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Abstract 

Urbanization poses a significant threat to biodiversity, leading to habitat fragmentation and 

ecological imbalance. In fast growing cities like Kathmandu, the effect of rapid urbanization 

had serious impact on biodiversity. In this study the effect of urban forest patch characteristics 

on bird community structure of Kathmandu Valley, Nepal was investigated. A total of 92 of 

point counts in 15 patches were surveyed for birds using the point count method.  Bird species 

richness and abundance as the response variable were analyzed using 23 explanatory variables 

(distance to source forest, area, perimeter, round, Shape Index, interior to edge (IE) ratio, urban 

strata, monkey presence (high, low, medium), place (15 forest patch), habitat (edge or not), 

season (summer and winter), cloud cover, wind, humid, precipitation, canopy cover, percentage 

of pine, and vegetation ground attributes (percentage of tree, bush, soil, grass, and litter; tree 

height). Generalized linear model was used to analyze the relationship among forest patch 

characteristics and bird species richness and abundance. Winter season showed negative 

relations to both bird species richness and abundance. Vegetation covers such as tree 

percentage, bare soil, litter have significant relation to both species’ richness and abundance. 

Forest patch area showed a positive relation to species richness, with larger patches supporting 

higher species numbers. However, the patch shape index showed a negative impact on species 

richness suggested by a lower species richness in irregular shaped patch containing higher 

shape index. Patches closer to the source forest support higher individuals of birds while the 

patches far from source have low species abundance as they are more isolated. This study found 

that within the urban green patches in Kathmandu Valley, the forest patches that are closest to 

the city center and that are most disturbed have the lowest Shannon diversity index.  The results 

suggested that urban forest patches that were far from the disturbed city center and with diverse 

habitats supported higher species richness of birds. Within the context of conservation, 

promoting these urban green patches in a fast-growing city should be a priority for urban 

planners and conservationists.  
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zf]w ;f/f+z 

zx/Ls/0fn] h}ljs ljljwtfnfO{ gs/fTds k|efj kf5{ / zx/Ls/0fsf] sf/0fn] l;h{gf x'g] v08Ls/0fn] 

kfl/l:ylts c;Gt'ng NofpF5 . sf7df8f}+ h:tf tLj|ultn] la:tf/ eO{/x]sf zx/x¿df, ;x/Ls/0fsf] k|efjn] 

h}ljs ljljwtfnfO uDeL/ c;/ k'¥ofpF5 . o; cWoogn] g]kfnsf] sf7df8f}+ pkTosfdf :yfgLo / cfk|jf;L 

r/fx¿sf] ljljwtfdf zx/L jgsf Kofrx¿sf] cj:yf / cfsf/sf] k|efj hfFr ul/Psf] 5 . If]qkÞmnsf 

cfwf/df 5gf}6 ul/Psf s'n !% j6f jgsf Kofrx¿df (@ j6f ljleGg laGb'x¿df r/fx¿sf] u0fgf ul/Psf] 

lyof] . r/fsf k|hfltx¿sf] ljljwtf / hg;+VofnfO{ k|ltlqmofTds e]l/Pan dfg]/, tL e]l/Panx¿nfO{ @# 

JofVofTds e]l/Panx¿sf] k|of]u u/]/ ljZn]if0f ul/Psf] 5 . cWoogsf] s|ddf rf/ k6s ;j]{If0f ul/Psf] 

xF'bf x/]s k6ssf] ;j]{If0fdf cfpg ;Sg]  leGgtfnfO{ dWogh/ u/]/ /fpG8 -x/]s k6s sf] ;j]{If0f – hDdf 

$_ nfO{  klg e]l/Pan dflgPsf] 5 . To;}u/L ;x/L jgsf 6'qmfsf ljz]iftfx? -;|f]t jgsf] b"/L, If]qkmn, 

kl/lw, z]k OG8]S;, IE cg'kft, juL{s/0fsf] tx, afb/sf] pkl:ylt -pRr, dWod, Go"g_, :yfg -!% j6f jgsf] 

Kofr_, cfjf; -ag / ag lsgf/f_, df};d -hf8f] / udL{_, afbn cfj/0f, xfjf, cf›{tf, jiff{, Sofgf]kL se/, 

;Nnfsf]  k|tLzt, / jg:klt ljz]iftfx? -¿vsf] k|tLzt, emf/sf] k|tLzt, v'Nnf hldgsf] k|tLzt, 3fF;sf] 

k|tLzt, ktem/sf] k|tLzt, ?vsf] prfO{_ ;Fu r/fsf] k|hfltx¿sf] ljljwtf / hg;+Vof larsf] ;DaGw 

ljZn]if0f ug{ lnlgP/ ldS:8 Pkm]S6 df]8n k|of]u ul/Psf] 5 . o; cWoogdf hf8f] df};ddf k|hfltx¿sf] 

ljljwtf / hg;+Vofdf gsf/fTds ;DaGw b]vfPsf] 5 . jg:klt ljz]iftfx?, h:t} ?vsf] k|ltzt, v'Nnf 

df6f], / ktem/x¿sf] k|hfltx¿sf] ljljwtf / hg;+Vofdf dxTjk"0f{ ;DaGw b]vfPsf] 5 eg] jgsf] 6'qmfsf] 

If]qkmnn] k|hfltx¿sf] ljljwtf;Fu ;sf/fTds ;DaGw b]vfPsf] 5, 7'nf] 6'qmfdf w]/} r/fsf] k|hfltx¿ e]l6Psf] 

5 . jgsf 6'qmfsf] cfsf/n] k|hfltx¿sf] ljljwtfdf k|efj u/]sf] kfOPsf] 5, lsgeg] pRr cfsf/ ;"rsf+s 

ePsf c;dfg cfsf/sf jgsf 6'qmfx¿df k|hfltx¿sf] ljljwtf Go'g b]lvPsf] lyof]] . pkTosf cf;kf;sf 

7'nf >f]t jgsf] glhs} ePsf jgsf 6'qmfx¿df w]/} k|hfltsf r/fx¿ kfOPsf] 5 eg], >f]t jgeGbf 6f9f 

/x]sf jgsf 6'qmfx?df yf]/} k|hfltsf r/fx¿ kfOPsf] 5 . sf7df8f}+ pkTosfsf ;x/L xl/ofnL jgsf 

6'qmfx¿sf] lardf, zx/ s]G›sf] glhs /x]sf / a9L ljlIfKt ePsf Kofrx¿df Zofgg 8fOel;{6L OG8]s; 

Go'g ePsf] / sd k|hfltx¿sf] ljljwtf b]vfPsf] 5 . o; cWoogaf6 s] b]lvG5 eg] zx/L jgsf 6'qmfx¿ 

h'g pRr hg3gTj ePsf ;x/ s]G›af6 6f9f 5g\ / h'g jgsf 6'qmfx¿df ljleGg cfjf;Lo cj:yfx¿ 

pknAw 5g\, tL jgsf 6'qmfx¿df r/f k|hfltx¿sf] ljljwtf pRr x'G5 . ;+/If0fsf] ;Gbe{df eGg' kbf{ lta| 

¿kdf al9/x]sf zx/x¿df h}ljs ljljwtf sfod /fVg xl/of] jgsf 6'qmfx¿nfO{ hf]ufpg k|fyldstf lbP/ 

Aoal:yt ;x/L of]hgf ;DaGwLsf] gLlt th{'df ug{'kg]{ b]lvG5 . 
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1. Introduction 

1.1 Background 

Urbanization possesses a significant threat to biodiversity, leading to habitat loss and 

fragmentation (Wang et al., 2021). It is a prominent aspect of the ongoing global shift that has 

a serious impact on various aspects of biodiversity, ultimately resulting in changes in the 

ecological landscape (Aronson et al., 2014).  However, amid rapid urbanization, urban forest 

patches act as “green islands," which are crucial in maintaining biodiversity and offering vital 

ecosystem benefits (Niu et al., 2023). The rate of urbanization directly impacts the urban forest 

patches as the urbanization increases the green spaces become smaller, isolated, and more 

fragmented (Fujita & Koike, 2009; Uchida et al., 2021). The fragmentation and isolation impact 

the ecological function of the patches (Fahrig, 2017; Fujita & Koike, 2009; Palacio et al., 2018) 

as well as the biodiversity of the particular patch (Liu et al., 2019; Pradhan, 2004). The relation  

between these green patches and wildlife is important in avian communities, whereas birds also 

aid in ecological processes such as seed dispersal, pollination, pest control (Gaston, 2022),  and 

elevate the biodiversity, aesthetic and recreational charm of urban areas (Chace & Walsh, 

2006). For example, green spaces in and around Kathmandu Valley, spanning from compact 

patches to larger wooded areas, provide habitats for local and migratory bird species (Katuwal 

et al., 2016b; Upadhyaya et al., 2022). However, comprehensive analysis and the impact of 

urbanization on bird communities in Kathmandu Valley have yet to be thoroughly conducted 

till date (Katuwal et al., 2018). 

Kathmandu Valley is characterized by its unique sociocultural and biological diversity, but in 

recent decades, it has undergone significant urban expansion (Ishtiaque et al., 2017). 

Kathmandu has become one of the fast-growing cities of South Asia, with a four percent 

increase in population every year (Acharya et al., 2015). As a result, the human influx brought 

a significant change in land use patterns, accelerating the urbanization process (Ishtiaque et al., 

2017). To fulfill demand for housing, infrastructure, and other humanitarian uses, the natural 

habitats were converted into residential, commercial and industrial hubs (Thapa & Murayama, 

2010). Once self-sustaining agricultural society with fertile land with temperate climate 

supporting variety of biodiversity starts to shift during latter half of  20th century (Ishtiaque et 

al., 2017; Thapa & Murayama, 2010). The surrounding foothills have still retained the forest 

cover. However, the urban forest decreased due to land clearing for urban expansion (Ishtiaque 

et al., 2017; Katuwal et al., 2018; Thapa & Murayama, 2010). In the process of urbanization, 
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during the 1980s, forest areas decreased dramatically, resulting the continuous fragmentation 

and a heterogenous landscape throughout the 1990s (Thapa & Murayama, 2009).  

The fragmentation of forests disrupts the natural ecosystem and biodiversity sustaining in those 

areas (Chace & Walsh, 2006; Fahrig, 2017). The urban matrix, combined with degraded 

habitat, reduces the connectivity among the green spaces, making it difficult for the survival 

and movement of wildlife (Chang et al., 2023; Chen et al., 2024). Connectivity between the 

forest patches acts as a crucial factor in maintaining the diversity; the degree of connectedness 

determines the dispersal, foraging, and breeding success (Han et al., 2022; Jin & Song, 2023). 

A well-connected patch facilitates the interaction and gene flow of any biological community 

(Vandewoestijne et al., 2008), enhancing the resilience against environmental changes 

(Anderson et al., 2023; Tiang et al., 2021). In other hands, isolated patches lead to less species 

diversity and more vulnerability to extinction, particularly for species with specific habitat 

requirements (Dale, 2019; Fahrig, 2013). 

Being small and scattered (Katuwal et al., 2016b), the fragmented forest still have great 

potential in conserving bird diversity and providing suitable habitats for birds (Katuwal et al., 

2016b; Maseko et al., 2020).  Even a small forest patch of less than 20ha can host a significant 

level of functional diversity of birds within the highly urbanized and densely populated area 

(Kang et al., 2015). The green spaces including parks, forest patches, gardens, and grasslands, 

play a crucial role in minimizing the impact of urbanization on bird diversity as well as overall 

biodiversity (Katuwal et al., 2016b; Upadhyaya et al., 2022). Not only to those species adapted 

to urban areas (common city birds), forest patches can provide a suitable habitat for many 

species of birds (Upadhyaya et al., 2022) and other animals (Liu et al., 2019). The vegetation 

structure of forests is a key determinant of habitat quality. The forest patch characteristics such 

as tree composition, canopy cover, native vegetation, and understory density, influence the 

food availability, shelter, and nesting sites of bird diversity. With the decrease in forest patches, 

species that are forest dwellers (excluding urban exploiters) cannot handle the human-induced 

disturbances very well (BirdLife International, 2017). Birds of different species have different 

unique ecological requirements. Generalists are adapted to urban environments and exhibit a 

tolerance to urbanization, whereas specialist those who rely on specific niche, have lesser 

resilience toward rapid urbanization. As a result, sudden population crashes could take place 

in such groups as they reach the stress resistance threshold (Watson et al., 2015). Interestingly, 

substantial loss in the bird diversity is not only due to anthropogenic factors (human 

developments), however, urban features have the great impact on the loss of bird species 
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(Aronson et al., 2014). Factors such as pollution, human disturbance, and climate change 

worsen the challenges faced by the urban avian population. As urbanization increases, 

managing and preserving the urban green spaces sustainably becomes important for developing 

effective conservation strategies as the urban green spaces serve as a vital refuge for the bird 

community in urban areas. 

 

1.2 Statement of the problem 

Rapid and unsystematic urbanization in Kathmandu Valley (Pradhan, 2004; Thapa & 

Murayama, 2009, 2010) is leading the significant impact on biodiversity and green space. The 

urban green space of Kathmandu Valley holds a significant amount of residential as well as 

migratory birds. However, the threat of urbanization affects the ecological integrity of the urban 

forest patches altering their characteristics and spatial configuration inside the valley. 

Although, these green patches have the major role in sustaining the diversity and maintaining 

the ecosystem balance (Maseko et al., 2020), there is lack of comprehensive research on how 

patch characteristics influence the bird community assemblance. With the rapid change of 

landscape inside the Kathmandu Valley it still remains unclear how the green spaces inside the 

valley impact the diversity, and composition of the avian species. Understanding the 

relationship between green space and bird diversity is still lacking and creating the gap in the 

biodiversity research. This gap restricts effective urban planning and biodiversity conservation 

strategy in the face of ongoing urban expansion. With the study of green spaces and long-term 

monitoring it might help to create an effective conservation design and mitigate the negative 

effect of urbanization on the bird communities. 

1.3 Objectives 

The general objective of this study was to assess the bird diversity on the different forest 

patches inside the Kathmandu Valley and the relationship between forest patches 

characteristics and bird community structure.  

The specific objectives of the study are: 

i. To explore bird diversity in urban forest patches of Kathmandu Valley. 

ii. To understand the relationship between urban forest patch characteristics and bird 

community assemblage. 
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1.4 Research hypothesis 

The research hypotheses for my study are as follows: 

i. Bird diversity among different forest patches inside the Kathmandu Valley varies 

significantly. 

ii. The patch characteristics highly correlates with the richness and abundance of birds in 

the Kathmandu Valley. 

