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ABSTRACT
A quantitative vegetation survey was carried out along the confluence of Bertichu and
Mangdechu till the confluence of Bertichu and Chandichu to find out the vegetation composition
and structure of the forest to know and study the different habitats preferred by White bellied
heron. The main aim of the study was also to determine and obtain information on composition
and structure including diversity, richness and dominance species. The size of the sampling plot
was 20 x 20 m laid at an interval of 200 meters while three sub-plots of 2 x 2 m for seedling and
ground layer were diagonally assigned within the tree layer plot. A total of 26 plots were
sampled along the altitudinal gradients following the Bertichu as transect.. A total of 32 species
belonging to 33 families were enumerated in the tree layer and 15 species belonging to five
families in the ground layer. Regeneration consisting of 15 species belonging to 10 families was
recorded along the altitudinal gradients in the habitat of White bellied heron. The dominant
species were Daubanga grandiflora, Syzygium formusa, Pinus roxburghii, Alnus nepalensis,
Phoebe hainesiana, Schima wallichii, and Leucaena leucocephala. Plant species composition is
recognized as an important attribute of habitat for many wildlife species. Habitat preference
involves the resource selection by the wildlife. The findings from the study can state that White
bellied heron prefer Bertichu and Mangdechu for foraging and the dominance tree Chirpine in
the study area were used for roosting and nesting. White bellied heron old nest and also the new
nest were found on mature Chirpine tree during the survey. The findings from this study states
that White bellied heron prefer the vegetation composition and structure of the study area.

Key words: Dominant species, floristic composition, habitat preference, white bellied heron
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CHAPTER ONE
Introduction
1.1 Background
Bhutan is considered a birding paradise with 678 recorded species. At least 14 species are
globally threatened and ten fall within the restricted range. The white-bellied heron (Ardea
insignis) is considered critically endangered by the IUCN because of its low population status
and loss of habitat (Bird life international, 2001).
In Bhutan, hydroelectric power developments and road improvements have resulted in
significant habitat degradation. A massive hydroelectric scheme at Punatshangchu may have
recently caused WBH expiration from the sunkosh valley (Pradhan, 2007). So therefore,
construction of hydro power at Trongsa may also affect the heron’s habitat and food ecology at
down streams. Any disturbance in the ecosystem leading to pollution of water and high turbidity
disables the species from fishing. As a result it requires a large territory in which it can migrate.
Today hydro power poses the greatest threat to the conservation of the WBH. Roads and
infrastructure facilities are concentrated along the river, increasing human settlements and related
economic activities are already looming threats to the habitat of this endangered bird. The
information about WBH collected so far indicates that the WBH requires clean water for fishing
and a good undisturbed habitat.
The findings from this research will assist in understanding the different habitat preferred by
WBH. The present study has carry out the different habitat preferences by carrying out the
vegetation survey along the two transect from the confluence of Mangdechu and Bertichu.
After knowing the preferred habitat, it is important to manage accordingly and protect the
habitat after consultation with different stake holders and the Berti Communities where by the
habitat of WBH can be protected and the population of the heron may increase in the future. The
outcome from this study can also assist to understand the different factors influencing the habitat
of heron. A general message resulting from this study is that WBH habitat protection and
conservation should be taken into consideration by conservation policy maker and other policy
maker to strengthen and protect the WBH and its habitats nationally and internationally.
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1.2 Problem statement
International Union for Conservation of Nature (IUCN) classified WBH as critically endangered
species of bird globally in 2007 among 50 Species of bird. Bird life International estimated
global population of WBH as 200 individuals with distribution in India, Bangladesh, Myanmar,
Nepal and Bhutan. In Bhutan, this critically endangered bird is found along the banks of
Punatshagchu basin and Berti in central Bhutan (WWF, 2011).
WBH was classified under critically endangered species by IUCN in 2007, as the trend of
population is declining rapidly through habitat destruction, hunting and pollution. Further Royal
Society for Protection of Nature (RSPN) stated that increasing hydro-power, roads and
infrastructure facilities, increasing human settlements along the river threats the habitat of WBH.
In recent decades it has been reported the decline in the population of White-bellied Heron.
In Bhutan, RSPN reported the drop in population from 30 in 2009 to 28 in 2015 (RSPN, 2015).
Though the specific cause of this decline lack an in depth studies, it is attributed towards
predator, habitat loss, and fire incidence. There is not much information regarding the study on
WBH and its habitat preferences.
1.3 Objectives
-To determine difference in forest composition and structure in the habitat of WBH.
- To study the different habitat used by WBH.
1.4 Limitation of the study
It is very difficult to understand the habitat ecology of WBH during the short period of study.
WBH is a very sensitive bird and not easy to spot. It was very difficult to get the literature on
WBH. RSPN is the only key information provider in Bhutan. Ecological study of WBH is
globally minimal.
1.5 Research Questions
 Where are the different habitats used by WBH along Berti Chu? (Foraging, roosting and
nesting)


What is the different ground vegetation species found in the habitat of WBH?



What are the available species diversity, dominance, richness and composition in the
habitat of WBH?
2



Does the habitat destruction affect the population of the WBH and its nesting and
roosting?

