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ABSTRACT 

The study was conducted in nesting and roosting habitats of White-bellied Heron along the 

stretch of Phochu river to determine the floristic composition and vegetation structure. 

Systematic sampling method was used to collect vegetation data. The sampling plot sizes were 

10 x 10 m for trees, 5 x 5 m for sapling and shrubs, and 2 x 2 m for herbs and ground flora. The 

data were summarized, analyzed and graphically presented using Microsoft Excel 2007 and 

SPSS version 20. The floristic compositions of six transects selected at different habitats were 

composed of 33 families with 59 species. The major life-forms of tree species in the entire study 

area constituted conifer trees, evergreen broad-leaved trees and deciduous broad-leaved trees. 

Pinus roxburghii was the most dominant and frequent species with higher IVI in the study area. 

The distribution of trees in DBH classes produced unimodal, multimodal and inverse-J type 

patterns. The presence of human disturbance in the area has affected on forest structure and 

dynamics. WBH were found roosting and nesting only on tall and large chir pine trees (P. 

roxburghii). Human disturbances resulting into continuous removal and changes in the amount 

of vegetation cover will have the greatest influence on birds. Thus demarcation of core zone for 

habitats of WBH, and restriction from human disturbances as far as possible is suggested as 

immediate conservation action to be taken in the study area for wellbeing of the birds. 
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CHAPTER ONE 

Introduction 

1.1 Background 

Forest vegetations are essential for life on earth. It provides basic habitats to diverse animal 

species for their survival. Many animals depend on forest resources for food, water, space, 

shelter, nesting materials and nest sites. Many animals rely on forest resources as sites for 

foraging, nesting, and protection that may vary in abundance in forests of different ages (Saara et 

al., 2003). Yarrow (2009) said that the environment or natural home where a wild animal lives is 

called its habitat. It is very important to understand about the suitable habitat preferred by the 

individual species. The amount of suitable habitat for a species of wildlife will determine the 

number of animals that can survive in the area (University of Illinois Board of Trustees, 2015). 

The assessment of vegetation composition and structure is a useful tool to examine and 

understand the habitat characteristics and impacts of disturbance or alteration of habitats on the 

avian species (Rajpar and Zakaria, 2011). Changes in species composition and structure of 

vegetation in the forest due to natural as well as human-caused disturbances may have significant 

impacts on lives of these animals. Saara et al. (2003) stated that the changes in tropical forest 

structure and species composition may have important consequences for wildlife populations. 

Thus the best way to manage wildlife is to manage the habitats in which they live (Janean et al., 

1997). The White-bellied Heron (hereafter referred to as WBH) also known as the Imperial 

Heron and scientifically named as Ardea insignis Hume, is now suffering from degradation of its 

natural habitat and declining population.  

This heron is classified as Critically Endangered in the IUCN Red List of Threatened 

Species because of its extremely small and rapidly declining population (BirdLife International, 

2013). Again this decline is projected to increase in the near future as a result of the loss and 

degradation of lowland forest and wetlands, and through direct exploitation and disturbance 

BirdLife International (2015). The worldwide population is roughly estimated to 200, and herons 

are among the 50 rarest bird species on earth (WWF, 2015).  

This bird is known to occur in the eastern Himalayan foothills in Bhutan and north-east 

India, to the hills of Bangladesh and north Myanmar (BirdLife International, 2001). According to 

BirdLife International (2015), it may also occur in south-east Tibet, China, but is now extinct in 

Nepal. Literature also suggests in Myanmar, it has evidently declined throughout its range given 
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the paucity of recent records. In Bhutan, 30 individuals are known to occur in their natural 

habitat playing a pioneering role in protecting the critically endangered white-bellied heron 

(RSPN, 2015). This literature suggests that there are 4 individuals in Berti and 26 in 

Punatsangchu basin.  

1.2 Problem Statement 

White-bellied Heron today is a species on the edge of extinction, with a small and rapidly 

declining population. It is important to understand the interrelationships of birds with 

components of their natural ecosystem in order to manage and conserve their natural 

environment to protect them from the extinction. If we don’t protect this species now, we would 

not be able to have these species around us soon. It is important to think what is wrong in the 

ecosystem when such significant indicator species are getting extinct. It is time for us to realize 

how our environment is changing and how to conserve it. Habitat destruction among other 

factors could be the one leading towards extinction of the species in question. Wilcove et al. 

(1998) stated that habitat destruction is the leading cause of species imperilment; thus protecting 

habitat is essential to their recovery. Similarly, the habitat of WBH along the Punatshangchu 

basin is increasingly being disturbed by increasing developmental activities and human 

population. Now there is still need to do the study and keep on updating the status of habitat 

ecology of WBH in order to enhance its survival and recovery of population. 

The Royal Society for Protection of Nature (RSPN) has been involved in the White-bellied 

Heron conservation project since 2003 and has done several works on it. However, data and 

information on habitat ecology of WBH still requires to be described in more detail. For this 

reason, it is felt necessary to do detail study on species composition and structure of vegetation 

in roosting and nesting habitat of WBH in order to provide a scientifically valid justification that 

refers to scientific literature and make a statement towards conservation.  

1.3 Objectives and research questions 

Main objective of this research was to assess the species composition and structure of vegetation 

preferred by WBH for nesting and roosting in order to assist in improving its conservation status 

and habitats. The research questions were: 

 What are the taxonomic compositions and structure of the vegetation preferred by heron for 

nesting and roosting?  
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 Is there difference in species diversity, dominance, richness, vegetation structure and 

composition in different habitat types? 

 Where do heron nests and roosts, on big or small tree, near to the cultivated land, foraging 

areas, thick forest, settlements and roads including a full description of the location and 

condition of the habitat? 
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CHAPTER TWO 

Literature review 

This chapter reviews literature related to study that has been carried out. The information 

reviewed in this chapter are general background, habitat and diet, nesting and roosting, 

importance of species composition and vegetation structure, and threats to WBH and 

conservation efforts in Bhutan.   

2.1 General Background 

WBH is the world’s second largest heron, known historically from the eastern Himalayan 

foothills of India, Nepal, Tibet, Bhutan, and Burma (Ali and Ripley, 1978; Gimmett et al., 1999; 

Birdlife International, 2001; RSPN, 2011).  It is 1.60 m tall, with distinct white-belly and white 

crest (RSPN, 2011). It is a very large and long necked bird mostly dark grayish with contrasting 

white throat, belly and vent, and white-streaked scapulars, foreneck and upper breast. It is found 

along the riverine chir pine forests in Bhutan. The population size of this species is extremely 

small and faces the threat of extinction if no protective actions are taken. This study expected 

that one of the main factors causing rare and critically endangered bird susceptible to extinction 

was habitat loss and degradation.  

2.2 Habitat and diet 

Wildlife populations depend on their habitat to receive the basic needs like food, water, shelter 

and space for survival without which populations of wildlife cannot exist (University of Illinois 

Board of Trustees, 2015). The WBH is recorded from small or large rivers, usually with sand or 

gravel bars, and often within or adjacent to subtropical broadleaved forest from the lowlands up 

to at least 1,500 m, and it has also been reported from an inland lake (Tordoff et al., 2006). 