 

1.5 Significance of the study 

In the context of the avian study in Kathmandu Valley, birds in the urban ecosystem are 

understudied. As urban areas are expanding and reshaping the landscape worldwide, it become 

necessary to understand and study the ecological importance of green space for sustainable 

urban growth. With rapid growth of urban areas in Kathmandu it is relevant to study about the 

relationship between remaining forest patches and bird community. Therefore, study of avian 

diversity in Kathmandu would help to understand the biodiversity in urban green patches. Bird 

species are the key indicators of ecological health of any green spaces as they play crucial role 

in various ecosystem functions. By analyzing the bird diversity and its relationship with urban 

forest patch characteristics might provide broader insights into the impacts of urbanization on 

bird diversity. The purpose of this study is crucial for developing strategies and managing the 

green space in the big cities, ensuring the conservation of bird community. Ultimately the 

findings of this study is anticipated to promote practical implications for urban planning and 

conservation strategies in Kathmandu Valley.  

1.6 Limitations of the study  

Surveying all the forest patches inside the Kathmandu metropolitan city was not feasible 

because of limited budget and time as the research needs to be fulfilled within the time frame 

of MSc program. Only the major patches that fall under the criteria of research methodology 

were surveyed. Also, the study has been designed to provide relative comparisons, but the total 

species richness of the whole valley is likely to be underestimated. 
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2. Literature review 

2.1 Urbanization and bird diversity    

Urbanization possesses profound impact on global biodiversity including avian diversity 

(Aronson et al., 2014; Ehlers Smith et al., 2018; Oliveira Hagen et al., 2017; Sol et al., 2020). 

Compared with the sub-urbs, cities worldwide have the lower diversity of birds as the impact 

of urbanization is higher in city areas (Aronson et al., 2014; Katuwal et al., 2018; Seress & 

Liker, 2015; Xu et al., 2018). As the cities increase, the natural ecosystem is converted into 

humanized structures and farmlands leading to habitat loss and fragmentation (Morelli et al., 

2013; Peng et al., 2024; Thapa & Murayama, 2010). Such changes in the habitat directly or 

indirectly disrupts the breeding, foraging, and many other behaviors of birds’ species which 

can have high impact on specific species that need specific habitat preferences (Richard et al., 

2021; Wong & Candolin, 2015). For example, Taudaha lake in Kathmandu was surrounded by 

concrete structures. The lake was once a thriving habitat for many water bird species, but in 

recent years it has faced significant challenges due to habitat degradation due human 

encroachment and high level of pollution (Khatri et al., 2023; Paudel et al., 2022; Shrestha et 

al., 2023).  Pollution has challenged the bird species in major cities around the world. Increase 

in population and to fulfill its demand there is an increase in traffic all around leading to an 

increase in sound pollution. Sound pollution interferes with the communication and 

vocalization of many bird species, forcing them to adapt to high urban noise (Halfwerk et al., 

2018; Klingbeil et al., 2020; Richard et al., 2021; Sordello et al., 2020). 

Impact of urbanization has direct impact on habit and avian population, recent research shows 

both negative as well as positive influence of urbanization on avian species richness and 

abundance (Silva et al., 2015). For instance, the species that requires dense forest and low level 

of disturbance would struggle to survive in urban settlements leading to population decline or 

even extinction (Betts et al., 2017; Hensley et al., 2019; Seress & Liker, 2015). On the other 

hand, with the increase in urbanization, the generalist that takes advantage of human food/waste 

(such as crows, kites, pigeons) will thrive in the urban areas and their population will increase 

and dominate the area (Buxton et al., 2018; Ordóñez-Delgado et al., 2022; Wong & Candolin, 

2015). In Kathmandu Valley significant number of kites and crows (Bhusal et al., 2025; Hansen 

& Huettmann, 2020; Katuwal et al., 2016b) can be observed within small range, in South 

Korea, Oriental Magpie dominates the city area (Chen et al., 2022; Kim et al., 2021; Lee, 2023). 

Despite the challenges, urban environments are not entirely bad news for bird diversity. Urban 

green spaces, such as parks and gardens, can serve as important refuges sites for birds (Chiron 
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et al., 2024; Kohout & Kopp, 2020). Some bird species have also developed remarkable 

adaptability to urban environments (Chiron et al., 2024; Staude et al., 2021; Xu et al., 2018). 

They have modified their behaviors to cope with urban challenges, such as changing their diets 

(include human-provided food) or adjusting their nesting sites to urban architectures (Bowes, 

2020; Chatelain et al., 2025; Fehlmann et al., 2024).  

 

2.2 Bird diversity and urban green patches 

Urban forest patch serves as fundamental ecological zones for avian species within the urban 

hubs, offering the shelter and resources amid urban expansion (Kang et al., 2015; Katuwal et 

al., 2016b; Morelli et al., 2017; Niu et al., 2023; Upadhyaya et al., 2022). Niu et al. (2023) 

described the urban green spaces as “green islands” and those green islands plays the vital role 

in maintaining the biodiversity in the urban settings. Likewise, in the Kathmandu Valley the 

remaining forest patches, green parks, gardens supports the high diversity of bird species 

(Katuwal et al., 2016b; Upadhyaya et al., 2022). Maseko et al. (2020) also concluded that the 

forest patches played a significant role in the survival of diverse species of birds in the 

urbanized landscape of Durban, South Africa. Green spaces not only hold the immense amount 

of biodiversity including bird diversity, it provides the aesthetic value too (Chace & Walsh, 

2006). The forest patches have the great role in conserving the bird community and other 

biodiversity, however, rapid and unsystematic urbanization in Kathmandu Valley (Pradhan, 

2004; Thapa & Murayama, 2009, 2010) cause the significant amount of impact on bird 

communities (Katuwal et al., 2018). Several studies (Aronson et al., 2014; Liu et al., 2019; Sol 

et al., 2020) have also highlighted the global impact of urbanization on the bird community.   

Compared with the sub-urbs cities worldwide have the lower diversity of birds as the impact 

of urbanization is higher in city areas (Aronson et al., 2014). Ecological dynamics of the 

fragmented landscape shape the diversity. Urban green patches and its characteristics such as; 

patch size, shape and its index substantially influence the bird community (Zhu et al., 2024).  

Larger areas support greater diversity and patch area determines the ecological value of the 

patch (Maseko et al., 2020; Uchida et al., 2021). Whereas smaller patches are more prone to 

edge effect, reduced food availability, higher competition and increased predation risk (Jones 

et al., 2023; Liordos et al., 2021; Soifer et al., 2021). For example; the study of Kang et al. 

(2015) emphasize the positive influence of  patch area on overall bird diversity. Similarly,  

Maseko et al. (2020) also have resembling data, that the bird species richness increased with 
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increase in size of forest patches (Maseko et al., 2020; Wang et al., 2021; Zhu et al., 2024). 

Many studies support that large patches have increased habitat availability and can sustain the 

specialized bird species sensitive to habitat size. In the Gyeonggi Province, South Korea, the 

research done by Kang et al. (2015) also reflects the positive correlation between patch area 

and total species richness, total bird abundance, except for the ground-foraging species and 

granivore bird guilds. Their study also found the positive relationship between vegetation 

complexity and species richness and abundance of migrant and ground-nesting birds. Larger 

the area, the greater the habitat heterogeneity and more resources.  Forest patch and its total 

area and land cover heterogeneity at the landscape level correlates positively with avian species 

richness in the urban areas across Europe (Chiron et al., 2024).  

Perimeter and shape of urban forest patch plays an important role in determining habitat quality 

and bird diversity (Zhu et al., 2024). It influences the edge to core ratio and determines the 

extent of edge effect. Patch with relatively larger perimeter and irregular shapes increases the 

edge effect resulting in edge related impacts which then influence bird communities (increase 

in generalist and edge adapted species and decrease in specialist species. For example, study 

done by Zhu et al. (2024) showed that patches with lower perimeter complexity had higher bird 

richness. The patch with higher edge exposure supporting lesser diversity (Garizabal-Carmona 

& Mancera-Rodríguez, 2021; Guillaumet & Russell, 2022). This is due to reduced habitat, 

increased competition, higher nest predation rate (Paris & Studds, 2025). The balance between 

the edge and core habitat definitely supports the different bird’s species highlighting that lower 

perimeter complexity and compact patch shape is important for enhancing ecological integrity 

of urban forest patch. A study on Hawaiian island have highlighted multiple features of forest 

dynamics that influence the arrangement of avian diversity (Flaspohler et al., 2010). Katuwal 

et al. (2016) and Upadhyaya et al. (2022) have specifically focused on the Kathmandu Valley, 

observing the diversity of bird and migratory bird within its urban forest patches. These studies 

state that there is need for a comprehensive analysis of how urban settlements impact bird 

communities in these unique ecological settings. So, this study will contribute to the 

understanding of the relationship between urban forest patches and its relationship with bird 

community’s assemblages. 
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3. Materials and methods 

3.1 Study area 

This study was conducted in the Kathmandu Valley, including the Kathmandu, Bhaktapur, and 

Lalitpur districts. It lies in the mid-hill region of central Nepal and elevation ranges between 

1100 m and 2700 m asl. The area falls under the sub-tropical climate zone with the summer 

temperature ranging between 20°C and 30°C and winter temperature ranging between 9°C to 

12°C. Kathmandu Valley comprises various urban and sub-urban ecosystems with remaining 

forest patches (Katuwal et al., 2018).  The most common and dominant tree species inside the 

Kathmandu Valley (for lower elevations) are Pinus roxburghii, Castanopsis indica, Alnus 

nepalensis, Schima wallichii, Ficus religiosa, Myrsine capitellata, Salix babylonica, whereas 

the dominant tree species in higher elevations surrounding the valley are Rhododendron 

arboreum and Quercus semecarpifolia (Bhuju et al., 2007; Ghimire et al., 2005). An estimate 

of 550 species of birds species are found in the Kathmandu Valley (Bhuju et al., 2007). 

 

Figure 1. Map of study area showing forest patches in Kathmandu, Bhaktapur and Lalitpur 

districts, Land Cover data (Karra et al., 2021) 
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3.2 Methods 

3.2.1 Field survey 

i. Forest patch characterization 

The study sites were selected using the Geographic information system (GIS) software (QGIS 

Development Team, 2023). First, the three districts inside the Kathmandu Valley were selected 

(Kathmandu, Bhaktapur, and Lalitpur). Then inside the valley, all the green forest and patches 

were isolated using the Land Use Land Cover data (Karra et al., 2021). The raster data was 

reclassified to select only forest cover. After that, the resulting raster file including forest cover 

was converted to vector format by using the Polygonize tool. This study only focused on the 

remaining forest patches inside the Kathmandu Valley, for that the continuous forests and 

patches that connect to those continuous forest surrounding the Kathmandu Valley were 

removed by creating a new shape file by drawing the line excluding all the major forest 

surrounding valley. Forest patches were then filtered and selected based on area. Only the 

biggest 15 patches (all the green patches above 1,00,000 m2 in area) were selected for the study 

(Peng et al., 2024). This study aimed to study the bird community assemblages,  areas less than 

10 ha do not support the forest specialist birds (Ferraz et al., 2007) and many migratory birds 

(according to  Grimmett et al. (2016) migratory birds made up of one third of total birds of 

Nepal) needing special habitat for breeding (Robinson et al., 1995). After that inside all the 

patches, a grid of points spaced 200 meters apart was generated using the Create Grid tool.  The 

points inside the patch boundaries are selected only the points inside the forested areas were 

clipped and rest are excluded. All the points generated with 200m apart were selected for field 

data collection except inside the Gokarna Forest and Pashupatinath forest, there were some 

restricted zones which were not accessible to do the bird survey. Those restricted areas were 

owned by Nepal Army and the permission was not granted to do the survey.  Finally, 92 points 

inside the 15 forest patches were selected for bird survey and data collection. Coordinates were 

also calculated for each point using the Field Calculator so that the coordinates points could be 

used in GPS (Global positioning system) to find the point in the field. Kathmandu Valley was 

then again classified into city center (highly urban areas), periphery (sub-urban areas) and rural 

areas (Katuwal et al., 2018), and the patches were also classed accordingly. The degree of urban 

to rural was determined on the basis of human settlement density, infrastructure and facilities 

available (Katuwal et al., 2018). Area, perimeter, shape index, and Interior-Edge ratio of each 

patch were calculated in QGIS field calculator and added to the attribute table.  Distance to 



10 

 

nearest source (continuous forest that is surrounding the Kathmandu Valley) was scaled for 

each point using the scale feature on QGIS. 

 

 

Figure 2. Selected 15 forest patches inside Kathmandu Valley (including Kathmandu 

Lalitpur and Bhaktapur districts). 

 

ii. Field survey and data collection 

Standard point count method (Bibby, 2000) was used to survey bird communities within 

selected forest patches. Binocular “Vortex Viper” 8×42 and field guide book “Birds of Nepal’’ 

(Grimmett et al., 2016) was used to identify birds and  “Panasonic FZ82” digital camera (60x) 

and “Nikon D-500” (200–500) was used to take the photographs. The migration status 

(residental, summer migrant, and winter migrant) and six feeding guilds (insectivore, 

granivore, carnivore, frugivore, omnivore, and nectivore)  were classified based on Grimmett 

et al. (2016)  and Katuwal et al. (2018). Order, family and scientific name and IUCN status of 

bird species were classified according to the IUCN Red List of Threatened Species (IUCN, 

2025). For the bird surveys, five minutes of settling time was given to minimize disturbances, 

and birds seen and heard were recorded for another 10 minutes. The radius of each fixed-point 
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count was 30 m for accounting reduced visibility within the dense vegetation. Surveys were 

conducted during the summer (June–July 2024) and winter (December 2024 and January 2025) 

seasons to observe the seasonal variation.  Time of survey was 6 AM – 11AM during summer 

and 7 AM - 12 PM during winter season. For better detectability of birds, surveys were 

conducted when there was no rain and wind speed of less than 10km/hr (Bibby, 2000). The 

canopy cover was measured using the CanopyCapture APK mobile application. Google 

weather data such as precipitation, humidity, wind, cloud cover was recorded for each point at 

the starting time of bird survey. Percentage pine was measured by counting the number of pine 

trees/ total number of trees within the 30 m radius. The amount of monkey presence was 

categorized into three parts high, medium and low. Patches where the monkey was seen almost 

in all the points and actively showing its presence was kept in high category, the monkey 

showing less activity and presence only on certain points were categorized to medium and for 

patches where there was almost no monkey of only occasional sightings of monkey was kept 

on low category. For characterizing the urban forest patch of Kathmandu Valley six vegetation 

structures attributes (VGS) were described within 30m radius point (Morelli et al., 2017). 

Visually estimated percentage cover of grass, leaflitter, barren soil (including rock, path cover 

area), bush, and tree data was noted (Morelli et al., 2017). Tree height was also estimated 

visually (Morelli et al., 2017).  

3.2.2 Data analysis 

Bird species richness and abundance as the response variable were analyzed using 23 

explanatory variables (distance to source, area, perimeter, round, Shape Index, IE ratio, urban 

strata, monkey presence (high, low, medium), place (15 forest patch), habitat (edge or not), 

season (summer and winter), cloud cover, wind, humid, precipitation, canopy cover, %pine, 

and vegetation structure attributes (%tree, %bush, % bare soil, %grass, %litter, tree height). 