1.6 Rationale
Earlier, Herons were just limited to the banks of Punatshangchu, but lately traces of heron
chicks were sighted in Zhemgang in Central Bhutan. As per the RSPN report, 4 Herons were
sighted along Berti Chu but 2 Herons usually disappear after the breeding season January to
February, 2015. The reason for the decline is not yet known. The study will also focus to
understand the heron population at Berti. The aim of the survey was also to find the new nest of
the heron along the Bertichu. Therefore, this study on Habitat preference, the factors influencing
and population is felt timely to address the issues related to declining population of WBH.
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CHAPTER TWO
Literature review
2.1 General Background
WBH is the second largest species of heron in the world exceeding its size only by the Goliath
heron (Bird life international, 2011). White bellied Heron is a solitary bird with a large territory.
During the winter, it flies up to 30 km to join other members of the species in small family
groups or flocks of unrelated individuals (Kushlan and Hancock, 2005). This solitary bird
gathers into small flocks during winter and moves to unapproachable and undisturbed areas
(Pradhan, 2007).
WBH are found in large inland swamp forests and forested rivers but seldom in submontane grasslands (Hume, 1878). It depends on mature forests large trees for nesting. Bird life
international (2001) states that there is evidence that the choice of habitat varies seasonally
where in summer using rivers and during winter slow flowing water courses. Simpson (1984)
states that the negative influence on heron populations are natural or either human related.
Kushlan and Hancock (2005) states that appearance of the Male WBH is similar to the female,
with a blackish head topped with a pale plume of feathers, and a brownish-grey body with grey
wings, legs and feet. The under belly of the chick is yellow which turns white as the chicks
mature.
Habitat characteristics such as vegetation composition (Emergent and Submerged vegetation
grasses, shrubs, and trees), Vegetation structures (Tree diameter and Height) and micro climate
variables (Temperature, relative humidity and light intensity) were the key factors that
influenced the distribution, diversity and density of the wetland bird species (Rajpar and
Zakaria, 2010). The vegetation structure and floristic composition were the key factors that
affected the habitat selection of the birds and indicated where and how the birds used the
resources (Rotenberry, 1985). To conserve this critically endangered species, it is important to
study about WBH and to survey the habitat requirements, the scale and importance of seasonal
movements (Planet of birds).
Punatshangchu basin has been selected as high quality habitat by heron among river system
of Bhutan (RSPN, 2011). However, construction of dam and other developmental activities,
4

along the basin causes threat to the habitat of heron. As per FAO (2010), construction activities
and vegetation clearances have led to vegetation loss, habitat fragmentation and degradation.
Moreover, as a result of construction, surrounding vegetation will experience changes in species
composition prefer more by riparian species but at the same time some plant species can be
permanently lost due to destruction (Johnson, 1992).
2.2 Nesting
There are several important factors prefer by WBH for nesting. Heron needs large territory size.
RSPN (2011) reported that WBH prefer a large tree standing on steep slope of 42-68 degree with
open space in front to advert danger while flying and to minimize the predator’s access to nest
tree. WBH prefer scarce under growth with low density. Nesting location will be near the
confluences of tributary and main rivers to keep themselves away from predators and human
disturbances (RSPN, 2011). This is also to forage on main streams or tributaries depending on
season and fish behavior (RSPN, 2011). This is because when parent heron spends long hour
looking for food which ultimately leaves and expose the chicks without care for predators
(RSPN, 2011). WBH prefer areas with tall Chir pine sparsely dispersed, understory vegetation
not touching the tree and very little to absence of shrub and small tree layer. The mid and
understory vegetation found in nesting habitat of WBH with Chir pine forest are Curcuma
aromatic, Cymbopogon khasianum, Cymbopogon jwarancusa, Ageratina adenopora, Duhaldia
cappa, emblica officinalis, Phoenix laureiri, Woodfordia fruticosa and Glochidion velutinum
2.3 Foraging
Hume (1878) reported that WBH uses riverine sites for foraging. It is a solitary species that is
often observed alone or in pairs but seldom in groups of four to five possibly family groups.
RSPN (2011) reported that WBH takes large cray fish however exact diet of heron has not been
documented. Studies has also been carried out by RSPN along Punatshangchu and states that
before the construction of Dam, heron use to catch two to 3 fishes in an hour but now it is very
difficult to catch one fish in about 3 hours. So therefore, sometimes heron couldn’t catch any
fish and had to undergo starvation (RSPN, 2011). Disturbance caused by anthropogenic can
caused stress to heron (RSPN, 2011). Approach distance of human on foot and in vehicle is not
more than 200 m (RSPN, 2011).
5

2.4 Roosting
WBH may avoid areas with extensive disturbance and choose roosting or foraging sites with no
disturbances. WBH breed and roost in chirpine forest (Tordoff et al., 2006). WBH is vulnerable
to disturbance and degradation of habitat caused by agriculture expansion, human settlement and
poaching and also overfishing. The mature forest is favoured by the WBH (Birdlife International,
2011).
2.5 Floristic composition
It is very important to understand the dynamics of forest structure and regeneration under
different forest conditions to know functions of forest ecosystem. According to Wangda and
Ohsawa (2006a), study revealed that the air temperature and humidity as the main factors
influencing species composition and forest structural attributes.
It was reported that, Temperature determines the distribution of species composition along
the altitudinal gradient of Bhutan Himalaya and forest tree distribution, forest dimension such as
height, diameter, basal area are highly effect by the content of soil moisture. Bhuju and Ohsawa
(1997) found trampling as an anthropogenic disturbance not only bringing about changes in biocommunity vegetation composition but also reducing species richness and their coverage. A
similar study conducted by Wangda (2009) revealed disturbance to natural ecosystem will have
significant change in floristic composition. To carryout conservation and management of
biodiversity in the area, quantitative information on structure and floristic composition of
vegetation becomes necessary.
2.6 Forest Structure
Forest structure refers to the way in which the attributes of trees are distributed within a forest
ecosystem which includes essential features like structural type, size, shape and both vertical and
horizontal spatial distribution (Gadow et al; 2012). Understanding the forest structure is a source
of relevant information to the forest manager in relation to forest dynamics, aesthetic and wood
production (Kint et al., 2000). Timilsina et al. (2007) have also reported that composition,
function and structure are the three important attributes of any forest ecosystems. A study
conducted by Sahoo et al. (2009) revealed that the anthropogenic disturbance causes affect to
6

