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Poem dedicated to birds- 

 

 

                                       Dream of being a bird 

 

Listen to me “I am a bird” 

and I want to be heard. 

I want to fly in the sky 

Doing pitter-patter in the water, 

                                Hopping in the bushes and grasses, 

forest and on the hills. 

Let me live and roam 

Because I have a family and a home. 

 

 

- Ankita Das 
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                                                   Executive summary 

 

Birds are an essential part of the ecosystem. They act as an effective tool to connect 

people to biodiversity and conservation. They are one of the best indicators of the 

environment as they live in almost every type of environment and are vulnerable to 

various disturbances, thus can be associated with changes in habitat. As birds are 

primarily diurnal, often conspicuous and wide-ranging, so studies on bird 

communities have emerged as a significant area of research in community ecology. 

Bird community ecology can be categorized into ‘process’ and ‘pattern’. ‘Process’ is 

the cause and includes interaction within communities such as co-occurrence and 

competition. ‘Pattern’ is the effect and it includes structure and organization of 

communities, species diversity pattern, bird habitat association and habitat selection. 

Most of the work on bird community structure has been carried out in large-sized 

protected areas. The present study was initiated to assess seasonal pattern in habitat 

selection by birds in Jhilmil Jheel Conservation Reserve (JJCR) which is a small-

sized Protected Area (PA). This work also focuses on both ‘process’ and ‘pattern’ of 

bird community structure. The work also focusses on how small-sized PAs are 

equally important in conserving wildlife species such as birds. Understanding the 

relationship of birds with habitat provides insights into habitat use, which contributes 

in the conservation of species. Habitat selection of birds is one of the foremost steps 

to understand the complexity of their community. Some factors influencing habitat 

selection are habitat heterogeneity, structure and composition of vegetation, 

seasonality and co-occurrence. Habitat heterogeneity helps in maintaining high bird 



xix 
 

diversity. Abundance and distribution of species in a community also depends on the 

physiognomic, floristic composition of the forest vegetation and seasonality. 

For the present research work, the study area was stratified into six habitats: 

plantation, mixed deciduous forest (mixed forest), riverine habitat, scrub forest, 

grasslands and agriculture fields-human settlement. Habitat-wise point count method 

(Bibby et al., 2000) was done to collect abundance data of birds covering plantation 

(28), mixed forest (15), scrub forest (12), riverine (25), grassland (21) and agriculture 

fields-human settlements (15). Sampling was done in the summer (April-June) and 

winter seasons (November-mid March) in 2018-2020. Bird sampling was conducted 

in 116 point count stations, separated by 200 meters from each other to avoid double 

counting of birds. Sampling was done in the early morning from 5:30 am to 8:30 am 

during summer and from 8:00 am to 10:30 am during winter season. Birds were 

recorded for their species, abundance, feeding guild, habitat type and vertical strata. 

Every point count station was visited 20 times. Surveys were avoided during 

inclement weather. Birds were identified by referring to field guides (Ali, 2002; 

Grimmett et al., 2011) whereas birds’ call and songs were identified through xeno-

canto (2020). For habitat quantification, vegetation plots were laid in the point count 

stations, with two plots in each point count station, 232 quadrat plots were laid in 

total. Each tree and shrub was identified to species level with the help of available 

field guides. Information on trees were collected in quadrat of 10X10 m
2
. Tree 

characteristics such as tree species, abundance, GBH, height, density, basal area and 

canopy cover were assessed. Information on shrubs was collected in 5x5 m
2 

plot 

nested inside the 10x10 m
2 

plot. Herbs and grasses were recorded in 1x1 m
2 

nested at 



xx 
 

the four corners of 10x10 m
2 

plot. Disturbance data such as presence of livestock, 

presence of trail and presence of logged trees were taken in presence/absence form in 

each quadrat plot. Habitat quantification was done in both summer and winter 

seasons. 

The species accumulation curve showed sampling adequacy in both the summer and 

winter seasons. In total, 170 species of birds representing 16 orders and 64 families 

were recorded. The dominant order was Passeriformes, the dominant family was 

Muscicapidae and the dominant bird species was Red-vented Bulbul. Richness index 

was found to be 17.7371. It shows JJCR has high species richness. Most of the bird 

species were resident followed by winter visitors, summer visitors and monsoon 

visitor. The overall bird species diversity was 4.126. Most of the bird species had 

clumped distribution. Bird species diversity was found out to be 3.806 and 3.994 in 

summer and winter season respectively. There were 110 bird species in summer 

season and 131 bird species in winter season. RAD (Rank abundance) curve showed 

that there is dominance of some of the birds during winter season. There was 

significant difference in mean abundance of birds in different habitats in summer and 

winter season. JJCR harbours ten species of globally threatened avifauna including 

three Critically Endangered, three Endangered and four Vulnerable species. In 

addition, the reserve also has eight species of Near Threatened category. 

The diversity of bird species and community assemblage depends on the habitat 

heterogeneity. The seasonal and spatial variations in bird species composition across 

the six different habitats were assessed and I also investigated the association of 

different structural and physiognomic characteristics of vegetation with different bird 
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species. I found a significant difference in bird community across the different 

habitats within the reserve, and the difference was attributed by the difference in 

abundance of bird species in each community. There was significant variation in bird 

community assemblage in summer and winter seasons and the overall dissimilarity 

was 91.17%.  In summer season the highest dissimilarity between bird communities 

was recorded between plantation and grassland habitat, whereas in winter the 

difference is highest between scrub forest and riverine habitat possibly due to 

differences in the vegetation composition leading to dissimilar bird community. The 

lowest difference in bird community was recorded between mixed deciduous and 

scrub forest in both summer and winter seasons could be attributed to similarity in 

the vegetation composition leading to similar bird composition. The non-metric 

multidimensional scaling showed the association of different bird species to different 

structural and physiognomic characteristics of habitat. The present study shows that 

small protected areas such as Jhilmil Jheel Conservation Reserve has high potential 

for conservation of bird diversity and thus emphasize that the protection of different 

habitats is equally important for conserving biodiversity. 

Habitat selection pattern of birds can be understood through resource selection 

function (RSF). Resource selection function index stated that 48 bird species had 

100% selection for a specific habitat in summer and 71 bird species had 100% 

selection for a specific habitat in winter. The birds were thereafter classified into 

habitat specialist and generalist based on their specificity to a particular habitat type. 

The birds were also classified according to their presence in different vertical strata. 

The potential for bird species to act as indicator species of various habitats in Jhilmil 
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Jheel Conservation Reserve (JJCR) was also assessed. JJCR comprised 60.59 % as 

habitat specialists, 37.06 % as generalist species and 2.35 % commensals. Maximum 

species belonged to middle canopy. Indicator values of all bird species were 

computed for every habitat type and those species with statistically significant values 

(P < 0.001) were considered as suitable indicators for a particular habitat. In summer 

season out of 110 species, 60 species were identified as indicator species. Grassland 

had 11 indicator species, mixed deciduous forest-12, Plantation-12, Riverine habitat-

15, Agriculture field-human settlement had 3 indicator species and scrub forest had 7 

indicator species. In winter season out of 131 species, 64 species were identified as 

indicator species. Grassland had 10 indicator species, plantation-12, riverine-16, 

riverine-16, agriculture field-human settlement-3, mixed and scrub forest had 7 and 

16 indicator species respectively. The knowledge of indicator species can be used to 

monitor habitat and forest status and improve management and conservation 

strategies. 

Finding the relationship between birds and habitat and patterns of species co-

occurrence is an important part of community ecology. Network analysis provides 

visualization of associations between species and defines most processes in terms of 

nodes and links. This approach links multiple species and habitat resources. It is 

helpful in quantifying properties of entire habitat networks co-existence among 

species. Bird species co-occurrence was done using ‘cooccur’ package in R. Birds 

association with other co-occurring birds were seen. Network analysis was done to 

assess the network complexity of bird’s community in different habitats using i graph 

package in R. Species network analysis was used to compare the complexity of the 
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bird communities among the six habitat types. The network analysis was done 

through igraph R package. Purple Sunbird, Jungle Babbler and Indian Pitta had the 

highest number of positive interaction. Those with highest number of negative 

associations were Red-wattled Lapwing, Paddyfield Pipit and River Lapwing. In 

winter season, Oriental Magpie Robin had the highest number of positive 

association. Those with the highest number of negative associations were Paddyfield 

Pipit, Citrine Wagtail and Common Stonechat. Riverine and scrub forest had the 

highest bird community complexity followed by plantation, mixed forest and 

grassland. For effective management strategies, it is essential to understand their co-

occurrence pattern. 

Habitat features also play a key role in determining the composition of bird feeding 

guild. Bird species were categorized into fine foraging guilds based on their food 

preferences namely Insectivore, Granivore, Herbivores, Nectarivore, Frugivore, 

Frugiore-Insectivore, Nectarivore-Insectivore, Frugivore-Insectivore-Nectarivore 

(FIN), Fruit-Seed-Nectar (FSN), feeding on Fruit-Seed-Nectar and Insects (FSNI), 

Omnivore and Piscivore. The present study was aimed to investigate the role of 

habitat and anthropogenic variables on guild structure of bird assemblage in JJCR. 

Birds were sampled using point count method whereas quadrat plot method was used 

to characterise the habitat features. Insectivore guild contributed to the most species 

rich feeding guild. There was significant difference between the bird feeding guild 

composition in every habitat and season. Majorly feeding guilds showed positive 

association with GBH stating preference for old growth and negative association 

with anthropogenic disturbances such as presence of livestock and presence of trails. 
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Our study emphasized that maintaining functionally diverse bird assemblages in any 

landscape is an important management goal and recommends conserving vegetation 

complexity and regulating livestock grazing in JJCR.  

The present work is the first detailed study of the bird community in JJCR. It 

supports diverse bird community, despite being small and the study depicted how 

habitat heterogeneity, vegetation structure and composition, season and species co-

occurrence brings the difference in bird species assemblage. JJCR is an important 

foraging and resting habitat for migratory and resident birds. Our study highlights the 

role of habitat variables in determining bird composition. Retention of old-growth 

forest stands better conserves birds. The indicator species and feeding guild should 

be included in the management plan as it helps in maintaining functionally diverse 

bird assemblages in any landscape. It is important to understand how species use 

resources and their co-occurrence pattern for effective management strategies. Even 

though the present study area is protected as a conservation reserve still some threat 

persists such as logging lopping, livestock grazing etc. which might affect the bird 

community in the long run. For long-term management of this Conservation Reserve, 

proper management plan and regulation is needed. 
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CHAPTER 1 

INTRODUCTION 

 

 “If you take care of birds, you take care of most of the big problems in the world.”  

-Thomas E. Lovejoy 

1.1. Birds community 

 

Birds act as an effective tool to connect people to biodiversity and its conservation 

(Cox and Gaston, 2015). They are essential ecosystem service providers (Garcia et 

al., 2010; Donazar et al., 2016; Gaston et al., 2018). They are extremely mobile, wide 

ranging and live in almost every type of environment and are vulnerable to various 

disturbances. They are barometers of environmental change (Villiers, 2009; 

Mekonen, 2017) and are considered as good indicators of environmental quality as 

they relate to changes in various habitat features (Vallecillo, 2016). Bird community 

has been considered as a better predictor of habitat quality and health than a single 

species. Bird community has been defined as individual suites of species co-

occurring on the landscape at a given time (Wiens, 1989a; Wiens, 1989 b).  

One of the central themes in ecological research is understanding the organization of 

ecological community (Simberloff, 2004). The number of species in any local 

assemblage is an important index of community structure (Gotelli and Colwell, 

2011). Community ecology is concerned with identifying the patterns that 

characterize natural assemblages of species, understanding what has caused these 

patterns, and determining how general they are (Mohan, 1997). Community ecology 



2 
 

has concentrated on determining patterns in species associations and distributions 

and identifying processes that lead to these patterns and species co-existence 

(Lewinsohn and Prado, 2006), the occurrence, co-occurrence and interactions of 

species with their measurable environment (Wiens, 1989 a; Wiens, 1989 b; Mc Cune 

and Grace, 2002). Birds have been especially popular with ecologists investigating 

communities, perhaps because birds are largely diurnal and often conspicuous, their 

behaviour can be documented with relative ease and their distribution, natural history 

and systematics are generally well known (Wiens, 1989). Studies on bird 

communities have emerged as a major area of research in community ecology. 

Bird community ecology studies can be categorized into two major priorities i.e. (i) 

pattern (ii) processes (Wiens, 1989). Pattern characterises the natural assemblage of 

species, structure and organisation of communities, species diversity pattern and bird 

habitat association. Processes include interaction within communities such as co-

occurrence, competition and factors operating in habitat selection by particular taxa. 

Jayapal (1997) stated that pattern is the effect and process is the cause. 

Understanding the relationship of birds with habitat provides insights into habitat 

use, which contributes in the conservation of species. 

1.2. Habitat 

 

Habitat is described as a set of environmental factors which a species needs for 

survival and reproduction. All organisms use habitat that varies over scale and time. 

Space and time are defined through hierarchy behaviours such as foraging (patch), 

dispersal (habitat) and migration (landscape). Bird community patterns result from 
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species composition and distribution across spatial and temporal gradients (Robinson 

et al., 2000). 

1.3. Features of habitat  

Based on type of sites, habitat has been described as follows: 

Feeding sites: Feeding site can be used as a descriptor for habitat for certain bird 

species. Species sharing same habitat feed in different sites. For example, many duck 

species breeding on Lake Myvatn, northern Iceland had distinct foraging sites 

(Bengtson, 1971). 

Perch sites: Another important descriptor is perching site as perch sites might be 

quite specific for some birds. For instance, Ferruginous Hawks used lower fence 

posts while Golden Eagles used the highest perch sites (Collins, 1981). 

Nest sites: Many bird species have specific nest-site requirements. The nests of 

Warbling Vireos were opened to the eastern sky and not to the western sky 

(Walsberg, 1981). 

Roosting sites: The roosting sites are judiciously selected which can enhance their 

survival and reduce predation risks. Starlings select winter roosts where the night 

time temperature is higher (Yom-Tov et al., 1977). 

Social Environment: Both intra and interspecific competition influence habitat 

selection. American Redstarts show intraspecific competition in habitat selection. 

Adult plumage birds nest in deciduous forests while first-year birds often nest in 

coniferous forests (Ficken and Ficken, 1967). Interspecific competition was found 

between Parula warblers and Golden–crowned Kinglet. Parula Warblers foraged 

heavily in the tips of spruce foliage. They were found to forage regularly through the 
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interior of the spruce forests if the islands are not occupied by Golden-crowned 

Kinglet (Morse, 1967). 

 

1.4. Factors responsible for habitat selection 

 

Habitat selection of birds is one of the foremost steps to understand the complexity 

of their community. Habitat selection is the preference of a particular habitat among 

various habitats. It is a universal activity and behavioural response which results in 

disproportionate use of habitat influencing survival of individuals. It involves a series 

of choices such as general habitat selection, territory selection and nest site selection 

(Morris, 2017). It might be learned or genetic. It may vary from season to season for 

individuals or species (Cody, 1985). Different habitat selection helps species to 

coexist. After general habitat selection, territory acquisition occurs. Some birds select 

a new territory each year while some return to the same territory each year. After that 

a bird specifically selects a site within its territory to build a nest. The bird then 

protects it from predators and various other abiotic factors (Cody, 1985).  

Some factors influencing habitat selection are habitat heterogeneity, vegetation 

structure, vegetation composition (Terborgh, 1985), competition and productivity 

(Cody, 1981), intraspecific attraction (Hunter et al., 2017), food availability. Habitat 

heterogeneity helps in maintaining high bird diversity (Ahmed, 2019; Sultana et al., 

2021). The bird species assemblage and abundance of species in a community 

depends on physiognomic and floristic composition of the forest vegetation (Cody, 

1985; Rotenberry, 1985; Cody, 1981; Terborgh et al., 1990; Weins, 1992; Morrison 

et al., 1992; Block and Brennan, 1993). A major role is also played by seasonality in 
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determining the abundance and distribution of birds (Girma et al., 2017). Birds are 

also affected by landscape structure (Karr and Freemark, 1983; Pulliam and 

Danielson; 1991; Petit and Petit, 1996) and human-altered landscapes (Thiollay, 

1995; Davis et al., 2000; Gardner et al., 2009; Clough et al., 2009; Larsen et al., 

2012).  

1.5. Literature review 

 

Studies on structure and organization of local avian assemblages have been a major 

area of research in community ecology since David Lack and Robert MacArthur’s 

works in mid twentieth century (Wiens, 1989).  Mac Arthur’s work on ‘Bird species 

Diversity’ (1961) was the pioneer work on bird community. It established the 

relationship between bird diversity and foliage density. Some of the studies on 

community which started thereafter in different biogeographical regions namely 

Nearctic (Cody, 1968; Karr and Roth, 1971; Willson, 1974; Franzreb and Ohmart, 

1978; Stiles, 1978; Stauffer and Best, 1980; Beedy, 1981; Wiens, 1981;  James and 

Rathbun, 1981; Blake and Karr, 1984; Howe, 1984; Monkkonen, 1994; Canterburry, 

2000; Stephens et al., 2016), Neotropical (Cody, 1968; Pearson, 1971; Erard, 1989; 

Aleixo,1999; Karr et al., 1990; Blake, 2007), Australasia (Bell, 1982; Howe, 1984; 

Watson et al., 2005; Neate-Clegg et al., 2016), Oriental realm (Ali, 1979; Robin et 

al., 2015; Romanov et al., 2016),  Palaearctic region (Ali, 1979; Chhettri et al., 2001; 

Chhettri et al., 2005; Acharya et al., 2010; Price et al., 2014; Erdelen, 1984; 

Monkkonen, 1994; Ozkan et al., 2013; Stephens et al., 2016), Afrotropical (Lack, 

1987; Erard, 1989; Sekercioglu, 2002; Waltert et al., 2005; Romdal and Rahbek, 

2009). 
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Particular birds are associated with particular habitats (Brawn et al., 2001; Seymour 

and Simmons, 2008) and thus respond to changing habitat conditions (Siriwardena et 

al., 1998: Krebs et al., 1999). The composition of avian assemblages and how habitat 

features influence them has been one of the most common matter of investigation in 

community ecology (Jayapal et al., 2009). It is important to understand how different 

bird species select different habitats. There are few avifaunal studies from adjoining 

landscapes of Jhilmil Jheel Conservation Reserve. Pandey et al. (1994) have worked 

on birds of Rajaji National Park. Das et al. (2011) have studied on the vultures of 

RajajiTiger Reserve. Response of migrant and resident bird communities to 

anthropogenic disturbances in Shiwalik landscape, Uttarakhand was assessed by 

Kaushik et al. (2012). Mohan (1997) has worked on the birds of New Forest campus, 

Dehradun. Birds of Asan wetland were compiled by Mohan et al. (2016). Balodi et 

al. (2018) and Ahmed et al. (2019) studied the diversity, status and distribution of 

avifauna in Ramnagar, Uttarakhand. 

Habitat-selection studies form an important part in conservation planning. There are 

several studies done on habitat selection of mammals including habitat selection of 

grizzly bear in the central Canadian Arctic by Mcloughlin et al. (2002, 2004), habitat 

selection of Giant Panda in Foping Nature Reserve in China (Liu et al., 2005). There 

are numerous studies done on the resource selection function of insects including a 

study on ten cricket species which showed 100% selection for a particular 

microhabitat highlighting the importance of preserving all the components of forest 

structure of an evergreen forest of Kudremukh National Park (Jain and Balakrishna, 

2011). Joern (1982) found that the pattern in microhabitat use depends on biotic 

interaction in the grasshoppers in Western Texas. Habitat selection study on wood 
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turtles showed that they selected forest edges to maintain thermoregularity and 

feeding needs (Compton et al., 2002). Numerous studies have examined the 

relationships between bird species diversity and habitat features such as vegetation 

structure and composition (Cody, 1985; Rotenberry, 1985; Cody, 1981; Terborgh et 

al., 1990; Weins, 1992; Morrison et al., 1992; Block and Bremen, 1993) and 

heterogeneity (MacArthur and MacArthur, 1961; Willson, 1974; James and Wamer, 

1982; Terborgh, 1985; Mills et al., 1991; Germaine et al., 1998; Haney and Lydic, 

1999; Sekercioglu, 2002; Shirley, 2004) . Most of the habitat selection based studies 

are focussed on birds. A study was conducted on the microhabitat selection of 

breeding little Bustards in Central Spain, which emphasised on management 

measures addressing management measures irrespective of landscape composition 

(Morales et al., 2008). Prothonotary warblers preferred flooded woodland than dried 

bottomland due to the availability of natural nest sites and feeding needs (Petit and 

Petit, 1996). 

Environmental heterogeneity is considered one of the prime factors determining 

species diversity (Tilman and Pacala, 1993; Chase and Leibold, 2009). MacArthur 

and Wilson (1967), Rosenzweig (1995) and Tews et al. (2004) suggested that habitat 

heterogeneity could be the most important factor that shapes species–area 

relationships. Habitat Heterogeneity theory was developed initially by MacArthur 

and MacArthur (1961). It states that increase in habitat types leades to an increase in 

species diversity. Habitat heterogeneity enhances diversity when habitats are large 

enough to support distinct populations. Presence of many habitats leads to presence 

of many specialists which have distinct habitat preferences. Small-sized habitats and 

fragmentations might lead to competition among the generalists. Small habitats 
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might also increase quality of the matrix by providing predator free space and 

complementary resources (Cramer and Willing, 2002). Heterogeneity provides 

broader niche space and thus supports more biodiversity. The edges between 

different habitats and favours species co-existence (Hamm and Drossel, 2017). More 

heterogeneous environment increases the effective species pool by providing more 

suitable conditions for many species having different ecological requirements 

(Allouche et al., 2012). This is an essential element of niche-based theories of 

species diversity and forms the basis of community ecology (Hutchinson, 1957; 

Chase and Leibold, 2009).  

There are numerous literature available on bird habitat association in different 

habitats. It has been described as follows: 

Grassland: There are various studies on grassland bird communities all over the 

world (Glover, 1969; Wiens, 1973; Caccamise et al., 1996). Little work has been 

done on the avifauna of subtropical grasslands in north India and in lowland Nepal 

(Baral, 2001). In Nepal the fertile areas of Terai are densely populated and have been 

converted to agricultural fields (Gurung, 1983). Studies by Dubey et al. (2015) on 

avian diversity in the Jaldapara national park, West Bengal, India and Baral and 

Inskipp (2009) on the birds of Sukla Phanta Wildlife Reserve, Nepal states that such 

grasslands are important refuge for many grassland birds. Clearance of tall 

grasslands, harvesting of grasses before they seed out and increasing livestock 

population has caused decline in the number of Finn’s Weaver (Ploceus 

megarhynchus) at various places. In Nepal, Bengal Florican (Houbaropsis 

bengalensis) showed less preference for grasslands close to human settlements due to 
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increased disturbance by cattle grazing (Baral et al., 2003). Encroachment by trees 

and shrubs in the grassland poses a major threat to the long-term existence of the 

main Sukla Phanta grasslands and the birds which depend on it (Baral et al., 2003; 

Inskipp and Inskipp, 1983 and Poudyal et al., 2008a). Population status and habitat 

ecology of Bristled Grassbird (Chaetornis striata) in Chitwan National Park, central 

Nepal was carried out by Singh and Buckingham (2019). They found that Bristled 

Grassbird avoided heavily grazed grasslands. Sachharum spontaneum grasslands 

along river courses was preferred by Bristled Grassbird (Baral, 2001; Singh and 

Buckingham, 2015). He raised the concern that loss of grasslands to scrub in 

lowlands of grasslands might be a major threat to Bristled Grassbird. Bristled 

Grassbird prefer densely vegetated medium to tall grasslands in dry and moist areas 

(Singh and Buckingham, 2019). Its population is declining because of the loss and 

degradation of grasslands and conversion of grasslands to agriculture (BirdLife 

International, 2015). Javed and Rahmani (1998) have worked on the conservation of 

avifauna in Dudhwa National Park, Uttar Pradesh which is a terai grassland and 

studied the impact of annual grassland burning and other management practices. 

Scrub forest: Scrub forests are few isolated shrubs or young trees or dense thickets 

or it can be natural part of other habitats such as grassland (Mali et al., 2017). Scrub 

is one of the important forest habitats. In India, few studies have been carried out on 

scrubland bird species (Gandhi, 1986; 2006; Johnsingh et al., 1987; Santharam, 

1989). Shahabuddin and Kumar (2007) worked on how rural biomass extraction can 

alter vegetation structure which had a significant effect on bird species composition 

of tropical scrub forest.  
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Riverine habitat: Riverine forest is an area where there is an interface of land and 

river. Landscape perspective of streams and rivers i.e. riverscape, has emerged in 

recent years (Malard et al., 2000). Riverine habitat has a wide range of flora and 

fauna (Ward et al., 2002; Amitha Bachan, 2003; Capon et al., 2016). The key factors 

for integrative understanding of riverscape are the abundance, distribution and 

structure of riverine bird communities (Sullivan et al., 2007). Sinha et al. (2019) have 

worked on bird diversity along riverine areas in Bhagirathi Valley which is one of 

the headwaters of the River Ganges. Bashir et al. (2012) prepared an inventory of 

bird species on the banks of Upper Ganges between Bijnor and Narora barrage in 

Uttar Pradesh. Dey et al. (2014) have reported major threats to bird conservation in 

the Vikramshila Gangetic Dolphin Sanctuary which is an IBA and lies in the eastern 

Gangetic plain. Mishra et al. (2016) have worked on the population structure of 

waders of River Ganges in Rae Baraeli, Uttar Pradesh. Ghosh (2021) has worked on 

the avian diversity in different habitats of Gangetic plains in West Bengal. Riverine 

forests are facing deforestation due to their conversion to agricultural fields and 

human habitation (Fernandez-Juricic, 2004). 

Mixed deciduous forest: Jayapal et al. (2009) emphasized the importance of forest 

structure versus floristics in the composition of avian assemblages in tropical 

deciduous forests of Central Highlands, India. Jayson et al. (2003) have worked on 

vertical stratification and its relation to foliage in tropical forest birds in Western 

Ghats (India) and Kellner (2018) has worked on local-scale habitat components 

driving bird abundance in eastern North American deciduous forests.  
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Agriculture fields: The majority of land in tropical and subtropical regions is used 

for agriculture. There have been studies of avian diversity in agricultural landscapes 

in different parts of India. Agricultural fields have been studied for their bird 

composition and diversity in Punjab (Malhi, 2006), Karnataka (Basavarajappa, 

2006), Maharashtra (Abdar, 2014), West Bengal (Hossain and Aditya, 2016), 

Uttarakhand (Elsen et al., 2016), Odisha (Mukhopadhyay and Mazumdar, 2017), 

Telangana (Narayana et al., 2019) and Haryana (Kumar and Sahu, 2020). Agriculture 

has led to over 80% of forest loss globally (FAO, 2010). Agricultural intensification 

is considered a potential threat to the bird population throughout the developed and 

developing world (Green et al., 2005). Increased use of fertilizer and pesticide can 

have deleterious effects on the avian assemblage of agro-ecosystem (Redhead et al., 

2018; Dhindsa et al, 1986). It has also been reported that commercial sugarcane 

plantations favour generalist species while it does not support specialists (Hurst et 

al., 2013; Reynolds et al., 2018; Smith et al., 2015). Some studies state that 

agricultural landscapes act as refugia and primary habitat for various species (Ghosh 

et al., 2021). Properly managed agriculture fields (Rodrigues et al., 2013) and the 

heterogeneous agricultural landscapes can promote high bird diversity (e.g., Petit et 

al., 1999; Benton et al., 2003; Bennett et al., 2006; Fahrig et al., 2011). Perfecto and 

Vandermeer (2008) and Schroth (2004) have also demonstrated the potential of 

diverse agricultural areas in supporting biological diversity. Norris (2008) stated that 

agricultural lands can serve as safe corridors for the dispersal of wildlife between 

patches. There are studies which state how agriculture fields containing both native 

and exotic agroforestry trees are beneficial for birds as they provide food to birds 

(Dhindsa, 1994). Managed agricultural areas are equally important as the forest 
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patches they surround (Perfecto and Vandermeer, 2002). Agricultural lands having 

native tree cover have conservation value (Harvey et al., 2008) as it provides 

structural heterogeneity while providing habitat and resources for native fauna 

species (Fahrig et al., 2015).  

Plantation: Eucalyptus plantations are widely used in temperate, tropical, and 

subtropical regions (Richardson and Rejmanek, 2011) because of their fast growth 

rate, wide adaptability and profitability for paper production (Turnbull, 1999). There 

are various studies on the association between birds and plantations. The study also 

stated that both bird species richness and herbs were lower in eucalyptus plantation 

as compared to native forest and conservation of native forest patches should be the 

priority. In a study in NW Portugal forest plant richness, diversity and evenness was 

higher in the oak forest than eucalyptus forest, and also reported higher bird species 

richness and diversity in oak and pine forest as compared to eucalypt plantation 

(Proenca et al., 2010). Most of the bird species in the plantation area belonged to 

non-forest habitats while forest-associated species were more in secondary forest. 

Eucalyptus plantations have a lower species diversity of plants (Barlow et al., 2007; 

Proença et al., 2010). In Cerrado (vast ecoregion of tropical savanna in eastern 

Brazil), the number of bird species was higher than eucalyptus plantation because of 

lower undergrowth cover in plantations. Eucalyptus monocultures which are non-

native tree plantations can replace native vegetation, makes the forest homogeneous 

and thus can extinguish local species, alter the regional water resources and diminish 

soil fertility (Marsden et al., 2001; Borsboom et al., 2002; Kanowski et al., 2005; 

Carnus et al., 2006; Valduga et al., 2016; Bayle, 2019). As plantations are generally 
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man-made habitats, it takes many years for a stable bird community to establish. The 

study done by (Baldiviezo et al., 2021) showed that the species composition and the 

importance of the species for the interaction network were similar between native 

forest and the eucalyptus plantation. This was attributed to lack of anthropogenic 

activities, well-developed understory, and presence of native surrounding vegetation. 

The teak plantations were very homogenous habitats and supported a considerable 

proportion of the local avian species fauna (Daniel, 1989). There are also few studies 

on the preference of bird species for the Eucalyptus plantation. A study on the bird 

community in a natural secondary forest and Lophostemon confertus plantation in 

Hong Kong, South China found that there were more bird species in the plantation as 

compared to secondary forest (Kwok and Corlett, 2000). Species richness of forest-

dependent bird species was more in forest site, but their abundance was higher in 

eucalyptus plantation (John and Kabigumila, 2011). The proper management of 

eucalyptus plantations through the retention of undergrowth provides hospitable 

habitat for birds. 

Besides the different habitats, the microhabitats also play a major role in structuring 

bird assemblage. The significance of vertical strata (microhabitats) and the 

segregation of birds based on these strata has largely remained unexplored or poorly 

understood (Pearson, 1971; Jayson and Mathew, 2003; Zozaya et al., 2011). To 

support management of conservation areas, research on bird stratification is needed 

(Acharya and Vijayan, 2017). Various studies on which stratification has been 

investigated are insects (Adams, 1941; Bates, 1944; Haddow et al., 1964), mammals 

(Harrison, 1962; Napier, 1966; Titchenell et al., 2011), birds (Dilger, 1956; 
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Moynihan, 1962; Kendeigh, 1947; Dunlavy, 1935; Colquhoun and Morley, 1943; 

Hartley, 1953; Slud, 1960; Kati et al., 2009). The diversity of bird populations serves 

as a strong indicator of the overall health of an ecosystem (Dendup et al., 2021). 

Monitoring indicators is assessing sustainability for forest management. Roberge and 

Angelstam (2006) emphasized that the indicator species approach should constitute 

one of many complementary tools for conservation management. Niemi et al. (1997) 

gave a critical analysis on the use of indicator species in management. Various taxa 

have been used as indicator species such as plants and fungi (Ferris and Humphrey, 

1999; Hansson, 2001), insects (Bonebrake et al., 2010; Ohsawa, 2010; Scalercio et 

al., 2009; Uys et al., 2010; Brereton, 2009; Lomov et al., 2006), mammals (Mathur et 

al., 2011; Upamanyu and Uniyal, 2008), birds (Mohan, 2007; Hayes et al., 2020). A 

cross regional evaluation on the indicator species among resident forest birds in 

northern Europe was done by Roberge and Angelstam (2006). Kremen (1992) 

assessed the indicator properties of species assemblages for monitoring natural areas. 

Sinamora et al. (2021) worked on determining indicator bird species in the context of 

forest fragmentation and isolation in West Kalimantan. It is important to identify the 

indicator species in heterogeneous habitats to monitor the staus of each habitat. 

Heterogeneous environment enhances species richness and helps in species co-

existence because of the availability of more partitionable niches (Terborgh, 1977; 

Palmer, 1994; Vivian-Smith, 1997). The presence of birds in a habitat is also affected 

by its association with other birds. Bird co-occurrence pattern can provide a 

framework for understanding the complexity of co-occurrence patterns and can 

improve bird conservation (Kim et al., 2017). Co-occurrence data defines the 
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diversity of habitats or species niche width (Fridley, 2007; Pannek, 2016). Oberrath 

and Böhning-Gaese (1999) and Webb et al. (2002) worked on the spatial co-

occurrence for both resident and migratory birds. Fournier et al. (2016) have worked 

on the co-occurrence of orthopteran and plant species in grasslands. Fanfarillo et al. 

(2020) have worked on co-occurrence patterns of rare and threatened species in 

winter arable plant communities of Italy. They mentioned that generalist show co-

occurrence with many species and show similar co-occurrence pattern. Specialists 

show co-occurrence with few species. Network analysis for showing various 

interactions has been done by Montoya-Arango et al., 2019; Kim et al., 2017; Elo et 

al., 2021; Fournier et al., 2016; Bascompte and Jordano, 2007; Devi et al., 2022). 

Network has been used in food webs (Cohen, 1978; Cohen et al., 1990; May, 1973; 

Pimm, 1982). Network analysis has been used to assess the bird occurrence pattern 

for 10, 422 bird inventories from several countries (Kim et al., 2017). 

The assessment of avian habitat preferences and foraging guilds are vital for 

analysing their response to changing habitat (Lawton et al., 1998) and conservation 

policy (Jankowski et al., 2013). The guild concept (Grinnel, 1917; Root, 1967) has 

been helpful in understanding the bird communities as bird guilds are indicators of 

ecological conditions (O'Connell et al., 2000). The concept of guild has been widely 

discussed in animals and extensively studied in birds (Blaum et al., 2011; Sabo and 

Holmes, 1983; Recher et al., 1985; Chettri et al., 2005; Perez-Crespo et al., 2013; 

González-Salazar et al., 2014; Koli, 2014; Mukhopadhyay, 2019). Numerous studies 

suggested that avian community structure is closely associated with habitat structure 

(Mac Arthur and Mac Arthur, 1961; MacArthur, 1964; Karr, 1968; Karr and Roth, 
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1971; Røv, 1975; Holmes et al., 1979; Menon et al., 2019; Ahmed et al., 2022). 

There are various studies which state that the extraction of fuelwood, grazing causes 

changes in the landscape (Chhetri et al., 2005; Singh, 2000; Kaushik et al., 2012; 

Shahabuddin et al., 2006; Menon et al., 2019) and alters the habitat structure (Martin 

and Possingham, 2005) and such alteration also affects the bird community. 

Livestock encroachments also influences bird community (Mengesha et al., 2011) 

and herbivory and disturbances are the major factors driving the dissimilarities in 

species composition within a forest community (Dasgupta et al., 2022). 

There are several works done stating the significance of different habitats for birds, 

the threats and the recommendations for habitat management. People are encouraged 

to plant trees in grazed grasslands as a step towards reforestation but such activities 

reduce grassland area as trees outcompete grasses growing over there (Baral and 

Inskipp, 2009). Singh and Buckingham (2015) stated the need for a strategic 

conservation plan which includes grassland-dependent species in Terai grasslands 

including the needs of Bristled Grassbird. Scrubland has yet to be given attention for 

bird studies. Scattered scrub in open sites is often very significant for nest sites and 

song-posts (Malcome, 2007). River corridors provide important habitats for birds 

such as riparian, waterbird and upland birds (Sullivan et al., 2007). Bryce et al. 

(2002) stated that riparian obligate birds are expected to respond to changes in the 

surrounding habitats of stream corridor before aquatic organisms. Sullivan et al. 

(2007) proposed that to maintain diverse and abundant bird assemblage there should 

be intact channel geometry, active floodplains, high-quality aquatic habitat and 

natural flow regimes which enhances hydrological connectivity across the river 

https://onlinelibrary.wiley.com/doi/full/10.1002/ece3.2926#ece32926-bib-0024
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corridor. He also specified that the mixture of forested and non-forested riparian 

vegetation is important for riverine bird communities. Robertson (1931) stated that 

different bird species have used Eucalyptus trees for shelter, nesting, feeding on the 

flower, nectar of the flower and seeds. It has been found to provide perches and roost 

sites for raptors as well. John and Kabigumila (2007) assessed the conservation value 

of eucalyptus plantations for local avifauna. The older plantations have a greater 

diversity of birds and a more stable community structure than the younger 

monocultures (Daniels, 1989; Mehta, 1998; Trivedi, 2006). They recommended the 

proper management of eucalyptus plantations through retaining undergrowth to 

provide hospitable habitat for birds. The surrounding matrix near wildlife habitats is 

also significant (Deikumah et al., 2014; Kennedy et al., 2010; Ruiz-Guerra et al., 

2012) as it can be a major source of feeding and breeding for wildlife 

(Antongiovanni and Metzger, 2005) and it provides corridor for movement of 

wildlife between habitats (Devictor and Jiguet, 2007). The surrounding agroforest 

supports wildlife occurrence and movement (Karanth et al., 2016).  JJCR is 

surrounded by agricultural fields and human-modified landscape and has high 

dependency of local people (Tewari and Rawat, 2013). High dependency and 

agricultural expansion creates a need for management to conserve biodiversity. One 

way to manage this could be retaining substantial tree cover within the surrounding 

agricultural areas, which is known to increase assemblage similarity between forests 

and agricultural habitats by increasing the vegetation structural complexity (Rocha et 

al., 2015). Therefore, it is essential to understand the impact of changes in the matrix 

on the wildlife as many small protected areas in India house many wildlife species 
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and these PAs are embedded in a matrix of agroforestry landscape (Bhagwat et al., 

2005; Robbins et al., 2015).  

Small forest patches are potential biodiversity islets and might deliver several crucial 

ecosystem services (Decocq et al., 2016). Gibbon Wildlife Sanctuary named after 

Hoolock Gibbon which covers an area of (20.98km
2
) in Assam, is small, but it has 

old-growth rainforest and seven species of primates. Small National Parks such as 

Phawngpui Blue Mountain in Mizoram (55 km
2
) and Keibul-Lamjao in Manipur 

(39km
2
) have more than 300 breeding bird species (Ghosh, 2019). There are various 

adverse effects of small, stand-alone areas as it has resulted in increased human-

elephant conflicts (Baskaran et al., 2013), reduced gene flow among populations of 

tigers (Natesh et al., 2017) and forest understory birds (Robin et al., 2015), and 

altered species composition in mixed foraging bird flocks (Sridhar and Sankar, 

2008). Based on global studies, estimates of bird species loss suggest that isolated 

tropical fragments 10 km
2
 in area will lose their first species within 7 years, while 

one the size of 500 km
2
 will lose its first species within 40 years (Newmark et al., 

2017). Connecting smaller protected forests to larger ones can ensure the movement 

of animals so that there is an exchange of genetic material, which will ensure long-

term sustainability of the populations (Ghosh, 2019). 

1.6. Research gaps 

 

Based on the literature review, the following research gaps have been identified: 

 Absence of detailed investigation on the bird community structure in JJCR. 

 Inadequate information on the seasonal flux of the bird species diversity and 

abundance in different habitats.  

https://www.sciencedirect.com/science/article/pii/S0006320719302927#bb0030
https://www.sciencedirect.com/science/article/pii/S0006320719302927#bb0355
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/understory
https://www.sciencedirect.com/science/article/pii/S0006320719302927#bb0490
https://www.sciencedirect.com/science/article/pii/S0006320719302927#bb0540
https://www.sciencedirect.com/science/article/pii/S0006320719302927#bb0540
https://www.sciencedirect.com/science/article/pii/S0006320719302927#bb0375
https://www.sciencedirect.com/science/article/pii/S0006320719302927#bb0375
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 Most of the previous works on bird community structure have been in large 

sized protected areas. The need for such knowledge in small protected areas 

which is more vulnerable to various threats has been addressed in this study. 

 Habitat heterogeneity hypothesis have been less explored in small-sized 

forests. 

 Very few studies have been conducted on ‘process’ of bird community and 

there is little work on the co-occurrence pattern of birds in different seasons 

and the network complexity of birds’ community in different habitats 

especially in Indian context. This work focusses on both ‘process’ and 

‘pattern’ of bird community structure.  

 The indicator bird species of various habitat types have not been explored 

thoroughly. 

 The feeding guild structure of bird community has not been well studied in a 

small-sized PA.  

 1.7. Rationale for the study 

 

After literature review, it was observed that there have been various studies on birds 

and their community structure (surrogate for biodiversity) but there is a need for 

avian community studies especially in small forest areas which is more vulnerable to 

various threats. So, the present study was initiated to investigate the habitat selection 

of birds in Jhilmil Jheel Conservation Reserve. As Jhilmil Jheel Conservation 

Reserve (hereafter JJCR), a small sized PA lies at the interface of agriculture fields 

and forests in Haridwar, Uttarakhand, it is important to understand the birds which 

thrive in such conditions.  It is also a mosaic of habitat types and therefore it provides 
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an optimum condition to assess the responses of birds to heterogeneity. Moreover, 

there are not many studies in this landscape that have analyzed the response of faunal 

communities to the disturbances. So, the present study is really important in the 

current scenario of human encroachment, agriculture expansion and forest loss. So, I 

have documented the birds’ community structure, distribution pattern of birds and 

their association with different habitats and vegetation features in JJCR. Considering 

this, the current study was undertaken to see as to how avian species are influenced 

by the habitat heterogeneity and anthropogenic disturbances, so that conservation 

measures can be suggested to ensure better management. 

1.8. Objectives 

1. To document the avian community structure  

2. To study the bird-habitat association with a view to document habitat selection  

3. To assess the resource selection function of birds in different habitats 

4. To document the bird co-occurrence in different habitats  

5. To study the feeding guild structure of bird assemblage 

1.9. Organization of thesis 

This thesis is organised into eight chapters. The first two chapters are introductory. 

Third, fourth, fifth, sixth and seventh are technical. The last chapter i.e. eighth, has 

concluding remarks and proposes recommendations for habitat restoration of JJCR. 

The first chapter deals with the introduction of the research work. It gives a general 

description of the bird community, the concept of habitat, features and habitat 

selection. Review of literature on bird habitat association is also provided here. It 
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discusses different factors responsible for habitat selection by birds, emphasizing on 

habitat heterogeneity. The second chapter is about the description of the study area 

and study design. It describes the geographical features of the area, flora and fauna of 

JJCR, mainly focussing on the bird community. It also describes the study design of 

the research work. The third chapter provides description of the overall avian 

community structure of JJCR. It describes about the spatial and temporal pattern of 

avian community structure in JJCR. It contains description of seasonal variation in 

bird richness in different habitats. The fourth chapter is about the bird-habitat 

association. This chapter identifies the bird species influencing the differences in bird 

species composition in different habitats. It also discusses the influence of habitat 

physiognomy and composition on the bird composition. The fifth chapter is about 

the quantitative description of the habitat selection function using resource selection 

function index. This chapter also documents the general pattern of bird assemblage in 

different microhabitats of JJCR and explores the potential indicator bird species in 

different habitats. It emphasizes the knowledge of the dynamics of indicator species 

and its use in monitoring habitat and forest status and improve management and 

conservation strategies. The sixth chapter is about the co-occurrence pattern of bird 

species in summer and winter seasons. It discusses the birds which have positive and 

negative co-occurrence. It also emphasizes on network complexity of bird 

communities in different habitats. The seventh chapter is about the feeding guild 

structure of Jhilmil Jheel Conservation Reserve. It documents the various feeding 

guilds in JJCR and discusses about difference in bird guild composition in different 

habitats and seasons. The relationship between vegetation parameters and different 

feeding guilds of birds has also been documented. The last chapter i.e. the eighth 
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chapter is about the conclusion of the research work and focusses on conservation 

and management recommendations for Jhilmil Jheel Conservation Reserve.  

(The scientific names of all the birds have been mentioned in the appendix)
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CHAPTER 2 

STUDY AREA AND STUDY DESIGN 

 

2.1. Overview 

 

Jhilmil Jheel Conservation Reserve (hereafter JJCR) came into the limelight after the 

discovery of a small population of Swamp Deer and it was declared as a 

Conservation Reserve in 2005. It is among the first Conservation Reserves of India. 

JJCR lies at the junction of Terai–arc landscape, Shivalik landscape and upper 

Gangetic plains representing a very unique and species-rich ecosystem.  

Terai-arc landscape stretches from Yamuna river in the west to Valmiki Tiger 

Reserve, Bihar in the east (Johnsingh et al., 2004) and runs parallel to Himalayan 

foothills and covers Shivalik hills, Bhabar tract and Terai plains (Rodgers and 

Panwar, 1988). Known for its fine alluvium and high water table, the Terai is 

characterized by hygrophilous grasslands and Tropical Moist Deciduous forests 

(Champion and Seth, 1968). Terai lies south of the Bhabar tract, which is south of the 

foothills of the Himalayas. JJCR is a remnant Terai habitat in the westernmost part of 

Terai landscape in India. 

The Shivalik, also known as Sub-Himalaya, is a system of raised ridges formed from 

the debris brought down from the main Himalaya. They run along the base of 

Himalaya. It ranges from 200-1000 m above mean sea level and is extremely fragile. 

This landscape has high ecological significance due to the intermingling of taxa from 

the two biogeographic regions, viz. the Himalayas and the Upper Gangetic Plains 

(Johnsingh et al., 2004). The conservation area is also based at the junction of the 



24 
 

Bhabhar and Terai formations extending up to the Ganga (Nandy et al., 2012), 

characterized by deep sandy loam soils consisting of coarse sand and stones in 

shallow patches. The Jheel area drains directly into the Ganga (Nandy et al., 2012). 

2.2 Location 

 

Jhilmil Jheel Conservation Reserve (N 29
0
 32’ to 29

0
50’ and E 78

0   
to 78

0
15’) lies in 

Rasiyabaad Forest Reserve, Haridwar Forest Division, Uttarakhand, India (Figure 

2.1a, b). It lies in the buffer area of Rajaji National Park. It covers 3782.50 ha of 

Reserve Forest and an altitude varying from 200 to 250 meters above mean sea level 

(Sinha et al., 2011). It is surrounded by Chiriyapur Forest Range on the east and 

southern side, Shyampur range on northern side and Lakshar range on the western 

side. It is located between Haridwar–Najibabad Highway (NH 74). Jhilmil Jheel is a 

saucer-shaped wetland on the left bank of river Ganga (Sinha et al., 2011) and lies at 

the core of Rasiyabaad forest range and. The Conservation Reserve includes three 

forest blocks (Table 2.1 and Figure 2.2).  
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Figure 2.1. (a) Location of Jhilmil Conservation Reserve (Haridwar), Uttarakhand 

(b) Google earth image of surrounding matrix of Jhilmil Jheel Conservation Reserve

 

b 
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Figure 2.2. Different blocks of JJCR (Source: Nandy et al., 2012) 
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Table 2.1. Details of the area coverage of different compartments of the blocks of 

JJCR (source: (Sinha et al., 2011) 

Block Compartment Area (ha) 

Nalowala 3 450.90 

 4 151.90 

 5 262.60 

 6 201.30 

 7-a 339.50 

 7-b 216.10 

 8-a 87.00 

 8-b 148.00 

 9-a 163.80 

 9-b 102.00 

 10-a 259.00 

 10-b 148.60 

 Total 2530.70 

Amsot 1-a 337.40 

 1-b 493.20 

 Total 830.60 

Ganga 1-a 16.40 

 1-b 405.80 

 Total 422.20 

Total  3783.50 

 

2.3. Geographical extent 

 

As per the notification, the Jhilmil Jheel Conservation Reserve has the following 

boundaries: 
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North: It extends from the junction of Pili River and Haridwar-Najibabad highway, 

along its southern boundary, up to the junction of this highway and Rawasan river in 

Nalowala Compartment no.8a. 

East: It extends from Nalowala compartment no.8a and 8b up to the point where 

Nalowala compartment no.8a, 8b and 9b meets in the mid of Rawasan river. 

South: The southern boundary starts from the meeting point of Nalowala 

compartment 8a and 9b in Rawasan river and then passes along the southern 

boundary of Amsot Compartment no. 1a and 1 b to join the Nalowala 10a and then 

continues along the western boundary of Nalowala 10a and 10b and then turns west 

along the southern boundary of Nalowala 7a till the Ganges river. The boundary then 

turns south along the western margin of Tantwala village up to the eastern boundary 

of Ganga 1a and then encircles Ganga compartment no 1b to end at the junction of 

Ganga 1b, Ganga 1a and Tantwala Village. 

West: It extends from the meeting point of Ganga 1b, Ganga 1a and Tantwala village 

the western boundary of Jhilmil Jheel Conservation Reserve proceeds to the south 

western boundary of Nalowala compartment no 7b, to that point where Nalowala 

compartment no 7 a, Pili River and the Najibabad Highway meets. 

2.4. Physical characteristics 

 

Geology and soil  

As mentioned earlier, Jhilmil Jheel area is located at the junction of the Bhabhar and 

Terai formations extending up to the Ganges. Bhabar is in the northern belt 

consisting of bouldery detritus and alluvium deposits brought by streams. The south 
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tract belongs to Terai. The hill detritus gradually disappears and the subterranean 

water oozes leading to waterlogging conditions. The flood plains of the Ganges are 

characterized by deep sandy loam soils containing coarse sand and stone in shallow 

patches. Both fine sand and clayey loam soil texture is found here. The central part of 

the Jhilmil Jheel Conservation Reserve is a wetland and part of the area gets 

submerged during the monsoon months (Sinha et al., 2011).  

Water Sources  

Jhilmil Jheel receives water from the northerly formations of the Shivaliks of 

Chidiyapur Range or even further beyond as underground streams or ‘Chhoyas’ as 

well as from the flood of River Ganga. A series of streams emerge from the forest 

area and flow into the Jhilmil Jheel, which eventually flows into the Ganges. Hence 

most of the cultivable land around Jhilmil Jheel has a high water table (Sinha et al., 

2011).  

