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Abstract 
Global biodiversity is facing unprecedented decline, with agricultural expansion recognized as one 

of the main drivers, particularly in tropical regions. In this context, coffee agroforestry systems 

provide an important framework for examining relationships between livelihoods, ecosystem 

services, and biodiversity conservation. Birds are widely used as bioindicators due to their 

sensitivity to habitat change and their important ecological functions. This study investigated bird 

communities across Arabica coffee agroforestry farms and protected secondary forest on the 

western slopes of Mt Elgon, eastern Uganda. A total of 91 bird species were recorded using Timed 

Species Counts (TSCs), and bird assemblages were analyzed in terms of species composition, 

functional groups, forest dependency, and migratory status. Area of Habitat (AOH) distributions 

were compared to assess the potential effects of forest loss on widespread and restricted range 

birds. Analysis on the data collected identified two distinct bird communities corresponding to 

farm and forest habitats. Forest plots supported higher species richness and slightly greater 

functional diversity and evenness. Most species recorded inside the forest were insectivorous, 

frugivorous, or forest-dependent, whereas farms were characterized mainly by insectivores, 

granivores and forest-visitors. The numerous insectivores recorded in farms, as well as the several 

frugivores, are likely supported by the presence of sparse canopy trees. Forest plots tended to 

harbor species with smaller global ranges than the farmland, and although no species recorded are 

currently globally threatened, ongoing deforestation in the area is likely to affect forest-specialist 

species the most. The findings show that coffee agroforestry farms currently support a community 

assemblage that differs from that of the protected forest, supporting only part of the forest-

dependent species and therefore being unable to substitute the ecological functions and importance 

of remaining forest habitats. However, these agroforestry farms still retain relatively rich and even 

bird assemblages, and practices promoting greater tree cover and habitat complexity within farms 

would likely create suitable conditions for other forest-dependent species. In parallel, the study 

integrated local ecological knowledge and perceptions of birds to incorporate local realities and 

needs, an approach that is crucial for achieving successful conservation outcomes and promoting 

a more critical and ethical science. 
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Introduction 
Global biodiversity loss and agricultural expansion 
Global biodiversity is undergoing unprecedented decline, with land-use change—especially driven 

by agricultural expansion—identified as one of the leading drivers, particularly in tropical regions 

(IPBES, 2019). As human populations continue to grow, there is an increasing need not only to 

produce more food, but also to do so while preserving habitats and biodiversity (BIODEV2030, 

n.d.). 

Biodiversity plays a fundamental role in ecosystem functioning, contributing to ecosystem 

stability, resilience, and the maintenance of ecological processes and ecosystem services (Mouillot 

et al., 2011; Şekercioğlu et al., 2016; Tilman, 2001). Efforts to conserve it are especially relevant 

in Uganda, one of Africa’s most biodiverse countries (Plumptre et al., 2019) and currently 

harboring more than 1000 bird species (BirdLife International, 2024). Agriculture—and 

aquaculture—are among the leading threats affecting many of these species (BirdLife 

International, 2024), and with the Ugandan population predicted to almost double by 2050, 

increasing pressure on agricultural production systems is expected to further intensify habitat 

transformation and biodiversity loss (BIODEV2030, n.d.). 

 

Mt Elgon and coffee agroforestry systems 
Mt Elgon is an extinct volcano located in eastern Uganda that constitutes an important biodiversity 

hotspot (UNESCO, 2024). Mount Elgon National Park covers 1145 km², ranging from 1460 to 

4320 m above sea level, and is contiguous with Mount Elgon National Park in Kenya. The 

mountain has been described as one of East Africa’s most important mountain ecosystems because 

of its endemic species, role as a major water catchment, and rich forests (Howard et al., 2000). 

Moreover, it contains a diverse avifauna, including several species associated with montane forest 

habitats (Kings, 1997). Most of the lower slopes were originally heavily forested but expanding 

agriculture and human settlement have led to extensive forest loss, including the loss of mixed 

montane forests of conservation importance (UNDP, UNEP & IUCN, 2013). The remaining 

Ugandan forest on the park is continuous and covers approximately 790 km² (BirdLife 

International, 2024), providing critical habitat for its forest-dependent species. 

On the western slopes of Mt Elgon, outside the National Park boundary and home for the Sabiny 

and Bagisu communities, Arabica coffee agroforestry has traditionally supported local livelihoods. 

These specific agricultural systems provide an important context for examining the relationships 

between livelihoods, ecosystem services, and biodiversity conservation. 

 

Agroforestry and the AfPEC project 
Agroforestry, defined as the intentional integration of trees and shrubs within agricultural systems, 

has received increasing attention as a provider of ecosystem services and societal benefits, with 

the potential to mitigate climate change, soil degradation, and biodiversity loss (CBD, 2022; IPCC, 

2022; Schroth et al., 2004; UNEP, 2021). 

These systems can enhance soil stability preventing landslides (Knapen et al., 2006; Mugagga et 

al., 2012), regulate pests and diseases (Pumariño et al., 2015), and contribute to climate change 

mitigation through carbon sequestration (Pravalprukskul, 2015). Importantly, agroforestry systems 

can also support different kinds of biodiversity by increasing habitat complexity (Udawatta et al., 

2019). 
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Coffee agroforestry systems are particularly important because coffee is one of the most valuable 

and most widely cultivated tropical export crop worldwide (FAOSTAT, 2026). In Mt Elgon, these 

systems highly support local livelihoods while contributing to Uganda’s national economy 

(UCDA, 2015). Yet, afforestation and tree planting initiatives, including in coffee agroforestry, 

have historically promoted exotic species despite their more limited contribution to biodiversity 

conservation (Graham et al., 2022). 

This study is part of the AfPEC project, a collaborative initiative involving Aarhus University, 

Makerere University, and the University of Copenhagen, as well as several NGOs and other 

partners. AfPEC has been assessing the current state of agroforestry systems on Mt Elgon for the 

past two years, aiming to guide a redevelopment toward more biodiversity-friendly and resilient 

management strategies, while supporting local livelihoods by prioritizing sustained collaboration 

with local communities. 

 

Bird communities and ecosystem functioning 
Birds are widely used as ecological indicators because they respond sensitively to habitat change 

(Canterbury et al., 2000), occupy a broad range of ecological niches, and are relatively easy to 

survey due to their high mobility. Moreover, birds perform multiple ecological functions, including 

predation of herbivorous insects, seed dispersal (Lozada et al., 2007), pollination (Şekercioğlu, 

2006), scavenging, and pest control (Kellermann et al., 2008; Şekercioğlu, 2016), making them 

important contributors to ecosystem functioning and agricultural productivity. 

Ecological communities are shaped by multiple interacting processes, including competition 

(Terborgh & Weske, 1975), habitat heterogeneity and complexity (MacArthur & MacArthur, 

1961; Terborgh, 1977), and source-sink dynamics (Pulliam, 1988). Within this framework, forest 

habitats generally support higher species richness than more simplified agricultural systems 

because their structural complexity provides a greater diversity of ecological niches and resources. 

However, according to the intermediate disturbance hypothesis (Connell, 1978), species richness 

may peak at intermediate levels of disturbance, suggesting that some agroforestry systems can 

maintain relatively high diversity despite lower structural complexity. Within agricultural 

landscapes, shaded coffee agroforestry systems have been considered particularly important for 

bird conservation because they retain structural habitat and resources necessary to support the 

presence of several groups, such as insectivores or forest-dependent bird species (Buechley et al., 

2015; Greenberg et al., 1997; Van Bael et al., 2008). The presence of native trees is considered 

especially important for supporting bird communities, especially forest-associated species (Bolwig 

et al., 2006; Deikumah et al., 2017; Narango et al., 2019; Ong’ondo et al., 2022). 

The conservation value of agroforestry systems also depends strongly on landscape context, 

particularly their proximity to natural forest. Agroforests located near forest habitats generally 

support higher biodiversity because they can act as dispersal pathways and facilitate the movement 

of forest-dependent species into agricultural matrices (Faria et al., 2007; Jha et al., 2014; Perfecto 

et al., 2007). Shaded coffee systems, in fact, have been suggested to promote metapopulation 

dynamics across fragmented landscapes (Perfecto et al., 2007). However, agroforests may only 

function primarily as sink habitats used for feeding rather than breeding (Clough et al., 2010), 

suggesting that agroforestry systems cannot substitute intact forest habitats (Perfecto et al., 2007). 

Bird communities are also strongly influenced by elevational gradients, which have repeatedly 

been associated with changes in species richness and community composition (Liang et al., 2021; 

McCain, 2009; Rahbek, 1997). 
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Apart from taxonomic diversity, the functional composition of ecological communities provides 

additional insights into ecosystem functioning and resilience (Mouillot et al., 2011; Tilman, 2001). 

Bird diet represents a fundamental aspect of a species’ ecological niche (Root, 1967; Simberloff 

& Dayan, 1991), and analyzing communities based on dietary choices can therefore provide 

insights into the ecological roles different groups of birds perform within ecosystems (Kissling et 

al., 2012). Previous research in tropical agroforestry systems has shown that certain ecological 

groups, particularly forest specialists and ant-following insectivores, are disproportionately 

affected by land-use change (Jarrett et al., 2021), highlighting the importance of delving into 

functional dimensions of biodiversity in conservation research. 

 

Habitat loss and species vulnerability 
Habitat loss and degradation do not affect all species equally. Species with smaller distribution 

ranges or specialized habitat requirements are generally more vulnerable to environmental change 

than widespread generalists. Accordingly, several studies support that the effects of habitat loss on 

species persistence are non-linear and depend, among other factors, on the current distribution area 

of the species (Durán et al., 2020; Eyres et al., 2025; Kitzes & Harte, 2014). 

Area of Habitat (AOH) is a metric that provides a moderately detailed and ecologically relevant 

representation by mapping only the suitable habitat within a species' range (Brooks et al., 2019). 

In the context of this study, evaluating how forest loss on Mt Elgon differentially affects species 

according to their current AOH could help predict how the ecological communities within the 

study area may be affected.  

 

Integrating local ecological knowledge 
Conservation research as a discipline has progressively evolved from more human-exclusionary 

conservation models (Soulé, 1985) towards more inclusive frameworks that emphasize the tight 

coupling of social and natural systems (Kareiva & Marvier, 2012). This recognizes that effective 

environmental management should incorporate not only ecological data, but also local cultural 

perspectives, knowledge, and needs. 

In this context, Elizabeth Garland (2008) forcefully argued that wildlife conservation in Africa has 

often remained embedded in colonial and postcolonial structures that marginalized local 

communities and erased their historical role in shaping and inhabiting African landscapes. Donna 

Haraway (2022) argued that including local knowledge is important as it provides perspectives 

that result from long-term lived interaction with specific environments, complementing more 

external and disconnected scientific ecological assessments. Within this framework, while local 

understandings of birds may not always fully align with scientific classifications or ecological 

records, they remain meaningful and valid forms of ecological knowledge. Moreover, while 

perceptions of bats have been studied in Mt Elgon (Siya et al., 2025), limited attention has been 

given to how local communities perceive birds and their role within agroforestry landscapes. 