Prior to the analysis the normality of the data was checked to see whether the data is normally 

distributed or not. A histogram showed close to normal distribution with slightly left 

skewedness. So, Shapiro-Wilk test confirmed the non-normality of the data (p=0.0035). The 

data was then log-transformed, and the Shapiro-Wilk test was carried out again, however, the 

data remained non-normal. Since it was not normal, the original data set was used for analysis 

and generalized linear mixed effect models (GLMM) were used to analyze the dataset. To 

investigate the factors influencing the species richness and abundance, GLMM was used. Initial 

model included all the explanatory variables. As the data dealt with repeated measures, to 
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account for the random effect of location a random intercept for place was included. Also, the 

data was collected from the same place for four rounds and the round was also used as random 

effect. Multicollinearity among the predictor variables was checked using the Variance 

Inflation Factor (VIF). Variables with VIF values less than 5 were selected because VIF values 

greater than 5 considered highly collinear. Such collinearity among the explanatory variables 

lead to unreliable estimates by influencing the variance of regression coefficients so, variables 

with VIF value greater than 5 were removed. Post VIF, model was refined through backward 

elimination based on Akaike Information criterion (AIC). The model with the least AIC value 

was considered the best fitted model. 

Diversity indices (Shannon-Wiener function) were calculated to compare the diversity of 

different forest patches. All statistical analyses was done in the R software using various R 

packages (R Core Team, 2021).  
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4. Results 

4.1 Bird diversity in different forest patches of Kathmandu 

A total of 10,651 individuals of 118 species belonging to 11 orders and 44 different families 

were recorded during the whole survey. Among 118 species only one specie, steppe eagle falls 

under the Endangered category of IUCN red list and one species, Alexandrine parakeet falls 

under Near Threatened category of IUCN red list (Appendix 2). All the other 116 species 

belonged to Least concern (Appendix 2).  In summer 5,603 individuals of 78 species were 

recorded and in winter 5,048 individuals of 91 species were recorded. The abundant bird 

species among them were house crow (n=1317). 

All the 11 orders of bird species were found in Gokarna Forest patch and Changunarayan 

temple forest making them the patches with highest number of orders and Pashupatinath and 

Swayambhu Forest patch has lowest no of order with 7 order (Figure 3).  

 

Figure 3. Number of different order of birds on different location of Kathmandu Valley. 

 

The highest number of bird families was seen on Changunarayan with 34 families and lowest 

on Swayambhunath with 18 families (Figure 4). 
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Figure 4. Number of different family of birds on different location of Kathmandu Valley. 

 

Birds were categorized according to feeding guild, migration status and IUCN status. There 

were six different types of feeding guild and Insectivore was the most abundant and nectivore 

was the least in number across different locations (Figure 5).  

 

 

Figure 5. Feeding guilds of birds in different forest patches. 
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Also, among three migration status (Residental, Summer visitor, Winter visitor) Residential 

birds were highest among all and summer migrants the lowest (Figure 6).  

 

Figure 6. Migration status of bird species in different forest patches. 

 

The Endangered and Near Threatened category of IUCN red list species were low in number 

while the least concerned species were very high (Figure 7). 

 

Figure 7. IUCN status of bird species in different forest patches. 
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4.1.1 Species richness of birds in the forest patches 

The highest number of species was found in Changunarayan with 70 species and lowest was 

on Swayambhu forest with 25 species (Figure 8). 

 

Figure 8. Number of bird species on different forest patches of Kathmandu Valley. 

4.1.2 Bird abundance in the forest patches 

The highest number of birds were found in Gokarna Forest with 1802 individuals and lowest 

was on Shantidham patch with 328 individuals (Figure 9). 

 

Figure 9. Number of bird individuals on different forest patches of Kathmandu Valley. 
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4.1.3 Bird diversity indices in the forest patches 

Interestingly, forest patches close to the city center and most disturbed had the lowest Shannon 

diversity index and parks that are peripheral or away from the city center had higher diversity 

and higher species richness (Table 1). The lowest Shannon diversity index was 2.3692 for 

Swayambhu Forest and highest was 3.5955 for Changunarayan. 

Table 1. Shannon diversity index of different forest patch 

Location Shannon diversity index 

Bajrabarahi 2.9447 

Bungamati 3.3156 

Changunarayan 3.5955 

Dhaichhap 3.2081 

Dhapakhel 3.0536 

Gokarna_forest 3.1714 

Gokarna_sahidPark 2.9512 

Kapan 3.3211 

Neelbarahi 3.2156 

Pashupatinath 2.4545 

Sakhu 3.2451 

Shantidham 3.4885 

Swayambhu 2.3692 

TU forest 2.9066 

White_gumba 3.3749 
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4.2 Factors affecting bird community structure in the forest patches of Kathmandu 

4.2.1 Factors affecting species richness 

The generalized linear mixed effect model showed significant effects of season, forest edge, 

monkey presence (low), cloud cover, humidity, percentage tree, bare soil, leaf litter, combined 

effect of season and habitat, patch area, and shape index on the species richness (Table 2).  

Table 2. Summary of Generalized Linear Mixed-Effects Model for species richness 

  Estimate Std. Error z value Pr(>|z|)   

seasonwinter -0.4271 0.1128 -3.785 0.000 *** 

habitatForestedge 0.0327 0.0660 0.495 0.6207   

monkey_prlow 0.2087 0.0585 3.565 0.0004 *** 

monkey_prmedium -0.0495 0.0665 -0.744 0.4569   

scale(area) 0.1472 0.0370 3.983 <0.0001 *** 

Shp_Index -0.2410 0.0478 -5.042 <0.0001 *** 

canopy -0.0012 0.0008 -1.428 0.1532   

cloudMostlycloudy -0.0821 0.1201 -0.684 0.4941   

cloudMostlysunny 0.0618 0.1413 0.437 0.6617   

cloudPartlycloudy -0.1329 0.1158 -1.147 0.2514   

cloudPartlysunny -0.0334 0.1809 -0.185 0.8531   

cloudSunny 0.1868 0.0792 2.358 0.0183 * 

humid 0.0034 0.0016 2.168 0.0301 * 

tree -0.0186 0.0050 -3.726 0.0002 *** 

soil -0.0062 0.0018 -3.465 0.0005 *** 

grass -0.0038 0.0022 -1.735 0.0827  

litter -0.0053 0.0016 -3.254 0.0011 ** 

seasonwinter:habitatForestedge -0.1687 0.0734 -2.297 0.0216 * 

 

Winter season showed significant negative effect on the Species richness (-3.785, p=0.0001). 

Cloud coverage also has some effect on richness, during the sunny days the species richness 

was high.  Also, humidity has positive relation (2.168, p= 0.0301) to species richness. During 

winter season on the forest edge the species richness was significantly (-2.297 p= 0.0216) low 

showing the combined effect of season and habitat type (Figure 10).  
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Figure 10. Species richness of different habitat (forest and forest edge) during summer and 

winter. 

The presence of monkeys also affected the species richness of birds in the forest patches (Figure 

11). Species richness was significantly high (3.565, p= 0.0004) when the monkey presence was 

low. 
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Figure 11. Presence of monkey and its effect on species richness. 

 

The percentage tree (-3.726, p= 0.0002), showed the negative relationship with the species 

richness i.e as the number of trees increases the species richness decreases (Figure 12). 

Percentage leaf litter (-3.254, p= 0.0011), and percentage bare soil (-3.465, p=0.0005) are 

negatively significant to species richness. 
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Figure 12. Species richness and its relationship with percentage tree cover. 

 

Richness increases with the increase in patch size showing positive relationship (3.983, 

p=<0.0001). Large patch size had the high species richness and as the area of patch decreased 

the number of species also decreased. The shape index on the other hand showed the negative 

relationship to the species richness (Figure 13).  The value of shape index 1 means the patch is 

perfectly circular patch. As the value increases (shape index> 1), it means the patch becomes 

more irregular in shape.  From the GLMM model run for species richness, the patch shape 

showed negative relationship (-5.042, p= <0.0001) i.e species richness was low when the patch 

boundaries were more irregular.  Interior to edge ratio and distance to source showed no 

specific relation to species richness and were removed on final model (AIC backward 

elimination process). 
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Figure 13. Species richness and its relation to shape index of forest patch of Kathmandu 

Valley.  

 

4.2.2 Factors affecting bird abundance in the forest patches 

Species abundance was significantly affected by season (winter), monkey presence (low), strata 

(periphery and rural), cloud cover, humidity, wind, percentage tree, bare soil, percentage grass, 

distance to source, and IE ratio (Table 3).  
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Table 3. Summary of Generalized Linear Mixed-Effects Model for species abundance 

  Estimate Std. Error z value Pr(>|z|)   

seasonwinter -0.385 0.0744 -5.168 <0.0001 *** 

habitatForestedge -0.0708 0.0429 -1.65 0.0989   

monkey_prlow 0.722 0.291 2.478 0.0132 * 

monkey_prmedium -0.311 0.245 -1.272 0.2033   

scale(dist_source) -0.363 0.0749 -4.844 <0.0001 *** 

Shp_Index -0.228 0.160 -1.426 0.1537   

IE_ratio -7.11 2.44 -2.917 0.0035 ** 

strataperiphery -6.95 0.224 -3.108 0.0019 ** 

stratarural -1.29 0.3 -4.289 <0.0001 *** 

canopy -0.0024 0.0001 -4.362 <0.0001 *** 

cloudMostlycloudy 0.0551 0.0752 0.732 0.4640   

cloudMostlysunny 0.189 0.0925 2.049 0.0405 * 

cloudPartlycloudy -0.103 0.0746 -1.377 0.1684   

cloudPartlysunny 0.0821 0.117 0.704 0.4817   

cloudSunny 0.394 0.0511 7.716 <0.0001 *** 

wind 0.0216 0.0058 3.743 0.0002 *** 

humid 0.0046 0.0009 4.895 <0.0001 *** 

pine 0.0011 0.0007 1.637 0.1017   

tree -0.0293 0.0033 -8.812 <0.0001 *** 

soil -0.0035 0.0012 -2.96 0.0031 ** 

grass 0.0036 0.0013 2.834 0.0046 ** 

seasonwinter:habitatForestedge 0.0614 0.0428 1.434 0.1515   

  

 

During winter season the number of birds were low compared to summer showing seasonal 

variation (Figure 14). Winter season showed significant negative effect on species abundance 

(-5.168, p= 0.0006).  
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Figure 14. Season and its effect on abundance of birds. 

 

Similarly, canopy coverage (-4.362, p= <0.0001), tree percent cover (-8.82, p= <0.0001), and 

bare soil percentage (-2.96, p= 0.0031) had a negative effect on the species abundance as well 

(Table 2). The numbers of individuals were high when the canopy cover was low meaning that 

dense canopy cover did not favor species abundance. Similarly, abundance was lower where 

the forest cover was high, it means high number of birds were seen where the number of trees 

was low. Barren areas (without plants or leaf litter) did not support the abundance meaning as 

the barren area increased the number of individuals decreased.  Peripheral patch (-3.08, p= 

0.001885) and rural patch (-4.2289, p= <0.0001) has lower species abundance, shown by the 

model.   Wind (3.743, p= 0.0002) and humidity (4.895, p= <0.0001) also showed significant 

positive relation with species abundance. Low monkey presence (2.478, p= 0.0132) and sunny 

weather (7.716, p= <0.0001) favors the abundance just like the species richness (Figure 15).  
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Figure 15. Presence of monkey and its effect on abundance of birds 

 

The species abundance was negatively significant (-4.844, p= <0.0001) to distance from source 

i.e as the distance to source forest increases the number of individuals decreases. Also, the 

shape index showed negative relation but was not significant. Interior to edge ratio has negative 

relationship (-22.97, p= 0.0035) to species abundance. Species abundance was higher on the 

patches that has more edge area (***Higher IE- ratio means more core area and less edge and 

lower IE-ratio means the patch has more edgy area). Area of patch didn’t have any specific 

relation to the species abundance and was removed from main model during AIC backward 

elimination process. 
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5. Discussion 

5.1. Bird diversity in urban forest patches of Kathmandu 

A total of 10,651 individuals birds belonging to 118 species were observed across both winter 

and summer seasons. In summer 5,603 individuals of 78 species were recorded and in winter 

5,048 individuals of 91 species were recorded. House crows (Corvus splendens) were the most 

abundant species indicating that house crows are well suited to the urban environment and 

thrive on human disturbed landscape. Many studies found that generalist species are more 

likely to thrive on the urban settlements (Ferenc et al., 2014; Isaksson, 2018; Upadhyaya et al., 

2022). In Kathmandu Valley previous studies done by Bhusal et al. (2025); Katuwal et al. 

(2018); Upadhyaya et al. (2022) also reported that the generalist species were more in number 

and house crow being one of the most abundant species. Species richness and abundance were 

varied across the different urban forest patches of Kathmandu Valley. Changunarayan had the 

highest number of species and Swayambhu had the lowest. That could be due to different 

factors such as size, habitat heterogeneity, and disturbance related factor (MacArthur, 1964). 

Changunarayan patch was the fifth largest patch with higher Interior-edge ratio while 

Swayambhu was one of the smallest patches with lower interior to edge ratio (appendix 3). 

Also, Changunarayan was in the rural part of valley with less human disturbance and lower 

monkey presence makes it suitable for higher diversity and Swayambhu being the opposite 

thus making it less suitable for lesser number of birds. Large area with low edge ratio supports 

the higher species richness (Garizabal-Carmona & Mancera-Rodríguez, 2021). Greater interior 

area means more stable microhabitat, with variety of ecological niche, making the 

heterogenous habitat which eventually aids in higher number of species (Garizabal-Carmona 

& Mancera-Rodríguez, 2021; Marzluff, 2008). Changunarayan temple forest supports edge 

dwelling generalists as well as forest specialists making it the ideal place to higher bird species.  

In this study, interaction between edge and winter have also significant impact on species 

richness of bird. Lower species richness at edge during winter could be due to various 

ecological reason such as stronger winds, reduced shelter (Bernaschini et al., 2019; Zellweger 

et al., 2016). In contrast, interior forest may provide better protection from extreme condition 

and offers thermal insulation and stable microclimate to support bird population and survive in 

the winter (De Frenne et al., 2021). 
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In spite of the higher total number of species in winter the Mixed-Effect Model showed species 

richness was lower on average in winter. This suggested that although the species number was 

high during the winter, the number of species present at any specific patch was lower, this 

might be due to seasonal variation, habitat use and species distribution. Distribution of bird 

species are determined by many environmental factors (MacArthur, 1964; Shabani et al., 2009) 

such as vegetation, habitat structure, climate, food availability, and season (Cody, 1981; 

Crampton et al., 2011; Cumming et al., 2014; Ferger et al., 2014; García et al., 2011). Seasonal 

change influences the species richness in Nepal (Grimmett et al., 2016; Katuwal et al., 2016a; 

Katuwal et al., 2018) and it is considered an important factor that shape the bird diversity in 

many mountain valleys of Nepal.  In Nepal, the migratory birds (both winter and summer 

migrants) are about one third of total bird species recorded in Nepal (Grimmett et al., 2016). 