2.5. Climate  

 

The area experiences sub-tropical climate. There are three distinct seasons in JJCR: 

Summer, monsoon and winter season. Summer season extends from April till June. 

Summer is very hot and humid. Temperature soars up to 44
0 

C during summer. The 

area experiences monsoon by end June and rains continue till September. Average 

rainfall in the area is 1300 mm per annum. During monsoon period, hot humid 

conditions prevail. The relative humidity is maximum in July-August and minimum 

in April-May (Kumar and Natiyal, 2013). Winter begins from mid October and 

remains till March. Temperature goes as low as 2
0 

C during winter season. It also 
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experiences winter rains which dips the temperature even further. Subsequent heavy 

fog are also prevalent in the area.  

2.6. Biological attributes 

 

Jhilmil Jheel Conservation Reserve is endowed with variety of flora and fauna.  It 

has a cluster of habitats that contribute to its rich biodiversity. 

2.6.1. Flora  

According to the classification done by Champion and Seth, eight types of forest are 

found in Jhilmil Jheel Conservation Reserve (Table 2.2). The vegetation of the area, 

as per the study (Tewari, 2009), can be categorized into following types: (i) Moist 

deciduous forest (mixed forest) (ii) Riverine forest (iii) Secondary scrub (iv) 

Grasslands (v) Plantation (Plate 2.1). The characteristic species in different habitats 

have been mentiond in table 2.3. Zizyphus mauritiana dominates the scrub forest. 

Acacia catechu is dominant in riverine habitat. Mixed Deciduous Forest is dominated 

by Helicteres isora whereas Grasslands were dominated by Phragmites karka and 

Typha Augustifolia. Top canopy is occupied by plantation of Eucalyptus and Tectona 

grandis, Schleichera oleosa, Mitragyna parviflora, Ficus benghalensis, Holoptelia 

integrifolia and Bombax ceiba. The second layer is occupied by tree species such as 

Aegle mermelos, Mallotus philippensis, Syzygium cuminii and Trewia nudiflora. The 

third layer is occupied by shrubs like Clerodendrum infortunatum, Murraya koenigii, 

Pogostemon benghalensis and invasive species like Lantana camara. There are 53 

medicinal plants including 20 trees, 7 shrubs and 26 herbs. Some of these species are 
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of high tradable nature such as Bacopa sp., Adhatoda sp., Centella asiatica, 

Terminalia arjuna, Oroxylum indicum etc. (Kumar and Natiyal, 2013).  

Table 2.2:  Forest types of JJCR 

 

 Serial No.                         Forest Type                                   Champion and Seth 

classification 

 

A- Climax Types 1 Northern Dry mixed

  

                                   

Deciduous forest 

     4b/C1 

B- Edapic Types 

 

2 Butea forest     D Tr E5 

 3 Aegle forest     D Tr E7 

 4 Dry Bamboo    D Tr E12 

C- Seral Types 5 Khair-sissoo Riverine 

Forest 

 

   D Tr 1S/2 

 6 Deciduous scrub

  

     

    Forest 

 

D Tr 2S/2 

 7 North Indian upper 

and lower Alluvial 

savannah forest 

 

M Tr 2S/7aand7b 

 

 8 Riverine Grasslands                                      
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Plate 2.1. Different vegetation types of JJCR (a) Eucalyptus plantation (b) Mixed 

deciduous forest (c) Scrub forest (d) Riverine habitat (e) Grasslands (f) Agriculture 

field-human settlements (Photo credits: Ankita Das) 

b 
b 

b a 

c d 

e f 
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Table 2.3. The characteristic plant species in different habitats are as follows: 

 

Forest 

Types 

Characteristic 

Tree species 

Characteristic 

Shrub species 

Characteristic 

Herb species 

Grass species 

Mixed 

Deciduous 

Forest 

Alangium 

salvifolium, 

Albizia lebbeck, A. 

procera, 

Anogeissus 

latifolia, Bauhinia 

malabarica, Butea 

monosperma, 

Crataevia 

religiosa, 

Diospyros 

Montana, Ehretia 

laevis, Ficus 

benghalensis, 

Grewia tilifolia, 

Adina cordifolia, 

Holoptelia 

integrifolia, 

Mitragyna 

parvifolia, 

Terminalia 

belerica, Aegle 

marmelos, Cassia 

fistula, Cordia 

dichotoma, 

Emblica 

officinalis, Ficus 

racemosa, Melia 

azeadarach, 

Mallotus 

philippensis, and 

Pongamia pinnata. 

 

Adhatoda 

Zeylanica, 

Calotropis 

procera, 

Carissa opaca, 

Cassia 

occidentalis, 

Catunaregam 

spinosa, 

Clerodendron 

viscosum, 

Helicteres 

isora, Limonia 

acidissima, and 

Murraya 

koenigii 

Aerva lanata, 

Curcuma 

aromatica, 

Dicliptera 

roxburghiana, 

Evolvulus 

nummularius, 

Hemigraphis 

rupestris, 

Perilepta 

auriculata, 

Rungia 

pectinata, Sida 

rhombifolia, 

Tephrosia 

purpuriea, and 

Vernonia 

cinerea 

Brachiaria 

bipinnata, 

Hemarthria 

compressa, 

Ischaemum 

indicum,  

Oplismenus 

compositus 

Riverine 

Forest 

Acacia catechu, 

Bombax ceiba, 

Ficus palmate, 

Gmelina arborea, 

 Bacopa 

procumbens, 

Boertheavia. 

diffusa, 

Eragrostis 

gangetica, 

Paspalum 

scrobiculatum, 
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Morus alba, 

Oroxylum 

indicum, Syzygium 

cumini and Trewia 

nudiflora 

Centella 

asiatica, 

Chenopodium 

ambrosoides, 

Desmodium 

veluntium, 

Ipomoea pes-

tigridis, 

Launaea 

procumbens, 

Scoparia 

dulcis, 

Solanum 

xanthocarpum, 

and Youngia 

japonica 

Saccharum 

bengalense, S. 

spontaneum, 

Sporobolus 

diander and 

Themeda 

species and 

sedges 

Cyperus iria, 

C. niveus, C. 

nutans and 

C.rotundus 

Secondary 

Scrub 

Acacia nilotica, 

Broussonetia 

papyrifera,and 

zizyphus mauritina 

lantana camara 

and Rubus 

ellipticus 

cannabis 

sativa, 

Desmodium 

gangeticum, 

Medicago 

lupulina, 

Solanum 

viarum, Uraria 

rufescens, 

Urena lobata, 

and Viola 

betonicifolia 

 Apluda 

mutica, 

Chrysopogon 

fulvus, 

Cymbopogon 

sp., 

Cynoglossum 

sp 

Grassland    Coix 

lacrymajobi, 

Eragrostis 

stenophylla, 

Phragmites 

karka, 

Cynodon 

dactylon, 

Imperata 

cylindrical, 

Pennisetum 

glaucum, 
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Vetiveria 

zizanioides, 

Echinochloa 

colonum, 

Eleusine 

indica, 

Paspalum 

conjugatum 

and 

Polypogon 

fugax 

Plantation Teak (Tectona 

grandis), 

Eucalyptus 

(hybrid), 

 Sheesham 

(Dalbergia 

sissoo), 

Khair (Acacia 

catechu)  

 

   

 

2.6.2. Fauna 

Owing to JJCR’s location at the meeting point of Bhabar and terai and situated on the 

left bank of river Ganga with vast Indo-Gangetic plains supports a rich array of 

faunal diversity. JJCR represents a habitat island that is a refuge for threatened 

Swamp Deer and associated faunal species typical of the terai belt.  

Mammals 

24 species of mammals are found in JJCR (Plate 2.2), including Elephant (Elephas 

maximus), Common Leopard (Panthera Pardus), Nilgai (Boselaphus tragocamelus), 

deer species like Spotted Deer (Axis axis), Sambar (Rusa unicolor) and Swamp deer 
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(Rucervus duvauceliii duvaucelii) (ZSI, 2014). Panthera tigris and Elephas maximus 

are endangered, whereas Rucervus duvaucelii and Panthera pardus are vulnerable.  

Swamp Deer is the flagship species of this conservation Reserve. It lives in 

swampy grassland and the floodplains. Its distribution is there only in three 

regions: central, north-east and northern India. They migrate to Banganga 

wetland during monsoon period. There is occasional visit by Tiger. They have 

been mainly reported in the Mixed Deciduous forest. Thus JJCR serves as 

satellite habitat of the wildlife of Rajaji Tiger Reserve. JJCR is also an elephant 

corridor and a good spot for sighting Elephant. They are mainly seen in Dasowala 

area. During summer they can be seen near river Ganges and in canal. 

Reptiles 

20 species of reptiles are found here.  Four species are vulnerable: Crocodylus 

palaustris, Hardella thurjii, Pangshura tentoria circumdata, Melanochelys 

tricarinata (ZSI, 2014). 

Amphibia 

7 species of amphibans are present in this conservation reserve (ZSI, 2014). A new 

species of frog Minervarya jhilmilensis was found from Jhilmil in 2017. 

Pisces 

35 species of fish representing 25 genera, 12 families and 5 orders have been 

recorded from JJCR (ZSI, 2014). Tor putitora is endangered and Ompok pabda is 

near threatened. 
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Entomofauna 

67 species of butterfly have been reported (ZSI, 2014). 6 species of Dragonfly and 2 

species of damselfly are seen. Common Pierrot is schedule I of Wildlife (Protection) 

Act, 1972. 

Avifauna 

JJCR is home to various bird species (Plate 2.3., 2.4.) including threatened species 

and thus, it was declared an Important Bird and Biodiversity Area (IBA) in 2016. 

JJCR qualifies the IBA criteria of threatened species (Rahmani et al., 2016). It has 

three critically endangered species, three endangered species, four vulnerable species 

and eight near threatened species. 

 

 

 

 

 

 



38 
 

       

 

  
 

Plate 2.2 Mammals of JJCR (a) Swamp deer (Rucervus duvauceliii duvaucelii) 

(b)Elephant (Elephas maximus) (c) Tiger (Panthera tigris) (d) Leopard (Panthera 

pardus) (e) Pangolin (Manis crassicaudata)   (f) Sloth Bear (Melursus ursinus)  

(Photo credits: Haridwar Forest Division; Shrutarshi Paul (Swamp Deer); Ankita Das 

(Elephant)) 

d 

a b 

c d 

e f 
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Plate 2.3. Birds of JJCR (a) Sarus Crane (Antigone Antigone) (b) Bristled Grassbird 

(Chaestornis striata) (c) White-tailed Stonechat(Saxicola leucurus) (d) River 

Lapwing (Vanellus duvaucelii) (e) Great Thick-knee (Esacus recurvirostris) (f) River 

Tern (Sterna aurantia) (Photo credits:Ankita Das; Nilanjan Chatterjee (Sarus Crane)) 

a b 

c d 

f e 
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Plate 2.4 Birds of JJCR (g) Black necked Stork (Ephippiorhynchus  asiaticus) (h) 

Woolly-necked Stork (Ciconia episcopus) (i) Egyptian Vulture (Neophron 

percnopterus) (j) Slender-billed Vulture (Gyps tenuirostris) (k) Oriental Pied 

Hornbill (Anthracoceros albirostris) (l) Indian Pitta (Pitta brachyura) (Photo credits: 

Ankita Das) 
 

g 

k 

i 

h 

j 

l 
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2.7. Human settlements and anthropogenic disturbances 

 

Around fifty years ago, the terai landscape stretched across the greater part of the 

Indo-Gangetic Plains and had rich forests and tall grasslands. Since then, the 

exploitation and unsustainable management of forest resources have led to 

fragmentation and degradation of natural habitat. As agriculture and human 

settlements have ravaged the terai ecosystem, these unique habitats have been 

fragmented, shrinked, and degraded at a large scale (Sankaran, 1990). Fifty percent 

of the people living in this landscape are below poverty line, who depend on its 

resources for their livelihood. Moreover, it is the only wetland in the area of its size 

that remains green and productive throughout the year, attracting graziers from 

neighbouring areas and being intensively grazed (Sinha et al., 2011).  

As one of the country’s most productive areas and one of the most populated in 

India's northern region (Cincotta et al., 2000), this landscape suffers high human 

disturbance (Johnsingh et al., 2004; Wikramanayake et al., 2004). There are five 

settlements in and around this conservation reserve namely Taantwaala, Gujjar deras, 

Naurangabad, Lakkadghat and Gendikhata. Taantwala and Gujjar deras lies inside 

the conservation Reserve. People residing in Taantwala have migrated from various 

places such as Punjab, Himachal Pradesh, Garhwal part of Uttarakhand. They are 

mainly agrarian. They mainly grow sugarcane. They also grow crops such as paddy, 

wheat, bajra, jowar, oats, maize and vegetables such as carrots, gram seeds, onion, 

potato and tomato. They are also involved in animal husbandry. They rear cow, 

buffalo and goat.  



42 
 

Gujjars are semi-nomadic pastoral communities that have inhabited various parts of 

the entire Shiwalik landscape for at least 110 years (Gooch, 2009). They practice 

pastoralism and raise buffalo and cattle and earn through selling milk. They practised 

transhumance in the past in which they stayed in the Himalayan foothills in winter 

and migrated to alpine meadows during summer. Most of the Gujjars have 

abandoned this traditional migration due to socio-economic changes in their 

community and unwillingness of the local community in the the Himalaya to share 

the resources with Gujjars (WII, 2005).  This has resulted in more resource 

dependency in the landscape and waste disposal in the forest. People from Gujjar 

deras, Tantwala village, Gendikhata village and Lakkadghat village depend on this 

conservation reserve for fodder, grass and fuelwood collection and indulge in various 

other activities such as fishing and honey collection (Plate 2.5). There is unregulated 

livestock grazing in JJCR (Plate 2.5). Few people have got the permits for livestock 

grazing, but more cattle are seen grazing in the conservation reserve compared to the 

permits given. There is no alternative field in the village for livestock grazing.  
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Plate 2.5 Disturbances in JJCR (a) Human settlement (Gujjar deras) (b) Fuelwood 

collection  (c) Grass collection (d) Livestock grazing (e) Fishing activity (f) Waste 

disposal. (Photo credits : Ankita Das)  

a b 

c d 

e f 
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2.8. Management plan of Jhilmil Jheel Conservation Reserve 

 

Until when wildlife shooting was permitted, licensed hunters were allowed for a 

limited shoot. Rasiyabad Forest Rest House (1889) of the Conservation Reserve, is 

still an evidence of being used in the past by the hunters. Jhilmil Conservation 

Reserve is state-owned and managed under Haridwar Forest Division, Uttarakhand 

Forest Department. It was managed under Chidiapur Forest Range, Haridwar Forest 

Division until 2005. Thereafter it came under Rasiyabaad Forest Range, Haridwar 

Forest Division. Jhilmil Jheel Conservation Reserve came into existence on 14
th

 

August 2005, when Hon. President of India, Prof. APJ Abdul Kalam, declared the 

area as Jhilmil Jheel Conservation Reserve for the conservation and protection of 

Swamp deer. It was declared a Conservation Reserve due to its ecological, faunal, 

floral, geo-morphological, natural, and zoological significance to protect wildlife and 

develop its environment. Sinha et al. (2011) made the first management plan of 

Jhilmil Jheel Conservation Reserve with special reference to conservation of flagship 

species of the area Swamp deer (Rucervus duvauceli duvauceli). 

2.9. Study design 

 

The study area was stratified into six habitats: plantation, mixed deciduous forest, 

riverine habitat, scrub forest, grasslands and agriculture fields-human settlement. In 

total 116 point count stations were laid. Sampling was done in summer (April-June) 

and winter seasons (November-mid March) in 2018-2020. Every point count station 

was visited 20 times. Habitat-wise point count method (Bibby et al. 2000) was used 

to collect abundance data of birds covering plantation (28), mixed forest (15), scrub 
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forest (12), riverine (25), grassland (21) and agriculture-human settlement (15) 

(Table 2.4, Figure 2.3). Each point count station was 200 meters away from each 

other. The habitat’s physiognomic and species composition variability was assessed 

through vegetation plots at the point count locations. Habitat quantification was done 

in both summer and winter season. Total 232 quadrat plots were sampled with two 

quadrat plots in each point count station. We laid nested quadrats with the largest 

quadrat of 10 x10 m
2 

to get data on the tree characteristics like tree species richness, 

abundance, girth at breast height (GBH), height and canopy cover. All woody 

vegetation of 20cm (GBH) or more was considered as trees. Shrub characteristics 

such as shrub species, shrub abundance, and shrub cover were assessed in 5x5 m
2
. 

All woody vegetation less than 20cm GBH were considered as shrubs. Ground cover 

such as herb cover, grass cover, leaf litter, bare ground was assessed in 1x1 m
2
. 

Disturbance data such as presence of livestock, presence of trail and presence of 

logged trees were taken in presence/absence form in each quadrat plot. Habitat 

quantification was done in both summer and winter season. 

Table 2.4. Details of point counts in every habitat 

Habitat Area (km
2
)  No. of  point count stations 

Plantation 14.59 28 

Riverine 6.95 25 

Grassland 6.23 21 

Mixed forest 5.06 15 

Agriculture fields-human  settlement 2.55 15 

Scrub forest 2.46 12 
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Figure 2. 3. (a) Land use land cover map (overall accuracy =91.72%) (b) Study map with locations of point count stations 
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CHAPTER 3 

AVIAN COMMUNITY STRUCTURE 

 

3.1. Introduction 

 

The structural, functional, and compositional status of ecosystems is reflected in the 

state of bird communities in the region (O'Connell, 2000) and it is important to 

identify the most important sites for bird conservation to ensure that birds and other 

animals can thrive and survive. As a result, BirdLife developed the concept of 

Important Bird and Biodiversity Areas (IBAs) to identify the most important bird 

habitat areas. 

IBAs are exceptionally rich in birds and other taxa and hold significant populations 

of rare, endemic, and threatened species. These are places of International 

significance for the conservation of birds and other biodiversity. This identifies and 

conserves a network of sites critical for the long term survival of bird species that are 

threatened (Rahmani et al., 2016). There are 554 IBAs in India and the state of 

Uttarakhand has 15 IBA sites, including the Jhilmil Jheel Conservation Reserve 

(JJCR) of Haridwar Forest Division. This IBA is a wetland in the terai landscape and 

represents one of the most productive and threatened ecosystems (Sinha et al., 2011). 

Jhilmil Jheel was designated as a conservation reserve for its remnant patches of 

riverine grasslands and for the protection of the westernmost population of the 

globally vulnerable Swamp Deer (Rucervus duvaucelii duvaucelii). These riverine 

habitats are also rich in grassland avifauna. The present study focuses on the avian 

community structure and status of avifauna in JJCR.  
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The diversity of bird populations serves as a strong indicator of the overall health of 

an ecosystem (Dendup et al., 2021). Bird community pattern is a result of 

composition and distribution across spatial and temporal gradients (Robinson et al., 

2000; Malizia, 2001). The number of species in any local assemblage is an important 

index of community structure (Gotelli and Colwell, 2011). There are many factors 

which influences bird community such as climatic factors , habitat structure, 

vegetation strata (Pitelka, 1941; Recher, 1969; Rotenberry and Wiens, 1980; Emlen 

et al., 1986; Gentilli, 1992; Telleria et al., 1992, Cueto and de Casenave , 1999), 

variation in seasonal factors (Canterbury et al., 2000) patch size, the nature of the 

surrounding habitat and the proximity of other similar patches, season, deforestation 

and livestock encroachments (Mengesha et al., 2011). The avifaunal assemblage of 

any particular location remains dynamic (Sinha, 2019). A major role is played by 

seasonality in determining the abundance and distribution of birds (Lee and Kang, 

2019). The seasonal variation in temperature and rainfall, spatial and temporal 

microhabitat conditions affects the availability of food for birds (Mengesha et al., 

2011), cover availability which affects the breeding success and survival of bird 

species (Mengesha and Bekele; 2008). Newton (2008) revealed that processes acting 

in breeding and wintering grounds determine the patterns and habitat occupancy and 

seasonal abundance in migratory bird species. Wilson and Mac Arthur (1967) 

reported that bird diversity is affected by habitat diversity among various other 

factors. The current study is the first systematic account of the birds of JJCR with 

particular focus on the community structure of this IBA’s avifauna and their 

conservation status. In the present study, I have assessed the bird diversity in the 

https://onlinelibrary.wiley.com/doi/full/10.1002/ece3.2926#ece32926-bib-0024
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heterogenous habitat within the Jhilmil Jheel Conservation Reserve, a small 

conservation reserve situated in the middle of human modified landscape in India.  

The research questions addressed in this chapter are: 

(i) What is the status of the overall bird community? 

(ii) Is there any spatial and temporal pattern of bird species? 

3.2. Methods 

 

Fieldwork was carried out between March 2018 to March 2020. Bird sampling was 

done in six habitats, found in the IBA: plantation, mixed deciduous forest (mixed 

forest), riverine habitat, scrub forest, grasslands and agriculture fields-human 

settlements in summer (April-June) and winter season (November-mid March). Bird 

sampling was done through point count method (Bibby et al., 2000). I executed 

habitat-wise point count (Bibby et al., 2000) to collect abundance data of birds 

covering plantation (28), mixed forest (15), scrub forest (12), riverine (25), grassland 

(21) and agriculture fields-human settlements (15). Each point count station was 200 

metres away from the other. Birds were observed for 10 minutes in each point count 

station. All the birds seen or heard during this time were recorded. Birds were 

surveyed from 5:30 am to 8:30 am during summer and from 8:00 am to 10:30 am 

during winter. Surveys during days of inclement weather were avoided. Twenty 

replications of sampling were done per point count station. 
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3.3. Data analysis 

 

Species accumulation curve was done in R-Studio software (version R 3.6.3) to 

determine the sampling adequacy.  

Status of overall bird community 

Species richness 

The survey data was used to find out the population trend of bird species in JJCR 

(IUCN, 2022). The Richness index was computed as Margalef richness index 

following Margalef (1958). 

R = (S-1)/Ln(N)   

Where: R: index of species richness.  

S: number of species observed.  

N: number of individuals (all species observed).  

Ln: natural logarithm value.  

There are three classifications of Margalef richness index values, namely low species 

richness (R < 2.5), medium species richness (2.5 > R < 4) and high species richness 

(R > 4).  
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Bird species diversity 

Bird species diversity was computed using Shannon-Weiner index as follows: 

 

 

H = Species diversity 

Pi = Proportion of abundance of species i 

S =Total number of species in the habitat 

Relative diversity of family 

The relative diversity index (RDI) of families was calculated following Torre-

Cuadros et al. (2007). 

 

 

              Number of bird species in a family 

RDI =_____________________________ X 100 

                 Total number of species 

Frequency of sighting  

The frequency of sighting of each bird species was categorized as follows: high (>51 

sightings), medium (26-50 sightings), low (6-25 sightings), very low (1-5 sightings).  
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Residential-migratory status  

To determine the residential-migratory status, the avian species were categorized into 

residents, winter visitors, summer visitors and monsoon visitor.  

 

Similarity index 

The similarity of different habitats with respect to their bird composition was 

calculated using Sorensen index as follows: 

= 2C/A+B, where,  

A = Total number of species in habitat A  

    B = Total number of species in habitat B 

C = Total number of species common to the habitats A and B 

The common bird species based on their number of sightings were plotted in 

different habitats. 

Spatial and temporal pattern of bird species  

Distribution pattern  

Distribution pattern of bird species in different habitats were classified following 

Khan et al. (2013). Birds distributed in only one habitat were considered having 

clumped distribution, those bird species present in two habitats were considered 

having aggregate distribution, birds having distribution in three habitats were 

randomly distributed and which were present in more than three habitats had 

hyperdispersal distribution. 
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Beta diversity 

Beta diversity was calculated using Vegan Package of R-Studio software (version R 

3.6.3). 

Mean abundance 

Mean abundance of bird species in different seasons and habitats was done through 

violin plots in R.  

Rank abundance and Relative abundance 

Rank abundance and relative abundance of bird species was found out in MS excel.  

The relative abundance was determined using the equation:  

Relative abundance (%) = n/N ×100  

Where,  

n= numbers of individuals of particular recorded species  

N= total number of individuals of recorded species 

Relative abundance of threatened species was also determined. 

3.4. Results  

 

Species accumulation curve showed the adequacy of the sampling in both summer 

and winter season (Figure 3.1). 
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Figure 3.1. (a): Species accumulation curve during summer and (b) during winter 

season 
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Status of the overall bird community 

170 species were recorded in the point count sampling, representing 64 families and 

16 orders (Appendix 1). The dominant order was Passeriformes (92 species), 

followed by Charadriiformes (13 species) and Accipitriformes (12 species) (Figure 

3.2). The dominant family was Muscicapidae (15 species), followed by Accipitridae 

(12 species) and Cuculidae (9 species).  

 

Figure 3.2. Avian community composition of Jhilmil Jheel Conservation Reserve, 

Uttarakhand 

 

The richness index was calculated as 17.7371. It shows that JJCR has high species 

richness. Red-vented Bulbul (Pycnonotus cafer) was the most abundant bird species. 
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Red-vented Bulbuls are generalist species and thus able to survive in a wide variety 

of conditions. 

The overall bird species diversity was 4.126. The diversity is high as JJCR is 

supported by cluster of various habitats. It has also been seen that different kinds of 

habitat support large number of avifauna (Balodi et al., 2018, Ahmed, 2019; Sultana 

et al., 2021). Muscicapidae family also had the highest relative diversity (Table 3.1).  

Table 3.1. Relative diversity of families 

Family Number of species Relative diversity of families 

Accipitridae 12 7.06 

Acrocephalidae 1 0.59 

Aegithinidae 1 0.59 

Alaudidae 4 2.35 

Alcedinidae 4 2.35 

Anatidae 8 4.71 

Ardeidae 5 2.94 

Bucerotidae 2 1.18 

Campephagidae 2 1.18 

Charadriidae 1 0.59 

 Charadriidae 3 1.76 

Ciconiidae 1 0.59 

Cisticolidae 6 3.53 

Cloropseidae 1 0.59 
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Columbidae 4 2.35 

Coraciidae 2 1.18 

Corvidae 3 1.76 

Cuculidae 9 5.29 

Dicaeidae 2 1.18 

Dicruridae 5 2.94 

Estrildidae 2 1.18 

Fringillidae 1 0.59 

Glareolidae 1 0.59 

 Gruidae 1 0.59 

Hirundinidae 2 1.18 

Laniidae 2 1.18 

Laridae 4 2.35 

Leiothrichidae 2 1.18 

Locustellidae 2 1.18 

Megalaimidae 3 1.76 

Meropidae 2 1.18 

Monarchidae 2 1.18 

Motacillidae 5 2.94 

Muscicapidae 15 8.82 

Nectariniidae 2 1.18 

Oriolidae 2 1.18 
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Pandionidae 1 0.59 

Paridae 1 0.59 

Passeridae 2 1.18 

Phalacrocoracidae 3 1.76 

 Phasianidae 4 2.35 

Phylloscopidae 4 2.35 

Picidae 2 1.18 

Pittidae 1 0.59 

Ploceidae 2 1.18 

Psittaculidae 2 1.18 

Pycnonotidae 4 2.35 

Rhipiduridae 1 0.59 

Scolopacidae 4 2.35 

Sittidae 1 0.59 

Stenostiridae 1 0.59 

Strigidae 1 0.59 

Sturnidae 5 2.94 

Sylviidae 1 0.59 

Threskiornithidae 1 0.59 

Timaliidae 3 1.76 

Turdidae 1 0.59 

Zosteropidae 1 0.59 
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Out of all the bird species of JJCR, 45% are stable while 25 % is constituted by bird 

species whose population is decreasing and 14.7 % of bird species are increasing. 

Bird species whose global population trend status is unknown constituted 14% of the 

total bird species (Figure 3.3.) 

 

Figure 3.3. Global population trend of bird species in JJCR 

Of the total bird species observed, 71 species had very low number of sightings, 42 

species had low number of sightings, 18 species had medium number of sightings 

and 39 species had high number of sightings (Figure. 3.4). 
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Figure 3.4. Status of avifauna based on the frequency of sightings. 

To determine the migratory-residential status, the avian species were categorized into 

residents, winter visitors, summer visitors and monsoon visitor. Majority of species 

are residents followed by winter visitors, summer visitors and monsoon visitors. 

There were 112 resident species, 46 winter visitors, 11 summer visitors and 1 

monsoon visitor (Figure 3.5). This trend is supported by study done by Ahmed et al. 

(2019). 
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Figure 3.5. Migratory-residential status of birds of Jhilmil Jheel Conservation 

Reserve, Uttarakhand 

Similarity index 

The result of Sorensen similarity index showed that the highest similarity (68%) of 

bird composition was between scrub forest and mixed forest whereas the least 

similarity (25%) was between agriculture field and riverine habitat (Table 3.2). The 

common species of each habitat based on the number of detections has been 

presented in Figure 3.6. 

Table 3.2. Sorensen similarity index value between different habitats 

 

Eucalyptus Mixed Scrub forest Riverine Grassland Agriculture 

Eucalyptus 0 

     Mixed 0.655738 0 

    Scrub 

forest 0.507692 0.683333 0 

   Riverine 0.364865 0.304348 0.287671 0 

  Grassland 0.267606 0.327586 0.354839 0.450704 0 

 Agriculture 0.273684 0.258824 0.27957 0.252252 0.269663 0 

65.88% 

27.05% 

6.47% 0.58% 

Residents

Winter visitors

Summer visitors

Monsoon visitor
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Figure 3.6. Common bird species in different habitats (a) Agriculture field-human 

settlement (b) Grassland (c) Mixed deciduous forest (d) Plantation (e) Riverine (f) 

Scrub forest 

Spatial and temporal pattern of bird species  

There were 110 bird species in summer and 131 bird species in season. Bird species 

diversity was found out to be 3.806 and 3.994 in the summer and winter seasons 
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respectively. Habitat-wise bird species richness and diversity have been given in 

Figure 3.7. 

In summer season, 47 species showed clumped distribution, 26 species had aggregate 

distribution and random and hyperdispersal distribution were shown by 17 and 20 

species respectively. In winter season, 72 species showed clumped distribution, 23 

species had aggregate distribution and random and hyperdispersal distribution were 

shown by 16 and 20 species respectively (Figure 3.8). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7. (a) Bird species richness and (b) Bird species diversity in summer and 

winter season in different habitats 
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Figure 3.8. Distribution of bird species in Jhilmil Jheel Conservation Reserve, 

Uttarakhand 

 

Beta diversity 

Overall beta diversity was found to be 0.980 in summer season, whereas the value of 

turnover and nestedness was found to be 0.972 and 0.007 respectively. In winter 

season, overall beta diversity was found to be 0.981, while value of turnover was 

found to be 0.974 and value of nestedness was found to be 0.007. This shows that the 

species turnover rate was high, implying that both species assemblage and the 

number of individuals of different species varies in different habitats. 

Rank abundance 

RAD is a fundamental quantity of the community and has been used in various 

studies (Wilson, 1991; Beck, 2006; McGill et al., 2007). Rank abundance curves are 
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multispecies community (Izsák, and Pavoine, 2012). The RAD curve showed that the 

bird abundance is the same till 400 in both seasons but there is a rise in abundance 

after 400 in the winter season (Figure 3.9). 

Figure 3.9. Rank abundance curve of bird species in (a) summer and (b) winter 

season. 

Mean abundance  

Violin plots showed a significant difference in the mean abundance of birds in 

different habitats in summer season as shown by Kruskal Wallis test. The mean 

abundance was highest in mixed deciduous forest. There was a significant difference 

in the mean abundance of birds in different habitats in winter. The mean abundance 

was highest in the riverine habitat (Figure 3.10). 
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Figure 3.10. Mean abundance of bird species in (a) summer and (b) winter seasons. 
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Relative abundance 

In summer, the relative abundance of River Lapwing was higher (11.16%) in riverine 

habitat, Paddyfield pipit (15.99%) in grassland habitat, Baya Weaver (24.91%) in 

mixed deciduous forest, Jungle babbler in plantation (14.92%), Purple Sunbird 

(13.16%) in scrub forest and Red-vented Bulbul (15.48%) in agriculture field (Table 

3.3).  

In winter, Red-wattled Lapwing (13.41%), Red-vented Bulbul (19.03%), Black 

Bulbul (11.62%), Ruddy Shelduck (25.77%), Red-vented Bulbul (27.72%), Cattle 

Egret (17.48%) were relatively abundant in grassland, mixed forest, plantation, 

riverine, scrub forest and agricultural areas respectively (Table 3.4).  

Table 3.3. Relative abundance of birds in summer season 

Bird species Agriculture Grassland 

Mixed 

Forest Plantation Riverine 

Scrub 

Forest 

Ashy-crowned 

Sparrow-Lark 0.00 0.00 0.00 0.00 0.29 0.00 

Ashy Prinia 2.09 2.92 0.87 0.00 1.35 1.66 

Asian Koel 1.26 0.00 0.51 0.63 0.48 0.55 

Indian Pied Starling 1.67 1.52 0.00 0.00 0.00 0.00 

Barn Swallow 0.00 12.31 2.10 0.00 0.00 0.00 

Bay-backed Shrike 0.00 0.00 0.00 0.00 0.00 0.14 

Baya Weaver 10.04 1.40 24.91 0.00 0.00 4.02 

Black-breasted 

Weaver 0.00 0.38 0.00 0.00 0.00 0.00 

Black-chinned 

Babbler 0.00 0.00 2.17 0.44 0.00 1.39 

Black Drongo 0.00 0.76 0.00 2.63 1.64 0.83 

Black Francolin 0.00 0.38 0.00 0.00 0.48 0.00 

Black-hooded Oriole 0.00 0.00 0.58 10.72 0.48 0.00 

Black Kite 0.00 0.00 0.00 0.00 0.29 0.00 

Blue-tailed Bee-eater 0.00 0.00 1.52 0.00 0.00 0.55 

Brahminy Starling 0.00 0.00 0.36 0.00 0.00 1.25 

Bristled Grassbird 0.00 0.51 0.00 0.00 0.00 0.00 

Brown-headed Barbet 0.00 0.00 0.00 1.69 0.00 0.14 
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Cattle Egret 6.28 0.89 0.00 3.26 0.58 0.00 

Changeable-Hawk 

Eagle 0.00 0.00 0.00 0.06 0.00 0.14 

Chestnut-bellied 

Nuthatch 0.00 0.00 0.00 0.00 0.00 0.28 

Chestnut-shouldered 

Petronia 0.00 0.00 3.19 0.50 0.29 1.52 

Common Cuckoo 0.00 0.00 0.00 0.06 0.00 0.00 

Common-Hawk 

Cuckoo 0.00 0.00 0.43 1.25 0.00 0.00 

Common Iora 0.00 0.00 2.10 0.31 0.00 3.46 

Common Kingfisher 0.00 0.38 0.00 0.00 0.29 0.00 

Common Myna 2.51 3.43 0.00 9.40 2.21 0.69 

Common Stonechat 0.00 7.74 0.00 0.00 0.58 0.00 

Common Tailorbird 0.00 0.00 2.68 0.50 1.54 4.99 

Coppersmith Barbet 0.00 0.00 0.14 0.31 0.00 0.55 

Crested Lark 0.00 0.00 0.00 0.00 0.10 0.00 

Crested Serpent-Eagle 0.00 0.00 0.14 0.19 0.00 0.00 

Drongo Cuckoo 0.00 0.00 0.00 0.06 0.00 0.00 

Eurasian Collared-

Dove 0.00 0.00 0.72 0.00 1.25 0.69 

Great Cormorant 0.00 0.00 0.00 0.00 0.48 0.00 

Green Bee-eater 5.86 4.57 1.74 0.00 10.11 11.63 

Grey-bellied Cuckoo 0.00 0.25 0.00 0.00 0.10 0.00 

Grey-breasted Prinia 0.00 0.00 0.87 0.13 0.00 0.97 

Grey Bushchat 0.42 0.76 0.00 0.00 0.00 0.00 

Grey Francolin 0.00 0.13 0.00 0.00 0.19 0.00 

Grey Heron 0.00 0.00 0.00 0.00 0.38 0.00 

Grey-hooded Warbler 0.00 0.00 0.00 0.06 0.00 0.00 

Gray Wagtail 0.00 0.00 0.00 0.00 0.58 0.00 

Himalayan Griffon 0.00 0.00 0.00 0.00 0.00 0.14 

House Crow 7.11 1.27 0.00 0.00 5.58 0.00 

House Sparrow 9.62 0.00 0.00 0.00 0.00 0.00 

Indian Cuckoo 0.42 0.00 0.22 1.00 0.00 0.28 

Indian Grey Hornbill 0.00 0.00 0.58 1.82 0.48 0.00 

Indian Paradise- 

Flycatcher 0.00 0.00 1.45 9.78 0.00 0.00 

Indian Peafowl 0.00 0.38 2.61 0.31 0.00 2.77 

Indian Pitta 0.00 0.00 2.32 4.64 0.00 1.11 

Indian Robin 0.00 0.00 0.00 0.00 0.19 3.46 

Indian Roller 0.00 0.13 0.72 0.69 1.54 0.55 

Intermediate Egret 0.00 0.00 0.00 0.00 0.58 0.00 

Pied Cuckoo 0.00 0.00 0.00 0.00 0.00 0.28 
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Jungle Babbler 0.00 0.00 7.31 14.92 0.00 4.85 

Jungle Myna 0.00 0.00 0.58 0.00 0.00 0.00 

Jungle Owlet 0.00 0.00 0.00 0.31 0.00 0.00 

Large-billed Crow 0.00 0.51 0.22 0.13 1.83 0.00 

Laughing Dove 0.00 0.76 0.00 0.00 0.00 1.25 

Lesser Goldenback 0.00 0.00 0.00 0.25 0.00 0.42 

Lesser Whitethroat 0.00 0.00 0.00 0.00 0.00 0.28 

Little Cormorant 0.00 0.00 0.00 0.00 9.24 0.00 

Little Egret 0.00 0.00 0.00 0.00 8.85 0.00 

Little-ringed Plover 0.00 0.00 0.00 0.00 0.67 0.00 

Little Tern 0.00 0.00 0.00 0.00 0.38 0.00 

Long-tailed Shrike 0.00 0.00 0.00 0.00 0.00 0.28 

Oriental Honey- 

buzzard 0.00 0.00 0.07 0.00 0.00 0.00 

Oriental Magpie-

Robin 0.00 0.38 1.30 5.33 0.67 2.91 

Oriental Skylark 0.00 2.79 0.00 0.00 0.29 0.00 

Oriental White-eye 0.00 0.00 1.67 1.44 0.00 2.22 

Paddyfield Pipit 0.00 15.99 0.00 0.00 0.19 0.00 

Pale-billed 

Flowerpecker 0.00 0.00 0.00 0.00 0.00 0.28 

Pied Bushchat 5.44 5.33 0.00 0.00 0.00 0.28 

Pied Kingfisher 0.00 0.00 0.00 0.00 1.64 0.00 

Plain Prinia 1.26 2.03 0.00 0.25 0.38 1.11 

Plum-headed Parakeet 0.00 0.00 0.36 0.00 0.00 0.28 

Pond Heron 2.51 0.00 0.00 0.00 0.10 0.00 

Purple Sunbird 0.00 0.25 4.20 3.70 3.85 13.16 

Red Junglefowl 0.00 0.00 5.58 1.38 0.00 2.77 

Red-naped Ibis 0.00 0.00 0.00 0.00 0.38 0.00 

Red-vented Bulbul 15.48 3.93 7.82 5.83 1.92 10.39 

Red-wattled Lapwing 2.51 15.61 0.00 0.00 4.62 0.00 

Red-whiskered Bulbul 1.26 0.63 0.87 0.88 0.00 1.11 

Blyth’s Reed Warbler 0.00 0.00 0.00 0.00 0.38 0.00 

River Lapwing 0.00 0.76 0.00 0.00 11.16 0.00 

River Tern 0.00 0.00 0.00 0.00 4.62 0.00 

Rock Pigeon 8.79 0.00 0.00 0.00 0.00 0.00 

Rose-ringed Parakeet 6.28 0.13 10.43 7.90 0.00 0.42 

Ruddy Shelduck 0.00 0.00 0.00 0.00 7.51 0.00 

Rufous Treepie 2.09 0.00 1.16 1.44 0.00 0.00 

Sarus Crane 0.84 0.00 0.00 0.00 0.58 0.00 

Shikra 0.00 0.00 0.00 0.50 0.00 0.28 

Short-toed Snake-

Eagle 0.00 0.13 0.00 0.00 0.00 0.00 



72 
 

Small Minivet 0.00 0.00 0.22 0.06 0.00 0.42 

Small Pratincole 0.00 0.00 0.00 0.00 2.79 0.00 

Indian Spot-billed 

Duck 0.00 0.00 0.00 0.00 2.12 0.00 

Spotted Dove 6.28 0.38 5.29 4.95 1.73 12.74 

Streak-throated 

Woodpecker 0.00 0.00 0.00 0.00 0.00 0.28 

Striated Babbler 0.00 0.63 0.00 0.00 0.00 0.00 

Striated Grassbird 0.00 3.55 0.00 0.00 0.00 0.00 

Tawny-bellied 

Babbler 0.00 0.00 0.00 0.00 0.00 0.14 

White-bellied Drongo 0.00 0.00 0.00 0.13 0.58 0.00 

White-browed 

Wagtail 0.00 0.00 0.00 0.00 0.77 0.00 

White-eyed Buzzard 0.00 0.00 0.00 0.00 0.00 0.14 

White-tailed 

Stonechat 0.00 0.38 0.00 0.00 0.00 0.00 

White-throated 

Kingfisher 0.00 0.63 0.00 0.13 0.58 0.00 

White Wagtail 0.00 0.00 0.00 0.00 0.10 0.00 

Yellow-bellied Prinia 0.00 2.16 0.00 0.00 0.00 0.00 

Yellow-wattled 

Lapwing 0.00 2.03 0.00 0.00 0.00 0.00 

Zitting Cisticola 0.00 0.89 0.00 0.00 0.00 0.00 

 

Table 3.4. Relative abundance of birds in winter season 

Bird species Agriculture Grassland  

mixed 

Forest Plantation Riverine 

Scrub 

forest 

Ashy Drongo 0.00 0.10 0.00 0.00 0.00 0.00 

Ashy Prinia 0.00 0.00 0.09 0.00 0.29 1.34 

Asian Brown Flycatcher 0.00 0.00 0.18 0.05 0.00 0.00 

Indian Pied Starling 0.00 1.84 0.00 0.00 0.00 0.00 

Bank Myna 0.00 0.00 0.00 0.00 0.13 0.00 

Bar-headed Goose 0.00 0.00 0.00 0.00 4.20 0.00 

Barn Swallow 0.00 2.05 13.02 0.14 6.22 0.00 

Bay-backed Shrike 0.00 0.00 0.00 0.00 0.00 0.08 

Black-bellied Tern 0.00 0.00 0.00 0.00 0.29 0.00 

Black Bulbul 0.00 0.00 0.00 11.62 0.00 0.00 

Black Drongo 0.00 1.33 0.27 2.44 0.55 1.51 

Black-hooded Oriole 0.00 0.00 2.73 7.41 0.13 0.00 

Black-naped Monarch 0.00 0.00 0.00 0.05 0.00 0.00 

Brahminy Starling 0.00 0.00 0.00 0.00 0.59 0.00 
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Bronze Drongo 0.00 0.10 0.00 0.00 0.00 0.00 

Brown-headed Barbet 0.00 0.00 0.18 0.48 0.00 0.17 

Brown Rock Chat 0.81 0.41 0.00 0.00 0.00 0.00 

Cattle Egret 17.48 0.41 0.00 0.00 0.13 0.00 

Chestnut-bellied 

Rockthrush 0.00 0.00 0.00 0.05 0.00 0.00 

Cinereous Vulture 0.00 0.00 0.00 0.00 0.04 0.00 

Citrine Wagtail 0.00 2.05 0.00 0.00 2.98 0.00 

Common Greenshank 0.00 0.00 0.00 0.00 0.13 0.00 

Common Kingfisher 0.00 0.20 0.00 0.00 0.25 0.00 

Common Myna 4.07 0.31 0.00 4.35 0.08 0.00 

Common Sandpiper 0.00 0.00 0.00 0.00 0.25 0.00 

Common Stonechat 0.00 11.77 0.00 0.00 0.50 0.00 

Common Tailorbird 1.63 0.00 0.73 0.00 0.21 0.25 

Crested Serpent-Eagle 0.00 0.10 0.27 0.29 0.17 0.00 

Crimson Sunbird 0.00 0.00 0.82 0.00 0.00 0.59 

Egyptian Vulture 0.00 0.00 0.00 0.00 0.04 0.00 

Eurasian Collared-Dove 0.00 0.00 0.00 0.00 0.59 0.00 

Eurasian Sparrowhawk 0.00 0.00 0.09 0.00 0.00 0.00 

Gadwall 0.00 0.00 0.00 0.00 0.63 0.00 

Golden-fronted Leafbird 0.00 0.00 0.27 0.00 0.00 0.00 

Goosander 0.00 0.00 0.00 0.00 1.22 0.00 

Great Barbet 0.00 0.00 0.00 0.00 0.00 0.08 

Great Cormorant 0.00 0.00 0.00 0.00 3.66 0.00 

Great Egret 0.00 0.00 0.00 0.00 0.17 0.00 

Great Tit 0.00 0.00 1.37 1.77 0.00 0.25 

Greater Coucal 0.41 0.00 0.00 0.00 0.00 0.34 

Green Bee-eater 0.00 0.00 1.28 0.29 0.00 0.17 

Greenish warbler 0.00 0.20 0.91 3.30 0.21 2.68 

Grey Bushchat 0.00 0.00 0.00 0.00 0.00 0.08 

Grey-headed Canary-

Flycatcher 0.00 0.00 0.00 0.53 0.00 0.00 

Grey-hooded Warbler 0.00 0.00 0.27 0.00 0.00 0.00 

Gray Wagtail 6.91 0.72 0.00 0.00 1.35 0.00 

Himalayan Bulbul 0.00 0.41 1.73 3.11 0.00 5.61 

Himalayan Griffon 0.00 0.00 0.00 0.00 0.08 0.00 

House Crow 3.25 0.00 0.00 3.20 1.30 0.00 

House Sparrow 9.76 0.00 0.00 0.00 0.00 0.00 

Humes Warbler 0.41 0.10 4.74 6.50 2.40 2.85 

Indian Grey Hornbill 0.00 0.00 2.46 0.00 0.00 0.34 

Indian Peafowl 0.00 0.41 1.82 0.00 0.00 1.93 

Indian Robin 0.00 0.00 0.00 0.00 0.00 1.84 

Indian Roller 0.00 1.74 0.00 0.05 0.80 0.00 
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Indian Silverbill 0.00 0.20 0.00 0.00 0.00 0.59 

Intermediate Egret 0.00 0.00 0.00 0.00 1.60 0.00 

Jungle Babbler 2.44 0.00 5.56 8.37 0.00 4.69 

Jungle Owlet 0.00 0.00 0.09 0.38 0.00 0.00 

Large-billed Crow 0.00 2.35 0.82 4.50 0.63 0.59 

Laughing Dove 0.00 0.92 0.00 0.00 0.00 0.00 

Lemon-rumped Warbler 0.00 0.00 0.00 0.10 0.00 0.00 

Lesser Goldenback 0.00 0.00 0.00 0.62 0.00 0.59 

Lesser Whistling Duck 0.00 0.00 0.00 0.00 0.04 0.00 

Lesser Whitethroat 0.00 0.00 4.46 0.00 0.00 7.54 

Little Cormorant 0.00 0.00 0.00 0.00 9.58 0.00 

Little Egret 0.00 0.00 0.00 0.00 1.09 0.00 

Little-ringed Plover 0.00 0.00 0.00 0.00 2.90 0.00 

Little Stint 0.00 0.00 0.00 0.00 0.17 0.00 

Long-tailed Shrike 0.00 0.51 0.00 0.00 0.00 0.00 

Maroon Oriole 0.00 0.00 0.00 0.05 0.00 0.00 

Northern Pintail 0.00 0.00 0.00 0.00 5.38 0.00 

Oriental Magpie-Robin 0.00 0.00 1.46 1.00 0.00 1.09 

Oriental Pied hornbill 0.00 0.00 0.36 0.00 0.00 0.00 

Oriental Skylark 0.00 1.23 0.00 0.00 0.88 0.00 

Oriental White-eye 0.00 0.00 8.56 0.62 0.00 5.78 

Osprey 0.00 0.00 0.00 0.00 0.04 0.00 

Paddyfield Pipit 0.00 9.83 0.00 0.00 1.72 0.00 

Pallas Gull 0.00 0.00 0.00 0.00 0.76 0.00 

Pied Bushchat 5.28 4.30 0.00 0.00 0.13 0.00 

Pied Kingfisher 0.00 0.20 0.00 0.00 1.18 0.00 

Plain Martin 0.00 0.00 0.00 0.00 0.67 0.00 

Plain Prinia 2.44 2.56 0.27 0.00 0.21 5.53 

Plum-headed Parakeet 0.00 0.00 2.55 0.86 0.17 1.17 

Pond Heron 2.44 0.20 0.00 0.24 0.59 0.00 

Purple Sunbird 0.00 0.00 3.64 0.14 0.00 4.52 

Red Avadavat 0.00 0.61 0.00 0.00 0.00 0.00 

Red breasted Flycatcher 0.00 0.00 0.91 0.00 0.00 0.75 

Red-crested Pochardr 0.00 0.00 0.00 0.00 0.67 0.00 

Red Junglefowl 0.00 0.00 3.19 0.00 0.00 0.84 

Red-naped Ibis 0.00 5.42 0.00 5.98 0.00 0.00 

Red-vented Bulbul 6.91 8.50 19.03 6.36 2.02 27.72 

Red-wattled Lapwing 2.44 13.41 0.00 0.38 0.00 0.00 

Red-whiskered Bulbul 4.88 0.51 7.10 0.00 0.00 5.44 

River Lapwing 0.00 5.63 0.00 0.00 3.99 0.00 

River Tern 0.00 0.10 0.00 0.00 0.46 0.00 

Rock Pigeon 4.88 0.00 0.00 0.00 0.00 0.00 

Rose-ringed Parakeet 7.72 0.00 3.01 8.56 0.63 0.17 
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Ruddy Shelduck 0.81 0.82 0.00 0.00 25.77 0.00 

Rufous-gorgeted 

Flycatcher 0.00 0.00 0.09 0.00 0.00 0.00 

Rufous Treepie 2.85 0.00 3.10 2.77 1.18 1.68 

Rusty-cheeked Scimitar-

Babbler 0.00 0.00 0.00 0.05 0.00 0.00 

Sarus Crane 1.63 1.02 0.00 0.00 0.00 0.00 

Shikra 0.00 0.00 0.00 0.10 0.00 0.00 

Sirkeer Malkoha 0.00 0.00 0.00 0.00 0.04 0.00 

Slender-billed Vulture 0.00 0.00 0.00 0.00 0.04 0.00 

Small Minivet 0.00 0.00 0.00 0.00 0.00 0.84 

Small Niltava 0.00 0.00 0.09 0.00 0.00 0.00 

Small Pratincole 0.00 0.00 0.00 0.00 2.31 0.00 

Spangled Drongo 0.00 0.20 1.37 9.13 0.00 2.60 

Spotted Dove 10.57 0.00 0.91 0.81 0.00 3.10 

Stork-billed Kingfisher 0.00 0.00 0.00 0.00 0.04 0.00 

Striated Grassbird 0.00 0.92 0.00 0.00 0.00 0.00 

Taiga Flycatcher 0.00 0.00 0.00 1.43 0.00 0.00 

Temminck Stint 0.00 0.00 0.00 0.00 0.42 0.00 

Thick-billed 

Flowerpecker 0.00 0.00 0.00 0.05 0.00 0.00 

Tickell's Blue 

Flycatcher 0.00 0.00 0.00 0.05 0.00 0.00 

Tickell's Thrush 0.00 0.31 0.00 0.00 0.00 0.00 

Velvet-fronted Nuthatch 0.00 0.00 0.00 0.05 0.00 0.00 

Verditer Flycatcher 0.00 0.00 0.00 0.00 0.00 0.17 

White-browed Wagtail 0.00 0.00 0.00 0.00 0.42 0.00 

White-rumped Vulture 0.00 0.10 0.00 0.00 0.00 0.00 

White-tailed Stonechat 0.00 5.42 0.00 0.00 0.00 0.00 

White-throated Fantail 0.00 0.41 0.18 1.39 0.29 0.75 

White-throated 

Kingfisher 0.00 1.43 0.00 0.00 0.63 0.00 

White Wagtail 0.00 0.00 0.00 0.24 3.74 0.00 

Woolly-necked Stork 0.00 0.00 0.00 0.14 0.00 0.00 

Yellow-bellied Prinia 0.00 1.02 0.00 0.00 0.00 0.00 

Yellow-footed Green-

Pigeon 0.00 0.00 0.00 0.00 0.00 3.77 

Yellow-wattled 

Lapwing 0.00 1.94 0.00 0.00 0.00 0.00 

Yellow-breasted 

Greenfinch 0.00 5.63 0.00 0.00 0.00 0.00 
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JJCR qualifies the IBA criteria of threatened species (Rahmani et al., 2016). It has 3 

critically endangered species, 3 endangered species, 4 vulnerable species and 8 near-

threatened species (Table 3.5). Out of all the threatened bird species observed, Sarus 

Crane had the highest relative abundance followed by Black-bellied Tern, Bristled 

Grassbird, Woolly–necked Stork, Egyptian Vulture, Slender-billed Vulture and 

White-rumped Vulture (Figure 3.11). 