The historical formation of the National Park itself was also not exempt from exclusionary 

approaches toward local communities, which have contributed to long-standing tensions with the 

Uganda Wildlife Authority (UWA). One example is the displacement of the Benet 

(Ndorobo/Mosopisyek) community, which has yet not recovered its land rights (Amnesty 

International, 2021). Sassen et al. (2013) suggested that forest loss linked to encroachment by 

surrounding communities is closely related to the extent to which local realities and livelihoods 

are recognized and incorporated into conservation action. In the context of Mt Elgon, Scott (1998) 

made a similar argument, highlighting the importance of involving local communities in 
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conservation efforts to promote more sustainable relationships between people and the surrounding 

environment.  

Finally, although Uganda has been independent since 1962, the English language continues to 

dominate education and official communication, reflecting the persistent postcolonial devaluation 

and marginalization of local languages in the country (Namyalo & Nakayiza, 2015). 

 

Aims of the study 
Building on these perspectives, the present study aims to: 1) provide an overview of the bird 

communities found across Arabica coffee agroforestry farms on the western slopes and the 

secondary forest of Mount Elgon National Park, as well as characterize differences in vegetation 

structure between sites; 2) investigate patterns of species accumulation, diversity, and abundance, 

evaluate taxonomic and functional composition between coffee agroforestry and forest habitats, as 

well as quantify the effects of habitat loss on species and ecological groups; and 3) examine local 

farmer’s and inhabitants’ perceptions of and relationship with birds, while integrating their 

ecological knowledge and local language. 

 

This study was based on two main hypotheses: 

I) While coffee agroforestry farms may retain part of the regional bird diversity and abundance, 

the forest harbors richer and more stable communities that provide a wider range of ecosystem 

services.  

II) The ongoing process of deforestation of Mt Elgon disproportionately affects species with more 

limited distributional ranges and stronger forest dependency. 

 

No specific hypotheses were formulated regarding the integration of local ecological knowledge, 

as this component of the study was primarily exploratory and descriptive.  
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Methods 
Study area 
This study takes part in Sipi (Kapchorwa District), on the lower slopes of the western part of Mt 

Elgon in Arabica coffee agroforestry farms bordering the Mount Elgon National Park, as well as 

inside the secondary forest of the NP near the Kapkwai Exploration Center (Figure 1). Elevation 

ranges from 1880 to 2125 meters. The site is comprised within the East African montane forest 

ecoregion, part of the tropical and Subtropical Moist Broadleaf Forests biome (Dinerstein et al., 

2017). While NP is recognized as a Key Biodiversity Area (KBA), Important Bird and Biodiversity 

Area (IBA), and Protected Area (PA) (BirdLife International, 2024; UNEP-WCMC, 2025), the 

Sipi slopes are unprotected.  

 

 
Figure 1: Scaled map of the study area depicting the 21 plots (polygons in blue). The darker green area represents 

the Mt Elgon NP and the white dashed line the boundary of the park. Plots from 1 to 15 are found in Arabica coffee 

agroforestry farms. Plots from 16 to 21 are inside the secondary forest of the NP. The black cross indicates location 

of the study site within Uganda.  

 

Plot selection and environmental variables 
Fifteen (15) plots were established in the coffee agroforestry farms on the western slopes of Mt 

Elgon. Six (6) other plots were defined inside the park to represent the secondary forest of the NP. 

Thus, data were collected from a total of twenty-one (21) plots (Figure 1). Farm plots were spaced 
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across a gradient from 2 km distance towards the forest boundary of the NP, established with the 

permission of each landowner, and positioned at a suitable distance from both neighboring plots 

(>100 m) and nearby water streams. The latter to avoid sound contamination and because streams 

often support distinct riparian bird assemblages not targeted in this study.  

Coffee agroforestry plots were chosen to capture a diversity of vegetation structures, with the aim 

to represent the range of management practices among farmers on the western slopes of Mt Elgon. 

All selected farms consisted of intercropped Arabica coffee (Coffea arabica) and banana trees 

(predominantly Musa acuminata) to keep understory structure constant. Instead, farms varied the 

most in their overstory structure, ranging from several trees and considerable shading to complete 

absence of overstory trees. Plot size was kept constant by marking four plot boundaries at 

approximately 0.5 acres (0.2 hectares), which aligns with the average size of the farms in the study 

site and is smaller than the average smallholder farm size across Uganda, which ranges from 0.5 

to 2.5 hectares (1.2 to 6.2 acres; USDA Foreign Agricultural Service, 2025).  

Multiple vegetation and environmental variables were quantified or estimated (Figure 2). Average 

height (m) of the two understory species in farms—coffee plants and banana trees—was estimated 

on site: average coffee height and average banana height. To estimate the number of banana trees, 

banana clumps were counted and then banana stems approximated. Coffee was found planted, with 

few exceptions, at the spacing of 2.4 x 2.4 meters, which corresponds to approximately 640 coffee 

plants per acre. This relationship was used to calculate coffee plant density. For the overstory, the 

remaining tree species were identified and counted. Overstory cover was estimated visually as a 

percentage. Ground cover measurements were discarded, as farmers continuously worked the land 

and managed weeds differently during the fieldwork period. For plots inside the NP, the same 

vegetation variables were measured to standardize vegetation structure across all plots as much as 

possible. A distinct ground layer was absent, as the understory formed a dense continuous layer. 

Understory height (m) was estimated on site, but understory plant species were not identified. For 

the overstory, same procedure as in farm plots was followed. A list of tree canopy species recorded 

in farms and forest can be found in Appendix Table 3. 

I used the open-source software for processing and analyzing scientific images, ImageJ2 version 

2.14.0 (Rueden et al., 2017) to calculate the distance of each farm plot (1-15) to the NP boundary. 

 

 
Figure 2: Scheme of the vertical structure of farm (left) and forest plots (right). Note that the variation in overstory 

structure among farm plots is not represented in the figure. 
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Bird data collection 
To study the bird communities inside and outside the Mt Elgon NP, I used Timed Species Counts 

(TSCs) methodology (Pomeroy, 1992). TSCs was first used in Pomeroy & Tengecho (1986) and 

has been successfully applied in tropical habitats (Nalwanga et al., 2012; Freeman et al., 2003). 

TSCs assumes that ‘commoner species are likely to be recorded, on average, before rarer ones.’ 

Based on this premise, a list of all the species identified by sight or sound are recorded over a 

specific period of time (e.g., one hour). Off site, the period is divided into equal observation periods 

(e.g., 10 minutes), and each species receives a TSC score corresponding to the interval in which it 

was first detected, providing a measure of encounter rate. Alternative methods for estimating bird 

communities include Point Counts (PCs) and Transect Counts (TCs) (Bibby et al., 2000). By using 

PCs and TCs, researchers can get absolute density estimates, whereas TSCs can only generate 

estimates of relative abundance (Nalwanga et al., 2012; Pomeroy & Dranzoa, 1997). However, 

TSCs offer several advantages for this study: they do not require distance estimates, species are 

recorded only once, allowing to focus on detecting new ones, and the observer is free to move,  

improving detection in such enclosed habitats. Overall, they also require fewer financial and 

technical resources. Moreover, Pomeroy & Dranzoa (1997) found that while transects work well 

for common species in open habitats, they are less suitable for uncommon birds or in enclosed 

habitats like those in this study. Although several studies using TSCs have employed one-hour 

sampling periods (Freeman et al., 2003; Pomeroy & Dranzoa, 1997; Pomeroy & Tengecho, 1986), 

I chose a duration of 40 minutes. This allowed me to cover at least three sites each morning, which 

would not have been possible with longer periods once travel time between plots was accounted 

for. Pomeroy & Tengecho (1986) already found that power curves for cumulative species totals 

rose higher for shorter counts, likely because shorter counts permit more replicas, and many short 

counts in an area are more efficient at detecting species than fewer long ones. In days of adverse 

weather conditions, such as rain or strong winds, data sampling was cancelled. For the data 

collection outside the NP, bird surveys for 3 plots were done from 6:40 to 9:10 in the morning, 

with windows of 10 to 15 minutes between plots. Surveys for 4 plots were done from 6:40 to 9:50, 

with 10-minutes space between, on days that we were surveying plots near the cliff, where cool 

morning conditions ideal for bird activity would last longer. Bird surveys were also conducted 

some evenings, with only 1 plot surveyed per evening from 17:30 to 18:10, as the period of peak 

bird activity was shorter. To collect the data inside the NP, bird surveys for 4 plots were done from 

7:00 to 10:10 in the morning, with windows of 5 to 10 minutes between plots. Bird surveys for 1 

of the plots were also done in the evenings, from 17:00 to 17:40. A pair of binoculars was always 

carried by all observers for visual identification in situ, and a digital camera (Canon EOS 1200D) 

with a 300mm lens was frequently used to combine with the binoculars. Photographs of unknown 

bird species were taken as notes in the field notebook for further identification off field. Overall, 

the identification of bird species was done using both calls and visuals and supported by Merlin 

Bird ID, a mobile app for identifying birds and learning bird information (Cornell Lab of 

Ornithology, 2026), and by the Field Guide to the Birds of East Africa (Stevenson & Fanshawe, 

2020). From our experience gained throughout fieldwork, we recommend that birding activities in 

this farming area of Sipi take place between 6:30 to 9:30 and from 17:30 to 18:30. Besides, from 

7:00 to 10:30 and from 17:00 to 18:00 inside the forest. 
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Bird classification 
Birds were classified using three main criteria: (i) functional group, (ii) forest dependency, and 

(iii) migratory status, following Buechley et al. (2015). The classifications were made to evaluate 

not only species diversity and richness, but also the ecological integrity of the different habitats, 

by desegregating the plurality of ecological functions of groups of species within the bird 

community, crucial for guiding conservation efforts (Buechley et al., 2015). The term ‘functional 

group’—formalized by Cummins (1974)—was chosen over ‘guilds’—proposed by Root (1967)—

. Although the two terms have often been used as synonyms, ‘functional groups’ places more 

emphasis on ecological processes (Simberloff & Dayan, 1991) and, consequently, on the potential 

ecosystem services of the group. Ideally, multiple observation times during the year would be 

necessary to understand the seasonal variation in bird communities (Soini, 2006), so migratory 

status was considered to point out species that may not be present during seasons different form 

the study period (November-December). I used the BIRDBASE dataset, which contains the 

ecological traits of almost all species of the world (Şekercioğlu et al., 2025) and is periodically 

updated. Herein, several food categories are identified and ordered by priority to determine 

primary diet of each species. I used the first dietary choice to categorize them into the different 

functional groups: carnivores, frugivores, granivores, insectivores, and nectarivores. Furthermore, 

I used the classification of East African forest birds (Bennun et al., 1996) to create a forest 

dependence rank: forest specialist (FF), forest generalist (F), and forest visitor (f). For the 

migratory status of the species, I classified them as either Palearctic migrant (PM), intra-African 

migrant (AM) or resident (R). A complete list of the bird species encountered can be found in 

Appendix Table 1. Taxonomy and nomenclature follow the Field Guide to the Birds of East Africa 

(Stevenson & Fanshawe, 2020). Moreover, a list of more detailed definitions of the different 

categories and criteria used can be found in Appendix Table 2. 