Summer visitors in Nepal arrives around April to May and most of them stays up to September 

and winter visitors came around October and some species stays up to March (Grimmett et al., 

2016; Katuwal et al., 2016a).  Most of the birds are altitudinal migration and Nepal has less 

number of summer migrants than winter migrants (Grimmett et al., 2016), and this study aligns 

with the findings of Katuwal et al. (2018) which finds the less number of summer migrants 

compared to winter migrant in Kathmandu Valley. The seasonality observed in this study might 

be attributed to migration pattern in Nepal (Grimmett et al., 2016; Katuwal et al., 2016b) as the 

migratory bird species were of significant amount.   

Monkeys’ presence can directly or indirectly impact the bird species richness. They are 

competitors of birds in terms of food source and nesting site (Fleming, 1979; Terborgh, 1990). 

A study done by Jover (2001) found that in the shared habitat primate presence and their 

activities such as territorial behavior, and foraging could lead to reduced bird species and their 

activities. Many studies said that non-human primates (monkeys) feeding on bird eggs 

occasionally (Kaisin et al., 2018; Lima & Bicca-Marques, 2024). Particularly in small habitats 

such as Swayambhu and Pashupatinath, monkeys could alter the habitat structure due to their 

behavioral activities disrupting nesting sites driving the bird species away from such habitat. 

Many studies found that birds avoid patches with high monkey activities supporting the finding 

of this research (Cristóbal-Azkarate et al., 2015; Fleming, 1979; Zaluar et al., 2022).  

The tree percentage also showed negative impact on bird species richness. Similar patterns 

have been observed by many other studies where dense forest with high canopy cover and 

support fewer species compared to open or heterogenous habitat structure. Lewandowski et al. 
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(2021) in his study found that the small canopy gap could affect the bird assemblage in 

broadleaved forest and species richness and abundance of ground nester and cavity nesters 

were higher when there is a canopy gap. Similarly, Roll et al. (2015) also found that total no of 

species were significantly higher in less canopy than in closed-canopy forest. Also, dense forest 

support less diversity, study done by  Czeszczewik et al. (2015)  found that species richness 

and diversity were lower where the tree density was high, similar to the above finding.   

On sunny days the activities of birds become high compared to cloud and rain (Sharp et al., 

2021). This study found that bird species richness was higher when the weather was clear. This 

might be due to, during clear weather the foraging activities increases (Mainwaring et al., 2021) 

and availability of food such as insects are more visible (Sparks et al., 2002).  Also, there was 

a positive relationship of humidity on bird species richness. The high humidity means higher 

production i.e insect abundance increases during humid weather  which eventually improve 

bird abundance (Craig & Roberts, 2001).  The percentage of leaf litter and percentage bare soil 

showed a negative impact on species richness. Both the factors are related to the micro habitat 

diversity, as the amount of litter and bare soil increases the species richness decreases. Study 

done by  Morelli et al. (2017) suggested that the ground cover determines the food availability 

and shelter to many species of birds and their cover determines the species richness. Soil and 

other grounds can play an important role in foraging and birds could respond to composition 

of soil and leaf litter (Fonderflick et al., 2010; Morelli et al., 2013; Myers et al., 2015). 
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Winter season had a significant negative effect on species abundance. Like the species richness 

the number of individuals was also impacted by the seasonality. During winter temperature 

lowers, food availability decreases and harsh environmental factors may contribute to low bird 

abundance (Correia et al., 2015; MacArthur, 1964, 1984; Shabani et al., 2009). Higher number 

of bird individuals in Gokarna Forest and lower number of birds in Shantidham could be 

attributed to many factors such as area, vegetation, resource, shelter etc.  

Similar to species richness the bare soil has negative relation to species abundance as well. 

This suggests, barren areas without ground cover support lesser number of birds. This might 

be due to less availability of food, nesting sites and shelter attributed to vegetation ground cover 

(Fonderflick et al., 2010; Myers et al., 2015). Bare soil indicates the disturbance, which can 

negatively impact bird populations (Myers et al., 2015). Also, the presence of monkey has 

negative effect on bird abundance. This cause could be similar to above reasons, i.e. lower 

species richness when the monkey presence was high. 

Similarly, canopy coverage and tree percent cover had a negative effect on the species 

abundance. Forest provides shelter and nesting sites for many species however; dense canopies 

may limit the undergrowth vegetation and insect communities serving as a crucial food source 

for bird species (Lewandowski et al., 2021; Santamaria-Rivero et al., 2016). Also, inside dense 

forest light penetration is low which also aids in low primary production (Czeszczewik et al., 

2015; Roll et al., 2015). Some studies suggest that species richness and abundance are higher 

in open or mixed habitats compared to densely forested habitat (Basile et al., 2021; Hedwall et 

al., 2019; Tu et al., 2020). This is because the spaces and gaps in the forest allows for better 

foraging opportunities and open space (Cumming et al., 2014; Lewandowski et al., 2021; Roll 

et al., 2015). 

The difference in Shannon diversity index across different forest patches was observed. This 

suggested that human disturbance, urbanization, habitat quality influence the bird diversity. 

The patches located to city center having lower species richness and diversity could be due to 

pollution, disturbance, human activities impacting the birds around the area.  This finding 

aligned with global findings where heavy and rapid urbanization lead to habitat and 

biodiversity loss (Aronson et al., 2014; Camacho-Cervantes et al., 2018; Marzluff, 2008; 

Morelli et al., 2017; Palacio et al., 2018; Peng et al., 2024; Silva et al., 2015; Uchida et al., 

2021; Wang et al., 2021; Xie et al., 2016). Similar result was demonstrated by Maseko et al. 

(2020) and Wang et al. (2021) and concluded that large forest fragment are important to 

maintain ecosystem functioning and conservation of bird species in urban areas. Dominance of 
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generalist could be other factor (this study showed that House crow was the most abundant 

species) as they could adapt in all the habitat and could have wide range of food sources (Chace 

& Walsh, 2006; Katuwal et al., 2016a). Peripheral region supported both urban tolerant species 

as well as forest dependent species and might be the reason of higher diversity in the periphery 

than in city centers (Jokimäki et al., 2018; Otieno & Mutati, 2021).    

5.2 Forest patch characteristics and bird community structure 

Forest patch characteristics (shape, size, connectivity) play fundamental role in shaping bird 

community. Patch area determines the species richness with larger patch supporting more 

species supporting species-area relationship. Larger areas support more numbers of species due 

to greater habitat heterogeneity and lower extinction risks (MacArthur & Wilson, 2001). This 

phenomenon of species-area relationship, explains large forest patches avian communities than 

smaller fragments because larger areas provide better resources such as varied microhabitats, 

nesting sites, and food resources to sustain diverse guilds (Ferraz et al., 2007). Moreover, 

smaller patches have more edge effects, affecting sensitive forest-interior species from external 

disturbances like extreme weather and invasive predators (Flaspohler et al., 2010; Fujita & 

Koike, 2009). These Small fragments often experience homogenization, where only generalist 

species with broad niches thrive (Fahrig, 2013). In contrast, larger patches maintain ecological 

complexity by supporting species with specialized foraging strategies  (Haas et al., 2020). 

However, area alone cannot guarantee diversity if patches are degraded or isolated. Larger area 

provide heterogeneity in habitat with high food availability, more space, less competition and 

many more. Study from the city of North Andes by Garizabal-Carmona and Mancera-

Rodríguez (2021) showed that  larger and more regular shaped urban patches  supported higher 

species richness. Regular shaped (round) patches not only support more species (Hawrot & 

Niemi, 1996; Helzer & Jelinski, 1999), but also support a wider range of ecological guilds, by 

providing diverse microhabitats (Yamaura et al., 2008). Conversely, irregular shaped patches 

(linear or fragmented) often support only generalist species, reducing overall ecosystem 

resilience (Helzer & Jelinski, 1999; Shake et al., 2012). Similar findings were found on many 

other research (Chiron et al., 2024; Morelli et al., 2013; Peng et al., 2024; Sol et al., 2020) 

supporting the result of this study which also showed positive significance of area and negative 

to shape index.  

The distance from the source showed a negative significant relationship to bird abundance i.e 

as the patches becomes more isolated the bird abundance decreases. This pattern could be 

explained by the theory of Island Biogeography (MacArthur & Wilson, 2001), which states 
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that “Island closer to the mainland (in our case source forest are main land and urban forest 

patches are island) have higher immigration rate, therefore increases the number of species.”  

Forest dependent species of birds are more likely to inhabit the birds close to the source forest 

as they have increased availability of food, nesting sites and shelter (Thompson et al., 2022). 

Also, the patches close to source have better connectivity and dispersal with the source forest 

which facilitates the better resource access and species movement (Liordos et al., 2021). While 

on the other hand, more isolated patches acts as ecological sinks due to limited resource 

availability which negatively impacts the number of species in such patch (MacArthur, 1964).  

The negative interaction between species abundance and IE ratio suggested that generalist 

surviving on edges of the urban forest patch dominates the urban forest suppressing the 

specialist number residing on the core habitat (Buxton et al., 2018; Morelli et al., 2017). Higher 

edge habitat often experiences invasion by secondary vegetation shifting resource availability. 

For example, edge-affiliated birds may outcompete forest-interior species for fruits, indirectly 

reducing plant dispersal services (Czeszczewik et al., 2015; Hawrot & Niemi, 1996; Palacio et 

al., 2018). Additionally, around the edge, raptors and large-bodied birds hovers and their 

dominance and predation increase there (Bernaschini et al., 2019). IE-ratio affects bird 

abundance by determining the proportion of habitat exposed to edge effects, normally the forest 

patch with more core areas supports numbers of forest specialist but in urban landscape the 

core- specialists might be less abundant due to high amount of habitat fragmentation and 

disturbance (Chiron et al., 2024; Kang et al., 2015; Maseko et al., 2020).  

This study forest patch characteristics, particularly size, shape, and edge-to-interior ratio, 

distance to source forest fundamentally shape bird community assemblages thereby validating 

the hypothesis “the patch characteristics highly correlates with the richness and abundance of 

birds in the Kathmandu Valley”. 
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6. Conclusions and recommendations 

6.1. Conclusions 

This study highlighted the influence of habitat features, environmental variables, and seasonal 

fluctuations, and patch matrices on bird species richness and abundance in various Kathmandu 

Valley Forest patches. Although there were slightly more species recorded in the winter than 

in the summer, the mixed effect model revealed that species richness was lower in the winter.  

Vegetation attributes such as tree percentage and ground cover were some environmental 

factors that had a significant impact on species richness and abundance. Furthermore, higher 

tree densities showed lower species richness and abundance indicating that dense forests would 

be less appropriate habitats for a wider variety of bird species compared to open or 

heterogeneous habitats. From the combined factor forest edge and the winter season, there was 

significant result on species richness, with species richness being lower at the edges in the 

winter. The presence of monkeys showed the negative impact on both species richness and 

abundance might be due to competitive interaction between primates and bird species for 

resource and shelter. The increase in species richness and abundance during the sunny weather 

are due to increased foraging activities as the insect activities might be high in number during 

sunny weather.  

Higher number of birds were found on the patches that are close to continuous forest source 

and abundance of birds decreased as the patches are farther to the source. This supported the 

theory of island biogeography explaining that patches close to mainland supports more 

numbers of species whereas the isolation creates the ecological sinks supporting less bird 

abundance. Interior to edge ratio and its relation to abundance suggested that the urban patches 

of Kathmandu Valley supported the high number of edge birds, and the patches are more likely 

to be dominated by generalists.  

Species richness was positively related to patch size suggesting that large areas support more 

species, confirming Species-Area relationship. The large patches are more heterogenous and 

have high resource availability, less competition and shelter availability to support birds of 

different species. This emphasizes the importance of large forest patches to maintain 

biodiversity in urban areas. The patch shape on the other hand represented by shape index has 

negative association to species richness. Irregular shaped patches seem to support less bird 

species as such patches have an increased edge effect leading to disturbance and habitat 

degradation from the edge.  
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The Shannon diversity index revealed that forest patches near urban centers had reduced 

diversity relative to outlying areas, highlighting the influence of urbanization on avian groups. 

Because of variations in habitat quality and human disturbances, Changunarayan had the 

highest species diversity while Swayambhu Forest had the lowest. The insectivores were found 

to be higher across the urban forest patches in Kathmandu Valley. Also, the residential bird 

species were high, and summer migrants were lower. Majority of birds were of the Least 

Concern category of IUCN red list. 

 

6.2. Recommendations 

It is recommended that habitat management and protection strategies need to be implemented 

to support avian biodiversity in the Kathmandu Valley. Maintaining and protecting interior 

forest areas from fragmentation and promoting afforestation with native tree species can 

enhance habitat quality and support the various biodiversity. Seasonal conservation strategies 

should focus on monitoring migratory species and improving habitat conditions suitable for 

migratory as well as residential birds. Community involvement and awareness through 

education, ecotourism, and collaboration with officials is essential for long-term conservation 

efforts. Furthermore, long term monitoring of bird populations, along with studies on climate 

change impacts and habitat, will provide insights for conservation of biodiversity. 



34 

 

7. References 

Acharya, T. D., Parajuli, J., Shahi, K., Poudel, D., & Yang, I. (2015). Extraction and modelling 

of spatio-temporal urban change in Kathmandu Valley. International Journal of IT, 

Engineering and Applied Sciences Research, 4, 1–11.  

Anderson, M. G., Clark, M., Olivero, A. P., Barnett, A. R., Hall, K. R., Cornett, M. W., 

Ahlering, M., Schindel, M., Unnasch, B., & Schloss, C. (2023). A resilient and 

connected network of sites to sustain biodiversity under a changing climate. 

Proceedings of the National Academy of Sciences, 120(7), e2204434119. 

https://doi.org/10.1073/pnas.2204434119  

Aronson, M. F., La Sorte, F. A., Nilon, C. H., Katti, M., Goddard, M. A., Lepczyk, C. A., 

Warren, P. S., Williams, N. S., Cilliers, S., & Clarkson, B. (2014). A global analysis of 

the impacts of urbanization on bird and plant diversity reveals key anthropogenic 

drivers. Proceedings of the Royal Society B, 281, 20133330. 

https://doi.org/10.1098/rspb.2013.3330  

Basile, M., Storch, I., & Mikusiński, G. (2021). Abundance, species richness and diversity of 

forest bird assemblages–The relative importance of habitat structures and landscape 

context. Ecological Indicators, 133, 108402. 

https://doi.org/10.1016/j.ecolind.2021.108402  

Bernaschini, M. L., Trumper, E., Valladares, G., & Salvo, A. (2019). Are all edges equal? 