Table 3.5. Threatened bird species of JJCR 

Threatened category (IUCN status) Bird species 

Critically Endangered Slender-billed Vulture, White-rumped 

Vulture, Red-headed Vulture 

Endangered Black-bellied Tern, Egyptian Vulture, 

Steppe Eagle 

Vulnerable Sarus Crane, Woolly-necked Stork, 

Greater Spotted Eagle, Bristled Grassbird 

Near Threatened Black-necked Stork, Northern Lapwing, 

River Lapwing, River Tern, Great 

Hornbill, Alexandrine Parakeet, 

Cinereous Vulture, Himalayan Vulture 
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Figure 3.11. Relative abundance of threatened bird species of JJCR 

 

3.5. Discussion 

 

Smaller forest patches might receive less attention than larger forest patches 

(Decocq et al., 2016) as small reserves do not preserve the same set of species as 

large reserves (Diamond, 1976; Terborgh, 1976; Whitcomb et al., 1976; Cole, 1981). 

Smaller forested areas still hold high levels of biodiversity (Ghosh, 2019), are 

potential biodiversity islets and might deliver several crucial ecosystem services 

(Decocq et al., 2016). Various small-sized PAs such as JJCR, Asan Conservation 

Reserve and Pawalgarh Conservation Reserve, have a considerable good number of 

bird species (Rahmani et al., 2016). JJCR which lies in the Himalayan foothills, in 

the upper Gangetic plains and at the junction of Bhabar-Terai area has river 

meanders, riparian habitats and plantation areas along with the natural woodland and 

grassland. A total of 170 bird species were encountered during the survey period, 
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constituting 24.53% of the total number of species (693) reported from the state of 

Uttrakhand (Mohan and Sondhi, 2015). The maximum numbers of species recorded 

were terrestrial. The bird diversity is almost same in the summer and winter seasons 

because JJCR lies in Himalayan foothills so there is influx of bird species in both the 

seasons. JJCR has higher bird diversity compared to the studies conducted in the 

Himalayan foothills by Joshi and Rautela (2014) and Mohan (2007). Our study is in 

line with various studies which states that habitat heterogeneity helps in maintaining 

high bird diversity (Ahmed, 2019; Sultana et al., 2021). JJCR provides a range of 

habitats required for different species.  The habitat heterogeneity in small forest 

reserves creates edge effect which leads to diversity of birds. Besides, JJCR is three 

storied forest catering to the needs of birds belonging to different foraging strata. In 

our study we found that the beta diversity and species turnover rate was high and the 

value of nestedness component was less which implies that the bird species 

composition and abundance changes in different habitats and very few species were 

commonly found in every habitat. During summer only Red-vented Bulbul and 

Spotted Doves were found in all the six habitats while Humes Warbler and Red-

vented Bulbuls were observed in all the six habitats in winter. More bird species 

were found in winter season because of arrival of many winter visitors. We found the 

highest diversity in riverine habitat as it is the transition between terrestrial and 

wetland environment having unique riparian vegetation. The river-created habitats 

such as water–edge and sandbars, sandbar scrub, river-edge forests leads to more 

diversity of birds (Remsen and Parker, 1983). Diversity was lowest in agriculture 

field-human settlements probably due to disturbances such as the use of pesticides or 

chemical fertilisers, unfriendly agricultural practices, semi-natural habitats (Boatman 
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et al., 2004; Sundar and Kittur, 2013; Stanton et al., 2018). It was expected that birds 

would be using multiple habitats as the area is small. However, the distribution of 

birds were mostly observed to be in single habitat in both summer and winter season, 

which shows that birds are preferring specialised habitat despite the small size of this 

conservation reserve. RAD curve shows that the bird abundance is the same till 400 

in both the seasons but there is rise in abundance after 400 in winter season because 

there is dominance of some of the birds during winter season which is because of the 

arrival of several winter migratory birds. Highest similarity (68%) in bird 

composition was between scrub forest and mixed forest which could be because of 

similarity of vegetation composition resulting in similarity in bird species. Least 

similarity (25%) was between agriculture field and riverine habitat, possibly because 

of the difference in vegetation composition resulting in different bird species. The 

mean abundance was highest in mixed deciduous forest in the summer season which 

could be because of the presence of many food supplies and the provision of shade 

during scorching heat. The mean abundance was highest in riverine habitat in winter, 

possibly due to the presence of many microhabitats in this habitat, this habitat 

supports both terrestrial and waterbirds and also riverine habitat attracts many winter 

birds (Remsen and Parker, 1983). In summer season River Lapwing, Paddyfield 

pipit, Baya Weaver, Jungle babbler, Purple Sunbird, Red-vented Bulbul had the 

highest relative abundance in riverine habitat, grassland, mixed habitat, plantation, 

scrub forest and agriculture field respectively, whereas in winter season Red-wattled 

Lapwing, Red-vented Bulbul, Jungle Babbler, Ruddy Shelduck, Cattle Egret  had the 

highest relative abundance in grassland, mixed forest, plantation, riverine area, scrub 

forest and agricultural field respectively. The highest relative abundance of these 
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birds was probably due to the availability of the habitat patch that provides its 

nesting and foraging requirements. The global population trend of 25% of the bird 

species in JJCR is decreasing. So, JJCR houses bird species experiencing population 

decline as well as 18 threatened and near-threatened species. It reveals the 

importance of JJCR to serve as critical habitat for birds. So the significance and 

importance of the conservation reserve for birdlife conservation is extensive. 
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CHAPTER 4 

BIRD-HABITAT ASSOCIATION 

 

4.1. Introduction 

 

The animal-habitat interaction is the cornerstone of many ecological inquiries that 

provides insights to many theoretical and applied dimensions (Montgomery et al., 

2018; Morris, 2003). Whether generalist or specialist the dependency of animals on 

its habitat based on the structural and compositional characteristics were well 

established for different group of animals (Pardini et al., 2005; Tews et al., 2004; 

Hanioka et al., 2018; Raman, 2006; Menon et al., 2019). Habitat selection is a 

behavioural response which results in disproportionate use of habitat influencing the 

survival of individuals (Hutto, 1985; Block and Brennan, 1993). Morris (2003) 

defined habitat selection as an evolutionary game that serves as a mechanism for 

regulating populations in space, including source-sink dynamics and a process that 

underlies the distributions and relative abundances of species.  

In a mutualistic manner forest vegetation influence the bird species assemblage and 

abundance of species in a community depends on physiognomic and floristic 

composition of the forest vegetation (Cody, 1985; Rotenberry, 1985; Terborgh et al., 

1990; Weins, 1992; Morrison et al., 1992; Block and Bremen, 1993; Pomara et al., 

2012). Birds are potential predictors of habitat (Mukhopadhyaya and Mazumdar, 

2019) and ecosystem health (Jarvinen and Vaisaunen, 1979). As birds are sensitive 

towards environmental changes, they are suitable for monitoring environmental 

health (Gregory et al., 2003). They are considered as good predictors of 
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environmental quality as they relate to changes in various habitat features (Chhetri et 

al., 2005). Studies on avifaunal assemblages and environment relationship have 

shown that local habitat configuration has a greater effect on the relationship than the 

regional factors (Evans et al., 2009). Change in vegetation along different gradients 

influence the abundance and distribution of a particular species or guild. Birds as 

habitat indicators and assemblage differences were well documented for decades 

(Weins et al., 1987; Rottenbery, 1981; Thinh, 2006; Gould and Mackey, 2015; 

Naniwadekar et al., 2019). Bird species richness and diversity are directly correlated 

with the physiognomic characters (MacArthur and MacArthur, 1961; Balda, 1969; 

Karr and Roth, 1971). Rice (1983) and Dauglas et al. (1992) reported that the 

abundance of some tree species or a group of species can influence the distribution of 

certain bird species or bird guilds. The assessment of vegetation structure thus is 

important to understand habitat characteristics and the impact of change of habitat on 

birds (Rajpar and Zakaria, 2011). 

Intense use of land and other natural resources with population growth resulted in the 

loss of forest cover and natural vegetation (Vitousek, 1994; Matson et al., 1997; 

Chapman and Reich, 2007). The land use intensification creates a wildland urban 

interphase with a continuum of environmental condition from wildlands to rural, 

suburban and urban lands (Marzluff et al, 2001, Bar-Massada et al., 2014). Regional 

biota is influenced by land-use intensification in several ways (Chapman and Reich, 

2007). Introduction of roads, buildings, pastures, croplands, clear cuts into 

wilderness increases heterogeneity in a landscape and might increase species 

richness and diversity (Mellink, 1991; Blair, 1996; Jobin et al., 1996; Blair and 
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Launer, 1997; Cam et al., 2000; Drapeau et al., 2000; Soderstrom and Part, 2000; 

Glennon and Porter, 2005). The introduction of tree or shrub plantings, lawns and 

buildings can also influence the species richness (Geis, 1974; Sodhi, 1992; Petit et 

al., 1999; Crooks et al., 2004). In countries with high population densities like India, 

small protected areas that house viable source populations of many wildlife species 

are surrounded by human- dominated landscapes, such as agroforests and cultivated 

landscapes (Bhagwat et al., 2005; Robbins et al., 2015). Agroforests and cultivated 

areas are now globally recognized as important habitats for biodiversity (Balmford et 

al., 2005; Fischer et al., 2008; Beaudrot et al., 2016). Along with these associated 

landscapes the small protected areas often nurture high diversity (Baldwin and 

Fouch, 2018).  

Although large Protected Areas are important to conserve the diversity and 

ecological processes but small Protected Areas have high significance in fragmented 

landscape and help in environmental restoration (Brambilla et al., 2020). The small 

isolated protected forest patches within the heavily modified landscape contributes to 

conservation of local faunal assemblage (Lindenmayer, 2019; Baldwin and Fouch, 

2018). There are few studies done which shows small forested areas can support 

greater number of species (Blake and Karr, 1984). Parks and reserves form islands of 

natural habitat and help in the preservation of many species which depend on them. 

MacArthur and Wilson (1967) emphasized the importance of small islands as they 

act as stepping stones between large islands and thus increases the probabilities of 

biotic exchange. For example, small patches of the temperate woodlands of 

Southeast Australia are species-rich (Lindenmayer, 2019). Small reserves such as the 

remnant bushland in sub-humid Tasmania supports many rare plants (Kirkpatrick 
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and Gilfedder, 1995). Similarly, the small patches of remnant native vegetation in 

New Zealand are vital for the conservation of native land snails (Ogle, 1987).  

The objective of the study was to assess change in species assemblage in summer 

and winter season. I also explored the association between the vegetation structures 

and the bird species composition along the habitat and the seasonal differences in 

bird assemblage also.  

The research questions addressed in this chapter are: 

(i) Is the bird composition different in summer and winter seasons? 

(ii) How different bird species are associated with the vegetation structures?  

 

4.2. Methods 

 

Bird sampling 

The diversity and assemblage of avifauna was assessed through stratified random 

sampling from March 2018 to March 2020. We executed habitat-wise point count 

(Bibby et al. 2000) to collect abundance data of birds covering plantation (28), mixed 

forest (15), scrub forest (12), riverine (25) and grassland (21) and agriculture fields-

human settlements (15). Each point count station was 200 meters away from each 

other (Figure.2). Birds were observed for 10 minutes at each point count station. All 

the birds visually encountered and calls recorded were entered in a prescribed 

dataset. Every point count station was visited 20 times to assess the variability of 

species abundance and species turnover.  Birds were counted from 5:30 am to 8:30 

am during summer and from 8:00 am to 10:30 am during winter season. Surveys 

during inclement weather were avoided.  
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Habitat quantification 

The physiognomic and species composition variability of the habitat was assessed 

through vegetation plots at the point count locations. Total 232 quadrat plots were 

sampled with two quadrat plots in each point count station. I laid nested quadrats 

with the largest quadrat of 10X10 m
2 

to get data on the tree characteristics like tree 

species richness, tree abundance, girth at breast height (GBH), tree height, and 

canopy cover. All woody vegetation of 20cm (GBH) or more were considered as 

trees. I collected information on abundance of shrub in 5x5 m
2 

plot nested inside the 

10x10 m
2 

plot. Herbs and grasses were recorded in 1x1 m
2 

nested at the four corners 

of 10x10 m
2 

plot. Tree cover (Canopy cover), shrub cover and ground cover were 

estimated following the line intercept method (Canfield, 1941).  I estimated the 

parameters such as tree species richness, tree abundance, average girth at breast 

height (GBH), average height, and canopy cover % shrub species abundance, 

richness, shrub cover for further analysis (Table 4.1). 

 

4.3. Data analysis 

 

Similarity Percentages (SIMPER) and Permutational multivariate analysis of 

variance (PERMANOVA) test (Anderson, 2001) were performed to assess the 

difference in bird community in different habitats and to identify the bird species 

responsible for the community dissimilarity based on the abundance value. We also 

assessed the difference in bird community in summer and winter seasons. We 

considered bird species which were responsible for more than 50 % dissimilarities 

(from SIMPER result) between the bird communities in different seasons for 
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ordination analysis. The physiognomic characteristics of the habitat collected during 

the vegetation sampling were quantified to understand the dependency of the bird 

species on habitat heterogeneity. We performed the Nonmetric Multidimensional 

Scaling (NMDS) using ‘Bray Curtis’ distance to assess the association between 

different bird species and the habitats. The vegetation structures like tree abundance, 

shrub cover, grass cover etc., were plotted against the bird community to assess the 

association of different bird species with the vegetation structure in different habitats.  

4.4. Results  

 

Major structural and compositional parameters calculated from the vegetation plots 

are given in Table 4.1. Major tree species is Eucalyptus whereas major shrub species 

are Murraya koenigii and Helicteres isora. The major grasses which are observed 

here are Phragmites karka and Imperata cylindrica.  

Compositional differences in Bird community 

SIMPER analysis showed that the overall dissimilarity between the bird composition 

in summer and winter season was 91.17%. The PERMANOVA results also showed 

significant differences in bird composition in both seasons (p=0.0001). The major 

birds influencing the differences in the community in the summer and winter seasons 

were Red-vented Bulbul, Jungle Babbler, Ruddy Shelduck, Rose-ringed Parakeet and 

Little Cormorant (Table 4.2). We found significant difference in the bird community 

in different habitat in summer and winter (PERMANOVA p= 0.0001 for both 

summer and winter). SIMPER analysis showed that in summer season, the overall 

dissimilarity within the bird community in different habitats was 89.11%. The 
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highest dissimilarity was found between plantation and grassland (96.13%), whereas 

the lowest was found between mixed deciduous forest and scrub forest (67.01%) 

(Table 4.3). In winter season, the overall dissimilarity was 92.84 %. The highest 

dissimilarity was found between scrub forest and riverine as 96.71%, whereas the 

lowest dissimilarity was found between mixed deciduous forest and scrub forest as 

80.23% (Table 4.3). The difference in abundance of the bird species like Baya 

Weaver, Rose-ringed parakeet, Jungle babbler, Red-vented Bulbul, Spotted dove, 

Red-wattled Lapwing, Green Bee-eater etc. caused the dissimilarities within the bird 

communities in summer season. A complete list of bird species which were 

influencing the differences in the community in summer has been given in Table 4.4 

and between different habitats in summer season has been given in Table 4.5. The 

difference in abundance of the bird species like Red-vented Bulbul, Ruddy Shelduck, 

Jungle Babbler, Little Cormorant, Black Bulbul, Humes Warbler, Barn Swallow, 

Spangled Drongo, Rose-ringed parakeet, Black-hooded Oriole etc. caused the 

dissimilarities within the bird communities in winter season. A complete list of bird 

species which were influencing the differences in the community in winter has been 

given in Table 4.6 and different habitats in the winter season has been given in Table 

4.7. 
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Table 4.1. Attributes of vegetation in JJCR (based on two plots – 200 m
2
) 

  Mean 

  Statistic Std. Error 

Tree abundance 3.36 0.32 

Tree species richness 1.33 0.12 

Canopy cover(%) 17.73 1.43 

GBH(cm) 47.18 3.70 

Tree height(m) 10.44 1.06 

Shrub species richness 1.32 0.16 

Shrub abundance 13.53 1.78 

Shrub cover(%) 15.30 2.25 

Invasive species cover 3.07 0.75 

Herb(%) 23.87 1.76 

Grass(%) 54.11 2.69 

Leaf litter(%) 14.73 2.47 

Bareground(%) 7.29 2.35 

 

Table 4.2. Result of SIMPER analysis for both the seasons 

 

Taxon 
Average 

dissimilarity 

Percentage 

Contribution 

Cumulative 

percentage 

Mean of 

bird 

abundance 

in summer 

Mean of 

bird 

abundance 

in winter 

Red-vented Bulbul 5.97 6.55 6.55 3.24 7.96 

Jungle Babbler 4.30 4.72 11.27 3.70 2.89 

Ruddy Shelduck 3.36 3.69 14.96 0.77 6.15 

Rose-ringed Parakeet 3.14 3.44 18.40 2.71 2.27 

Little Cormorant 2.61 2.87 21.27 0.95 2.26 

Baya Weaver 2.54 2.79 24.06 3.80 0.00 

Red-wattled Lapwing 2.53 2.78 26.83 1.69 1.38 

Black-hooded Oriole 2.42 2.65 29.49 1.82 1.86 

Barn Swallow 2.41 2.65 32.13 1.25 3.11 

Green Bee-eater 2.35 2.58 34.71 2.47 0.22 

Purple Sunbird 2.31 2.54 37.24 2.51 0.96 
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Paddyfield Pipit 2.22 2.44 39.68 1.27 1.36 

Spotted Dove 2.20 2.42 42.10 2.62 0.63 

River Lapwing 2.20 2.41 44.51 1.21 1.49 

Common Myna 2.16 2.37 46.89 2.03 0.95 

Humes Warbler 2.09 2.29 49.18 0.00 2.77 

Common Stonechat 1.76 1.93 51.11 0.66 1.26 

Black Bulbul 1.75 1.92 53.03 0.00 2.41 

Spangled Drongo 1.68 1.84 54.87 0.00 2.37 

Oriental White-eye 1.47 1.61 56.49 0.61 1.74 

Indian Paradise-

Flycatcher 1.39 1.53 58.01 1.74 0.00 

Black Drongo 1.29 1.41 59.42 0.70 0.97 

Rufous Treepie 1.25 1.38 60.80 0.39 1.39 

Oriental Magpie-Robin 1.23 1.35 62.14 1.33 0.50 

House Crow 1.19 1.30 63.44 0.67 0.97 

Red-whiskered Bulbul 1.17 1.28 64.73 0.39 1.47 

Large-billed Crow 1.15 1.26 65.99 0.28 1.47 

Greenish Warbler 1.07 1.17 67.16 0.00 1.12 

Red Junglefowl 1.07 1.17 68.33 1.18 0.45 

Little Egret 1.03 1.13 69.45 0.91 0.26 

Lesser Whitethroat 1.02 1.12 70.57 0.02 1.38 

Plain Prinia 0.95 1.05 71.61 0.32 0.98 

Indian Pitta 0.92 1.01 72.63 1.13 0.00 

Pied Bushchat 0.90 0.99 73.61 0.44 0.45 

Red-naped Ibis 0.88 0.97 74.58 0.04 1.76 

Common Tailorbird 0.85 0.93 75.51 0.96 0.16 

Himalayan Bulbul 0.83 0.91 76.42 0.00 1.53 

Northern Pintail 0.76 0.83 77.25 0.00 1.27 

Ashy Prinia 0.73 0.80 78.05 0.60 0.24 

Indian Peafowl 0.68 0.74 78.79 0.63 0.47 

Citrine Wagtail 0.67 0.74 79.53 0.00 0.90 

Bar-headed Goose 0.66 0.73 80.26 0.00 0.99 

White-tailed Stonechat 0.60 0.66 80.92 0.03 0.53 

White Wagtail 0.60 0.66 81.58 0.01 0.93 

Indian Roller 0.58 0.64 82.22 0.42 0.37 

Cattle Egret 0.58 0.63 82.85 0.64 0.07 

River Tern 0.57 0.63 83.48 0.48 0.12 

Oriental Skylark 0.57 0.63 84.11 0.25 0.33 

Indian Grey Hornbill 0.55 0.60 84.71 0.42 0.31 

Plum-headed Parakeet 0.52 0.57 85.27 0.07 0.63 

Chestnut-shouldered 

Petronia 0.46 0.50 85.77 0.65 0.00 

Great Tit 0.45 0.49 86.26 0.00 0.55 
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White-throated Fantail 0.44 0.48 86.74 0.00 0.51 

Small Pratincole 0.44 0.48 87.22 0.29 0.55 

Yellow-wattled 

Lapwing 0.43 0.47 87.69 0.16 0.19 

Common Iora 0.42 0.46 88.15 0.58 0.00 

Pied Kingfisher 0.41 0.45 88.60 0.17 0.30 

Gray Wagtail 0.39 0.42 89.03 0.06 0.39 

Little-ringed Plover 0.36 0.40 89.42 0.07 0.68 

Indian Robin 0.36 0.40 89.82 0.27 0.22 

White-throated 

Kingfisher 0.36 0.39 90.21 0.13 0.29 

Brown-headed Barbet 0.34 0.38 90.59 0.28 0.14 

Striated Grassbird 0.34 0.38 90.96 0.28 0.09 

Great Cormorant 0.33 0.36 91.33 0.05 0.86 

Black-chinned Babbler 0.33 0.36 91.69 0.47 0.00 

Eurasian Collared-Dove 0.30 0.33 92.02 0.28 0.14 

Indian Pied Starling 0.28 0.31 92.33 0.12 0.18 

Yellow-bellied Prinia 0.28 0.31 92.64 0.17 0.10 

Yellow-breasted 

Greenfinch 0.28 0.31 92.95 0.00 0.55 

Yellow-footed Green-

Pigeon 0.25 0.28 93.22 0.00 0.45 

Taiga Flycatcher 0.25 0.27 93.49 0.00 0.30 

Laughing Dove 0.23 0.25 93.74 0.15 0.09 

Indian Spot-billed Duck 0.22 0.24 93.98 0.22 0.00 

Intermediate Egret 0.21 0.23 94.22 0.06 0.38 

Asian Koel 0.21 0.23 94.45 0.26 0.00 

Brahminy Starling 0.21 0.23 94.67 0.14 0.14 

Red-crested Pochard 0.20 0.22 94.89 0.00 0.16 

Common Hawk-Cuckoo 0.20 0.22 95.11 0.26 0.00 

Blue-tailed Bee-eater 0.17 0.18 95.29 0.25 0.00 

Indian Cuckoo 0.16 0.18 95.47 0.21 0.00 

Lesser Goldenback 0.16 0.18 95.65 0.07 0.20 

White-browed Wagtail 0.16 0.18 95.83 0.08 0.10 

Goosander 0.16 0.18 96.00 0.00 0.29 

Crested Serpent-Eagle 0.16 0.17 96.18 0.05 0.14 

Pond Heron 0.15 0.17 96.34 0.01 0.21 

Grey-breasted Prinia 0.15 0.17 96.51 0.21 0.00 

Plain Martin 0.14 0.16 96.67 0.00 0.16 

Gadwall 0.13 0.15 96.82 0.00 0.15 

Sarus Crane 0.13 0.14 96.96 0.06 0.10 

Common Kingfisher 0.13 0.14 97.10 0.06 0.08 

Red-breasted Flycatcher 0.13 0.14 97.24 0.00 0.19 
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Crimson Sunbird 0.12 0.13 97.37 0.00 0.16 

Small Minivet 0.11 0.12 97.48 0.07 0.10 

Shikra 0.10 0.11 97.59 0.10 0.02 

Indian Silverbill 0.10 0.11 97.70 0.00 0.09 

Jungle Owlet 0.10 0.11 97.81 0.05 0.09 

Grey-headed Canary-

Flycatcher 0.09 0.10 97.91 0.00 0.11 

Black Francolin 0.09 0.09 98.01 0.08 0.00 

Zitting Cisticola 0.08 0.09 98.10 0.07 0.00 

Temminck Stint 0.08 0.09 98.19 0.00 0.10 

Coppersmith Barbet 0.08 0.09 98.27 0.11 0.00 

White-bellied Drongo 0.08 0.09 98.36 0.08 0.00 

Grey Bushchat 0.07 0.08 98.44 0.06 0.01 

Black-bellied Tern 0.07 0.08 98.52 0.00 0.07 

Red Avadavat 0.07 0.08 98.59 0.00 0.06 

Pallas Gull 0.06 0.07 98.66 0.00 0.18 

Long-tailed Shrike 0.06 0.06 98.72 0.02 0.05 

Striated Babbler 0.06 0.06 98.79 0.05 0.00 

Brown Rock Chat 0.05 0.05 98.84 0.00 0.04 

Bristled Grassbird 0.05 0.05 98.89 0.04 0.00 

Great Egret 0.05 0.05 98.94 0.00 0.04 

Bank Myna 0.04 0.05 98.99 0.00 0.03 

Little Tern 0.04 0.05 99.04 0.04 0.00 

Grey Heron 0.04 0.05 99.09 0.04 0.00 

Jungle Myna 0.04 0.05 99.13 0.08 0.00 

Black Kite 0.04 0.04 99.17 0.03 0.00 

Ashy-crowned Sparrow-

Lark 0.03 0.04 99.21 0.03 0.00 

Grey Francolin 0.03 0.04 99.25 0.03 0.00 

Black-breasted Weaver 0.03 0.04 99.29 0.03 0.00 

Blyth’s Reed Warbler 0.03 0.04 99.32 0.04 0.00 

Grey-hooded Warbler 0.03 0.03 99.36 0.01 0.03 

Common Greenshank 0.03 0.03 99.39 0.00 0.03 

Oriental Pied-Hornbill 0.03 0.03 99.42 0.00 0.04 

Grey-bellied Cuckoo 0.03 0.03 99.45 0.03 0.00 

Tickell's Thrush 0.03 0.03 99.48 0.00 0.03 

Common Sandpiper 0.03 0.03 99.51 0.00 0.06 

Lemon-rumped Warbler 0.02 0.03 99.54 0.00 0.02 

Golden-fronted Leafbird 0.02 0.02 99.56 0.00 0.03 

Greater Coucal 0.02 0.02 99.58 0.00 0.04 

Asian Brown Flycatcher 0.02 0.02 99.60 0.00 0.03 

Pale-billed 

Flowerpecker 0.02 0.02 99.62 0.02 0.00 
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 Pied Cuckoo 0.02 0.02 99.64 0.02 0.00 

Himalayan Griffon 0.02 0.02 99.66 0.01 0.02 

Little Stint 0.02 0.02 99.67 0.00 0.04 

Changeable Hawk-

Eagle 0.02 0.02 99.69 0.02 0.00 

Chestnut-bellied 

Nuthatch 0.02 0.02 99.71 0.02 0.00 

Streak-throated 

Woodpecker 0.02 0.02 99.73 0.02 0.00 

Bay-backed Shrike 0.01 0.02 99.74 0.01 0.01 

White-rumped Vulture 0.01 0.01 99.76 0.00 0.01 

Crested Lark 0.01 0.01 99.77 0.01 0.00 

Osprey 0.01 0.01 99.78 0.00 0.01 

Bronze Drongo 0.01 0.01 99.79 0.00 0.01 

Ashy Drongo 0.01 0.01 99.81 0.00 0.01 

Asian Woolly-necked 

Stork 0.01 0.01 99.82 0.00 0.03 

Verditer Flycatcher 0.01 0.01 99.83 0.00 0.02 

White-eyed Buzzard 0.01 0.01 99.84 0.01 0.00 

Slender-billed Vulture 0.01 0.01 99.85 0.00 0.01 

Drongo Cuckoo 0.01 0.01 99.86 0.01 0.00 

Black-naped Monarch 0.01 0.01 99.87 0.00 0.01 

Oriental Honey-buzzard 0.01 0.01 99.87 0.01 0.00 

Chestnut-bellied Rock-

Thrush 0.01 0.01 99.88 0.00 0.01 

Velvet-fronted Nuthatch 0.01 0.01 99.89 0.00 0.01 

Rusty-cheeked Scimitar-

Babbler 0.01 0.01 99.90 0.00 0.01 

Tawny-bellied Babbler 0.01 0.01 99.91 0.01 0.00 

Eurasian Sparrowhawk 0.01 0.01 99.91 0.00 0.01 

Small Niltava 0.01 0.01 99.92 0.00 0.01 

Maroon Oriole 0.01 0.01 99.93 0.00 0.01 

Sirkeer Malkoha 0.01 0.01 99.94 0.00 0.01 

Common Cuckoo 0.01 0.01 99.94 0.01 0.00 

Short-toed Snake-Eagle 0.01 0.01 99.95 0.01 0.00 

Lesser Whistling-Duck 0.01 0.01 99.96 0.00 0.01 

Stork-billed Kingfisher 0.01 0.01 99.97 0.00 0.01 

Great Barbet 0.01 0.01 99.97 0.00 0.01 

Rufous-gorgeted 

flycatcher 0.01 0.01 99.98 0.00 0.01 

Tickell's Blue 

Flycatcher 0.00 0.01 99.99 0.00 0.01 

Thick-billed 

Flowerpecker 0.00 0.01 99.99 0.00 0.01 
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Cinereous Vulture 0.00 0.00 100.00 0.00 0.01 

Egyptian Vulture 0.00 0.00 100.00 0.00 0.01 

 

Table 4.3. Dissimilarity (%) between different habitats in both summer and winter 

season 

summer Plantation 

Mixed 

Deciduous 

forest 

Scrub 

forest 
Riverine Grassland 

Plantation 0 77.83 81.04 94.29 96.13 

Mixed Deciduous 

forest 
  

0 
67.01 93.24 95.14 

Scrub forest     0 86.25 92.03 

Riverine       0 89.74 

Grassland         0 

 

winter Plantation 

Mixed 

Deciduous 

forest 

Scrub 

forest 
Riverine Grassland 

Plantation 0 83.8 86.99 94.23 96.43 

Mixed Deciduous forest   0 80.23 95.25 95.93 

Scrub forest     0 96.71 96.05 

Riverine       0 94.97 

Grassland         0 

 

 

 

 

 

 



 

Table 4.4. Result of SIMPER analysis during summer season in all the habitats 
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Baya Weaver 5.92 6.64 6.64 0.00 22.90 2.42 0.00 0.52 

Jungle Babbler 5.61 6.29 12.93 8.50 6.73 2.92 0.00 0.00 

Red-vented Bulbul 4.10 4.60 17.53 3.32 7.20 6.25 0.80 1.48 

Rose-ringed Parakeet 4.05 4.54 22.08 4.50 9.60 0.25 0.00 0.05 

Green Bee- eater 3.69 4.15 26.22 0.00 1.60 7.00 4.20 1.71 

Spotted Dove 3.57 4.00 30.23 2.82 4.87 7.67 0.72 0.14 

Purple Sunbird 3.33 3.74 33.96 2.11 3.87 7.92 1.60 0.10 

Red-wattled Lapwing 3.21 3.60 37.56 0.00 0.00 0.00 1.92 5.86 

Common Myna 2.96 3.32 40.88 5.36 0.00 0.42 0.92 1.29 

Black-hooded Oriole 2.91 3.26 44.14 6.11 0.53 0.00 0.20 0.00 

Paddyfield Pipit 2.82 3.16 47.30 0.00 0.00 0.00 0.08 6.00 

Indian Paradise-Flycatcher 2.72 3.05 50.35 5.57 1.33 0.00 0.00 0.00 

River Lapwing 2.44 2.74 53.08 0.00 0.00 0.00 4.64 0.29 

Barn Swallow 2.04 2.29 55.37 0.00 1.93 0.00 0.00 4.62 

Oriental Magpie-Robin 1.87 2.10 57.47 3.04 1.20 1.75 0.28 0.14 

Little Cormorant 1.79 2.01 59.48 0.00 0.00 0.00 3.84 0.00 

Little Egret 1.77 1.98 61.47 0.00 0.00 0.00 3.68 0.00 

Red JungleFowl 1.72 1.93 63.40 0.79 5.13 1.67 0.00 0.00 
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Indian Pitta 1.66 1.87 65.26 2.64 2.13 0.67 0.00 0.00 

Ruddy Shelduck 1.64 1.84 67.11 0.00 0.00 0.00 3.12 0.00 

Common Tailorbird 1.47 1.65 68.76 0.29 2.47 3.00 0.64 0.00 

Common Stonechat 1.43 1.60 70.36 0.00 0.00 0.00 0.24 2.90 

House Crow 1.31 1.46 71.82 0.00 0.00 0.00 2.32 0.48 

Black Drongo 1.17 1.31 73.13 1.50 0.00 0.50 0.68 0.29 

Ashy Prinia 1.11 1.25 74.38 0.00 0.80 1.00 0.56 1.10 

Cattle Egret 1.02 1.14 75.52 1.86 0.00 0.00 0.24 0.33 

Chestnut- shouldered Petronia 1.01 1.13 76.65 0.29 2.93 0.92 0.12 0.00 

Indian Peafowl 1.01 1.13 77.78 0.18 2.40 1.67 0.00 0.14 

Pied Bushchat 0.98 1.10 78.89 0.00 0.00 0.17 0.00 2.00 

Oriental White-eye 0.98 1.10 79.99 0.82 1.53 1.33 0.00 0.00 

River Tern 0.96 1.08 81.07 0.00 0.00 0.00 1.92 0.00 

Common Iora 0.94 1.05 82.12 0.18 1.93 2.08 0.00 0.00 

Black-chinned Babbler 0.72 0.81 82.93 0.25 2.00 0.83 0.00 0.00 

Indian Grey Hornbill 0.67 0.75 83.68 1.04 0.53 0.00 0.20 0.00 

Indian Roller 0.67 0.75 84.43 0.39 0.67 0.33 0.64 0.05 

Red-whiskered Bulbul 0.60 0.68 85.11 0.50 0.80 0.67 0.00 0.24 

Plain Prinia 0.60 0.67 85.78 0.14 0.00 0.67 0.16 0.76 

Rufous Treepie 0.59 0.67 86.45 0.82 1.07 0.00 0.00 0.00 

Striated Grassbird 0.58 0.65 87.09 0.00 0.00 0.00 0.00 1.33 

Indian Robin 0.55 0.62 87.71 0.00 0.00 2.08 0.08 0.00 

Oriental Skylark 0.53 0.59 88.31 0.00 0.00 0.00 0.12 1.05 

Small Pratincole 0.52 0.59 88.90 0.00 0.00 0.00 1.16 0.00 

Large-billed Crow 0.47 0.53 89.43 0.07 0.20 0.00 0.76 0.19 

Brown-headed Barbet 0.47 0.53 89.95 0.96 0.00 0.08 0.00 0.00 
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Eurasian Collared-Dove 0.46 0.51 90.46 0.00 0.67 0.42 0.52 0.00 

Indian Spot-billed Duck 0.44 0.49 90.96 0.00 0.00 0.00 0.88 0.00 

Asian Koel 0.41 0.46 91.42 0.36 0.47 0.33 0.20 0.00 

Yellow- bellied Prinia 0.41 0.46 91.88 0.00 0.00 0.00 0.00 0.81 

Blue-tailed Bee-eater 0.40 0.45 92.32 0.00 1.40 0.33 0.00 0.00 

Common Hawk-Cuckoo 0.39 0.44 92.77 0.71 0.40 0.00 0.00 0.00 

Yellow-wattled Lapwing 0.38 0.43 93.20 0.00 0.00 0.00 0.00 0.76 

Grey-breasted Prinia 0.35 0.39 93.59 0.07 0.80 0.58 0.00 0.00 

Indian Cuckoo 0.34 0.38 93.97 0.57 0.20 0.17 0.00 0.00 

Laughing Dove 0.32 0.36 94.33 0.00 0.00 0.75 0.00 0.29 

Pied Kingfisher 0.32 0.36 94.69 0.00 0.00 0.00 0.68 0.00 

Brahminy Starling 0.29 0.32 95.01 0.00 0.33 0.75 0.00 0.00 

White-throated Kingfisher 0.25 0.28 95.29 0.07 0.00 0.00 0.24 0.24 

Indian Pied Starling 0.24 0.27 95.56 0.00 0.00 0.00 0.00 0.57 

Shikra 0.19 0.21 95.77 0.29 0.00 0.17 0.00 0.00 

Coppersmith Barbet 0.18 0.20 95.97 0.18 0.13 0.33 0.00 0.00 

White-browed Wagtail 0.17 0.19 96.16 0.00 0.00 0.00 0.32 0.00 

Zitting Cisticola 0.17 0.19 96.35 0.00 0.00 0.00 0.00 0.33 

Black Francolin 0.17 0.19 96.54 0.00 0.00 0.00 0.20 0.14 

Little-ringed Plover 0.16 0.18 96.71 0.00 0.00 0.00 0.28 0.00 

White-bellied Drongo 0.15 0.17 96.89 0.07 0.00 0.00 0.24 0.00 

Grey Bushchat 0.14 0.16 97.05 0.00 0.00 0.00 0.00 0.29 

Sarus Crane 0.13 0.15 97.19 0.00 0.00 0.00 0.24 0.00 

Gray Wagtail 0.13 0.14 97.34 0.00 0.00 0.00 0.24 0.00 

Small Minivet 0.12 0.14 97.47 0.04 0.20 0.25 0.00 0.00 

Striated Babbler 0.12 0.13 97.61 0.00 0.00 0.00 0.00 0.24 
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Common Kingfisher 0.12 0.13 97.74 0.00 0.00 0.00 0.12 0.14 

Intermediate Egret 0.12 0.13 97.87 0.00 0.00 0.00 0.24 0.00 

Lesser Goldenback 0.11 0.12 97.99 0.14 0.00 0.25 0.00 0.00 

Plum-headed Parakeet 0.11 0.12 98.11 0.00 0.33 0.17 0.00 0.00 

Great Cormorant 0.10 0.12 98.23 0.00 0.00 0.00 0.20 0.00 

Jungle Myna 0.10 0.11 98.35 0.00 0.53 0.00 0.00 0.00 

Bristled Grassbird 0.10 0.11 98.46 0.00 0.00 0.00 0.00 0.19 

Little Tern 0.09 0.10 98.56 0.00 0.00 0.00 0.16 0.00 

Grey Heron 0.09 0.10 98.65 0.00 0.00 0.00 0.16 0.00 

Jungle Owlet 0.08 0.09 98.74 0.18 0.00 0.00 0.00 0.00 

Crested Serpent-Eagle 0.07 0.08 98.82 0.11 0.13 0.00 0.00 0.00 

Red-naped Ibis 0.07 0.08 98.90 0.00 0.00 0.00 0.16 0.00 

Black-breasted Weaver 0.07 0.08 98.98 0.00 0.00 0.00 0.00 0.14 

Black Kite 0.07 0.08 99.06 0.00 0.00 0.00 0.12 0.00 

Ashy-crowned Sparrow-Lark 0.07 0.08 99.14 0.00 0.00 0.00 0.12 0.00 

Grey Francolin 0.07 0.08 99.22 0.00 0.00 0.00 0.08 0.05 

Blyth’s Reed Warbler 0.07 0.08 99.29 0.00 0.00 0.00 0.16 0.00 

White-tailed Stonechat 0.06 0.07 99.36 0.00 0.00 0.00 0.00 0.14 

Grey-bellied Cuckoo 0.06 0.07 99.42 0.00 0.00 0.00 0.04 0.10 

Long-tailed Shrike 0.05 0.05 99.48 0.00 0.00 0.17 0.00 0.00 

Lesser Whitethroat 0.04 0.05 99.53 0.00 0.00 0.17 0.00 0.00 

 Pied Cuckoo 0.04 0.05 99.57 0.00 0.00 0.17 0.00 0.00 

Pale-billed Flowerpecker 0.04 0.05 99.62 0.00 0.00 0.17 0.00 0.00 

Streak-throated Woodpecker 0.04 0.04 99.66 0.00 0.00 0.17 0.00 0.00 

Chestnut-bellied Nuthatch 0.04 0.04 99.70 0.00 0.00 0.17 0.00 0.00 

Changeable Hawk-Eagle 0.03 0.04 99.74 0.04 0.00 0.08 0.00 0.00 

9
7

 



 

Crested Lark 0.02 0.03 99.77 0.00 0.00 0.00 0.04 0.00 

White-eyed Buzzard 0.02 0.03 99.80 0.00 0.00 0.08 0.00 0.00 

White Wagtail 0.02 0.02 99.82 0.00 0.00 0.00 0.04 0.00 

Pond Heron 0.02 0.02 99.85 0.00 0.00 0.00 0.04 0.00 

Bay-backed Shrike 0.02 0.02 99.87 0.00 0.00 0.08 0.00 0.00 

Himalayan Griffon 0.02 0.02 99.89 0.00 0.00 0.08 0.00 0.00 

Oriental Honey-buzzard 0.02 0.02 99.91 0.00 0.07 0.00 0.00 0.00 

Tawny-bellied Babbler 0.02 0.02 99.93 0.00 0.00 0.08 0.00 0.00 

Grey-hooded Warbler 0.02 0.02 99.95 0.04 0.00 0.00 0.00 0.00 

Drongo Cuckoo 0.02 0.02 99.97 0.04 0.00 0.00 0.00 0.00 

Short-toed Snake-Eagle 0.01 0.02 99.98 0.00 0.00 0.00 0.00 0.05 

Common Cuckoo 0.01 0.02 100.00 0.04 0.00 0.00 0.00 0.00 
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Table 4.5. SIMPER analysis for summer season between different habitats (pairwise 

comparison) 

Plantation  and Mixed 

deciduous forest           

Taxon A
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Baya Weaver 15.64 20.09 20.09 0.00 22.90 

Rose-ringed Parakeet 6.43 8.26 28.35 4.50 9.60 

Jungle Babbler 6.15 7.91 36.26 8.50 6.73 

Red-vented Bulbul 3.88 4.99 41.25 3.32 7.20 

Black-hooded Oriole 3.73 4.79 46.03 6.11 0.53 

Indian Paradise-Flycatcher 3.33 4.28 50.31 5.57 1.33 

Common Myna 3.30 4.24 54.55 5.36 0.00 

Red Junglefowl 3.27 4.21 58.76 0.79 5.13 

Spotted Dove 3.16 4.07 62.83 2.82 4.87 

Purple Sunbird 2.05 2.63 65.46 2.11 3.87 

Chestnut-shouldered 

Petronia 2.00 2.57 68.02 0.29 2.93 

Oriental Magpie-Robin 1.66 2.13 70.15 3.04 1.20 

Common Tailorbird 1.65 2.12 72.27 0.29 2.47 

Indian Peafowl 1.63 2.09 74.37 0.18 2.40 

Barn Swallow 1.49 1.92 76.29 0.00 1.93 

Indian Pitta 1.37 1.75 78.04 2.64 2.13 

Black-chinned Babbler 1.34 1.72 79.77 0.25 2.00 

Common Iora 1.34 1.72 81.48 0.18 1.93 

Oriental White-eye 1.19 1.53 83.02 0.82 1.53 

Green Bee-eater 1.09 1.40 84.42 0.00 1.60 

Cattle Egret 1.07 1.38 85.80 1.86 0.00 

Black Drongo 1.03 1.33 87.12 1.50 0.00 

Rufous Treepie 1.02 1.32 88.44 0.82 1.07 

Blue-tailed Bee-eater 0.97 1.24 89.68 0.00 1.40 

Indian Grey Hornbill 0.86 1.11 90.79 1.04 0.53 

Red-whiskered Bulbul 0.74 0.96 91.74 0.50 0.80 

Brown-headed Barbet 0.64 0.82 92.56 0.96 0.00 

Grey-breasted Prinia 0.60 0.77 93.33 0.07 0.80 

Indian Roller 0.59 0.76 94.09 0.39 0.67 

Common Hawk-Cuckoo 0.58 0.75 94.84 0.71 0.40 

Ashy Prinia 0.57 0.73 95.57 0.00 0.80 

Asian Koel 0.46 0.60 96.16 0.36 0.47 



100
 

Indian Cuckoo 0.45 0.57 96.74 0.57 0.20 

Eurasian Collared-Dove 0.43 0.55 97.29 0.00 0.67 

Jungle Myna 0.30 0.39 97.68 0.00 0.53 

Brahminy Starling 0.22 0.29 97.97 0.00 0.33 

Plum-headed Parakeet 0.22 0.28 98.24 0.00 0.33 

Shikra 0.20 0.25 98.50 0.29 0.00 

Coppersmith Barbet 0.18 0.23 98.73 0.18 0.13 

Large-billed Crow 0.18 0.23 98.95 0.07 0.20 

Crested Serpent-Eagle 0.16 0.20 99.15 0.11 0.13 

Small Minivet 0.15 0.19 99.35 0.04 0.20 

Jungle Owlet 0.11 0.14 99.49 0.18 0.00 

Plain Prinia 0.09 0.11 99.60 0.14 0.00 

Lesser Goldenback 0.08 0.11 99.71 0.14 0.00 

Oriental Honey-buzzard 0.06 0.07 99.78 0.00 0.07 

White-throated Kingfisher 0.05 0.06 99.83 0.07 0.00 

White-bellied Drongo 0.04 0.05 99.88 0.07 0.00 

Grey-hooded Warbler 0.02 0.03 99.91 0.04 0.00 

Changeable Hawk-Eagle 0.02 0.03 99.94 0.04 0.00 

Drongo Cuckoo 0.02 0.03 99.97 0.04 0.00 

Common Cuckoo 0.02 0.03 100.00 0.04 0.00 

 

Plantation  and Scrub 

forest           
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Jungle Babbler 6.90 8.51 8.51 8.50 2.92 

Green Bee-eater 6.28 7.75 16.27 0.00 7.00 

Purple Sunbird 5.46 6.73 23.00 2.11 7.92 

Spotted Dove 5.27 6.50 29.50 2.82 7.67 

Black-hooded Oriole 5.01 6.18 35.68 6.11 0.00 

Red-vented Bulbul 4.66 5.74 41.43 3.32 6.25 

Indian Paradise-Flycatcher 4.49 5.55 46.97 5.57 0.00 

Common Myna 4.15 5.13 52.10 5.36 0.42 

Rose-ringed Parakeet 3.93 4.85 56.95 4.50 0.25 

Oriental Magpie-Robin 2.58 3.18 60.12 3.04 1.75 

Common Tailorbird 2.53 3.12 63.24 0.29 3.00 

Baya Weaver 2.11 2.61 65.85 0.00 2.42 
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Indian Pitta 1.98 2.45 68.30 2.64 0.67 