 

Statistical analysis 
Excel version 16.54 was used for data treatment, and statistical analyses were done using the R 

Language for Statistical Programming (R Core Team, 2022) through the integrated development 

environment Rstudio (Rstudio, PBC, 2022). Along the analysis I used several R packages: vegan 

version 2.7.3 (Oksanen et al., 2025), ‘a package for community ecologists’, for methods of 

multivariate analysis and tools for diversity analysis; ggplot2 version 4.0.2 (Wickham et al., 2025) 

‘for declaratively creating graphics’; cluster version 2.1.8.2 (Maechler et al., 2025) for clustering; 

corrplot version 0.92 (Wei & Simko, 2024) to test collinearity between pairs of variables; iNEXT 

version 3.0.2 (Hsieh, Ma & Chao, 2016) for sample-size rarefaction and extrapolation curves for 

species diversity; goeveg version 0.7.10 (von Lampe & Schellenberg, 2026) for rank-abundance 

curves; MASS version 7.3.58.3 (Venables & Ripley, 2002) and poweRlaw version 1.0.0 (Gillespie, 

2025) for linear regression analyses and for fitting statistical distributions to the data; dplyr version 

1.1.4 (Wickham et al., 2023) for easier data manipulation; among others. Files with the raw data 

and script are deposited here: https://doi.org/10.5281/zenodo.20274842. Several additional tables 

and figures can be found in the Appendix. 

 

Testing vegetation and spatial variables 

Before analyzing bird communities, I characterized the vegetation and spatial gradients across 

study plots. This involved (1) testing for correlation between environmental variables to 

understand their interdependencies, and (2) comparing differences between farm and forest plots 

to quantify habitat contrasts.  
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Understory height was consistent across farm plots (3.75-5 m) and across forest plots (0.75-2 m), 

but structurally too different to be comparable between habitats, and therefore not included in the 

analysis. 

 

Looking for patterns in bird data 

To obtain an initial overview of bird communities, I extracted the total number of species for farms 

and forest based on the raw species data. To account for unequal sampling effort between farms 

(15 plots) and forests (6 plots), I standardized species richness using presence/absence rarefaction 

to an equal sample size of six plots. 

 

TSCs scores and relative abundance of species 

I divided the 40 minutes into 8-minute intervals to have five different scores: species detected 

within the first 8 minutes were assigned a score of 5. Those recorded in each subsequent 8-minute 

interval received progressively lower scores, with a score of 1 for detections in the final 8 minutes. 

Dividing time in intervals instead of considering the exact minute of encounter aims to account for 

random variation in exact detection moments and avoid false precision. The TSCs scores were 

then used to get relative abundance of each species per each count. There was a total of 84 counts: 

4 counts per each of the 21 plots. A species not encountered received a score of 0 on that count. 

 

Ordination analysis (PCoA) and K-medoids clustering 

Ordination analyses are good to define and create new hypotheses (Gibson, 2012). I performed 

two Principal Coordinates Analysis (PCoA; Gower, 1966), using a Bray-Curtis distance matrix 

derived from species-level relative abundance data including: I) all 21 plots, and II) only the 15 

farm plots. To test for distinct groups among plots, I applied K-medoids clustering (PAM 

algorithm; Kaufman & Rousseeuw, 1990) to the same distance matrices, with the optimal number 

of clusters (k) selected using the silhouette method (Rousseeuw, 1987). I then calculated plot-level 

proportions of relative abundance for each functional group and each forest dependence rank 

category. These trait-based variables were then fitted as vectors onto the PCoA ordination 

using envfit() to assess whether species turnover was associated with shifts in these ecological 

categorizations. Vegetation and spatial variables were also fitted onto the ordination to examine 

the relationship between environmental conditions and bird community structure. 

 

Delving into differences between bird communities 

Species accumulation curves  

I constructed species accumulation curves (Ugland et al., 2003) based on presence-absence species 

data. First, using randomized sample accumulation to evaluate species accumulation patterns in 

each habitat (farms and forest). Linear, logarithmic and asymptotic (Michaelis-Menten) models 

were fitted to accumulation curves, and model support was compared using Akaike Information 

Criterion (AIC) values. Because sampling effort differed between habitats (15 farm plots and 6 

forest plots), species richness comparisons were standardized using sample-based rarefaction to 

six plots, corresponding to the minimum sampling effort. Secondly, I estimated asymptotic species 

richness—the expected number of species if sampling effort became very large or effectively 

complete—, with bootstrap confidence intervals, using rarefaction and extrapolation methods that 

account for incomplete sampling and undetected species. I lastly constructed temporal species 

accumulation analyses across 40-minute point counts to evaluate species detection dynamics 
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through time. The latter analyses were interpreted qualitatively, as temporal accumulation curves 

were not standardized for sampling effort between habitats. 

 

Rank-Abundance curves (RAC) 

Following Whittaker (1965), who first formalized the rank-abundance plot which depicts species 

rank—the sequential order of species from most to least abundant—on the x-axis and species 

abundance on the y-axis, I plotted rank-abundance diagrams from relative abundance data for farm 

plots and forest plots separately. The shape of rank-abundance curves has been widely used to 

make inferences on the stability of a community. A measure of evenness is a good indicator of a 

community resilience towards an environmental change, and rank-abundance curves can indeed 

be used to depict species evenness on the y-axis. Several regression models—log-normal, gamma, 

power-law, and exponential decay—were run to describe dominance/evenness trends and 

compared using Akaike Information Criterion (AIC). To describe abundance frequency patterns, 

the same theoretical models—log-normal, gamma, power-law, and exponential—were also fitted 

to the relative abundance data using maximum likelihood estimation, and their fits were likewise 

compared using AIC. Shannon-Weiner index (H; Shannon, 1948) and Pielou’s evenness (J; Pielou, 

1966) were calculated as indexes of diversity and evenness. 

 

Functional and forest-dependence composition of communities 

To further analyze differences between the two main habitats—farms and forest—, I calculated 

and represented proportions of different groups—functional groups and forest dependency—in the 

bird communities. A list of the non-resident birds was also presented. 

 

Area of Habitat (AOH) of bird species and groups 

I extracted Area of Habitat (AOH) estimates for all bird species in this study from the global dataset 

published by Lumbierres et al. (2022), and used them to compare distributional ranges between 

forest dependency groups of birds to identify the most vulnerable to the Mt Elgon process of 

deforestation. Durán et al. (2020) defined this non-linear relationship as a power-law function, 

where a persistence score, captures the cumulative effect of habitat loss on the likelihood of the 

species’ persistence in the study region. I additionally selected the 11 species with the smallest 

global AOH, which are also forest-dependent, as they are expected to have the highest baseline 

vulnerability to habitat loss within the study area. For comparison purposes, I also selected the 

species with the largest AOH. For each one, I calculated the percentage of its global AOH that 

would be lost if the remaining forest area of Mount Elgon National Park in Uganda—

approximately 790 km²—was cleared, assuming that all the studied species can be found across 

the full extent of the forest. This was done as follows: % AOH lost = (Mt Elgon’s forested area / 

Species' total global AOH) × 100. Then I applied the power-law function from Durán et al. (2020): 

P = (E)z, where E = remaining proportion of the original AOH, and z = extinction coefficient 

(z=0.25). 

 

Integration of local people’s knowledge and perceptions 
As the last part of my project, I collected local knowledge from farmers and other community 

members in the study area using convenience sampling. Outside of bird survey hours, Joel and I 

conducted short interviews lasting 10 to 20 minutes with participants of different ages and genders. 

Joel assisted by asking for Free Prior Informed Consent (FPIC) and providing translation between 

English and Kupsabiny. Only a few interviews were conducted with members of the Bagisu tribe, 
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as Joel does not speak Lumasaba and only a limited number of people could understand English. 

A total of 31 people were interviewed, ranging in age from 15 to 76 years old, including 15 men 

and 16 women. 

 

The interviews consisted of five groups of questions: 

1) Can you name, in Kupsabiny, birds from the surroundings that you can also identify by 

sight or sound? 

2) Are there any birds that you used to see or hear around in the past but no longer 

encounter? 

3) How did you learn about the birds that you know now? 

4) How do birds affect your daily life? Do you like them or dislike them? Why? 

5) Do you have a farm? Does it have trees? If yes: What trees do you think, or have noticed, 

attract birds? Additionally, if you were to acquire a new land, which trees would you 

plant: those that attract birds or those that do not? 

 

A list of local bird species in Kupsabiny and their English translations was compiled from 

interview responses and informal conversations with local people during the stay. Joel (bird guide) 

helped fill gaps and check the spelling. Number of mentions of specific bird and tree species were 

calculated from Question 1, 2, and 5. For more elaborate answers and opinions from Question 3, 

4, and 5, responses were categorized. Every response fitting a given category—e.g., positive 

perceptions related to symbolism—was assigned a value of one, allowing percentages to be 

calculated and compared between categories. 
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Results 
A total of 91 bird species were recorded: 44 in the fifteen coffee agroforestry farm plots and 67 in 

the six secondary forest plots. Of these, 24 species were recorded exclusively in farms, 47 only in 

forest; and 20 species were recorded in both habitats (Appendix Table 1; Figure 3). When 

standardized to an equal sample size of six plots using presence/absence rarefaction, expected 

species richness was 34 species in farms, compared to 67 species in forests. 

  

 
Figure 3: Venn diagram with number of species for the farm and forest communities, as well as shared species 

between both habitats. Values in blue represent richness estimates standardized to an equal sampling effort of six 

plots—where question marks denote that rarefaction analysis did not distinguish between species exclusive to 

farms and species also occurring in the forest (intersection). 

 

Spatial distribution and vegetation structure of plots 
Number of native trees was strongly correlated with total number of trees (r=0.74 within farms, 

r=0.96 across all plots, Figure 4). While there was a strong correlation between overstory cover 

and tree abundance in the full dataset (r=0.79), there was a much weaker correlation when farm 

plots were analyzed separately (r=0.40). A similar thing was observed with the correlation between 

elevation and number of total trees and native trees: within farm plots, elevation was strongly 

negatively correlated with tree abundance (r=-0.72 and -0.76, respectively), but the relationship 

reversed to (weak) positive including all plots (r=0.36 and 0.41). Wilcoxon rank-sum tests 

confirmed that farm and forest plots differed significantly in all measured vegetation and spatial 

variables (p<0.01; Figure 5). However, elevation results should be interpreted with caution due to 

high variance within the farm group: farms were located from 1880 to 2064 m, while highest forest 

plot was at 2121 m. When farms were divided into two elevation subgroups—lower (1880-1942 

m) and higher (2027-2064 m)—, post-hoc pairwise Wilcoxon rank-sum test showed no significant 

differences between high-elevation farms and forest plots (p=0.742), whereas both high-elevation 

farms and forest plots differed significantly from lower-elevation farms (p<0.01). All these results 

require cautious interpretation due to the small sample sizes (e.g., n=6 for forest plots), which may 

limit the test’s power to detect effects that are not large and prevented the calculation of exact p-

values. With this vegetation and spatial scenario established, how bird community composition 

varies across the surveyed plots is next examined. 
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Figure 4: Correlation plots for vegetation variables among farm plots (left) and all plots (farms and forest, right). 