Generally it remains solitary but may aggregate into small flocks and family groups during 

winter (Pradhan, 2007) and tends to move into inaccessible and undisturbed areas. It is an 

extremely shy bird which feeds on fish in clear fast flowing rivers (Singh, 2015). In Bhutan, it 

has recorded birds foraging on two major rivers (Punatsanchu and Bertichu), and also at a small 

lake (Ada). They eat mainly fish and they fish in the river in knee deep shallow water. A young 

bird eats 9 to 10 small fishes and the adults eat 6 to 8 medium size fishes a day (RSPN, 2011).  
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2.3 Nesting and roosting  

It is important to identify and understand the characteristics of nesting and roosting sites of this 

bird for its conservation. Nest and roost characteristics are very important factors related to avian 

habitat selection (Deng et al., 2003). According to RSPN (2011), White-bellied herons are found 

to be roosts and nests on tall chir pine trees (Pinus roxburghii). Other tree species like East 

Indian almond (Terminalia myriocarpa) has also been found to be used for nesting by bird 

(Singh, 2015). A large tree with open space in front and the tree standing on steep slope of 42-

68⁰ are chosen for nesting (Wangdi, 2014).  

Nest building usually starts from February to March. However, occasionally it gets delayed 

till May due to accidents like forest fires (RSPN, 2011). In Bhutan eight nesting sites have been 

identified amongst lofty flowing waters with pebbly substrates and chir pine forests. The nesting 

locations are near confluences of tributary and main rivers to keep themselves away from 

predators and human disturbances; and also to forage on rivers depending on season and fish 

behavior (RSPN, 2011). Breeding and nesting by WBH is in between March and June (BirdLife 

International, 2011). Beside Bhutan, a nesting site of the WBH has been discovered in a remote 

part of the Namdapha Tiger Reserve in Arunachal Pradesh, India (Singh, 2015). Large rocks, 

logs and trees, bare sandy patches are found to be used for roosting by bird (RSPN, 2011).  

2.4 Importance of species composition and vegetation structure 

Forest vegetations are indispensible resources for almost all the living beings. Vegetation in its 

most general term refers to the plant cover of the earth (Brocklehurst et al., 2007). It is a vital 

component of the natural environment, and the terrestrial vegetation includes natural ecosystems, 

such as native forests and woodlands, shrublands, grasslands or wetlands (Thackway et al., 

2006). Knowledge on structural characteristics of vegetation is highly demanded both at global 

and local level for parameterize global vegetation maps and to compare the vegetation types in 

terms of structural parameters (Jibrin and Jaiyeoba, 2013). Similarly, Kent (2012) mentioned that 

in most terrestrial parts of the world, vegetation is the most obvious physical representation of an 

ecosystem. It represents the base of the trophic pyramid. Vegetation also acts as the habitat 

within which the organisms live, grow, reproduce and die. These points show the central 

importance of vegetation to be studied in ecology.  
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Information about vegetation composition and structure is important to understand in 

managing wildlife habitat because plant species are closely related to wildlife use. Vegetation 

composition and structure are key components of wildlife habitat (McComb et al., 2010; 

Morrison et al., 2006). Forest vegetation can provide important resources for nesting, foraging, 

and protection for a variety of animal taxa. The changes in forest structure and composition may 

have different implications for different wildlife populations (DeWalt et al., 2003).  

2.5 Threats to WBH and Conservation efforts in Bhutan 

A species with tiny population size and small gene pool, the WBH is predicted to undergo 

genetic isolation and inbreeding depression. Therefore, it is considered to be the most important 

threat to the existence of the species (RSPN, 2011). Habitat fragmentation and degradation due 

to increasing human use and habitation of river valleys, logging, wildfire intensity, unsustainable 

fishing, modification of river sediments, water pollution, hydropower projects etc. could be other 

important threats to WHB and their habitats (RSPN, 2011).  The main threats are presumed to be 

widespread loss, degradation and disturbance of forest and wetlands (BirdLife International, 

2015). It said that the wetlands have become degraded as a result of pollution, rapid growth of 

aquatic vegetation, and the over-exploitation of resources. The Royal Society of Protection of 

Nature (RSPN) is an only civil society organization working on environment conservation in the 

Kingdom of Bhutan and it has been involved in the White-bellied Heron conservation project 

since 2003 (RSPN, 2015). 
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CHAPTER THREE 

Materials and Methods 

This chapter describes study area, materials and the methodology used for the research. Both the 

secondary and primary data were used to meet the research objectives.  

3.1 Study area 

The study was conducted along the Phochu river under the Punakha district of Bhutan. The study 

area covers the stretch of river ranging in elevation from approximately 1276 to 1464 m.a.s.l. 

Vegetation around the study area is dominated by chir pine (Pinus roxburghii) at lower 

elevations and mixed broadleaved forests at upper elevations. This area is moderately warm in 

winter and hot in summer. The settlements are found along the deep and wide valleys of river 

banks and live with subsistence agriculture and animal husbandry. Rice is grown as the main 

crop along the river valleys. This area provides support for WBH as their nesting and roosting 

habitats. The forest in this area has been recognized as one of the most important habitats for 

WBH conservation in Bhutan and has received legal protection. In 2007, the Royal Government 

of Bhutan has recognized the significance of the WBH, which is evident from the order issued by 

the Cabinet Secretariat: Phochu is declared as protected habitat of White-bellied Heron vide the 

approval of the Cabinet Secretariat letter No COM/04/07/887 dated March 1, 2007 and 336th 

CCM Sessions (Stanley et al., 2015). Study area map was made using ArcGIS version 10.2.2 

(Figure 3.1). 
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Figure 3.1. Study area 

3.2 Survey design and data collection 

Data collection was conducted in January, 2016 using the data collection formats provided in 

annexure (Annexure 1, 2, 3, 4 and 5). The study area was divided into three habitat types: 

nesting, night roosting and day roosting sites. Night roosting sites were confirmed in consultation 

with the local people and finding of their droppings beneath the trees. The day roosting sites 

were confirmed with repeatedly observed bird resting on a particular sites or trees.  Then a single 

line transacts using “gradsect” or gradient-directed transect (Gillison and Brewer, 1985) were 

established running along the center of each nesting and roosting trees. Quadrats or observation 

points of 10 m x 10 m were systematically established at every 50 m rise in altitude from starting 

point of the transacts. The estimated variables of the vegetation were plant DBH, plant species 

diversity, richness and evenness, plant height, dominance and the important value index (IVI).  

The plant data were recorded with stratifying the vegetation into layers based on the life-

forms and heights of the plant species. The vertical structure of vegetation in the study area 
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constitutes tree layer, sapling layer, shrub layer, and the layer of herbs and ground flora. Any 

woody perennial that has DBH of above 10 cm were classified as trees, whereas all tree species 

having DBH above 5 cm but less than 10 cm were identified as sapling. Woody perennial plant 

more than 0.5 m and less than 5 m high at maturity without a definite crown were considered as 

shrubs and regenerations, and any soft-stemmed plant with height equal to or less than 2 m were 

recorded as herbs. In total, 48 plots were sampled in the study sites: 8 plots each in 2 nesting 

sites; 8 plots each in 2 day roosting sites; 8 plots each in 2 night roosting sites.  

