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Abstract Kathmandu Valley, Nepal is undergoing rapid

urbanization but its effects on the bird communities have

not been reported till date. Kathmandu Valley was cate-

gorized into urban, sub-urban and rural to study the impact

of urbanization in bird communities. By mobilizing vol-

unteers, we monitored 24 transects each with one km long

in summer and winter seasons of 2016. A total of 13,749

individuals of birds belonging to 102 species were recor-

ded. Species richness and diversity of all birds declined

from rural to urban areas and showed significant variation

along urban–rural gradients. Insectivore was the most

species-rich guild while nectarivore the least. The richness

of insectivore, frugivore and carnivore guilds showed sig-

nificant variations along the urban–rural gradients and

higher preference towards the rural areas. Similarly, spe-

cies richness of all birds and richness of insectivore and

carnivore guilds showed significant seasonal variation and

were higher in the winter season. Our results indicate that

richness, diversity and feeding guilds of birds show dif-

ferent response towards the urbanization gradients and

seasons. Sub-urban areas can function as bird refugia,

however, habitat enrichments (like increasing green spaces,

setting up new parks and gardens, plantation of native

fruiting trees etc.) are utmost necessary to support the bird

communities in urban areas of Kathmandu Valley.
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Introduction

Urbanization is rapidly increasing in developing countries

and getting more complex due to increase in human den-

sity, modern settlements, disturbances, developmental

activities, habitat complexity etc. (McKinney 2002; Thapa

et al. 2008; Pautasso et al. 2011; Seto et al. 2012).

Urbanization creates habitat fragmentation, alters or

destroys the natural habitats, threaten the biodiversity and

produces great challenges to conservation (McKinney

2006; Seto et al. 2012). The species which are unable to

cope with such modified habitats disappear locally

(McKinney 2006; Strohbach et al. 2009; Yu and Guo

2013). However, the heterogeneous habitats of urban

landscapes can also be benefited by some bird species

(Chace and Walsh 2006; Caula et al. 2008; Carbó-Ramı́rez

and Zuria 2011). So, our understanding of urbanization

complexity and its impacts on biodiversity are still rudi-

mentary (Mckinney 2002; Chace and Walsh 2006).

The consequences of urbanization can be studied with

the help of birds since birds are habitat specific and respond

to the changing environment quickly (Clergeau et al. 2001;

Crooks et al. 2004). However, such studies have mainly

been carried out in developed countries only (see Sand-

ström et al. 2006; Tratalos et al. 2007; Grimm et al. 2008;

Evans et al. 2009; Garaffa et al. 2009). There exists a gap

in our understanding regarding the impacts of urbanization

in developing countries. Moreover, studies on the impact of

urbanization in developing countries have focused mainly

on urban areas, while sub-urban and rural areas are less

studied (Hermy and Cornelis 2000; Hedblom and
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Söderström 2010). Bird richness and diversity are expected

to decrease from rural to urban areas (Mckinney 2002;

Tratalos et al. 2007; Grimm et al. 2008; Evans et al. 2009).

However, some studies argue of increasing richness and

diversity at intermediate urbanization levels, the sub-urban

areas (Blair 1996, Leveau and Leveau 2005). In contrast,

the effect of urbanization on feeding guilds (utilizing the

resources in similar way) of birds is much less understood

as they largely vary with food availability and different

landscape features available in urban–rural gradients (An-

deries et al. 2007; Plass and Wunderle 2013; Samia et al.

2015; Tryjanowski et al. 2015).

Stability of temporal variation in bird communities

along urbanized habitats is highly discussed these days.

Urbanization changes the temporal variability of resources

availability and habitat structure altering the species com-

position (Shochat et al. 2006, Leveau et al. 2015). The

study shows that species richness along urban habitats

highly depends on the migration timing of the species (La

Sorte et al. 2014). While Leveau et al. (2015) and Leveau

and Leveau (2016) discussed that effect of seasonal vari-

ation in bird communities are least in the highly urbanized

area. To validate such findings, more understanding is

necessary on how seasonality affects the richness, diversity

and feeding guilds of birds from different parts of the

world.