Circle size and color intensity represent correlation strength (larger/darker = stronger). Blue indicates positive 

correlations; red indicates negative correlations. Distance to NP is not on the right plot as the measure only exists 

for farm plots. 

 

  
Figure 5: Distribution of vegetation variables for farm and forest plots. Groups are colored yellow (farms) and 

green (forest) when significant differences were detected. For elevation, where no significant difference was found 

between higher-elevation farms and forest plots, these groups are colored blue. 

 

Patterns in bird assemblages across the study site 
When including all 21 plots in the PCoA (Figure 6), the two first coordinates explained 63.27% of 

the variation (55.19% and 8.08%, respectively). The first axis clearly depicted two separate groups 

that coincided with the plots outside (1-15) and inside (16-21) the NP. Although farm plots are 

widely spread throughout the y-axis, PAM clustering showed the highest silhouette widths for two 

clusters (k=2; 0.472), indicating that the primary difference in species composition is between 

farms and forest plots and that there may not be other clearly delineated groups amongst farms. 

When analyzing the farm plots (1-15) only (Figure 7), the first two coordinates explained 47.11% 
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of the variation (27.46% and 19.64%, respectively). PAM clustering gave silhouette scores below 

0.1 (maximum of 0.093 at k=8) indicating indeed no meaningful groups. Overall, the species 

composition of bird communities among farm plots—expressed in terms of relative abundances—

appeared to vary continuously along a gradient, rather than forming discrete groups. In Figure 6, 

vectors for all vegetation and spatial variables pointed towards the forest plots, suggesting that 

higher values of these predictors were associated with forest plots contributing to the separation 

along the ordination axes. Regarding functional groups, granivores appeared to be more abundant 

in farms, while insectivores and frugivores in forest. A vector for carnivores was not significant, 

as there was a single observation of a carnivorous species for the whole data set. All three forest 

dependence vectors were significant: FF and F positively associated with forest plots, whereas f 

with farms. In Figure 7 (farm plots only), even though PAM clustering gave no real clusters, there 

were some trends to be observed. Two functional groups were significant, both with strong loading 

on PCoA2. Granivores seemed to be more abundant in higher-elevation plots also closer to the 

boundary plots, which also had fewer (native) trees. Insectivores showed the opposite pattern. 

Regarding the forest dependency classification, only the f vector was significant, with a strong 

loading on PCoA1. Bird species were dispersed across both axes, suggesting that multiple 

factors—including some that may not have been measured in the analysis—or even stochastic 

processes influence species presence across farm plots. 

 

 
Figure 6: PCoA ordination of bird species relative abundance across all 21 plots. Yellow and green numbers 

indicate farm and forest plots, respectively. Red vectors represent bird species. Light green, purple, and dark green 
vectors represent vegetation variables, functional groups, and forest dependence, respectively. Only significant 

vectors are shown (p < 0.05). PCoA1: 55.19%; PCoA2: 8.08%. f = forest visitors; F = forest generalists; FF = forest 

specialists. 
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Figure 7: PCoA ordination of bird species relative abundance across the 15 farm plots. Red vectors represent bird 

species. Light green, purple, and dark green vectors represent vegetation variables, functional groups, and forest 

dependence, respectively. Only significant vectors are shown (p < 0.05). PCoA1: 27.46%; PCoA2: 19.64%. f = 

forest visitors. 

 
It should be noted that, unlike vegetation and spatial variables, functional groups and forest 

dependency are derived from the same species abundance data used in the ordination. They are 

therefore not independent explanatory variables but rather a means of assessing whether species 

are distributed non-randomly with respect to their ecological traits. 

 

Defining the farm and the forest bird communities 

Species accumulation curves and number of species per plot 

Species accumulation curves based on presence-absence data showed non-linear richness 

accumulation patterns in both habitats (Figure 8, left). Logarithmic models best described species 

accumulation curves in both habitats within the first six plots, and across the full sampling effort 

in farms (15 plots), indicating rapid initial species accumulation followed by progressively smaller 

additions with increasing sampling effort. While observed richness in farms across the 15 plots 

was n=44, rarefied richness standardized to six plots was n=34, compared to n=67 in forest, further 

highlighting both the pronounced differences between the two habitats and the effect of unequal 

sampling effort on richness comparisons between habitats. 

Species richness under rarefaction (interpolation) and extrapolation analyses were consistently 

higher in forest than in farm habitats (Figure 8, right). Asymptotic richness estimators suggested 

that both habitats were incompletely sampled, with estimated total richness increasing to 53 

species (95% CI: 44–70) in farms and 87 species (95% CI: 68–107) in forest. 
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Temporal species accumulation analyses indicated non-linear accumulation dynamics in both 

habitats, with species detection rates declining through time. Farm plots were best described by 

logarithmic accumulation, suggesting continued detection of occasional species with increasing 

survey duration, whereas forest plots were best fitted to an asymptotic model (Michaelis-Menten), 

indicating a higher sample completeness within the 40 minutes. However, the result must be 

interpreted qualitatively, as temporal curves were not standardized for sampling effort.  

 

 

 

Figure 8: Species accumulation curves for farms (yellow) and forest (green) habitats derived from presence-

absence plot-based data. Left: Curves based on the observed sampling design using randomized sample 

accumulation (100 permutations). Vertical lines represent variability in cumulative richness associated with plot 

sampling order (mean ± SD). Continuous lines indicate the best-supported regression, whereas dashed lines 

represent alternative fitted models. Right: Rarefaction (interpolation) and extrapolation curves. Shaded areas 

represent 95% bootstrap confidence intervals. The vertical dashed line in both graphs indicates standardized 

sampling effort (6 plots), corresponding to the maximum number of forest plots sampled. 

 

Species richness remained relatively constant with increasing elevation along farms (Figure 9, 

left), and only increased substantially in forest plots. Similarly, no clear relationship was observed 

between species richness and decreasing distance to the National Park in farm plots (Figure 9, 

right). 
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Figure 9: Scatter plots of number of species against elevation (left) and distance to the park boundary (right). 

Yellow and green numbers indicate farm and forest plots, respectively. Black lines represent the standard deviation 

(SD) of number of species for each plot.  

 

Rank-Abundance curves (RAC) for the farm and forest habitat 

In farm plots, species abundance declined moderately steeply with rank, decreasing by 

approximately 10.5% with each successive rank increase (Figure 10, left). This pattern was best 

described by a negative exponential model (AIC=-5.81). The species abundance distribution fit a 

log-normal distribution (AIC=159.70), suggesting a community where most species have 

intermediate abundances, with few being very abundant or very rare. The Shannon-Weiner index 

for the farm community (H=3.09), and Pielou’s evenness per site (J=0.82), indicated relatively 

high diversity and high evenness. In forest plots, species abundance declined by approximately 

6.3% per rank increase (Figure 10, right). This pattern was also best described by a negative 

exponential regression model (AIC=-21.78652). Similarly, a log-normal distribution also best 

fitted (AIC=226.2128) the relative abundance data, suggesting a moderately even community with 

only few dominant and rare species. The Shannon-Weiner index (H=3.64), and Pielou’s evenness 

per site (J=0.87), further support the interpretation of a highly rich and even forest community, 

slightly richer and more even than farms. 
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Figure 10: Rank–abundance curves for the farm (left) and forest (right) bird communities. Names for the 10 most 

abundant species in each community are shown. 

 

Functional and forest-dependence composition of the farm and forest community 

Insectivores and frugivores represented a greater proportion of species in forest (65.7% and 23.9%, 

respectively) than in farms (47.7% and 6.8%). In contrast, granivores were proportionally more 

represented in farms (36.4%) than in forest (6.0%). Nectarivores occurred at similar proportions 

in both habitats (forest: 6.8%; farms: 4.5%). A single carnivorous species, the African Harrier-

hawk, was recorded in farms; no carnivores were recorded in forest plots.  

f accounted for a large proportion of species recorded in farms (77.3%) but a smaller proportion in 

forest (23.9%). FF, in contrast, occurred almost exclusively in forest habitats (37.3%), with only 

the Thick-billed Seedeater also recorded in farms. The Grey-headed Nigrita was the only F seen 

exclusively in farms. Non-resident birds encountered were six: 1) Klaas’s Cuckoo; 2) Garden 

Warbler; 3) Eurasian Blackcap; 4) Willow Warbler; 5) Spotted Flycatcher; 6) African Paradise-

flycatcher. 
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Figure 11: Stacked bar plot showing number of species and percentages for each functional group (left) and for 

forest dependency (right) across farm and forest habitats. Numbers in brackets indicate number of species within 

each group. Number of species in the left plot does not sum 91 as there are several species encountered in both 

habitats and, therefore, repeated. Note that these graphs are not standardized per number of plots (n=15 farms and 

n=6 forest plots). 

 

Distribution range of bird species and groups 

Both f and F species were significantly more widespread than FF on average (p<0.001 for both 

comparisons; Figure 12, left). The difference in AOHs between F and f approached significance 

(p=0.05) and should be interpreted with caution. Species only encountered in forest had 

significantly smaller AOHs on average than species only in farms and in both habitats (p<0.01 for 

both), whereas the latter two groups did not differ significantly (p=0.48; Figure 12, right). In any 

case, when looking at specific species, the highest values of AOH belonged to f species and found 

in either farms or both habitats, while the lowest AOHs belonged to forest-dependent species 

(either F or FF) and found only in forest. Regarding the persistence scores for the 11 species with 

the smallest global AOH, only a small fraction of their AOH would be lost with the disappearance 

of the Mt Elgon forest (0.88-2.52%). All persistence scores (P) were over 0.99, and the maximum 

drop in baseline persistence was of the 0.63% for the Equatorial Akalat—the species with the 

smallest AOH (31,300 km2). However, the species with the largest AOH, the Willow Warbler 

(23,446,400 km2), would lose only 0.00337% of its current AOH, experiencing a drop of 

0.00084% in P—750 times lower than that of the Equatorial Akalat.  
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Figure 12: Box plots showing Area Of Habitat against forest dependency (left) and habitat (right). Groups in green 

tones are significantly different from each other, while groups in light blue are not. shared stands for species found 

both in farms and forest. f = forest visitors; F = forest generalists; FF = forest specialists. Boxes represent the 

interquartile range. Points outside whiskers are outliers. 11 species with smallest AOH: 1) Equatorial Akalat (FF; 

31,300 km2); 2) Mountain Illadopsis (FF; 35,600 km2); 3) White-browed Crombec (FF; 38,600 km2); 4) Chestnut-

throated Apalis (F; 44,700 km2); 5) Black-collared Apalis (F; 53,600 km2); 6) Hartlaub's Turaco (FF; 59,100 km2); 

7) Black-billed Weaver (FF; 63,400 km2); 8) Shelley's Greenbul (FF; 77,200 km2); 9) Mountain Oriole (FF; 90,200 

km2); 10) Brown-capped Weaver (FF; 106,200 km2); 11) Fine-banded Woodpecker (FF; 108,200 km2). The species 

with the largest AOH: Willow Warbler (f; 23,446,400 km2). 