forest structure and changes community composition which ultimately leads to disruption of tree
population structure. Wangda (2003) revealed the change from multi-dominant to monodominant with increase in altitude.
2.7 Species Diversity and Richness
The forest is structurally complex plant communities and its main characteristic feature is the
high species richness (Sagar and Singh, 2004). Species diversity is related to spatial
environmental heterogeneity, such as variability in habitat conditions, altitudes and topography
(Tang et al., 2012). Study conducted by Rao (1990) stated that tree species diversity decreased
with increased in disturbance. However, the intermediate disturbances in any forest communities
are crucial to maintain its diversity, composition and structure. According to Dangwal et al.
(2012), the diversity in Himalaya is severely threatened by natural and anthropological
disturbance and conservational biologist warns that 25% of all species could become extinct
during the next 20-30 years.
2.8 Regeneration Dynamics
The dynamics of the forest regeneration patterns and factors influencing their growth and
development is important to know by the forest manager for the conservation and sustainable
management of such important species. According to Wangda (2009), a poor regeneration of the
tree species were noticed in disturbed natural forest and removal of understory evergreen shrubs
and scraping of forest floor top soil resulted in degradation of forest including biomass. For the
growth of tree seedling, sites with litter and organic materials are favorable microsites
(Gyeltshen, 2008). Study by Ohsawa (2008) on dominant tree regeneration revealed that the
regeneration increases with opening of canopy as most of the trees cannot regenerate in the
ground closed canopy. Over grazing in the natural forest is threatening to the new seedling
growth (Shaheen et al., 2011). A similar trend was observed by (Dangwal et al., 2012).
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CHAPTER THREE
Methodology
3.1 Study Area
The research study was conducted from the confluence of Bertichu and Mangdechu along
transect following the Bertichu till Chandichu under Berti, Zhemgang Dzongkhag. Berti village
is under Trong geog which lies at an altitude of 596 masl. Under Trong geog, there are 10
villages namely Tama, Tingtibi, Takabi, Berti, Trong, Dangkhar, Tshanglajong, Zurphey,
Subrang and Gomphu. Berti village has total households of 23. The forest type is mixed chirpine
broad leaved forest. The farmers mainly depend on agriculture and livestock to sustain their
livelihood. The Berti communities have their traditional practice of catching the fish along the
Berti Chu and Mangde Chu for the generation of income by selling fish.

Figure 1: Map showing the study area
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3.2 Methodology and Survey Design
As per bird life international classification on habitats of WBH, Forest, Grassland, and fresh
water streams are the common preferred habitats. To know the different habitat used by WBH,
foraging, roosting and nesting were studied along Berti chu. The study was also conducted to
project the habitat map of WBH through using GIS software.
A Transect was laid along the altitudinal gradients of 577 masl (N-27º090.816" and E090º39.832") from the confluence of Bertichu and Mangdechu till the confluence of Bertichu and
Chandichu at an altitude of 813 masl (N-27º08.389" and E-090º36.270") which is a preferred
habitat of WBH as per the Resoup (local forest guard) of Berti. The sampling plots were selected
in every 200 m interval. The vegetation survey was conducted from first week of February 2016
till end of March 2016. A total of 26 plots was laid along transect. A total of 13 plots were laid at
the left side of Bertichu river bank and another 13 plots was sampled along the right side of river
bank. For tree layer quadrat sampling of 20 x 20m was adopted while for seedling and ground
layer, 3 sub-plots of 2 x 2 m was established diagonally within the tree layer so as to keep
constant throughout the plots to avoid biases.

Figure 2: Plot Design
In each plot of 20 X 20 m, all trees attaining a height of ≥1.3 m was identified and their
height and diameter at breast height (DBH) was measured to determine the basal area (BA) and
DBH class distribution. For seedling, all tree individuals occurring within the sub-quadrat (2 x 2
9

m) having height <1.3 m was also measured. In this category, seedling height was also measured
along with its approximate age to determine density and age class distribution. For ground
vegetation cover, herbs were identified and height of the tallest of each species and their
corresponding coverage was also recorded. To study the different habitat used by WBH such as
foraging, roosting and nesting, transect was followed along with the vegetation survey. The
equipment such as compass, clinometer, Global Positioning System (GPS), diameter tape, measuring
tape was used to conduct the field survey for data collection. Plants of Bhutan and Flora of Bhutan

by Grierson and Long has been used for nomenclature.
3.3 Data analysis
3.3.1

Vegetation data analysis

To determine the floristic composition, diversity and richness in the habitat preference of WBH,
the following data analysis were carried out. The (DBH) diameter at breast height data of tree
was used to determine the basal area and then relative basal area in percentage (RBA percentage)
was also calculated. The RBA of each species was used as abundance measure of species in the
habitat of WBH. The dominant species of the plots was based on the dominance analysis
calculation (Ohsawa, 1984).
The statement of 100% relative dominance is for a single species which dominated in a
community. The relative dominance is accounted as 50% if two species shared dominance. In a
similar way, the relative dominance is accounted as 33.3% if the dominance is shared by three
species. The number of dominant species shows the least deviation between the actual relative
dominance values and the expected percent share of the corresponding co-dominant model.
The formula described by Zobel et al. (1987) was used for calculating basal area (BA),
relative basal area (RBA %) and species diversity index (H) as stated below by following
Shannon & Wienner Diversity Index.
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Shannon-wiener index (H) = −∑Pi logn Pi
Where Pi 