In each layer each species is assigned a DBH (tree and sapling), height and cover percent 

based on its representation in that layer. The determination of cover percent of plant species 

within a plot/quadrat were estimated ocularly, and it has been broadly classified as: open canopy 

= 10-39%; moderately closed = 40-69%; and closed canopy = 70-100%. The tree data were 

collected from 10 m x 10 m plots, sapling and shrubs from 5 m x 5 m plots, and herbs and 

ground flora from 2 m x 2 m plots. 

Distances to the nearest settlements, roads, agriculture field and feeding sites (river banks) 

from the centered point of nesting and roosting sites were recorded with the help of measuring 

tape and GPS. At the same time, other physical variables like aspect, slope percent and altitude 

were also collected.  

The equipments like 50 m measuring tape, diameter tape, compass, clinometer, digital 

camera, binoculars, pens, pencils and data sheets were used to collect data from the field survey. 

A  Garmin GPS (Global Positioning System) was used to mark the location of transects and 

sampling plots. Later, the GPS coordinates were used to create a map showing the clear location 

of the plots and to compute the crow-flight distance from nesting and roosting sites to the nearest 

settlements, agriculture field, feeding ground and the road.  

Most of the plant species were identified at the site and recorded in the developed field 

data format. Those un-identified plant specimens were photographed and collected 

providing proper coding like plant, plot and transact numbers (e.g. Fern₁T₁P₁) for later on 

identification. Pteridophytes of Bhutan-A list of Families, Genera and Species (NBC, 2009), 

Flowers of the Himalaya (Polunin and Stainton, 2006), Know the Plants of Bhutan (Thinley, 

2004), and Weeds of Bhutan (Parker, 1992) were used to cross-check and do proper 

identification of the plant species.  
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3.3 Data analysis 

The raw data collected from the field were arranged, summarized and presented graphically 

using Microsoft Office Excel 2007. The statistical significance of the differences between the 

habitats types were tested with the nonparametric Kruskal-Wallis and Mann-Whitney tests. The 

species composition in the study area was computed using the following parameters:  

1. Relative dominance = (total basal area for a species/total basal area of all species) × 100.  

2. Relative density = (number of individuals of a species/total number of individuals) × 100.  

3. Relative frequency = (frequency of a species/sum of all frequencies) × 100.  

4. Relative diversity = (number of a species in a family/total number of species) × 100.  

5. The importance value index (IVI) = relative dominance + relative density + relative 

frequency.  

6. The frequency of a species = the number of transects in which the species occur. 

The theoretical range for relative dominance, relative frequency, relative density and relative 

diversity is 0 – 100%, so that IVI of species and FIV may vary between 0 and 300% (Froumsia et 

al., 2012). Structural characteristics (DBH, height and basal area, canopy cover) were calculated. 

To compare diversity between transects, Shannon’s measure of evenness (EH), Shannon-Wiener 

index of diversity (H') and species richness (S) were calculated. The diameters of tree at breast 

height (DBH) were used to determine basal area (BA cm
2
) and the relative basal area in percent 

(RBA percentage). The RBA percentage of each species was used as abundance measure of 

species in a community (Wangdi, 2014). The formulae described by Zobel et al. (1987) were 

used for calculating basal area (BA), relative basal area percentage (RBA %) and species 

diversity index (H') as shown below: 

7. Basal Area (BA) = πr
2
 or πd

2
/4  

d = DBH (diameter at the breast height); radius (r) = (diameter / 2) 

8. Relative Basal Area (RBA%) = Basal cover of individual species × 100/                                        

Total basal cover of all species    

9. Species diversity index (H') was calculated using Shannon-Wiener diversity equation 

(Pielou, 1977). The proportion of species i relative to the total number of species (Pi) was 

calculated, and then multiplied by the natural logarithm of this proportion (lnPi). The 

resulting product was summed across species, and multiplied by -1 to remove the negative 

sign of H' value as shown below:   
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Shannon-wiener index (H')  

H'= - 𝑝𝑖 ln𝑝𝑖

s

i=1

 

                   

Where  p
i
=

Individual relative basal area

Total relative basal area
 

 

The height and coverage percent were used to determine the volume and relative volume or 

dominance of the herb layers and the ground flora.  
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CHAPTER FOUR 

Results and Discussion 

This chapter describes the results of the study carried out based on the research objectives. The 

results include taxonomic composition and structure of the habitats, nest and roost tree 

characteristics of WBH, degree of awareness and people’s perception, nesting and roosting 

habits, and conservation threats and disturbances.  

4.1 Taxonomic compositions and structure of the habitats  

4.1.1 Tree species and family composition  

The entire tree species recorded in 48 sample plots from the six transects resulted at total of 189 

individuals/stems comprised of 10 species belonging to six families (Table 4.1). The most 

common tree species were Pinus roxburghii at 86.77% (n = 164), followed by Quercus griffithii 

with 3.7% (n = 7), Macaranga pustulata and  Schima wallichii at 2.65% (n = 5) each. The least 

recorded tree species were Albizia lebbeck, Alnus nepalensis, Docynia indica, Lyonia ovalifolia 

with 0.53% (n = 1) each followed by Quercus glauca and Quercus semecarpifolia with 1.06% (n 

= 2) each respectively. Among the six families recorded, Fagaceae (39.94%) with three species 

and Pinaceae (17.49%) represented by a single species were the dominant families (Table 4.1).  

Table 4.1. Relative abundance and tree species family composition 

Species Name Stem count Relative abundance Family RBA (%) 

Albizia lebbeck 1 0.53 Leguminosae 3.44 

Alnus nepalensis 1 0.53 Betulaceae 11.88 

Docynia indica 1 0.53 Rosaceae 8.82 

Lyonia ovalifolia 1 0.53 Ericaceae 0.28 

Macaranga pustulata 5 2.65 Euphorbiaceae 4.05 

Pinus roxburghii 164 86.77 Pinaceae 17.49 

Quercus glauca 2 1.06 Fagaceae 0.63 

Quercus grifithii 7 3.70 Fagaceae 35.12 

Quercus semecarpifolia 2 1.06 Fagaceae 4.19 

Schima wallichii 5 2.65 Theaceae 14.10 

 
 

4.1.2 Tree species diversity, richness and major life-forms 

Among six transects, the highest tree species (S) was recorded in nest 1 at 62.5% (n = 10), 

followed by 12.5% (n = 2) in nest 2, while night and day roosting sites recorded the least number 
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of tree species with 6.25% (n = 1) in each. The Shanon’s H' diversity was recorded highest in 

nest 1 (1.84) and the least in nest 2 (0.07), and there is no tree diversity at all in other transects or 

sites (Table 4.2).  