Urbanization is rapidly increasing in Nepal since 1980,

especially in Kathmandu Valley, the most populated and

unplanned city (Sharma 2003). This unplanned urbaniza-

tion has triggered the loss of forests, increased habitat

fragmentation and changed the land use system (see, Haack

and Rafter 2006; Thapa and Murayama 2010, 2011). Until

now, the effect of urbanization on bird communities in

Kathmandu Valley has not been analyzed thoroughly,

though a large number of birds are believed to be threat-

ened by urbanization due to the lack of breeding and for-

aging grounds. Therefore, the main aim of our study was to

explore and analyze the effects of urbanization on the bird

communities in different seasons across the urban–rural

gradients of Kathmandu Valley and for this, we seek the

support of many volunteers so as to increase their interest

and active participation in urban bird monitoring and

conservation programs. Here, we explored the following

questions:—(1) how do species richness and diversity of

birds change along the urban–rural gradients? (2) do

functional feeding guilds of birds show different responses

to the urban–rural gradients? and, (3) are there seasonality

in bird communities? Besides providing the baseline

information on the status of urban birds in Kathmandu

Valley, this study will show how the volunteers can be

mobilized for bird monitoring and additionally, in some

extent, fulfill the existing gaps from south Asia as studies

are very limited to address such issues.

Materials and Methods

Study Area

This study was carried out in Kathmandu Valley. The

valley comprises three districts: Kathmandu, Bhaktapur,

and Lalitpur with the population of * 3 million. It lies in

the mid-hills regions of Nepal at an elevation of

1200–2760 m asl. A ring road of 27.2 km runs across the

valley connecting Kathmandu and Lalitpur districts. Most

of the people with urban facilities (e.g. hospitals,

schools/colleges, and supermarkets) live inside the ring

road. Temperature is moderate with the average of

28–30 �C in summer and 8–10 �C in winter. Despite

unplanned urbanization, Kathmandu Valley still harbors a

beautiful landscape and rich biodiversity. Remnant forest

patches can be found inside the cities and villages. Alto-

gether six types of vegetation, Temperate Mountain Oak

forest, Mixed Blue Pine-Oak forest, Lower Temperate Oak

forest, East Himalayan Oak-Laurel forest, Chir-Pine and

Broadleaved forest are found in the valley and more than

500 birds, 50 mammals, and 120 butterflies’ species have

been reported (Bhuju et al. 2007; Ghimire 2008).

Sampling Design and Data Analysis

Using Arc GIS 9.3, the Kathmandu Valley was classified

into urban, sub-urban and rural areas and the 1 9 1 km

grid was laid on it (Fig. 1). Based on human density,

infrastructure and facilities available which decrease from

urban to rural areas, we buffered 1 km distance from

foothills of the valley towards the core of the city to define

the rural areas and 500 m buffered from major core resi-

dential areas of the ring road and major cities to suffi-

ciently distinguish the expanding urban areas from others.

The area between urban and rural was categorized as the

sub-urban. Hills surrounding the valleys were excluded

from the design because very few people live there, largely

forested and have higher elevations. The elevation range of

the grids was between 1300 and 1400 m.

This urban–rural bird monitoring program has been

designed for long-term monitoring of birds in the Kath-

mandu Valley by Bird Conservation Nepal. Before

selecting transects, we organized comprehensive discus-

sions with the volunteer team leaders and selected 24 grids

as sampling transects, i.e. eight transects in each urban,

sub-urban and rural areas. Transects were selected based on

the road accessibility for monitoring by the volunteers and

representing major areas of the valley. Bird observations

were made by different volunteer teams. In each transect,

one team leader was allocated who had experience in bird

surveys for a long time. Assistants’ volunteers were used
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by the team leaders during the survey. All the sampling

transects were of 1 km in length. Transects in the rural

areas had more farmlands and few scattered houses, open

areas etc. Transects in urban passed through settlements

and few scattered trees, bushes, open areas, small rivers

etc. Transects at sub-urban areas shared the features of both

urban and rural habitats. We recorded all birds visually or

acoustically (\ 200 m on both sides of the trail/road except

for raptors) along each transect (Bibby et al. 2000; Gregory

et al. 2004). The walking speed in each transect was

* 1 km per hour. Bird observations were usually carried

out from 7:00 a.m. to before 12:00 noon. Binoculars

(8 9 42/10 9 42) were used to observe the birds and field

books ‘Birds of Nepal’ (Grimmett et al. 2003) were used to

identify the individual birds. Birds were surveyed once in

the winter (January) and summer (June/July) seasons of

2016.