Indian Robin 1.85 2.29 70.58 0.00 2.08 

Common Iora 1.74 2.15 72.73 0.18 2.08 

Red Junglefowl 1.70 2.10 74.83 0.79 1.67 

Indian Peafowl 1.43 1.77 76.60 0.18 1.67 

Black Drongo 1.43 1.76 78.37 1.50 0.50 

Oriental White-eye 1.41 1.74 80.11 0.82 1.33 

Cattle Egret 1.30 1.61 81.72 1.86 0.00 

Chestnut-shouldered 

Petronia 
0.94 1.16 82.88 0.29 0.92 

Indian Grey Hornbill 0.90 1.11 83.99 1.04 0.00 

Ashy Prinia 0.90 1.11 85.09 0.00 1.00 

Red-whiskered Bulbul 0.87 1.08 86.17 0.50 0.67 

Brown-headed Barbet 0.84 1.03 87.20 0.96 0.08 

Black-chinned Babbler 0.81 1.00 88.20 0.25 0.83 

Brahminy Starling 0.79 0.97 89.17 0.00 0.75 

Laughing Dove 0.69 0.85 90.02 0.00 0.75 

Plain Prinia 0.69 0.85 90.87 0.14 0.67 

Rufous Treepie 0.66 0.82 91.69 0.82 0.00 

Common Hawk-Cuckoo 0.58 0.72 92.40 0.71 0.00 

Indian Cuckoo 0.55 0.68 93.08 0.57 0.17 

Indian Roller 0.55 0.68 93.76 0.39 0.33 

Grey-breasted Prinia 0.51 0.63 94.39 0.07 0.58 

Asian Koel 0.49 0.60 94.99 0.36 0.33 

Eurasian Collared-Dove 0.41 0.50 95.49 0.00 0.42 

Shikra 0.38 0.47 95.97 0.29 0.17 

Coppersmith Barbet 0.38 0.47 96.44 0.18 0.33 

Lesser Goldenback 0.29 0.36 96.80 0.14 0.25 

Blue-tailed Bee-eater 0.28 0.35 97.15 0.00 0.33 

Small Minivet 0.25 0.31 97.46 0.04 0.25 

Long-tailed Shrike 0.18 0.22 97.67 0.00 0.17 

Pied Bushchat 0.17 0.21 97.89 0.00 0.17 

Lesser Whitethroat 0.15 0.19 98.08 0.00 0.17 

Pale-billed Flowerpecker 0.15 0.18 98.26 0.00 0.17 

 Pied Cuckoo 0.15 0.18 98.44 0.00 0.17 

Jungle Owlet 0.14 0.17 98.61 0.18 0.00 

Streak-throated 

Woodpecker 
0.14 0.17 98.79 0.00 0.17 

Chestnut-bellied Nuthatch 0.14 0.17 98.96 0.00 0.17 

Plum-headed Parakeet 0.14 0.17 99.13 0.00 0.17 
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Changeable Hawk-Eagle 0.09 0.12 99.25 0.04 0.08 

White-eyed Buzzard 0.09 0.11 99.35 0.00 0.08 

Bay-backed Shrike 0.08 0.09 99.45 0.00 0.08 

Himalayan Griffon 0.07 0.09 99.54 0.00 0.08 

Crested Serpent-Eagle 0.07 0.08 99.62 0.11 0.00 

Tawny-bellied Babbler 0.06 0.08 99.70 0.00 0.08 

White-throated Kingfisher 0.06 0.07 99.77 0.07 0.00 

Large-billed Crow 0.05 0.07 99.84 0.07 0.00 

White-bellied Drongo 0.05 0.06 99.90 0.07 0.00 

Grey-hooded Warbler 0.03 0.04 99.93 0.04 0.00 

Drongo Cuckoo 0.03 0.04 99.97 0.04 0.00 

Common Cuckoo 0.03 0.03 100.00 0.04 0.00 

 

Plantation  and Riverine 

habitat           
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Jungle Babbler 8.84 9.38 9.38 8.50 0.00 

Black-hooded Oriole 5.84 6.20 15.57 6.11 0.20 

Indian Paradise-Flycatcher 5.36 5.68 21.26 5.57 0.00 

River Lapwing 5.11 5.42 26.67 0.00 4.64 

Common Myna 4.89 5.19 31.86 5.36 0.92 

Rose-ringed Parakeet 4.68 4.97 36.82 4.50 0.00 

Green Bee-eater 4.41 4.68 41.50 0.00 4.20 

Little Cormorant 3.82 4.06 45.56 0.00 3.84 

Little Egret 3.78 4.00 49.56 0.00 3.68 

Ruddy Shelduck 3.51 3.72 53.29 0.00 3.12 

Red-vented Bulbul 3.46 3.67 56.96 3.32 0.80 

Oriental Magpie-Robin 2.79 2.96 59.92 3.04 0.28 

Indian Pitta 2.78 2.95 62.87 2.64 0.00 

Spotted Dove 2.69 2.85 65.72 2.82 0.72 

House Crow 2.43 2.58 68.30 0.00 2.32 

Purple Sunbird 2.33 2.48 70.77 2.11 1.60 

Red-wattled Lapwing 2.06 2.19 72.96 0.00 1.92 

River Tern 2.06 2.18 75.14 0.00 1.92 

Black Drongo 1.83 1.94 77.08 1.50 0.68 
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Cattle Egret 1.78 1.89 78.97 1.86 0.24 

Indian Grey Hornbill 1.18 1.25 80.22 1.04 0.20 

Small Pratincole 1.12 1.19 81.40 0.00 1.16 

Brown-headed Barbet 0.97 1.03 82.43 0.96 0.00 

Indian Spot-billed Duck 0.94 0.99 83.42 0.00 0.88 

Indian Roller 0.89 0.95 84.37 0.39 0.64 

Oriental White-eye 0.88 0.93 85.30 0.82 0.00 

Common Tailorbird 0.82 0.87 86.17 0.29 0.64 

Large-billed Crow 0.80 0.84 87.01 0.07 0.76 

Rufous Treepie 0.79 0.84 87.85 0.82 0.00 

Red Junglefowl 0.69 0.74 88.58 0.79 0.00 

Common Hawk-Cuckoo 0.69 0.73 89.31 0.71 0.00 

Pied Kingfisher 0.68 0.72 90.04 0.00 0.68 

Ashy Prinia 0.67 0.71 90.75 0.00 0.56 

Indian Cuckoo 0.53 0.56 91.31 0.57 0.00 

Asian Koel 0.51 0.54 91.85 0.36 0.20 

Eurasian Collared-Dove 0.48 0.51 92.37 0.00 0.52 

Red-whiskered Bulbul 0.41 0.43 92.80 0.50 0.00 

White-browed Wagtail 0.37 0.39 93.18 0.00 0.32 

Chestnut-shouldered Petronia 0.36 0.38 93.57 0.29 0.12 

Little-ringed Plover 0.34 0.36 93.92 0.00 0.28 

White-throated Kingfisher 0.32 0.34 94.26 0.07 0.24 

White-bellied Drongo 0.32 0.34 94.60 0.07 0.24 

Shikra 0.31 0.33 94.92 0.29 0.00 

Plain Prinia 0.28 0.30 95.22 0.14 0.16 

Sarus Crane 0.28 0.30 95.52 0.00 0.24 

Gray Wagtail 0.27 0.29 95.81 0.00 0.24 

Common Stonechat 0.26 0.28 96.09 0.00 0.24 

Intermediate Egret 0.25 0.26 96.35 0.00 0.24 

Black Francolin 0.23 0.24 96.59 0.00 0.20 

Great Cormorant 0.22 0.24 96.83 0.00 0.20 

Black-chinned Babbler 0.21 0.22 97.05 0.25 0.00 

Little Tern 0.19 0.20 97.25 0.00 0.16 

Grey Heron 0.19 0.20 97.45 0.00 0.16 

Jungle Owlet 0.17 0.18 97.63 0.18 0.00 

Common Iora 0.16 0.17 97.80 0.18 0.00 

Red-naped Ibis 0.15 0.16 97.96 0.00 0.16 

Black Kite 0.15 0.16 98.12 0.00 0.12 

Indian Peafowl 0.15 0.16 98.28 0.18 0.00 

Ashy-crowned Sparrow-Lark 0.15 0.16 98.43 0.00 0.12 
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Coppersmith Barbet 0.15 0.16 98.59 0.18 0.00 

Blyth’s Reed Warbler 0.15 0.15 98.74 0.00 0.16 

Oriental Skylark 0.13 0.14 98.88 0.00 0.12 

Lesser Goldenback 0.11 0.12 99.00 0.14 0.00 

Common Kingfisher 0.11 0.12 99.12 0.00 0.12 

Indian Robin 0.11 0.12 99.24 0.00 0.08 

Grey Francolin 0.11 0.12 99.35 0.00 0.08 

Paddyfield Pipit 0.10 0.11 99.46 0.00 0.08 

Grey-breasted Prinia 0.08 0.08 99.54 0.07 0.00 

Crested Serpent-Eagle 0.08 0.08 99.62 0.11 0.00 

Crested Lark 0.05 0.06 99.68 0.00 0.04 

White Wagtail 0.05 0.05 99.73 0.00 0.04 

Pond Heron 0.05 0.05 99.78 0.00 0.04 

Grey-bellied Cuckoo 0.05 0.05 99.83 0.00 0.04 

Grey-hooded Warbler 0.03 0.04 99.86 0.04 0.00 

Changeable Hawk-Eagle 0.03 0.04 99.90 0.04 0.00 

Drongo Cuckoo 0.03 0.04 99.93 0.04 0.00 

Small Minivet 0.03 0.04 99.97 0.04 0.00 

Common Cuckoo 0.03 0.03 100.00 0.04 0.00 

 

 

Plantation and Grassland           
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Jungle Babbler 9.31 9.69 9.69 8.50 0.00 

Paddyfield Pipit 6.85 7.12 16.81 0.00 6.00 

Red-wattled Lapwing 6.68 6.95 23.76 0.00 5.86 

Black-hooded Oriole 6.28 6.54 30.29 6.11 0.00 

Indian Paradise-Flycatcher 5.61 5.84 36.13 5.57 0.00 

Common Myna 5.25 5.46 41.59 5.36 1.29 

Rose-ringed Parakeet 4.94 5.13 46.73 4.50 0.05 

Red-vented Bulbul 3.82 3.97 50.70 3.32 1.48 

Barn Swallow 3.76 3.91 54.61 0.00 4.62 

Common Stonechat 3.30 3.44 58.04 0.00 2.90 

Oriental Magpie-Robin 3.01 3.13 61.18 3.04 0.14 
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Indian Pitta 2.93 3.05 64.22 2.64 0.00 

Spotted Dove 2.69 2.80 67.02 2.82 0.14 

Pied Bushchat 2.33 2.43 69.45 0.00 2.00 

Purple Sunbird 2.28 2.37 71.82 2.11 0.10 

Green Bee-eater 2.01 2.09 73.90 0.00 1.71 

Cattle Egret 1.95 2.03 75.94 1.86 0.33 

Black Drongo 1.79 1.86 77.80 1.50 0.29 

Striated Grassbird 1.41 1.47 79.27 0.00 1.33 

Ashy Prinia 1.23 1.28 80.54 0.00 1.10 

Oriental Skylark 1.18 1.23 81.77 0.00 1.05 

Indian Grey Hornbill 1.15 1.20 82.97 1.04 0.00 

Brown-headed Barbet 1.02 1.06 84.02 0.96 0.00 

Yellow-bellied Prinia 1.00 1.04 85.06 0.00 0.81 

Yellow-wattled Lapwing 0.94 0.98 86.05 0.00 0.76 

Oriental White-eye 0.93 0.96 87.01 0.82 0.00 

Plain Prinia 0.90 0.93 87.94 0.14 0.76 

Rufous Treepie 0.82 0.86 88.80 0.82 0.00 

Common Hawk-Cuckoo 0.72 0.75 89.55 0.71 0.00 

Red Junglefowl 0.72 0.75 90.30 0.79 0.00 

Red-whiskered Bulbul 0.62 0.64 90.94 0.50 0.24 

Baya Weaver 0.59 0.61 91.55 0.00 0.52 

Indian Pied Starling 0.58 0.60 92.15 0.00 0.57 

Indian Cuckoo 0.55 0.57 92.72 0.57 0.00 

House Crow 0.48 0.50 93.22 0.00 0.48 

Zitting Cisticola 0.42 0.43 93.66 0.00 0.33 

Indian Roller 0.39 0.41 94.07 0.39 0.05 

Asian Koel 0.39 0.41 94.47 0.36 0.00 

Grey Bushchat 0.35 0.36 94.84 0.00 0.29 

Laughing Dove 0.35 0.36 95.20 0.00 0.29 

Indian Peafowl 0.34 0.35 95.54 0.18 0.14 

Shikra 0.32 0.34 95.88 0.29 0.00 

White-throated Kingfisher 0.32 0.33 96.21 0.07 0.24 

Common Tailorbird 0.31 0.32 96.53 0.29 0.00 

River Lapwing 0.30 0.31 96.85 0.00 0.29 

Striated Babbler 0.29 0.30 97.15 0.00 0.24 

Chestnut-shouldered Petronia 0.27 0.28 97.43 0.29 0.00 

Bristled Grassbird 0.24 0.25 97.68 0.00 0.19 

Black-chinned Babbler 0.22 0.23 97.91 0.25 0.00 

Large-billed Crow 0.20 0.21 98.11 0.07 0.19 

Jungle Owlet 0.17 0.18 98.29 0.18 0.00 

Black-breasted Weaver 0.17 0.18 98.47 0.00 0.14 
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Common Iora 0.17 0.17 98.65 0.18 0.00 

Common Kingfisher 0.16 0.17 98.82 0.00 0.14 

Black Francolin 0.16 0.17 98.99 0.00 0.14 

Coppersmith Barbet 0.15 0.16 99.14 0.18 0.00 

White-tailed Stonechat 0.14 0.15 99.29 0.00 0.14 

Lesser Goldenback 0.12 0.12 99.42 0.14 0.00 

Grey-bellied Cuckoo 0.09 0.09 99.51 0.00 0.10 

Grey-breasted Prinia 0.08 0.09 99.60 0.07 0.00 

Crested Serpent-Eagle 0.08 0.08 99.68 0.11 0.00 

White-bellied Drongo 0.06 0.06 99.74 0.07 0.00 

Grey Francolin 0.05 0.05 99.79 0.00 0.05 

Grey-hooded Warbler 0.04 0.04 99.82 0.04 0.00 

Changeable Hawk-Eagle 0.04 0.04 99.86 0.04 0.00 

Drongo Cuckoo 0.04 0.04 99.90 0.04 0.00 

Small Minivet 0.04 0.04 99.93 0.04 0.00 

Short-toed Snake-Eagle 0.03 0.04 99.97 0.00 0.05 

Common Cuckoo 0.03 0.03 100.00 0.04 0.00 

 

Mixed deciduous 

forest and Scrub 

forest           
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Baya Weaver 
13.3

9 
19.98 19.98 22.90 2.42 

Rose-ringed Parakeet 5.88 8.77 28.76 9.60 0.25 

Jungle Babbler 4.33 6.46 35.22 6.73 2.92 

Green Bee-eater 3.94 5.87 41.09 1.60 7.00 

Spotted Dove 3.31 4.93 46.03 4.87 7.67 

Purple Sunbird 3.27 4.88 50.91 3.87 7.92 

Red-vented Bulbul 3.10 4.63 55.53 7.20 6.25 

Red Junglefowl 2.46 3.66 59.20 5.13 1.67 

Chestnut-shouldered 

Petronia 
1.94 2.90 62.10 2.93 0.92 

Common Tailorbird 1.69 2.52 64.62 2.47 3.00 
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Indian Peafowl 1.57 2.34 66.95 2.40 1.67 

Common Iora 1.49 2.22 69.18 1.93 2.08 

Oriental Magpie-Robin 1.43 2.13 71.31 1.20 1.75 

Barn Swallow 1.42 2.12 73.43 1.93 0.00 

Indian Robin 1.38 2.06 75.48 0.00 2.08 

Indian Pitta 1.24 1.86 77.34 2.13 0.67 

Oriental White-eye 1.22 1.83 79.17 1.53 1.33 

Black-chinned Babbler 1.16 1.73 80.90 2.00 0.83 

Blue-tailed Bee-eater 0.99 1.47 82.37 1.40 0.33 

Ashy Prinia 0.91 1.36 83.74 0.80 1.00 

Indian Paradise-

Flycatcher 
0.90 1.35 85.08 1.33 0.00 

Red-whiskered Bulbul 0.82 1.23 86.31 0.80 0.67 

Grey-breasted Prinia 0.70 1.04 87.35 0.80 0.58 

Rufous Treepie 0.69 1.04 88.39 1.07 0.00 

Brahminy Starling 0.69 1.03 89.42 0.33 0.75 

Eurasian Collared-Dove 0.58 0.86 90.28 0.67 0.42 

Indian Roller 0.56 0.83 91.11 0.67 0.33 

Laughing Dove 0.51 0.76 91.87 0.00 0.75 

Plain Prinia 0.47 0.70 92.57 0.00 0.67 

Asian Koel 0.44 0.65 93.22 0.47 0.33 

Black-hooded Oriole 0.37 0.55 93.77 0.53 0.00 

Black Drongo 0.34 0.50 94.27 0.00 0.50 

Jungle Myna 0.29 0.44 94.71 0.53 0.00 

Indian Grey Hornbill 0.29 0.44 95.15 0.53 0.00 

Plum-headed Parakeet 0.29 0.43 95.57 0.33 0.17 

Coppersmith Barbet 0.28 0.42 95.99 0.13 0.33 

Small Minivet 0.27 0.41 96.40 0.20 0.25 

Common Myna 0.25 0.37 96.77 0.00 0.42 

Indian Cuckoo 0.24 0.36 97.13 0.20 0.17 

Common Hawk-

Cuckoo 
0.23 0.35 97.48 0.40 0.00 

Lesser Goldenback 0.16 0.24 97.72 0.00 0.25 

Large-billed Crow 0.14 0.20 97.92 0.20 0.00 

Long-tailed Shrike 0.12 0.19 98.11 0.00 0.17 

Shikra 0.12 0.18 98.29 0.00 0.17 

Pied Bushchat 0.12 0.18 98.47 0.00 0.17 

Lesser Whitethroat 0.11 0.17 98.64 0.00 0.17 

Pale-billed 

Flowerpecker 
0.11 0.16 98.81 0.00 0.17 

 Pied Cuckoo 0.11 0.16 98.97 0.00 0.17 
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Streak-throated 

Woodpecker 
0.11 0.16 99.13 0.00 0.17 

Chestnut-bellied 

Nuthatch 
0.11 0.16 99.29 0.00 0.17 

Crested Serpent-Eagle 0.10 0.15 99.44 0.13 0.00 

White-eyed Buzzard 0.06 0.09 99.53 0.00 0.08 

Bay-backed Shrike 0.06 0.08 99.61 0.00 0.08 

Himalayan Griffon 0.05 0.08 99.69 0.00 0.08 

Changeable Hawk-

Eagle 
0.05 0.08 99.77 0.00 0.08 

Oriental Honey-buzzard 0.05 0.08 99.85 0.07 0.00 

Tawny-bellied Babbler 0.05 0.07 99.93 0.00 0.08 

Brown-headed Barbet 0.05 0.07 
100.0

0 
0.00 0.08 
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Mixed deciduous forest and 

Riverine habitat           
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Baya Weaver 17.09 18.33 18.33 22.90 0.00 

Rose-ringed Parakeet 6.78 7.28 25.61 9.60 0.00 

Jungle Babbler 5.01 5.37 30.98 6.73 0.00 

Red-vented Bulbul 5.00 5.37 36.34 7.20 0.80 

Red Junglefowl 3.77 4.05 40.39 5.13 0.00 

Spotted Dove 3.61 3.87 44.26 4.87 0.72 

River Lapwing 3.55 3.80 48.06 0.00 4.64 

Little Cormorant 2.74 2.94 51.00 0.00 3.84 

Green Bee-eater 2.69 2.88 53.88 1.60 4.20 

Little Egret 2.68 2.88 56.75 0.00 3.68 

Purple Sunbird 2.49 2.67 59.42 3.87 1.60 

Ruddy Shelduck 2.43 2.61 62.03 0.00 3.12 

Chestnut-shouldered Petronia 2.18 2.33 64.36 2.93 0.12 

Indian Peafowl 1.83 1.96 66.32 2.40 0.00 

House Crow 1.72 1.84 68.17 0.00 2.32 

Common Tailorbird 1.71 1.83 70.00 2.47 0.64 

Indian Pitta 1.66 1.78 71.78 2.13 0.00 

Barn Swallow 1.65 1.77 73.54 1.93 0.00 

Black-chinned Babbler 1.54 1.66 75.20 2.00 0.00 

Common Iora 1.47 1.57 76.77 1.93 0.00 

Red-wattled Lapwing 1.44 1.55 78.32 0.00 1.92 

River Tern 1.44 1.55 79.86 0.00 1.92 

Oriental White-eye 1.15 1.23 81.09 1.53 0.00 

Blue-tailed Bee-eater 1.06 1.13 82.23 1.40 0.00 

Indian Paradise-Flycatcher 1.04 1.11 83.34 1.33 0.00 

Oriental Magpie-Robin 0.91 0.97 84.31 1.20 0.28 

Ashy Prinia 0.90 0.97 85.28 0.80 0.56 

Small Pratincole 0.81 0.87 86.15 0.00 1.16 

Indian Roller 0.80 0.86 87.01 0.67 0.64 

Rufous Treepie 0.79 0.85 87.86 1.07 0.00 

Eurasian Collared-Dove 0.68 0.72 88.59 0.67 0.52 
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Indian Spot-billed Duck 0.66 0.71 89.29 0.00 0.88 

Common Myna 0.65 0.69 89.99 0.00 0.92 

Grey-breasted Prinia 0.64 0.68 90.67 0.80 0.00 

Large-billed Crow 0.63 0.68 91.35 0.20 0.76 

Red-whiskered Bulbul 0.59 0.63 91.98 0.80 0.00 

Black-hooded Oriole 0.52 0.56 92.54 0.53 0.20 

Black Drongo 0.50 0.54 93.08 0.00 0.68 

Pied Kingfisher 0.49 0.53 93.60 0.00 0.68 

Asian Koel 0.45 0.48 94.09 0.47 0.20 

Indian Grey Hornbill 0.44 0.48 94.56 0.53 0.20 

Jungle Myna 0.33 0.35 94.91 0.53 0.00 

Common Hawk-Cuckoo 0.26 0.28 95.20 0.40 0.00 

White-browed Wagtail 0.25 0.27 95.47 0.00 0.32 

Brahminy Starling 0.24 0.26 95.73 0.33 0.00 

Plum-headed Parakeet 0.23 0.25 95.98 0.33 0.00 

Little-ringed Plover 0.23 0.25 96.22 0.00 0.28 

Cattle Egret 0.20 0.22 96.44 0.00 0.24 

Sarus Crane 0.19 0.20 96.65 0.00 0.24 

White-bellied Drongo 0.19 0.20 96.85 0.00 0.24 

Gray Wagtail 0.19 0.20 97.05 0.00 0.24 

White-throated Kingfisher 0.19 0.20 97.25 0.00 0.24 

Common Stonechat 0.18 0.20 97.45 0.00 0.24 

Intermediate Egret 0.18 0.19 97.64 0.00 0.24 

Indian Cuckoo 0.17 0.18 97.82 0.20 0.00 

Black Francolin 0.16 0.17 97.99 0.00 0.20 

Great Cormorant 0.15 0.17 98.15 0.00 0.20 

Small Minivet 0.14 0.15 98.30 0.20 0.00 

Little Tern 0.13 0.14 98.44 0.00 0.16 

Grey Heron 0.13 0.14 98.58 0.00 0.16 

Plain Prinia 0.12 0.13 98.71 0.00 0.16 

Crested Serpent-Eagle 0.12 0.13 98.84 0.13 0.00 

Red-naped Ibis 0.11 0.12 98.96 0.00 0.16 

Blyth’s Reed Warbler 0.11 0.12 99.07 0.00 0.16 

Black Kite 0.10 0.11 99.18 0.00 0.12 

Ashy-crowned Sparrow-Lark 0.10 0.11 99.29 0.00 0.12 

Coppersmith Barbet 0.10 0.10 99.39 0.13 0.00 

Oriental Skylark 0.09 0.10 99.49 0.00 0.12 

Common Kingfisher 0.08 0.09 99.57 0.00 0.12 

Indian Robin 0.07 0.08 99.65 0.00 0.08 
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Grey Francolin 0.07 0.08 99.72 0.00 0.08 

Paddyfield Pipit 0.07 0.07 99.80 0.00 0.08 

Oriental Honey-buzzard 0.06 0.07 99.86 0.07 0.00 

Crested Lark 0.03 0.04 99.90 0.00 0.04 

White Wagtail 0.03 0.03 99.93 0.00 0.04 

Pond Heron 0.03 0.03 99.97 0.00 0.04 

Grey-bellied Cuckoo 0.03 0.03 100.00 0.00 0.04 

 

Mixed deciduous forest and 

Grassland           
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Baya Weaver 17.27 18.15 18.15 22.90 0.52 

Rose-ringed Parakeet 6.97 7.33 25.48 9.60 0.05 

Jungle Babbler 5.18 5.44 30.92 6.73 0.00 

Red-vented Bulbul 4.82 5.06 35.98 7.20 1.48 

Paddyfield Pipit 4.69 4.93 40.91 0.00 6.00 

Red-wattled Lapwing 4.59 4.83 45.74 0.00 5.86 

Barn Swallow 4.29 4.51 50.25 1.93 4.62 

Spotted Dove 3.91 4.11 54.36 4.87 0.14 

Red Junglefowl 3.90 4.10 58.46 5.13 0.00 

Purple Sunbird 3.02 3.17 61.63 3.87 0.10 

Common Stonechat 2.27 2.38 64.01 0.00 2.90 

Chestnut-shouldered Petronia 2.25 2.37 66.38 2.93 0.00 

Common Tailorbird 1.98 2.08 68.46 2.47 0.00 

Indian Peafowl 1.85 1.95 70.41 2.40 0.14 

Green Bee-eater 1.77 1.86 72.27 1.60 1.71 

Indian Pitta 1.71 1.80 74.07 2.13 0.00 

Black-chinned Babbler 1.60 1.68 75.75 2.00 0.00 

Pied Bushchat 1.59 1.67 77.42 0.00 2.00 

Common Iora 1.52 1.59 79.01 1.93 0.00 

Ashy Prinia 1.23 1.30 80.31 0.80 1.10 

Oriental White-eye 1.19 1.25 81.55 1.53 0.00 

Blue-tailed Bee-eater 1.09 1.15 82.70 1.40 0.00 

Indian Paradise-Flycatcher 1.07 1.13 83.83 1.33 0.00 

Common Myna 1.05 1.10 84.93 0.00 1.29 

Striated Grassbird 0.99 1.04 85.97 0.00 1.33 
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Oriental Magpie-Robin 0.94 0.99 86.97 1.20 0.14 

Rufous Treepie 0.82 0.86 87.83 1.07 0.00 

Oriental Skylark 0.81 0.85 88.68 0.00 1.05 

Red-whiskered Bulbul 0.73 0.76 89.44 0.80 0.24 

Yellow-bellied Prinia 0.67 0.70 90.14 0.00 0.81 

Grey-breasted Prinia 0.66 0.69 90.84 0.80 0.00 

Yellow-wattled Lapwing 0.63 0.66 91.50 0.00 0.76 

Plain Prinia 0.58 0.61 92.11 0.00 0.76 

Indian Roller 0.56 0.59 92.70 0.67 0.05 

Eurasian Collared-Dove 0.48 0.51 93.21 0.67 0.00 

Black-hooded Oriole 0.44 0.46 93.68 0.53 0.00 

Indian Pied Starling 0.41 0.44 94.11 0.00 0.57 

Asian Koel 0.37 0.39 94.50 0.47 0.00 

House Crow 0.35 0.36 94.86 0.00 0.48 

Jungle Myna 0.33 0.35 95.22 0.53 0.00 

Indian Grey Hornbill 0.33 0.35 95.57 0.53 0.00 

Cattle Egret 0.29 0.30 95.87 0.00 0.33 

Zitting Cisticola 0.28 0.29 96.16 0.00 0.33 

Common Hawk-Cuckoo 0.27 0.28 96.44 0.40 0.00 

Large-billed Crow 0.26 0.27 96.72 0.20 0.19 

Brahminy Starling 0.25 0.26 96.98 0.33 0.00 

Plum-headed Parakeet 0.24 0.25 97.23 0.33 0.00 

Black Drongo 0.24 0.25 97.48 0.00 0.29 

Grey Bushchat 0.24 0.25 97.73 0.00 0.29 

Laughing Dove 0.23 0.24 97.97 0.00 0.29 

River Lapwing 0.21 0.22 98.20 0.00 0.29 

Striated Babbler 0.19 0.20 98.40 0.00 0.24 

White-throated Kingfisher 0.19 0.20 98.60 0.00 0.24 

Indian Cuckoo 0.18 0.18 98.78 0.20 0.00 

Bristled Grassbird 0.16 0.17 98.95 0.00 0.19 

Small Minivet 0.15 0.15 99.10 0.20 0.00 

Crested Serpent-Eagle 0.12 0.13 99.23 0.13 0.00 

Black-breasted Weaver 0.12 0.12 99.35 0.00 0.14 

Common Kingfisher 0.11 0.12 99.47 0.00 0.14 

Black Francolin 0.11 0.12 99.59 0.00 0.14 

White-tailed Stonechat 0.10 0.11 99.70 0.00 0.14 

Coppersmith Barbet 0.10 0.10 99.80 0.13 0.00 

Grey-bellied Cuckoo 0.07 0.07 99.87 0.00 0.10 

Oriental Honey-buzzard 0.06 0.07 99.94 0.07 0.00 

Grey Francolin 0.03 0.03 99.97 0.00 0.05 

Short-toed Snake-Eagle 0.03 0.03 100.00 0.00 0.05 

 



113
 

Scrub forest and Riverine 

habitat           
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Spotted Dove 6.74 7.81 7.81 7.67 0.72 

Purple Sunbird 6.58 7.63 15.45 7.92 1.60 

Red-vented Bulbul 5.86 6.79 22.24 6.25 0.80 

Green Bee-eater 5.15 5.97 28.20 7.00 4.20 

River Lapwing 4.66 5.41 33.61 0.00 4.64 

Little Cormorant 3.53 4.10 37.70 0.00 3.84 

Little Egret 3.48 4.03 41.74 0.00 3.68 

Ruddy Shelduck 3.21 3.72 45.45 0.00 3.12 

Common Tailorbird 2.73 3.16 48.62 3.00 0.64 

Jungle Babbler 2.70 3.13 51.75 2.92 0.00 

Baya Weaver 2.36 2.73 54.48 2.42 0.00 

House Crow 2.24 2.59 57.07 0.00 2.32 

Indian Robin 2.05 2.38 59.45 2.08 0.08 

Common Iora 1.94 2.25 61.70 2.08 0.00 

Red-wattled Lapwing 1.89 2.19 63.89 0.00 1.92 

River Tern 1.89 2.19 66.08 0.00 1.92 

Oriental Magpie-Robin 1.81 2.10 68.17 1.75 0.28 

Red Junglefowl 1.64 1.90 70.07 1.67 0.00 

Indian Peafowl 1.56 1.81 71.88 1.67 0.00 

Oriental White-eye 1.34 1.55 73.43 1.33 0.00 

Ashy Prinia 1.29 1.50 74.93 1.00 0.56 

Common Myna 1.07 1.24 76.17 0.42 0.92 

Small Pratincole 1.04 1.21 77.37 0.00 1.16 

Black Drongo 0.99 1.15 78.52 0.50 0.68 

Chestnut-shouldered Petronia 0.95 1.10 79.62 0.92 0.12 

Brahminy Starling 0.89 1.03 80.65 0.75 0.00 

Indian Spot-billed Duck 0.86 1.00 81.65 0.00 0.88 

Indian Roller 0.86 1.00 82.64 0.33 0.64 

Black-chinned Babbler 0.82 0.96 83.60 0.83 0.00 

Plain Prinia 0.78 0.91 84.51 0.67 0.16 

Eurasian Collared-Dove 0.77 0.90 85.41 0.42 0.52 
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Laughing Dove 0.77 0.89 86.30 0.75 0.00 

Large-billed Crow 0.70 0.82 87.11 0.00 0.76 

Red-whiskered Bulbul 0.69 0.80 87.91 0.67 0.00 

Pied Kingfisher 0.63 0.73 88.64 0.00 0.68 

Indian Pitta 0.61 0.70 89.35 0.67 0.00 

Grey-breasted Prinia 0.52 0.61 89.95 0.58 0.00 

Asian Koel 0.44 0.51 90.46 0.33 0.20 

Coppersmith Barbet 0.33 0.39 90.85 0.33 0.00 

White-browed Wagtail 0.33 0.39 91.23 0.00 0.32 

Blue-tailed Bee-eater 0.31 0.36 91.60 0.33 0.00 

Little-ringed Plover 0.31 0.35 91.95 0.00 0.28 

Cattle Egret 0.28 0.32 92.27 0.00 0.24 

Small Minivet 0.26 0.30 92.57 0.25 0.00 

Sarus Crane 0.25 0.29 92.87 0.00 0.24 

White-bellied Drongo 0.25 0.29 93.16 0.00 0.24 

Gray Wagtail 0.25 0.29 93.45 0.00 0.24 

White-throated Kingfisher 0.25 0.29 93.74 0.00 0.24 

Common Stonechat 0.24 0.28 94.01 0.00 0.24 

Lesser Goldenback 0.24 0.27 94.29 0.25 0.00 

Intermediate Egret 0.23 0.26 94.55 0.00 0.24 

Rose-ringed Parakeet 0.21 0.25 94.80 0.25 0.00 

Black Francolin 0.21 0.24 95.04 0.00 0.20 

Great Cormorant 0.20 0.24 95.28 0.00 0.20 

Long-tailed Shrike 0.20 0.23 95.51 0.17 0.00 

Indian Grey Hornbill 0.20 0.23 95.74 0.00 0.20 

Indian Cuckoo 0.20 0.23 95.96 0.17 0.00 

Shikra 0.20 0.23 96.19 0.17 0.00 

Pied Bushchat 0.20 0.23 96.42 0.17 0.00 

Little Tern 0.17 0.20 96.62 0.00 0.16 

Lesser Whitethroat 0.17 0.20 96.82 0.17 0.00 

Black-hooded Oriole 0.17 0.20 97.01 0.00 0.20 

Grey Heron 0.17 0.20 97.21 0.00 0.16 

Pale-billed Flowerpecker 0.16 0.19 97.40 0.17 0.00 

 Pied Cuckoo 0.16 0.19 97.59 0.17 0.00 

Streak-throated Woodpecker 0.16 0.18 97.77 0.17 0.00 

Chestnut-bellied Nuthatch 0.16 0.18 97.95 0.17 0.00 

Plum-headed Parakeet 0.16 0.18 98.13 0.17 0.00 

Red-naped Ibis 0.14 0.17 98.29 0.00 0.16 

Blyth’s Reed Warbler 0.14 0.16 98.45 0.00 0.16 
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Black Kite 0.14 0.16 98.61 0.00 0.12 

Ashy-crowned Sparrow-Lark 0.13 0.15 98.76 0.00 0.12 

Oriental Skylark 0.12 0.14 98.90 0.00 0.12 

Common Kingfisher 0.10 0.12 99.02 0.00 0.12 

White-eyed Buzzard 0.10 0.11 99.13 0.08 0.00 

Grey Francolin 0.10 0.11 99.25 0.00 0.08 

Paddyfield Pipit 0.09 0.10 99.35 0.00 0.08 

Bay-backed Shrike 0.09 0.10 99.45 0.08 0.00 

Himalayan Griffon 0.08 0.09 99.54 0.08 0.00 

Changeable Hawk-Eagle 0.08 0.09 99.64 0.08 0.00 

Tawny-bellied Babbler 0.07 0.08 99.72 0.08 0.00 

Brown-headed Barbet 0.07 0.08 99.80 0.08 0.00 

Crested Lark 0.05 0.05 99.85 0.00 0.04 

White Wagtail 0.04 0.05 99.90 0.00 0.04 

Pond Heron 0.04 0.05 99.95 0.00 0.04 

Grey-bellied Cuckoo 0.04 0.05 100.00 0.00 0.04 

 

Scrub forest  and Grassland           
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Purple Sunbird 8.32 9.04 9.04 7.92 0.10 

Spotted Dove 7.58 8.24 17.28 7.67 0.14 

Green Bee-eater 6.31 6.86 24.14 7.00 1.71 

Paddyfield Pipit 6.22 6.75 30.89 0.00 6.00 

Red-wattled Lapwing 6.08 6.60 37.50 0.00 5.86 

Red-vented Bulbul 5.76 6.26 43.76 6.25 1.48 

Barn Swallow 3.54 3.85 47.60 0.00 4.62 

Common Tailorbird 3.02 3.28 50.88 3.00 0.00 

Common Stonechat 3.00 3.26 54.14 0.00 2.90 

Jungle Babbler 2.81 3.06 57.20 2.92 0.00 

Baya Weaver 2.67 2.90 60.10 2.42 0.52 

Indian Robin 2.16 2.35 62.45 2.08 0.00 

Pied Bushchat 2.05 2.23 64.68 0.17 2.00 

Common Iora 2.02 2.20 66.88 2.08 0.00 

Oriental Magpie-Robin 1.85 2.01 68.89 1.75 0.14 

Red Junglefowl 1.71 1.86 70.75 1.67 0.00 
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Ashy Prinia 1.69 1.83 72.58 1.00 1.10 

Indian Peafowl 1.67 1.82 74.40 1.67 0.14 

Common Myna 1.59 1.73 76.12 0.42 1.29 

Oriental White-eye 1.40 1.52 77.65 1.33 0.00 

Striated Grassbird 1.30 1.41 79.06 0.00 1.33 

Plain Prinia 1.13 1.23 80.29 0.67 0.76 

Oriental Skylark 1.07 1.16 81.45 0.00 1.05 

Laughing Dove 1.01 1.10 82.54 0.75 0.29 

Brahminy Starling 0.94 1.02 83.56 0.75 0.00 

Chestnut-shouldered Petronia 0.93 1.01 84.57 0.92 0.00 

Yellow-bellied Prinia 0.90 0.98 85.55 0.00 0.81 

Red-whiskered Bulbul 0.87 0.95 86.50 0.67 0.24 

Black-chinned Babbler 0.86 0.94 87.44 0.83 0.00 

Yellow-wattled Lapwing 0.85 0.92 88.36 0.00 0.76 

Black Drongo 0.77 0.83 89.20 0.50 0.29 

Indian Pitta 0.63 0.69 89.88 0.67 0.00 

Grey-breasted Prinia 0.54 0.59 90.47 0.58 0.00 

Indian Pied Starling 0.53 0.58 91.05 0.00 0.57 

Eurasian Collared-Dove 0.48 0.52 91.58 0.42 0.00 

Indian Roller 0.45 0.49 92.06 0.33 0.05 

House Crow 0.45 0.48 92.55 0.00 0.48 

Cattle Egret 0.39 0.42 92.97 0.00 0.33 

Zitting Cisticola 0.37 0.41 93.38 0.00 0.33 

Coppersmith Barbet 0.35 0.38 93.76 0.33 0.00 

Blue-tailed Bee-eater 0.32 0.35 94.11 0.33 0.00 

Grey Bushchat 0.32 0.34 94.45 0.00 0.29 

Asian Koel 0.31 0.34 94.80 0.33 0.00 

River Lapwing 0.28 0.30 95.10 0.00 0.29 

Small Minivet 0.27 0.30 95.39 0.25 0.00 

Striated Babbler 0.26 0.28 95.68 0.00 0.24 

Rose-ringed Parakeet 0.26 0.28 95.96 0.25 0.05 

White-throated Kingfisher 0.25 0.27 96.23 0.00 0.24 

Lesser Goldenback 0.25 0.27 96.49 0.25 0.00 

Bristled Grassbird 0.21 0.23 96.72 0.00 0.19 

Long-tailed Shrike 0.21 0.23 96.95 0.17 0.00 

Indian Cuckoo 0.21 0.23 97.18 0.17 0.00 

Shikra 0.21 0.23 97.40 0.17 0.00 

Lesser Whitethroat 0.18 0.20 97.60 0.17 0.00 

 Pied Cuckoo 0.17 0.19 97.78 0.17 0.00 

Pale-billed Flowerpecker 0.17 0.19 97.97 0.17 0.00 

Streak-throated Woodpecker 0.16 0.18 98.15 0.17 0.00 

Chestnut-bellied Nuthatch 0.16 0.18 98.32 0.17 0.00 
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Plum-headed Parakeet 0.16 0.18 98.50 0.17 0.00 

Black-breasted Weaver 0.16 0.17 98.67 0.00 0.14 

Common Kingfisher 0.15 0.16 98.83 0.00 0.14 

Black Francolin 0.15 0.16 98.99 0.00 0.14 

White-tailed Stonechat 0.13 0.14 99.13 0.00 0.14 

Large-billed Crow 0.13 0.14 99.28 0.00 0.19 

White-eyed Buzzard 0.10 0.11 99.39 0.08 0.00 

Bay-backed Shrike 0.09 0.10 99.49 0.08 0.00 

Himalayan Griffon 0.09 0.09 99.58 0.08 0.00 

Grey-bellied Cuckoo 0.08 0.09 99.67 0.00 0.10 

Changeable Hawk-Eagle 0.08 0.09 99.76 0.08 0.00 

Tawny-bellied Babbler 0.07 0.08 99.84 0.08 0.00 

Brown-headed Barbet 0.07 0.08 99.92 0.08 0.00 

Grey Francolin 0.04 0.05 99.96 0.00 0.05 

Short-toed Snake-Eagle 0.03 0.04 100.00 0.00 0.05 
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Paddyfield Pipit 7.70 8.58 8.58 0.08 6.00 

Red-wattled Lapwing 6.38 7.10 15.68 1.92 5.86 

River Lapwing 5.93 6.60 22.29 4.64 0.29 

Green Bee-eater 4.75 5.30 27.58 4.20 1.71 

Little Cormorant 4.54 5.06 32.64 3.84 0.00 

Little Egret 4.50 5.02 37.66 3.68 0.00 

Ruddy Shelduck 4.24 4.72 42.38 3.12 0.00 

Barn Swallow 4.17 4.65 47.03 0.00 4.62 

Common Stonechat 3.73 4.16 51.18 0.24 2.90 

House Crow 3.21 3.58 54.76 2.32 0.48 

Pied Bushchat 2.66 2.97 57.73 0.00 2.00 

Red-vented Bulbul 2.57 2.87 60.59 0.80 1.48 

River Tern 2.47 2.75 63.34 1.92 0.00 

Common Myna 2.21 2.47 65.81 0.92 1.29 

Purple Sunbird 2.04 2.28 68.09 1.60 0.10 

Ashy Prinia 1.89 2.11 70.20 0.56 1.10 

Striated Grassbird 1.59 1.78 71.97 0.00 1.33 
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Oriental Skylark 1.41 1.57 73.55 0.12 1.05 

Small Pratincole 1.32 1.47 75.01 1.16 0.00 

Yellow-bellied Prinia 1.15 1.28 76.29 0.00 0.81 

Indian Spot-billed Duck 1.13 1.25 77.55 0.88 0.00 

Black Drongo 1.12 1.25 78.80 0.68 0.29 

Yellow-wattled Lapwing 1.08 1.20 80.00 0.00 0.76 

Spotted Dove 1.07 1.19 81.20 0.72 0.14 

Plain Prinia 1.05 1.17 82.37 0.16 0.76 

Large-billed Crow 1.01 1.12 83.49 0.76 0.19 

Indian Roller 0.84 0.94 84.43 0.64 0.05 

Common Tailorbird 0.82 0.91 85.34 0.64 0.00 

Pied Kingfisher 0.81 0.90 86.24 0.68 0.00 

Cattle Egret 0.80 0.89 87.13 0.24 0.33 

Baya Weaver 0.67 0.74 87.87 0.00 0.52 

Indian Pied Starling 0.65 0.72 88.60 0.00 0.57 

Eurasian Collared-Dove 0.57 0.63 89.23 0.52 0.00 

White-throated Kingfisher 0.55 0.61 89.84 0.24 0.24 

Oriental Magpie-Robin 0.52 0.58 90.43 0.28 0.14 

Zitting Cisticola 0.48 0.54 90.96 0.00 0.33 

White-browed Wagtail 0.44 0.49 91.45 0.32 0.00 

Little-ringed Plover 0.41 0.46 91.91 0.28 0.00 

Grey Bushchat 0.40 0.45 92.36 0.00 0.29 

Black Francolin 0.40 0.45 92.81 0.20 0.14 

Laughing Dove 0.40 0.44 93.25 0.00 0.29 

Sarus Crane 0.34 0.38 93.63 0.24 0.00 

White-bellied Drongo 0.34 0.37 94.00 0.24 0.00 

Striated Babbler 0.33 0.37 94.37 0.00 0.24 

Gray Wagtail 0.33 0.37 94.74 0.24 0.00 

Common Kingfisher 0.30 0.33 95.07 0.12 0.14 

Intermediate Egret 0.29 0.33 95.40 0.24 0.00 

Bristled Grassbird 0.27 0.30 95.70 0.00 0.19 

Great Cormorant 0.27 0.30 96.00 0.20 0.00 

Indian Grey Hornbill 0.26 0.29 96.29 0.20 0.00 

Red-whiskered Bulbul 0.25 0.28 96.57 0.00 0.24 

Little Tern 0.23 0.26 96.83 0.16 0.00 

Asian Koel 0.23 0.26 97.09 0.20 0.00 

Indian Peafowl 0.23 0.26 97.34 0.00 0.14 

Grey Heron 0.23 0.25 97.59 0.16 0.00 

Black-hooded Oriole 0.21 0.24 97.83 0.20 0.00 
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Black-breasted Weaver 0.20 0.22 98.05 0.00 0.14 

Black Kite 0.18 0.21 98.26 0.12 0.00 

Grey Francolin 0.18 0.20 98.46 0.08 0.05 

Ashy-crowned Sparrow-Lark 0.18 0.20 98.66 0.12 0.00 

Red-naped Ibis 0.18 0.20 98.86 0.16 0.00 

Blyth’s Reed Warbler 0.17 0.19 99.05 0.16 0.00 

White-tailed Stonechat 0.16 0.18 99.23 0.00 0.14 

Grey-bellied Cuckoo 0.15 0.17 99.40 0.04 0.10 

Indian Robin 0.14 0.15 99.56 0.08 0.00 

Chestnut-shouldered Petronia 0.13 0.15 99.70 0.12 0.00 

Crested Lark 0.06 0.07 99.77 0.04 0.00 

White Wagtail 0.06 0.06 99.84 0.04 0.00 

Pond Heron 0.06 0.06 99.90 0.04 0.00 

Rose-ringed Parakeet 0.05 0.06 99.96 0.00 0.05 

Short-toed Snake-Eagle 0.04 0.04 100.00 0.00 0.05 
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Table 4.6. Results of SIMPER analysis during winter season in all the habitats 
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Red-vented Bulbul 8.07 8.69 8.69 4.75 13.90 27.60 1.92 3.95 

Ruddy Shelduck 4.82 5.19 13.87 0.00 0.00 0.00 24.50 0.38 

Jungle Babbler 3.49 3.76 17.63 6.25 4.07 4.67 0.00 0.00 

Little Cormorant 3.48 3.75 21.38 0.00 0.00 0.00 9.12 0.00 

Black Bulbul 3.05 3.29 24.66 8.68 0.00 0.00 0.00 0.00 

Humes Warbler 3.00 3.23 27.89 4.86 3.47 2.83 2.28 0.05 

Barn Swallow 2.86 3.09 30.98 0.11 9.53 0.00 5.92 0.95 

Spangled Drongo 2.82 3.04 34.02 6.82 1.00 2.58 0.00 0.10 

Rose-ringed Parakeet 2.65 2.86 36.88 6.39 2.20 0.17 0.60 0.00 

Black-hooded Oriole 2.39 2.58 39.45 5.54 2.00 0.00 0.12 0.00 

Paddyfield Pipit 2.27 2.45 41.90 0.00 0.00 0.00 1.64 4.57 

Common Stonechat 2.25 2.42 44.32 0.00 0.00 0.00 0.48 5.48 

River Lapwing 2.17 2.34 46.66 0.00 0.00 0.00 3.80 2.62 

Oriental White-eye 2.16 2.32 48.98 0.46 6.27 5.75 0.00 0.00 

Red-wattled Lapwing 2.12 2.29 51.27 0.29 0.00 0.00 0.00 6.24 

Lesser Whitethroat 2.01 2.16 53.43 0.00 3.27 7.50 0.00 0.00 

Red-whiskered Bulbul 1.85 2.00 55.42 0.00 5.20 5.42 0.00 0.24 

Greenish Warbler 1.73 1.86 57.28 2.46 0.33 2.67 0.20 0.10 
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Rufous Treepie 1.70 1.83 59.11 2.07 2.27 1.67 1.12 0.00 

Large-billed Crow 1.64 1.76 60.87 3.36 0.60 0.58 0.60 1.10 

Himalayan Bulbul 1.51 1.63 62.50 2.32 1.27 5.58 0.00 0.19 

Red-naped Ibis 1.48 1.59 64.09 4.46 0.00 0.00 0.00 2.52 

Northern Pintail 1.39 1.50 65.59 0.00 0.00 0.00 5.12 0.00 

Black Drongo 1.38 1.48 67.07 1.82 0.20 1.50 0.52 0.62 

Plain Prinia 1.34 1.44 68.51 0.00 0.20 5.50 0.20 1.19 

Purple Sunbird 1.31 1.41 69.93 0.11 2.67 4.50 0.00 0.00 

Bar-headed Goose 1.22 1.31 71.24 0.00 0.00 0.00 4.00 0.00 

Common Myna 1.21 1.30 72.54 3.25 0.00 0.00 0.08 0.14 

Citrine Wagtail 1.15 1.24 73.77 0.00 0.00 0.00 2.84 0.95 

House Crow 1.07 1.16 74.93 2.39 0.00 0.00 1.24 0.00 

White Wagtail 1.07 1.15 76.08 0.18 0.00 0.00 3.56 0.00 

White-tailed Stonechat 1.04 1.12 77.20 0.00 0.00 0.00 0.00 2.52 

Pied Bushchat 0.95 1.02 78.22 0.00 0.00 0.00 0.12 2.00 

Plum-headed Parakeet 0.88 0.95 79.17 0.64 1.87 1.17 0.16 0.00 

Spotted Dove 0.88 0.95 80.12 0.61 0.67 3.08 0.00 0.00 

Great Tit 0.78 0.84 80.96 1.32 1.00 0.25 0.00 0.00 

Red Junglefowl 0.74 0.80 81.75 0.00 2.33 0.83 0.00 0.00 

White-throated Fantail 0.68 0.74 82.49 1.04 0.13 0.75 0.28 0.19 

Oriental Magpie-Robin 0.66 0.71 83.20 0.75 1.07 1.08 0.00 0.00 

Oriental Skylark 0.61 0.65 83.86 0.00 0.00 0.00 0.84 0.57 

Gray Wagtail 0.60 0.64 84.50 0.00 0.00 0.00 1.28 0.33 

Yellow-footed Green-Pigeon 0.54 0.58 85.08 0.00 0.00 3.75 0.00 0.00 

Little-ringed Plover 0.52 0.56 85.64 0.00 0.00 0.00 2.76 0.00 

Great Cormorant 0.52 0.56 86.21 0.00 0.00 0.00 3.48 0.00 

1
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Yellow-breasted Greenfinch 0.52 0.55 86.76 0.00 0.00 0.00 0.00 2.62 