Table 4.2. Transect wise tree community parameters 

Transect ID Diversity (H') Species Species RS Stem count Family

richness (S) evenness (EH)

N1 1.84 10 0.8 62.5 40 6

N2 0.07 2 0.1 12.5 20 2

NR1 0 1 6.25 23 1

NR2 0 1 6.25 39 1

DR1 0 1 6.25 36 1

DR2 0 1 6.25 33 1  

Note: N1 = nest 1; N2 = nest 2; NR1 = night roosting site 1; NR2 = night roosting site 2; DR1 = 

day roosting site 1; DR2 = day roosting site 2; and RS = relative species richness 

P. roxburghii was the dominant species, while Q. griffithii and Q.glauca were the co-

dominant species with regards to relative basal cover. P. roxburghii has highest relative density 

of 86.77, relative frequency of 37.50, relative dominance of 79.93 and important value index of 

204.20. It was followed by Q. griffithii and Q. glauca with relative density of 3.70 and 1.06 

respectively. The least recorded tree species were L. ovalifolia and A. lebbeck with relative 

density of 0.53 each, relative frequency of 6.25 each, relative dominance of 0.07 and 0.83, and 

important value index of 6.85 and 7.61 respectively (Table 4.3). Overall analysis showed P. 

roxburghii as the dominant and most important species in the habitat of WBH with higher IVI.  

The dominant species refer to the species with considerable and prominent effects on their 

habitats in respect to size, frequency, production and their activity (Ardakani, 2009). According 

to Razavil et al. (2012), the biotic and abiotic components and metabolic of the habitat will 

change if the dominant species is removed from the habitat. If riparian vegetation is removed, the 

resulting changes in water chemistry and temperature may harm fish, aquatic invertebrates, 

amphibians, and many songbirds (Janean et al., 1997). Similarly, this study concludes that 

removal and changes in the amount of vegetation cover will have the greatest influence on birds. 
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Table 4.3. Important Value Index of individual tree species 

Species Name No. of  Frequency  BA  Relative  Relative  Relative  IVI 

  individuals 
 

(m
2
/ha) density frequency dominance 

Pinus roxburghii 164 6 19.26 86.77 37.5 79.93 204.20 

Quercus grifithii 7 1 2.04 3.70 6.25 8.48 18.43 

Quercus glauca 2 2 0.07 1.06 12.5 0.30 13.86 

Schima wallichii 5 1 0.82 2.65 6.25 3.40 12.30 

Macaranga pustulata 5 1 0.24 2.65 6.25 0.98 9.87 

Alnus nepalensis 1 1 0.69 0.53 6.25 2.87 9.65 

Docynia indica 1 1 0.51 0.53 6.25 2.13 8.91 

Quercus semecarpifolia 2 1 0.24 1.06 6.25 1.01 8.32 

Albizia lebbeck 1 1 0.20 0.53 6.25 0.83 7.61 

Lyonia ovalifolia 1 1 0.02 0.53 6.25 0.07 6.85 

 
 

The life-form spectrum of each forest type was determined based on the relative basal area 

of their life-forms; evergreen, deciduous, and conifers in each forest community (Wangda and 

Ohsawa, 2006). The major life-forms of tree species in the entire study area constituted one 

conifer trees, three evergreen broad-leaved trees and six deciduous broad-leaved trees with 

relative basal area of 86%, 11% and 3% respectively (Figure 4.1).  
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Figure 4.1. Major life-forms of tree species 

4.1.3 Comparison of tree species composition among the habitat types 

There was significant difference in tree species composition among the habitat types (H(2) = 

52.179, p = .000). The significant differences in species composition were found between nesting 

site to the day roosting and night roosting sites. However, there was no significant difference in 

species composition in between two roosting sites (Table 4.4).  
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This may be due to the result of some nesting site located at an ecotone. In fact, ecotone is a 

transition zone between two or more different ecological communities or regions (Kark, 2013). 

An ecotonal area often has a higher density of organisms and a greater number of species than 

are found in either flanking community (The Ecotone, 2012).  Ecotones consist of a mosaic of 

plants from the two adjacent ecosystems, as well as obligate ecotone species, and creating a 

mosaic of habitats increase species diversity (Harker et al., 1999). However, monodominant 

forest was observed thus making no significant difference in species composition in between two 

roosting sites.  

Table 4.4. Mann-Whitney comparison of species composition among different habitats 

Statistics Between nesting and Between nesting and Between day roosting 

night roosting day roosting and night roosting

U 1147.000 1258.000 2108.000

z -5.179 -5.397 0.000

p .000 .000 1.000  

4.1.4 Structural characteristics of tree species 

The DBH of the tree ranges from 10 cm to 107 cm (M = 22.79, SD = 16.15). The largest 

individual tree species was P. roxburghii with DBH of 107 cm in day roosting site 2, while the 

smallest individual tree species were Q. griffithii and P. roxburghii with 10 cm each in nest 1 and 

nest 2. About 38.62% (n = 73) of the tree constitutes DBH class 11-15 cm and included 

maximum trees in this class. The highest number of individuals with a DBH range of 11-15 cm 

was found in day roosting 1 (34.25%, n = 25), while DBH ranges of 51-55 cm, 61-65 cm, 66-70 

cm and 71-72 cm showed least percentage of trees with 0.53% (n = 1) in each classes (Figure 

4.2).   

The height of the tree ranges from 5 m to 39 m (M = 13.06, SD = 6.31). The maximum 

individuals 17.46% (n = 33) were found within height range of 7-8 m. The highest number of 

individuals within a height range of 7-8 m were found in day roosting 1 (85.9%, n = 15), 

followed by night roosting 2 with 18.2% (n = 6). There was no tree with height range of 37-38 m 

(Figure 4.2).   

Forest canopy cover or crown cover defined as the proportion of the forest floor covered by 

the vertical projection of the tree crowns (Jennings et al., 1999; Korhonen et al., 2006; Westfall 
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and Morin, 2012) have been estimated visually. The amounts and types of canopy cover and 

structure influence habitat suitability for many forest-dwelling vertebrate species (Masse and 

Cote, 2009). The canopy cover in the study area has been recorded at almost open canopy to 

closed canopy value ranging from 5-40 (M = 12.99, SD = 6.95). 

4.1.5 Demographic traits of tree species 

Demographic characteristics of the tree species were categorized into three regeneration types; 

unimodal (emergent), sporadic, and inverse-J types (Ohsawa, 1991). According to this principle, 

emergent or unimodal type has no offspring within the community and exhibit even-aged 

population, sporadic or multimodal type has several even-aged populations within the 

community and exhibit multi-aged population, inverse-J type has offsprings without intermission 

and exhibit all-aged population. In the study area, the distribution of trees in DBH classes 

produced a unimodal to multimodal type in the nesting habitats. Both the day and night roosting 

habitats resulted in inverse-J type patterns (Figure 4.2). Inverted J shaped pattern shows high 

distribution of individuals of a species in the lower diameter classes and a gradual decrease 

towards the higher classes (Kuma and Shibru, 2015). This study recorded nesting sites were 

relatively far away from the human settlements and motorable roads as compared to roosting 

sites (Figure 4.9). Thus this study observed the occurrence of high disturbance in matured trees 

along the roosting habitats.  

http://www.hindawi.com/78606278/
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Figure 4.2. Transect wise DBH and height class distribution of tree species 
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4.1.6 Comparision of structural traits among the classified habitat types.  