We verified the species lists from the field for any kind of

confusion on identifications. Unidentified species were

removed from the lists. Then we classified the migration

status (resident, summer migrant and winter migrant) and

major feeding guilds (frugivore, granivore, carnivore,

omnivore, insectivore, and nectarivore) of bird species based

on Grimmett et al. (2003, 2011); and Katuwal et al. (2016).

The presence of nectarivore species was very low (\ 3

species), so excluded it from feeding group analysis.

Similarly, Shannon diversity index of birds in each transect

was calculated using BiodiversityR package (Kindt and Coe

2005). Our analysis was focused with reference to all species

richness, diversity, and richness of each feeding guilds across

urban–rural gradients in two seasons. We applied General-

ized Linear Mixed Models with Poisson distribution using

‘glmer’ function for count data (all species richness and

feeding guilds richness) and Linear Mixed Models using

‘lmer’ function for continuous data (diversity) using lme4

package (Bates et al. 2015). As transects were distributed in

four different sites (aspects) of the valley and were moni-

tored by the different volunteer team leaders (12 leaders

including HBK, JJT, and KPB), sites and leaders were con-

sidered as random effects while gradients (urban, sub-urban

and rural) and seasons (winter and summer) as fixed effects.

We used the summary function of each mixed models to find

the significance of each variable and performed multiple

comparisons for distribution of bird communities along

urban, sub-urban and rural habitats in different seasons. The

results of the multiple comparisons of mixed models and

their significance were shown in bar plots with standard

error. Then to summarize the significance value (P value) of

each mixed models, Wald Chi-square (v2) was used at car

package (Fox and Weisberg 2011). All the statistical pack-

ages and analyses were performed in R program (R Core

Team 2016).

Fig. 1 Overview of Kathmandu Valley showing urban–rural gradients at three districts with 1 9 1 km grids and selected grids as transects for

bird monitoring
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Table 1 Overall list of birds recorded along the urban–rural gradients of Kathmandu Valley in winter and summer of 2016 with their feeding