 

Including local people’s knowledge and perceptions 

Birds known and perceived as declining: Answers to Question 1 and 2 

An illustrated list of local bird species translated from English to Kupsabiny can be found in the 

Appendix (first page). Some Kupsabiny names do not refer to a single species but to a group of 

species taxonomically and/or functionally related. Moreover, on several occasions, names 

appeared to resemble the birds’ vocalizations. For example, the Black-and-white-casqued Hornbill 

is called Banyanyat, which imitates its loud and repetitive calls; while the Baglafecht Weaver is 

called Piny, clearly after their short and dry single-note call. 

The Common Bulbul was the most mentioned bird, followed by the Tambourine Dove and the 

Speckled Mousebird (Figure 13, left). The most mentioned species as having disappeared or 

reduced in numbers were the starlings, followed by owls, as well as several birds of prey, among 

others (Figure 13, right).  
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Figure 13: Bar plots for number of times local bird species—or groups of species—were mentioned as known by 

locals (n=27; left), or as perceived as disappeared or declining (n=18; right). Note that the bat is also included in 

the right plot, as several people—although only one interviewed—mentioned it as another bird species. 

 

Knowledge transmission and perception of birds: Answers to Question 3 and 4 

Respondents gained their knowledge of birds though different sources (Figure 14, left). The most 

common were family members and friends (58%), with not only parents transmitting most 

knowledge (n=9) but also grandparents (n=8). 

All respondents held opinions about birds; none were completely neutral toward their existence 

(Figure 14, right). In fact, most interviewees simultaneously held positive and negative views. 

First, some people valued birds describing them as ‘nice to see and hear’ and, on occasions, as ‘fun 

and good for kids.’ ‘Because it is my totem’ was sometimes a substantial reason to like a specific 

species or group. Second, birds were perceived as useful: ‘they are food’ was mentioned 14 times, 

and several respondents referred to birds as pollinators of trees on their own farms, and seed 

dispersers, bringing seeds from the forest, which they no longer have access. Additionally, several 

answers pointed out cultural knowledge transmitted from observing birds. For example, weaver 

birds eating maize are taken as an indication that is time to harvest, or (increased) singing by 

sunbirds is interpreted as a sign of coming rain, as well as a way to wake people up to start the 

day. Negative perceptions were usually linked to material damage persistently caused by birds. 

Farmers and other community members complained that birds frequently consume food resources 

humans also rely upon, such as specific types of fruits from trees or cultivated grains. Birds were 

blamed for damaging crops by pecking seeds, grains, and fruits or by pulling up seedlings. In 

addition, some interviewees noted that birds of prey occasionally kill young livestock, including 

goat kids, yearlings, and chicks, and even in occasions have attacked and killed small children. 

Other species were disliked because of perceived unhygienic behavior, such as the African Blue 

Flycatcher, which was said to recurrently feed inside toilets. Finally, some others were feared due 
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to superstitious beliefs: the Pied Crow was associated with witchcraft, and people believed that 

killing one shortens a person’s life, while owls were regarded as bearers of bad omens.  

 

  
Figure 14: Pie charts representing sources of local people’s knowledge of birds (n=25; left); and local people’s 

relationship to and perception of birds (n=19; right). The left chart is color-coded such that green tones represent 

positive perceptions of birds, while red tones indicate negative perceptions. 

 

Bird-attracting trees: Answers to Question 5 

Finally, Cordia africana was the tree species most cited (n=11) as attracting birds to farms (Figure 

15). Followed by a variety of fruit trees, such as Ficus sp. (fig tree, n=7). When asked about 

willingness to plant trees that would attract birds (n=18): 12 answers were positive, 1 was negative, 

and 5 neutral. Three interviewees said that their willingness was not because of birds, but because 

of the material value of the trees themselves, such as providing firewood or good litter for compost. 

 

 
Figure 17: Bar plot showing tree species perceived as attracting bird in farms (n=18). n in the caption indicates 

number of responses. 
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Discussion 
Vegetation structure and effects of spatial variables in agroforestry farms and forest 
The independent effects of native versus total tree abundance on bird communities cannot be 

disentangled in this study. The stronger correlation between overstory cover and tree abundance 

when forest plots are included likely reflects two factors. First, farm and forest plots differ 

substantially in both variables for the forest plots to influence the overall correlation. Second, trees 

in the forest were not only more abundant but also more evenly distributed, whereas on some of 

the farms trees were clustered on the boundaries—likely acting as windbreaks—, in those cases 

contributing less to overall cover relative to their abundance and thus weakening the correlation 

when only including farms. The use of windbreaks has been widely documented in agroforestry 

systems, providing not only shelter from the wind but shade to the understory and other ecological 

and agronomic benefits (Enescu et al., 2025). 

The reversal in the correlation between elevation and number of total and native trees is also 

illustrative. The negative correlation within farm plots was not just a result of random plot 

selection, but reflected that, as elevation increased—and distance to the park boundary 

decreased—, plots with trees became harder to find. While lower plots belonged to the Sabiny, 

higher farms belonged to the Bagisu and differences could be observed in their coffee farming 

practices, including the substantially greater use of inorganic fertilizers and pesticides, and the 

planting of less canopy trees. A strong language barrier between the two communities may have 

contributed to the limited knowledge exchange and more similar farming practices across the study 

site. The language barrier has been recognized a practical challenge in Uganda when standardizing 

agricultural practices, and efforts on producing illustrative pictograms, easy-to-understand 

information (Commonwealth Standards Network, 2020), and local-language training videos 

(Access Agriculture, 2025) have been developed in other types of farming in the country. AfPEC 

aims to tackle this issue as well by producing almost non-verbal user-friendly e-guides for farmers. 

Another study in Mt Elgon found that shade tree density increased with decreasing altitude, and 

while it was tested across a wider elevational range—1000–1400 m for lower and 1400–2200 for 

higher farms—, it pointed out to warmer temperatures and less direct asses to forest products at 

lower elevations as possible drivers of the different planting practices. The weak positive 

correlation observed when forest plots were added to the analysis indicates that there is, however, 

no consistent decreasing gradient of tree abundance with elevation beyond farmlands. This is 

because the forest plots, situated at the highest elevations, supported far more trees than the high-

elevation farm plots. 

The clear differences evidenced for at least three vegetation variables indicate that two distinct 

habitats can be distinguished in terms of vegetation structure: farms and forest. 

 

Bird communities of coffee agroforestry farms and forest of Mt Elgon 
The ordination and clustering analyses revealed two clearly distinct groups of plots in terms of 

relative abundances of bird species, which corresponded to agroforestry plots and forest plots. This 

aligns with, for example, findings from Bolwig et al. (2006), who documented changes in bird 

community composition associated with coffee agroforestry systems in Uganda compared to more 

natural landscapes. Together, these results suggest two distinct bird communities to be 

differentiated for the context of this study: a farm and a forest community.  
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Species detection and richness in farms and forest 

The fact that higher-elevation farm plots, despite being located at elevations similar to the forest 

plots, supported conspicuously fewer species than forest and similar number of species to lower-

elevation farm plots (Figure 9, left), suggested that species richness is independent of elevation. 

Elevational gradients in bird species richness have been widely documented. However, while the 

total elevational range of the farm plots in this study was only 241 meters, previous studies have 

typically documented such patterns over much broader ranges divided in multiple elevational 

bands (e.g., 1,000 to 4000 m; Liang et al., 2021; McCain, 2009; Rahbek, 1997). The limited 

elevational range was maybe insufficient to detect elevational trends if any, with differences 

between communities more likely driven by the differences in vegetation structure—and 

potentially other unmeasured variables. 

Number of species in farm plots does not seem to be correlated with distance to the park boundary 

either (Figure 9, right). Although several movements of birds between the forest and adjacent 

farms were observed in the field, a greater spillover of forest-associated species into nearby plots 

was expected. However, a dense boundary of tall eucalyptus was observed along the park edge. In 

some areas of Uganda, including Mt Elgon, eucalyptus trees have been planted as part of boundary 

demarcation initiatives associated with Uganda Wildlife Authority (UWA) projects (Lang & 

Byakola, 2006). These trees have been reported to be less preferred by native bird species 

(Calviño-Cancela, 2013), and may therefore discourage to some extent movement of forest-

associated birds into the adjacent farms. 

 

The substantially higher species richness values observed in forest plots (Figure 8), despite the 

much lower sampling effort (6 plots versus 15 farm plots), suggest that forest habitats supported 

markedly richer bird communities. As expected for species accumulation curves, both habitats 

indicated that species were detected rapidly during initial sampling, followed by progressively 

smaller species detection as additional plots were surveyed (Ugland et al., 2003). Forest plots likely 

contained additional undetected species, while farms also appeared incompletely sampled despite 

the higher sampling effort. The latter possibly reflects the heterogeneous and more disturbed nature 

of agricultural landscapes, which in these farms was evidenced by within-farm variation in 

variables such as number of trees and overstory cover, potentially attracting occasional visits by 

transient species, including forest-associated or generalist birds exploiting different and fluctuating 

available resources (Perfecto et al., 2007). 

 

Regarding the temporal species curves, the non-linear increase in species detection over the 40-

minute sampling period suggests that at least some rarer species were likely detected after 

commoner species were noticed in the first minutes (Freeman et al., 2003). Further, the clearer 

asymptotic curve for the forest suggests a higher sampling completeness within sampling time for 

forest than for farms. Therefore, extended sampling duration would likely detect more species in 

both habitats, although the increase would probably be greater in farms. 

 

Species richness can be useful to compare diversity among habitats, but combined with 

information on functional groups and forest-dependency, may give better insights on structural 

habitat differences and ecosystem functioning (Mouillot et al., 2011; Şekercioğlu et al., 2016; 

Tilman, 2001). This is discussed further below. 
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Diversity and evenness of farm and forest communities 

The differences in species abundance distributions between farm and forest habitats are likely to 

reflect variation in habitat structure and resource availability. Forest habitats generally provide 

greater vegetation complexity, nesting opportunities, and microhabitat diversity, which can 

support a wider range of ecological niches and species coexistence (MacArthur & MacArthur, 

1961; Terborgh, 1977). This may explain the slower decline in abundance with increasing rank in 

forests (6.3%), as well as the slightly higher diversity and evenness. In contrast, agricultural 

habitats are typically more structurally simplified and subject to greater levels of disturbance, 

which can favor a few adaptable or generalist species capable of exploiting open habitats and 

human-modified environments. The steeper abundance decline observed in farms (10.5%) may 

therefore reflect this greater dominance by few species. Nevertheless, the only slightly lower 

indices in farm plots indicate that these coffee agroforestry systems in particular still retain 

considerably rich and even bird assemblages. 

 

Community composition and ecosystem services 

Only six migratory species were recorded during the study, and—except for the Garden Warbler 

and the Spotted Flycatcher—they occurred in both habitats. This suggests that sampling 

exclusively in the November-December period likely did not substantially bias comparisons 

between farm and forest bird communities. Nevertheless, possible seasonal variation due to other 

non-resident species occuring during other periods of the year, or due to altitudinal migrations of 

resident birds (Burgess & Mlingwa, 2000), should no be discarded. 