There were significant differences in DBH (H(2) = 6.813, p = .033), height (H(2) = 10.779, p = 

.005), and canopy cover (H(2) = 12.363, p = .002) among the habitats. There was no significant 

difference in DBH but were significant difference in height and canopy cover in between nesting 

and night roosting habitats. The significant differences were found in all DBH, height and 

canopy cover in between nesting and day roosting habitats. There was not much significant 

difference in DBH, height and canopy cover in between day roosting and night roosting habitats 

(Table 4.5).  

Table 4.5. Mann-Whitney comparison on vegetation structure among different habitats 

Between nesting and night roosting Between nesting and day roosting Between night and day roosting

Statistics DBH Height Canopy cover DBH Height Canopy cover DBH Height Canopy cover

U 1716.50 1273.50 1283.50 1508.50 1429.50 1360.50 1683.50 1990.50 2058.50

z -.583 -2.886 -2.896 -2.406 -2.793 -3.210 -1.979 -.549 -.239

p .560 .004 .004 .016 .005 .001 .048 .583 .811  

The highest mean DBH was recorded at 25.25 cm (SD = 15.70) in nesting sites, followed by 

23.68 cm (SD = 16.95) in night roosting sites, and least mean DBH with 19.86 cm (SD = 15.56) 

in day roosting sites. The highest mean height and canopy cover were also recorded at nesing 

sites (Table 4.6). 

Table 4.6. Habitat type wise mean DBH, height and canopy cover percent for trees 

Nesting Night roosting Day roosting

Mean DBH (cm) 25.25 23.68 19.86

Mean height (m) 14.8 11.98 12.53

Mean canopy cover (%) 15.25 12.01 11.91  

4.1.7 Species composition and structural characteristics of sapling species 

The saplings (< 10 cm > 5 cm DBH) were recorded from all the sample plots. In total, 47 

individuals/stems with 7 species and 5 families were recorded (Table 4.7). The most common 

tree species were P. roxburghii at 65.96% (n = 31) and S. wallichii with 14.89% (n = 7). The 

least recorded tree species were P. emblica, Q. glauca and R. chinensis with 2.13% (n = 1) each. 

Among the seven species in all nesting and roosting habitats, P. roxburghii represented the 

dominant species with relative dominance value 71.50 (Table 4.7).  
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Table 4.7. Sapling species composition and relative dominance 

Species name  Stem Relative  Family  BA (m
2
/ha) Relative  

  count abundance     dominance 

Macaranga pustulata 2 4.26 Euphorbiaceae 0.08 4.75 

Phyllanthus emblica 1 2.13 Euphorbiaceae 0.03 1.85 

Pinus roxburghii 31 65.96 Pinaceae 1.14 71.50 

Quercus glauca 1 2.13 Fagaceae 0.05 3.05 

Quercus grifithii 4 8.51 Fagaceae 0.13 8.18 

Rhus chinensis  1 2.13 Anacardiaceae 0.02 1.07 

Schima wallichii 7 14.89 Theaceae 0.15 9.60 

 
 

The mean DBH and height of the saplings in entire transects were 7.09 cm and 5.45 m 

respectively. The maximum DBH recorded at sapling layers was 9.3 cm and the minimum DBH 

was 5 cm. The maximum height in the layers was 7 m and shortest one was 4 m. As observed in 

the tree speies composition, there was a significant difference in sapling species composition 

among different habitats (H(2) = 21.492, p = .000). There was no significant difference between 

two roosting sites (U = 72.000, z = .000, p = 1.000).  However, the significant differences were 

found between nesting and night roosting (U = 48.000, z = -3.477, p = .001), and between 

nesting and day roosting (U = 48.000, z = -3.477, p = .001). 

4.1.8 Species composition and major life-forms of shrubs and regenerations  

Shrub and regeneration layers in the study area comprised of 19 species with 14 families. 

Fagaceae (15.79%) and Euphorbiaceae (15.79%) with three species each represented the 

dominant families followed by Leguminosae (10.53%) with two species. The most dominant 

species were P. roxburghii followed by Ficus sp. and Indigofera dosua. Q. semecarpifolia 

followed by Yushania sp. were the least dominant species recorded at shrubs and regeneration 

layers in the study area (Table 4.8).  
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Table 4.8. Shrub and regeneration species composition and relative dominance 

Species Name Stem  Relative  Family  BA Relative  

  count abundance    (m
2
/ha) dominance 

Aesandra butyracea 15 5.70 Sapotaceae 2.78 4.96 

Berberis asiatica 11 4.18 Berberidaceae 2.90 5.18 

Bridelia retusa 13 4.94 Euphorbiaceae 5.65 10.09 

Cinnamomum sp. 7 2.66 Lauraceae 0.59 1.05 

Desmodium elegans 19 7.22 Leguminosae 3.23 5.78 

Ficus sp. 22 8.37 Moraceae 8.22 14.68 

Indigofera dosua 23 8.75 Leguminosae 8.22 14.68 

Lyonia ovalifolia 4 1.52 Ericaceae 0.34 0.60 

Macaranga pustulata 10 3.80 Euphorbiaceae 0.84 1.50 

Phyllanthus emblica 13 4.94 Euphorbiaceae 5.19 9.26 

Pinus roxburghii 74 28.14 Pinaceae 12.77 22.81 

Quercus glauca 4 1.52 Fagaceae 0.34 0.60 

Quercus griffithii 5 1.90 Fagaceae 0.42 0.75 

Quercus semicarpifolia 1 0.38 Fagaceae 0.08 0.15 

Rapanea capitellata 24 9.13 Myrsinaceae 2.02 3.61 

Rhus chinensis  8 3.04 Anacardiaceae 1.08 1.92 

Schima wallichii 7 2.66 Theaceae 0.69 1.23 

Wendlandia sp. 1 0.38 Rubiaceae 0.46 0.83 

Yushania sp. 2 0.76 Gramineae 0.17 0.30 

       

 

The major life-forms of shrubs and regenerations based on relative abundance constitute 

26% of conifer tree, followed by evergreen shrub and deciduous shrub or tree with 22% and 13% 

respectively (Figure 4.3). 
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Figure 4.3. Major life-forms of shrubs and regenerations 

There were significant differences in species diversity (H(2) = 19.007, p = .000), species 

richness (H(2) = 11.622, p = .003), and species evenness (H(2) = 11.555, p = .003) in shrubs and 

regeneration composition  among different habitats. The highest mean species diversity, richness 

and evenness were recorded at nesting sites, whereas the least mean species diversity, richness 

and evenness were recorded at day roosting sites (Table 4.9). 

Table 4.9. Mean species diversity, richness and evenness of shrubs and regenerations among 

different habitats 

Nesting Night roosting Day roosting

Mean Species diversity (H') 1.12 0.35 0.64

Mean species richness (S) 4.69 2.53 4.44

Mean species evenness (HE) 0.76 0.44 0.45
 

 

4.1.9 Species composition and major life-forms of herbs and ground flora 

The lowest layer comprised of herbs and ground flora. In total, 38 species of 20 families 

represented the ground flora of entire study area. According to RSPN (2011), Curcuma aromatic, 

Cymbopogon khasianum, Cymbopogon jwarancusa, Ageratina adenophora, Duhaldea cappa, 

Phyllanthes emblica, Phoenix laureiri, Woodfordia fruticosa and Glochidion velutinum were 

observed as the mid and understory plants of the chirpine forest. In the study area, Chromolaena 

odorata with 32.15% (n = 933) and Cymbopogon sp. with 21.26% (n = 617) were the most 
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dominant understory plant species. The Galium aparine with 0.03% (n = 1) and Gnaphalium 

affine with 0.07% (n = 2) were the least recorded ground vegetation (Table 4.10).  