guilds and migration status

S. no. Common name Scientific name Feeding guild Migration status

1 Alexandrine Parakeet Psittacula eupatria Frugivore Resident

2 Ashy Drongo Dicrurus leucophaeus Insectivore Resident

3 Asian Koel Eudynamys scolopacea Omnivore Resident

4 Barn Swallow Hirundo rustica Insectivore Resident

5 Black Bulbul Hypsipetes leucocephalus Omnivore Resident

6 Black Drongo Dicrurus macrocercus Insectivore Resident

7 Black Eagle Ictinaetus malayensis Carnivore Resident

8 Black Kite Milvus migrans Carnivore Resident

9 Black-crowned Night Heron Nycticorax nycticorax Carnivore Resident

10 Black-lored Tit Parus xanthogenys Insectivore Resident

11 Blue Whistling Thrush Myophonus caeruleus Omnivore Resident

12 Blue-capped Rock Thrush Monticola cinclorhynchus Insectivore Summer migrant

13 Blue-fronted Redstart Phoenicurus frontalis Insectivore Resident

14 Blue-throated Barbet Megalaima asiatica Frugivore Resident

15 Booted Eagle Hieraaetus pennatus Carnivore Winter migrant

16 Brahminy Starling Sturnus pagodarum Omnivore Resident

17 Brown Shrike Lanius cristatus Insectivore Winter migrant

18 Cattle Egret Bubulcus ibis Carnivore Resident

19 Chestnut-tailed Starling Sturnus malabaricus Omnivore Resident

20 Common Buzzard Buteo buteo Carnivore Winter migrant

21 Common Greenshank Tringa nebularia Carnivore Winter migrant

22 Common Hoopoe Upupa epops Insectivore Resident

23 Common Kestral Falco tinnunculus Carnivore Resident

24 Common Kingfisher Alcedo atthis Carnivore Resident

25 Common Myna Acridotheres tristis Omnivore Resident

26 Common Pigeon Columba livia Granivore Resident

27 Common Sandpiper Actitis hypoleucos Insectivore Winter migrant

28 Common Stonechat Saxicola torquata Insectivore Resident

29 Common Tailorbird Orthotomus sutorius Insectivore Resident

30 Coppersmith Barbet Megalaima haemacephala Frugivore Resident

31 Crimson Sunbird Aethopyga siparaja Nectarivore Resident

32 Dusky Warbler Phylloscopus fuscatus Insectivore Winter migrant

33 Eurasian Collared Dove Streptopelia decaocto Granivore Resident

34 Eurasian Cuckoo Cuculus canorus Insectivore Summer migrant

35 Eurasian Tree Sparrow Passer montanus Granivore Resident

36 Fulvous-breasted Woodpecker Dendrocopos macei Insectivore Resident

37 Great Barbet Megalaima virens Frugivore Resident

38 Great Tit Parus major Insectivore Resident

39 Greater Coucal Centropus sinensis Carnivore Resident

40 Green-backed Tit Parus monticolus Insectivore Resident

41 Greenish Warbler Phylloscopus trochiloides Insectivore Winter migrant

42 Grey Wagtail Motacilla cinerea Insectivore Resident

43 Grey-backed Shrike Lanius tephronotus Carnivore Winter migrant

44 Grey-headed Canary Flycatcher Culicicapa ceylonensis Insectivore Resident

45 Grey-hooded Warbler Seicercus xanthoschistos Insectivore Resident

46 Himalayan Bulbul Pycnonotus leucogenys Omnivore Resident

47 Himalayan Swiftlet Collocalia brevirostris Insectivore Resident

48 Hodgson’s Redstart Phoenicurus hodgsoni Insectivore Winter migrant
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Table 1 continued