 

The 44 insectivorous species recorded in the forest (65.7%), suggest that the greater structural 

complexity and microhabitat diversity of the forest supports wider variety of foraging substrates 

for arthropods—such as leaf litter, understory vegetation, bark, canopy foliage—(Tews et al., 

2004) that would attract insectivorous species. In fact, Neoboutonia macrocalyx, which is a native 

tree species recorded in five forest plots, is known for experiencing high herbivory, harboring 

diverse insect communities (Heimonen et al., 2013). The 16 frugivorous species (23.9%) recorded 

in the forest compared to four in farms, are probably due to a higher diversity of fruiting trees in 

the forest. Ekebergia capensis was present in some forest plots, which has fleshy fruits consumed 

by several frugivorous bird species, such as turacos (personal observation; information provided 

by Mt Elgon NP guides). Croton macrostachyus also has abundant fruits with the potential to 

attract frugivorous birds (Wakjira & Negash, 2013). 

 

In contrast, the bigger proportion of granivores in farms (36.4%) may be associated with the more 

open habitat structure characteristic of agricultural environments. Most granivorous species 

recorded, including mannikins, firefinches, canaries, and sparrows, are ground-foraging birds that 

indeed preferably exploit open or semi-open habitats (Stevenson & Fanshawe, 2020). Reported 

weeds within the coffee farms and crops cultivated nearby (e.g., corn) may increase local seed 

availability for these species. 

The most species-rich group in farms was, however, the insectivores, which may be related to the 

presence of a few large flowering trees in some farms. In particular, Cordia africana was highly 

prevalent, and Ficus species were also present in several plots, consistent with previous findings 

identifying these among the trees most commonly retained or planted by farmers in the region 

(Willemoes, 2025). Cordia africana, which was flowering during the fieldwork period, is 

predominantly pollinated by bees, while their fruits are edible and eaten by birds and mammals 
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(Derero et al., 2011). As a qualitative field observation, birds were more frequently encountered 

within the relatively dense and enclosed canopies formed by these tree species, possibly because 

they provide shelter from wind and cooler microclimatic conditions (Schooler et al., 2020). Higher 

densities of flying insects were also observed around these trees, particularly in association with 

active warblers and flycatchers. 

A diversity of insectivores is important for ecosystem functioning, as these species can act as 

natural pest-control agents (Kellermann et al., 2008; Şekercioğlu et al., 2016). Preliminary analysis 

from AfPEC had already identified coffee pests as one of the principal concerns among farmers in 

the study area (Adoch, 2025). Evidence of the relationship between insect-eating birds and pest 

suppression has already been documented in the context of coffee farms (Martínez-Salinas et al., 

2016). Narango et al. (2019), working in the neotropics, found that migratory insectivores were 

the primary predator of the coffee berry borer—the most devastating coffee pest worldwide 

(Johnson et al., 2020), which also affects the Sipi farms—, and pointed to several American 

migrant warblers. The Palearctic migrant warblers recorded in this study—the Garden Warbler, 

Eurasian Blackcap and Willow Warbler—, could be acting as predators of this pest within the 

study site.  

Narango et al. (2019) further suggested that the population of insectivores is favored by native 

canopy trees, whereas non-native tree species would support fewer nutritionally valuable insects 

due to a lack of coevolutionary relationships with local arthropod communities in tropical 

ecosystems. Although native tree species could also be benefitting other bird groups, their broader 

effects on bird communities is not analyzed in this project.  

Frugivores were not highly represented in farms in terms of species richness, however, the 

Common Bulbul—generally recognized as a frugivore—was the second most abundant species 

recorded in this habitat. The relatively high abundance of frugivores may be linked to the presence 

of remnant fruiting canopy trees, but possibly mainly to cultivated fruits for human consumption, 

such as the bananas from the farms and other fruit trees in surrounding gardens. 

 

Five species of sunbirds were found in total and, for the purposes of the analysis, were classified 

as nectarivores, except for the Collared Sunbird, which was classified as insectivorous. However, 

some species likely exhibit omnivorous feeding behavior (Şekercioğlu et al., 2025). Although 

nectarivores were poorly represented in terms of richness, total pollination services would be 

underestimated if considering richness alone, especially in farms. The Tacazze Sunbird, a true 

nectarivore found only in farms, was also the most abundant species, suggesting that these systems 

provide particularly suitable floral resources for nectar-feeding birds. For example, the abundant 

banana trees with especially large inflorescences, as well as the ornamental tree species present in 

nearby farms and gardens. The Baglafecht Weaver or the Green White-eye, although having more 

granivorous and insectivorous diets, respectively, were also observed feeding on banana flowers 

regularly. It is already documented that some avian species occasionally feed on nectar for diet 

variation (Craig, 2014). However, while pollination is a key ecosystem service, the strong 

dominance of a single nectarivorous species may reduce ecosystem resilience by limiting 

functional redundancy within the pollinator community (Tilman, 2001). 

 

In consonance with the literature considering agroforests as dispersal pathways for forest-

dependent species (Faria et al., 2007; Jha et al., 2014; Perfecto et al., 2007), nine forest generalists 

were encountered in farms, suggesting these birds are comfortable visiting these areas surrounding 

their primarily habitat. However, only one forest-specialist species—the Thick-billed Seedeater—
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was recorded in farms, indicating that despite retaining some forest elements, these systems do not 

function as suitable habitat for forest specialists, which primarily persist within the forest, as 

expected under the idea that agroforestry systems cannot substitute intact forest habitats (Clough 

et al., 2010;Perfecto et al., 2007). In fact, the Thick-billed Seedeater was recorded only once and 

in the plot closest to the boundary (plot 15), likely reflecting temporary movements from the 

principal habitat—the forest—to a suboptimal habitat for feeding (source-sink dynamics; Pulliam, 

1988). A similar behavior was observed for another forest-dependent species in the same plot—

the Yellow-rumped Tinkerbird—which in this case is a forest generalist. 

 

Area of Habitat (AOH) as a conservation tool 

Habitat loss does not affect all species evenly and depends partly on the size of their distribution 

area (Durán et al., 2020; Eyres et al., 2025; Kitzes & Harte, 2014). Within this framework, species 

with smaller Areas of Habitat (AOH) are expected to experience larger reductions in persistence 

probability following forest lost on Mt Elgon compared to species with larger AOH.  

The smaller AOH values on average for forest-dependent species (F and FF) than for forest visitors 

(f) are consistent with the idea that forest specialists—and forest generalists to a lesser extent—

rely strongly on relatively intact forest habitats, whereas forest visitors tend to be more ecologically 

flexible and are capable of using a wider range of habitats, including disturbed and agricultural 

landscapes. This may allow the latter group to better tolerate environmental change. 

 

Although none of the recorded species are currently categorized as threatened globally according 

to the IUCN Red List of Threatened Species (IUCN, 2025), whose assessments are strongly based 

on distribution areas, and although the complete loss of Mt Elgon forest would represent only a 

small fraction of their global AOH, the estimated reduction in persistence probability differed 

greatly between the most range-restricted and the most widespread species, by approximately 750 

times. Therefore, the ongoing forest loss and degradation in Mt Elgon (UNDP, UNEP & IUCN, 

2013) pose differential conservation concerns for different bird species. The species with the 

smallest ranges and, therefore, likely to be most affected are, in order: the Equatorial Akalat, 

Mountain Illadopsis, White-browed Crombec, Chestnut-throated Apalis, Black-collared Apalis, 

Hartlaub's Turaco, Black-billed Weaver, Shelley's Greenbul, Mountain Oriole, Brown-capped 

Weaver, and Fine-banded Woodpecker. For these species, coffee agroforestry systems do not 

appear to provide suitable substitute habitat. 

 

While effects at the global scale could be considered minor, continued loss of forested area in Mt 

Elgon NP could still restructure local bird communities by altering competitive interactions within 

the same functional group (Root, 1967), which in turn would affect the ecosystem functions birds 

provide across both habitat types (Mouillot et al., 2011; Tilman, 2001). Species currently 

segregated between forest and agroforestry habitats, but sharing similar dietary requirements, 

would increasingly rely on the more limited resources that the agroforestry systems provide. 

Frugivorous species could be particularly affected, as they would depend on the few fruiting trees 

retained on the farms. The shifts in these ecological communities and their outcomes are difficult 

to predict. 

 

Local people’s knowledge and perceptions 
The lives of local people in the Sabiny community are affected by birds in multiple ways. This can 

be observed in the fact that all respondents held non-neutral opinions towards birds and almost all 
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were capable of naming multiple bird species in their own language. Several respondents, 

particularly older ones, were also able to perceive declines in specific bird populations. Starlings 

and owls—likely the African Wood Owl—were most frequently mentioned as declining, which 

could be in line with the context of deforestation of the area over recent decades, as they are forest-

dependent species (Bennun et al., 1996). This illustrates how local ecological knowledge may 

reflect broader environmental changes and thereby provide valuable insights for conservation and 

environmental monitoring efforts (Danielsen et al., 2022). 

Most respondents explained that school education introduced them to general bird species, but 

through their English name and never in Kupsabiny. This aligns with the context of devaluation 

of local languages in Uganda (Namyalo & Nakayiza, 2015), which has likely already contributed 

to the loss of some local bird names. 

Local people interact with birds in different manners: they trap them, hunt them, eat them, observe 

them, and learn from them. The translated list further reveals that birds are named in consonance 

with how they interact with the community, and vice versa. For example, the Black Kite and 

several eagles are all called Cereret, likely because they prey on poultry, while the Common 

Buzzard has a separate name, Nabuit, maybe because people hunt and eat it. 

Another finding from the interviews was that the Sabiny community is organized into clans, 

several of which have birds as totems, including the sparrow, the Grey Crowned-Crane—Uganda’s 

national bird—, and a species of eagle. Birds therefore not only influence everyday life, but also 

signify culture and symbolism within the community. 

 

Most of the trees mentioned as attracting birds—except for Eucalyptus globulus—are native 

species, consistent with previous findings already commented that native trees support more 

insectivores and forest-dependent birds in agroforestry landscapes (Bolwig et al., 2006; Deikumah 

et al., 2017; Narango et al., 2019; Ong’ondo et al., 2022). Fruit trees were also frequently 

mentioned, consistent with the field observations described above. Regarding eucalyptus, whether 

the respondents were confident in their answer, or whether it was biased by the fact that is one of 

the most abundant trees in the farms, likely attracting birds in need of canopy in the absence of 

more suitable options, is not assessed in the project.  

 

Although some interview responses reflected in some cases an appreciation of birds based 

supposedly on their intrinsic value—for example descriptions as ‘nice to see and hear’, or the 

symbolic role of  bird totems—, many others revealed more utilitarian perspectives—for example 

the perception of birds as food and indicators of bad weather, or the willingness to plant tree species 

not because of birds but for firewood—, emphasizing practical relationships with birds and nature. 

This contrasts with romanticized ideas of human–nature relationships as necessarily spiritual, 

conservation-oriented or harmonious, which have already been criticized by some authors Morton 

(2016). Finally, the relationship between birds and the community was not exclusively positive, 

reminding that while greater bird diversity may be good for the environment, it does not always 

benefit local communities, who are ultimately the first affected by changes in the biodiversity that 

surrounds them. 