 Table 4.10. Herbs and ground vegetation composition and relative dominance 

Species Name Stem  Relative  Family  Relative  Relative 

  count abundance   volume dominance 

Acmella uliginosa 10 0.34 Compositae 0.07 0.01 

Aconogonon molle 20 0.69 Polygonaceae 5.63 0.94 

Ageratina adenophora 50 1.72 Compositae 10.52 1.75 

Ageratum conyzoides 153 5.27 Compositae 21.91 3.65 

Argyreia roxburghii 13 0.45 Convolvulaceae 3.26 0.54 

Artemisia myriantha 79 2.72 Compositae 14.86 2.48 

Bidens pilosa 25 0.86 Compositae 0.91 0.15 

Boehmeria platyphylla 12 0.41 Urticaceae 0.63 0.10 

Carex sp. 75 2.58 Cyperaceae 1.69 0.28 

Chromolaena odorata 933 32.15 Compositae 297.14 49.52 

Clematis sp. 15 0.52 Ranunculaceae 2.25 0.38 

Crassocephalum crepidoides 6 0.21 Compositae 0.10 0.02 

Curcuma sp. 102 3.51 Zingiberaceae 8.89 1.48 

Cymbopogon flexuosus 617 21.26 Gramineae 167.83 27.97 

Cynoglossum furcatum 13 0.45 Boraginaceae 0.14 0.02 

Cyperus sp. 19 0.65 Cyperaceae 2.39 0.40 

Daphne involucrata 4 0.14 Thymelaeaceae 0.42 0.07 

Desmodium elegans 19 0.65 Leguminosae 1.50 0.25 

Desmodium sp. 13 0.45 Leguminosae 0.80 0.13 

Duhaldea cappa 177 6.10 Compositae 17.39 2.90 

Fern 1 12 0.41 Polypodiaceae 2.78 0.46 

Fern 2 28 0.96 Polypodiaceae 4.21 0.70 

Fern 3 15 0.52 Polypodiaceae 1.25 0.21 

Fern 4 19 0.65 Polypodiaceae 3.75 0.63 

Galinsoga parviflora 14 0.48 Compositae 0.21 0.03 

Galium aparine 1 0.03 Compositae 0.01 0.00 

Gnaphalium affine 2 0.07 Compositae 0.02 0.00 

Hedychium sp. 13 0.45 Zingiberaceae 3.38 0.56 

Hyparrhenia sp. 238 8.20 Poaceae 11.28 1.88 

Indigofera heterantha  3 0.10 Leguminosae 1.88 0.31 

Jasminum nepalense 5 0.17 Oleaceae 0.46 0.08 

Oxalis corniculata 105 3.62 Oxalidaceae 1.00 0.17 

Piper sp. 6 0.21 Piperaceae 1.25 0.21 

Pteracanthus urticifolia 36 1.24 Acanthaceae  5.50 0.92 

Rubia cordifolia 5 0.17 Rubiaceae 1.88 0.31 

Rumex nepalensis 22 0.76 Polygonaceae 0.25 0.04 

Spergula arvensis 8 0.28 Caryophyllaceae 0.07 0.01 

Woodwardia unigemmata 15 0.52 Blechnaceae 2.50 0.42 
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There were significant differences in species composition (H(2) = 9.909, p = .007), species 

diversity (H(2) = 19.007, p = .000), species richness (H(2) = 11.622, p = .003), and species 

evenness (H(2) = 11.555, p = .003) in herbs and ground flora composition  among different 

habitats. The highest mean species diversity, richness and evenness were found at nesting sites, 

whereas the least mean species diversity, richness and evenness were recorded at night roosting 

sites (Table 4.11). 

Table 4.11. Mean species diversity, richness and evenness in herbs and ground flora among 

different habitats 

Nesting Night roosting Day roosting

Mean Species diversity (H') 1.12 0.35 0.64

Mean species richness (S) 4.69 2.53 4.44

Mean species evenness (HE) 0.76 0.44 0.45
 

The major life-forms of herbs based on relative volume constitute 26% of conifer tree, 

followed by evergreen shrub, and deciduous shrub or tree with 22% and 13% respectively 

(Figure 4.4). 
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    Figure 4.4. Major life-forms of herbs and ground flora 
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4.2 Nest and roost tree characteristics of WBH 

One of the research questions was to describe the nest and roost site characteristics of WBH. 

According to RSPN (2011), WBH are found to be roosts and nests on tall chir pine trees (P. 

roxburghii). Similarly, in the study area, nesting and roosting were recorded only on chir pine 

trees. However, there is also an evidence of nesting in broad leaf species like East Indian almond 

(Terminalia myriocarpa), in other parts of the range country like India (Singh, 2015). This may 

be due to the lack of chir pine forest in that locality.  

In total, six trees were observed: two nesting trees; two day roosting trees; and two night 

roosting trees. The mean DBH of nesting and roosting trees was recorded with 81.92 cm. The 

highest DBH was recorded with night roosting tree 1 (106.50 cm), followed by nesting tree 1 

with DBH of 105.70 cm. The least DBH was recorded with 46.90 cm at nesting tree 2 (Figure 

4.5). The mean height of nesting and roosting trees was recorded at 30.23 m. The height of the 

nesting and roosting trees ranges from 15.45 m of nest tree 2 to 45.29 m of nest tree 1 (Figure 

4.6). 
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Figure 4.5. DBH of nesting and roosting trees   Figure 4.6. Heights of nesting and roosting trees 

The slope percent of nesting and roosting sites ranges from 0% each at day roosting 1 and 2  

to 95% at night roosting 1. The mean slope percent recorded was 44.83%. Most of the roosting 

and nesting trees were located at south-west and south–eastern aspects. The WBH uses trees 

lying in the plain along the river banks for day roosting in winter (Figure 4.7). According to 

RSPN (2011), usually WBH start roosting on trees when the surounding temperature begins to 

rise.  
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RSPN (2011), observed that WBH resided regularly in the Punatsangchu basin and 

tributaries below 1500 m.a.s.l. and also stated that in Bhutan, all the WBH nests were found on 

chir pine trees at an altitude of 700 to 1000 m.a.s.l. However, this study revealed that the nesting 

site 1 at Tshomenchoesa was located at an altitude of 1464 m.a.s.l. In general, it is found that the 

location of nesting and roosting sites ranges with an altitude of 1260 to 1464 m.a.s.l. in the study 

area (Figure 4.8). 
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Figure 4.7. Slope% in nesting and roosting sites    Figure 4.8. Altitudinal location of nesting and 

roosting trees 

The nest trees of WBH were observed near to the feeding areas (river) at average distance 

of 86 m, and are to some extent isolated from motor road and human settlements with average 

distances of 1481 m and 618 m respectively. Nest trees were recorded at approximately 487 m 

away from the nearest agriculture field. As RSPN (2011) stated, WBH seem to need large 

territories for nesting as the nesting sites were recorded at flight distance about 10.37 km away 

from one another.  