S. no. Common name Scientific name Feeding guild Migration status

49 House Crow Corvus splendens Omnivore Resident

50 House Sparrow Passer domesticus Granivore Resident

51 House Swift Apus affinis Insectivore Resident

52 Hume’s Warbler Phylloscopus humei Insectivore Resident

53 Indian Golden Oriole Oriolus kundoo Omnivore Summer migrant

54 Indian Jungle Crow Corvus culminatus Carnivore Resident

55 Indian Pond Heron Ardeola grayii Carnivore Resident

56 Jungle Myna Acridotheres fuscus Omnivore Resident

57 Large Cuckooshrike Coracina macei Insectivore Resident

58 Large-billied Crow Corvus macrorhynchos Omnivore Resident

59 Little Egret Egretta garzetta Carnivore Resident

60 Little Stint Calidris minuta Insectivore Winter migrant

61 Long-tailed Shrike Lanius schach Carnivore Resident

62 Olive-backed Pipit Anthus hodgsoni Insectivore Resident

63 Oriental Magpie Robin Copsychus saularis Insectivore Resident

64 Oriental Turtle Dove Streptopelia orientalis Granivore Resident

65 Oriental White-eye Zosterops palpebrosus Omnivore Resident

66 Paddyfield Pipit Anthus rufulus Insectivore Resident

67 Pied Bushchat Saxicola caprata Insectivore Resident

68 Plain Flowerpecker Dicaeum concolor Nectarivore Resident

69 Plumbeous Water Redstart Rhyacornis fuliginosus Insectivore Resident

70 Red Collared Dove Streptopelia tranquebarica Granivore Resident

71 Red-billed Blue Magpie Urocissa erythrorhyncha Frugivore Resident

72 Red-rumped Swallow Hirundo daurica Insectivore Resident

73 Red-vented Bulbul Pycnonotus cafer Omnivore Resident

74 Red-wattled lapwing Vanellus indicus Carnivore Resident

75 Rose-ringed Parakeet Psittacula krameri Frugivore Resident

76 Ruddy-breasted Crake Porzana bicolor Omnivore Summer migrant

77 Rufous Treepie Dendrocitta vagabunda Frugivore Resident

78 Rufous-gorgetted Flycatcher Ficedula strophiata Insectivore Resident

79 Rusty-cheeked Scimitar Babbler Pomatorhinus erythrogenys Omnivore Resident

80 Plain Martin Riparia paludicola Insectivore Resident

81 Scaly-breasted Munia Lonchura punctulata Granivore Resident

82 Scarlet Minivet Pericrocotus flammeus Insectivore Resident

83 Shikra Accipiter badius Carnivore Resident

84 Slaty-blue Flycatcher Ficedula tricolor Insectivore Resident

85 Slaty-headed Parakeet Psittacula himalayana Frugivore Resident

86 Small Niltava Niltava macgrigoriae Insectivore Resident

87 Spotted Dove Streptopelia chinensis Granivore Resident

88 Steppe Eagle Aquila nipalensis Carnivore Winter migrant

89 Thick-billed Warbler Acrocephalus aedon Insectivore Winter migrant

90 Tiga Flycatcher Ficedula albicilla Insectivore Winter migrant

91 Velvet-fronted Nuthatch Sitta frontalis Insectivore Resident

92 Verditer Flycatcher Eumyias thalassina Insectivore Resident

93 Whistler’s Warbler Seicerus whistleri Insectivore Resident

94 White Wagtail Motacilla alba Insectivore Winter migrant

95 White-browed Wagtail Motacilla maderaspatensis Insectivore Resident

96 White-capped Water Redstart Chaimarrornis leucocephalus Insectivore Resident
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Results

Bird Communities at Urban–Rural Gradients

We recorded 13,749 individuals of 102 species of birds

(Table 1). All species were denoted as Least Concern

besides, Endangered Steppe Eagle (Aquila nipalensis) in

IUCN Red List. House Crow (Corvus splendens) and

Common Myna (Acridotheres tristis) were present in all

transects while Common Pigeon (Columba livia) followed

by House Sparrow (Passer domesticus) had higher indi-

viduals. Species richness and diversity of all birds declined

from rural to urban areas and showed significant variation

along urban–rural gradients (richness-v2 = 24.82, df = 2,

P\ 0.001; diversity-v2 = 38.47, df = 2, P\ 0.001;

Fig. 2). However, there was no significant difference in

species richness of all birds in between sub-urban and rural

areas (Fig. 2a). Species richness of insectivore was higher

(47.05%), followed by a carnivore (18.62%), omnivore

(14.70%), granivore (9.80%), frugivore (7.84%) and the

nectarivore (1.96%). Except for granivore, which was rich

in sub-urban, all other guilds were rich in rural areas

(Fig. 3). The richness of insectivore, frugivore and carni-

vore guilds showed significant variation along urban–rural

gradients (insectivore-v2 = 21.03, df = 2, P\ 0.001; fru-

givore-v2 = 7.73, df = 2, P = 0.02; carnivore-v2 = 12.83,

df = 2, P\ 0.001; Fig. 3a–c) whereas omnivore and

granivore did not show such variation (omnivore-

v2 = 0.36, df = 2, P = 0.83, granivore- v2 = 0.53, df = 2,

P = 0.76; Fig. 3d–e). The richness of insectivore and car-

nivore guilds was similar along rural and sub-urban areas

but significantly different from urban (Fig. 3a, c). Simi-

larly, frugivore richness at the urban and rural areas was

significantly different to each other while sub-urban was

not different from urban and rural (Fig. 3b).

Seasonal Variations in Bird Communities

A higher number of birds was recorded in winter (85

species) than in summer season (63 species). Similarly, we

Table 1 continued

S. no. Common name Scientific name Feeding guild Migration status

97 White-rumped Munia Lonchura striata Granivore Resident

98 White-throated Kingfisher Halcyon smyrnensis Carnivore Resident

99 Yellow Wagtail Motacilla flava Insectivore Winter migrant

100 Yellow-bellied Fantail Rhipidura hypoxantha Insectivore Resident

101 Yellow-breasted Greenfinch Carduelis spinoides Granivore Resident

102 Zitting Cisticola Cisticola juncidis Insectivore Resident

Fig. 2 Species richness of all species (a) and diversity (b) of birds along urban–rural gradients of Kathmandu Valley. The error bar represents

the standard error. The different letters in the bar represent the significant variation while same letters represent no significant variation among

each other and were calculated from the mixed models
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recorded a higher number of resident species (81.37%)

followed by winter (14.70%) migrant and fewer summer

(3.92%) migrants. All species richness showed significant

seasonal variation but not by species diversity (richness-

v2 = 4.26, df = 1, P = 0.03; diversity-v2 = 0.0103, df = 1,

P = 0.92; Fig. 4). In comparing the seasonal distribution of

feeding guilds richness (Fig. 5), only the insectivore and

carnivore guilds showed significant seasonal variation

(insectivore-v2 = 8.70, df = 1, P\ 0.001; carnivore-

v2 = 7.53, df = 1, P\ 0.001; Fig. 5a, b) whereas other

guilds did not show (frugivore-v2 = 2.50, df = 1, P = 0.11,

granivore-v2 = 0.006, df = 1, P = 0.93, omnivore-

v2 = 1.84, df = 2, P = 0.17; Fig. 5c–e). The carnivore,

insectivore, and granivore richness were higher in the

winter season, except for frugivore and omnivore, which

were higher in the summer season (Fig. 5).