 

Implications for conservation 
The differential species vulnerability to forest degradation and the irreplaceability of intact forests 

have also been documented for other animal groups in Uganda (Chapman et al., 2006). Because 

coffee agroforestry systems on the slopes of Mt Elgon are unable to support the same bird 
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communities as the protected forest within the National Park, and are particularly unsuitable for 

several forest-dependent species, continued conservation efforts aimed at preventing further 

deforestation of Mt Elgon remain essential to preserve its bird biodiversity. 

Nevertheless, enhancing vegetation structural complexity within coffee farms, especially by 

increasing canopy tree cover, is still crucial for promoting richer and more resilient bird 

assemblages while improving habitat suitability for forest-associated and range-restricted species. 

 

Previous studies based on Mt Elgon have shown that conservation efforts aimed at reducing 

deforestation have produced mixed outcomes since Uganda’s independence despite the area’s 

protected status (Petursson et al., 2013; Sassen et al., 2013; Sassen & Sheil, 2013). Deforestation 

in the region has been linked to multiple interacting factors, including weak enforcement of 

protected area regulations, insecure park boundaries, political interference, agricultural expansion 

driven by rising coffee prices, and exclusionary conservation approaches that have contributed to 

conflicts between local communities and conservation authorities. In contrast, collaborative 

management approaches and stronger community involvement have been associated with 

improved forest recovery outcomes.  

Within this context, the adoption of more biodiversity-friendly agroforestry practices is likely to 

depend on locally inclusive approaches that raise awareness of not only the ecological but also the 

human benefits provided by diverse bird communities, while also integrating local needs, 

perspectives, and willingness into conservation planning and management. 

 

Limitations of the study 
Plots were selected to include farms with and without trees, while maintaining this variability 

consistently along the gradient toward the National Park. However, this was not always possible, 

as plots closer to the boundary rarely contained multiple trees. This limitation is addressed above, 

together with a possible explanation, but it might nevertheless have obscured patterns in bird 

communities. 

In addition, as mentioned above, there was a greater tendency towards the use of pesticides in the 

higher-elevation farms. Previous studies have suggested that chemical use in traditional 

agroforestry can affect bird diversity and abundance (Buechley et al., 2015), therefore, it is an un-

assessed variable that may as well be affecting these bird communities. 

 

Sampling effort was not standardized when comparing rank-abundance curves and the proportions 

of bird groups between the two habitats. This may have led to overestimations of richness and 

abundance within the farm community in some cases. 

 

The fact that only one carnivorous species was recorded is an artefact of the TSCs methodology, 

as several birds of prey (e.g., the Black Kite and Peregrine Falcon) were occasionally observed 

over the farms but did not perch on trees and therefore were not counted. A similar issue applies 

to some insectivores such as swallows and martins (e.g., the Rock Martin). All these species, 

although not recorded, they are ecologically relevant, as they contribute to community 

functioning—raptors as predators of other birds and other animals, and aerial insectivores as 

consumers of flying insects. Because these species preferentially use open areas (Stevenson & 

Fanshawe, 2020), adding them would likely increase the compositional differences between farm 

and forest bird communities. 



 30 

Furthermore, although bird surveys were always conducted by two observers, consistency in 

observer identity could not be maintained between farm and forest plots. This may have introduced 

some observer bias in species detection and identification. 

 

Regarding the interviews, from the 31 respondents, some occasionally appeared hesitant or, in 

some cases, chose not to answer certain questions. Although time was given to answer, some 

participants preferred to be guided towards specific answer options, which may have influenced 

the response in some cases.  
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Conclusion 
This study demonstrated that bird communities differ markedly between Arabica coffee 

agroforestry farms and protected secondary forest on the western slopes of Mt Elgon, eastern 

Uganda. Forest habitats supported higher species richness, slightly greater functional diversity and 

evenness, and a larger proportion of insectivorous, frugivorous, and forest-dependent species. In 

contrast, coffee farms were characterized by more granivorous and forest-visitor species, reflecting 

the effects of habitat transformation, disturbance, and reduced structural complexity. 

 

While coffee agroforestry systems retained part of the local avifauna and supported—although to 

different extents—all ecological functional groups considered in this study, they could not 

substitute the ecological importance of remaining forest habitats for forest-dependent species, 

especially forest specialists. The persistence of some insectivorous and frugivorous species within 

farms was likely associated with the presence of remnant canopy trees, highlighting the importance 

of shade-tree cover within agricultural landscapes.  

 

Area of Habitat comparisons further suggested that ongoing forest loss is likely to 

disproportionately affect species with stronger forest dependency and more restricted habitat 

distributions. This would not only affect the local populations of particular species but could also 

destabilize the ecological communities in ways that are difficult to predict. Overall, the study 

suggests that increasing tree cover and structural complexity within coffee farms could enhance 

their conservation value and create more suitable conditions for frugivores and forest-associated 

bird species. However, agroforestry systems should be understood as complementary habitats 

rather than a substitute for protected forests.  

 

In addition, the Sabiny community inhabiting the slopes of Mt Elgon interacts with and is affected 

by birds in multiple ways. Community perceptions of birds were not neutral, and participants were 

generally able to identify and name several surrounding bird species in the local language. Because 

the relationship between birds and the community was not exclusively positive, whether farmers 

would consider birds when making management decisions remains unclear. The study suggests 

that conservation actions aimed at achieving richer and more stable bird communities around 

agroforestry farms would not necessarily be perceived positively by local communities. This 

highlights the importance of incorporating local realities into conservation research to promote 

more inclusive and ethically grounded science for those most directly affected by conservation 

decisions. 
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Appendix Table 1: List of families and species observed across the study site. English and Latin species names according to the Field Guide 
to the Birds of East Africa (Stevenson & Fanshawe, 2020). f = forest visitor; F = forest generalist; FF = forest specialist. Six are non-resident 

species: intra-African migrants: Klaas’s Cuckoo and African Paradise-flycatcher; and Palearctic migrants: Garden Warbler, Eurasian Blackcap, 

Willow Warbler and Spotted Flycatcher. The Green White-eye (Zosterops stuhlmanni) is not present in the book as it is under the African 

Yellow White-eye (Zosterops senegalensis). 

 

Family English name Latin name Functional Group Forest Dependence 

Rank 

Accipitridae: 

hawks, vultures, 

buzzards and 

eagles 

African Harrier-Hawk  

   

Polyboroides typus  carnivores f 

Columbidae: 

pigeons and doves 

African Green-Pigeon  

  

Treron calvus frugivores F 

Eastern Bronze-naped Pigeon 

  

Columba delegorguei frugivores FF 

African Olive-Pigeon   

  

Columba arquatrix frugivores FF 

Tambourine Dove  

    

Turtur tympanistria granivores F 

Ring-necked Dove  
   

Streptopelia capicola granivores f 

Lemon Dove  

   

Aplopelia larvata frugivores FF 

Musophagidae: 

turacos and go-

away-birds 

Ross’s Turaco  

   

Turaco rossae frugivores F 

Hartlaub’s Turaco  

   

Turaco hartlaubi frugivores FF 

Cuculidae: cuckoos, 

coucals and 

yellowbirds 

Klaas’s Cuckoo   Chrysococcyx klaas insectivores f 

Coliidae: 

mousebirds 

Speckled Mousebird  

  

Colius striatus frugivores f 

Trogonidae: trogons Narina Trogon  

   

Apaloderma narina insectivores F 

Alcedinidae: 

kingfishers 

African Pygmy Kingfisher 

  

Ispidina picta insectivores f 

Meropidae : bee-

eaters 

Cinnamon-chested Bee-eater 

   

Merops oreobates insectivores F 

Phoeniculidae: 
woodhoopoes and 

scimitarbills 

White-headed Woodhoopoe 
   

Phoeniculus bollei insectivores FF 

Bucerotidae: 

hornbills and 

ground-hornbills 

Crowned Hornbill   Lophoceros alboterminatus

  

insectivores f 

Lybiidae: African 

barbets and 

tinkerbirds 

Yellow-rumped Tinkerbird 

   

Pogoniulus bilineatus frugivores F 

Moustached Green Tinkerbird  Pogoniulus leucomystax

  

frugivores FF 

Grey-headed Barbet   Gymnobucco cinereiceps
  

frugivores F 

Eastern Yellow-billed Barbet  Trachylaemus purpuratus

  

frugivores F 

Indicatoridae: 

honeyguides 

Scaly-throated Honeyguide 

   

Indicator variegatus insectivores f 

Picidae: 

woodpeckers, 

wrynecks and 

piculets 

Fine-banded Woodpecker  Campethera taeniolaema

  

insectivores FF 

Cardinal Woodpecker   Dendropicos fuscescens

  

insectivores f 

Motacillidae: 
wagtails, pipits and 

longclaws 

African Pied Wagtail  
   

Motacilla aguimp insectivores f 

Mountain Wagtail  

   

Motacilla clara insectivores F 

Campephagidae: 

cuckooshrikes 

Purple-throated Cuckooshrike  Campephaga quiscalina

  

insectivores FF 

Grey Cuckooshrike  

   

Ceblepyris caesius insectivores FF 



Pycnonotidae: 

bulbuls and 

greenbuls 

Common Bulbul  

   

Pycnonotus barbatus frugivores f 

Yellow-whiskered Greenbul 

   

Eurillas latirostris frugivores F 

Little Greenbul  

   

Eurillas virens frugivores F 

Shelley's Greenbul   Arizelocichla masukuensis
  

insectivores FF 

Cabanis's Greenbul   Phyllastrephus cabanisi

  

insectivores FF 

Muscicapidae: Old 

World robins 

Equatorial Akalat   Sheppardia aequatorialis

  

insectivores FF 

Turdidae: thrushes African Thrush  

   

Turdus pelios insectivores f 

Locustellidae: 

grasshopper 

warblers and allies 

Cinnamon Bracken Warbler  Bradypterus cinnamomeus

  

insectivores F 

Sylviidae: Old 

World warblers 

Garden Warbler  

   

Sylvia borin insectivores f 

Eurasian Blackcap  

   

Sylvia atricapilla insectivores f 

Willow Warbler  
  

Phylloscopus trochilus insectivores f 

African Hill-Babbler   Pseudoalcippe abyssinica

  

insectivores F 

Scotocercidae: bush 

warblers and allies 

Brown Woodland-Warbler  Phylloscopus umbrovirens

  

insectivores FF 

Macrosphenidae: 

crombecs and allies 

White-browed Crombec  Sylvietta leucophrys insectivores FF 

Cisticolidae: 

cisticolas and allies 

Black-faced Rufous-Warbler  

  

Bathmocercus rufus insectivores F 

Chubb's Cisticola  
  

Cisticola chubbi insectivores f 

Grey-backed Camaroptera  Camaroptera brachyura

  

insectivores FF 

Grey Apalis  
   

Apalis cinerea insectivores F 

Chestnut-throated Apalis 

   

Apalis porphyrolaema insectivores F 

Black-collared Apalis  

  