Indian Roller 0.50 0.54 87.30 0.04 0.00 0.00 0.76 0.81 

Indian Peafowl 0.50 0.54 87.84 0.00 1.33 1.92 0.00 0.19 

Pied Kingfisher 0.49 0.53 88.37 0.00 0.00 0.00 1.12 0.10 

Indian Grey Hornbill 0.49 0.53 88.90 0.00 1.80 0.33 0.00 0.00 

Yellow-wattled Lapwing 0.45 0.49 89.38 0.00 0.00 0.00 0.00 0.91 

White-throated Kingfisher 0.43 0.47 89.85 0.00 0.00 0.00 0.60 0.67 

Taiga Flycatcher 0.43 0.46 90.31 1.07 0.00 0.00 0.00 0.00 

Ashy Prinia 0.41 0.45 90.75 0.00 0.07 1.33 0.28 0.00 

Red-crested Pochard 0.37 0.40 91.16 0.00 0.00 0.00 0.64 0.00 

Green Bee-eater 0.34 0.37 91.53 0.21 0.93 0.17 0.00 0.00 

Little Egret 0.34 0.37 91.90 0.00 0.00 0.00 1.04 0.00 

Small Pratincole 0.33 0.36 92.25 0.00 0.00 0.00 2.20 0.00 

Indian Pied Starling 0.31 0.33 92.58 0.00 0.00 0.00 0.00 0.86 

Indian Robin 0.31 0.33 92.91 0.00 0.00 1.83 0.00 0.00 

Goosander 0.30 0.32 93.23 0.00 0.00 0.00 1.16 0.00 

Intermediate Egret 0.29 0.31 93.54 0.00 0.00 0.00 1.52 0.00 

Common Tailorbird 0.27 0.30 93.83 0.00 0.53 0.25 0.20 0.00 

Plain Martin 0.26 0.28 94.11 0.00 0.00 0.00 0.64 0.00 

Pond Heron 0.25 0.27 94.39 0.18 0.00 0.00 0.56 0.10 

Red-breasted Flycatcher 0.25 0.27 94.66 0.00 0.67 0.75 0.00 0.00 

Gadwall 0.25 0.26 94.92 0.00 0.00 0.00 0.60 0.00 

Crimson Sunbird 0.24 0.25 95.18 0.00 0.60 0.58 0.00 0.00 

River Tern 0.23 0.25 95.42 0.00 0.00 0.00 0.44 0.05 

Crested Serpent-Eagle 0.22 0.24 95.66 0.21 0.20 0.00 0.16 0.05 

Brown-headed Barbet 0.22 0.24 95.90 0.36 0.13 0.17 0.00 0.00 
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Lesser Goldenback 0.21 0.23 96.13 0.46 0.00 0.58 0.00 0.00 

Indian Silverbill 0.20 0.22 96.35 0.00 0.00 0.58 0.00 0.10 

Eurasian Collared-Dove 0.18 0.20 96.54 0.00 0.00 0.00 0.56 0.00 

Brahminy Starling 0.17 0.18 96.73 0.00 0.00 0.00 0.56 0.00 

Yellow-bellied Prinia 0.16 0.18 96.90 0.00 0.00 0.00 0.00 0.48 

Grey-headed Canary-Flycatcher 0.16 0.17 97.08 0.39 0.00 0.00 0.00 0.00 

Laughing Dove 0.16 0.17 97.25 0.00 0.00 0.00 0.00 0.43 

Temminck Stint 0.15 0.16 97.41 0.00 0.00 0.00 0.40 0.00 

White-browed Wagtail 0.15 0.16 97.57 0.00 0.00 0.00 0.40 0.00 

Common Kingfisher 0.13 0.14 97.71 0.00 0.00 0.00 0.24 0.10 

Striated Grassbird 0.13 0.14 97.85 0.00 0.00 0.00 0.00 0.43 

Black-bellied Tern 0.13 0.14 97.99 0.00 0.00 0.00 0.28 0.00 

Small Minivet 0.12 0.13 98.12 0.00 0.00 0.83 0.00 0.00 

Sarus Crane 0.12 0.13 98.25 0.00 0.00 0.00 0.00 0.48 

Red Avadavat 0.12 0.13 98.38 0.00 0.00 0.00 0.00 0.29 

Cattle Egret 0.12 0.13 98.51 0.00 0.00 0.00 0.12 0.19 

Pallas Gull 0.11 0.12 98.64 0.00 0.00 0.00 0.72 0.00 

Jungle Owlet 0.11 0.12 98.75 0.29 0.07 0.00 0.00 0.00 

Brown Rock Chat 0.09 0.09 98.85 0.00 0.00 0.00 0.00 0.19 

Great Egret 0.09 0.09 98.94 0.00 0.00 0.00 0.16 0.00 

Bank Myna 0.08 0.09 99.03 0.00 0.00 0.00 0.12 0.00 

Long-tailed Shrike 0.07 0.08 99.11 0.00 0.00 0.00 0.00 0.24 

Oriental Pied-Hornbill 0.06 0.06 99.17 0.00 0.27 0.00 0.00 0.00 

Common Greenshank 0.05 0.06 99.23 0.00 0.00 0.00 0.12 0.00 

Common Sandpiper 0.05 0.05 99.28 0.00 0.00 0.00 0.24 0.00 

Tickell's Thrush 0.05 0.05 99.33 0.00 0.00 0.00 0.00 0.14 
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Greater Coucal 0.04 0.05 99.38 0.00 0.00 0.33 0.00 0.00 

Golden-fronted Leafbird 0.04 0.05 99.43 0.00 0.20 0.00 0.00 0.00 

Grey-hooded Warbler 0.04 0.05 99.47 0.00 0.20 0.00 0.00 0.00 

Lemon-rumped Warbler 0.04 0.05 99.52 0.07 0.00 0.00 0.00 0.00 

Asian Brown Flycatcher 0.03 0.04 99.55 0.04 0.13 0.00 0.00 0.00 

Little Stint 0.03 0.03 99.59 0.00 0.00 0.00 0.16 0.00 

White-rumped Vulture 0.02 0.03 99.61 0.00 0.00 0.00 0.00 0.05 

Verditer Flycatcher 0.02 0.02 99.64 0.00 0.00 0.17 0.00 0.00 

Osprey 0.02 0.02 99.66 0.00 0.00 0.00 0.04 0.00 

Bronze Drongo 0.02 0.02 99.68 0.00 0.00 0.00 0.00 0.05 

Ashy Drongo 0.02 0.02 99.70 0.00 0.00 0.00 0.00 0.05 

Asian Woolly-necked Stork 0.02 0.02 99.72 0.11 0.00 0.00 0.00 0.00 

Shikra 0.02 0.02 99.74 0.07 0.00 0.00 0.00 0.00 

Himalayan Griffon 0.02 0.02 99.76 0.00 0.00 0.00 0.08 0.00 

Slender-billed Vulture 0.01 0.02 99.77 0.00 0.00 0.00 0.00 0.05 

Eurasian Sparrowhawk 0.01 0.02 99.79 0.00 0.07 0.00 0.00 0.00 

Small Niltava 0.01 0.02 99.80 0.00 0.07 0.00 0.00 0.00 

Great Barbet 0.01 0.01 99.82 0.00 0.00 0.08 0.00 0.00 

Black-naped Monarch 0.01 0.01 99.83 0.04 0.00 0.00 0.00 0.00 

Velvet-fronted Nuthatch 0.01 0.01 99.85 0.04 0.00 0.00 0.00 0.00 

Rusty-cheeked Scimitar-Babbler 0.01 0.01 99.86 0.04 0.00 0.00 0.00 0.00 

Chestnut-bellied Rock-Thrush 0.01 0.01 99.87 0.04 0.00 0.00 0.00 0.00 

Sirkeer Malkoha 0.01 0.01 99.89 0.00 0.00 0.00 0.04 0.00 

Rufous-gorgeted flycatcher 0.01 0.01 99.90 0.00 0.07 0.00 0.00 0.00 

Grey Bushchat 0.01 0.01 99.91 0.00 0.00 0.08 0.00 0.00 

Bay-backed Shrike 0.01 0.01 99.93 0.00 0.00 0.08 0.00 0.00 
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Lesser Whistling-Duck 0.01 0.01 99.94 0.00 0.00 0.00 0.04 0.00 

Stork-billed Kingfisher 0.01 0.01 99.95 0.00 0.00 0.00 0.04 0.00 

Maroon Oriole 0.01 0.01 99.97 0.04 0.00 0.00 0.00 0.00 

Cinereous Vulture 0.01 0.01 99.97 0.00 0.00 0.00 0.04 0.00 

Tickell's Blue Flycatcher 0.01 0.01 99.98 0.04 0.00 0.00 0.00 0.00 

Thick-billed Flowerpecker 0.01 0.01 99.99 0.04 0.00 0.00 0.00 0.00 

Egyptian Vulture 0.01 0.01 100.00 0.00 0.00 0.00 0.04 0.00 
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Table 4.7. SIMPER analysis for winter season between different habitats (pairwise 

comparisons) 

Plantation and mixed deciduous forest         
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Red-vented Bulbul 8.51 10.15 10.15 4.75 13.90 

Black Bulbul 5.99 7.15 17.29 8.68 0.00 

Jungle Babbler 5.54 6.61 23.90 6.25 4.07 

Spangled Drongo 4.50 5.37 29.27 6.82 1.00 

Rose-ringed Parakeet 4.29 5.12 34.39 6.39 2.20 

Oriental White-eye 4.19 4.99 39.39 0.46 6.27 

Barn Swallow 3.78 4.51 43.89 0.11 9.53 

Humes Warbler 3.73 4.45 48.34 4.86 3.47 

Red-whiskered Bulbul 3.53 4.21 52.55 0.00 5.20 

Black-hooded Oriole 3.40 4.05 56.60 5.54 2.00 

Lesser Whitethroat 2.56 3.05 59.66 0.00 3.27 

Rufous Treepie 2.43 2.91 62.56 2.07 2.27 

Common Myna 2.28 2.72 65.28 3.25 0.00 

Large-billed Crow 2.26 2.70 67.98 3.36 0.60 

Purple Sunbird 2.05 2.45 70.43 0.11 2.67 

Himalayan Bulbul 2.02 2.41 72.84 2.32 1.27 

Greenish Warbler 1.95 2.33 75.17 2.46 0.33 

Red Junglefowl 1.94 2.32 77.48 0.00 2.33 

Red-naped Ibis 1.83 2.18 79.66 4.46 0.00 

Plum-headed Parakeet 1.78 2.12 81.78 0.64 1.87 

Black Drongo 1.50 1.79 83.57 1.82 0.20 

House Crow 1.48 1.77 85.33 2.39 0.00 

Great Tit 1.43 1.70 87.03 1.32 1.00 

Indian Grey Hornbill 1.28 1.52 88.56 0.00 1.80 

Oriental Magpie-Robin 1.01 1.20 89.75 0.75 1.07 

White-throated Fantail 0.89 1.06 90.82 1.04 0.13 

Taiga Flycatcher 0.84 1.01 91.82 1.07 0.00 

Green Bee-eater 0.83 0.99 92.81 0.21 0.93 

Indian Peafowl 0.81 0.96 93.78 0.00 1.33 

Spotted Dove 0.76 0.91 94.68 0.61 0.67 
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Crimson Sunbird 0.44 0.53 95.21 0.00 0.60 

Red-breasted Flycatcher 0.43 0.52 95.73 0.00 0.67 

Brown-headed Barbet 0.40 0.48 96.21 0.36 0.13 

Common Tailorbird 0.36 0.43 96.64 0.00 0.53 

Crested Serpent-Eagle 0.32 0.38 97.02 0.21 0.20 

Grey-headed Canary-Flycatcher 0.32 0.38 97.40 0.39 0.00 

Lesser Goldenback 0.31 0.36 97.76 0.46 0.00 

Jungle Owlet 0.22 0.26 98.02 0.29 0.07 

Plain Prinia 0.20 0.24 98.26 0.00 0.20 

Oriental Pied-Hornbill 0.18 0.21 98.47 0.00 0.27 

White Wagtail 0.14 0.17 98.63 0.18 0.00 

Golden-fronted Leafbird 0.13 0.16 98.79 0.00 0.20 

Red-wattled Lapwing 0.13 0.15 98.95 0.29 0.00 

Grey-hooded Warbler 0.13 0.15 99.10 0.00 0.20 

Ashy Prinia 0.11 0.13 99.23 0.00 0.07 

Pond Heron 0.09 0.11 99.34 0.18 0.00 

Asian Brown Flycatcher 0.09 0.11 99.45 0.04 0.13 

Lemon-rumped Warbler 0.08 0.10 99.55 0.07 0.00 

Eurasian Sparrowhawk 0.04 0.05 99.60 0.00 0.07 

Small Niltava 0.04 0.05 99.65 0.00 0.07 

Rufous-gorgeted flycatcher 0.04 0.05 99.70 0.00 0.07 

Asian Woolly-necked Stork 0.04 0.04 99.74 0.11 0.00 

Shikra 0.03 0.04 99.78 0.07 0.00 

Indian Roller 0.03 0.03 99.81 0.04 0.00 

Black-naped Monarch 0.03 0.03 99.85 0.04 0.00 

Velvet-fronted Nuthatch 0.02 0.03 99.87 0.04 0.00 

Rusty-cheeked Scimitar-Babbler 0.02 0.03 99.90 0.04 0.00 

Chestnut-bellied Rock-Thrush 0.02 0.03 99.93 0.04 0.00 

Maroon Oriole 0.02 0.03 99.96 0.04 0.00 

Thick-billed Flowerpecker 0.02 0.02 99.98 0.04 0.00 

Tickell's Blue Flycatcher 0.02 0.02 100.00 0.04 0.00 
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Plantation and scrub forest           
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Red-vented Bulbul 13.11 15.08 15.08 4.75 27.60 

Black Bulbul 5.49 6.31 21.39 8.68 0.00 

Jungle Babbler 5.17 5.95 27.33 6.25 4.67 

Lesser Whitethroat 4.39 5.04 32.38 0.00 7.50 

Spangled Drongo 4.38 5.03 37.41 6.82 2.58 

Black-hooded Oriole 3.81 4.38 41.79 5.54 0.00 

Rose-ringed Parakeet 3.77 4.33 46.12 6.39 0.17 

Humes Warbler 3.55 4.08 50.20 4.86 2.83 

Himalayan Bulbul 2.93 3.37 53.57 2.32 5.58 

Oriental White-eye 2.81 3.23 56.81 0.46 5.75 

Plain Prinia 2.64 3.03 59.83 0.00 5.50 

Greenish Warbler 2.62 3.01 62.84 2.46 2.67 

Red-whiskered Bulbul 2.56 2.94 65.79 0.00 5.42 

Purple Sunbird 2.46 2.83 68.62 0.11 4.50 

Common Myna 2.09 2.40 71.02 3.25 0.00 

Large-billed Crow 2.04 2.34 73.36 3.36 0.58 

Spotted Dove 1.98 2.27 75.63 0.61 3.08 

Yellow-footed Green-Pigeon 1.96 2.26 77.88 0.00 3.75 

Black Drongo 1.78 2.04 79.93 1.82 1.50 

Rufous Treepie 1.73 1.99 81.91 2.07 1.67 

Red-naped Ibis 1.71 1.97 83.88 4.46 0.00 

House Crow 1.36 1.57 85.45 2.39 0.00 

Great Tit 1.13 1.30 86.75 1.32 0.25 

Indian Robin 1.09 1.26 88.01 0.00 1.83 

Ashy Prinia 0.94 1.08 89.09 0.00 1.33 

White-throated Fantail 0.91 1.05 90.14 1.04 0.75 

Oriental Magpie-Robin 0.89 1.03 91.16 0.75 1.08 

Plum-headed Parakeet 0.78 0.90 92.06 0.64 1.17 

Taiga Flycatcher 0.77 0.88 92.95 1.07 0.00 

Indian Peafowl 0.68 0.78 93.73 0.00 1.92 

Indian Silverbill 0.57 0.65 94.38 0.00 0.58 

Small Minivet 0.45 0.51 94.90 0.00 0.83 
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Lesser Goldenback 0.43 0.50 95.39 0.46 0.58 

Red-breasted Flycatcher 0.42 0.48 95.88 0.00 0.75 

Red Junglefowl 0.38 0.43 96.31 0.00 0.83 

Brown-headed Barbet 0.34 0.39 96.70 0.36 0.17 

Crimson Sunbird 0.34 0.39 97.09 0.00 0.58 

Grey-headed Canary-Flycatcher 0.29 0.33 97.42 0.39 0.00 

Common Tailorbird 0.28 0.32 97.74 0.00 0.25 

Green Bee-eater 0.26 0.30 98.04 0.21 0.17 

Indian Grey Hornbill 0.26 0.30 98.34 0.00 0.33 

Jungle Owlet 0.18 0.20 98.54 0.29 0.00 

Crested Serpent-Eagle 0.17 0.19 98.73 0.21 0.00 

Greater Coucal 0.16 0.19 98.91 0.00 0.33 

White Wagtail 0.13 0.15 99.06 0.18 0.00 

Red-wattled Lapwing 0.12 0.14 99.20 0.29 0.00 

Pond Heron 0.09 0.10 99.30 0.18 0.00 

Verditer Flycatcher 0.08 0.09 99.39 0.00 0.17 

Lemon-rumped Warbler 0.07 0.09 99.48 0.07 0.00 

Barn Swallow 0.06 0.07 99.55 0.11 0.00 

Great Barbet 0.05 0.06 99.61 0.00 0.08 

Grey Bushchat 0.04 0.05 99.66 0.00 0.08 

Bay-backed Shrike 0.04 0.05 99.71 0.00 0.08 

Asian Woolly-necked Stork 0.03 0.04 99.75 0.11 0.00 

Shikra 0.03 0.04 99.79 0.07 0.00 

Indian Roller 0.03 0.03 99.82 0.04 0.00 

Black-naped Monarch 0.02 0.03 99.84 0.04 0.00 

Velvet-fronted Nuthatch 0.02 0.03 99.87 0.04 0.00 

Rusty-cheeked Scimitar-Babbler 0.02 0.03 99.90 0.04 0.00 

Chestnut-bellied Rock-Thrush 0.02 0.03 99.92 0.04 0.00 

Maroon Oriole 0.02 0.02 99.95 0.04 0.00 

Asian Brown Flycatcher 0.02 0.02 99.97 0.04 0.00 

Thick-billed Flowerpecker 0.01 0.02 99.98 0.04 0.00 

Tickell's Blue Flycatcher 0.01 0.02 100.00 0.04 0.00 
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Plantation  and Riverine 

habitat           
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Ruddy Shelduck 9.60 10.19 10.19 0.00 24.50 

Little Cormorant 6.86 7.28 17.46 0.00 9.12 

Black Bulbul 5.43 5.77 23.23 8.68 0.00 

Jungle Babbler 4.09 4.34 27.57 6.25 0.00 

Spangled Drongo 4.02 4.26 31.84 6.82 0.00 

Rose-ringed Parakeet 3.93 4.17 36.01 6.39 0.60 

Black-hooded Oriole 3.71 3.94 39.95 5.54 0.12 

Red-vented Bulbul 3.52 3.73 43.68 4.75 1.92 

Humes Warbler 3.31 3.51 47.19 4.86 2.28 

Northern Pintail 2.82 2.99 50.18 0.00 5.12 

Barn Swallow 2.65 2.81 52.99 0.11 5.92 

River Lapwing 2.48 2.63 55.62 0.00 3.80 

Bar-headed Goose 2.46 2.61 58.23 0.00 4.00 

Common Myna 2.07 2.19 60.42 3.25 0.08 

Large-billed Crow 2.05 2.17 62.59 3.36 0.60 

White Wagtail 2.04 2.17 64.76 0.18 3.56 

House Crow 1.80 1.91 66.67 2.39 1.24 

Greenish Warbler 1.76 1.87 68.54 2.46 0.20 

Citrine Wagtail 1.75 1.86 70.39 0.00 2.84 

Red-naped Ibis 1.72 1.83 72.22 4.46 0.00 

Rufous Treepie 1.72 1.83 74.05 2.07 1.12 

Black Drongo 1.50 1.59 75.64 1.82 0.52 

Himalayan Bulbul 1.37 1.45 77.09 2.32 0.00 

Great Cormorant 1.08 1.14 78.23 0.00 3.48 

Little-ringed Plover 1.08 1.14 79.38 0.00 2.76 

Gray Wagtail 1.01 1.07 80.44 0.00 1.28 

Great Tit 0.93 0.99 81.43 1.32 0.00 

Pied Kingfisher 0.91 0.96 82.40 0.00 1.12 

White-throated Fantail 0.83 0.88 83.27 1.04 0.28 

Taiga Flycatcher 0.75 0.80 84.07 1.07 0.00 

Red-crested Pochard 0.70 0.75 84.82 0.00 0.64 
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Small Pratincole 0.68 0.72 85.54 0.00 2.20 

Little Egret 0.67 0.71 86.25 0.00 1.04 

Oriental Skylark 0.66 0.70 86.96 0.00 0.84 

Paddyfield Pipit 0.63 0.67 87.63 0.00 1.64 

Goosander 0.59 0.63 88.26 0.00 1.16 

Intermediate Egret 0.59 0.62 88.89 0.00 1.52 

Plum-headed Parakeet 0.59 0.62 89.51 0.64 0.16 

Oriental Magpie-Robin 0.57 0.61 90.11 0.75 0.00 

Plain Martin 0.52 0.55 90.66 0.00 0.64 

Indian Roller 0.49 0.52 91.18 0.04 0.76 

Gadwall 0.48 0.51 91.70 0.00 0.60 

Pond Heron 0.44 0.47 92.17 0.18 0.56 

White-throated Kingfisher 0.44 0.47 92.64 0.00 0.60 

Spotted Dove 0.42 0.44 93.08 0.61 0.00 

River Tern 0.41 0.43 93.51 0.00 0.44 

Eurasian Collared-Dove 0.36 0.38 93.90 0.00 0.56 

Brahminy Starling 0.34 0.36 94.25 0.00 0.56 

Oriental White-eye 0.31 0.33 94.58 0.46 0.00 

Temminck Stint 0.29 0.31 94.89 0.00 0.40 

White-browed Wagtail 0.29 0.31 95.20 0.00 0.40 

Grey-headed Canary-

Flycatcher 
0.28 0.30 95.50 0.39 0.00 

Lesser Goldenback 0.28 0.30 95.80 0.46 0.00 

Crested Serpent-Eagle 0.28 0.29 96.09 0.21 0.16 

Common Stonechat 0.27 0.29 96.38 0.00 0.48 

Brown-headed Barbet 0.27 0.29 96.67 0.36 0.00 

Ashy Prinia 0.25 0.26 96.94 0.00 0.28 

Black-bellied Tern 0.25 0.26 97.20 0.00 0.28 

Pallas Gull 0.23 0.25 97.45 0.00 0.72 

Common Kingfisher 0.20 0.22 97.66 0.00 0.24 

Plain Prinia 0.20 0.21 97.88 0.00 0.20 

Jungle Owlet 0.18 0.19 98.06 0.29 0.00 

Green Bee-eater 0.17 0.18 98.24 0.21 0.00 

Common Tailorbird 0.16 0.17 98.42 0.00 0.20 

Great Egret 0.16 0.17 98.59 0.00 0.16 

Bank Myna 0.15 0.16 98.75 0.00 0.12 

Pied Bushchat 0.12 0.13 98.88 0.00 0.12 

Cattle Egret 0.12 0.13 99.01 0.00 0.12 

Red-wattled Lapwing 0.12 0.13 99.14 0.29 0.00 
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Common Greenshank 0.10 0.11 99.25 0.00 0.12 

Common Sandpiper 0.10 0.11 99.36 0.00 0.24 

Lemon-rumped Warbler 0.07 0.08 99.44 0.07 0.00 

Purple Sunbird 0.06 0.07 99.50 0.11 0.00 

Little Stint 0.06 0.07 99.57 0.00 0.16 

Osprey 0.04 0.04 99.61 0.00 0.04 

Asian Woolly-necked Stork 0.03 0.04 99.65 0.11 0.00 

Himalayan Griffon 0.03 0.03 99.68 0.00 0.08 

Shikra 0.03 0.03 99.72 0.07 0.00 

Sirkeer Malkoha 0.03 0.03 99.74 0.00 0.04 

Stork-billed Kingfisher 0.02 0.03 99.77 0.00 0.04 

Lesser Whistling-Duck 0.02 0.03 99.80 0.00 0.04 

Black-naped Monarch 0.02 0.03 99.82 0.04 0.00 

Velvet-fronted Nuthatch 0.02 0.02 99.85 0.04 0.00 

Rusty-cheeked Scimitar-

Babbler 
0.02 0.02 99.87 0.04 0.00 

Chestnut-bellied Rock-

Thrush 
0.02 0.02 99.89 0.04 0.00 

Maroon Oriole 0.02 0.02 99.92 0.04 0.00 

Cinereous Vulture 0.02 0.02 99.93 0.00 0.04 

Asian Brown Flycatcher 0.02 0.02 99.95 0.04 0.00 

Egyptian Vulture 0.02 0.02 99.97 0.00 0.04 

Tickell's Blue Flycatcher 0.01 0.02 99.98 0.04 0.00 

Thick-billed Flowerpecker 0.01 0.02 100.00 0.04 0.00 

 

Plantation  and Grassland            
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Black Bulbul 6.83 7.09 7.09 8.68 0.00 

Red-vented Bulbul 5.83 6.05 13.13 4.75 3.95 

Common Stonechat 5.15 5.34 18.48 0.00 5.48 

Jungle Babbler 5.14 5.33 23.81 6.25 0.00 

Spangled Drongo 5.00 5.19 28.99 6.82 0.10 

Red-wattled Lapwing 4.94 5.12 34.12 0.29 6.24 

Black-hooded Oriole 4.79 4.97 39.08 5.54 0.00 
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Paddyfield Pipit 4.72 4.90 43.98 0.00 4.57 

Rose-ringed Parakeet 4.70 4.88 48.85 6.39 0.00 

Humes Warbler 4.06 4.21 53.06 4.86 0.05 

Red-naped Ibis 3.18 3.30 56.35 4.46 2.52 

Large-billed Crow 2.92 3.02 59.38 3.36 1.10 

Common Myna 2.65 2.75 62.12 3.25 0.14 

River Lapwing 2.49 2.58 64.70 0.00 2.62 

White-tailed Stonechat 2.46 2.56 67.26 0.00 2.52 

Greenish Warbler 2.26 2.35 69.60 2.46 0.10 

Pied Bushchat 2.14 2.22 71.82 0.00 2.00 

Rufous Treepie 2.07 2.14 73.96 2.07 0.00 

Black Drongo 1.89 1.96 75.92 1.82 0.62 

Himalayan Bulbul 1.77 1.84 77.76 2.32 0.19 

House Crow 1.68 1.75 79.50 2.39 0.00 

Plain Prinia 1.36 1.41 80.92 0.00 1.19 

Yellow-breasted Greenfinch 1.25 1.30 82.21 0.00 2.62 

Great Tit 1.18 1.23 83.44 1.32 0.00 

Yellow-wattled Lapwing 1.06 1.10 84.54 0.00 0.91 

White-throated Fantail 1.03 1.07 85.61 1.04 0.19 

Barn Swallow 1.01 1.05 86.65 0.11 0.95 

Taiga Flycatcher 0.97 1.01 87.66 1.07 0.00 

Citrine Wagtail 0.82 0.85 88.50 0.00 0.95 

Oriental Magpie-Robin 0.74 0.77 89.27 0.75 0.00 

Indian Pied Starling 0.73 0.76 90.03 0.00 0.86 

Oriental Skylark 0.70 0.72 90.75 0.00 0.57 

Indian Roller 0.68 0.71 91.46 0.04 0.81 

Plum-headed Parakeet 0.60 0.62 92.08 0.64 0.00 

White-throated Kingfisher 0.57 0.59 92.67 0.00 0.67 

Spotted Dove 0.53 0.55 93.22 0.61 0.00 

Yellow-bellied Prinia 0.40 0.41 93.63 0.00 0.48 

Oriental White-eye 0.39 0.40 94.03 0.46 0.00 

Laughing Dove 0.37 0.39 94.42 0.00 0.43 

Grey-headed Canary-

Flycatcher 
0.36 0.38 94.80 0.39 0.00 

Lesser Goldenback 0.35 0.36 95.16 0.46 0.00 

Brown-headed Barbet 0.35 0.36 95.52 0.36 0.00 

Striated Grassbird 0.31 0.33 95.84 0.00 0.43 

Ruddy Shelduck 0.30 0.31 96.16 0.00 0.38 

Sarus Crane 0.30 0.31 96.46 0.00 0.48 
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Red Avadavat 0.29 0.30 96.76 0.00 0.29 

Gray Wagtail 0.25 0.26 97.02 0.00 0.33 

Crested Serpent-Eagle 0.23 0.24 97.27 0.21 0.05 

Green Bee-eater 0.22 0.23 97.49 0.21 0.00 

Jungle Owlet 0.22 0.23 97.72 0.29 0.00 

Brown Rock Chat 0.21 0.21 97.93 0.00 0.19 

Red-whiskered Bulbul 0.18 0.18 98.12 0.00 0.24 

Long-tailed Shrike 0.17 0.18 98.30 0.00 0.24 

White Wagtail 0.16 0.17 98.46 0.18 0.00 

Indian Peafowl 0.16 0.16 98.62 0.00 0.19 

Pond Heron 0.14 0.15 98.77 0.18 0.10 

Cattle Egret 0.14 0.15 98.92 0.00 0.19 

Tickell's Thrush 0.12 0.12 99.04 0.00 0.14 

Lemon-rumped Warbler 0.10 0.10 99.14 0.07 0.00 

Indian Silverbill 0.09 0.10 99.24 0.00 0.10 

Purple Sunbird 0.08 0.08 99.32 0.11 0.00 

Common Kingfisher 0.07 0.08 99.40 0.00 0.10 

Pied Kingfisher 0.07 0.08 99.48 0.00 0.10 

White-rumped Vulture 0.06 0.06 99.54 0.00 0.05 

Bronze Drongo 0.05 0.05 99.58 0.00 0.05 

Ashy Drongo 0.05 0.05 99.63 0.00 0.05 

River Tern 0.05 0.05 99.68 0.00 0.05 

Asian Woolly-necked Stork 0.04 0.04 99.72 0.11 0.00 

Shikra 0.04 0.04 99.76 0.07 0.00 

Slender-billed Vulture 0.04 0.04 99.80 0.00 0.05 

Black-naped Monarch 0.03 0.03 99.83 0.04 0.00 

Velvet-fronted Nuthatch 0.03 0.03 99.86 0.04 0.00 

Rusty-cheeked Scimitar-

Babbler 
0.03 0.03 99.89 0.04 0.00 

Chestnut-bellied Rock-Thrush 0.03 0.03 99.92 0.04 0.00 

Maroon Oriole 0.03 0.03 99.94 0.04 0.00 

Asian Brown Flycatcher 0.02 0.02 99.96 0.04 0.00 

Thick-billed Flowerpecker 0.02 0.02 99.98 0.04 0.00 

Tickell's Blue Flycatcher 0.02 0.02 100.00 0.04 0.00 
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Mixed deciduous forest and Scrub 

forest           
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Red-vented Bulbul 14.85 18.51 18.51 13.90 27.60 

Lesser Whitethroat 5.28 6.58 25.10 3.27 7.50 

Oriental White-eye 4.71 5.87 30.97 6.27 5.75 

Red-whiskered Bulbul 4.46 5.56 36.53 5.20 5.42 

Jungle Babbler 4.03 5.02 41.55 4.07 4.67 

Barn Swallow 3.52 4.39 45.94 9.53 0.00 

Greenish Warbler 3.10 3.86 49.80 0.33 2.67 

Humes Warbler 2.88 3.59 53.39 3.47 2.83 

Plain Prinia 2.70 3.37 56.76 0.20 5.50 

Purple Sunbird 2.65 3.30 60.06 2.67 4.50 

Himalayan Bulbul 2.45 3.06 63.11 1.27 5.58 

Spangled Drongo 2.40 2.99 66.10 1.00 2.58 

Spotted Dove 2.20 2.74 68.84 0.67 3.08 

Rufous Treepie 2.01 2.51 71.35 2.27 1.67 

Yellow-footed Green-Pigeon 2.00 2.49 73.84 0.00 3.75 

Red Junglefowl 1.88 2.34 76.18 2.33 0.83 

Plum-headed Parakeet 1.66 2.07 78.24 1.87 1.17 

Black-hooded Oriole 1.44 1.80 80.04 2.00 0.00 

Black Drongo 1.44 1.79 81.83 0.20 1.50 

Rose-ringed Parakeet 1.39 1.73 83.57 2.20 0.17 

Indian Grey Hornbill 1.30 1.62 85.19 1.80 0.33 

Indian Peafowl 1.29 1.61 86.79 1.33 1.92 

Indian Robin 1.16 1.44 88.23 0.00 1.83 

Ashy Prinia 1.04 1.29 89.53 0.07 1.33 

Oriental Magpie-Robin 0.99 1.23 90.76 1.07 1.08 

Great Tit 0.83 1.04 91.79 1.00 0.25 

Green Bee-eater 0.73 0.91 92.70 0.93 0.17 

Large-billed Crow 0.70 0.87 93.57 0.60 0.58 

Red-breasted Flycatcher 0.69 0.86 94.43 0.67 0.75 

Crimson Sunbird 0.66 0.83 95.26 0.60 0.58 
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Indian Silverbill 0.63 0.79 96.05 0.00 0.58 

Common Tailorbird 0.60 0.75 96.80 0.53 0.25 

Small Minivet 0.47 0.59 97.39 0.00 0.83 

White-throated Fantail 0.45 0.56 97.95 0.13 0.75 

Lesser Goldenback 0.23 0.29 98.23 0.00 0.58 

Brown-headed Barbet 0.23 0.29 98.52 0.13 0.17 

Oriental Pied-Hornbill 0.17 0.21 98.73 0.27 0.00 

Greater Coucal 0.16 0.20 98.93 0.00 0.33 

Crested Serpent-Eagle 0.15 0.19 99.12 0.20 0.00 

Golden-fronted Leafbird 0.13 0.16 99.28 0.20 0.00 

Grey-hooded Warbler 0.12 0.15 99.43 0.20 0.00 

Verditer Flycatcher 0.08 0.10 99.53 0.00 0.17 

Asian Brown Flycatcher 0.07 0.09 99.62 0.13 0.00 

Great Barbet 0.05 0.06 99.69 0.00 0.08 

Grey Bushchat 0.05 0.06 99.74 0.00 0.08 

Bay-backed Shrike 0.05 0.06 99.80 0.00 0.08 

Jungle Owlet 0.04 0.05 99.85 0.07 0.00 

Eurasian Sparrowhawk 0.04 0.05 99.90 0.07 0.00 

Small Niltava 0.04 0.05 99.95 0.07 0.00 

Rufous-gorgeted flycatcher 0.04 0.05 100.00 0.07 0.00 

 

 

Mixed deciduous forest  and 

Riverine habitat           
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Ruddy Shelduck 9.78 10.26 10.26 0.00 24.50 

Red-vented Bulbul 8.48 8.91 19.17 13.90 1.92 

Little Cormorant 7.25 7.61 26.77 0.00 9.12 

Barn Swallow 5.97 6.27 33.04 9.53 5.92 

Oriental White-eye 3.96 4.16 37.20 6.27 0.00 

Red-whiskered Bulbul 3.35 3.52 40.72 5.20 0.00 

Northern Pintail 2.87 3.02 43.74 0.00 5.12 

River Lapwing 2.62 2.75 46.49 0.00 3.80 
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Bar-headed Goose 2.52 2.65 49.13 0.00 4.00 

Humes Warbler 2.46 2.58 51.72 3.47 2.28 

Lesser Whitethroat 2.43 2.56 54.27 3.27 0.00 

Jungle Babbler 2.23 2.34 56.61 4.07 0.00 

White Wagtail 2.12 2.22 58.84 0.00 3.56 

Purple Sunbird 1.96 2.06 60.90 2.67 0.00 

Citrine Wagtail 1.86 1.95 62.85 0.00 2.84 

Red Junglefowl 1.85 1.94 64.79 2.33 0.00 

Rufous Treepie 1.83 1.92 66.71 2.27 1.12 

Rose-ringed Parakeet 1.77 1.86 68.57 2.20 0.60 

Plum-headed Parakeet 1.49 1.56 70.14 1.87 0.16 

Black-hooded Oriole 1.42 1.49 71.62 2.00 0.12 

Indian Grey Hornbill 1.21 1.27 72.89 1.80 0.00 

Little-ringed Plover 1.09 1.14 74.03 0.00 2.76 

Great Cormorant 1.09 1.14 75.17 0.00 3.48 

Gray Wagtail 1.08 1.13 76.31 0.00 1.28 

Pied Kingfisher 0.98 1.03 77.34 0.00 1.12 

Red-crested Pochard 0.81 0.85 78.19 0.00 0.64 

Indian Peafowl 0.77 0.80 78.99 1.33 0.00 

House Crow 0.76 0.80 79.79 0.00 1.24 

Himalayan Bulbul 0.74 0.78 80.57 1.27 0.00 

Little Egret 0.72 0.75 81.33 0.00 1.04 

Black Drongo 0.72 0.75 82.08 0.20 0.52 

Oriental Skylark 0.70 0.73 82.81 0.00 0.84 

Small Pratincole 0.69 0.72 83.53 0.00 2.20 

Spangled Drongo 0.67 0.70 84.23 1.00 0.00 

Oriental Magpie-Robin 0.66 0.69 84.92 1.07 0.00 

Green Bee-eater 0.65 0.68 85.61 0.93 0.00 

Large-billed Crow 0.65 0.68 86.29 0.60 0.60 

Paddyfield Pipit 0.64 0.67 86.96 0.00 1.64 

Goosander 0.61 0.64 87.61 0.00 1.16 

Intermediate Egret 0.59 0.62 88.23 0.00 1.52 

Great Tit 0.58 0.61 88.84 1.00 0.00 

Plain Martin 0.54 0.57 89.41 0.00 0.64 

Gadwall 0.51 0.53 89.94 0.00 0.60 

Indian Roller 0.50 0.52 90.47 0.00 0.76 

Common Tailorbird 0.48 0.50 90.97 0.53 0.20 

White-throated Kingfisher 0.47 0.49 91.46 0.00 0.60 

River Tern 0.45 0.47 91.93 0.00 0.44 
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Crimson Sunbird 0.42 0.44 92.37 0.60 0.00 

White-throated Fantail 0.41 0.43 92.81 0.13 0.28 

Red-breasted Flycatcher 0.41 0.43 93.24 0.67 0.00 

Pond Heron 0.41 0.43 93.67 0.00 0.56 

Spotted Dove 0.39 0.41 94.09 0.67 0.00 

Eurasian Collared-Dove 0.38 0.40 94.49 0.00 0.56 

Plain Prinia 0.37 0.39 94.88 0.20 0.20 

Brahminy Starling 0.35 0.37 95.25 0.00 0.56 

Ashy Prinia 0.35 0.37 95.62 0.07 0.28 

Greenish Warbler 0.35 0.37 95.99 0.33 0.20 

Temminck Stint 0.31 0.33 96.32 0.00 0.40 

White-browed Wagtail 0.31 0.33 96.64 0.00 0.40 

Crested Serpent-Eagle 0.29 0.30 96.94 0.20 0.16 

Common Stonechat 0.29 0.30 97.24 0.00 0.48 

Black-bellied Tern 0.27 0.28 97.52 0.00 0.28 

Pallas Gull 0.23 0.25 97.77 0.00 0.72 

Common Kingfisher 0.21 0.23 97.99 0.00 0.24 

Bank Myna 0.18 0.19 98.19 0.00 0.12 

Great Egret 0.18 0.19 98.37 0.00 0.16 

Oriental Pied-Hornbill 0.17 0.18 98.55 0.27 0.00 

Brown-headed Barbet 0.14 0.15 98.70 0.13 0.00 

Pied Bushchat 0.13 0.14 98.84 0.00 0.12 

Cattle Egret 0.13 0.14 98.98 0.00 0.12 

Golden-fronted Leafbird 0.13 0.13 99.11 0.20 0.00 

Grey-hooded Warbler 0.12 0.13 99.24 0.20 0.00 

Common Greenshank 0.11 0.12 99.36 0.00 0.12 

Common Sandpiper 0.10 0.11 99.46 0.00 0.24 

Asian Brown Flycatcher 0.07 0.08 99.54 0.13 0.00 

Little Stint 0.06 0.07 99.60 0.00 0.16 

Osprey 0.04 0.05 99.65 0.00 0.04 

Jungle Owlet 0.04 0.04 99.69 0.07 0.00 

Eurasian Sparrowhawk 0.04 0.04 99.74 0.07 0.00 

Small Niltava 0.04 0.04 99.78 0.07 0.00 

Rufous-gorgeted flycatcher 0.04 0.04 99.82 0.07 0.00 

Himalayan Griffon 0.03 0.03 99.85 0.00 0.08 

Common Myna 0.03 0.03 99.89 0.00 0.08 

Sirkeer Malkoha 0.03 0.03 99.91 0.00 0.04 

Stork-billed Kingfisher 0.03 0.03 99.94 0.00 0.04 

Lesser Whistling-Duck 0.03 0.03 99.97 0.00 0.04 
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Cinereous Vulture 0.02 0.02 99.98 0.00 0.04 

Egyptian Vulture 0.02 0.02 100.00 0.00 0.04 

      

Mixed deciduous forest and 

Grassland           
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Red-vented Bulbul 11.06 11.53 11.53 13.90 3.95 

Common Stonechat 5.63 5.87 17.40 0.00 5.48 

Red-wattled Lapwing 5.34 5.56 22.96 0.00 6.24 

Paddyfield Pipit 5.26 5.49 28.45 0.00 4.57 

Barn Swallow 5.08 5.29 33.74 9.53 0.95 

Oriental White-eye 4.97 5.18 38.92 6.27 0.00 

Red-whiskered Bulbul 4.22 4.39 43.31 5.20 0.24 

Lesser Whitethroat 3.14 3.27 46.59 3.27 0.00 

Humes Warbler 3.00 3.13 49.72 3.47 0.05 

Jungle Babbler 2.72 2.84 52.56 4.07 0.00 

White-tailed Stonechat 2.69 2.81 55.36 0.00 2.52 

River Lapwing 2.69 2.80 58.16 0.00 2.62 

Purple Sunbird 2.53 2.64 60.80 2.67 0.00 

Red Junglefowl 2.42 2.52 63.32 2.33 0.00 

Pied Bushchat 2.38 2.48 65.81 0.00 2.00 

Rufous Treepie 1.89 1.97 67.78 2.27 0.00 

Black-hooded Oriole 1.81 1.89 69.67 2.00 0.00 

Plum-headed Parakeet 1.78 1.86 71.52 1.87 0.00 

Rose-ringed Parakeet 1.68 1.75 73.27 2.20 0.00 

Plain Prinia 1.61 1.68 74.95 0.20 1.19 

Indian Grey Hornbill 1.52 1.59 76.54 1.80 0.00 

Red-naped Ibis 1.42 1.48 78.02 0.00 2.52 

Large-billed Crow 1.32 1.38 79.40 0.60 1.10 

Yellow-breasted Greenfinch 1.27 1.32 80.73 0.00 2.62 

Yellow-wattled Lapwing 1.21 1.26 81.99 0.00 0.91 

Indian Peafowl 1.06 1.11 83.09 1.33 0.19 

Himalayan Bulbul 1.03 1.07 84.16 1.27 0.19 
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Citrine Wagtail 0.88 0.91 85.08 0.00 0.95 

Spangled Drongo 0.87 0.91 85.98 1.00 0.10 

Green Bee-eater 0.83 0.86 86.84 0.93 0.00 

Oriental Skylark 0.82 0.85 87.70 0.00 0.57 

Oriental Magpie-Robin 0.82 0.85 88.55 1.07 0.00 

Indian Pied Starling 0.79 0.83 89.38 0.00 0.86 

Indian Roller 0.72 0.75 90.13 0.00 0.81 

Great Tit 0.71 0.74 90.87 1.00 0.00 

Black Drongo 0.64 0.67 91.53 0.20 0.62 

White-throated Kingfisher 0.61 0.64 92.17 0.00 0.67 

Crimson Sunbird 0.53 0.56 92.73 0.60 0.00 

Red-breasted Flycatcher 0.51 0.54 93.27 0.67 0.00 

Spotted Dove 0.48 0.50 93.77 0.67 0.00 

Common Tailorbird 0.43 0.45 94.22 0.53 0.00 

Yellow-bellied Prinia 0.42 0.44 94.65 0.00 0.48 

Laughing Dove 0.39 0.41 95.07 0.00 0.43 

Striated Grassbird 0.33 0.34 95.41 0.00 0.43 

Red Avadavat 0.32 0.33 95.74 0.00 0.29 

Ruddy Shelduck 0.31 0.33 96.06 0.00 0.38 

Sarus Crane 0.31 0.32 96.38 0.00 0.48 

Gray Wagtail 0.27 0.28 96.67 0.00 0.33 

Greenish Warbler 0.27 0.28 96.95 0.33 0.10 

Crested Serpent-Eagle 0.23 0.24 97.19 0.20 0.05 

Brown Rock Chat 0.23 0.24 97.43 0.00 0.19 

Oriental Pied-Hornbill 0.21 0.22 97.65 0.27 0.00 

White-throated Fantail 0.20 0.21 97.86 0.13 0.19 

Brown-headed Barbet 0.19 0.20 98.06 0.13 0.00 

Long-tailed Shrike 0.18 0.19 98.25 0.00 0.24 

Ashy Prinia 0.16 0.16 98.41 0.07 0.00 

Golden-fronted Leafbird 0.16 0.16 98.57 0.20 0.00 

Grey-hooded Warbler 0.15 0.16 98.73 0.20 0.00 

Cattle Egret 0.15 0.15 98.88 0.00 0.19 

Tickell's Thrush 0.12 0.13 99.01 0.00 0.14 

Common Myna 0.11 0.11 99.12 0.00 0.14 

Indian Silverbill 0.10 0.11 99.23 0.00 0.10 

Asian Brown Flycatcher 0.09 0.09 99.32 0.13 0.00 

Common Kingfisher 0.08 0.08 99.40 0.00 0.10 

Pied Kingfisher 0.08 0.08 99.48 0.00 0.10 

White-rumped Vulture 0.06 0.07 99.55 0.00 0.05 
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Jungle Owlet 0.05 0.05 99.60 0.07 0.00 

Eurasian Sparrowhawk 0.05 0.05 99.66 0.07 0.00 

Bronze Drongo 0.05 0.05 99.71 0.00 0.05 

Ashy Drongo 0.05 0.05 99.76 0.00 0.05 

River Tern 0.05 0.05 99.82 0.00 0.05 

Small Niltava 0.05 0.05 99.87 0.07 0.00 

Pond Heron 0.04 0.05 99.92 0.00 0.10 

Rufous-gorgeted flycatcher 0.04 0.05 99.96 0.07 0.00 

Slender-billed Vulture 0.04 0.04 100.00 0.00 0.05 

 

 

Scrub forest and Riverine habitat           

Taxon 

A
v
er

a
g
e 

d
is

si
m

il
a

ri
ty

 

C
o
n

tr
ib

u
ti

o
n

 %
 

C
u

m
u

la
ti

v
e 

%
 

M
ea

n
 o

f 
b

ir
d

 

a
b

u
n

d
a
n

ce
 i

n
 

S
cr

u
b

 f
o
re

st
 

M
ea

n
 o

f 
b

ir
d

 

a
b

u
n

d
a
n

ce
 i

n
 

R
iv

er
in

e
 

Red-vented Bulbul 11.65 12.04 12.04 27.60 1.92 

Ruddy Shelduck 9.15 9.46 21.51 0.00 24.50 

Little Cormorant 6.61 6.84 28.35 0.00 9.12 

Lesser Whitethroat 4.20 4.35 32.69 7.50 0.00 

Northern Pintail 2.67 2.76 35.45 0.00 5.12 

Greenish Warbler 2.60 2.69 38.13 2.67 0.20 

Oriental White-eye 2.59 2.68 40.81 5.75 0.00 

Jungle Babbler 2.55 2.63 43.45 4.67 0.00 

Plain Prinia 2.50 2.59 46.03 5.50 0.20 

Barn Swallow 2.47 2.55 48.59 0.00 5.92 

Red-whiskered Bulbul 2.44 2.52 51.11 5.42 0.00 

River Lapwing 2.39 2.48 53.58 0.00 3.80 

Purple Sunbird 2.36 2.44 56.02 4.50 0.00 

Bar-headed Goose 2.33 2.41 58.43 0.00 4.00 

Humes Warbler 2.27 2.34 60.77 2.83 2.28 

Spotted Dove 1.97 2.04 62.80 3.08 0.00 

White Wagtail 1.95 2.01 64.82 0.00 3.56 

Yellow-footed Green-Pigeon 1.87 1.93 66.75 3.75 0.00 

Spangled Drongo 1.86 1.92 68.67 2.58 0.00 

Himalayan Bulbul 1.79 1.85 70.52 5.58 0.00 
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Citrine Wagtail 1.70 1.76 72.28 0.00 2.84 