Antczak (2010) suggested that micro-habitat patterns of night-roost selection fulfilled two 

main functions: thermoregulation and predator avoidance. He further added that the choice of 

roosting sites during winter might be especially important, as birds face long hours of darkness, 

low air temperature and consequently enforced fasting. Evergreen trees provide nest sites for 

birds in spring and thermal cover for wildlife in winter (DeLong, 2009). Similarly, tall chir pine 

trees with well branched were found to be providing the best thermal cover to the birds in the 

study area. These roosting trees were observed at closed to agriculture field and human 
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settlements with average distance of 37 m and 209 m respectively. However, these trees were 

recorded quite far away from the feeding ground as compared to day roosting sites. The average 

nearest distance from night roosting trees to the feeding ground is recorded at 497 m.  

WBH preferred to roost on the tree when the people and animals approach near to them. The 

day roosting trees were observed at very closed to the feeding ground with average distance of 

10 m (Figure 4.9).  
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Figure 4.9. Averaged nearest distances to settlements, agri-field, river and road side from 

nesting and roosting trees. 

 

 

 

 

 

 

 

 



27 

 

CHAPTER 5 

Conclusion and Recommendation 

The chir pine forest along the stretch of Phochu river is one of the conservation priorities of the 

country and is a home for critically endangered WBH. The nesting and roosting sites of WBH 

were found at an altitude range of 1260 to 1464 m.a.s.l. in the study area. Floristically the area 

was composed of 59 species belonging to 33 families. The major life-forms of tree species in the 

entire study area constituted conifer trees, evergreen broad-leaved trees and deciduous broad-

leaved trees. Pinus roxburghii was the most dominant and frequent tree species with higher IVI 

in the study area. It was also the most common species recorded both at sapling, and shrub and 

regeneration layers. Chromolaena odorata was the most common species recorded at ground 

flora. 

There were significant differences in tree species composition among the habitat types. 

However, WBH were observed roosting and nesting only on tall and large chir pine trees (P. 

roxburghii). There were also significant differences in species diversity, richness, and evenness 

in shrubs and regeneration, and herbs and ground flora among different habitats. However, it was 

not possible to identify the direct important role played by understory vegetation to the bird 

because of very rare individuals of bird and there was no evidence of bird nesting and roosting 

on the small trees and understory vegetations. 

The distribution of trees in DBH classes produced unimodal, multimodal and inverse-J type 

patterns. The result indicated that the presence of human disturbance in the area has affected on 

forest structure and dynamics. The nesting sites were recorded relatively far away from the 

human settlements and motorable roads as compared to the roosting sites. Therefore, this study 

observed that the occurrence of disturbances in matured trees is high along the roosting habitats. 

Human disturbances resulting into continuous removal and changes in the amount of vegetation 

cover will have the greatest influence on birds.  

Based on the results of this study, the following recommendations were suggested to enhance 

a better future for critically endangered WBH and to minimize the influence of human on their 

natural habitats:  
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- This study relatively covered a few nest and roost sites, and still it needs detailed 

investigation on vegetation structure and composition covering more areas for better 

understanding of bird’s nesting and roosting habitats.     

- Demarcation of core zone for habitats of WBH, and restriction from human disturbances as 

far as possible is suggested as immediate conservation action to be taken in the study area for 

wellbeing of the species in question.  
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Annexure 1. Tree Data (DBH > 10 cm) 

Transect No:                                      Name of the place:                                         Date: 

Plot No:                              GPS Coordinates: N:                                        E: 

Slope (%): Elevation: Aspects: 

Sl. No. Species DBH (cm) Height (m) Canopy cover (%) Remarks 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

Observations/Comments: 

 

 

Name & signature of surveyor: 
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Annexure 2. Sapling Data (DBH < 10 cm > 5 cm) 

Transect No:                                      Name of the place:                                        Date: 

Plot No:                              GPS Coordinates: N:                                        E: 

Slope (%): Elevation: Aspects: 

Sl. No. Species  DBH (cm) Height (m) Canopy cover (%) Remarks  

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

Observations/Comments: 

 

 

Name & signature of surveyor: 
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Annexure 3. Shrubs & Regeneration Data (0.5 m to 5 m tall) 

Transect No:                                      Name of place:                                              Date: 

Plot No:                              GPS Coordinates: N:                                        E: 

Slope (%): Elevation: Aspects: 

Sl. No. Species  Layer height 

(m) 

Cover percent 

(%) 

No. of 

individual  

Remarks  

      

      

      

      

      

      

      

      

      

      

      

      

      

      

Observations/Comments: 

 

 

Name & signature of surveyor: 
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Annexure 4. Herbs & Ground flora (≤ 1 m tall) 

Transect No:                                      Name of place:                                              Date: 

Plot No:                              GPS Coordinates: N:                                        E: 

Slope (%): Elevation: Aspects: 

Sl. No. Species  Layer height 

(m) 

Cover percent 

(%) 

No. of 

individual  

Remarks  

      

      

      

      

      

      

      

      

      

      

      

      

      

      

Observations/Comments: 

 

 

Name & signature of surveyor: 
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Annexure 5. Nesting/Roosting Tree Data Collection Form 

Tree/Plot ID:                                   Name of the place:                                            Date: 

Forest type:                                     GPS coordinates: N:                                    E: 

Slope (%): Aspect:  Elevation: 

Dominant vegetation cover type:                                           Main understory type:   

 

Species  DBH 

(cm) 

Height 

(m) 

Nest/Roost 

height (m) 

Branch 

position  

Total No. of 

branches 

Remarks  

       

       

 

Distance (m) to nearest…….. 

Settlement  Agri-field  Feeding sites (River) Road  Other nest/roost tree Remarks  

      

      

 

 

From Nesting/Roosting trees 

to…… 

Nearest Trees 

1 2 3 4 5 6 7 8 Remarks  

Angle (Degree)          

DBH (cm)          

Height (m)          

Distance (m)          

Condition of tree          
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Annexure 6. Floristic composition and life-forms of tree species 

Species Name Family Name Acronym Life Form N1 N2 NR1 NR2 DR1 DR2

Conifer

Pinus roxburghii Pinaceae CT Conifer Tree 17.49 98.68 100.00 100.00 100.00 100.00

Sub-total 17.49 98.68 100.00 100.00 100.00 100.00

Evergreen Tree

Schima wallichii Theaceae ET Evergreen Tree 14.10

Quercus semecarpifolia Fagaceae ET Evergreen Tree 4.19

Quercus glauca Fagaceae ET Evergreen Tree 0.63 1.32

Sub-total 18.92 1.32

Deciduous Tree

Alnus nepalensis Betulaceae DT Deciduous Tree 11.88

Docynia indica Rosaceae DT Deciduous Tree 8.82

Macaranga pustulata Euphorbiaceae DT Deciduous Tree 4.05

Quercus griffithii Fagaceae DT Deciduous Tree 35.12

Albizia lebbeck Leguminosae DT Deciduous Tree 3.44

Lyonia ovalifolia Ericaceae DT Deciduous Tree 0.28

Sub-total 63.59

Grand Total 100 100 100 100 100 100  
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Annexure 7. Floristic composition and life-forms of shrubs and regenerations 