Number.of .individual.of .one.species
Total.number.of .all.individual(one. forest .only)

Species richness =

( S  1)
LogN

Where S= total number of species; N= total number of individual of all species
Evenness index =

H
LogS

Where H= Shannon Wiener diversity index; S = Total number of species
2

 
Index of dominance =   ni  or  (Pi) 2
N
Where ni = number of individual of a species (of one forest)
N = Total number of individual of all species (of one forest)
Basal Area (BA) = π d2/4 or πr2/2

d = DBH (diameter at the breast height)
r = (diameter / 2)
π = 3.1416.

Relative Basal Area (RBA%) = Basal cover of individual species / Total basal cover of all the
species X 100
The height and coverage percent of ground vegetation were also used to determine the
volume and the relative volume. Important value (pi) was calculated to find the diversity using
natural log.

11

The data was analyzed using Pivot Table of the Microsoft excels 2010 for Shannon diversity
index (H’), relative dominance, floristic composition and graphical presentation.
Statistical package for social sciences (SPSS version 16.0) was used for conducting the spearman
correlation test for species diversity, species richness and tree dominance. Microsoft excels 2010
was also used for compilation of data of regeneration and ground coverage.
One aim of the vegetation study is to compare between different types of forests ecosystems.
This vegetation survey helps us to apply suitable techniques to protect biodiversity or help us in
protection of the habitat of WBH.
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CHAPTER FOUR
Results and Discussion
This chapter presents the overall results obtained from the study carried out based on the
objectives and methodology. The results in-depth findings include floristic composition, Species
diversity, Species richness, Species evenness and tree density of the surveyed area of the
proposed research study. Two transect was laid along Bertichu at an interval of 200 m to find out
the vegetation composition and structures inside the habitat of WBH. The results also include the
uses of different habitat preferred by WBH according to variables like nesting, foraging and
roosting with the forest vegetation analysis.
The vegetation analysis of two transect has been described in details and the list of figure
and tables are also attached as follows:

Figure 3: Tree diversity in different plots_T1
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Figure 4: Tree diversity in different plots_T2
4.1 Species Diversity and Richness in the habitat of WBH
The figure shown explains about the species diversity and richness in the habitat of WBH. To
evaluate any ecosystem, species diversity is one of the most important tools. A rich ecosystem
with high species diversity has a larger value (H′) while an ecosystem with lower value (H′) will
have generally have low species diversity (Sobuj and Rahman, 2011; Deka et al., 2012).
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Figure 5: Tree richness in_T1

Figure 6: Tree richness_T2

15

In transect 1, the diversity varied from 0 at 788 and 789 masl respectively (Plot 11 and Plot 12)
which is pure stand of Pinus roxburghii to 1.5 at 579 and 610 masl (Plot 3 and Plot 6) which is a
mixed broadleaved with conifer and showed negative correlation with altitude, r = -.197, p < .05.
In transect 2, the diversity has decreased at third and second last plot. The diversity varied from
0.7 at 813 masl (Plot 13) to 1.8 at 579 and 644 masl respectively (Plot 2 and Plot 6) and it
showed negative correlation with altitude, r = -.088, p > .05. Chang-Fu et al. (1998); Bhattarai
and Vetaas (2003) have observed the similar trend that species diversity decreased with
increasing elevation (Table 1). In transect 1, Species richness was recorded highest in Plot three,
six and 10 with a richness of six.
In transect 2, Species richness was recorded highest in plot two. Wangda, (2009) reported
that a variation in diversity and richness along the gradients was due to disturbance to natural
ecosystem. Coelho et al. (2012) has also stated that differences in basal area, species density and
richness are because of the factors like light, humidity, topography, soil conditions, variation in
rainfall, temperature, and canopy opening along the gradients. However, the intermediate
disturbances in any forest communities are crucial to maintain its diversity, structure and
composition.
Forest is structurally complex plant communities and its main characteristic feature is their
high species richness (Sagar and Singh, 2004). It was also reported that the difference in species
composition along the altitudinal gradient could be due to the influence of human disturbance.
Egbe et al. (2012) has reported similar report in a disturbed and natural regeneration forest in
Kourp National Park It was also reported that the diversity of Himalayan region is severely
threatened by natural and anthropogenic disturbance. (Dangwal et al., 2012).
4.2 Species dominance
The RBA percentage of individual species having the largest total biomass within the sampling
plant community was used as abundance of species along the altitudinal gradient of the WBH
habitat. To calculate the sampling plots dominated by single species, the corresponding value
represents 100% relative dominance. Similarly if two species share the dominance, the value
represents 50% relative dominance and with relative dominance value of 33.33% three species
dominates the community respectively.
16

In transect 1, Number of dominance ranged from one to 5 species per plot. Pinus roxburghii,
Alnus nepalensis and Daubanga grandiflora shared the dominance along the sampling plot, but
Pinus roxburghii dominance at the last plot. Plots with an only dominant species were found in
plot 11 and 12 which is a pure stand of Pinus roxburghii (Annexure 1).
In transect 2, Number of dominance ranged from three to 7 species per plot. The dominance
species recorded are Pinus roxburghii, Alnus nepalensis, Syzygium cumini, Schima wallichii,
Plumeria rubra, Bombax ceiba and Phoebe lanceolata (Annexure 2).
There was negative association in transect 1 between the dominant tree species along the
altitude gradients, r = -.053, p> .05. Wangda (2003) reported that, which revealed the change
from multi-dominant to mono-dominant with the increase in altitude. (Table 1).