Rufous Treepie 1.28 1.32 73.60 1.67 1.12 

Black Drongo 1.26 1.30 74.90 1.50 0.52 

Indian Robin 1.04 1.08 75.98 1.83 0.00 

Great Cormorant 1.03 1.06 77.04 0.00 3.48 

Little-ringed Plover 1.02 1.05 78.10 0.00 2.76 

Ashy Prinia 0.98 1.01 79.11 1.33 0.28 

Gray Wagtail 0.98 1.01 80.12 0.00 1.28 

Pied Kingfisher 0.89 0.92 81.04 0.00 1.12 

Red-crested Pochard 0.71 0.74 81.78 0.00 0.64 

House Crow 0.70 0.72 82.50 0.00 1.24 

Oriental Magpie-Robin 0.66 0.68 83.18 1.08 0.00 

Little Egret 0.65 0.68 83.86 0.00 1.04 

Indian Peafowl 0.65 0.67 84.53 1.92 0.00 

Small Pratincole 0.65 0.67 85.20 0.00 2.20 

Oriental Skylark 0.64 0.66 85.86 0.00 0.84 

Paddyfield Pipit 0.60 0.62 86.49 0.00 1.64 

Rose-ringed Parakeet 0.60 0.62 87.11 0.17 0.60 

White-throated Fantail 0.59 0.61 87.72 0.75 0.28 

Goosander 0.57 0.59 88.31 0.00 1.16 

Intermediate Egret 0.56 0.58 88.88 0.00 1.52 

Indian Silverbill 0.54 0.56 89.44 0.58 0.00 

Large-billed Crow 0.53 0.54 89.99 0.58 0.60 

Plain Martin 0.50 0.51 90.50 0.00 0.64 

Plum-headed Parakeet 0.47 0.49 90.99 1.17 0.16 

Gadwall 0.46 0.48 91.47 0.00 0.60 

Indian Roller 0.46 0.47 91.94 0.00 0.76 

White-throated Kingfisher 0.43 0.44 92.38 0.00 0.60 

Small Minivet 0.43 0.44 92.83 0.83 0.00 

River Tern 0.40 0.42 93.24 0.00 0.44 

Red-breasted Flycatcher 0.40 0.41 93.66 0.75 0.00 

Common Tailorbird 0.39 0.40 94.06 0.25 0.20 

Pond Heron 0.38 0.39 94.44 0.00 0.56 

Red Junglefowl 0.36 0.37 94.82 0.83 0.00 

Eurasian Collared-Dove 0.35 0.36 95.18 0.00 0.56 

Brahminy Starling 0.32 0.34 95.51 0.00 0.56 

Crimson Sunbird 0.32 0.33 95.84 0.58 0.00 

Great Tit 0.30 0.31 96.15 0.25 0.00 

Temminck Stint 0.29 0.30 96.45 0.00 0.40 
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White-browed Wagtail 0.28 0.29 96.74 0.00 0.40 

Common Stonechat 0.26 0.27 97.01 0.00 0.48 

Indian Grey Hornbill 0.25 0.26 97.27 0.33 0.00 

Black-bellied Tern 0.24 0.25 97.52 0.00 0.28 

Pallas Gull 0.22 0.23 97.75 0.00 0.72 

Lesser Goldenback 0.22 0.22 97.97 0.58 0.00 

Common Kingfisher 0.20 0.20 98.17 0.00 0.24 

Great Egret 0.16 0.17 98.34 0.00 0.16 

Bank Myna 0.16 0.17 98.50 0.00 0.12 

Greater Coucal 0.15 0.16 98.66 0.33 0.00 

Crested Serpent-Eagle 0.14 0.15 98.81 0.00 0.16 

Pied Bushchat 0.12 0.12 98.93 0.00 0.12 

Cattle Egret 0.12 0.12 99.06 0.00 0.12 

Common Greenshank 0.10 0.10 99.16 0.00 0.12 

Common Sandpiper 0.10 0.10 99.26 0.00 0.24 

Green Bee-eater 0.09 0.09 99.35 0.17 0.00 

Brown-headed Barbet 0.09 0.09 99.45 0.17 0.00 

Verditer Flycatcher 0.08 0.08 99.52 0.17 0.00 

Black-hooded Oriole 0.07 0.07 99.60 0.00 0.12 

Little Stint 0.06 0.06 99.66 0.00 0.16 

Great Barbet 0.05 0.05 99.70 0.08 0.00 

Grey Bushchat 0.04 0.04 99.75 0.08 0.00 

Bay-backed Shrike 0.04 0.04 99.79 0.08 0.00 

Osprey 0.04 0.04 99.83 0.00 0.04 

Common Myna 0.03 0.03 99.86 0.00 0.08 

Himalayan Griffon 0.03 0.03 99.90 0.00 0.08 

Sirkeer Malkoha 0.02 0.03 99.92 0.00 0.04 

Stork-billed Kingfisher 0.02 0.02 99.94 0.00 0.04 

Lesser Whistling-Duck 0.02 0.02 99.97 0.00 0.04 

Cinereous Vulture 0.02 0.02 99.98 0.00 0.04 

Egyptian Vulture 0.01 0.02 100.00 0.00 0.04 
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Scrub forest and Grassland           
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Red-vented Bulbul 14.15 14.74 14.74 27.60 3.95 

Lesser Whitethroat 5.33 5.55 20.29 7.50 0.00 

Common Stonechat 5.06 5.27 25.56 0.00 5.48 

Red-wattled Lapwing 4.84 5.04 30.60 0.00 6.24 

Paddyfield Pipit 4.70 4.89 35.49 0.00 4.57 

Greenish Warbler 3.61 3.75 39.24 2.67 0.10 

Plain Prinia 3.29 3.43 42.67 5.50 1.19 

Oriental White-eye 3.13 3.26 45.93 5.75 0.00 

Jungle Babbler 3.13 3.26 49.18 4.67 0.00 

Red-whiskered Bulbul 2.96 3.08 52.26 5.42 0.24 

Purple Sunbird 2.91 3.03 55.30 4.50 0.00 

Spotted Dove 2.54 2.64 57.94 3.08 0.00 

River Lapwing 2.43 2.53 60.47 0.00 2.62 

White-tailed Stonechat 2.42 2.52 62.99 0.00 2.52 

Spangled Drongo 2.42 2.52 65.51 2.58 0.10 

Yellow-footed Green-Pigeon 2.24 2.33 67.83 3.75 0.00 

Himalayan Bulbul 2.14 2.23 70.06 5.58 0.19 

Pied Bushchat 2.13 2.22 72.28 0.00 2.00 

Black Drongo 1.77 1.85 74.12 1.50 0.62 

Humes Warbler 1.50 1.56 75.69 2.83 0.05 

Red-naped Ibis 1.32 1.37 77.06 0.00 2.52 

Indian Robin 1.31 1.36 78.42 1.83 0.00 

Rufous Treepie 1.28 1.33 79.75 1.67 0.00 

Yellow-breasted Greenfinch 1.18 1.23 80.98 0.00 2.62 

Ashy Prinia 1.15 1.19 82.17 1.33 0.00 

Large-billed Crow 1.10 1.15 83.32 0.58 1.10 

Yellow-wattled Lapwing 1.07 1.11 84.43 0.00 0.91 

Barn Swallow 0.93 0.97 85.40 0.00 0.95 

Indian Peafowl 0.86 0.89 86.30 1.92 0.19 

Oriental Magpie-Robin 0.83 0.86 87.16 1.08 0.00 

Citrine Wagtail 0.79 0.83 87.99 0.00 0.95 

Indian Silverbill 0.79 0.82 88.81 0.58 0.10 
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Indian Pied Starling 0.71 0.74 89.55 0.00 0.86 

Oriental Skylark 0.71 0.74 90.30 0.00 0.57 

Indian Roller 0.65 0.68 90.97 0.00 0.81 

White-throated Kingfisher 0.56 0.58 91.55 0.00 0.67 

Small Minivet 0.53 0.55 92.11 0.83 0.00 

White-throated Fantail 0.52 0.54 92.65 0.75 0.19 

Red-breasted Flycatcher 0.48 0.50 93.15 0.75 0.00 

Red Junglefowl 0.42 0.44 93.59 0.83 0.00 

Great Tit 0.41 0.43 94.02 0.25 0.00 

Crimson Sunbird 0.39 0.40 94.43 0.58 0.00 

Yellow-bellied Prinia 0.38 0.40 94.82 0.00 0.48 

Plum-headed Parakeet 0.37 0.38 95.21 1.17 0.00 

Common Tailorbird 0.36 0.38 95.58 0.25 0.00 

Laughing Dove 0.36 0.37 95.96 0.00 0.43 

Indian Grey Hornbill 0.33 0.34 96.30 0.33 0.00 

Striated Grassbird 0.30 0.31 96.61 0.00 0.43 

Ruddy Shelduck 0.29 0.30 96.91 0.00 0.38 

Red Avadavat 0.28 0.30 97.20 0.00 0.29 

Sarus Crane 0.28 0.29 97.50 0.00 0.48 

Lesser Goldenback 0.25 0.26 97.76 0.58 0.00 

Gray Wagtail 0.25 0.26 98.02 0.00 0.33 

Brown Rock Chat 0.21 0.21 98.23 0.00 0.19 

Greater Coucal 0.18 0.19 98.42 0.33 0.00 

Long-tailed Shrike 0.17 0.17 98.59 0.00 0.24 

Cattle Egret 0.13 0.14 98.73 0.00 0.19 

Tickell's Thrush 0.11 0.12 98.85 0.00 0.14 

Green Bee-eater 0.11 0.11 98.96 0.17 0.00 

Brown-headed Barbet 0.11 0.11 99.08 0.17 0.00 

Common Myna 0.10 0.10 99.18 0.00 0.14 

Rose-ringed Parakeet 0.09 0.09 99.27 0.17 0.00 

Verditer Flycatcher 0.09 0.09 99.37 0.17 0.00 

Common Kingfisher 0.07 0.07 99.44 0.00 0.10 

Pied Kingfisher 0.07 0.07 99.52 0.00 0.10 

Great Barbet 0.06 0.06 99.57 0.08 0.00 

White-rumped Vulture 0.06 0.06 99.63 0.00 0.05 

Grey Bushchat 0.05 0.05 99.69 0.08 0.00 

Bay-backed Shrike 0.05 0.05 99.74 0.08 0.00 

Bronze Drongo 0.05 0.05 99.79 0.00 0.05 

Ashy Drongo 0.05 0.05 99.84 0.00 0.05 
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River Tern 0.05 0.05 99.88 0.00 0.05 

Pond Heron 0.04 0.04 99.93 0.00 0.10 

Crested Serpent-Eagle 0.04 0.04 99.97 0.00 0.05 

Slender-billed Vulture 0.03 0.03 100.00 0.00 0.05 
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Ruddy Shelduck 10.93 11.51 11.51 24.50 0.38 

Little Cormorant 8.34 8.79 20.29 9.12 0.00 

Paddyfield Pipit 4.92 5.18 25.47 1.64 4.57 

Common Stonechat 4.77 5.03 30.50 0.48 5.48 

Red-wattled Lapwing 4.74 4.99 35.49 0.00 6.24 

River Lapwing 4.39 4.62 40.11 3.80 2.62 

Red-vented Bulbul 3.67 3.87 43.98 1.92 3.95 

Barn Swallow 3.67 3.87 47.84 5.92 0.95 

Northern Pintail 3.23 3.40 51.24 5.12 0.00 

Bar-headed Goose 2.86 3.01 54.25 4.00 0.00 

White Wagtail 2.39 2.52 56.77 3.56 0.00 

White-tailed Stonechat 2.35 2.47 59.24 0.00 2.52 

Citrine Wagtail 2.29 2.41 61.65 2.84 0.95 

Pied Bushchat 2.05 2.15 63.80 0.12 2.00 

Humes Warbler 2.02 2.13 65.93 2.28 0.05 

Plain Prinia 1.39 1.46 67.39 0.20 1.19 

Red-naped Ibis 1.32 1.39 68.78 0.00 2.52 

Gray Wagtail 1.30 1.37 70.14 1.28 0.33 

Oriental Skylark 1.26 1.32 71.47 0.84 0.57 

Yellow-breasted Greenfinch 1.19 1.25 72.72 0.00 2.62 

Little-ringed Plover 1.19 1.25 73.97 2.76 0.00 

Great Cormorant 1.17 1.23 75.20 3.48 0.00 

Pied Kingfisher 1.13 1.19 76.39 1.12 0.10 

Black Drongo 1.07 1.13 77.52 0.52 0.62 

Yellow-wattled Lapwing 1.02 1.07 78.59 0.00 0.91 

Indian Roller 1.01 1.07 79.65 0.76 0.81 

Large-billed Crow 1.00 1.05 80.70 0.60 1.10 
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Red-crested Pochard 0.92 0.97 81.67 0.64 0.00 

House Crow 0.87 0.91 82.59 1.24 0.00 

White-throated Kingfisher 0.84 0.88 83.47 0.60 0.67 

Little Egret 0.82 0.86 84.33 1.04 0.00 

Rufous Treepie 0.78 0.82 85.15 1.12 0.00 

Small Pratincole 0.74 0.78 85.93 2.20 0.00 

Indian Pied Starling 0.70 0.73 86.66 0.00 0.86 

Rose-ringed Parakeet 0.69 0.73 87.39 0.60 0.00 

Goosander 0.69 0.73 88.12 1.16 0.00 

Intermediate Egret 0.65 0.68 88.80 1.52 0.00 

Plain Martin 0.63 0.66 89.46 0.64 0.00 

Gadwall 0.59 0.62 90.08 0.60 0.00 

River Tern 0.54 0.57 90.65 0.44 0.05 

Pond Heron 0.50 0.52 91.17 0.56 0.10 

White-throated Fantail 0.48 0.51 91.68 0.28 0.19 

Eurasian Collared-Dove 0.44 0.46 92.15 0.56 0.00 

Brahminy Starling 0.40 0.42 92.57 0.56 0.00 

Yellow-bellied Prinia 0.38 0.40 92.97 0.00 0.48 

Temminck Stint 0.36 0.38 93.35 0.40 0.00 

White-browed Wagtail 0.36 0.38 93.72 0.40 0.00 

Laughing Dove 0.35 0.37 94.09 0.00 0.43 

Greenish Warbler 0.32 0.33 94.43 0.20 0.10 

Ashy Prinia 0.31 0.33 94.75 0.28 0.00 

Black-bellied Tern 0.31 0.32 95.08 0.28 0.00 

Common Kingfisher 0.30 0.32 95.40 0.24 0.10 

Striated Grassbird 0.30 0.31 95.71 0.00 0.43 

Sarus Crane 0.28 0.30 96.01 0.00 0.48 

Cattle Egret 0.28 0.29 96.30 0.12 0.19 

Red Avadavat 0.27 0.29 96.59 0.00 0.29 

Pallas Gull 0.25 0.27 96.86 0.72 0.00 

Bank Myna 0.21 0.22 97.08 0.12 0.00 

Crested Serpent-Eagle 0.21 0.22 97.30 0.16 0.05 

Great Egret 0.21 0.22 97.52 0.16 0.00 

Common Tailorbird 0.20 0.21 97.73 0.20 0.00 

Brown Rock Chat 0.20 0.21 97.94 0.00 0.19 

Plum-headed Parakeet 0.20 0.21 98.15 0.16 0.00 

Red-whiskered Bulbul 0.17 0.18 98.32 0.00 0.24 

Long-tailed Shrike 0.16 0.17 98.49 0.00 0.24 

Indian Peafowl 0.15 0.16 98.65 0.00 0.19 
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Himalayan Bulbul 0.13 0.14 98.79 0.00 0.19 

Common Myna 0.13 0.14 98.93 0.08 0.14 

Common Greenshank 0.13 0.13 99.06 0.12 0.00 

Common Sandpiper 0.11 0.12 99.18 0.24 0.00 

Tickell's Thrush 0.11 0.12 99.30 0.00 0.14 

Indian Silverbill 0.09 0.09 99.39 0.00 0.10 

Black-hooded Oriole 0.09 0.09 99.48 0.12 0.00 

Little Stint 0.07 0.07 99.55 0.16 0.00 

White-rumped Vulture 0.05 0.06 99.61 0.00 0.05 

Osprey 0.05 0.05 99.66 0.04 0.00 

Bronze Drongo 0.04 0.05 99.71 0.00 0.05 

Ashy Drongo 0.04 0.05 99.76 0.00 0.05 

Spangled Drongo 0.04 0.04 99.80 0.00 0.10 

Himalayan Griffon 0.03 0.04 99.84 0.08 0.00 

Slender-billed Vulture 0.03 0.04 99.87 0.00 0.05 

Sirkeer Malkoha 0.03 0.03 99.90 0.04 0.00 

Stork-billed Kingfisher 0.03 0.03 99.93 0.04 0.00 

Lesser Whistling-Duck 0.03 0.03 99.96 0.04 0.00 

Cinereous Vulture 0.02 0.02 99.98 0.04 0.00 

Egyptian Vulture 0.02 0.02 100.00 0.04 0.00 

 

Association between bird species and habitat structural features 

The result of NMDS in the summer season (stress value= 0.184) showed that Black-

hooded Oriole and Jungle Babbler were positively associated with areas dominated 

by trees. The abundance of Baya Weaver was positively associated with tree 

richness. Black-hooded Oriole and Jungle Babbler were positively associated with 

areas dominated by trees. Red-vented Bulbul, Spotted Dove and Purple Sunbird were 

positively associated with shrub richness, shrub abundance, shrub cover, and 

invasive species. Red-wattled Lapwing and Green Bee-eater were positively 

associated with areas dominated by bareground and open grassland respectively. 

Common Myna was associated with leaf litter (Figure 4.1a). 
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The result of NMDS in the winter season (stress value= 0.136) showed that Spangled 

Drongo and Black-hooded Oriole were associated with the tree parameters such as 

tree height. Jungle Babbler was associated with tree variables. Humes Warbler was 

associated with tree richness. Red-vented Bulbul was associated with invasive 

species cover. Rose-ringed parakeet was associated with shrub variables. Black 

Bulbul was associated with open forest areas and forest edges represented by shrubs. 

Barn Swallow was associated with open areas dominated by herbs and tree species 

richness. Little cormorant and Ruddy Shelduck were associated to bareground near 

waterbody (Figure 4.1 b). 
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Figure 4.1. NMDS showing association of bird species and vegetation structure variables in (a) summer (b) winter 

Vegetation variables: TR=Tree species richness, TA=Tree species abundance, CC=Canopy cover, GBH=Girth at breast height, 

TH=Tree height, SR=Shrub species richness, SA=Shrub abundance, SC=Shrub Cover, IC=Invasive species cover, H=Herb, G=Grass, 

B=Bareground, L=Leaf litter.Bird species: CM=Common Myna, JB=Jungle Babbler, BHO=Black-hooded Oriole, RRP=Rose-ringed 

parakeet, SD=Spotted Dove, RVB=Red-vented Bulbul, PS=Purple Sunbird, BW=Baya Weaver, GBE=Green Bee-eater, HW=Humes 

Warbler, BB=Black Bulbul, LC=Little Cormorant, RS=Ruddy Shelduck, BaS =Barn Swallow, SDr=Spangled Drongo
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4.5. Discussion 

 

JJCR being a small-sized protected area is having a considerable diversity of bird 

species along the heterogeneous landform gradient. The difference in bird 

community assemblage between the heterogeneous habitat was also significant. 

Island biogeography theory by MacArthur and Wilson (1967) illustrated the 

importance of small areas for biodiversity conservation. Small isolated patches are 

important for local and regional biodiversity conservation, as they are the only 

remaining patches within highly human modified landscapes and can be important 

areas for natural regeneration of modified ecosystems (Lindemeyer, 2019). Mohan 

(1997) has highlighted the importance of small forests such as New forest campus, 

Dehradun as hotspots of birds and emphasized on its conservation. The present study 

has yielded valuable information on the avian community organization in relation to 

habitat structure in general and overall functioning of the ecosystem in particular. It 

showed the structural and functional association of birds with different habitats of 

JJCR. The structural complexity of the habitat types increases the diversity of bird 

community (Verschuyl et al., 2008; Tu Fan and Ko, 2020). More heterogeneous 

habitats provide shelter and refuge to many birds and other vertebrates (Seto et al., 

2004; Kallimanis et al., 2010; Fjeldsa et al., 2012; Cooke, 2020).  

The seasonal difference in bird abundance was quite common in the literature 

(Neupane et al., 2020; Girma et al., 2017). I found that the seasonal variation in bird 

species assemblage was mostly attributed by the differed abundance of species like 

Red-vented Bulbul and Jungle Babbler and the presence of winter visitors such as 

Ruddy Shelduck and Humes Warbler. The study also revealed the variation of bird 
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community assemblage in JJCR along the different land use land cover. The 

abundance of different bird species like Baya Weaver, Jungle Babbler, Red-vented 

Bulbul, Rose-ringed Parakeet etc., in summer season and Red-vented Bulbul, Ruddy 

Shelduck, Jungle Babbler, Little Cormorant etc., in winter season have contributed to 

difference in bird community assemblage in different habitats. The result suggested 

that the generalists’ species utilize the entire area of the JJCR irrespective of the 

habitat type, while habitat specialists are restricted to a particular habitat and not 

distributed in the entire reserve even though the small size of entire JJCR. The study 

has further looked into the association of these birds with different habitat variables. 

The role of habitat, both the physiognomy and the floristics are important for bird 

species assemblages (Wiens and Rotenberry, 1981; Müller et al., 2010; Rotenberry, 

1985). I found the association of different species to particular habitats imparting the 

difference in bird assemblage along the structural variation of the vegetation cover. 

Black-hooded Oriole is an upper canopy bird and thus was associated with areas 

dominated by trees as also evident in other studies (Rajpar and Zakaria, 2011). 

Humes Warbler is a winter visitor and was associated with tree species richness. 

During winter it is found in riverine woods and forests, plantations and woodland 

(Clement, 2020). Black Bulbul and Spangled Drongos were associated with both tree 

and shrub variables. Black Bulbul and Spangled Drongo were observed in trees and 

found to be involved in aerial sallies in order to catch insects in open forested patches 

and forest edges dominated with shrubs. Black Bulbul is a winter visitor and prefers 

open forests in winter (Fishpool and Tobias, 2020) and Spangled Drongo also prefers 

open parts of the forest, clearings and forest edges (Rocamora et al., 2020).  Rose-

ringed Parakeets were found to feed on the flowers of Helicteres isora and thus 
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showed association with the shrubs. Association between Rose-ringed Parakeet and 

Helicteres isora plant has also been reported by Manikandan and Kunhikannan 

(2016). Red-vented Bulbul and Purple Sunbird usually prefer bushes and shrubs. 

Invasive species are now important determinants of bird species assemblages 

(Grzędzicka and Reif, 2020). In our study we found that the fruits of invasive species 

like Lantana camara attracts bulbuls (Taneja et al., 2022) and the flowers are visited 

for nectar by Purple Sunbird. Baya Weaver was associated with tree richness as they 

were found to involve in nesting activity in particular tree species (Ziziphus 

mauritiana) during the summer season (Sohi and Kler, 2017). Green Bee-eater 

prefers open areas, so was found to be associated with areas dominated by grass 

(Wasnik et al., 2014). Barn Swallow prefers open areas and was also reported to be 

roosting on power lines passing through the mixed forest. Barn Swallows have often 

been observed roosting on power lines (Medvin and Beecher, 1986; Gorenzel and 

Salmon, 1994) and need open habitat for foraging (Gorenzel and Salmon, 1994). So 

it was associated with open areas dominated by herbs and also forested habitat. 

Jungle Babbler was more associated with areas dominated by trees, possibly because 

of the presence of more leaf litter in the areas with high canopy cover.  Common 

Myna which is a human commensal (Lim et al., 2003; Hart et al., 2020) was 

associated with leaf litter probably because it was found in Eucalyptus plantation and 

other habitats nearby human settlements, which had lot of leaf litter. Red-wattled 

Lapwing was associated towards herbs and grasses as it is a ground bird (Wiersma 

and Kirwan, 2020). Little Cormorant and Ruddy Shelduck being waterbirds were 

associated with bareground near waterbody. 
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The small protected areas having habitat heterogeneity can harbour good biodiversity 

of lifeforms irrespective of anthropogenic disturbances. If conservation efforts are 

only focussed on larger areas and smaller patches are ignored, then the loss of many 

species in small and isolated patches of remnant habitats will be there and will 

remain un-noticed (Wintle et al., 2019; Borgelt et al., 2022). The small habitat 

patches act as stepple stones between two bigger forest patches. Thus, small 

protected areas should be recognized equally to its large counterparts in present 

conservation scenarios. 
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CHAPTER 5 

RESOURCE SELECTION FUNCTION OF BIRDS IN 

DIFFERENT HABITATS 

 

5.1. Introduction 

 

Habitat selection is the preference for a particular habitat among various habitats. It 

may vary from season to season for individuals or species (Cody, 1985). Habitat 

selection helps species to co-exist (Rosenzweig, 1981). Habitat selection pattern can 

be understood through resource selection function (RSF). 

Resource selection function (RSF) 

RSFs are used to determine which habitat characteristics are important to a specific 

organism. It requires ‘used’ and ‘available habitat’. Manly et al. (2002) have 

described RSF as any function that is proportional to the probability of use. RSF can 

be used to determine distribution, abundance and species diversity (Boyce and 

McDonald, 1999; Manly et al., 2002; Nielsen et al., 2005, Nielsen et al., 2003). 

Determining which resources are selected over other helps in getting information 

about the nature of the animal and its requirements for survival (Manly et al., 2007). 

Resource selection helps in the co-existence of species (Rosenzweig, 1981). 

Understanding habitat structure and its relationship with birds provides insights on 

habitat use, which contributes in the conservation of species (Cody, 2001; Gillespie 

and Walter, 2001; Okes et al., 2008; Wood et al., 2013). Habitat structure has both 

vertical (stratification) and horizontal (spatial) components and these components 

create ecological niches. Both horizontal and vertical heterogeneity provide habitat 
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for a variety of plant and animal species (Lindenmayer et al., 2000). Vertical 

segregation helps in maintaining species diversity (Roth, 1976; Robin and Davidar, 

2002; Naka, 2004), provides niche partitioning and helps in co-existing of species, 

thus reducing competition (Gutzwiller et al., 1998; Recher and Davis, 1998; Vieira 

and Monteiro-Filho, 2003; Walther, 2002; Styring and Zakaria, 2004; Carvalho et al., 

2013, Mohd-Azlan et al., 2015). Activity of forest birds is influenced by height of the 

forests (Miranda and Pasinelli, 2001; Naka, 2003). Vertical stratification thus 

provides resources and microhabitat for wildlife, especially birds (Pearson, 1971; 

Whitehurst et al., 2013). Microhabitat is one of the central focus of community 

ecology (Hilden, 1965; Cody, 1968, 1981, 1985; Wiens, 1969, 1974; James, 1971; 

Karr, 1971; Anderson and Shugart, 1974; Willson, 1974). It helps in buffering 

climate, thus reducing animal’s exposure to extreme climate events (Scheffers et al., 

2014). 

The diverse habitats and microhabitats of forest ecosystems are home to the majority 

of the world's terrestrial species (Ozanne et al., 2003). But these biologically diverse 

systems are increasingly threatened by deforestation and forest degradation (Singh et 

al., 2001; Dirzo and Raven, 2003). Biodiversity conservation is an important goal of 

forest management (Hunter, 1999; Nakashizuka, 2004). Although biodiversity has 

broad, multi-dimensional, and multi-scale characteristics, full assessment at a large 

scale is difficult and extremely expensive (Gaston, 1996; Green et al., 2005). To 

monitor changes in forest biodiversity, indicators, which are surrogate measures of 

other components of forest biodiversity, are increasingly used (Boutin et al., 2009). 

The use and the application of the concept of indicators of biodiversity have been 

https://onlinelibrary.wiley.com/doi/full/10.1111/btp.12108#btp12108-bib-0052
https://onlinelibrary.wiley.com/doi/full/10.1111/btp.12108#btp12108-bib-0061
https://onlinelibrary.wiley.com/doi/full/10.1111/btp.12108#btp12108-bib-0059
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recommended as it is not possible to monitor each and every species (e.g., Beccaloni 

and Gaston, 1995; Duelli and Obrist, 1998; Cassola and Pearson, 2000; Ranius, 

2002; Maleque et al., 2006; Halme et al., 2009). The term ‘indicator species’ can 

have different interpretations (Butler et al., 2012; Lindenmayer et al., 2000) and 

selecting suitable indicator species depends on several criteria. Indicator species are 

sensitive to environmental changes and their abundance in a given area indicates 

certain environmental conditions (Lindenmayer et al., 2000; Miller et al., 1998; 

Simberloff, 1998; Thompson et al., 2013). An effective indicator needs to be present 

in large numbers, be easily recognizable, as well as sensitive to environmental 

variables (Scoble, 1995; Holloway, 1985). Indicator species are used to assess the 

efficacy of environmental management, pollution, monitoring forest disturbance and 

population management (Morrison et al., 2002). Indicator species can also be used 

for determining the habitat quality of specific vegetation, which relate to specific 

vegetation types or with particular habitat preference, indicators of habitat 

degradation. The indicator species can also be habitat specialists. They have been 

also described as the ecological indicators of community or habitat types or 

indicators of environmental conditions or environmental changes.   

Birds are one of the best-studied taxonomic groups (Roberge and Angelstam, 2006) 

and they are considered one of the very good indicators of biodiversity as they are 

present in almost all types of environment and sensitive to any changes. Management 

of many bird species can be eased by considering only a group of indicator species. 

Monitoring the status of all species is difficult (Baldi, 2003), so many natural 

resource managers want to monitor any focal species (Lambeck, 1997) so that the 
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impact of management can be understood. Habitat specialists reflect fast changes in a 

habitat than generalists and resident species can also be used for year-round 

monitoring (Hilty and Merenlender, 2000). Resident birds have greater potential to 

become indicator species than migratory birds because they stay throughout the year 

and are more vulnerable to changes in the landscape (Imbeau et al., 2001; 

Schmiegelow and Mo¨nkko¨ nen, 2002) and are considered good indicators of 

biodiversity. They indicate the biological condition of the environment, thus 

considered as Ecological Disturbance Indicator Species (EDIS) as they have strong 

association with their habitat.  

The research questions addressed in this chapter are: 

(i) What is the resource selection function of birds in different habitats? 

(ii) What is the general pattern of bird assemblage in different microhabitats? 

(iii) Is there any difference in the bird composition of different vertical strata in 

different habitats? 

(iv) Which are the indicator bird species of different habitats in summer and winter 

season? 

5.2. Methods 

 

Bird sampling 

Bird sampling was carried out in each habitat during the summer and winter seasons 

from March 2018 to March 2020. Point count method (Bibby et al., 2000) was used 

to count the birds in all habitats. Every point count station was visited 20 times. Birds 
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were counted from 5:30 am to 8:30 am during summer and from 8:00 am to 10:30 

am during winter. All birds seen or heard on every point count station during 10 

minutes were noted down. Birds seen flying was not included. Surveys were not 

conducted during inclement weather conditions. Individual birds were identified 

following field guides Ali and Ripley (1987) and Grimmett et al. (2011). 

5.3. Data analysis 

 

Resource selection function index (RSF)  

RSF was calculated following Jain and Balakrishnan (2011): 

• Proportional use of habitat by species = number of individuals of species 

found in habitat /total number of individuals of species sampled 

• Proportional availability of habitat = average surface area contributed by 

habitat / total area available (summed across all habitats) 

• Resource selection function = Proportion used / Proportion available 

• The standardisation is carried out as follows:     

 

for s = 1to S, where S is the total number of species and H is the total number of 

habitats.  

Based on RSF, birds were classified into habitat specialist if bird species were 

specifically preferring one or two habitats, habitat generalist if they were present in 
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more than two habitats and human commensal i.e. the birds which live in close 

proximity to human habitation. 

Birds were classified based on their perching and feeding height into vertical strata 

such as upper canopy, middle canopy, lower canopy, understorey and terrestrial. The 

classification was based on the information given by Ali and Ripley (2001) and 

supplemented by our field observations. Bird species which were either waterbirds or 

water-dependent were categorized as ‘aquatic’, while those which are adept in the air 

were categorized as ‘aerial’. The diversity of different vertical strata was calculated 

through Shannon diversity. PERMANOVA test (Anderson 2001) was performed to 

assess the difference in bird species in different strata in different seasons and 

habitat. 

Indicator species analysis was done in R software using the package Indval, which 

measures the importance of habitat for a particular bird species. It is a non-

parametric, intuitive technique to examine the specificity of the use of the habitats by 

individual species (Jayapal, 2006). The indicator value index is the product of two 

components, called `A' and `B' (Dufrêne and Legendre, 1997; Cáceres and Legendre, 

2009). (1) Component `A' is sample estimate of the probability that the surveyed site 

belongs to the target site group given the fact that the species has been found. This 

conditional probability is called the specificity or positive predictive value of the 

species as indicator of the site group. (2) Component `B' is sample estimate of the 

probability of finding the species in sites belonging to the site group. This second 

conditional probability is called the fidelity or sensitivity of the species as indicator 

of the target site group. This method combines the faithfulness of occurrence of the 
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species in a habitat with the abundance in that habitat and the occurrence and 

abundance of the species in other habitats. As such, it provides a measure of the 

importance of that habitat to the species. Indicator value lies from 0-1, where 1 

means 100% indicator of a particular habitat. 

5.4. Results 

 

Resource selection function 

The proportional availability of plantation, mixed deciduous forest, scrub forest, 

riverine habitat, grassland and agriculture field-human settlement are 0.39 %, 0.13 

%, 0.07 %, 0.18 %, 0.16% and 0.07 % respectively (Figure 5.1). 

 

Figure 5.1. Proportional availability (%) of habitats of JJCR 

 In total, 20 bird species had 100% selection for riverine habitat during summer and 

30 bird species during the winter. In grassland 10 and 13 species had 100% RSF 

during the summer and winter, 4 and 13 bird species had 100 % RSF for plantation in 

summer and winter respectively. 2 and 6 bird species had 100 % RSF for mixed 
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forest in summer and winter respectively. 10 species had 100% RSF for scrub forest 

in summer and 7 had 100 % RSF in winter. 2 species had 100% RSF for agriculture 

field-human settlement in both summer and winter. Riverine habitat had the highest 

RSF. So, in total 48 bird species had 100% selection for a particular habitat in 

summer (Table 5.1) and 71 bird species had 100% selection for particular habitat in 

winter (Table 5.2).  

Table 5.1. Resource Selection Function during summer season 
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Ashy-crowned Sparrow-Lark 0.00 0.00 0.00 0.00 1.00 0.00 

Ashy Prinia 0.13 0.26 0.17 0.00 0.14 0.31 

Asian Koel 0.21 0.00 0.26 0.12 0.13 0.28 

Indian Pied Starling 0.43 0.57 0.00 0.00 0.00 0.00 

Barn Swallow 0.00 0.73 0.27 0.00 0.00 0.00 

Bay-backed Shrike 0.00 0.00 0.00 0.00 0.00 1.00 

Baya Weaver 0.10 0.02 0.76 0.00 0.00 0.12 

Black-breasted Weaver 0.00 1.00 0.00 0.00 0.00 0.00 

Black-chinned Babbler 0.00 0.00 0.59 0.05 0.00 0.36 

Black Drongo 0.00 0.12 0.00 0.33 0.29 0.26 

Black Francolin 0.00 0.40 0.00 0.00 0.60 0.00 

Black-hooded Oriole 0.00 0.00 0.12 0.83 0.05 0.00 

Black Kite 0.00 0.00 0.00 0.00 1.00 0.00 

Blue tailed Bee eater 0.00 0.00 0.74 0.00 0.00 0.26 

Brahminy Starling 0.00 0.00 0.23 0.00 0.00 0.77 

Bristled Grassbird 0.00 1.00 0.00 0.00 0.00 0.00 

Brown-headed Barbet 0.00 0.00 0.00 0.83 0.00 0.17 

Cattle Egret 0.50 0.10 0.00 0.31 0.08 0.00 

Changeable-Hawk Eagle 0.00 0.00 0.00 0.15 0.00 0.85 

Chestnut-bellied Nuthatch 0.00 0.00 0.00 0.00 0.00 1.00 

Chestnut-shouldered Petronia 0.00 0.00 0.64 0.04 0.03 0.29 

Common Cuckoo 0.00 0.00 0.00 1.00 0.00 0.00 

Common-Hawk Cuckoo 0.00 0.00 0.47 0.53 0.00 0.00 

Common Iora 0.00 0.00 0.38 0.02 0.00 0.60 
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Common Kingfisher 0.00 0.53 0.00 0.00 0.47 0.00 

Common Myna 0.10 0.20 0.00 0.46 0.15 0.09 

Common Stonechat 0.00 0.92 0.00 0.00 0.08 0.00 

Common Tailorbird 0.00 0.00 0.31 0.02 0.10 0.57 

Coppersmith Barbet 0.00 0.00 0.18 0.15 0.00 0.67 

Crested Lark 0.00 0.00 0.00 0.00 1.00 0.00 

Crested Serpent-Eagle 0.00 0.00 0.67 0.33 0.00 0.00 

Drongo Cuckoo 0.00 0.00 0.00 1.00 0.00 0.00 

Eurasian Collared-Dove 0.00 0.00 0.35 0.00 0.33 0.32 

Great Cormorant 0.00 0.00 0.00 0.00 1.00 0.00 

Green Bee-eater 0.08 0.09 0.08 0.00 0.24 0.50 

Grey-bellied Cuckoo 0.00 0.69 0.00 0.00 0.31 0.00 

Grey-breasted Prinia 0.00 0.00 0.47 0.03 0.00 0.51 

Grey Bushchat 0.28 0.72 0.00 0.00 0.00 0.00 

Grey Francolin 0.00 0.36 0.00 0.00 0.64 0.00 

Grey Heron 0.00 0.00 0.00 0.00 1.00 0.00 

Grey-hooded Warbler 0.00 0.00 0.00 1.00 0.00 0.00 

Gray Wagtail 0.00 0.00 0.00 0.00 1.00 0.00 

Himalayan Griffon 0.00 0.00 0.00 0.00 0.00 1.00 

House Crow 0.39 0.10 0.00 0.00 0.51 0.00 

House Sparrow 1.00 0.00 0.00 0.00 0.00 0.00 

Indian Cuckoo 0.13 0.00 0.22 0.38 0.00 0.27 

Indian Grey Hornbill 0.00 0.00 0.38 0.45 0.17 0.00 

Indian Paradise- Flycatcher 0.00 0.00 0.28 0.72 0.00 0.00 

Indian Peafowl 0.00 0.03 0.47 0.02 0.00 0.48 

Indian Pitta 0.00 0.00 0.45 0.34 0.00 0.21 

Indian Robin 0.00 0.00 0.00 0.00 0.03 0.97 

Indian Roller 0.00 0.02 0.30 0.11 0.35 0.22 

Intermediate Egret 0.00 0.00 0.00 0.00 1.00 0.00 

Pied Cuckoo 0.00 0.00 0.00 0.00 0.00 1.00 

Jungle Babbler 0.00 0.00 0.41 0.32 0.00 0.26 

Jungle Myna 0.00 0.00 1.00 0.00 0.00 0.00 

Jungle Owlet 0.00 0.00 0.00 1.00 0.00 0.00 

Large-billed Crow 0.00 0.16 0.15 0.03 0.66 0.00 

Laughing Dove 0.00 0.23 0.00 0.00 0.00 0.77 

Lesser Goldenback 0.00 0.00 0.00 0.19 0.00 0.81 

Lesser Whitethroat 0.00 0.00 0.00 0.00 0.00 1.00 

Little Cormorant 0.00 0.00 0.00 0.00 1.00 0.00 

Little Egret 0.00 0.00 0.00 0.00 1.00 0.00 

Little-ringed Plover 0.00 0.00 0.00 0.00 1.00 0.00 

Little Tern 0.00 0.00 0.00 0.00 1.00 0.00 

Long-tailed Shrike 0.00 0.00 0.00 0.00 0.00 1.00 
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Oriental Honey- buzzard 0.00 0.00 1.00 0.00 0.00 0.00 

Oriental Magpie-Robin 0.00 0.03 0.19 0.31 0.05 0.42 

Oriental Skylark 0.00 0.89 0.00 0.00 0.11 0.00 

Oriental White-eye 0.00 0.00 0.38 0.13 0.00 0.49 

Paddyfield Pipit 0.00 0.99 0.00 0.00 0.01 0.00 

Pale-billed Flowerpecker 0.00 0.00 0.00 0.00 0.00 1.00 

Pied Bushchat 0.39 0.55 0.00 0.00 0.00 0.06 

Pied Kingfisher 0.00 0.00 0.00 0.00 1.00 0.00 

Plain Prinia 0.15 0.35 0.00 0.04 0.08 0.39 

Plum-headed Parakeet 0.00 0.00 0.57 0.00 0.00 0.43 

Pond Heron 0.94 0.00 0.00 0.00 0.06 0.00 

Purple Sunbird 0.00 0.01 0.20 0.07 0.10 0.62 

Red Junglefowl 0.00 0.00 0.63 0.06 0.00 0.31 

Red-naped Ibis 0.00 0.00 0.00 0.00 1.00 0.00 

Red-vented Bulbul 0.18 0.07 0.28 0.08 0.04 0.36 

Red-wattled Lapwing 0.08 0.69 0.00 0.00 0.24 0.00 

Red-whiskered Bulbul 0.14 0.10 0.29 0.11 0.00 0.36 

Blyth’s Reed Warbler 0.00 0.00 0.00 0.00 1.00 0.00 

River Lapwing 0.00 0.05 0.00 0.00 0.95 0.00 

River Tern 0.00 0.00 0.00 0.00 1.00 0.00 

Rock Pigeon 1.00 0.00 0.00 0.00 0.00 0.00 

Rose-ringed Parakeet 0.13 0.00 0.65 0.19 0.00 0.03 

Ruddy Shelduck 0.00 0.00 0.00 0.00 1.00 0.00 

Rufous Treepie 0.28 0.00 0.49 0.23 0.00 0.00 

Sarus Crane 0.46 0.00 0.00 0.00 0.54 0.00 

Shikra 0.00 0.00 0.00 0.42 0.00 0.58 

Short-toed Snake-Eagle 0.00 1.00 0.00 0.00 0.00 0.00 

Small Minivet 0.00 0.00 0.34 0.04 0.00 0.63 

Small Pratincole 0.00 0.00 0.00 0.00 1.00 0.00 

Indian Spot-billed Duck 0.00 0.00 0.00 0.00 1.00 0.00 

Spotted Dove 0.09 0.01 0.23 0.08 0.04 0.55 

Streak-throated Woodpecker 0.00 0.00 0.00 0.00 0.00 1.00 

Striated Babbler 0.00 1.00 0.00 0.00 0.00 0.00 

Striated Grassbird 0.00 1.00 0.00 0.00 0.00 0.00 

Tawny-bellied Babbler 0.00 0.00 0.00 0.00 0.00 1.00 

White-bellied Drongo 0.00 0.00 0.00 0.13 0.87 0.00 

White-browed Wagtail 0.00 0.00 0.00 0.00 1.00 0.00 

White-eyed Buzzard 0.00 0.00 0.00 0.00 0.00 1.00 

White-tailed Stonechat 0.00 1.00 0.00 0.00 0.00 0.00 

White-throated Kingfisher 0.00 0.45 0.00 0.07 0.48 0.00 

White Wagtail 0.00 0.00 0.00 0.00 1.00 0.00 

Yellow-bellied Prinia 0.00 1.00 0.00 0.00 0.00 0.00 
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Yellow-wattled Lapwing 0.00 1.00 0.00 0.00 0.00 0.00 

Zitting Cisticola 0.00 1.00 0.00 0.00 0.00 0.00 

 

 

Table 5.2. Resource selection function during winter season 
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Ashy Drongo 0.00 1.00 0.00 0.00 0.00 0.00 

Ashy Prinia 0.00 0.00 0.03 0.00 0.14 0.83 

Asian Brown Flycatcher 0.00 0.00 0.86 0.14 0.00 0.00 

Indian Pied Starling 0.00 1.00 0.00 0.00 0.00 0.00 

Bank Myna 0.00 0.00 0.00 0.00 1.00 0.00 

Bar-headed Goose 0.00 0.00 0.00 0.00 1.00 0.00 

Barn Swallow 0.00 0.06 0.54 0.00 0.40 0.00 

Bay-backed Shrike 0.00 0.00 0.00 0.00 0.00 1.00 

Black-bellied Tern 0.00 0.00 0.00 0.00 1.00 0.00 

Black Bulbul 0.00 0.00 0.00 1.00 0.00 0.00 

Black Drongo 0.00 0.14 0.04 0.23 0.13 0.46 

Black-hooded Oriole 0.00 0.00 0.36 0.62 0.03 0.00 

Black-naped Monarch 0.00 0.00 0.00 1.00 0.00 0.00 

Brahminy Starling 0.00 0.00 0.00 0.00 1.00 0.00 

Bronze Drongo 0.00 1.00 0.00 0.00 0.00 0.00 

Brown-headed Barbet 0.00 0.00 0.22 0.37 0.00 0.41 

Brown Rock Chat 0.53 0.47 0.00 0.00 0.00 0.00 

Cattle Egret 0.94 0.04 0.00 0.00 0.03 0.00 

Chestnut-bellied Rockthrush 0.00 0.00 0.00 1.00 0.00 0.00 

Cinereous Vulture 0.00 0.00 0.00 0.00 1.00 0.00 

Citrine Wagtail 0.00 0.24 0.00 0.00 0.76 0.00 

Common Greenshank 0.00 0.00 0.00 0.00 1.00 0.00 

Common Kingfisher 0.00 0.27 0.00 0.00 0.73 0.00 

Common Myna 0.35 0.05 0.00 0.57 0.03 0.00 

Common Sandpiper 0.00 0.00 0.00 0.00 1.00 0.00 

Common Stonechat 0.00 0.92 0.00 0.00 0.08 0.00 

Common Tailorbird 0.30 0.00 0.33 0.00 0.15 0.23 

Crested Serpent-Eagle 0.00 0.09 0.34 0.23 0.33 0.00 

Crimson Sunbird 0.00 0.00 0.41 0.00 0.00 0.59 
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Egyptian Vulture 0.00 0.00 0.00 0.00 1.00 0.00 

Eurasian Collared-Dove 0.00 0.00 0.00 0.00 1.00 0.00 

Eurasian Sparrowhawk 0.00 0.00 1.00 0.00 0.00 0.00 

Gadwall 0.00 0.00 0.00 0.00 1.00 0.00 

Golden-fronted Leafbird 0.00 0.00 1.00 0.00 0.00 0.00 

Goosander 0.00 0.00 0.00 0.00 1.00 0.00 

Great Barbet 0.00 0.00 0.00 0.00 0.00 1.00 

Great Cormorant 0.00 0.00 0.00 0.00 1.00 0.00 

Great Egret 0.00 0.00 0.00 0.00 1.00 0.00 

Great Tit 0.00 0.00 0.46 0.37 0.00 0.17 

Greater Coucal 0.20 0.00 0.00 0.00 0.00 0.80 

Green Bee-eater 0.00 0.00 0.71 0.10 0.00 0.19 

Greenish Warbler 0.00 0.02 0.10 0.24 0.04 0.61 

Grey Bushchat 0.00 0.00 0.00 0.00 0.00 1.00 

Grey-headed Canary-Flycatcher 0.00 0.00 0.00 1.00 0.00 0.00 

Grey-hooded Warbler 0.00 0.00 1.00 0.00 0.00 0.00 

Gray Wagtail 0.52 0.09 0.00 0.00 0.38 0.00 

Himalayan Bulbul 0.00 0.02 0.11 0.13 0.00 0.74 

Himalayan Griffon 0.00 0.00 0.00 0.00 1.00 0.00 

House Crow 0.25 0.00 0.00 0.37 0.38 0.00 

House Sparrow 1.00 0.00 0.00 0.00 0.00 0.00 

Humes Warbler 0.01 0.00 0.25 0.22 0.20 0.31 

Indian Grey Hornbill 0.00 0.00 0.78 0.00 0.00 0.22 

Indian Peafowl 0.00 0.05 0.30 0.00 0.00 0.65 

Indian Robin 0.00 0.00 0.00 0.00 0.00 1.00 

Indian Roller 0.00 0.50 0.00 0.01 0.49 0.00 

Indian Silverbill 0.00 0.11 0.00 0.00 0.00 0.89 

Intermediate Egret 0.00 0.00 0.00 0.00 1.00 0.00 

Jungle Babbler 0.05 0.00 0.26 0.25 0.00 0.44 

Jungle Owlet 0.00 0.00 0.27 0.73 0.00 0.00 

Large-billed Crow 0.00 0.23 0.11 0.38 0.13 0.16 

Laughing Dove 0.00 1.00 0.00 0.00 0.00 0.00 

Lemon-rumped Warbler 0.00 0.00 0.00 1.00 0.00 0.00 

Lesser Goldenback 0.00 0.00 0.00 0.25 0.00 0.75 

Lesser Whistling Duck 0.00 0.00 0.00 0.00 1.00 0.00 

Lesser Whitethroat 0.00 0.00 0.23 0.00 0.00 0.77 

Little Cormorant 0.00 0.00 0.00 0.00 1.00 0.00 

Little Egret 0.00 0.00 0.00 0.00 1.00 0.00 

Little-ringed Plover 0.00 0.00 0.00 0.00 1.00 0.00 

Little Stint 0.00 0.00 0.00 0.00 1.00 0.00 

Long-tailed Shrike 0.00 1.00 0.00 0.00 0.00 0.00 

Maroon Oriole 0.00 0.00 0.00 1.00 0.00 0.00 
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Northern Pintail 0.00 0.00 0.00 0.00 1.00 0.00 

Oriental Magpie-Robin 0.00 0.00 0.34 0.15 0.00 0.51 

Oriental Pied hornbill 0.00 0.00 1.00 0.00 0.00 0.00 

Oriental Skylark 0.00 0.39 0.00 0.00 0.61 0.00 

Oriental White-eye 0.00 0.00 0.42 0.02 0.00 0.57 

Osprey 0.00 0.00 0.00 0.00 1.00 0.00 

Paddyfield Pipit 0.00 0.72 0.00 0.00 0.28 0.00 

Pallas Gull 0.00 0.00 0.00 0.00 1.00 0.00 

Pied Bushchat 0.40 0.56 0.00 0.00 0.04 0.00 

Pied Kingfisher 0.00 0.07 0.00 0.00 0.93 0.00 

Plain Martin 0.00 0.00 0.00 0.00 1.00 0.00 

Plain Prinia 0.07 0.13 0.02 0.00 0.02 0.76 

Plum-headed Parakeet 0.00 0.00 0.45 0.10 0.05 0.41 

Pond Heron 0.45 0.07 0.00 0.07 0.41 0.00 

Purple Sunbird 0.00 0.00 0.28 0.01 0.00 0.71 

Red Avadavat 0.00 1.00 0.00 0.00 0.00 0.00 

Red breasted Flycatcher 0.00 0.00 0.37 0.00 0.00 0.63 

Red-crested Pochardr 0.00 0.00 0.00 0.00 1.00 0.00 

Red Junglefowl 0.00 0.00 0.65 0.00 0.00 0.35 

Red-naped Ibis 0.00 0.51 0.00 0.49 0.00 0.00 

Red-vented Bulbul 0.03 0.07 0.21 0.04 0.03 0.61 

Red-wattled Lapwing 0.09 0.89 0.00 0.02 0.00 0.00 

Red-whiskered Bulbul 0.10 0.02 0.35 0.00 0.00 0.54 

River Lapwing 0.00 0.39 0.00 0.00 0.61 0.00 

River Tern 0.00 0.09 0.00 0.00 0.91 0.00 

Rock Pigeon 1.00 0.00 0.00 0.00 0.00 0.00 

Rose-ringed Parakeet 0.25 0.00 0.23 0.42 0.08 0.03 

Ruddy Shelduck 0.01 0.01 0.00 0.00 0.98 0.00 

Rufous-gorgeted Flycatcher 0.00 0.00 1.00 0.00 0.00 0.00 

Rufous Treepie 0.11 0.00 0.27 0.16 0.16 0.30 

Rusty-cheeked Scimitar-Babbler 0.00 0.00 0.00 1.00 0.00 0.00 

Sarus Crane 0.48 0.52 0.00 0.00 0.00 0.00 

Shikra 0.00 0.00 0.00 1.00 0.00 0.00 

Sirkeer Malkoha 0.00 0.00 0.00 0.00 1.00 0.00 

Slender-billed Vulture 0.00 0.00 0.00 0.00 1.00 0.00 

Small Minivet 0.00 0.00 0.00 0.00 0.00 1.00 

Small Niltava 0.00 0.00 1.00 0.00 0.00 0.00 

Small Pratincole 0.00 0.00 0.00 0.00 1.00 0.00 

Spangled Drongo 0.00 0.01 0.11 0.46 0.00 0.42 

Spotted Dove 0.36 0.00 0.08 0.04 0.00 0.52 

Stork-billed Kingfisher 0.00 0.00 0.00 0.00 1.00 0.00 

Striated Grassbird 0.00 1.00 0.00 0.00 0.00 0.00 
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Taiga Flycatcher 0.00 0.00 0.00 1.00 0.00 0.00 

Temminck Stint 0.00 0.00 0.00 0.00 1.00 0.00 

Thick-billed Flowerpecker 0.00 0.00 0.00 1.00 0.00 0.00 

Tickell's Blue Flycatcher 0.00 0.00 0.00 1.00 0.00 0.00 

Tickell's Thrush 0.00 1.00 0.00 0.00 0.00 0.00 

Velvet-fronted Nuthatch 0.00 0.00 0.00 1.00 0.00 0.00 

Verditer Flycatcher 0.00 0.00 0.00 0.00 0.00 1.00 

White-browed Wagtail 0.00 0.00 0.00 0.00 1.00 0.00 

White-rumped Vulture 0.00 1.00 0.00 0.00 0.00 0.00 

White-tailed Stonechat 0.00 1.00 0.00 0.00 0.00 0.00 

White-throated Fantail 0.00 0.09 0.05 0.26 0.14 0.46 

White-throated Kingfisher 0.00 0.51 0.00 0.00 0.49 0.00 

White Wagtail 0.00 0.00 0.00 0.03 0.97 0.00 

Woolly-necked Stork 0.00 0.00 0.00 1.00 0.00 0.00 

Yellow-bellied Prinia 0.00 1.00 0.00 0.00 0.00 0.00 

Yellow-footed Green-Pigeon 0.00 0.00 0.00 0.00 0.00 1.00 

Yellow-wattled Lapwing 0.00 1.00 0.00 0.00 0.00 0.00 

Yellow-breasted Greenfinch 0.00 1.00 0.00 0.00 0.00 0.00 

 

Birds were grouped into specialist or generalist based on their sighting in a particular 

habitat or multiple habitats (Figure 5.2a).  It was found that there are more habitat 

specialists (103) than generalists (63) in JJCR. There were 4 commensals. The 

abundance of generalist birds are more than habitat specialists (Figure 5.2b). Some of 

the most abundant generalist birds in JJCR are Baya Weaver, Jungle Babbler, Red-

vented Bulbul, Rose-ringed Parakeet and Spotted Dove. House Crow, Rock Pigeon, 

House Sparrow and Common Myna are human commensals. Riverine habitat 

supported the maximum number of habitat specialists (Figure 5.2c). 