Microclimatic conditions, geographical orientation and biological implications in a 

fragmented forest. Agriculture, Ecosystems & Environment 280, 142–151. 

https://doi.org/10.1016/j.agee.2019.04.035  

Betts, M. G., Wolf, C., Ripple, W. J., Phalan, B., Millers, K. A., Duarte, A., Butchart, S. H., & 

Levi, T. (2017). Global forest loss disproportionately erodes biodiversity in intact 

landscapes. Nature, 547(7664), 441–444. https://doi.org/10.1038/nature23285  

Bhuju, U. R., Shakya, P. R., Basnet, T. B., & Shrestha, S. (2007). Nepal biodiversity resource 

book: protected areas, Ramsar sites, and World Heritage sites. International Centre for 

Integrated Mountain Development (ICIMOD).  

Bhusal, D., Ghimire, P., Low, M., Rosin, Z. M., & Timilsina, Y. P. (2025). The diversity and 

nesting preferences of birds along an urban-rural gradient in the Kathmandu Valley, 

Nepal. Urban Ecosystems, 28(1), 1–13. https://doi.org/10.1007/s11252-024-01631-0  

Bibby, C. J. (2000). Bird census techniques. Academic Press, London, UK.  

BirdLife International. (2017). Threatened birds occur in all habitats, but the majority are 

found in forest. Retrieved 18/12/2023 from http://www.birdlife.org 

Bowes, J. (2020). Birds and the Built Environment: The Impacts of Architecture, Structures, 

and Green Spaces on Avian Populations in the United States [(MSc dissertation), 

University of Washington]. http://hdl.handle.net/1773/45692 

Buxton, V. L., Santymire, R. M., & Benson, T. J. (2018). Mixed effects of urbanization on 

density, nest survival, and nestling corticosterone of a generalist passerine. Ecosphere, 

9(12), e02517. https://doi.org/10.1002/ecs2.2517  

Camacho-Cervantes, M., Ojanguren, A. F., & MacGregor-Fors, I. (2018). Birds from the 

burgh: bird diversity and its relation with urban traits in a small town. Journal of Urban 

Ecology, 4(1), jui011. https://doi.org/10.1093/jue/juy011  

https://doi.org/10.1073/pnas.2204434119
https://doi.org/10.1098/rspb.2013.3330
https://doi.org/10.1016/j.ecolind.2021.108402
https://doi.org/10.1016/j.agee.2019.04.035
https://doi.org/10.1038/nature23285
https://doi.org/10.1007/s11252-024-01631-0
http://www.birdlife.org/
http://hdl.handle.net/1773/45692
https://doi.org/10.1002/ecs2.2517
https://doi.org/10.1093/jue/juy011


35 

 

Chace, J. F., & Walsh, J. J. (2006). Urban effects on native avifauna: a review. Landscape and 

Urban Planning, 74(1), 46–69. https://doi.org/10.1016/j.landurbplan.2004.08.007  

Chang, S., Su, K., Jiang, X., You, Y., Li, C., & Wang, L. (2023). Impacts and Predictions of 

Urban Expansion on Habitat Connectivity Networks: A Multi-Scenario Simulation 

Approach. Forests, 14(11), 2187. https://doi.org/10.3390/f14112187  

Chatelain, M., Rennstam Rubbmark, O., Rudisser, J., & Traugott, M. (2025). Urbanisation and 

Habitat Shape Resource-Driven Dietary Shifts in Wild Birds.  

Chen, C. Y., Chuang, Y.-H., Chen, H. W., & Teng, C.-S. (2024). Optimizing ecological 

corridors for urban sustainability by using remote sensing and decision modeling. 

International Journal of Environmental Science and Technology, 1–16. 

https://doi.org/10.1007/s13762-024-06272-6  

Chen, Y., Li, L., Zhu, X., Shen, Y., Ma, A., Zhang, X., Chen, P., & Lu, C. (2022). Urban low-

rise residential areas provide preferred song post sites for a resident songbird. Animals, 

12(18), 2436. https://doi.org/10.3390/ani12182436  

Chiron, F., Lorrillière, R., Bessa-Gomes, C., Tryjanowski, P., Casanelles-Abella, J., Laanisto, 

L., Leal, A., Van Mensel, A., Moretti, M., & Muyshondt, B. (2024). How do urban 

green space designs shape avian communities? Testing the area–heterogeneity trade-

off. Landscape and Urban Planning, 242, 104954. 

https://doi.org/10.1016/j.landurbplan.2023.104954  

Cody, M. L. (1981). Habitat selection in birds: the roles of vegetation structure, competitors, 

and productivity. BioScience, 31(2), 107–113. https://doi.org/10.2307/1308252  

Correia, R. A., Haskell, W. C., Gill, J. A., Palmeirim, J. M., & Franco, A. M. (2015). 

Topography and aridity influence oak woodland bird assemblages in southern Europe. 

Forest Ecology and Management, 354, 97–103. 

https://doi.org/10.1016/j.foreco.2015.06.032  

Craig, M. D., & Roberts, J. D. (2001). Evaluation of the impact of time of day, weather, 

vegetation density and bird movements on outcomes of area searches for birds in 

eucalypt forests of south-western Australia. Wildlife Research, 28(1), 33–39. 

https://doi.org/10.2307/3677239  

Crampton, L. H., Longland, W. S., Murphy, D. D., & Sedinger, J. S. (2011). Food abundance 

determines distribution and density of a frugivorous bird across seasons. Oikos, 120(1), 

65–76. https://doi.org/10.1111/j.1600-0706.2010.18624.x  

Cristóbal-Azkarate, J., Urbani, B., & Asensio, N. (2015). Interactions of howler monkeys with 

other vertebrates: a review. Howler Monkeys: Behavior, Ecology, and Conservation 

141–164. https://doi.org/10.1007/978-1-4939-1960-4_6  

Cumming, S., Stralberg, D., Lefevre, K., Sólymos, P., Bayne, E., Fang, S., Fontaine, T., 

Mazerolle, D., Schmiegelow, F., & Song, S. (2014). Climate and vegetation 

hierarchically structure patterns of songbird distribution in the Canadian boreal region. 

Ecography, 37(2), 137–151. https://doi.org/10.1111/j.1600-0587.2013.00299.x  

Czeszczewik, D., Zub, K., Stanski, T., Sahel, M., Kapusta, A., & Walankiewicz, W. (2015). 

Effects of forest management on bird assemblages in the Bialowieza Forest, Poland. 

iForest-Biogeosciences and Forestry, 8(3), 377–385. https://doi.org/10.3832/ifor1212-

007  

https://doi.org/10.1016/j.landurbplan.2004.08.007
https://doi.org/10.3390/f14112187
https://doi.org/10.1007/s13762-024-06272-6
https://doi.org/10.3390/ani12182436
https://doi.org/10.1016/j.landurbplan.2023.104954
https://doi.org/10.2307/1308252
https://doi.org/10.1016/j.foreco.2015.06.032
https://doi.org/10.2307/3677239
https://doi.org/10.1111/j.1600-0706.2010.18624.x
https://doi.org/10.1007/978-1-4939-1960-4_6
https://doi.org/10.1111/j.1600-0587.2013.00299.x
https://doi.org/10.3832/ifor1212-007
https://doi.org/10.3832/ifor1212-007


36 

 

Dale, S. (2019). Islands in the forest: Effects of patch size and isolation on farmland bird 

species richness and community composition of farmland patches in forest landscapes. 

Landscape Ecology, 34, 2823–2836. https://doi.org/10.1007/s10980-019-00920-w  

De Frenne, P., Lenoir, J., Luoto, M., Scheffers, B. R., Zellweger, F., Aalto, J., Ashcroft, M. B., 

Christiansen, D. M., Decocq, G., & De Pauw, K. (2021). Forest microclimates and 

climate change: Importance, drivers and future research agenda. Global Change 

Biology, 27(11), 2279–2297. https://doi.org/10.1111/gcb.15569  

Ehlers Smith, D. A., Si, X., Ehlers Smith, Y. C., Kalle, R., Ramesh, T., & Downs, C. T. (2018). 

Patterns of avian diversity across a decreasing patch‐size gradient in a critically 

endangered subtropical forest system. Journal of Biogeography 45(9), 2118–2132. 

https://doi.org/10.1111/jbi.13245  

Fahrig, L. (2013). Rethinking patch size and isolation effects: the habitat amount hypothesis. 

Journal of Biogeography 40(9), 1649–1663. https://doi.org/10.1111/jbi.12130  

Fahrig, L. (2017). Ecological responses to habitat fragmentation per se. Annual Review of 

Ecology, Evolution, and Systematics 48, 1–23. https://doi.org/10.1146/annurev-

ecolsys-110316-022612  

Fehlmann, G., Martin, J. M., Safi, K., & Aplin, L. M. (2024). Wild Sulphur-crested Cockatoos 

match human activity rhythms to access food in the urban environment. Urban 

Ecosystems, 27(6), 2179–2189. https://doi.org/10.1007/s11252-024-01580-8  

Ferenc, M., Sedláček, O., Fuchs, R., Dinetti, M., Fraissinet, M., & Storch, D. (2014). Are cities 

different? Patterns of species richness and beta diversity of urban bird communities and 

regional species assemblages in E urope. Global Ecology and Biogeography, 23(4), 

479–489. https://doi.org/10.1111/geb.12130  

Ferger, S. W., Schleuning, M., Hemp, A., Howell, K. M., & Böhning‐Gaese, K. (2014). Food 

resources and vegetation structure mediate climatic effects on species richness of birds. 

Global Ecology and Biogeography, 23(5), 541–549. 

https://doi.org/10.1111/geb.12151  

Ferraz, G., Nichols, J. D., Hines, J. E., Stouffer, P. C., Bierregaard Jr, R. O., & Lovejoy, T. E. 

(2007). A large-scale deforestation experiment: effects of patch area and isolation on 

Amazon birds. science 315(5809), 238-241. https://doi.org/10.1126/science.1133097  

Flaspohler, D. J., Giardina, C. P., Asner, G. P., Hart, P., Price, J., Lyons, C. K. a., & Castaneda, 

X. (2010). Long-term effects of fragmentation and fragment properties on bird species 

richness in Hawaiian forests. Biological Conservation 143(2), 280–288. 

https://doi.org/10.1016/j.biocon.2009.10.009  

Fleming, T. H. (1979). Do tropical frugivores compete for food? American Zoologist, 19(4), 

1157–1172. https://doi.org/10.1093/icb/19.4.1157  

Fonderflick, J., Caplat, P., Lovaty, F., Thévenot, M., & Prodon, R. (2010). Avifauna trends 

following changes in a Mediterranean upland pastoral system. Agriculture, Ecosystems 

& Environment 137(3-4), 337–347. 

https://doi.org/http://dx.doi.org/10.1016/j.agee.2010.03.004.  

Fujita, M., & Koike, F. (2009). Landscape effects on ecosystems: birds as active vectors of 

nutrient transport to fragmented urban forests versus forest-dominated landscapes. 

Ecosystems, 12, 391–400. https://doi.org/10.1007/s10021-009-9230-z  

https://doi.org/10.1007/s10980-019-00920-w
https://doi.org/10.1111/gcb.15569
https://doi.org/10.1111/jbi.13245
https://doi.org/10.1111/jbi.12130
https://doi.org/10.1146/annurev-ecolsys-110316-022612
https://doi.org/10.1146/annurev-ecolsys-110316-022612
https://doi.org/10.1007/s11252-024-01580-8
https://doi.org/10.1111/geb.12130
https://doi.org/10.1111/geb.12151
https://doi.org/10.1126/science.1133097
https://doi.org/10.1016/j.biocon.2009.10.009
https://doi.org/10.1093/icb/19.4.1157
https://doi.org/http:/dx.doi.org/10.1016/j.agee.2010.03.004
https://doi.org/10.1007/s10021-009-9230-z


37 

 

García, D., Zamora, R., & Amico, G. C. (2011). The spatial scale of plant–animal interactions: 

effects of resource availability and habitat structure. Ecological Monographs, 81(1), 

103–121. https://doi.org/10.1890/10-0470.1  

Garizabal-Carmona, J. A., & Mancera-Rodríguez, N. J. (2021). Bird species richness across a 

Northern Andean city: Effects of size, shape, land cover, and vegetation of urban green 

spaces. Urban Forestry & Urban Greening, 64, 127243. 

https://doi.org/10.1016/j.ufug.2021.127243  

Gaston, K. J. (2022). Birds and ecosystem services. Current Biology, 32(20), R1163–R1166. 

https://doi.org/10.1016/j.cub.2022.07.053  

Ghimire, R., Bhuju, D., & Maharjan, S. (2005). Vegetation ecology and soil of Bhandarkhal 

forest at Pashupati area, Kathmandu. Nepal Journal of Science and Technology, 6(1), 

27–35.  

Grimmett, R., Inskipp, C., Inskipp, T., & Baral, H. S. (2016). Birds of Nepal. Bloomsbury 

Publishing.  

Guillaumet, A., & Russell, I. J. (2022). Bird communities in a changing world: the role of 

interspecific competition. Diversity, 14(10), 857. https://doi.org/10.3390/d14100857  

Haas, A. R., Kross, S. M., & Kneitel, J. M. (2020). Avian community composition, but not 

richness, differs between urban and exurban parks. Journal of Urban Ecology, 6(1), 

juaa028. https://doi.org/10.1093/jue/juaa028  

Halfwerk, W., Lohr, B., & Slabbekoorn, H. (2018). Impact of man-made sound on birds and 

their songs. In Effects of anthropogenic noise on animals (pp. 209–242). Springer, New 

York, NY. https://doi.org/10.1007/978-1-4939-8574-6_8  

Han, L., Wang, Z., Wei, M., Wang, M., Shi, H., Ruckstuhl, K., Yang, W., & Alves, J. (2022). 

Small patches play a critical role in the connectivity of the Western Tianshan landscape, 

Xinjiang, China. Ecological Indicators, 144, 109542. 

https://doi.org/10.1016/j.ufug.2022.127683  

Hansen, L., & Huettmann, F. (2020). Swallows and Sparrows in the Human Street-Market 

Interface of Urban Nepal: Towards a First Open Access GIS Data and Model Inference 

on the Role of Religion and Culture in Bird Distribution. In Hindu Kush-Himalaya 

watersheds downhill: Landscape ecology and conservation perspectives (pp. 361–399). 