Table 1: Correlation Tree_T1

H'

r
p

Altitude

r
p

S

r
p

H'
1

Altitude
-0.197
0.519
1

S
.859
0

**

D
0.458
0.134

-0.536
0.072

-0.053
0.871

1

.610
0.035

**

r
Dominant
p
species

1

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Table 2: Correlation Tree_T2
H'
Altitude
S
**
r
1
-0.088
.695
H'
p
0.775
0.008

Altitude

r
p

S

r
p

Dominant
species

r
p

1

D
0.559
0.047

0.111
0.718

-0.187
0.542

1

.742
0.004

**

1

*

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

4.3 Forest composition
4.3.1

Tree layer

A total of 25 species belonging to 20 families were recorded in the study area of Transect 1. The
overall tree layer observed were Acer oblongum, Ageratum conyzoides, Alnus nepalensis,
Bischoffia javanica, Bombax ceiba, Callicarpa arborea, Castanopsis tribuloides, Daubanga
grandiflora, Emblica officinalis, Ficus roxburghii, Ficus semicordata, Leucaena leucocephala,
Macaranga denticulate, Mallotus phillipensis, Phoebe hainesiana, Phoebe lanceolata, Pinus
roxburghii, Plumeria rubra, Quercus spp, Rhus succedanea, Salix tratusperma, Schima
wallichii, Syzygium cumini, Syzygium formusa, and Michelia kingie.
In transect 2, a total of 30 species belonging to 25 families were recorded. The overall tree
observed were Acer oblongum, Alnus nepalensis, Bombax ceiba, Callicarpa arborea, Casearia
graveolens, Castanopsis tribuloides, Daubanga grandiflora, Emblica officinalis, Engelhordia
spicata, Eurya acuminata, Ficus roxburghii, Ficus semicordata, Leucaena leucocephala,
Lithocarpus elegans, Mallotus phillipensis, Miliusa macrocarpa, Ostodes paniculata, Phoebe
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lanceolata, Pinus roxburghii, Plumeria rubra, Rhus succedanea, Schima wallichii, Syzygium
cumini, and Syzygium formusa.

Table 3: Composition of all trees in T_1
Plot

P2
2

Plot Area (m )
Altitude

P3

P4

P5

P6

P7

P8

P9

P10

P11

P12

P13

400 400
473 577

400
579

400 400
588 600

400
610

400
629

400
656

400
697

400
732

400
789

400
802

Total BA (cm2)
6325 3941 4864 5155 5406 12420 16881 13737 9178 26558 28294 25132
Species Diversity
0.5 1.5 0.5 0.6 1.5 1.3
0.83 0.7
1.4
0
0
0.3
Species Richness
2
6
4
4
6
5
4
5
6
1
1
2
Species Eveness
0.72 0.81 0.36 0.43 0.84 0.81 0.60 0.43 0.78 0.00 0.00 0.43
Dominant species
1
2
2
2
2
3
3
5
3
1
1
2
Stem Density (Nos.) 16
14
16
15
14
13
19
17
17
15
17
18
Max DBH (cm)
37
31
35
35
45
62
64
65
35
64
63
65
Max Height (m)
17
25
23
23
27
51
51
50
23
51
51
54
Mean DBH (cm)
21
17
30
30
30
30
30
39
39
39
39
39
Mean Height (m)
10
15
21
21
21
21
21
25
25
25
25
25

Table 4: Composition of all trees in T_2.
Plot

P1
2

Plot Area (m )
Altitude

P2

P3

P4

P5

P6

P7

P8

P9

P10

P11

P12

P13

400 400 400
577 579 588

400
600

400
610

400
644

400
629

400
656

400
697

400
732

400
801

400
810

400
813

Total BA (cm2)
8056 6004 7993 12317 14847 22018 24852 24286 19318 15969 24236 17714 24817
Species Diversity
1.3 1.8 0.9 1.5
1.6
1.8
1.1
1.6
1.6
1.6
1.3
1.6
0.7
Species Richness
4
9
4
6
6
8
5
8
7
6
7
7
5
Species Eveness
0.94 0.82 0.65 0.84 0.89 0.87 0.68 0.77 0.82 0.89 0.67 0.82 0.43
Dominant species
4
7
3
5
6
7
5
5
7
5
6
4
3
Stem Density (Nos.) 22 26 21
25
25
27
26
30
21
17
19
18
27
Max DBH (cm)
37 31 50
45
60
65
65
65
62
60
62
59
51
Max Height (m)
18 21 25
26
34
51
51
50
51
47
54
42
62
Mean DBH (cm)
21 16 19
22
25
30
31
28
29
32
33
33
30
Mean Height (m)
10 11 12
14
15
18
20
16
18
21
23
20
19