Several birds in Jhilmil Jheel CR are habitat specialists or near habitat specialists, 

found more or less restricted to their habitats, making the conservation of each 

habitat vital to the long-term sustenance of the IBA. JJCR has many grassland birds 

such as Common Stonechat, White-tailed Stonechat, Red avadavat, Zitting Cisticola, 
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Sarus Crane, Yellow-bellied Prinia, Bristled Grassbird and Striated Grassbird. 

Among these White-tailed Stonechat, Yellow-bellied Prinia, Striated Grassbird and 

Bristled Grassbird are considered as grassland bird specialist. Bristled Grassbird and 

Sarus Crane are vulnerable. It has been stated that JJCR can be a possible site for the 

introduction of Swamp Francolin in this place as the wet grasslands surrounded by 

sugarcane fields can provide a suitable site for it (Rahmani et al., 2016). Some 

notable waterbirds are River Lapwing, River Tern, Black-bellied Tern, Little Tern 

while some water dependent birds are Pied Kingfisher, Stork-billed Kingfisher, Great 

Thick-knee. River Lapwing and River Tern are near threatened. Black-bellied Tern is 

endangered. Some of the prominent scrub habitat specialists are Black Francolin and 

Grey Francolin. In plantations of Eucalyptus and Teak, few birds favouring open 

woodland habitats were more frequent such as Black-hooded Oriole and Black 

Bulbul. Prominent bird species of mixed deciduous forests are Red Junglefowl and 

Indian Grey Hornbill. Sarus Cranes is one of the notable species found in agricultural 

fields. 

The general pattern of usage of different strata of tree canopy and other microhabitats 

by various bird species of JJCR was documented. The middle canopy formed the 

maximum percentage of foraging strata followed by aquatic, understory, terrestrial, 

lower canopy, upper canopy and aerial (Figure 5.3 a). The middle canopy also had 

the highest bird diversity (Table 5.3b). Middle canopy had the maximum number of 

bird species in agricultural field-human settlement, mixed deciduous forest, 

plantation and scrub forest while terrestrial birds were more speciose in grassland 

and aquatic birds in riverine habitat (Figure 5.4 a, b, c, d, e, f). Red-vented Bulbuls 
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dominated the middle canopy, Spotted Doves dominated the lower canopy, Baya 

Weavers dominated the terrestrial, Jungle Babblers were the most abundant birds in 

the understorey, and Black-hooded Orioles dominated the upper canopy. Barn 

Swallow was the most abundant aerial bird whereas Ruddy Shelduck was the most 

abundant aquatic bird.  
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Figure 5.2. (a) Proportion (%) of Specialist-Generalist birds species in JJCR (b) 

Abundance of habitat specialist-generalist birds species in JJCR(c) Number of 

habitat specialist-generalist in every habitat 
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PERMANOVA result showed a significant difference in bird composition in 

different vertical strata in different seasons (p=0.0001). The bird composition 

significantly differed across vertical strata in different habitats in the summer 

(p=0.0001) and winter seasons (p=0.0001). 

 

 

 

 

 

 

 

 

Figure 5.3. (a) Species encountered (%) in different microhabitats (b) Shannon 
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Figure 5.4. Vertical strata in every habitat (a) Agriculture fields-human settlements 

(b) Grassland (c) Mixed deciduous forest (d) Plantation (e) Riverine habitat (f) Scrub 

forest 

Indicator values of all bird species were computed for every habitat type and those 
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out of 110 species, 60 species were identified as indicator species. Grassland had 11 

indicator species, mixed deciduous forest-12, Plantation-12, Riverine habitat-15, 

Agriculture field-human settlement had 3 indicator species and scrub forest had 7 

indicator species (Table 5.3). In winter season out of 131 species, 64 species were 

identified as indicator species. Grassland had 10 indicator species, plantation-12, 

riverine-16, riverine-16, agriculture field-human settlement-3, mixed and scrub forest 

had 7 and 16 indicator species respectively (Table 5.4).  

Habitat-wise detailed description has been given as follows: 

Agriculture field and human settlement: Rock Pigeon and House Sparrow were 

significantly associated with agriculture and human settlement in both seasons. Rock 

Pigeon had the highest indicator value (57%) during summer whereas Cattle Egret 

had the highest indicator value (64.9%) during winter. 

Grassland: Paddyfield Pipit, Common Stonechat, Red-wattled Lapwing, Pied 

Buschat, Yellow-bellied Prinia were strongly associated with grasslands in summer. 

Species such as Common Stonechat, Red-wattled Lapwing, Paddyfield Pipit and 

White-tailed Stonechat were strongly associated with grassland during winter season. 

Paddyfield Pipit had the highest indicator value (96.9%) in summer whereas 

Common Stonechat had the highest indicator value of 88.8% during winter. 

Mixed deciduous forest: Baya Weaver, Red Junglefowl, Rose-ringed Parakeet, 

Black-chinned Babbler, Indian Peafowl, Blue-tailed Bee-eater, Chestnut-shouldered 

Petronia were strongly associated with mixed deciduous forest during summer while 

Red Junglefowl, Oriental White-eye and Indian Grey Hornbill were strongly 
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associated during winter season. Baya Weaver had the highest Indicator value 

(91.4%) during summer and Red Junglefowl had the highest indicator value of 70% 

during winter. 

Riverine habitat: River Lapwing, River Tern, Little Egret and Little Cormorant had 

strong association during summer and birds namely Little Cormorant, White 

Wagtail, Citrine Wagtail and Pied Kingfisher have strong association during winter 

season. River Lapwing had the highest indicator value 93.1% during summer season 

and Little Cormorant had the highest indicator value of 77.5% during winter. 

Plantation: Black-hooded Oriole, Indian Paradise-Flycatcher, Oriental Magpie-

Robin and Indian Pitta had strong association with plantation during summer while 

Black-hooded Oriole, Black Bulbul, Rose-ringed Parakeet, Taiga Flycatcher, 

Spangled Drongo had strong association during winter season. Black-hooded Oriole 

had strong association with the plantation with an indicator value of 92.8% and 

81.9% during summer and winter respectively. 

Scrub forest: Indian Robin, Purple Sunbird, Spotted Dove and Green Bee-eater were 

strongly associated with scrub forest during summer while Lesser Whitethroat, 

Indian Robin, Plain Prinia, Spotted Dove and Purple Sunbird were strongly 

associated during winter season. Indian Robin had the highest indicator value (75%) 

during summer season and Lesser whitethroat had highest indicator value of 83.5% 

during winter season. 
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Table 5.3. Indicator bird species in different habitats in summer season 

Agriculture and settlement A B 

Indicator 

value p.value 

Significance 

codes 

Rock Pigeon 1 0.3333 0.577 0.0002 *** 

House Sparrow 1 0.2667 0.516 0.0006 *** 

Pond Heron 0.9091 0.2 0.426 0.0075 ** 

      

Grassland A B 

Indicator 

value p.value 

 Paddyfield Pipit 0.9868 0.9524 0.969 0.0001 *** 

Common Stonechat 0.9237 0.619 0.756 0.0001 *** 

Red-wattled Lapwing 0.7163 0.7619 0.739 0.0001 *** 

Pied Bushchat 0.6593 0.6667 0.663 0.0001 *** 

Yellow-bellied Prinia 1 0.381 0.617 0.0001 *** 

Oriental Skylark 0.8972 0.3333 0.547 0.0001 *** 

Striated Grassbird 1 0.2381 0.488 0.0015 ** 

Zitting Cisticola 1 0.2381 0.488 0.0015 ** 

Striated Babbler 1 0.1429 0.378 0.0162 * 

Yellow-wattled Lapwing 1 0.1429 0.378 0.0128 * 

Grey Bushchat 0.8108 0.1429 0.34 0.0453 * 

      

      Mixed deciduous forest 

    

 

A B 

Indicator 

value p.value 

Significance 

codes 

Baya Weaver 0.8347 1 0.914 0.0001 *** 

Red Junglefowl 0.6767 0.9333 0.795 0.0001 *** 

Rose-ringed Parakeet 0.6235 0.9333 0.763 0.0001 *** 

Black-chinned Babbler 0.6486 0.8 0.72 0.0001 *** 

Indian Peafowl 0.5469 0.8 0.661 0.0001 *** 

Blue-tailed Bee-eater 0.8077 0.5333 0.656 0.0001 *** 

Chestnut-shouldered 

Petronia 0.6893 0.5333 0.606 0.0001 *** 

Red-vented Bulbul 0.3347 1 0.578 0.0003 *** 

Rufous Treepie 0.4802 0.4667 0.473 0.0051 ** 

Oriental White-eye 0.4158 0.4667 0.44 0.017 * 

Grey-breasted Prinia 0.5499 0.3333 0.428 0.0081 ** 

Jungle Myna 1 0.1333 0.365 0.0447 * 

      

      Plantation 
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A B 

Indicator 

value p.value 

Significance 

codes 

Black-hooded Oriole 0.8928 0.9643 0.928 0.0001 *** 

Indian Paradise-Flycatcher 0.8069 0.6786 0.74 0.0001 *** 

Oriental Magpie-Robin 0.4737 0.8571 0.637 0.0001 *** 

Indian Pitta 0.4856 0.8214 0.632 0.0001 *** 

Common Myna 0.6393 0.5357 0.585 0.0006 *** 

Jungle Babbler 0.4683 0.6071 0.533 0.002 ** 

Brown-headed Barbet 0.9205 0.2857 0.513 0.0018 ** 

Black Drongo 0.5058 0.5 0.503 0.002 ** 

Common Hawk-Cuckoo 0.641 0.3571 0.478 0.0032 ** 

Indian Grey Hornbill 0.5855 0.3571 0.457 0.0059 ** 

Jungle Owlet 1 0.1786 0.423 0.0068 ** 

Indian Cuckoo 0.5687 0.25 0.377 0.032 * 

      

      Riverine 

     

 

A B 

Indicator 

value p.value 

Significance 

codes 

River Lapwing 0.942 0.92 0.931 0.0001 *** 

River Tern 1 0.64 0.8 0.0001 *** 

Little Egret 1 0.6 0.775 0.0001 *** 

Little Cormorant 1 0.52 0.721 0.0001 *** 

House Crow 0.5904 0.6 0.595 0.0004 *** 

Spot-billed Duck 1 0.24 0.49 0.0007 *** 

Little-ringed Plover 1 0.2 0.447 0.0036 ** 

Ruddy Shelduck 1 0.2 0.447 0.0024 ** 

White-browed Wagtail 1 0.2 0.447 0.0048 ** 

Pied Kingfisher 1 0.16 0.4 0.0121 * 

White-bellied Drongo 0.7706 0.2 0.393 0.0156 * 

Large-billed Crow 0.622 0.24 0.386 0.0293 * 

Grey Heron 1 0.12 0.346 0.0377 * 

Gray Wagtail 1 0.12 0.346 0.0432 * 

Small Pratincole 1 0.12 0.346 0.0408 * 

      

      Scrub forest 

     

 

A B 

Indicator 

value p.value 

Significance 

codes 

Indian Robin 0.96 0.58 0.75 0.0001 *** 

Purple Sunbird 0.5079 1.00 0.713 0.0001 *** 

Spotted Dove 0.4453 1.00 0.667 0.0001 *** 
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Green Bee-eater 0.4531 0.9167 0.645 0.0001 *** 

Common Tailorbird 0.4693 0.6667 0.559 0.0003 *** 

Common Iora 0.4966 0.5833 0.538 0.0005 *** 

Laughing Dove 0.7241 0.25 0.425 0.0059 ** 

 

                          Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Table 5.4. Indicator bird species in different habitats in winter season 

Agriculture and settlement 

     

 

A B 

Indicator 

value p.value 

Significance 

codes 

Cattle Egret 0.9023 0.4667 0.649 0.0001 *** 

House Sparrow 1 0.3333 0.577 0.0001 *** 

Rock Pigeon 1 0.2 0.447 0.0047 ** 

      Grassland 

     

 

A B 

Indicator 

value p.value 

Significance 

codes 

Common Stonechat 0.9194 0.8571 0.888 0.0001 *** 

Red-wattled Lapwing 0.901 0.7619 0.829 0.0001 *** 

Paddyfield Pipit 0.736 0.9048 0.816 0.0001 *** 

White-tailed Stonechat 1 0.619 0.787 0.0001 *** 

Pied Bushchat 0.6696 0.4762 0.565 0.0002 *** 

Indian Roller 0.5043 0.381 0.438 0.0105 * 

Indian Pied Starling 1 0.1905 0.436 0.0035 ** 

White-throated Kingfisher 0.5263 0.3333 0.419 0.0124 * 

Yellow-bellied Prinia 1 0.1429 0.378 0.0142 * 

Yellow-wattled Lapwing 1 0.1429 0.378 0.0198 * 

      Mixed deciduous forest 

     

 

A B 

Indicator 

value p.value 

Significance 

codes 

Red Junglefowl 0.7368 0.6667 0.701 0.0001 *** 

Oriental White-eye 0.5021 0.8667 0.66 0.0002 *** 

Indian Grey Hornbill 0.8438 0.4667 0.627 0.0001 *** 

Red-whiskered Bulbul 0.4462 0.6667 0.545 0.0009 *** 

Humes Warbler 0.2558 0.8667 0.471 0.0258 * 

Plum-headed Parakeet 0.4866 0.3333 0.403 0.0252 * 

Crimson Sunbird 0.507 0.2667 0.368 0.0308 * 

      Plantation 
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A B 

Indicator 

value p.value 

Significance 

codes 

Black-hooded Oriole 0.7231 0.9286 0.819 0.0001 *** 

Black Bulbul 1 0.5357 0.732 0.0001 *** 

Rose-ringed Parakeet 0.6016 0.7143 0.656 0.0002 *** 

Taiga Flycatcher 1 0.4286 0.655 0.0001 *** 

Spangled Drongo 0.6497 0.6429 0.646 0.0001 *** 

Common Myna 0.7851 0.3214 0.502 0.0017 ** 

Grey-headed Canary 

Flycatcher 1 0.2143 0.463 0.0027 ** 

Jungle Owlet 0.8108 0.25 0.45 0.0043 ** 

White-throated Fantail 0.4334 0.4643 0.449 0.01 ** 

Large-billed Crow 0.5384 0.3571 0.438 0.0224 * 

Jungle Babbler 0.4063 0.4643 0.434 0.0304 * 

House Crow 0.5744 0.3214 0.43 0.0251 * 

       

Riverine 

     

 

A B 

Indicator 

value p.value 

Significance 

codes 

Little Cormorant 1 0.6 0.775 0.0001 *** 

White Wagtail 0.9522 0.6 0.756 0.0001 *** 

Citrine Wagtail 0.7489 0.68 0.714 0.0001 *** 

Pied Kingfisher 0.9216 0.52 0.692 0.0001 *** 

Ruddy Shelduck 0.9795 0.32 0.56 0.0009 *** 

River Lapwing 0.592 0.52 0.555 0.0016 ** 

Gray Wagtail 0.466 0.48 0.473 0.0066 ** 

Eurasian Collared-Dove 1 0.2 0.447 0.0045 ** 

Temminck Stint 1 0.2 0.447 0.0047 ** 

White-browed Wagtail 1 0.2 0.447 0.0031 ** 

Brahminy Starling 1 0.16 0.4 0.0162 * 

Goosander 1 0.16 0.4 0.0143 * 

Little Egret 1 0.16 0.4 0.0149 * 

Little-ringed Plover 1 0.16 0.4 0.0128 * 

Red-crested Pochard 1 0.16 0.4 0.0139 * 

River Tern 0.9023 0.16 0.38 0.021 * 

      Scrub forest 

     

 

A B 

Indicator 

value p.value 

Significance 

codes 

Lesser Whitethroat 0.6966 1 0.835 0.0001 *** 

Indian Robin 1 0.5833 0.764 0.0001 *** 

Plain Prinia 0.7343 0.75 0.742 0.0001 *** 
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Spotted Dove 0.5063 0.8333 0.65 0.0001 *** 

Purple Sunbird 0.6187 0.6667 0.642 0.0001 *** 

Small Minivet 1 0.3333 0.577 0.0001 *** 

Ashy Prinia 0.7937 0.4167 0.575 0.0001 *** 

Red-vented Bulbul 0.5178 0.5833 0.55 0.0263 * 

Greenish Warbler 0.463 0.5833 0.52 0.0021 ** 

Yellow-footed Green-Pigeon 1 0.25 0.5 0.0009 *** 

Indian Silverbill 0.8596 0.25 0.464 0.0022 ** 

Oriental Magpie-Robin 0.3736 0.5 0.432 0.0193 * 

Indian Peafowl 0.5571 0.3333 0.431 0.0103 * 

Red-breasted Flycatcher 0.5294 0.3333 0.42 0.0103 * 

Lesser Goldenback 0.5568 0.25 0.373 0.0438 * 

Greater Coucal 0.8333 0.1667 0.373 0.0186 * 

 

                            Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

5.5. Discussion 

 

I have provided here a quantitative demonstration of habitat selection in the natural 

assemblage of bird species using resource selection function based on proportional 

use and availability. Using RSF I found 48 bird species had 100% selection for a 

particular habitat in summer and 71 bird species had 100% selection for particular 

habitat in winter. There is more RSF in winter because of the presence of many 

winter visitors. The riverine habitat had the highest RSF possibly because of the 

presence of many microhabitats and attracting many winter waterbirds. As, within 

the bird community, some are generalist and some are specialist to specific habitat, 

more number of habitat specialist bird species could be because of habitat 

heterogeneity (Surasinghe and Alwis, 2010), while generalist birds were more 

abundant as they can adapt to a variety of environmental conditions and utilize a 

variety of resources. 
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JJCR is rich in bird species and vertical stratification is possibly one of the key 

factors for promoting diversity and the underlying concept has also been stated in 

other studies on stratification by Bernard (2001), Molleman et al., (2006) and 

Oliveira and Scheffers (2019). Vertical stratification has been associated with major 

shifts in biotic communities, emphasizing the great variety of niches and high species 

co-existence possible in tropical forests at small scales (Brown, 1981; Mottl et al., 

2020; Scheffers et al., 2017). It is also important to determine the most important 

strata that are used by the forest bird community (Peh et al., 2006). The middle 

canopy had the highest proportion of bird species in JJCR. This is also supported by 

other studies (Jayson and Mathew, 2003; Dinanti et al., 2018). Upper canopy had the 

lowest number of bird species as compared to other vertical strata which could be 

due to unfavourable conditions i.e. physical (rain, wind, heat) and biological factors 

(predators), and is energetically adverse for behaviours like feeding, breeding, or 

roosting (Turton and Siegenthaler, 2004). 

There was seasonal variation in birds of different vertical strata possibly because of 

the arrival of many summer and winter visitors in their respective seasons. 

The indicator bird species also represented birds belonging to various strata of the 

forests, i.e. upper canopy, middle canopy, lower canopy, understory, terrestrial and 

aquatic. The bird species namely Paddyfield Pipit, Red-wattled Lapwing Common 

Stonechat, White-tailed Stonechat and Yellow-bellied Prinia showed strong 

association with the grassland habitat as indicator species. Paddyfield Pipit, Red-

wattled Lapwing (Manakadan, 2014), Common Stonechat, Yellow-bellied Prinia 

(Madge et al., 2020) commonly found in grasslands and White-tailed Stonechat is 



184 
 

obligate grassland bird (Baral, 2001; Baral, 2004; Roberts, 1992). They can be 

monitored for understanding the effect of management in grasslands. Subtropical 

grasslands in Indian subcontinent are of international significance for biodiversity 

(Collar, 1996; Peet et al., 1999) and regarded as the most threatened habitat in Indian 

subcontinent and many grassland birds are also threatened (Baral et al., 1996; 

Grimmett et al., 1998). Lesser White throat, Indian Robin, Purple Sunbird were 

identified as indicator species of scrub forest in JJCR. Lesser White throat (Aymí et 

al., 2021), Indian Robin (Collar and Bonan, 2020), Purple Sunbird (Cheke and Mann, 

2020) are usually found in scrub habitats and thus can be monitored easily. Black-

hooded Oriole, Black Bulbul, Indian Paradise-Flycatcher were obtained as indicator 

species in plantations in JJCR. Black-hooded Oriole (Walther and Jones, 2020), 

Indian Paradise-Flycatcher (Moeliker et al., 2020) are found in plantations and can 

be used to monitor this habitat. House Sparrow and Rock Pigeon were reported as the 

indicator species of agriculture and human settlements in JJCR. House Sparrow and 

Rock pigeon are human commensal and thus can be easily seen in and nearby human 

settlements (Leveau and Leveau, 2016). The lack of forest birds in agricultural fields 

and human settlements could be attributed to pesticide usage, chemical fertilizers, 

incompatible agricultural practices, and semi-natural habitats. Rising levels of 

pesticides in agriculture fields have negative impacts on invertebrate population 

which in turn leads to decline of farmland bird population (Boatman et al., 2004; 

Hallman et al., 2014; Stanton et al., 2018). Unfriendly agricultural practices pose 

threats to many forest-dependent birds (Naidoo, 2004). Some of the factors 

responsible for degradation in agriculture fields are changing in cropping species and 

pattern, reduction in prey abundance, removal of semi natural habitats etc. (Sundar 
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and Kittur, 2013; Redhead et al., 2018). Forest specialist birds are sensitive to 

monoculture agricultural lands and changes in vegetation characteristics can impact 

bird assemblages (Maas et al., 2009; Schulze and Riedl, 2008). The intensification of 

agriculture and its expansion is threat to biodiversity (Foley et al., 2005; Laurance et 

al., 2013). There has been long history of disturbance in mixed deciduous forests of 

Shiwalik region. Forests in these regions are under pressure from an influx of people, 

expanding human habitation, lopping, grazing (Gautam et al., 2016). Baya Weaver, 

Red Junglefowl and Indian Grey Hornbill can be used as indicator species for 

monitoring Mixed deciduous forest. Baya Weaver were seen to be involved in 

nesting in these forests. Moreover, the high indicator value of Red Junglefowl (Palei 

et al., 2016) and Indian Grey Hornbill (Balasubramanian et al., 2005) within 

deciduous forests is not surprising, given that they are typically found within this 

habitat. Among the indicator bird species from riverine habitat River Lapwing and 

River Tern are species of conservation concern. River Lapwing is a near threatened 

and River Tern is vulnerable.  

Our results provide a starting point for selecting which species to monitor and also 

the current study states the importance of vertical stratification as the ability of 

species to respond to canopy characteristics may, therefore, be useful in predicting 

the effects of forest management on bird communities (Hinsley et al., 2009).  Such 

studies are useful in the broader context of increasing anthropogenic pressure on 

tropical ecosystems and calls for action to prevent biodiversity loss (Barlow et 

al., 2018). Monitoring the spatial and temporal changes of biodiversity is one of the 

prerequisites for effective integration of biodiversity conservation in forest 

management planning. JJCR is rich in bird species, including habitat specialists and 

https://onlinelibrary.wiley.com/doi/full/10.1111/btp.12729#btp12729-bib-0005
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threatened bird species. All the habitats were explored for potential ecological 

indicators for determining a baseline for future monitoring of habitats using bird 

species. This study demonstrates a significant link between the bird species and the 

habitat. The indicator bird species including the threatened and habitat specialists 

have definite preferences for a particular habitat. All the habitats including 

plantations have their own relevance for birds. Understanding the link between 

indicator species and habitat is important for habitat management. Potential indicator 

species reflects the on–site ecological conditions. The analysis is based on data from 

six habitats representing different vegetation composition, so the determined 

indicator species can be used as bio-indicators for future monitoring of the 

management of every habitat. Management recommendations can be issued based on 

the status of indicator species.  
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CHAPTER 6 

BIRD CO-OCCURRENCE IN DIFFERENT HABITATS 

 

6.1. Introduction 

 

Species assemblages are formed due to species interaction (Cadotte and Tucker, 

2017). Species interaction helps in shaping avian communities and understanding 

interaction helps in land management (MacKenzie et al,. 2004, Halme et al. 2009). 

Co-occurrence models help in estimating co-occurrence patterns of multispecies at a 

site, it also helps in detecting changes in the occupancy of one species in response to 

the presence of another (Estevo et al., 2017).  Species co-occurrence results from 

niche overlap, intra and interspecific competition (Grinde and Niemi, 2016), 

mutualism, predation (Chase et al., 2002) and facilitative interactions (Bruno et al., 

2003). 

Competition has been considered one of the major drivers of species co-occurrence 

(Wisz et al., 2013). Competition is higher between sympatric species (Estevo et al., 

2017). Habitat partitioning also influences species co-occurrence. Habitat 

partitioning has been seen in various sympatric taxa such as birds (Laiolo, 2013), 

mammals (Jones et al., 2001) and reptiles (Buckley, 2005). Some species co-occur 

depending on time partitioning and habitat selection. Habitat heterogeneity increases 

bird diversity (Tews et al., 2004) whereas habitat homogeneity increases the density 

of a stronger competitor and decreases subordinate species occurrence (Steen et al., 

2014). Estevo et al., (2017) stated that habitat characteristics could play major role in 

co-existence of species. Basile et al. (2021) showed that species can prefer different 
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habitats according to the presence and abundance of co-occurring and associated 

species. 

Currently, many statistical techniques have been developed to study whether species 

are found together less often (negative co-occurrence; segregation) or more often 

(positive co-occurrence; aggregation) than predicted by random chance (Dormann et 

al., 2018). Non-random patterns of species co-occurrence are the basis of community 

(Tulloch et al., 2018). Positive co-occurrence results from similar habitat 

requirements and mutual interaction between species. Negative co-occurrence results 

from dissimilar habitat requirements and antagonistic behaviour. MacKenzie et al. 

(2004), Halme et al. (2009) also mentioned that positive and negative interaction 

between species happens because of selecting or avoiding similar habitats. Various 

studies have reported random species pairwise co-occurrences (Pitta et al., 2012; 

Lyons et al., 2016; Kohli et al., 2018). 

Bird co-occurrence network provides a framework to understand complexity of co-

occurrence pattern and can improve bird conservation (Kim et al., 2017). Network 

theory is a new approach in many fields. Network analysis also helps to understand 

co-existence, stability of species and coevolutionary process (Bascompte and 

Jordano, 2007). Mutualistic network is considered as the architecture of biodiversity 

(Bascompte and Jordano, 2007). Co-occurrence network analysis can also predict the 

loss of number of species. Co-existence theory states that a species positively 

associated with a lost species, might also decline as they share the same habitat. A 

species might increase in the absence of other species if both have negative 

interaction with each other. Tylianakis and Morris (2017) stated that environmental 
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factors might affect the structure of the network as it affects the frequency with 

which species interact. One can better understand local processes drive group-level 

properties by representing community as network of interactions (Bascompte, 2007; 

Farine and Whitehead, 2015; Tylianakis and Morris, 2017). Species interact with 

each other and this interaction forms community structure (Montaño‐Centellas, 2020; 

CaraDonna et al., 2017). Network theory provides framework to study communities 

by considering species composition and interaction (Montaño‐Centellas, 2020). 

Interspecific interactions link species within communities and generate community 

structure (CaraDonna et al. 2017). 

Changes in the co-occurrence structure indicate changes in environmental conditions 

(Araújo et al., 2011). Reduced number of links or loss of co-occurrence has been 

found in sites affected with anthropogenic disturbance as compared to less disturbed 

sites (Kay et al., 2018; Tulloch et al., 2018). It is also used to predict the response of 

species to different management practices. Tylianakis et al. (2010) mentioned that 

loss of positive co-occurrences might decline the ecological functions of ecosystem. 

Species co-existence is sensitive to changes in environment and community 

composition (Tulloch et al., 2018). Basile et al. (2021) stated that species co-

occurrence could affect the habitat use of species and the species association can 

mitigate the effect of management intensity on forest birds. Bird conservation at the 

local level should also be strongly recommended, as careful attention to bird habitat 

may improve the efficiency of conservation efforts (Kim et al., 2017). 

Research questions addressed in this chapter are  

(i) What is the co-occurrence pattern of birds in different seasons? 
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(ii) What is the network complexity of birds community in different habitats? 

6.2. Methods 

 

The bird sampling was carried out from March 2018 to March 2020 based on point 

count method following Bibby et al. (2000) to collect abundance data of birds in all 

available habitat types. We executed habitat-wise point count (Bibby et al. 2000) to 

collect abundance data of birds covering plantation (28), mixed forest (15), scrub 

forest (12), riverine (25) and grassland (21) and agriculture fields-human settlement 

(15). Each point count station was spatially separated from adjacent points by 200 

m). Birds were counted from 5:30 am to 8:30 am during summer and from 8:00 am 

to 10:30 am during winter season. The bird counts survey lasted for 10 minutes on 

each point count station. All the direct sightings and indirect signs such as calls of 

the birds were recorded. Birds in flight were not taken into consideration. Each 

sampling point was visited ten times in summer (March-June) and winter 

(November-February). Survey was specifically conducted during low-moderate wind 

days and days with no rain to avoid these variable’s effect on species detection (O’ 

Connor and Hicks, 1980). Bird species were identified following Ali and Ripley 

(1987) and Grimmett et al. (2011).  

 

6.3. Data analysis 

 

The statistical analysis involved i) evaluating the co-occurrence pattern of birds in 

different seasons (ii) assessing the network complexity of birds community in 

different habitats. 
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Bird species co-occurrence was done using cooccur package (Griffith et al., 2016) in 

R (R Core Team, 2020). Birds association with other co-occurring birds were 

determined. Network analysis was done to assess the network complexity of birds 

community in different habitats using igraph package (Csardi et al., 2016) in R (R 

Core Team, 2020). Species network analysis was used to compare the complexity of 

the bird communities among the six habitat types. 

6.4. Results 

 

Species co-occurrence in different seasons 

Generalist species had the highest number of positive associations. Specialist species 

had the maximum number of negative associations in both seasons. 

In summer, birds having more than 30 sightings i.e. 32 species were used for the anal

ysis. Of 496 species pair combinations, no pair was removed from the analysis becau

se the expected co-occurrence was > 1 and 496 pairs were analysed. The co-occur an

alysis revealed 278 non-random associations between species. Of these 153 were pos

itive associations, 125 were negative. There were 218 random associations (Figure 6.

1a). Purple Sunbird, Jungle Babbler and Indian Pitta had the highest number of positi

ve interaction. Those with highest number of negative associations were Red-wattled 

Lapwing, Paddyfield Pipit and River Lapwing.  

Grassland specialists such as Paddyfield Pipit had positive associations with Pied 

Bushchat, Red- wattled Lapwing, Common Stonechat and Plain Prinia. Red-wattled 

Lapwing had positive association with River Lapwing, River Tern, Common 

Stonechat and Green Bee-eater. River Lapwing, a riverine specialist was positively 

associated with River Tern, Green Bee-eater, Red-wattled Lapwing and House Crow. 
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River Tern was positively associated with Green Bee-eater, River Lapwing, Red-

wattled Lapwing and House Crow. Little Egret had positive association with Green 

Bee-eater. Common Stonechat had positive association with Red-wattled Lapwing, 

Pied Bushchat and Paddyfield Pipit.  

In winter, birds with more than 30 sightings i.e 35 species were used for analysis (Fig

ure. 6.1b). Of 595 species pair combinations, one pair (0.17 %) were removed from    

the analysis because the expected co-occurrence was < 1 and 594 pairs were analysed

.The co-occur analysis revealed 275 non-random associations between species. Of     

these, 146 were positive associations, 129 were negative. There were 319 random  

associations. Oriental Magpie Robin had the highest number of positive association.     

Those with the highest number of negative associations were Paddyfield Pipit,Citrine 

Wagtail and Common Stonechat.  

River Lapwing was positively associated with Little Cormorant, White-tailed 

Stonechat, White wagtail, Ruddy Shelduck and Indian Roller. Little Cormorant was 

positively associated with River Lapwing and White Wagtail. Paddyfield Pipit had 

positive association with Common Stonechat, River Lapwing, Pied Bushchat, Red 

wattled Lapwing, White-tailed Stonechat, Indian Roller. Common Stonechat had 

positive association with River Lapwing, Pied Bushchat, Red-wattled Lapwing, 

White-tailed Stonechat, Indian Roller. Citrine Wagtail had positive association with 

Gray Wagtail, River Lapwing, Little Cormorant, White Wagtail, Ruddy Shelduck 

and Indian Roller. 
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Network complexity in different habitats 

The 6 types of habitats are different in terms of network complexity (Figure 6.2). 

Riverine and scrub forest had the highest bird community complexity followed by 

plantation, mixed forest and grassland. Agriculture had no significant association 

between bird species. Spotted Dove, Common Iora, Rufous Treepie, Red-whiskered 

Bulbul, Jungle Babbler, Oriental Magpie-Robin, Greenish Warbler, Red Junglefowl 

and Black-hooded Oriole had significant association in mixed deciduous forest. In 

scrub forest, species which showed significant association are Greenish Warbler, 

Oriental White- eye, Jungle Babbler, Chestnut-shouldered Petronia, Red-whiskered 

Bulbul, Humes Warbler, Red vented Bulbul, Plain Prinia, Spangled Drongo, Red 

Junglefowl, Black Drongo, Himalayan Bulbul, Rufous Treepie, Purple Sunbird. 

Common Tailorbird, Purple Sunbird, Green Bee-eater, River Tern, River Lapwing, 

Little Cormorant, Black Drongo, Red-vented Bulbul, Humes Warbler, Citrine 

Wagtail, Indian Roller, Ruddy Shelduck, House Crow and Rufous Treepie had 

significant association in riverine habitat. In grassland habitat, Ashy Prinia, Common 

Stonechat, River Lapwing, Red-wattled Lapwing, Pied Bushchat, Black Drongo, 

White-tailed Stonechat, had significant association. In plantation Purple sunbird,  

Greenish Warbler, Oriental White-eye, Jungle Babbler, Chestnut-shouldered 

Petronia, Red-whiskered Bulbul, Humes Warbler, Red-vented Bulbul, Plain Prinia, 

Spangled Drongo, Red Junglefowl, Spotted Dove, Himalayan Bulbul and Rufous   

Treepie had significant association. 
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 Figure 6.1. Species co-occurrence matrix in (a) summer season and (b) winter season 
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Figure 6.2. Bird network complexity in (a) grassland (b) mixed forest (c) plantation (d) scrub forest and (e) riverine habitat. Bold letters 

shows birds with maximum number of significant associations.  
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*Nodes represent bird species and edges represent association between them. Ashy 

Prinia=AP, Common Stonechat=CS, Red-wattled Lapwing=RWL, River 

Lapwing=RL, Pied Bushchat=PB, Red-vented Bulbul=RVB, Black Drongo=BD, 

White-tailed Stonechat=WT, Spotted Dove=SD, Common Iora=CI, Rufous 

Treepie=RTP, Red-whiskered Bulbul=RWB, Jungle Babbler=JB, Oriental Magpie-

Robin=OMR, Greenish Warbler=GW, Red Junglefowl=RJF and Black-hooded 

Oriole=BHO, Oriental White-eye=OW, Chestnut-shouldered Petronia=CSP,  Humes 

Warbler=HW, Plain Prinia=PP, Spangled Drongo=SDR, Himalayan Bulbul=HB, 

Purple Sunbird=PS, Common Tailorbird=CT, Green Bee-eater=GBE, River 

Tern=RT, Large-billed Crow=LBC, River Lapwing=RL, Little Cormorant=LC, 

Citrine Wagtail=CW, Indian Roller=IR, Ruddy Shelduck=RS, House Crow=HC, 

BB=Black Bulbul, Great Tit=GT, Indian Pitta=IP 

 

6.5. Discussion 

 

Species co-occurrence pattern is a useful way to visualise community structure 

(Araújo et al., 2011; Barberán et al., 2012; Morueta-holme et al., 2016). It helps in 

explaining the distribution characteristics of many species (Basile et al., 2021). These 

co-occurrence patterns are usually explored using interaction networks within the 

species community (Barberán et al., 2012). Interaction networks are related to the 

stability and robustness of the system (Bascompte and Jordano, 2007; Tylianakis et 

al., 2010) and interaction pattern helps in identifying species with relevant roles. It is 

important as it helps in evaluating the effects of species that have disappeared due to 

habitat fragmentation and anthropogenic disturbances (Montoya-Arango, 2019). The 
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present study focused on the co-occurrence pattern and the network complexity of 

bird communities in different habitats of JJCR.  

The association could be due to mixed flock species, belonging to same feeding 

guild, preference for same habitat type or same habitat features. The ratio of more 

positive links than negative links are in consistent with studies of network from 

around the world (Veech, 2013). Purple Sunbird, Jungle Babbler and Indian Pitta had 

the highest number of positive association in summer and Oriental Magpie Robin 

had the highest number of positive association in winter due to their more number of 

co-occurrences as they are habitat generalists and thus are widely spread. Red-

wattled Lapwing, Paddyfield Pipit, River Lapwing had highest number of negative 

associations in summer and Paddyfield Pipit, Citrine Wagtail and Common 

Stonechat had highest number of negative associations in winter probably due to 

their less number of co-occurrences as they are habitat specialist and thus restricted 

to their habitats. There is a significant positive association when species co-occur 

more and negative association when species co-occur less frequently than by chance 

(Royan et al., 2016).  

In summer season, Paddyfield Pipit co-occurred with Pied Bushchat, Red-wattled 

Lapwing, Common Stonechat, Plain Prinia because they all belong to the same 

habitat (Tyler, 2020; Collar and Christie, 2020; Wiersma. and Kirwan, 2020; Collar, 

2021; Madge, 2020).  Moreover, they all belong to same feeding guild i.e. 

insectivores. Common Stonechat co-occurred with Red-wattled Lapwing, Pied 

Bushchat and Paddyfield Pipit. They all belong to grassland and they are 

insectivores. As Red-wattled Lapwing was present in both grasslands and riverine 
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areas, so it co-occurred with birds present in both habitats namely River Lapwing, 

River Tern, Common Stonechat and Green Bee-eater. River Lapwing co-occurred 

with River Tern, Little Egret, Green Bee-eater, Red-wattled Lapwing and House 

Crow because all are present in riverine habitat (Wiersma and Kirwan, 2020; del 

Hoyo, 2020). River Tern, River Lapwing and Little Egret are riverine specialists. 

Little Egret co-occurred with Green Bee-eater could be because of presence in the 

same habitat.  

In winter season, River Lapwing co-occurred with Little Cormorant, White-tailed 

Stonechat, White wagtail, Ruddy Shelduck and Indian Roller because all of them 

occurred in riverine habitat (Orta et al., 2020; Fry and Kirwan, 2020; Collar, 2020). 

Little Cormorant co-occurred with River Lapwing and White Wagtail because all of 

them are riverine birds. Similarly, Citrine Wagtail co-occurred with Gray Wagtail, 

River Lapwing, Little Cormorant, White Wagtail, Ruddy Shelduck, Indian Roller 

because all were found in riverine habitat. Likewise, Paddyfield Pipit co-occurred 

with Common Stonechat, River Lapwing, Pied Bushchat, Red-wattled Lapwing, 

White-tailed Stonechat and Indian Roller as they were found in grassland habitat. 

Common Stonechat co-occurred with River Lapwing, Pied Bushchat, Red-wattled 

Lapwing, White-tailed Stonechat and Indian Roller as they are found in grassland 

habitat. 

Maximum bird species showed random co-occurrence. This is also in line with other 

studies of pairwise co-occurrences which have reported random co-occurrence 

pattern prevailing across different taxa (Pitta et al., 2012; Lyons et al., 2016; Kohli et 

al., 2018). The major mechanism behind species co-occurrence is stochasticity (Elo 

et al., 2021). The co-existence of different species reflects evolutionary processes 
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and ecological adaptations at different spatial and temporal scales. Observed 

distribution patterns can be related to the spatial structure and the habitat 

requirements of individual species or to spatial aspects of population dynamics which 

need further insights. 

The most bird network complexity was found in the riverine habitat which might be 

because of more number of bird species associations found in this habitat, whereas 

no bird network complexity was observed in agriculture field and settlement, as it 

had no significant bird association. This is likely due to anthropogenic intervention 

prevailing in this habitat. Our result is supported by various studies which state that 

anthropogenic changes disrupts colonisation, dispersal, direction, frequency and 

intensity of species associations (Lai et al., 2015; Tylianakis et al., 2008 ; Blois et al., 

2013). The maximum number of associations were shown by Red-vented Bulbul and 

River Lapwing in grasslands, Greenish Warbler in mixed deciduous forests, Humes 

Warbler in plantation, Red-vented Bulbul, Humes Warbler, Greenish Warbler, 

Oriental White-eye in in scrub forest, House Crow in riverine habitat because all are 

generalist bird species and thus co-occur with many species across their range, while 

habitat specialists co-occur with relatively few species. This also concurs with the 

study by Fridley et al. (2007). 

Co-occurrences are important for maintaining community structure and function 

(Naeem et al., 1994). Understanding species co-existence helps in designing recovery 

actions and helps in recovering species from various disturbances (Tulloch et al., 

2018). Co-existence theory provides the framework to understand the effect of 

anthropogenic activity and its mitigation on community co-occurrence and structure 

(Hille Ris Lambers, 2012).   
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CHAPTER 7 

FEEDING GUILD STRUCTURE OF BIRD ASSEMBLAGE 

 

7.1. Introduction 

 

In a community, certain animal and plant species live closely associated together 

using common pool resources or sharing benefits from the common resources and 

helping each other, thus promoting species’ co-existence. Guilds are groups of 

species in a community that exploit the same set of resources in a similar manner and 

overlap significantly in their niche requirements but are not necessarily closely 

related taxonomically (Root, 1967; Simberloff and Dayan, 1991; Jaksić and Medel, 

1990). Guilds have been viewed as ‘natural ecological units’ and forms building 

blocks of the community (Simberloff and Dayan, 1991; Hawkins and MacMahon, 

1989). Guild categorization among birds emphasizes the functional component of 

community in an ecosystem (Panda et al., 2021). The classification of bird species 

into feeding guilds and habitat guilds is the best way to understand bird community 

structure (Thiollay, 1995; Clough et al., 2009; González-Salazar et al., 2014; Kornan 

and Kropil, 2014; Wiens, 1989; Paszkowski and Tonn, 2006). Feeding guild reflects 

the types of food availability in a habitat (Blake, 1983). The distribution of birds and 

community structure is determined by the availability of food and the way food is 

used in a particular habitat (Rosenberg, 1990; Albrecht and Gotelli, 2001; Palmer et 

al., 2003; Evans and Dugan, 1984; Gotelli and Colwell, 2011; Bonilla et al., 2012).  
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Besides food supply, bird feeding guild distribution is influenced by the vegetation 

structure, floristics, and predators (Pearman, 2002; O’Connell, 2000; Kissling et al., 

2012; Katuwal et al., 2016). To best suit their nesting, perching, roosting and 

foraging, birds prefer to live in heterogeneous landscapes (Berg, 2002; Aggarwal et 

al., 2008; Veech et al., 2011) and thus the guild structure varies spatially (Holmes, et 

al., 1979; Holmes and Recher, 1986). Guild structure and niche characteristics are 

important indicators of quantitative niche partitioning of a community (Simberloff 

and Dayan, 1991). Species within a guild respond similarly to environmental change 

(Verner, 1984) and different bird guilds respond differently to such changes 

(Barragan et al., 2011; Phalan et al., 2011; Newbold et al., 2014). This information 

can be used to manage and monitor bird species in forest ecosystems for 

conservation and management purposes. Grouping species into a guild facilitates 

understanding and predicting ecological patterns in them (Root, 1967; Simberloff 

and Dayan, 1991) and depicts their resilience to the changing land use patterns 

(Chatterjee and Basu, 2017) and devise methods for mitigating the impact (Johnson, 

1980). The significance of bird guild structure in regulating bird assemblages 

emphasizes habitat conservation and improvement measures to be incorporated into 

the policy framework (Sohil and Sharma, 2020). 

 

Different organisms need different habitats as per their requirement and adaptation. 

Determining the factors responsible for different bird species in different habitats is 

one of the main things in community ecology (Lubchenco et al., 1991). Holmes and 

Robinson (1988) consider that the composition of guilds differs between sites and 

correlates with habitat features and with the methods used by animals to exploit the 
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resources. Bird species richness was related mainly to the availability of vegetation 

strata, secondarily to climatic factors (Cueto and Casenav, 1999). Birds actively 

select their habitat based on landscape features, terrain, substrate, arrangement and 

structure of vegetation (Wiens, 1969). Habitat selection helps species to co-exist 

(Rosenzweig, 1981). Community patterns within and between habitats may differ 

according to the influencing variables, like within habitat diversity of birds could be 

attributed to the spatial heterogeneity of vegetation and bird adaptation to the 

vegetation structure and function (MacArthur and MacArthur, 1961). Vegetation 

structure is important at a coarse regional scale (across habitats) and floristics might 

determine bird species composition at a more local scale (within habitats) 

(Rottenberry, 1985). The vegetative structure is the primary proximate factor 

determining where and how a species uses resources (Nsor et al., 2018). Habitat 

structure determines the bird species diversity (Martin and Possingham, 2005; James 

and Wamer, 1982; MacArthur and MacArthur 1961; Willson 1974). Variation in 

habitat types accommodates different bird guilds and habitat specialists (Chhetri et 

al., 2005). Larger greenspaces with high structural diversity might be effective in 

maintaining high bird diversity (Khera et al., 2009).  

Bird-habitat association has been represented through various methods such as 

ordination techniques and resource selection fuction index. Mutualistic network is 

related to the stability and robustness of the system (Bascompte and Jordano, 2007; 

Tylianakis et al., 2010). Network theory provides the framework to study 

communities by considering both species composition and species interaction 

(Montaño‐Centellas, 2020).  
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Small PAs such as Jhilmil Jheel Conservation Reserve (JJCR) has a considerable 

good number of bird species. But it lies amid human-dominated landscape and is 

facing various anthropogenic disturbances such as fuelwood and fodder, grass 

collection and livestock grazing. Anthropogenic disturbances lead to habitat 

fragmentation and degradation (Dendup et al., 2021). Anthropogenic disturbances 

like grazing influence the regeneration of woody species and affect the vegetation 

composition of the forest (Colter, 2006). The change in vegetation structure and tree 

composition significantly impacts the native faunal populations, with specialized 

niche requirements (Bawa and Seidler, 1998).  

The present study was undertaken to understand the habitat preferences and foraging 

dynamics of birds in Jhilmil Jheel Conservation Reserve. The study signifies the 

importance of small protected areas in conserving and harbouring the diversity and 

importance of habitat heterogeneity in influencing different feeding guilds and the 

role of avian guild structure in regulating bird assemblage. It also emphasizes the 

need to include feeding guilds in conservation planning. 