Species Name Family Name Acronym Life Forms N1 N2 NR1 NR2 DR1 DR2

Conifer Tree

Pinus roxburghii Pinaceae CT Conifer Tree 11.11 13.33 67.65 61.11

Sub-total 11.11 13.33 67.65 61.11

Deciduous Shrub

Desmodium elegans Leguminosae DS Deciduous Shrub 3.03 19.12 16.67

Lyonia ovalifolia Ericaceae DS Deciduous Shrub 4.04

Sub-total 7.07 19.12 16.67

Deciduous Shrub or Tree

Phyllanthus emblica Euphorbiaceae DST Deciduous Shrub or Tree 8.89 16.67 20.00 16.67

Rhus chinensis Anacardiaceae DST Deciduous Shrub or Tree 4.04 8.89

Sub-total 4.04 17.78 16.67 20.00 16.67

Deciduous Tree.

Bridelia retusa Euphorbiaceae DT Deciduous Tree. 8.89 5.56 53.33

Quercus griffithii Fagaceae DT Deciduous Tree. 5.05

Sub-total 5.05 8.89 5.56 53.33

Evergreen Shrub

Berberis asiatica Berberidaceae ES Evergreen Shrub 15.56 5.56 6.67 1.47 5.56

Ficus  sp. Moraceae ES Evergreen Shrub 3.03 8.89 66.67 20.00

Sub-total 3.03 24.44 72.22 26.67 1.47 5.56

Evergreen Shrub or Tree

Rapanea capitellata Myrsinaceae EST Evergreen Shrub or Tree 24.24

Wendlandia  sp. Rubiaceae EST Evergreen Shrub or Tree 5.56

Sub-total 24.24 5.56

Evergreen Tree

Aesandra butyracea Sapotaceae ET Evergreen Tree 33.33

Cinamomum  sp. Lauraceae ET Evergreen Tree 7.07

Macaranga pustulata Euphorbiaceae ET Evergreen Tree 10.10

Quercus glauca Fagaceae ET Evergreen Tree 4.04

Quercus semecarpifolia Fagaceae ET Evergreen Tree 1.01

Schima wallichii Theaceae ET Evergreen Tree 6.06 2.22

Sub-total 28.28 35.56

Perennial Bamboo

Yushania  sp. Gramineae PB Perennial Bamboo 2.02

Sub-total 2.02

Perennial Herb or Shrub

Indigofera dosua Leguminosae PHS Perennial Herb or Shrub 15.15 11.76

Sub-total 15.15 11.76

Grand Total 100 100 100 100 100 100  
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Annexure 8. Floristic composition and life-forms of herbs and ground flora 

Species Name Family Name Life Forms N1 N2 NR1 NR2 DR1 DR2

Annual herb

Ageratum conyzoides Compositae Annual herb 20.83 0.95 0.03 0.10

Bidens pilosa Compositae Annual herb 0.31 0.60

Crassocephalum crepidoides Compositae Annual herb 0.05 0.06

Curcuma sp. Zingiberaceae Annual herb 1.13 0.64 0.38 2.13 4.61

Galinsoga parviflora Compositae Annual herb 0.17 0.04

Galium aparine Compositae Annual herb 0.01

Gnaphalium affine Compositae Annual herb 0.02

Hedychium sp. Zingiberaceae Annual herb 3.38

Spergula arvensis Caryophyllaceae Annual herb 0.03 0.04

Sub-total 4.50 21.19 1.59 0.38 2.44 5.39

Annual or perennial fern

Fern 1 Polypodiaceae Annual or perennial fern 2.78

Fern 2 Polypodiaceae Annual or perennial fern 3.75 0.46

Fern 3 Polypodiaceae Annual or perennial fern 1.25

Fern 4 Polypodiaceae Annual or perennial fern 3.75

Woodwardia unigemmata Blechnaceae Annual or perennial fern 2.50

Sub-total 11.25 3.24

Annual or perennial herb

Acmella uliginosa Compositae Annual or perennial herb 0.03 0.05

Aconogonon molle Polygonaceae Annual or perennial herb 5.63

Carex sp. Cyperaceae Annual or perennial herb 1.43 0.26

Cynoglossum furcatum Boraginaceae Annual or perennial herb 0.07 0.07

Duhaldea cappa Compositae Annual or perennial herb 7.38 3.80 3.87 0.46 0.73 1.16

Oxalis corniculata Oxalidaceae Annual or perennial herb 0.11 0.17 0.72

Pteracanthus urticifolia Acanthaceae Annual or perennial herb 5.50

Sub-total 18.50 3.90 5.30 0.72 1.00 2.00

Climber 

Argyreia roxburghii Convolvulaceae Climber 1.25 2.01

Clematis sp. Ranunculaceae Climber 1.54 0.35 0.36

Piper sp. Piperaceae Climber 1.25

Rubia cordifolia Rubiaceae Climber 1.88

Sub-total 4.38 3.55 0.35 0.36

Deciduous shrub 

Desmodium elegans Leguminosae Deciduous shrub 1.38 0.03 0.10

Indigofera heterantha Leguminosae Deciduous shrub 1.88

Sub-total 3.25 0.03 0.10

Perennial grass

Cymbopogon flexuosus Gramineae Perennial grass 53.13 39.04 4.45 1.28 56.82 13.12

Hyparrhenia sp. Poaceae Perennial grass 6.45 4.83

Sub-total 53.13 39.04 4.45 1.28 63.27 17.95

Perennial herb

Ageratina adenophora Compositae Perennial herb 3.75 5.56 1.21

Artemisia myriantha Compositae Perennial herb 8.33 1.95 3.79 0.80

Chromolaena odorata Compositae Perennial herb 0.63 11.11 85.16 97.61 28.94 73.69

Cyperus sp. Cyperaceae Perennial herb 2.39

Rumex nepalensis Polygonaceae Perennial herb 0.17 0.07

Sub-total 4.38 27.39 88.31 97.61 32.90 74.56

Perennial herb or shrub 

Boehmeria platyphylla Urticaceae Perennial herb or shrub 0.63

Desmodium sp. Leguminosae Perennial herb or shrub 0.80

Sub-total 0.63 0.80

Perennial shrub

Daphne involucrata Thymelaeaceae Perennial Shrub 0.42

Jasminum nepalense Oleaceae Perennial shrub 0.46

Sub-total 0.88

Grand Total 100 100 100 100 100 100  
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Annexure 9. Cross section profile of study area 
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Annexure 10. Photographs 

 

  
A. WBH on the roosting tree at Namsethang (DR1) B. Old nest of WBH above Namsethang (N2) 

  

  

C. Nest tree at Tshomenchoesa (N1) D. Carcass of WBH found at Tshomenchoesa 

E. Forest fire at Namsethang (DR1) F. Deforestation along the habitats of WBH 