The dominance family in both transect was Euphorbiaceae. The reasons for the poor
establishment of some families may be due to competition for nutrients, limited light by canopy
trees and destruction of undergrowth during tree snapped and logged on the forest floor. A
similar case was reported in a disturbed and natural regeneration forest in Kourp National Park
(Egbe et al., 2012).
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4.4 Influence of altitude on species composition
The most dominant families were Euphorbiaceae, Moraceae and Myrtaceae. The reason for the
dominance of this family could be because of habitat adaptation on favorable environmental
conditions which encourage seed dispersal, pollination, and eventually establishment of species.
The degree of influence by human disturbance could lead to difference in species composition
was reported in several studies.
4.5 Forest structure along the altitudinal gradients
Structural traits of forest communities along the transect of WBH were described based on eight
features; diversity, mean DBH, mean height, Total BA, stem density, dominant species, species
richness and evenness (Table 2 and 3 ).
Structural traits and composition of forest were observed changing along the elevation. It
can be due to anthropogenic disturbance and environmental factors like temperature, humidity,
rainfall, light and soil condition. Wangda and Ohsawa (2002) have reported a similar observation
made on Forest types and the dynamics along the altitudinal gradients in a dry valley, upper
Lobesa, Bhutan.
4.6 Ground layer

Figure 7: Species diversity in_T2
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Figure 8: Species diversity in_T1
4.6.1

Species Diversity and Richness of ground layer

In transect 1, ground vegetation composed of 15 different types of species with nine families.
The highest diversity recorded was in plot three and the highest species richness was found in
plot four and plot nine. (Figure 7 and 9). The species diversity in plot three are Begonia hatacoa,
three types of Fern species, Grass species and Hedychium spp. The highest species richness are
Cymbopogon flexuosus, begonia hatacoa, Oplismenus burmanni, Hedychium spp, two types of
Fern species and one Grass species. Negative correlation was observed for the Species diversity
along the altitudinal gradient, r = -.729, p > .05. Negative correlation was also observed for the
species richness along the altitudinal gradient, r = -0.5, p > .05 (Table 5).
In transect 2, ground vegetation composed of 17 different types of species with 10 families.
The highest diversity was recorded in plot one and the highest species richness are found in plot
four. (Figure 8 and 10). The species diversity in plot one was Hedychium spp, Fern species,
Begonia hatacoa, and Grass species. The highest species richness was Cymbopogon flexuosus,
begonia hatacoa, and Oplismenus burmanni. Negative correlation was observed for the Species
diversity along the altitudinal gradient, r = -.205, p < .05. Negative correlation was also observed
for the species richness along the altitudinal gradient, r = -.134, p > .05 (Table 6).
4.6.2

Dominance

In transect 1, ground vegetation composed a total of 15 different types of species with nine
families. The dominant families recorded were Gramineae (6 species) and rest are with single
family and species. Based on dominance analysis, a single species dominance was found in plot
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eight, two dominated species in plot five, plot 11 and plot 13, three dominated species recorded
in plot six, four dominated recorded in plot two, plot five and plot 12. five dominated in plot
three and the highest dominated of six was found in plot four, plot nine and plot 10 (Annexure
5). The main dominance species are cymbopogon flexuosus, Ferns species Begonia hatacoa and
commelina benghalensis along the gradients. Negative correlation was observed for the
dominance species along the altitudinal gradient, r = -.198, p > .05 (Table 5)
In transect 2, ground vegetation composed of 17 different types of species with 10 families.
The dominant families recorded were Gramineae (seven species) and rests are with single family
and species. Based on dominance analysis, single species dominance was found in plot two, plot
six and plot eight (Annexure 6). The main dominance species are commelina benghalensis,
cymbopogon flexuosus, Fern species, and Begonia hatacoa along the gradients. Negative
correlation was observed for the dominance species along the altitudinal gradient, r = -.205, p >
.05 (Table 6).
Table 5: Correlation ground_T1
Altitude
H'
Altitude
r
1
-.729**
p
0.007
H'

r
p

S

r
p

D

r
p

cm³

r
p

1

S
-0.5
0.098

D
-0.198
0.538

cm³
-0.177
0.582

0.265
0.406

-0.023
0.944

-0.333
0.29

1

.797
0.002

**

0.181
0.573

1

0.212
0.508
1

**. Correlation is significant at the 0.01 level (2-tailed).
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Table 6: Correlation ground_T1
H'
Altitude
H'
r
1
-.205

S
.268

D
.170

cm³
-.413

p

.503

.376

.580

.160

Altitude

r
p

1

-.134
.662

-.094
.760

-.164
.593

S

r

1

.778
.002

**

.087

1

.271
.370

p
D

r
p

cm³

r
p

.778

1

** Correlation is significant at the 0.01 level (2-tailed).

4.7 Regeneration patterns
In transect 1, Regeneration consisting of 20 species belonging to 17 families were recorded along
transect. The most dominant families were Myrtaceae and Euphorbiaceae. The dominant species
were Alnus nepalensis, Schima wallichii, Syzygium formusa and Leucaena leucocephala,
Daubanga grandiflora and Castanopsis spp. The species density was found highest in plot
Seven. (Figure 11)
In transect 2, A total of 25 species belonging to 24 families were recorded along the
altitudinal gradient of transect. Moraceae was found dominating families. The dominating
species were Alnus nepalensis, Daubanga grandiflora, Pinus roxburghii, Bombax ceiba,
Leucaena leucocephala and Schima wallichii. The highest species density was recorded in plot
four and six. (Figure 12)
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Figure 9: Density ground_T1