The research questions addressed in this chapter are: 

(i) What are the various feeding guilds in JJCR and are there any seasonal changes in 

feeding guild structure across various habitat types? 

(ii) What is the association between different feeding guilds and different habitats 

and habitat features? 
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7.2. Methods 

 

Bird sampling 

Systematic surveys were conducted in 116 point count stations, separated by 200 

meters from each other to avoid double counting of birds. All the point count stations 

were sampled through the point count method (Bibby et al., 2000) in the early 

morning 5:30 am to 8:30 am during summer(April-June) and from 8:00 am to 10:30 

am during winter season (November-mid March). The sampling was done 10 times 

in each season from 2018-2020. Birds were recorded for their species, abundance, 

feeding guild and habitat type. Surveys were avoided during inclement weather. 

Birds were identified by referring to field guides Ali, 2002; Grimmett et al., 2011) 

whereas bird’s call and songs were identified through xeno-canto (2020). Bird 

species were categorized into fine foraging guilds (Mohan, 2007; Kaushik et al., 

2022) based on their food preferences: Insectivore, Granivore, Herbivores, 

Nectarivore, Frugivore, Frugiore-Insectivore (FI), Nectarivore-Insectivore (NI), 

Frugivore-Insectivore-Nectarivore (FIN), fruit seed nectar (FSN), feeding on fruit-

seed-nectar and insects (FSNI), Omnivore and Piscivore. 

Habitat quantification 

For habitat quantification, two vegetation plots were laid in each point count station 

(n=232).  

Information on trees were collected in quadrat of 10X10 m
2
 followed by 5x5 m

2 
plot 

nested inside the 10x10 m
2 

plot for shrub information and 1x1 m
2 

nested at the four 

corners for herb and grass information. We identified each tree and shrub to species 

level with the help of available field guides (Kanjilal and Gupta, 1979; Krishen, 
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2006). All woody vegetation of 20 cm girth at breast height (GBH) or more were 

considered trees. Tree characteristics such as tree species, abundance, GBH, height, 

density, basal area and canopy cover were assessed. Tree cover (Canopy cover), 

shrub cover and ground cover were estimated following the line intercept method 

(Canfield, 1941). Disturbance data such as presence of livestock, presence of trail 

and presence of logged trees were taken in presence/absence form.  

7.3. Data analysis 

 

For fulfilling the objective to assess the feeding guilds along the different habitat 

gradients and in different seasons the fine-level guild classification was done based 

on information collated from available literature (Mohan, 2007; Kaushik et al., 2022) 

and personal observation. I assessed the Shannon diversity of feeding guilds using 

PAST software (version 4.03).  PERMANOVA test (Anderson 2001) was done to 

assess the difference in bird feeding guild composition in different habitats. For 

fulfilling the objective to explore the association between different feeding guilds 

and habitat and habitat features Network analysis was done using bipartite package 

in R (version R 3.6.3). It was then followed by Generalized linear model (GLM). The 

abundance data of different species in each feeding guild was used for the analysis. 

Generalized linear model (GLM) was done in R (version R 3.6.3), using the package 

MuMIN (Barton, 2018) to see the influence of vegetation structure and disturbance 

factors on the bird feeding guild.  Prior to modelling we selected the explanatory 

variables deemed most likely to affect individual guilds. The physiognomic 

characteristics of the habitat collected during the vegetation sampling were used to 

understand the dependency of the bird guild on habitat heterogeneity. The vegetation 
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features such as tree, shrub and ground cover characteristics and disturbance factors 

such as presence of livestock, trails and invasive species cover were used to assess 

the association of different feeding guilds with the habitat features. The data was 

standardized and AIC (Akaike Information criterion corrected for small sample size) 

was used to rank the most parsimonious model. Inferences were made using top 

models with the least AICc value. 

7.4. Results 

 

 In total 13 foraging guilds were observed in JJCR. The number of bird species that 

belonged to different foraging guilds are given in Figure 7.1. The Insectivore guild 

had the highest number of bird species containing 91 species whereas Fruit–seed–

nectar (FSN) guild had the lowest number of bird species i.e. one species. The most 

abundant bird species of carnivore guild are Crested Serpent-Eagle, Jungle Owlet 

and Shikra. Yellow-footed Green-Pigeon, Indian Grey Hornbill, Rose-ringed 

Parakeet and Red-vented Bulbul were the most abundant frugivorous bird belonging 

to FI, FSN and FSNI respectively. Maroon Oriole was the only bird belonging to 

FIN. The most abundant bird species of insectivore guild are Jungle Babbler, Barn 

Swallow and Red-wattled Lapwing. Aquatic birds Ruddy Shelduck and Little 

Cormorant were the most abundant birds belonging to herbivores and piscivores 

respectively. The most abundant bird species of granivore guild is Baya Weaver. 

Purple Sunbird represented the most abundant Nectarivore-Insectivore guild. 

Omnivore was abundantly represented by House Crow. Scavenger was represented 

by very few species with Himalayan Griffon being abundant among them. 

Insectivore feeding guild had the highest Shannon diversity index, followed by 
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Piscivore, Granivore, FSNI, Omnivore, Scavenger, FI, Herbivore, Carnivore, NI, 

FSN, Frugivore and FIN (Table 7.1). Insectivore was the most species-rich feeding 

guild in all the habitats (Figure 7.2 a, b, c, d, e, f). PERMANOVA test was done to 

see if there was a significant difference in the feeding guild composition in different 

seasons and habitats. The results showed a significant difference between different 

feeding guilds in summer season (p=0.0001) and in winter season (p=0.0001). This is 

possibly due to the availability of different food items in both seasons. Network 

analysis was done to see the association of feeding guilds with different habitats in 

both the summer and winter seasons. In the summer season plantation was mostly 

preferred, followed by mixed forest (deciduous), riverine habitat, grassland, scrub 

forest and agriculture field-human settlements (Figure7.3a). Herbivores, Piscivores 

and Omnivores were majorly dependent on riverine habitat. FSN had the most 

preference for mixed deciduous forest, FI and FSNI on plantation. Granivores were 

majorly dependent on mixed deciduous forest while Insectivores on plantation, 

grassland and riverine. NI had the most preference for scrub, mixed and plantation 

and omnivore on riverine. In winter season, riverine habitat was mostly preferred, 

followed by plantation, mixed forest, scrub forest, grassland and agriculture fields-

human settlements (Figure7.3b). Piscivores and herbivores were majorly dependent 

on riverine habitat. Insectivores had the most preference for riverine, grassland and 

plantation, while omnivore on plantation. FSNI were majorly dependent on 

plantation, mixed and scrub forest and NI on mixed and scrub forest. Granivores 

were dependent on grassland and agriculture fields. 
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Figure 7.1.(a) Feeding guilds in different habitat (b) Shannon diversity index of 

different feeding guilds 
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Figure 7.2. Feeding guilds in different habitats and season (a) grasslands (b) mixed 

deciduous forest, (c) plantation (d) scrub forest (e) riverine habitat (f) agriculture 

field-human settlement
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Nectarivore 

Generalized linear model (Glm) was done to see the association between feeding 

guild and different habitat variables in summer and winter season. Details of model 

selection tables and best model selection for different feeding guilds have been 

presented in table 7.1 and table 7.2 respectively. 

Carnivore 

In summer season, Carnivore showed positive association with GBH (β= 0.148561) 

and canopy cover (β=0.07937), but it was not significant. In winter season, carnivore 

showed significant positive association with GBH (β =-0.31732 and significant 

negative association with shrub cover (β =-0.24586). 

 

a 
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Figure 7.3. (a) Network analysis for the feeding guild-habitat association in summer 

season and (b) winter season 

 

Insectivore 

In summer season Insectivore had significant negative association with presence of 

trail (β =0.07031). In winter, it had significant positive association with bareground 

(β =0.33959) and significant positive association with herb cover % (β =0.09326). 

Nectarivore-Insectivore 

 In summer season it showed significant positive association with shrub species 

richness (β =0.26367) and herb cover %. In winter, Nectarvore-Insectivore had 

significant positive association with invasive species cover (β =0.15131), shrub 

abundance (β =0.13646) and significant negative association with leaf litter (β = -

0.18633) and presence of trail (β =0.15644).  

b 
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FSNI  

It had significant positive association with leaf litter (β =0.24729 and shrub cover (β= 

0.16739). In winter season, FSNI had significant positive association GBH (β 

=0.16956), significant negative association with presence of livestock (β =-0.0675). 

Granivore  

It has significant positive association with herb (β =1.59965), GBH, % (β= 0.31145) 

grass cover(β=2.36245), shrub richness (β= 0.1633), leaf litter (β= 1.36951), 

bareground % (β= 2.32314), invasive species cover (β=0.17959)  and significant 

negative association with presence of livestock (β=- 0.26275). In winter season, it 

had significant negative association with presence of trail (β =-0.05025) and tree 

height (β =-0.03420). 

TSR-Tree richness, TA-Tree abundance, CC-Canopy cover, TH-Tree height, GBH-

Girth at breast height, SR-Shrub richness, SA-Shrub abundance, SC-Shrub cover, IC-

Invasive species cover, LL-Leaf litter, H-Herb cover, BG-Bareground cover, GC-

Grass cover, PT-Presence of trail, PLT-Presence of logged trees, PL-Presence of 

livestock 
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Table 7.1. Models selection 

Summer         Winter         

CARNIVORE logLik AICc delta weight CARNIVORE logLik AICc delta weight 

GBH +CC 29.509 -50.6 0 0.597 GBH+CC+SC 19.224 -27.8 0 0.522 

GBH +CC+TH 29.577 -48.5 2.08 0.211 GBH+CC+SC+H 19.445 -26 1.82 0.21 

GBH +CC+TH+LL 30.164 -47.4 3.17 0.123 GBH+CC+SC+H+SA 20.352 -25.5 2.32 0.164 

GBH +CC+TH+LL+ TA 30.267 -45.3 5.27 0.043 GBH+CC+SC+H+SA+IC 20.361 -23.2 4.66 0.051 

GBH +CC+TH+LL+ TA+GC 30.426 -43.3 7.31 0.015 GBH+CC 15.167 -21.9 5.9 0.027 

GBH +CC+TH+LL+ TA+GC+TSR 30.907 -41.8 8.77 0.007 GBH+CC+SC+H+SA+IC+SR 20.363 -20.7 7.07 0.015 

GBH +CC+TH+LL+ TA+GC+TSR+PT 30.922 -39.4 11.2 0.002 GBH+CC+SC+H+SA+IC+SR+BG 20.823 -19.2 8.62 0.007 

GBH +CC+TH+LL+ TA+GC+TSR+PT+SC 31.254 -37.5 13.06 0.001 GBH+CC+SC+H+SA+IC+SR+BG+PLT 20.958 -16.9 10.87 0.002 

          GBH+CC+SC+H+SA+IC+SR+BG+PLT+LL 21.465 -15.4 12.43 0.001 

                    

INSECTIVORE 
logLik AICc delta weight  INSECTIVORE logLik AICc delta weight 

          

PT+PL 46.36 -84.3 0 0.63 BG+GBH+PL+H 61.741 -110.6 0 0.507 

PT+PL+CC 46.401 -82.2 2.13 0.217 BG+GBH+PL+SR 61.114 -109.3 1.26 0.27 

PT+PL+CC+GBH 46.618 -80.3 3.96 0.087 BG+GBH+PL+PLT 60.921 -108.9 1.64 0.223 

PT+PL+CC+GBH+TH 46.696 -78.2 6.11 0.03      

PT+PL+CC+GBH+TH+GC+TA+SR+LL 50.96 -77 7.35 0.016           

PT+PL+CC+GBH+TH+GC 46.707 -75.8 8.45 0.009           

PT+PL+CC+GBH+TH+GC+TA+SR+LL+BG 51.043 -74.5 9.76 0.005           

PT+PL+CC+GBH+TH+GC+TA 46.707 -73.4 10.87 0.003           

PT+PL+CC+GBH+TH+GC+TA+SR 47.383 -72.3 11.98 0.002           

PT+PL+CC+GBH+TH+GC+TA+SR+LL+BG+IC 51.045 -71.9 12.4 0.001           

2
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NECTARIVORE- INSECTIVORE 

 

 

logLik 

 

 

AICc 

 

 

delta 

 

 

weight 

 

 

NECTARIVORE- INSECTIVORE 

 

 

logLik 

 

 

AICc 

 

 

delta 

 

 

weight 

SR+SA+SC 33.407 -56.2 0 0.333 IC+SA+LL+PT 55.633 -98.4 0 0.318 

SR+SA+SC+IC 34.341 -55.8 0.39 0.273 IC+SA+LL+PT+GBH 56.689 -98.2 0.2 0.288 

SR+SA 32.003 -55.6 0.59 0.248 IC+SA+LL+PT+GBH+TH+BG+H+PLT+PL+TR 63.462 -96.7 1.63 0.141 

SR+SA+SC+IC+GBH 34.488 -53.8 2.41 0.1 IC+SA+LL+PT+GBH+TH 56.951 -96.3 2.03 0.115 

SR+SA+SC+IC+GBH+TA 34.49 -51.4 4.77 0.031 IC+SA+LL+PT+GBH+TH+BG+H+PLT+PL+TR+TA 63.64 -94.4 3.98 0.044 

SR+SA+SC+IC+GBH+TA+CC 34.526 -49.1 7.11 0.01 IC+SA+LL+PT+GBH+TH+BG 57.092 -94.2 4.17 0.04 

SR+SA+SC+IC+GBH+TA+CC+PLT 34.721 -47 9.18 0.003 IC+SA+LL+PT+GBH+TH+BG+H 58.091 -93.7 4.63 0.031 

SR+SA+SC+IC+GBH+H+TA+CC+PLT+PL 36.959 -46.4 9.81 0.002 IC+SA+LL+PT+GBH+TH+BG+H+PLT 58.7 -92.4 5.94 0.016 

          IC+SA+LL+PT+GBH+TH+BG+H+PLT+PL 59.11 -90.7 7.7 0.007 

                    

FSNI logLik AICc delta weight  FSNI logLik AICc delta weight 

LL+TA+SC 40.78 -70.9 0 0.332 GBH+SR+SC+PL 64.193 -115.5 0 0.32 

LL+TA+SR 40.376 -70.1 0.81 0.222 GBH+SR 61.777 -115.1 0.36 0.268 

LL+TA+GC 39.599 -68.6 2.36 0.102 GBH+SR+SC 62.449 -114.3 1.23 0.173 

LL+TA+GBH 39.205 -67.8 3.15 0.069 GBH+SR+SC+PL+CC 64.674 -114.1 1.35 0.163 

LL+TA+TR 39.201 -67.8 3.16 0.068 GBH+SR+SC+PL+CC+TA 64.7 -111.8 3.66 0.051 

LL+TA+SA 39.152 -67.7 3.26 0.065 GBH+SR+SC+PL+CC+TA+H 64.702 -109.4 6.07 0.015 

LL+TA+PLT 38.659 -66.7 4.24 0.04 GBH+SR+SC+PL+CC+TA+H+TH 64.704 -107 8.53 0.005 

LL+TA+CC 38.592 -66.6 4.38 0.037 GBH+SR+SC+PL+CC+TA+H+TH+IC 64.836 -104.7 10.79 0.001 

LL+TA+BG 38.452 -66.3 4.66 0.032 GBH+SR+SC+PL+CC+TA+H+TH+IC+BG+GC+PLT 67.976 -103.1 12.43 0.001 

LL+TA+PT 38.449 -66.3 4.66 0.032           

                    

GRANIVORE logLik AICc delta weight  GRANIVORE logLik AICc delta weight 

2
1
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H+PL+GBH+GC+SR+LL+BG+IC 37.775 -53.1 0 0.454 PT+TH 87.754 -167.1 0 0.654 

H+PL+GBH+GC+SR+LL+BG+IC+SA 38.324 -51.7 1.42 0.223 PT+TH+TA 87.759 -164.9 2.2 0.217 

H+PL+GBH+GC+SR+LL+BG 35.438 -50.9 2.21 0.151 PT+TH+TA+GBH 87.771 -162.6 4.44 0.071 

H+PL+GBH+GC+SR+LL+BG+IC+SA+PLT 39.2 -50.9 2.25 0.147 PT+TH+TA+GBH+LL 88.128 -161.1 6.04 0.032 

H+PL+GBH+GC+SR+LL 32.354 -47.1 5.96 0.023 PT+TH+TA+GBH+LL+CC 88.609 -159.7 7.44 0.016 

H+PL+GBH+GC+SR 28.793 -42.4 10.72 0.002 PT+TH+TA+GBH+LL+CC+TR 88.985 -158 9.1 0.007 

          PT+TH+TA+GBH+LL+CC+TR+BG 88.985 -155.5 11.57 0.002 

          PT+TH+TA+GBH+LL+CC+TR+BG+GC 89.048 -153.1 13.96 0.001 

 

Table 7.2. Best model selection 

Summer   
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Carnivore Intercept 0.00318 0.03079 0.103 0.918   Carnivore Intercept 0.0225 0.0344 0.653 0.5156   

  GBH 0.14856 0.11204 1.326 0.188     GBH 0.31732 0.1234 2.57 0.0117 * 

  CC 0.07937 0.08552 0.928 0.356     CC 0.04001 0.0955 0.419 0.67627   

                SC -0.24586 0.0863 -2.848 0.00536 ** 
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Insectivore   
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  Intercept 0.46926 0.0698 6.723 1.19E-09 ***   Intercept 0.18816 0.0562 3.347 0.00117 *** 

  PT -0.07031 0.03781 -1.859 0.066 .   BG 0.33959 0.0730 4.649 1.06E-05   

  PL -0.09509 0.06146 -1.547 0.125     GBH 0.04648 0.0821 0.566 0.57292 * 

                PL -0.08599 0.0379 -2.266 0.02569 . 

                H 0.09326 0.0551 1.692 0.09384   

                            

Nectarivore- 

Insectivore 
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  Intercept 0.06411 0.02322 2.761 0.00689 **   Intercept 0.21196 0.0442 4.791 6.05E-06 *** 

  SR 0.26367 0.13957 1.889 0.06185 .   IC 0.15131 0.0698 2.167 0.03274 * 

  SA 0.22347 0.18468 1.21 0.2292     SA 0.13646 0.0819 1.665 0.09910 . 

  SC 0.25483 0.15414 1.653 0.10152     LL -0.18633 0.0482 -3.865 0.00020 *** 

                PT -0.15644 0.0386 -4.049 0.00010 *** 
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FSNI   
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  Intercept 0.08541 0.02455 3.479 0.00075 ***   Intercept 0.07595 0.0411 1.844 0.06822 . 

  LL 0.24729 0.06429 3.847 0.00021 ***   GBH 0.16956 0.0621 2.729 0.00755 ** 

  TA 0.07601 0.11023 0.69 0.49213     SR 0.06122 0.0969 0.632 0.5292   

  SC 0.16739 0.07812 2.143 0.03464 *   SC 0.11569 0.0979 1.181 0.2406   

                PL -0.0675 0.0367 -1.837 0.06929 . 

                                 

Granivore   
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  Intercept -2.04384 1.01352 -2.017 0.04665 *   Intercept 0.08533 0.0222 3.836 0.00022 *** 

  H 1.59965 0.71217 2.246 0.02708 *   PT -0.05025 0.0265 -1.896 0.06084 . 

  PL -0.26275 0.07185 -3.657 0.00042 ***   TH -0.0342 0.0380 -0.899 0.37084   

  GBH 0.31145 0.11291 2.758 0.00700 **               

  GC 2.36245 1.01016 2.339 0.02151 *               

  SR 0.1633 0.0866 1.886 0.06248 .               

  LL 1.36951 0.68714 1.993 0.04921 *               

  BG 2.32314 1.01038 2.299 0.02375 *               

  IC 0.17959 0.08604 2.087 0.03962 *               

2
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7.5. Discussion 

 

The present study is an attempt to create a database on habitat-wise feeding guilds in 

JJCR. It shows that habitat heterogeneity profoundly affects bird feeding guilds and 

explains the structural and functional association of different feeding guilds with 

habitat. It also shows the effect of human disturbances on the feeding guilds. We 

analysed the habitat features determining the patterns of bird feeding guilds in JJCR. 

In total, 13 feeding guilds were recorded namely Insectivore, Carnivore, Granivore, 

Herbivores, Nectarivore, Frugivore, Frugivore-Insectivore (FI), Nectarivore-

Insectivore (NI), FIN (Frugivore-Insectivore-Nectarivore), FSN (feeding on Fruit 

Seed nectar), FSNI (feeding on Fruit-Seed-Nectar and Insects), Omnivore and 

Piscivore, which shows that JJCR supports diversity of feeding guilds. As JJCR has a 

cluster of various habitats namely plantations, mixed deciduous forests, scrub forests, 

riverine, grasslands and agriculture fields-human settlement, so the presence of 

heterogeneity of habitats caters to the needs of a variety of feeding guilds. This is in 

line with other studies which states that variation in vegetation structure influences 

the distribution of bird feeding guilds (Pearman, 2002; Menon et al., 2019). 

Insectivore guild constituted the most species-rich feeding guild. The dominance of 

insectivore guild over other feeding guilds is a common trend as evident in other 

studies (Sultana and Khan, 2000; Aggarwal et al., 2008; Acharya et al., 2010; Joshi 

and Bhatt, 2011; Khan and Chandan, 2015; Tanveer et al., 2019). 

There was a clear seasonal variation in the preferred habitat structures, which was 

evident by most birds preferring riverine habitats in the winter, mostly due to the 

arrival of migratory bird species. Unlike winters, the summer season showed 
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plantation to be the most preferred might be because of its larger area. The 

agriculture field was the least preferred possibly because of the least resources 

available in this habitat. Herbivores and Piscivores were either waterbirds or water-

dependent birds, so were associated with riverine habitat (Prajapati and Prajapati, 

2013; Panda et al., 2021). Piscivore has been considered as a potential important 

indicator of riverscape condition (Sullivan et al., 2007). Though insectivores were 

present in large proportion in every habitat but were mostly dependent on plantation, 

riverine and grassland which could be because of more number of insects found in 

these habitats. FSN feeding guild was mostly dependent on mixed deciduous forest 

and plantation possibly because of more fruits, seeds and nectar available from this 

habitat. FSNI was dependent on plantation in summer and plantation, mixed forest 

and scrub forest in winter could be because availability of fruit, nectar, seeds and 

insects in this habitats. NI had the most preference for mixed forest and scrub forest 

possibly because of more nectar bearing flowers and insects in these habitats. 

Granivore was mostly dependent on mixed forest in summer and agriculture and 

grasslands during winter which could be due to more availability of seeds in these 

habitats. 

Different feeding guilds showed different preferences for habitat variables. 

Carnivores preferred trees with GBH and canopy cover. Carnivores preference for 

trees with GBH and canopy cover is also evident in other studies (Rao and Koli, 

2017). Association with GBH shows preference for old-aged trees. Canopy cover 

provides shade and has cooling effect. Anthropogenic disturbances in terms of trail 

and livestock had a significant impact on the Insectivores indicated by their negative 

association. Such disturbances raise concerns as Insectivores play an important role 
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in controlling insects and their loss can lead to pest outbreaks and damage to forests 

leading to economic loss (Nyffeler et al., 2018; Sekercioğlu et al., 2004). Similarly, 

Nectarivore-insectivore and Granivore showed negative association with presence of 

trail, while FSNI and Granivore showed negative association with presence of 

livestock. Insectivore, Nectarivore-Insectivore, FSNI and Granivore showed positive 

association with the understorey which has been found to be an important habitat in 

many studies (Raman et al., 1998; Martin and McIntyre, 2007; Shahabuddin and 

Kumar, 2007; Dahal et al., 2015) being an important refuge for several bird groups 

(Sekercioğlu et al., 2002). Some of the guilds such as Nectarivore-Insectivore, 

Granivore showed positive association with invasive species cover (mainly Lantana 

cover) which is in line with other studies which state about the preference for fruit 

and nectar of flowers of Lantana by bird species (Taneja et al., 2022). Lantana’s 

fruits are preferred as they are fleshy and available throughout the year (Aravind et 

al., 2010; Grass et al., 2013). 

Different guilds showed preferences for different habitats in our study. The entire 

guild needs to be accommodated in management planning. It is difficult to provide 

specific recommendations for bird conservation, and guild-specific results like those 

in this study can contribute to a better understanding and provide conservation 

implications for protecting the biodiversity of JJCR.  
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CHAPTER 8 

SYNTHESIS AND CONCLUSION 

 

Though Jhilmil Jheel Conservation Reserve (JJCR) is renowned for Swamp Deer, it 

is also a paradise of birds. So, this study has been aimed to contribute towards the 

knowledge of the seasonal patterns of habitat selection by birds of Jhilmil Jheel 

Conservation Reserve and is very important for the better understanding of the 

conservation needs. Although there are few preliminary checklists of bird species of 

JJCR, the present detailed quantitative analysis of bird diversity of JJCR has given a 

better understanding of the community structure of birds in a small-sized PA. 

Besides discussing the most important findings of this study, this chapter aims to 

give recommendations for habitat restoration in JJCR.  

8.1. Synthesis  

 

The present work is the first detailed study of the bird community in Jhilmil Jheel 

Conservation Reserve. The study depicted that habitat heterogeneity, vegetation 

structure and composition, seasonality and species co-occurrence bring difference in 

bird species assemblage. Small isolated protected areas with habitat heterogeneity 

can harbour good biodiversity of avifauna. The study stated about the status of the 

overall bird community structure and the spatial and temporal pattern of bird species 

in JJCR. JJCR has high species richness index and the highest avifaunal diversity 

was observed in the riverine habitat. I found high species turnover compared to low 

species nestedness within and among the different habitats. The distribution of birds 

is mostly observed to be in single habitat in both summer and winter season.  
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For effective management strategies it is important to understand how species use 

resources. The study highlights the role of habitat variables in determining bird 

composition in a small-sized PA in human-dominated landscape. The bird species 

assemblage differed significantly across the different habitats in summer and winter 

seasons. The bird species distribution also depended on different physiognomic 

characteristics of vegetation such as canopy cover, tree height, ground cover and 

presence of fruiting trees. Thus, the small protected areas having habitat 

heterogeneity can harbor good biodiversity of lifeforms. 

The study has documented the resource selection function of birds in different 

habitats. It has also described the general pattern of habitat use in different vertical 

stratas of JJCR emphasizing the importance of microhabitats. It also stated the 

importance of indicator species for monitoring the status of different habitats. The 

indicator bird species including various habitat specialists have definite preference 

for a particular habitat. All the habitats including plantations have their own 

relevance for birds. Maintaining functionally diverse bird assemblages in any 

landscape is an important management goal.  

The study also investigated the patterns of species co-occurrence in the summer and 

winter seasons and the network complexity of bird communities in different habitats. 

Generalist species showed more co-occurrence than habitat specialists. There was a 

significant positive association when species co-occur more and negative association 

when species co-occur less frequently than by chance.  

JJCR also supports variety of feeding guilds as it provides a diverse array of food 

sources for different bird species to feed on. Functional diversity shows the 
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ecological trait variation of organisms. Majority of the feeding guilds showed 

positive association with GBH stating preference for old growth forest stands and 

showed negative association with anthropogenic disturbances such as presence of 

livestock and the presence of trails.  Vegetation complexity should be preserved and 

retention of old growth forest stands better conserve birds. The small protected areas 

having habitat heterogeneity can harbour good biodiversity of lifeforms irrespective 

of anthropogenic disturbances. The findings indicate that anthropogenic activities 

such as livestock grazing may cause biodiversity loss in the long run. Anthropogenic 

disturbances can be detrimental to birds, jeopardising their ecological functions and 

threatening ecosystem resilience.  

Conservation of forest biodiversity is therefore an important issue at local, national 

and global levels. The following recommendations are prescribed based on our data 

and observations in the field and the previous management plans of the Jhilmil Jheel 

Conservation Reserve: 

8.2. Habitat Management 

 

While managing habitats for different bird species, plants of all growth stages should 

be maintained from bare ground through young and old growth to decaying wood. 

1. Maintaining plantation 

The previous management committee had advised to remove all monoculture 

plantations of eucalyptus for the development of grassland and habitat improvement 

in a phased manner. But some old plantations (mixed with other tree species of 

regeneration forest) should be left untouched, as these old and tall trees are often 

important nesting sites for raptors particularly White-rumped Vultures, which are 
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critically endangered. Fruiting plants such as Morus alba, Ficus palmata, Grewia 

obtiva, Grewia tenax can be planted. 

2. Mixed Deciduous forest 

There should be a check on logging and lopping. There should be conservation and 

restoration of fruit-yielding trees. As mentioned in the previous management plan, 

fodder plants can be planted. The fodder plants preferred by wild animals are as 

follows: Terminalia tomentosa, Emblica officinalis, Mangifera indica, Ficus 

bengalensis, Zizyphus mauritiana, Aegle marmelos, Anogeissus latifolia, Grewia 

latifolia, Ehertia laevis, Bridelia retusa, Lagerstroemia parviflora, Ficus gromerata 

and Terminalia chebula. 

3. Scrub habitat 

The scrub forest was used as a dumping site for waste by the nearby settlement. 

Disposal of waste should be prohibited as the degradation of scrub can affect birds 

which are dependent on scrub forest.  

4. Grassland 

There should be a proper grassland management plan for the reserve, maintaining 

diversity of grassland habitats ranging from wet marshy to dry grasslands. Grassland 

habitats are occupied by a small number of uniquely adapted bird species and they 

select a particular suite of habitat features. So, a mosaic of grassland habitat types 

should be maintained as some birds prefer short sparse grasslands and some prefer 

tall dense grasslands.  
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There is weed and invasive species infestation in grasslands. Though, Lantana shrubs 

were removed from some areas but more has to be removed from the interior. 

Parthenium should be removed in the sapling stage only. Broadcast seeding can be 

done to promote the regeneration of native grass flora. There should be a nursery for 

growing indigenous grassland species. For this plan, seeds of local species of grasses 

like Saccharum spontaneum and Cynodon dactlylon may be preferred for sowing 

after the first shower of monsoon rains. Mowing and haying on the grassland areas 

should not be conducted during the breeding season. The efficacy of grassland 

management practices should be monitored and documented. Highest priority should 

be appropriate management and preservation of existing native grasslands to avoid 

habitat fragmentation and degradation. There should be active management of the 

grasslands to control woody encroachment. Habitat loss should be prevented from 

the succession of grassland to cropland and shrubland. Unregulated livestock grazing 

poses threat to JJCR. So livestock grazing should be controlled. But the reserve 

management is currently understaffed to regulate and monitor the illegal grazing of 

cattle inside the reserve. So, patrolling needs to be strengthened with increase in 

manpower and local villagers and Gujjar deras should be encouraged to take up stall-

feeding. Ecodevelopment committees comprising local communities of the reserve 

can facilitate the implementation of these measures. 

5. Riverine habitat management 

This habitat is of critical conservation concern. This habitat helps in nutrient 

recycling, water purification and surface and groundwater recharge.  They act as 

habitats for many bird species including waterbirds, water-dependent birds, 
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terrestrial bird species and winter visitors. There should be conservation of river 

banks through checks on livestock grazing. Some of the native species which 

supports avifaunal abundance, such as Syzygium cumini, Madhuca sp., Terminalia 

arjuna can be planted. 

6. Agriculture fields 

Properly managed agricultural lands will support a large number of biodiversity and 

can serve as safe corridors for wildlife dispersal between patches. Forest bird species 

richness can be increased in agriculture landscape by maintaining heterogeneity 

through scattered trees which act as stepping stone for movement through 

agricultural landscapes and perch sites for foraging behaviour. 

Besides habitat management there are other areas where management is required: 

7. Waste management 

 JJCR currently needs a proper solid waste management system as the garbage 

generated by human settlements and tourists is disposed of through some ad hoc 

measures like burning. Segregation of waste at source is essential. Organic waste 

should be converted to bio-manure and platic and metal items should be recycled. 

Hundreds of devotees cross the reserve on foot during Shivaratri festival and often 

camp here, leaving lots of garbage behind. Increased vigilance and awareness need to 

be put in place. Plastic bottles containing packaged drinking water should not be 

permitted inside the reserve, and tourists should be encouraged to fill water at 

designated RO/purification points set up inside the tourism complex. 
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Avitourism 

Bird-watching can promote both conservation and local community livelihoods 

through ecotourism. Regular bird identification and population monitoring training 

courses for field staff and local community is rcommended as they need more formal 

training in this regard. 

8.3. Direction for future research 

 

Following are some of the key research priorities for Jhilmil Jheel Conservation 

Reserve to be taken up for the benefit of the management: 

 Though JJCR is known for its terai grasslands, there has yet to be a study on 

grassland-specialist birds of the region. Ecology of grassland birds of JJCR 

should be investigated on priority basis. So, there is a need for research on 

grassland birds of JJCR and their seasonal movements. The knowledge 

should be enhanced on the winter distribution, ecology and habitat 

requirements of many grassland birds. Grassland habitat management for 

Swamp Deer should be developed, and this should maintain the habitat value 

of these tall wet grasslands to birds that are unique to this ecosystem. 

 Further study should be carried out to better characterize the use of co-

occurrence in habitat management. 

 Future studies should identify how life history traits such as body mass and 

diet specialization interact with habitat features, landscape attributes and 

anthropogenic disturbances and how this ultimately affects the functional 

traits. Understanding the relative importance of different traits on species’ 
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vulnerability to disturbance is essential for predicting future ecological 

impacts of habitat disturbance. 

 A study on comparative ecology between the generalist and specialist 

communities can be done and resource partitioning between congenic species 

like Red-vented Bulbul, Red-whiskered Bulbul and Himalayan Bulbul can be 

done. 

 Periodical soil and water monitoring need to be put in place at JJCR, as the 

wetlands are highly dynamic ecosystems. Effect of soil and water quality 

(with focus on their physico-chemical and biological characteristics) on bird 

communities can be explored. 

 Role of plantations in harbouring the biodiversity of the conservation reserve 

and a roadmap for plantation management in response to biodiversity value 

can be developed. 

8.4. General conclusions 

 

At the end, it was possible to state that habitat heterogeneity whether in large or in 

small conservation areas can attribute to assemblage of diverse bird community. In 

the present study we found JJCR as a small isolated protected area with habitat 

heterogeneity harbours good avifauna diversity. JJCR serves as an important 

foraging and resting habitat for migratory and resident birds. The indicator species 

should be included in the management plan as it would help monitoring the habitat 

quality. The understanding of co-occurrence is of relevance, especially in small PAs 

such as JJCR which are often islands in a matrix of human–dominated landscape and 

are susceptible to human exploitation. Maintaining functionally diverse bird 
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assemblages in any landscape is an important management goal and it would be 

valuable to include feeding guild in the conservation plans and monitoring 

programmes. 

Even though the present study area is protected being a conservation reserve still 

some threat persists such as logging lopping, livestock grazing etc. which might 

affect bird community in the long run. For the long term management of this 

Conservation Reserve, proper management plan and regulation is needed. These 

small forest patches like JJCR, therefore, need to be better managed to maintain high 

biological diversity by meeting the habitat requirements of a variety of wildlife, 

including birds. 
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APPENDICES 
Appendix 1. List of birds observed in Jhilmil Jheel Conservation Reserve 

       

Family Bird species Scientific name IUCN  

Status 

Feeding 

guild 

Vertical strata Habitats present 

Anatidae Lesser Whistling-duck Dendrocygna javanica LC H A R 

  Bar-headed Goose Anser indicus LC H A R 

  Ruddy Shelduck Tadorna ferruginea LC H A R, G, A 

  Indian Spot-billed Duck Anas poecilorhyncha LC H A R 

  Northern Pintail Anas acuta LC H A R 

  Gadwall Mareca strepera LC H A R 

  Red-crested Pochard Netta rufina LC H A R 

  Goosander Mergus merganser LC P A R 

Ardeidae Indian Pond Heron Ardeola grayii LC P A P, R, G, A 

  Grey Heron Ardea cinerea LC P A R 

  Cattle Egret Bulbulcus ibis LC I T P, R, G, A 
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  Great Egret Ardea alba LC P A R 

  Intermediate Egret Ardea intermedia LC P A R 

  Little Egret Egretta garzetta LC P A R 

Accipitridae Black Kite Milvus migrans LC C - R 

  Osprey Pandion haliaetus LC P - R 

  Oriental Honey-buzzard Pernis ptilorhynchus LC C - M 

  Egyptian Vulture Neophron percnopterus EN S - R 

  White rumped Vulture Gyps bengalensis CR S - G 

  Slender-billed Vulture Gyps tenuirostris CR S - R 

  Himalayan Vulture  Gyps himalayensis NT S - S, R 

  Cinereous Vulture Aegypius monachus LC S - R 

  Crested Serpent-Eagle Spilornis cheela LC C - P, M, R, G 

  Changeable Hawk-Eagle Nisaetus cirrhatus LC C - P 

  Shikra Accipiter badius LC C - P, M 

  Eurasian Sparrowhawk Accipiter nisus LC C - M 

  White-eyed Buzzard Butastur teesa LC C - S 
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 Short-toed Snake-Eagle Circaetus gallicus LC C - G 

Acrocephalidae Blyth's Reed Warbler Acrocephalus dumetorum LC I  US R  

Alcedinidae Stork-billed Kingfisher Pelargopsis capensis LC P A R 

  White-throated Kingfisher Halcyon smyrnensis LC I MC P, R, G 

  Common Kingfisher Alcedo atthis LC P A R, G 

  Pied Kingfisher Ceryle rudis LC P A R 

Aegithinidae Common Iora Aegithina tiphia LC I MC P, M, S 

Alaudidae Ashy-crowned Sparrow Lark Eremopterix griseus LC G T R 

  Oriental Skylark Alauda gulgula LC I T R, G 

 Crested Lark Galerida cristata LC I T R 

Apodidae House Swift Apus nipalensis LC I  Ae A  

  White-rumped Needletail Zoonavena sylvatica LC I Ae M  

Burhinidae Great Thick-knee Esacus recurvirostris NT C T  R 

Bucerotidae Oriental Pied-Hornbill Anthracoceros albirostris LC F UC M 

  Indian Grey Hornbill Ocyceros birostris LC FI MC P, M, S, R 

Certhiidae Bar-tailed Treecreeper Certhia himalayana LC  I UC, MC M  
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Ciconiidae Woolly-necked Stork Ciconia episcopus VU I A P 

Charadriidae River Lapwing Vanellus duvaucelii NT I A R, G 

  Yellow-wattled Lapwing Vanellus malabaricus LC I T G 

  Red-wattled Lapwing Vanellus indicus LC I A P, R, G, A 

  Little-ringed Plover Charadrius dubius LC I A R 

Chloropseidae Golden-fronted Leafbird Chloropsis aurifrons LC I UC M 

Columbidae Rock Pigeon Columba livia LC G T A 

  Yellow-footed Green-Pigeon Treron phoenicopterus LC F UC S 

  Eurasian Collared- Dove Streptopelia decaocto LC G MC M, S, R 

  Spotted Dove Spilopelia chinensis LC G LC P, M, S, R, G, A 

  Laughing Dove Spilopelia senegalensis LC G MC S, G 

Cuculidae Common Hawk-Cuckoo Hierococcyx varius LC I MC P, M 

  Indian Cuckoo Cuculus micropterus LC I UC P, M, S, A 

  Common Cuckoo Cuculus canorus LC I UC P 

  Grey-bellied Cuckoo Cacomantis passerinus LC I LC R, G 

  Square-tailed Drongo-Cuckoo Surniculus lugubris LC I MC P 
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 Pied Cuckoo Clamator jacobinus LC I LC S 

  Asian Koel Eudynamys scolopaceus LC FI MC P, M, S, R, A 

  Sirkeer Malkoha Taccocua leschenaultii LC I US R 

  Greater Coucal Centropus sinensis LC O US S, A 

Coraciidae Indian Roller Coracias benghalensis LC I MC P, M, S, R, G 

Corvidae Rufous Treepie Dendrocitta vagabunda LC O MC P, M, S, A 

  Large-billed Crow Corvus macrorhynchos LC O UC P, M, S, R, G 

 House Crow Corvus splendens LC O MC P, R, G, A 

Cisticolidae Grey-breasted Prinia Prinia hodgsonii LC I US P, M, S 

  Yellow-bellied Prinia Prinia flaviventris LC I US G 

  Ashy Prinia Prinia socialis LC I US M, S, G, R, A 

  Plain Prinia Prinia inornata LC I US M, S, G, A 

  Zitting Cisticola Cisticola juncidis LC I US G 

  Common Tailorbird Orthotomus sutorius LC I US P, M, S, R, A 

Locustellidae Striated Grassbird Cincloramphus palustris LC I US G 

  Bristled Grassbird Schoenicola striatus VU I US G 
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Campephagidae Small Minivet Pericrocotus cinnamomeus LC I MC P, M, S 

Caprimulgidae Large-tailed Nightjar Caprimulgus macrurus LC I T M  

Dicruridae Spangled Drongo Dicrurus hottentottus LC I MC P, M, S, G 

  Black Drongo Dicrurus macrocercus LC I MC P, M, S, R, G 

  Ashy Drongo Dicrurus leucophaeus LC I UC G 

  Bronzed Drongo Dicrurus aeneus LC I MC G 

 White-bellied Drongo Dicrurus caerulescens LC I MC P, R 

Dicaeidae Pale-billed Flowerpecker Dicaeum erythrorhynchos LC NI MC S 

  Thick-billed Flowerpecker Dicaeum agile LC NI MC P 

Estrildidae Indian Silverbill Euodice malabarica LC G US S, G 

  Red Avadavat Amandava amandava LC G US G 

Falconidae Eurasian Kestrel Falco tinnunculus LC C  -  R 

  Peregrine Falcon Falco peregrinus LC C  -  R 

Fringilidae Yellow-breasted Greenfinch Chloris spinoides LC G LC G 

Gruidae Sarus Crane Antigone antigone VU H T R, G, A 

Glareolidae Small Pratincole Glareola lactea LC I A R 
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Hemiprocnidae Crested Treeswift Hemiprocne coronata LC I UC M 

Hirudinidae Plain Martin Riparia chinensis LC I Ae M, S, G 

  Barn Swallow Hirundo rustica LC I Ae P, R, G 

Jacanidae Bronze-winged Jacana Metopidius indicus LC H A G 

Laridae Pallas’s Gull Ichthyaetus ichthyaetus LC P A R 

  Little Tern Sternula albifrons LC P A R 

  Black-bellied Tern Sterna acuticauda EN P A R 

   River Tern Sterna aurantia NT P A R, G 

Laniidae Long-tailed Shrike Lanius schach LC I LC S, G 

  Bay-backed Shrike Lanius vittatus LC I LC S 

Motacillidae Paddyfield Pipit Anthus rufulus LC I T G 

  Gray Wagtail Motacilla cinerea LC I T R, A 

  Citrine Wagtail Motacilla citreola LC I T R, G 

  White-browed Wagtail Motacilla maderaspatensis LC I A R 

  White Wagtail Motacilla alba LC I A P, R 

Muscicapidae Oriental Magpie Robin Copsychus saularis LC I US P, M, S, R, G 
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  Indian Robin Copsychus fulicatus LC I T S, R 

  Common Stonechat Saxicola maurus LC I T R, G 

  White-tailed Stonechat Saxicola leucurus LC I US G 

  Pied Bushchat Saxicola caprata LC I US S, R, G, A 

  Grey Bushchat Saxicola ferreus LC I LC S, G, A 

  Brown Rock Chat Oenanthe fusca LC I T G, A 

  Tickell’s Blue Flycatcher Cyornis tickelliae LC I LC P 

  Verditer Flycatcher Eumyias thalassinus LC I LC S 

  Red-breasted Flycatcher Ficedula parva LC I LC M, S 

  Taiga Flycatcher Ficedula albicilla LC I LC P 

 Asian Brown Flycatcher Muscicapa dauurica LC I MC P, M 

  Small Niltava Niltava macgrigoriae LC I US M 

 Chestnut-bellied Rock-Thrush Monticola rufiventris LC I T P 

 Rufous-gorgeted Flycatcher Ficedula strophiata LC I US M 

Monarchidae Indian Paradise-Flycatcher Terpsiphone paradisi LC I LC P, M 

  Black-naped Monarch Hypothymis azurea LC I LC P 
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Meropidae Asian Green Bee-eater Merops orientalis LC I Ae P, M, S, R, G, A 

  Blue-tailed Bee-eater Merops philippinus LC I Ae M, S 

Nectariniidae Purple Sunbird Cinnyris asiaticus LC NI MC P, M, S, R, G 

  Crimson Sunbird Aethopyga siparaja LC NI MC M, S 

Oriolidae Maroon Oriole Oriolus traillii LC FIN UC P 

  Black-hooded Oriole Oriolus xanthornus LC FSNI UC P, M, R 

Phasianidae Grey Francolin Francolinus pondicerianus LC G T R, G 

  Red Junglefowl Gallus gallus LC G T P, M, S 

  Indian Peafowl Pavo cristatus LC O T P, M, S, G 

  Black Francolin Francolinus francolinus LC G T R,G 

Pandionidae Osprey Pandion haliaetus LC  P  - R 

Phalacrocoracida

e 

Little Cormorant Microcarbo niger LC P A R 

  Great Cormorant Phalacrocorax carbo LC P A R 

Psittaculidae Rose-ringed Parakeet Psittacula krameri LC FSN MC P, M, S, R, G, A 

  Plum-headed Parakeet Psittacula cyanocephala LC FSN MC P, M, S, R 
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Picidae Lesser Goldenbacked 

Woodpecker 

Dinopium benghalense LC I MC P, S 

  Streak- throated Woodpecker Picus xanthopygaeus LC I MC M 

Pittidae Indian Pitta Pitta brachyura LC I US P, M, S 

Paridae Great Tit Parus major LC I MC P, M, S 

Pycnonotidae Himalayan Bulbul Pycnonotus leucogenys LC FSNI MC P, M, S, G 

  Red –whiskered Bulbul Pycnonotus jocosus LC FSNI MC P, M, S, G, A 

  Red-vented Bulbul Pycnonotus cafer LC FSNI MC P, M, S, R, G, A 

  Black Bulbul Hypsipetes leucocephalus LC FSNI UC P 

Passeridae House Sparrow Passer domesticus LC G T A 

  Baya Weaver Ploceus philippinus LC G T M, S, G, A 

  Black-breasted Weaver Ploceus benghalensis LC G T G 

  Chestnut -shouldered Petronia Gymnoris xanthocollis LC G T P, M, S, R 

Podicipedidae Little Grebe Tachybaptus ruficollis LC  I  A  R 

Rallidae Common Moorhen Gallinula chloropus LC O  A  reedbeds 

  Brown Crake Zapornia akool LC O  A  reedbeds 
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  White-breasted Waterhen Amaurornis phoenicurus LC  C  A  reedbeds 

Ramphastidae Great Barbet Psilopogon virens LC FI MC S 

  Brown-headed Barbet Psilopogon zeylanicus LC FI UC P, M, S 

  Coppersmith Barbet Psilopogon haemacephalus LC FI UC P, M, S 

Rhipiduridae White-throated Fantail Rhipidura albicollis LC I LC P, S, R, G 

Scolopacidae Common Sandpiper Actitis hypoleucos LC I A R 

  Common Greenshank Tringa nebularia LC I A R 

 Little Stint Calidris minuta LC I A R 

 Temminck’s Stint Calidris temminckii LC I A R 

Stenostiridae Grey-headed Canary-flycatcher Culicicapa ceylonensis LC I UC, MC  M 

Strigidae Jungle Owlet Glaucidium radiatum LC C LC P, M 

 Spotted Owlet Athene brama LC C MC, LC M 

 Mottled Wood-Owl Strix ocellata LC C UC M 

Sylviidae Hume’s Warbler Phylloscopus humei LC I UC P, M, S, R, A 

  Lemon-rumped Warbler Phylloscopus chloronotus LC I LC P 

  Greenish Warbler  Phylloscopus trochiloides LC I MC P, M, S, R, G 
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  Grey- hooded Warbler Phylloscopus 

xanthoschistos 

LC I MC M 

  Lesser Whitethroat Curruca curruca LC I US M, S 

Sittidae Chestnut- bellied Nuthatch Sitta cinnamoventris LC I MC S 

  Velvet-fronted Nuthatch Sitta frontalis LC I MC P 

Sturnidae Indian Pied Starling Gracupica contra LC FSNI T G, A 

  Brahminy Starling Sturnia pagodarum LC FSNI T M, S, R 

  Common Myna Acridotheres tristis LC FSNI MC P, S, R, G, A 

  Jungle Myna Acridotheres fuscus LC FSNI MC M 

 Bank Myna Acridotheres ginginianus LC FSNI T R 

Threskiornithidae Red-naped Ibis Pseudibis papillosa LC O A P, R, G 

Timaliidae Rusty-cheeked Scimitar Babbler Erythrogenys erythrogenys LC I US P 

  Tawny-bellied Babbler Dumetia hyperythra LC I US S 

  Black- chinned Babbler Cyanoderma pyrrhops LC I US P, M, S 

  Striated Babbler Argya earlei LC I US G 

  Jungle Babbler Argya  striata LC I US P, M, S, A 
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Turdidae Tickell’s Thrush Turdus unicolor LC I T G 

Turnicidae Barred Buttonquail Turnix suscitator LC  G  T  S 

Upupidae Common Hoopoe Upupa epops LC  I  T  G 

Vangidae Common Woodshrike Tephrodornis 

pondicerianus 

LC  I  MC  P 

  Bar-winged Flycatcher-Shrike Hemipus picatus LC  I  MP  M 

Zosteropidae Indian White-eye Zosterops palpebrosus LC NI MC P, M, S 

 

IUCN Status: LC- Least concern, NT- Near threatened, VU- Vulnerable, EN- Endangered, CR- Critically Endangered 

Feeding guild: G-Granivore, I-Insectivore, H-Herbivore, C-Carnivore, P-Piscivore, S-Scavenger, F-Frugivore, FI-Frugivore-

Insectivore, FSNI-Fruit-Seed-Nectar-Insects, FIN-Frugivore-Insectivore-Nectarivore, FSN-Fruit-Seed-Nectar, NI-Nectarivore-

Insectivore, 

Vertical strata: U-Upper canopy-UC, MC-Middle canopy, LC-Lower canopy, US-Understorey, T-Terrestrial, A-Aquatic, Ae- aerial 

Habitats: P-Plantation, M-Mixed deciduous forest, S-Scrub forest, R-Riverine, G-Grassland, A-Agriculture fields-human settlement 
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Appendix 2. Publication and conference certificates 
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