Springer, Cham. https://doi.org/10.1007/978-3-030-36275-1_18  

Hawrot, R. Y., & Niemi, G. J. (1996). Effects of edge type and patch shape on avian 

communities in a mixed conifer-hardwood forest. The Auk 113(3), 586-598. 

https://doi.org/10.2307/4088979  

Hedwall, P. O., Holmström, E., Lindbladh, M., & Felton, A. (2019). Concealed by darkness: 

How stand density can override the biodiversity benefits of mixed forests. Ecosphere, 

10(8), e02835. https://doi.org/10.1002/ecs2.2835  

Helzer, C. J., & Jelinski, D. E. (1999). The relative importance of patch area and perimeter–

area ratio to grassland breeding birds. Ecological Applications 9(4), 1448-1458. 

https://doi.org/10.1890/1051-0761(1999)009[1448:TRIOPA]2.0.CO;2  

Hensley, C. B., Trisos, C. H., Warren, P. S., MacFarland, J., Blumenshine, S., Reece, J., & 

Katti, M. (2019). Effects of urbanization on native bird species in three southwestern 

US cities. Frontiers in Ecology and Evolution, 7, 71. 

https://doi.org/10.3389/fevo.2019.00071  

https://doi.org/10.1890/10-0470.1
https://doi.org/10.1016/j.ufug.2021.127243
https://doi.org/10.1016/j.cub.2022.07.053
https://doi.org/10.3390/d14100857
https://doi.org/10.1093/jue/juaa028
https://doi.org/10.1007/978-1-4939-8574-6_8
https://doi.org/10.1016/j.ufug.2022.127683
https://doi.org/10.1007/978-3-030-36275-1_18
https://doi.org/10.2307/4088979
https://doi.org/10.1002/ecs2.2835
https://doi.org/10.1890/1051-0761(1999)009%5b1448:TRIOPA%5d2.0.CO;2
https://doi.org/10.3389/fevo.2019.00071


38 

 

Isaksson, C. (2018). Impact of urbanization on birds. In D. T. Tietze (Ed.), Bird species (pp. 

235–257). Springer. https://doi.org/10.1007/978-3-319-91689-7  

Ishtiaque, A., Shrestha, M., & Chhetri, N. (2017 ). Rapid urban growth in the Kathmandu 

Valley, Nepal: Monitoring land use land cover dynamics of a himalayan city with 

landsat imageries. Environments, 4(4), 72. 

https://doi.org/10.3390/environments4040072  

IUCN. (2025). The IUCN Red List of Threatened Species. Retrieved March 15 from 

https://www.iucnredlist.org/ 

Jin, L., & Song, Y. (2023). Forest landscape connectivity to prioritize afforestation in urban 

ecosystems: Seoul as a case study. Urban Forestry & Urban Greening, 90, 128122. 

https://doi.org/10.1016/j.ufug.2023.128122  

Jokimäki, J., Suhonen, J., & Kaisanlahti-Jokimäki, M.-L. (2018). Urban core areas are 

important for species conservation: A European-level analysis of breeding bird species. 

Landscape and Urban Planning, 178, 73–81. 

https://doi.org/10.1016/j.landurbplan.2018.05.020  

Jones, H. H., Bedoya-Durán, M. J., Colorado Z, G. J., Londoño, G., & Robinson, S. K. (2023). 

Dietary and habitat specialization, eye size, clutch size, and aerial lifestyle predict avian 

fragmentation sensitivity in an Andean biodiversity hotpot. Biodiversity and 

Conservation, 32(12), 4057–4081. https://doi.org/10.1007/s10531-023-02682-z  

Jover, L. (2001). Resource partitioning and interspecific competition among coexisting species 

of guans and toucans in SE Brazil. Netherlands Journal of Zoology, 51(3).  

Kaisin, O., Gazagne, E., Savini, T., Huynen, M. C., & Brotcorne, F. (2018). Foraging strategies 

underlying bird egg predation by macaques: A study using artificial nests. American 

Journal of Primatology 80(11), e22916. https://doi.org/10.1002/ajp.22916  

Kang, W., Minor, E. S., Park, C.-R., & Lee, D. (2015). Effects of habitat structure, human 

disturbance, and habitat connectivity on urban forest bird communities. Urban 

Ecosystems, 18, 857–870. https://doi.org/10.1007/s11252-014-0433-5  

Karra, K., Kontgis, C., Statman-Weil, Z., Mazzariello, J. C., Mathis, M., & Brumby, S. P. 

(2021). Global land use/land cover with Sentinel 2 and deep learning. 2021 IEEE 

international geoscience and remote sensing symposium IGARSS, Brussels, Belgium. 

Katuwal, H. B., Basnet, K., Khanal, B., Devkota, S., Rai, S. K., Gajurel, J. P., Scheidegger, C., 

& Nobis, M. P. (2016a). Seasonal changes in bird species and feeding guilds along 

elevational gradients of the Central Himalayas, Nepal. PloS one, 11(7), e0158362. 

https://doi.org/10.1371/journal.pone.0158362  

Katuwal, H. B., Bhandari, J., Thapa, V., Gurung, R., Chaudhary, R., Magar, T. G., & 

Chaudhary, H. (2016b). How many birds do the sacred forests hold. Journal of Zoology 

Studies, 3(4), 7–19.  

Katuwal, H. B., Pradhan, N. M. B., Thakuri, J. J., Bhusal, K. P., Aryal, P. C., & Thapa, I. 

(2018). Effect of urbanization and seasonality in bird communities of Kathmandu 

Valley, Nepal. Proceedings of the Zoological Society, 71(2), 103–113. 

https://doi.org/10.1007/s12595-018-0265-z  

Khatri, K., Katuwal, H., Sharma, S., & Sharma, H. (2023). Waterbird migration in Taudaha 

Lake, Kathmandu, Nepal: understanding factors driving migration at a small stopover 

https://doi.org/10.1007/978-3-319-91689-7
https://doi.org/10.3390/environments4040072
https://www.iucnredlist.org/
https://doi.org/10.1016/j.ufug.2023.128122
https://doi.org/10.1016/j.landurbplan.2018.05.020
https://doi.org/10.1007/s10531-023-02682-z
https://doi.org/10.1002/ajp.22916
https://doi.org/10.1007/s11252-014-0433-5
https://doi.org/10.1371/journal.pone.0158362
https://doi.org/10.1007/s12595-018-0265-z


39 

 

site. Journal of Animal & Plant Sciences, 33(2), 409–415. 

https://doi.org/10.36899/JAPS.2023.2.0630  

Kim, H., Mo, Y., Choi, C.-Y., McComb, B. C., & Betts, M. G. (2021). Declines in common 

and migratory breeding landbird species in South Korea over the past two decades. 

Frontiers in Ecology and Evolution, 9, 627765. 

https://doi.org/10.3389/fevo.2021.627765  

Klingbeil, B. T., La Sorte, F. A., Lepczyk, C. A., Fink, D., & Flather, C. H. (2020). 

Geographical associations with anthropogenic noise pollution for North American 

breeding birds. Global Ecology and Biogeography, 29(1), 148–158. 

https://doi.org/10.1111/geb.13016  

Kohout, M., & Kopp, J. (2020). Green space ideas and practices in European cities. Journal of 

Environmental Planning and Management, 63(14), 2464–2483. 

https://doi.org/10.1080/09640568.2020.1716698  

Lee, S. (2023). The impact of climate change and habitat urbanization on the breeding success 

of the Oriental magpie (Pica serica) [Doctoral dissertation, Daegu Gyeongbuk Institute 

of Science&Technology].  

Lewandowski, P., Przepióra, F., & Ciach, M. (2021). Single dead trees matter: Small-scale 

canopy gaps increase the species richness, diversity and abundance of birds breeding in 

a temperate deciduous forest. Forest Ecology and Management, 481, 118693. 

https://doi.org/10.1016/j.foreco.2020.118693  

Lima, I. A. d., & Bicca-Marques, J. C. (2024). Opportunistic meat-eating by urban folivorous-

frugivorous monkeys. Primates 65(1), 25-32. https://doi.org/10.1007/s10329-023-

01098-1  

Liordos, V., Jokimäki, J., Kaisanlahti-Jokimäki, M.-L., Valsamidis, E., & Kontsiotis, V. J. 

(2021). Patch, matrix and disturbance variables negatively influence bird community 

structure in small-sized managed green spaces located in urban core areas. Science of 

the Total Environment 801, 149617. https://doi.org/10.1016/j.scitotenv.2021.149617  

Liu, J., Coomes, D. A., Gibson, L., Hu, G., Liu, J., Luo, Y., Wu, C., & Yu, M. (2019). Forest 

fragmentation in China and its effect on biodiversity. Biological Reviews, 94(5), 1636–

1657. https://doi.org/10.1111/brv.12519  

MacArthur, R. H. (1964). Environmental factors affecting bird species diversity. The American 

Naturalist 98(903), 387–397. https://doi.org/10.1086/282334  

MacArthur, R. H. (1984). Geographical ecology: patterns in the distribution of species. 

Princeton University Press.  

MacArthur, R. H., & Wilson, E. O. (2001). The theory of island biogeography (Vol. 1). 

Princeton university press.  

Mainwaring, M. C., Nord, A., & Sharp, S. P. (2021). The impact of weather on the behavior 

and ecology of birds. Frontiers in Ecology and Evolution, 9, 777478.  

Marzluff, J. M. (2008). Island biogeography for an urbanizing world how extinction and 

colonization may determine biological diversity in human-dominated landscapes. In 

Urban ecology (pp. 355–371). Springer, Boston, MA. https://doi.org/10.1007/978-0-

387-73412-5_23  

Maseko, M. S. T., Zungu, M. M., Ehlers Smith, D. A., Ehlers Smith, Y. C., & Downs, C. T. 

(2020). Effects of habitat-patch size and patch isolation on the diversity of forest birds 

https://doi.org/10.36899/JAPS.2023.2.0630
https://doi.org/10.3389/fevo.2021.627765
https://doi.org/10.1111/geb.13016
https://doi.org/10.1080/09640568.2020.1716698
https://doi.org/10.1016/j.foreco.2020.118693
https://doi.org/10.1007/s10329-023-01098-1
https://doi.org/10.1007/s10329-023-01098-1
https://doi.org/10.1016/j.scitotenv.2021.149617
https://doi.org/10.1111/brv.12519
https://doi.org/10.1086/282334
https://doi.org/10.1007/978-0-387-73412-5_23
https://doi.org/10.1007/978-0-387-73412-5_23


40 

 

in the urban-forest mosaic of Durban, South Africa. Urban Ecosystems 23(3), 533–542. 

https://doi.org/10.1007/s11252-020-00945-z  

Morelli, F., Benedetti, Y., Su, T., Zhou, B., Moravec, D., Šímová, P., & Liang, W. (2017). 

Taxonomic diversity, functional diversity and evolutionary uniqueness in bird 

communities of Beijing's urban parks: Effects of land use and vegetation structure. 

Urban Forestry & Urban Greening, 23, 84–92. 

https://doi.org/10.1016/j.ufug.2017.03.009  

Morelli, F., Pruscini, F., Santolini, R., Perna, P., Benedetti, Y., & Sisti, D. (2013). Landscape 

heterogeneity metrics as indicators of bird diversity: determining the optimal spatial 

scales in different landscapes. Ecological Indicators, 34, 372–379. 

https://doi.org/10.1016/j.ecolind.2013.05.021  

Myers, M. C., Mason, J. T., Hoksch, B. J., Cambardella, C. A., & Pfrimmer, J. D. (2015). Birds 

and butterflies respond to soil‐induced habitat heterogeneity in experimental plantings 

of tallgrass prairie species managed as agroenergy crops in Iowa, USA. Journal of 

Applied Ecology, 52(5), 1176–1187. https://doi.org/http://dx.doi.org/10.1111/1365-

2664.12503.  

Niu, H., Rehling, F., Chen, Z., Yue, X., Zhao, H., Wang, X., Zhang, H., Schabo, D. G., & 

Farwig, N. (2023). Regeneration of urban forests as influenced by fragmentation, seed 

dispersal mode and the legacy effect of reforestation interventions. Landscape and 

Urban Planning, 233, 104712. https://doi.org/10.1016/j.landurbplan.2023.104712  

Oliveira Hagen, E., Hagen, O., Ibáñez-Álamo, J. D., Petchey, O. L., & Evans, K. L. (2017). 

Impacts of urban areas and their characteristics on avian functional diversity. Frontiers 

in Ecology and Evolution, 5, 84. https://doi.org/10.3389/fevo.2017.00084  

Ordóñez-Delgado, L., Iñiguez-Armijos, C., Díaz, M., Escudero, A., Gosselin, E., Waits, L. P., 

& Espinosa, C. I. (2022). The good, the bad, and the ugly of urbanization: response of 

a bird community in the neotropical Andes. Frontiers in Ecology and Evolution, 10, 

844944. https://doi.org/10.3389/fevo.2022.844944  

Otieno, N. E., & Mutati, A. (2021). Bird alpha, beta and functional diversities across three peri-

urban woodland stands along an anthropogenic disturbance gradient: is formal 

protection a guarantee for ecological integrity? Global Ecology and Conservation, 25, 

e01410. https://doi.org/10.1016/j.gecco.2020.e01410  

Palacio, F. X., Ibañez, L. M., Maragliano, R. E., & Montalti, D. (2018). Urbanization as a driver 

of taxonomic, functional, and phylogenetic diversity losses in bird communities. 

Canadian Journal of Zoology, 96(10), 1114–1121. https://doi.org/10.1139/cjz-2018-

0008  

Paris, O. J., & Studds, C. E. (2025). Multi‐Scale Spatial Effects Determine Nest Success in 

Small Urban Forest Patches. Wildlife Letters, 2(4), 192–203. 

https://doi.org/10.1002/wll2.70001  

Paudel, G., Dahal, B., Pant, R. R., Bishwakarma, K., Sharma, S., Shrestha, S. M., Sharma, M. 

L., & Awasthi, M. P. (2022). Assessment of hydrochemical characteristics of the 

Taudaha lake, Kathmandu, Nepal. Scientific World, 15(15), 70–85. 

https://doi.org/10.3126/sw.v15i15.45651  

Peng, L., Liu, Q., Wang, Q., Si, X., Niu, H., & Zhang, H. (2024). Effects of urbanization and 

vegetation on bird diversity in a megacity of central China. Biological Conservation 

297, 110718. https://doi.org/10.1016/j.biocon.2024.110718  

https://doi.org/10.1007/s11252-020-00945-z
https://doi.org/10.1016/j.ufug.2017.03.009
https://doi.org/10.1016/j.ecolind.2013.05.021
https://doi.org/http:/dx.doi.org/10.1111/1365-2664.12503
https://doi.org/http:/dx.doi.org/10.1111/1365-2664.12503
https://doi.org/10.1016/j.landurbplan.2023.104712
https://doi.org/10.3389/fevo.2017.00084
https://doi.org/10.3389/fevo.2022.844944
https://doi.org/10.1016/j.gecco.2020.e01410
https://doi.org/10.1139/cjz-2018-0008
https://doi.org/10.1139/cjz-2018-0008
https://doi.org/10.1002/wll2.70001
https://doi.org/10.3126/sw.v15i15.45651
https://doi.org/10.1016/j.biocon.2024.110718


41 

 

Pradhan, P. K. (2004). Population growth, migration and urbanisation. Environmental 

consequences in Kathmandu Valley, Nepal. In Environmental change and its 

implications for population migration (I ed., pp. 177–199). Springer Dordrecht. 

https://doi.org/10.1007/978-1-4020-2877-9  

QGIS Development Team. (2023). Quantum Geographic Information System. In (Version 3.34 

Prizren ) [Software]. Open source Geospatial Foundation Project. http://qgis.org 

R Core Team. (2021). R: A language and environment for statistical computing. In 

Supplemental Information References (Version 2024.12.0+467) [Software]. R 

Foundation for Statistical Computing. https://www.R-project.org/ 

Richard, F.-J., Gigauri, M., Bellini, G., Rojas, O., & Runde, A. (2021). Warning on nine 

pollutants and their effects on avian communities. Global Ecology and Conservation, 

32, e01898. https://doi.org/10.1016/j.gecco.2021.e01898  

Robinson, S. K., Thompson III, F. R., Donovan, T. M., Whitehead, D. R., & Faaborg, J. (1995). 