Figure 10: Density ground_T2
The regeneration surveyed in all the plots was quantitatively to analyze to investigate the
regeneration patterns and population dynamics along the altitudinal gradients of the study area.
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The DBH and height class distribution of tree species has provided the information about
regeneration probability of the species. Regeneration growth is low in the area where there is
disturbance to under growth plants grazed by cattle. It was also observed that regeneration was
mainly influenced by human interferences.
4.8 Types of habitat preferred by WBH along the Bertichu
4.8.1

Nesting

The second objective of the research is to study the different habitat used by WBH. Along with
the vegetation survey from the confluence of Mangdechu and Bertichu, different habitat such as
foraging, roosting and nesting were also studied. The roosting and old nest was based on the
location and availability as it was out of transect. Old nest of WBH on mature Chirpine was
located at an elevation of 696 masl at coordinates N- 27º 08' 757" and E- 090º 37' 874" but it
was abandon. RSPN has been monitoring and keeping records of WBH nesting sites along its
natural habitat since 2003. It was also stated that new nest were used up to one to 3 years only
but sometimes it was found that they change every year or even built two nest in a year if they
are disturbed in the process. RSPN reported that new breeding pairs are reported to build nest up
to 9 times before they find suitable one.
The new nest was found along transect, on a large chirpine tree without understory at an
altitude of 813 masl at coordinates of N-27º 08. 553" and E-090º 36. 371" near the confluence
of Bertichu and Chandichu. The DBH of the nesting chirpine tree was found to be 53 cm DBH
and 37 m high. There is open space in front and also the under growth coverage with less
density. It was located at slope percent of about 45-50 degree.
The WBH use matured Chirpine tree for nesting (RSPN, 2011). WBH prefer a large tree
standing on steep slope of 42-68 degree with open space in front (RSPN, 2011). To advert
danger while flying and to minimize the predator’s access to nest tree, WBH prefer scarce under
growth with low density. RSPN (2011) states that WBH nesting will be near the confluences of
tributary and main rivers to keep themselves away from predators and human disturbances. It is
also to forage on main streams or tributaries depending on season and fish behavior (RSPN,
2011). The findings of the study could say that WBH prefer Chirpine for nesting.
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4.8.2

Foraging

One WBH was spotted foraging near the confluence of Mangde Chu and Berti Chu at
coordinates of N-27º 09' 47.9" and E-90º 39' 52.0". The observation of the bird was made at
around 11 am and along the river banks, tree species like Alnus nepalensis, Daubanga
grandiflora, Syzygium cumini, Pinus roxbhurghii and Leucena leucocephala were observed.
Parameters of foraging tactics such as strike rate, foraging effort expended per min, foraging
efficiency were not able to study due to lack of facilities. Sighting WBH at that point signifies its
presence because of its rare chance to spot everywhere as WBH is a solitary bird. From this
study, it is difficult to confirm its foraging habitat because it depends on season and also the
availability of food (RSPN, 2011). The findings assume that WBH foraging habitat is from the
confluence of Mangdechu and Bertichu to confluence of Bertichu and Chandichu and also along
the Mangde chu river.
As per RSPN (2011), during foraging, heron change its position by over 500m by walking or
flying. WBH hunt its prey by standing still or walking very slowly. RSPN has carried out the
observation on foraging behavior of heron and states that WBH always grasp the prey between
the mandibles rather than stabbing through the body.
4.8.3

Roosting

WBH was seen roosting on a large chirpine tree nearby its nesting area at coordinate N27º09'413" and E-090º38'783". According to RSPN, roosting sites include large rocks, logs and
trees. From October to January, WBH roost during the day on cobble and sand bars within the
river courses laying down on the sternum in incubation like posture, usually on sand or fine
gravel. However, RSPN has also reported that WBH start roosting on trees from the beginning of
February. They start roosting after 9 am when the surrounding temperature rises and start
foraging after 2.30 to 3 pm when the surrounding temperature starts cooling. The observation
made by RSPN also reveals that WBH prefer Chirpine tree for roosting. Three roost tree
measured were 10, 14 and 16 m in height and the inner roost tree distances ranged between 52
and 105 m, with little or no mid-story or understory vegetation (RSPN, 2011).
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Figure 7: Different habitat
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CHAPTER FIVE
Conclusion
The quantitative inventory of floristic composition, diversity, dominance and tree population
structure were studied along the altitudinal gradients from confluence of Bertichu and
Mangdechu. The research has also strived towards to study the different habitat used by WBH.
Study revealed a total of 32 species with 33 families in tree layer, 15 species with 5 families in
the ground layer and 15 species with 10 families in regeneration. The main dominating species
recorded in the tree layer were Pinus roxburghii, Alnus nepalensis, Daubanga grandiflora,
Schima wallichii, Syzygium cumini .
The study was focus on vegetation composition, diversity, richness and dominant species in
the area to know the preferred habitat of WBH for roosting and nesting. WBH spotted near the
confluence of Mangde chu and Berti Chu for foraging and the nesting on the matured Chirpine
tree assure that WBH have preferred the vegetation composition and structure of the study area.
Depending on the wildlife species, important resources may be provided more or less directly by
certain plants. To protect the critically endangered WBH and its habitat, the recommendations
are to carry out the water quality assessment, study of fish diversity and abundance and Predator
ecology in the habitat of WBH.
A general recommendation from this study is that WBH habitat protection and conservation
should be taken into consideration by conservation policy maker and other policy maker to
strengthen and protect the WBH and its habitats nationally and internationally.
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Appendix 1 Data sheet (Tree Vegetation > 1.3 m)
Location
Date
Altitude
Inclination

Sp. No.