Discussion

Our finding provides that species richness, diversity, and

feeding guilds of birds are differently affected by the

urbanization and there exists distinct seasonal variations in

these communities. Urbanization largely affects the

Fig. 3 Species richness of bird feeding guilds (a-insectivore, b-
frugivore, c-carnivore, d-omnivore and e-granivore) along urban–

rural gradients of Kathmandu Valley. The error bar represents the

standard error. The different letters in the bar represent the significant

variations while same letters represent no significant variations

among each other and were calculated from the mixed models

Fig. 4 Seasonal variation in all

species richness (a), and
diversity (b) of birds in
Kathmandu Valley. The error

bar represents the standard

error. The different letters in the

bar represent the significant

variations while the same letter

represents no significant

variations among each other and

were calculated from the mixed

models
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distribution of birds leading to few bird species to inhabit

in urban areas compared to the rural (Sandström et al.

2006; Ortega-Álvarez and MacGregor-Fors 2009). Our

results from a developing and rapidly urbanizing city is

consistent with previous studies from developed cities and

countries that have shown decline in species richness and

diversity of birds from rural to urban area (e.g. Tratalos

et al. 2007; Grimm et al. 2008; Evans et al. 2009; Rija et al.

2014). It is due to the disturbances, differences in food

availability and habitat features along the urban–rural

gradients. The record of fewer species in urban areas may

be due to the lack of green spaces, fruiting trees, high

human population density, less nesting success, high dis-

turbance, environmental pollution and predation risk

(Chandler et al. 2004; Crooks et al. 2004; Ditchkoff et al.

2006; Anderies et al. 2007) showing urban areas suit-

able for fewer species (Ditchkoff et al. 2006; Plass and

Wunderle 2013; Tryjanowski et al. 2015). We also recor-

ded almost similar richness and diversity of birds in sub-

urban with rural habitats as reported by Rija et al. (2014). It

could be due to the effects of habitat diversity, low level of

disturbance and the role of sub-urban habitats in facilitating

the movements of birds between rural and urban areas

(Blair 1996; Mckinney 2002; Blair and Johnson 2008).

Thus, linkages of green spaces are required, either by

establishing parks, gardens, green roofs etc., to compensate

low species richness in urban areas from sub-urban and

rural (Hedblom and Söderström 2010; Fontana et al. 2011;

Eakin et al. 2015; Huang et al. 2015).

Distribution of feeding guilds is too governed by food

availability and landscape heterogeneity along the urban–

rural gradients (Chace and Walsh 2006; Jokimäki et al.

2009; Samia et al. 2015; Tryjanowski et al. 2015). Decline

of insectivore richness along the urban areas was reported

in different studies (see Blair and Johnson 2008; Leveau

2013; Plass and Wunderle 2013; Rija et al. 2014) largely

due to the fact that the richness and abundance of insects

are low with increasing urbanization (Clark et al. 2007;

reviewed in Jones and Leather 2012). Similarly, a low

number of frugivore species in urban areas may be due to

the lack of sufficient fruiting trees in human-dominated

landscapes. The decline of frugivore species at urban

habitat was also observed by Menon and Mohanraj (2016)

in India. Most of the carnivore species recorded in our

study was raptors and winter migrants, for which food

availability, and roosting sites in rural areas would be

mostly greater than in urban areas due to the presence of

farmlands and green spaces. The home range of carnivores

is large; especially raptors extend beyond the urban areas,

resulting in fewer species in urban landscapes (Chace and

Walsh 2006). The richness of omnivorous species (such as

House Crow, Common Myna) did not vary across urban-

ization gradient possibly because these are more generalist

species, have a broad range of diet and have more tolerance

Fig. 5 Seasonal variation in species richness of feeding guilds (a-
insectivore, b-carnivore, c-frugivore, d-omnivore and e-granivore) of
birds in Kathmandu Valley. The error bar represents the standard