Regional forest fragmentation and the nesting success of migratory birds. Science, 

267(5206), 1987-1990. https://doi.org/10.1126/science.267.5206.1987  

Roll, U., Geffen, E., & Yom‐Tov, Y. (2015). Linking vertebrate species richness to tree 

canopy height on a global scale. Global Ecology and Biogeography, 24(7), 814–825. 

https://doi.org/10.1111/geb.12325  

Santamaria-Rivero, W., Leyequien, E., Hernandez-Stefanoni, J. L., & Wood, P. (2016). 

Influence of landscape structure and forest age on the richness and abundance of 

different bird feeding guilds and forest-dependent birds in a seasonal dry tropical forest 

of Yucatan, Mexico. Tropical Ecology, 57(2), 313–332.  

Seress, G., & Liker, A. (2015). Habitat urbanization and its effects on birds. Acta Zoologica 

Academiae Scientiarum Hungaricae, 61(4), 373–408.  

Shabani, A. A., McArthur, L. C., & Abdollahian, M. (2009). Comparing different 

environmental variables in predictive models of bird distribution. Russian Journal of 

Ecology 40, 537–542. https://doi.org/10.1134/S1067413609070133  

Shake, C. S., Moorman, C. E., Riddle, J. D., & Burchell, M. R. (2012). Influence of patch size 

and shape on occupancy by shrubland birds. The Condor 114(2), 268-278. 

https://doi.org/10.1525/cond.2012.110107  

Sharp, S. P., Mainwaring, M. C., & Nord, A. (2021). The Impact of Weather on the Behavior 

and Ecology of Birds. Frontiers Ecology and Evolution. 

https://doi.org/10.3389/fevo.2021.777478  

Shrestha, S., Dahal, A., Joshi, A. B., Thapa, V. K., & Shrestha, M. B. (2023). Assemblage of 

Waterbirds in Wetlands of Kathmandu Valley. Danphe, 1–8.  

Silva, C. P., García, C. E., Estay, S. A., & Barbosa, O. (2015). Bird richness and abundance in 

response to urban form in a Latin American city: Valdivia, Chile as a case study. PloS 

One 10(9), e0138120. https://doi.org/10.1371/journal.pone.0138120  

Soifer, L. G., Donovan, S. K., Brentjens, E. T., & Bratt, A. R. (2021). Piecing together cities 

to support bird diversity: Development and forest edge density affect bird richness in 

urban environments. Landscape and Urban Planning, 213, 104122. 

https://doi.org/10.1016/j.landurbplan.2021.104122  

Sol, D., Trisos, C., Múrria, C., Jeliazkov, A., González‐Lagos, C., Pigot, A. L., Ricotta, C., 

Swan, C. M., Tobias, J. A., & Pavoine, S. (2020). The worldwide impact of urbanisation 

https://doi.org/10.1007/978-1-4020-2877-9
http://qgis.org/
https://www.r-project.org/
https://doi.org/10.1016/j.gecco.2021.e01898
https://doi.org/10.1126/science.267.5206.1987
https://doi.org/10.1111/geb.12325
https://doi.org/10.1134/S1067413609070133
https://doi.org/10.1525/cond.2012.110107
https://doi.org/10.3389/fevo.2021.777478
https://doi.org/10.1371/journal.pone.0138120
https://doi.org/10.1016/j.landurbplan.2021.104122


42 

 

on avian functional diversity. Ecology Letters 23(6), 962–972. 

https://doi.org/10.1111/ele.13495  

Sordello, R., Ratel, O., Flamerie De Lachapelle, F., Leger, C., Dambry, A., & Vanpeene, S. 

(2020). Evidence of the impact of noise pollution on biodiversity: A systematic map. 

Environmental Evidence, 9(20), 1–27. https://doi.org/10.1186/s13750-020-00202-y  

Sparks, T., Crick, H., Elkins, N., Moss, R., Moss, S., & Mylne, K. (2002). Birds, weather and 

climate. Weather, 57(11), 399–410.  

Staude, I. R., Overbeck, G. E., Fontana, C. S., Bencke, G. A., Silva, T. W. d., Mimet, A., & 

Pereira, H. M. (2021). Specialist birds replace generalists in grassland remnants as land 

use change intensifies. Frontiers in Ecology and Evolution, 8, 597542. 

https://doi.org/10.3389/fevo.2020.597542  

Terborgh, J. (1990). Mixed flocks and polyspecific associations: costs and benefits of mixed 

groups to birds and monkeys. American Journal of Primatology, 21(2), 87–100. 

https://doi.org/10.1002/ajp.1350210203  

Thapa, R. B., & Murayama, Y. (2009). Examining spatiotemporal urbanization patterns in 

Kathmandu Valley, Nepal: Remote sensing and spatial metrics approaches. Remote 

Sensing, 1(3), 534–556. https://doi.org/10.3390/rs1030534  

Thapa, R. B., & Murayama, Y. (2010). Drivers of urban growth in the Kathmandu Valley, 

Nepal: Examining the efficacy of the analytic hierarchy process. Applied Geography, 

30(1), 70–83. https://doi.org/10.1016/j.apgeog.2009.10.002  

Thompson, R., Tamayo, M., & Sigurðsson, S. (2022). Urban bird diversity: does abundance 

and richness vary unexpectedly with green space attributes? Journal of Urban Ecology, 

8(1), juac017. https://doi.org/10.1093/jue/juac017  

Tiang, D. C. F., Morris, A., Bell, M., Gibbins, C. N., Azhar, B., & Lechner, A. M. (2021). 

Ecological connectivity in fragmented agricultural landscapes and the importance of 

scattered trees and small patches. Ecological Processes, 10(20), 1–16. 

https://doi.org/10.1186/s13717-021-00284-7  

Tu, H.-M., Fan, M.-W., & Ko, J. C.-J. (2020). Different habitat types affect bird richness and 

evenness. Scientific Reports, 10(1), 1221. https://doi.org/10.1038/s41598-020-58202-4  

Uchida, K., Blakey, R. V., Burger, J. R., Cooper, D. S., Niesner, C. A., & Blumstein, D. T. 

(2021). Urban biodiversity and the importance of scale. Trends in Ecology & Evolution 

36(2), 123–131. https://doi.org/10.1016/j.tree.2020.10.011  

Upadhyaya, L. P., Pandey, N., & Khanal, L. (2022). Tribhuvan University area serves as a 

greenspace for birds in the Kathmandu Valley, Central Nepal. Journal of Animal 

Diversity, 4(1), 27–40. https://doi.org/10.52547/JAD.2022.4.1.4  

Vandewoestijne, S., Schtickzelle, N., & Baguette, M. (2008). Positive correlation between 

genetic diversity and fitness in a large, well-connected metapopulation. Bmc Biology, 

6(46), 1–11. https://doi.org/10.1186/1741-7007-6-46  

Wang, M., Zhang, H., Fan, S., Hao, P., & Dong, L. (2021). A zoning-based solution for 

hierarchical forest patch mosaic in urban parks. Urban Forestry & Urban Greening, 

65, 127352. https://doi.org/10.1016/j.ufug.2021.127352  

Watson, H., Cohen, A., & Isaksson, C. (2015). A theoretical model of the evolution of actuarial 

senescence under environmental stress. Experimental Gerontology 71, 80–88. 

https://doi.org/10.1016/j.exger.2015.08.009  

https://doi.org/10.1111/ele.13495
https://doi.org/10.1186/s13750-020-00202-y
https://doi.org/10.3389/fevo.2020.597542
https://doi.org/10.1002/ajp.1350210203
https://doi.org/10.3390/rs1030534
https://doi.org/10.1016/j.apgeog.2009.10.002
https://doi.org/10.1093/jue/juac017
https://doi.org/10.1186/s13717-021-00284-7
https://doi.org/10.1038/s41598-020-58202-4
https://doi.org/10.1016/j.tree.2020.10.011
https://doi.org/10.52547/JAD.2022.4.1.4
https://doi.org/10.1186/1741-7007-6-46
https://doi.org/10.1016/j.ufug.2021.127352
https://doi.org/10.1016/j.exger.2015.08.009


43 

 

Wong, B. B., & Candolin, U. (2015). Behavioral responses to changing environments. 

Behavioral Ecology, 26(3), 665–673. https://doi.org/10.1093/beheco/aru183  

Xie, S., Lu, F., Cao, L., Zhou, W., & Ouyang, Z. (2016). Multi-scale factors influencing the 

characteristics of avian communities in urban parks across Beijing during the breeding 

season. Scientific Reports, 6(1), 29350. https://doi.org/10.1038/srep29350  

Xu, X., Xie, Y., Qi, K., Luo, Z., & Wang, X. (2018). Detecting the response of bird 

communities and biodiversity to habitat loss and fragmentation due to urbanization. 

Science of the Total Environment 624, 1561–1576. 

https://doi.org/10.1016/j.scitotenv.2017.12.143  

Yamaura, Y., Kawahara, T., Iida, S., & Ozaki, K. (2008). Relative importance of the area and 

shape of patches to the diversity of multiple taxa. Conservation Biology 22(6), 1513-

1522. https://doi.org/10.1111/j.1523-1739.2008.01024.x  

Zaluar, M. T., Tardin, R., Llusia, D., Niemeyer, J., Ribeiro, M. C., & Vale, M. M. (2022). 

Impact of invasive marmosets (Primates, Callitrichidae) on bird acoustic diversity in a 

large neotropical urban forest. Biological Invasions, 24(6), 1725–1737. 

https://doi.org/10.1007/s10530-022-02748-z  

Zellweger, F., Baltensweiler, A., Ginzler, C., Roth, T., Braunisch, V., Bugmann, H., & 

Bollmann, K. (2016). Environmental predictors of species richness in forest landscapes: 

abiotic factors versus vegetation structure. Journal of Biogeography 43(6), 1080–1090. 

https://doi.org/10.1111/jbi.12696  

Zhu, Y., Liu, Y., Sheng, S., Zheng, J., Wu, S., Cao, Z., Zhang, K., & Xu, Y. (2024). Quantifying 

the effects of landscape and habitat characteristics on structuring bird assemblages in 

urban habitat patches. Scientific Reports, 14(1), 12707. https://doi.org/10.1038/s41598-

024-63333-z  

 

  

  

https://doi.org/10.1093/beheco/aru183
https://doi.org/10.1038/srep29350
https://doi.org/10.1016/j.scitotenv.2017.12.143
https://doi.org/10.1111/j.1523-1739.2008.01024.x
https://doi.org/10.1007/s10530-022-02748-z
https://doi.org/10.1111/jbi.12696
https://doi.org/10.1038/s41598-024-63333-z
https://doi.org/10.1038/s41598-024-63333-z


44 

 

Appendices 

Appendix 1. Forest patches and their area, perimeter, shape index, IE-ratio 
 

S.N. Place Area Perimeter Shape_Index IE_ratio 

1 Shantidham 182021.066 3260 2.156 0.018 

2 Swayambhu 126812.519 2740 2.171 0.022 

3 White gumba 440632.181 7220 3.068 0.016 

4 Kapan 262442.722 4360 2.401 0.017 

5 Gokarna sahid park 212336.763 2700 1.653 0.013 

6 Gokarna forest 1737214.23 14360 3.073 0.008 

7 Pashupatinath 385857.512 4200 1.907 0.011 

8 Neelbarahi 172831.581 2060 1.398 0.012 

9 Changunarayan 238449.143 5120 2.958 0.021 

10 Sakhu 224150.301 2460 1.466 0.011 

11 TU forest 186918.129 3860 2.519 0.021 

12 Dhapakhel 124516.545 2520 2.015 0.02 

13 Bungmati 128213.513 3300 2.6 0.026 

14 Bajrabarahi 222528.926 2200 1.316 0.01 

15 Dhaichhap 102811.093 2100 1.848 0.02 
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Appendix 2. Common name, scientific name, order and family of bird species 

recorded from forest patches of Kathmandu Valley. 