:
:
:
:

Species name

DBH

Ht. HL
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Plot No.
Aspect
Plot Size
Recorder

:
:
:
:

HB

Status

Stem type

Appendix 2 Data sheet for Seedling < 0.5 m
Location
Date
Altitude
Inclination
Sp.
No.

:
:
:
:

Species name (Seedling)

Plot No.:
Aspect:
Plot Size:
Recorder:

Ht.

Sp.
Age No.
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Species name (Seedling)

Ht.

Age

Appendix 3 Ground vegetation survey (Data form)
Location
Date
Altitude
Inclination
Sl/No.

Species

:
:
:
:
Ht. (cm)

35

Plot No.
Aspect
Plot Size
Recorder

:
:
:
:

C (%)

Remarks

Appendix 4 Dominance tree_T1
Species
P2
Pinus roxburghii
Alnus nepalensis
Daubanga grandiflora 82.6
Castanopsis tribuloides
Quercus spp
Macaranga denticulata
Michelia kingii
Ageratum conyzoides
Syzygium cumini
Ficus semicordata
Emblica officinalis
Bischoffia javanica
Phoebe lanceolata
Ficus roxburghii
Schima wallichii
Bombax ceiba
Callicarpa arborea
Plumeria rubra
Acer oblongum
Rhus succedanea
Mallotus phillipensis
Syzygium formusa
Salix tratusperma
Leucaena leucocephala
Phoebe hainesiana 17.4
Grand Total
100

P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13
6.9 5.0 82.7
40.1 72.6 82.8
100 100 89.6
30.8 15.4
10.4
31.1
12.3
42.3
15.0
35.1
9.9
5.2
5.0
2.5
7.0
13.8
8.1
11.7
4.6
2.3
2.4
2.1
9.7
10.7 2.3
2.9
3.3
44.5
9.5 9.3
8.5
4.1
3.7
85.7
28.5
28.0
2.6
100 100 100 100 100 100 100 100 100 100 100
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Appendix 5 Dominance tree_T2
Species
Pinus roxburghii
Alnus nepalensis
Syzygium cumini
Schima wallichii
Plumeria rubra
Phoebe lanceolata
Bombax ceiba
Sterculia hamitonii
Castanopsis tribuloides
Mallotus phillipensis
Daubanga grandiflora
Ostodes paniculata
Engelhardia spicata
Ficus roxburghii
Syzygium formusa
Ficus semicordata
Emblica officinalis
Sterculia hamiltonii
Casearia graveolens
Miliusa macrocarpa
Callicarpa arborea
Rhus succedanea
Lithocarpus elegans
Eurya acuminata
Acer oblongum
Leucaena leucocephala
Grand Total

P1

P2 P3 P4 P5 P6 P7 P8 P9
15.1 67.3 43.5 35.6 37.3 59.6 34.8 43.3
19.0 11.2
20.4
4.3
12.2
9.0
37.1
13.5
21.9
9.3
3.5
13.1
5.9
14.4 23.4 10.5
12.5
20.3
44.5 20.4
4.9

4.3

3.5
4.6

3.9

3.4

1.6 33.7
5.8
1.7
1.4
1.2
23.7

6.4
15.2
21.4
1.9
4.5

P10
11.3
15.5
14.1
33.0

P11 P12 P13
58.0 31.6 80.2
10.7 22.9 10.2
3.1
6.9
22.2 2.0
2.5 0.7
4.8 10.9
10.4 6.1
3.9
16.7 4.3 8.0
5.0
20.1 21.9
5.8
4.7

8.2
11.8
5.7
4.3
7.0

5.4
4.3
100 100 100 100 100 100 100 100 100 100 100 100 100
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Appendix 6 Plot summary ground cover_T1

Plot
Altitude
Total Volume cm³
Shanon's Diversity (H')
Richness (Nos.)
No. of Dominant Species

P2
473
89501
0.5
5
4

P3
577
1208.5
1.4
6
5

P4
579
1317.5
1.1
7
6

P5
588
636.9
0.9
5
2

P6
600
1066.9
0.6
3
3

P7
610
1334.9
0.9
4
4

P8
629
581.5
0.9
4
1

P9
656
19567.5
0.2
7
6

P10 P11
697 732
20425 7070
0.3 0.3
6 2
6 2

P12
789
15102.5
0.1
4
4

P13
802
677
0.5
2
2

Appendix 7 Plot summary ground cover_T2

Plot
Altitude
Total Volume cm³
Shanon's Diversity (H')
Richness (Nos.)
No. of Dominant Species

P1
577
1149.8
1.3
6
5

P2
579
1230
0.4
2
1

P3
588
61409
0.5
4
4

P4
600
980.5
1.2
7
6

P5
610
483.4
1
4
2
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P6
644
10660
0.2
4
1

P7
629
757.2
0.7
3
3

P8
656
493.8
1
4
1

P9 P10 P11
697 732 801
16260 20023 7130
0.2 0.4 0.3
7 6 2
5 6 2

P12
810
1390.4
0.9
4
4

P13
813
848.8
0.9
4
1

Appendix 8. Photos of the study area during the survey.
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