error. The different letters in the bar represent the significant

variations while the same letter represents no significant variations

among each other and were calculated from the mixed models
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to humans (Samia et al. 2015). Similar to our study, a

higher richness of granivore species (such as Common

Pigeon, House Sparrow) have been recorded in urban and

sub-urban areas in developed countries (see, Chace and

Walsh 2006; Blair and Johnson 2008; Plass and Wunderle

2013) except to Leveau (2013) who recorded higher in

rural areas. Thus, there still requires long-term studies on

how feeding guilds of birds show responses to the urban-

ization gradients and environmental factors.

Seasonality is an important factor in shaping bird spe-

cies composition in Nepal (Grimmett et al. 2003; Inskipp

et al. 2016; Katuwal et al. 2016). Both summer and winter

migratory birds constitute almost one-third of the total bird

species recorded in Nepal (Grimmett et al. 2003; Inskipp

et al. 2016). In our study, a small number of summer

migrants was recorded compared to winter migrants. This

is at least partly because there are fewer summer migrants

than winter migrants in Nepal (Grimmett et al. 2003;

Inskipp et al. 2016). Also due to migration timing, as well

as the availability of thick leaves on trees and bird being

less vocal during the breeding period could have influenced

in counting summer migrants. Thus, there was significant

seasonal variation in species richness of all species. But,

diversity depends on the total number of individuals of

each species, which might have reduced seasonal variation

in diversity. Our findings support Caula et al. (2008) and

Carbó-Ramı́rez and Zuria (2011) who found higher species

richness in winter seasons than in spring and summer.

Similarly, feeding guilds too showed a different response to

seasonal variation. Most of the insectivore and carnivore

feeding species in our study were migrants, more species in

winter, therefore, showed clear seasonal variation (Joki-

mäki et al. 2009; Tryjanowski et al. 2015, Inskipp et al.

2016). In contrast, most of the granivore, omnivore, and

frugivore species were resident species, they were almost

similar in summer and winter, except for frugivore, showed

no distinct seasonal variation. Granivore and omnivore are

more tolerant of humans, are found near the houses or feed

by people (Samia et al. 2015), so their distribution is

influenced more by food availability than seasons. Higher

frugivory richness in summer can also be correlated with

higher food availability either in croplands or fruit trees.

Yet, there are some limitations in our study that might

have influenced the results. Although rapid urbanization

can be seen and is still ongoing, there is no sufficient data

available, which made us very difficult to exactly catego-

rize the valley into urban–rural gradients. Because some

transects in sub-urban areas looked like the rural and vice

versa. Also, we did not categorize transects based on the

habitat types, rather we selected transects that contain

similar types of habitats to minimize the effects of all the

gradients. Bird monitoring was performed by the team of

volunteers of Bird Conservation Nepal, so we could not

increase our sample sizes, both in terms of area coverage

and visits per seasons, due to less number of leader vol-

unteers and their time constraints. Additionally, we did not

survey any food plants availability for birds in the valley.

As this study is designed for a long-term, the current study

will provide baseline information and its continuous

monitoring in successive years will help to give a clear

pattern of urbanization impact and seasonal variations in

bird communities of Kathmandu Valley irrespective of our

resource limitations.

We conclude that urbanization and seasonality differ-

ently affect the distribution of each bird community in

Kathmandu Valley. Except for urban areas, both sub-urban

and rural areas contain higher species of birds. Sub-urban

areas might help to facilitate in bird migration from rural to

urban areas. So, we recommend for enriching the habitats

(like increasing green spaces, setting up new parks and

gardens, plantation of fruiting trees etc.) to increase the

species richness of birds in the urban areas of Kathmandu

Valley. However, care should be taken while plantation,

avoid exotic vegetation as far as possible, which although

increase the overall vegetation cover, but might not be of

much use for birds. Additionally, continuous monitoring of

birds in Kathmandu Valley and in other cities of Nepal is

highly required to understand the in-depth impact of

urbanization, for which more volunteers can be trained to

mobilize in large extent.
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