Common Name Scientific Name Order Family 

Alexandrine Parakeet Palaeornis eupatria Psittaciformes Psittacidae 

Ashy Drongo Dicrurus leucophaeus Passeriformes Dicruridae 

Ashy Wood-Pigeon Columba pulchricollis Columbiformes Columbidae 

Asian Barred Owlet Glaucidium cuculoides Strigiformes Strigidae 

Asian Koel Eudynamys scolopaceus Cuculiformes Cuculidae 

Barn Swallow Hirundo rustica Passeriformes Hirundinidae 

Black Bulbul Hypsipetes leucocephalus Passeriformes Pycnonotidae 

Black Drongo Dicrurus macrocercus Passeriformes Dicruridae 

Black Kite Milvus migrans Accipitriformes Accipitridae 

Black Redstart Phoenicurus ochruros Passeriformes Muscicapidae 

Black-throated Tit Aegithalos concinnus Passeriformes Aegithalidae 

Black-winged Cuckooshrike Lalage melaschistos Passeriformes Campephagidae 

Blue Whistling-Thrush Myophonus caeruleus Passeriformes Muscicapidae 

Blue-fronted Redstart Phoenicurus frontalis Passeriformes Muscicapidae 

Blue-throated Barbet Psilopogon asiaticus Piciformes Megalaimidae 

Blue-throated Flycatcher Cyornis rubeculoides Passeriformes Muscicapidae 

Booted Eagle Hieraaetus pennatus Accipitriformes Accipitridae 

Bronzed Drongo Dicrurus aeneus Passeriformes Dicruridae 

Brown Shrike Lanius cristatus  Passeriformes Laniidae 

Brown-fronted Woodpecker Leiopicus auriceps  Piciformes Picidae 

Buff-barred Warbler Phylloscopus pulcher Passeriformes Phylloscopidae 

Cattle Egret Bubulcus ibis Pelecaniformes Ardeidae 

Chestnut-bellied Nuthatch Sitta cinnamoventris Passeriformes Sittidae 

Chestnut-bellied Rock-Thrush Monticola rufiventris Passeriformes Muscicapidae 

Chestnut-crowned Laughingthrush Trochalopteron erythrocephalum Passeriformes Muscicapidae 

Chestnut-headed Bee-eater Merops leschenaulti Coraciiformes Meropidae 

Chestnut-tailed Starling Sturnia malabarica Passeriformes Sturnidae 

Cinereous Tit Parus cinereus Passeriformes Paridae 

Common Cuckoo Cuculus canorus Cuculiformes Cuculidae 

Common Iora Aegithina tiphia Passeriformes Aegithinidae 

Common Myna Acridotheres tristis Passeriformes Sturnidae 

Common Rosefinch Carpodacus erythrinus Passeriformes Fringillidae 

Common Tailorbird Orthotomus sutorius Passeriformes Cisticolidae 

Coppersmith Barbet Psilopogon haemacephalus Piciformes Megalaimidae 

Crested Serpent-Eagle Spilornis cheela Accipitriformes Accipitridae 

Crimson Sunbird Aethopyga siparaja  Passeriformes Nectariniidae 
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Eurasian Collared-Dove Streptopelia decaocto Columbiformes Columbidae 

Eurasian Hobby Falco subbuteo Falconiformes Falconidae 

Eurasian Sparrowhawk Accipiter nisus Accipitriformes Accipitridae 

Fire-breasted Flowerpecker Dicaeum ignipectus Passeriformes Dicaeidae 

Fulvous-breasted Woodpecker Dendrocopos macei Piciformes Picidae 

Gray Treepie Dendrocitta formosae Passeriformes Corvidae 

Gray-backed Shrike Lanius tephronotus Passeriformes Laniidae 

Gray-bellied Tesia Tesia cyaniventer Passeriformes Scotocercidae 

Gray-headed Canary-Flycatcher Culicicapa ceylonensis Passeriformes Stenostiridae 

Gray-headed Woodpecker Dendropicos spodocephalus Piciformes Picidae 

Gray-hooded Warbler Phylloscopus xanthoschistos Passeriformes Phylloscopidae 

Great Barbet Psilopogon virens Piciformes Megalaimidae 

Greater Coucal Centropus sinensis Cuculiformes Cuculidae 

Greater Yellownape Chrysophlegma flavinucha Piciformes Picidae 

Green-backed Tit Parus monticolus Passeriformes Paridae 

Green-billed Malkoha Phaenicophaeus tristis Cuculiformes Cuculidae 

Greenish Warbler Phylloscopus trochiloides Passeriformes Phylloscopidae 

Hair-Crested Drongo Dicrurus hottentottus Passeriformes Dicruridae 

Himalayan Black-lored Tit Machlolophus xanthogenys Passeriformes Paridae 

Himalayan Bulbul Pycnonotus leucogenys Passeriformes Pycnonotidae 

Himalayan Buzzard Buteo refectus Accipitriformes Accipitridae 

Hodgson's Redstart Phoenicurus hodgsoni Passeriformes Muscicapidae 

House Crow Corvus splendens Passeriformes Corvidae 

House Sparrow Passer domesticus Passeriformes Passeridae 

Hume's Warbler Phylloscopus humei Passeriformes Phylloscopidae 

Indian Cuckoo Cuculus micropterus Cuculiformes Cuculidae 

Indian Golden Oriole Oriolus kundoo Passeriformes Oriolidae 

Indian Paradise-Flycatcher Terpsiphone paradisi Passeriformes Monarchidae 

Indian Pond-Heron Ardeola grayii Pelecaniformes Ardeidae 

Indian White-eye Zosterops palpebrosus Passeriformes Zosteropidae 

Jungle Myna Acridotheres fuscus Passeriformes Sturnidae 

Kalij Pheasant Lophura leucomelanos Galliformes Phasianidae 

Large Cuckooshrike Coracina macei Passeriformes Campephagidae 

Large-billed Crow Corvus macrorhynchos Passeriformes Corvidae 

Lemon-rumped Warbler Phylloscopus chloronotus Passeriformes Phylloscopidae 

Lesser Yellownape Picus chlorolophus Piciformes Picidae 

Little Bunting Emberiza pusilla Passeriformes Emberizidae 

Long-tailed Broadbill Psarisomus dalhousiae Passeriformes Eurylaimidae 

Long-tailed Minivet Pericrocotus ethologus Passeriformes Campephagidae 

Long-tailed Shrike Lanius schach Passeriformes Laniidae 

Olive-backed pipit Anthus hodgsoni Passeriformes Motacillidae 

Oriental Honey-buzzard Pernis ptilorhynchus Accipitriformes Accipitridae 
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Oriental Magpie-Robin Copsychus saularis Passeriformes Muscicapidae 

Oriental Turtle-Dove Streptopelia orientalis Columbiformes Columbidae 

Peregrine Falcon Falco peregrinus Falconiformes Falconidae 

Pied Bushchat Saxicola caprata Passeriformes Muscicapidae 

Puff-throated Babbler Pellorneum ruficeps Passeriformes Pellorneidae 

Red-billed Blue-Magpie Urocissa erythroryncha Passeriformes Corvidae 

Red-vented Bulbul Pycnonotus cafer Passeriformes Pycnonotidae 

Rock Dove Columba livia Columbiformes Columbidae 

Rose-ringed Parakeet Alexandrinus krameri Psittaciformes Psittacidae 

Rufous Sibia Heterophasia capistrata Passeriformes Leiotrichidae 

Rufous Treepie Dendrocitta vagabunda Passeriformes Corvidae 

Rufous Woodpecker Micropternus brachyurus Piciformes Picidae 

Rufous-gorgeted Flycatcher Ficedula strophiata Passeriformes Muscicapidae 

Rusty-cheeked Scimitar-Babbler Erythrogenys erythrogenys Passeriformes Timaliidae 

Scaly Thrush Zoothera dauma Passeriformes Turdidae 

Scarlet Minivet Pericrocotus flammeus Passeriformes Campephagidae 

Shikra Accipiter badius Accipitriformes Accipitridae 

Slaty-blue Flycatcher Ficedula tricolor Passeriformes Muscicapidae 

Slaty-headed Parakeet Himalayapsitta himalayana Psittaciformes Psittacidae 

Slender-billed Scimitar-Babbler Pomatorhinus superciliaris Passeriformes Timaliidae 

Small Niltava Niltava macgrigoriae Passeriformes Muscicapidae 

Speckled Piculet Picumnus innominatus Piciformes Picidae 

Spotted Dove Spilopelia chinensis Columbiformes Columbidae 

Spotted Owlet Athene brama Strigiformes Strigidae 

Steppe Eagle Aquila nipalensis Accipitriformes Accipitridae 

Streaked Laughingthrush Trochalopteron lineatum Passeriformes Leiotrichidae 

Taiga Flycatcher Ficedula albicilla Passeriformes Muscicapidae 

Tree Pipit Anthus trivialis Passeriformes Motacillidae 

Velvet-fronted Nuthatch Sitta frontalis Passeriformes Sittidae 

Verditer Flycatcher Eumyias thalassinus Passeriformes Muscicapidae 

Whistler's Warbler Phylloscopus whistleri Passeriformes Phylloscopidae 

White-crested Laughingthrush Garrulax leucolophus Passeriformes Leiotrichidae 

White-rumped Munia Lonchura striata Passeriformes Estrildidae 

White-throated Fantail Rhipidura albicollis Passeriformes Rhipiduridae 

White-throated Kingfisher Halcyon smyrnensis Coraciiformes Alcedinidae 

White-throated Laughingthrush Pterorhinus albogularis Passeriformes Leiotrichidae 

Yellow-bellied Fairy-Fantail Chelidorhynx hypoxanthus Passeriformes Stenostiridae 

Yellow-bellied Flowerpecker Dicaeum melanozanthum Passeriformes Dicaeidae 

Yellow-breasted Greenfinch Chloris spinoides Passeriformes Fringillidae 

Yellow-browed Warbler Phylloscopus inornatus Passeriformes Phylloscopidae 
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Appendix 3. Common name, feeding guild migration status and IUCN status of 

bird species recorded from forest patches of Kathmandu Valley. 

Common Name feeding_guild migration_status IUCN_status 

Alexandrine Parakeet Frugivore Resident NT 

Ashy Drongo Insectivore Resident LC 

Ashy Wood-Pigeon Frugivore Resident LC 

Asian Barred Owlet Carnivore Resident LC 

Asian Koel Omnivore Resident LC 

Barn Swallow Insectivore Resident LC 

Black Bulbul Omnivore Resident LC 

Black Drongo Insectivore Resident LC 

Black Kite Carnivore Resident LC 

Black Redstart Insectivore Winter Migrant LC 

Black-throated Tit Omnivore Resident LC 

Black-winged Cuckooshrike Insectivore Resident LC 

Blue Whistling-Thrush Omnivore Resident LC 

Blue-fronted Redstart Insectivore Resident LC 

Blue-throated Barbet Frugivore Resident LC 

Blue-throated Flycatcher Insectivore Summer Migrant LC 

Booted Eagle Carnivore Winter Migrant LC 

Bronzed Drongo Insectivore Resident LC 

Brown Shrike Insectivore Winter Migrant LC 

Brown-fronted Woodpecker Omnivore Resident LC 

Buff-barred Warbler Insectivore Winter Migrant LC 

Cattle Egret Carnivore Resident LC 

Chestnut-bellied Nuthatch Omnivore Resident LC 

Chestnut-bellied Rock-Thrush Insectivore Resident LC 

Chestnut-crowned Laughingthrush Omnivore Resident LC 

Chestnut-headed Bee-eater Insectivore Summer Migrant LC 

Chestnut-tailed Starling Omnivore Resident LC 

Cinereous Tit Insectivore Resident LC 

Common Cuckoo Insectivore Summer Migrant LC 

Common Iora Insectivore Summer Migrant LC 

Common Myna Omnivore Resident LC 

Common Rosefinch Omnivore Winter Migrant LC 

Common Tailorbird Insectivore Resident LC 

Coppersmith Barbet Frugivore Resident LC 

Crested Serpent-Eagle Carnivore Resident LC 

Crimson Sunbird Nectarivore Resident LC 

Eurasian Collared-Dove Granivore Resident LC 

Eurasian Hobby Carnivore Resident LC 
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Eurasian Sparrowhawk Carnivore Winter Migrant LC 

Fire-breasted Flowerpecker Omnivore Resident LC 

Fulvous-breasted Woodpecker Insectivore Resident LC 

Gray Treepie Omnivore Resident LC 

Gray-backed Shrike Carnivore Winter Migrant LC 

Gray-bellied Tesia Insectivore Resident LC 

Gray-headed Canary-Flycatcher Insectivore Resident LC 

Gray-headed Woodpecker Insectivore Resident LC 

Gray-hooded Warbler Insectivore Resident LC 

Great Barbet Frugivore Resident LC 

Greater Coucal Carnivore Resident LC 

Greater Yellownape Insectivore Resident LC 

Green-backed Tit Omnivore Resident LC 

Green-billed Malkoha Insectivore Resident LC 

Greenish Warbler Insectivore Winter Migrant LC 

Hair-Crested Drongo Insectivore Resident LC 

Himalayan Black-lored Tit Insectivore Resident LC 

Himalayan Bulbul Omnivore Resident LC 

Himalayan Buzzard Carnivore Winter Migrant LC 

Hodgson's Redstart Omnivore Winter Migrant LC 

House Crow Omnivore Resident LC 

House Sparrow Granivore Resident LC 

Hume's Warbler Insectivore Resident LC 

Indian Cuckoo Insectivore Summer Migrant LC 

Indian Golden Oriole Omnivore Summer Migrant LC 

Indian Paradise-Flycatcher Insectivore Summer Migrant LC 

Indian Pond-Heron Carnivore Resident LC 

Indian White-eye Omnivore Resident LC 

Jungle Myna Omnivore Resident LC 

Kalij Pheasant Omnivore Resident LC 

Large Cuckooshrike Insectivore Resident LC 

Large-billed Crow Omnivore Resident LC 

Lemon-rumped Warbler Insectivore Winter Migrant LC 

Lesser Yellownape Insectivore Resident LC 

Little Bunting Omnivore Winter Migrant LC 

Long-tailed Broadbill Insectivore Resident LC 

Long-tailed Minivet Insectivore Resident LC 

Long-tailed Shrike Carnivore Resident LC 

Olive-backed pipit Insectivore Resident LC 

Oriental Honey-buzzard Carnivore Resident LC 

Oriental Magpie-Robin Insectivore Resident LC 

Oriental Turtle-Dove Granivore Resident LC 
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Peregrine Falcon Carnivore Resident LC 

Pied Bushchat Insectivore Resident LC 

Puff-throated Babbler Insectivore Resident LC 

Red-billed Blue-Magpie Omnivore Resident LC 

Red-vented Bulbul Omnivore Resident LC 

Rock Pigeon (Feral Pigeon) Granivore Resident LC 

Rose-ringed Parakeet Frugivore Resident LC 

Rufous Sibia Omnivore Resident LC 

Rufous Treepie Omnivore Resident LC 

Rufous Woodpecker Insectivore Resident LC 

Rufous-gorgeted Flycatcher Insectivore Resident LC 

Rusty-cheeked Scimitar-Babbler Omnivore Resident LC 

Scaly Thrush Omnivore Winter Migrant LC 

Scarlet Minivet Insectivore Resident LC 

Shikra Carnivore Resident LC 

Slaty-blue Flycatcher Insectivore Resident LC 

Slaty-headed Parakeet Frugivore Resident LC 

Slender-billed Scimitar-Babbler Omnivore Resident LC 

Small Niltava Insectivore Resident LC 

Speckled Piculet Insectivore Resident LC 

Spotted Dove Granivore Resident LC 

Spotted Owlet Carnivore Resident LC 

Steppe Eagle Carnivore Winter Migrant EN 

Streaked Laughingthrush Omnivore Resident LC 

Taiga Flycatcher Insectivore Winter Migrant LC 

Tree Pipit Insectivore Winter Migrant LC 

Velvet-fronted Nuthatch Insectivore Resident LC 

Verditer Flycatcher Insectivore Resident LC 

Whistler's Warbler Insectivore Resident LC 

White-crested Laughingthrush Omnivore Resident LC 

White-rumped Munia Granivore Resident LC 

White-throated Fantail Insectivore Resident LC 

White-throated Kingfisher Carnivore Resident LC 

White-throated Laughingthrush Omnivore Resident LC 

Yellow-bellied Fairy-Fantail Insectivore Resident LC 

Yellow-bellied Flowerpecker Omnivore Resident LC 

Yellow-breasted Greenfinch Granivore Resident LC 

Yellow-browed Warbler Insectivore Winter Migrant LC 
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Appendix 4. Research permission for conducting research on forest patches of 

Kathmandu Valley from Department of Forest and Soil Conservation, 

Babarmahal-Kathmandu. 
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Appendix 5. Research permission extension from Department of Forest and Soil 

Conservation, Babarmahal-Kathmandu. 
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Appendix 6. Research permission for conducting research on Mrighasthali, 

Pashupati Development Trust, Gaushala Kathmandu . 

 