Oreolais pulcher insectivores F 

Muscicapidae: Old 

World flycatchers 

White-eyed Slaty Flycatcher 

  

Melaenornis fischeri insectivores f 

Spotted Flycatcher  

   

Muscicapa striata insectivores F 

African Dusky Flycatcher 
  

Muscicapa adusta insectivores F 

Platysteiridae: 

batises, wattle-eyes 

and relatives 

Chinspot Batis  

   

Batis molitor insectivores f 

Brown-throated Wattle-eye 

  

Platysteira cyanea insectivores F 

Black-throated Wattle-eye 

  

Platysteira peltata insectivores f 

Monarchidae: 

monarch-

flycatchers 

African Paradise-flycatcher  Terpsiphone viridis insectivores f 

Stenostiridae: fairy-

flycatchers and 

allies 

African Blue-flycatcher  Elminia longicauda insectivores FF 

Pellorneidae: 

ground babblers 

Mountain Illadopsis 

   

Illadopsis pyrrhoptera insectivores FF 

Brown Illadopsis 

   

Illadopsis fulvescens insectivores FF 

Zosteropidae: 

white-eyes 

Green White-eye   Zosterops stuhlmanni insectivores F 

Nectarinidea: 
sunbirds 

Tacazze Sunbird  
   

Nectarinia tacazze nectarivores f 



Green-headed Sunbird 

   

Cyanomitra verticalis nectarivores F 

Northern Double-collared 

Sunbird   

Cinnyris reichenowi nectarivores F 

Variable Sunbird  

   

Cinnyris venustus nectarivores f 

Collared Sunbird  
   

Hedydipna collaris insectivores F 

Laniidae: shrikes Grey-backed Fiscal  

   

Lanius excubitoroides insectivores f 

Malaconotidae: 

bushshrikes and 

allies 

Tropical Boubou  

   

Laniarius major insectivores f 

Northern Puffback   Dryoscopus gambensis

  

insectivores F 

Pink-footed Puffback   Dryoscopus angolensis

  

insectivores FF 

Lühder's Bushshrike  
   

Laniarius luehderi insectivores F 

Oriolidae: orioles Mountain Oriole  

   

Oriolus percivali frugivores FF 

Sturnidae: starlings Chestnut-winged Starling  Onychognathus fulgidus

  

frugivores FF 

Waller's Starling   Onychognathus walleri

  

frugivores FF 

Passeridae: Old 

World sparrows 

Northern Grey-headed Sparrow 

   

Passer griseus granivores f 

Ploceidae: weavers 

and allies 
Spectacled Weaver  
  

Ploceus ocularis insectivores f 

Baglafecht Weaver  

   

Ploceus baglafecht insectivores f 

Brown-capped Weaver 

   

Ploceus insignis insectivores FF 

Black-billed Weaver  

   

Ploceus melanogaster insectivores FF 

Estrildidae: waxbills 

and allies 

Grey-headed Nigrita  

   

Nigrita canicapillus insectivores F 

Red-billed Firefinch  

  

Lagonosticta senegala granivores f 

African Firefinch   Lagonosticta rubricata

   

granivores f 

Yellow-bellied Waxbill 
   

Coccopygia quartinia granivores f 

Black-crowned Waxbill 

   

Estrilda nonnula granivores f 

Bronze Mannikin  

   

Spermestes cucullata granivores f 

Black-and-white Mannikin  

 

Spermestes bicolor  granivores f 

Viduidae: whydahs 

and indigobirds 

Pin-tailed Whydah  

   

Vidua macroura granivores f 

Fringillidae: 
canaries, 

seedeaters and 

allies 

Brimstone Canary  
   

Crithagra sulphurata granivores f 

Yellow-fronted Canary 

   

Crithagra mozambica granivores f 

White-bellied Canary  

  

Crithagra dorsostriata granivores f 

Yellow-crowned Canary 

   

Serinus flavivertex granivores f 

Thick-billed Seedeater 

   

Crithagra burtoni granivores FF 

Western Citril 
   

Crithagra frontalis granivores f 

Southern Citril  

  

Crithagra hyposticta granivores f 
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Appendix Table 2: Categories and criteria for bird species classification. 

 

(i) Functional group:  

Extrapolated from the first dietary choice from BIRDBASE (Şekercioğlu et al., 2025).  

 Carnivores: vertebrates - land vertebrates, reptiles, snakes, amphibians, salamanders, mammals, birds. 

Frugivores: fruits - fruit, drupes. 

Granivores: seeds - seed, maize, nuts, spores, grain. 

Insectivores: invertebrates - invertebrate, arthropods, insects, aquatic invertebrates, mollusks, krill, 

shrimp. 

Nectarivores: nectar.  

 

(ii) Forest dependence rank: 

From (Bennun et al., 1996). 

 Forest specialists (FF): the “true” forest birds. They may persist in secondary forest and forest patches. 

Less common away from the interior, and rarely seen in non-forest habitats. Breeding is almost invariably within 

forest. 

 Forest generalists (F): may occur in undisturbed forest but common in secondary forest, forest strips, 

edges and gaps. Breeding is typically within forest.  

Forest visitors (f): often recorded in forest but not dependent upon it. They are almost always more 

common in non-forest habitats, where they are most likely to breed. 

 

(iii) Migratory status:  

From BIRDBASE Sekercioğlu et al. (2025), Pomeroy & Tengecho (1986), and others. 

Palearctic migrant (PM): migrate south to sub-Saharan Africa during the northern winter (non-breeding 
season). Present in East-African countries from September-October to March-April. 

Intra-African migrant (AM): migrate seasonally within Africa usually following rainfall patterns and 

food availability. Present in East-African countries from October to April, though timing may vary. 

Resident (R): present in East-African countries all year long. 
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Appendix Table 3: List of tree species recorded in the 21 plots. Conservation status according to IUCN Red List. 

Native/Exotic classification according to Muchuku et al. (2020), Rono et al. (2023) and the IUCN Red List of 

Threatened Species, based on native range  –  areas where the species naturally occurs and still exists today. 

*Pouteria adolfi-friedericii is the former name. 

 

Scientific name English name Kupsabiny 

name 

Family Native/Exotic 

to Uganda 

Conservation 

status 

Albizia 

gummifera 

Albizia Mutahnwet Fabaceae N LC 

Allophylus 

abyssinicus 

- - Sapindaceae  N - 

Aningeria adolfi-

friederici* 

- - Sapotaceae N LC 

Bersama 

abyssinica 

- - Francoaceae N LC 

Casearia 

battiscombei 

Forest sword-leaf - Salicaceae N - 

Celtis africana White Stinkwood 

 

- Cannabaceae N LC 

Cordia africana Sudan teak/Large-

leaved Cordia 

Mukekenret 

 

Cordiaceae N LC 

Croton 

macrostachyus 

Broad leaved croton - Euphorbiaceae N LC 

Cupressus sp. - 

 

- Cupressaceae  - -  

Delonix regia Flame Tree 

 

 Fabaceae E LC 

Dracaena 

steudneri 

- - Asparagaceae N LC 

Ekebergia 

capensis 

Cape ash - Meliaceae N LC 

Ehretia cymosa - 

 

- Boraginaceae N LC 

Eucalyptus 

globulus 

Tasmanian blue gum Buliayet 

 

Myrtaceae E LC 

Ficus natalensis Bark-cloth tree/Natal 

fig 

Smotret 

 

Moraceae N LC 

Ficus sp. - 

 

- Moraceae - - 

Ficus sycomorus Sycamore fig 

 

- Moraceae N LC 

Grevillea robusta Silky Oak 

 

Kowoiyet Proteaceae E LC 

Lobelia giberroa Giant lobelia 

 

- Campanulaceae  N - 

Macaranga 

angolensis 

- - Euphorbiaceae - - 

 

Maesopsis eminii Umbrella Tree Musizi 

 

Rhamnaceae N LC 

Markhamia lutea Nile tulip 

 

Swayet Bignoniaceae N LC 

Neoboutonia 

macrocalyx 

Lace-leaf - Euphorbiaceae N LC 

Olea welwitschii Elgon Teak 

 

- Oleaceae N LC 



Persea americana Avocado Ovocado/ 

Ovokedo 

Lauraceae E LC 

Pinus patula Patula pine 

 

- Pinaceae E LC 

Polyscias fulva Parasol tree 

 

- Araliaceae N LC 

Prunus africana African Cherry 

 

- Rosaceae N VU 

Ricinus communis Castor Oil Plant 

 

Manuiwet Euphorbiaceae E LC 

Searsia natalensis Dune karee/Natal karee 

 

- Anacardiaceae N LC 

Syzygium 

guineense 

Water-pear - Myrtaceae N LC 

Xymalos 

monospora 

Lemonwood - Monimiaceae N LC 
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Appendix Table 4: Contingency table for species between habitat they were encountered and forest dependency. 

f = forest visitors; F = forest generalists; FF = forest specialists. 

 

 farms shared forest 

f  23 10 5 

F 1 8 18 

FF 0 1 24 

 

 

 

 
 

Appendix Figure 1: Alluvial plot showing functional groups (left) and forest dependency (right). Shaded flows 

represent the species relationship between the two categories. f = forest visitors; F = forest generalists; FF = 

forest specialists. 
 

 



 
Appendix Figure 2: Coverage-based rarefaction and extrapolation curves for species richness in farms and in 

forest. Shaded area represents the 95% bootstrap confidence interval. 

 

 

 

 
Appendix Figure 3: Temporal accumulation curve for species richness in farms and in forest. Sampling time was 

40 minutes. Continuous lines indicate the best-supported regression, whereas dashed lines represent alternative 

fitted models. 
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UCPH’s AI declaration 

 

 

Declaration of using generative AI tools 
 

 

☒ I/we have used generative AI as an aid/tool (please tick) 
 

☐ I/we have NOT used generative AI as an aid/tool (please tick) 
 

If generative AI is permitted in the exam, but you haven’t used it in your exam paper, you 

just need to tick the box stating that you have not used GAI. You don’t have to fill in the 

rest. 

 

List which GAI tools you have used and include the link to the platform (if possible): 

 

ChatGPT by OpenAI, https://chat.openai.com 

DeepSeek AI Assistant, https://chat.deepseek.com 

 

 

 

Describe how generative AI has been used in the exam paper:  

 

1) Purpose (what did you use the tool for?) For literature search and quicker clarifications 

when my supervisors were not available or in the same country. As well as idea 

generation for some statistics. To correct typos in R script (the statistical program 

used), and for correcting grammar errors in the writing (as a non-native English 

speaker). 

 

2) Work phase (when in the process did you use GAI?) Initial phase and during the 

development of the statistics, and in the final drafts (for correcting grammar errors). 

 

3) What did you do with the output? (including any editing of or continued work on the 

output) I took statistical ideas to contrast with others from literature, corrected typos 

and grammar errors. 

 

 

 

 

Please note: Content generated by GAI that is used as a source in the paper requires correct 

use of quotation marks and source referencing. Read the guidelines from Copenhagen 

University Library at KUnet here. 

 

 

https://chat.openai.com/
https://chat.deepseek.com/
https://kunet.ku.dk/faculty-and-department/copenhagen-university-library/library-access/Pages/AI.aspx
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