al., 2014). However, some studies have reported contrasting results of an increase in bird abundance along urbanization gradients (Batáry et al., 2018; Rashid et al., 2020; Kurucz et al., 2021). Kurucz et al. (2021) suggested that the increase in bird abundance along the urbanization gradient was primarily due to the dominance of synanthropic species. Surprisingly, we found a general decrease in the abundance of birds that were common to all settlements, including very common synanthropic species like Village Weaver Pleocus cuculatus, Common Bulbul Pycnonotus barbatus and Northern Gray-headed Sparrow Passer griseus. This suggests that there may be a limit to the level of anthropogenic pressure the birds can tolerate, even if they are associated with humans. The various anthropogenic pressures, such as artificial light at night, chemical and noise pollution (Isaksson, 2018), observable in urban areas may affect the physiology, breeding and survival of birds. Furthermore, the observed decrease in bird abundance from this study contrary to other reports may reflect regional differences in bird responses to urbanization. Luck and Smallbone (2010) suggested that it may be difficult to generalize bird response to urbanization because ecological traits and local factors which play significant roles in species responses to the altered environment may differ across regions. For example, some of the studies that reported an increase in bird abundance across the urbanization gradient were conducted in regions that have long history of urbanization, unlike the Afrotropical landscapes that are recently facing a rapid urbanization process, as obtainable in our study area. Therefore, the Afrotropical birds may not have adapted so well to the effect of urbanization. This calls for attention to the rapid transformation of the African environment into the urban landscape. On the other hand, the abundance of some species like Western Plantain Eater, Yellow-billed Kite, Red-billed Firefinch and Bronze Mannikin, increased along the gradient, suggesting differential responses to urbanization by species. Local differences in species responses to urbanization may be due to the life history traits of the species present in the study area, and the local habitat structure (Chamberlain et al., 2017). It may, therefore, be useful to consider the the life history traits of species and the local habitat structure in detail when studying the response of bird communities to urbanization. Although we did not focus on feeding guild response to urbanization in this study, we observed from our data that granivores were the most common, across the settlements. Future studies to look into guild response to urbanization will provide insight into how different species in different guild respond to urbanization. The Speckled Pigeon and Laughing Dove showed peak abundance in the suburban area. Although there was a general decreasing trend in abundance along the urbanization gradient, the observation of some species being more in suburban and urban areas respectively, implies some extent of non-linearity in bird response to urban development (Batáry et al., 2018) and the ability to tolerate and exploit the altered environment by some bird species. We observed that in the urban areas, bird abundance and species richness were highest in places that were less altered or in old residential areas with gardens compared to the highly urbanized places like the city center that lack green areas.




4.2 Bird species composition across urbanization gradient

The analysis of similarity using Bray-Curtis distance showed that bird community was more similar between suburban and urban than suburban and rural. This is contrary to the finding of Rashid et al. (2020), where the suburban settlement was closer to rural settlement in species composition than the urban settlement. While the rural areas are more like natural landscapes because of relatively low human disturbance, suburban areas are extensions of urban areas and therefore have similar levels of disturbance as urban areas. This may have resulted in the closer similarity of bird communities observed between suburban and urban settlements. Regarding the species observations unique to each settlement, we recorded the Rock Firefinch Lagonostica sanguinodorsalis, Palm Swift Cypsiurus parvus and Lavenda Waxbill Glaucestrilda caerulescens only in urban settlement. It is worth noting that these species are fairly common and can be found in varieties of habitats and settlements (personal observation). However, in this study we sighted each of them only in urban area and there was only one observation for each of them except the Palm Swift that was observed at two points and had a total of 4 individuals. The observation that Rock Firefinch, Palm Swift and Lavenda Waxbill were only found in the urban area and not in rural or suburban areas where they are expected to be found suggests that they may not be permanently absent from the rural or suburban areas. This is in agreement with Carral-Murrieta et al. (2020), that species may temporarily fly away from or avoid disturbed sites. However, it is unlikely that poor detection was the case in rural and suburban areas. The Rock Firefinch is a vocal species and should have been easier to detect at rural sites which is less noisy. It was seen around rocky outcrop (which is known to be its preferred habitat) in the urban. African Palm swifts are arial species and could not have been easily missed at other sites. The Lavenda Waxbill was seen around grain mill in the urban area.

In this study we surveyed birds once at each point, we recommend that similar studies in the future should consider replicating bird counts to ensure inclusion of species that may be missed during one of the bird counts. Also, given that detection probabilities differ across bird species and landscapes, we recommend that this be considered in future studies as we did not consider it in this study.




4.3 Effect of urban components on bird species richness, abundance and distribution

Both anthropogenic noise and physical structures significantly increased along the urbanization gradient. They in turn exhibited significant negative influences on bird abundance and species richness at all levels of urbanization. This result suggests that both the structural and acoustic properties of the urban landscape have an important influence on bird communities. The increase in the level of physical structures leads to reverberation and scattering of bird sounds, thereby, impairing communication (Slabbekoorn et al., 2007). In addition, the loss of suitable habitat patches and foraging sites for birds due to increase in man-made physical structure may cause reduced bird abundance and species richness (Seress and Liker, 2015).

Anthropogenic noise has varied effects on bird population. These effects range from the masking of birds’ acoustic signals (Slabbekoorn et al., 2007; Benítez-López et al., 2010; Schroeder et al., 2012; McIntyre, 2013; Senzaki et al., 2016) to physiological stress on the birds (Barber et al., 2010), thereby leading to the reduction in breeding success and survival of birds and overall decline in their population (Habib et al., 2007; Halfwerk et al., 2011; Luo et al., 2015; Mason et al., 2016). On the whole, our result agrees with finding from other studies (Seress and Liker, 2015; Carral-Murrieta et al., 2020).

We did not find evidence to suggest that the effect of anthropogenic noise on bird abundance and richness depended on the level of physical structures. At both low and high levels of physical structure, the effect of noise on bird abundance and species richness was not significantly different. However, the slope due to noise at high levels of physical structures was less steep compared to low levels of physical structure. While the impact of urbanization should not be underestimated, it is possible that, over time, the few bird species that persist in urban environments may exhibit a slower response to the pressures of urbanization (Luck and Smallbone, 2010). This could be due to their ability to adapt and exploit the modified landscape. The observation that noise independently affects bird communities may not particularly favor the concept of land sharing for the conservation of bird species; birds in urban green areas with fewer human activities may equally be affected by noise as are birds in human-dominated areas. This is because noise can affect bird foraging and breeding up to a considerable distance from the noise source (Benítez-López et al., 2010). Many studies have reported decreased abundance and species richness of birds and other animals with noise-related pollution, even in conserved areas (Arévalo and Newhard, 2011; Wiącek and Polak, 2015; Avalos and Bermúdez, 2016; Senzaki et al., 2020; Kumdet et al., 2021; da Silva et al., 2021; Ajibola-James et al., 2024).





5 Conclusion

This study provides evidence that bird abundance and species richness respond negatively to urbanization-related increases in anthropogenic noise and physical structures. However, birds in reserved areas, including urban green areas with fewer human activities and lower levels of urban development may equally be affected by noise as are birds in human-dominated areas, if noise sources are near. The study underscores the importance of preserving undisturbed habitats and implementing ecologically mindful urban planning strategies to safeguard bird communities in rapidly developing Afrotropical landscapes.
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