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ABSTRACT
The White-bellied Heron (Ardea insignis Hume, 1878) has a very large range currently occurring
as a resident bird in Bhutan, India and Myanmar. The numbers of White-bellied Heron (WBH) in
Bhutan is 28. Of total, 26 individuals are found along Punatsangchu and two individuals along
Bertichu. The study was carried out in Bertichu, Zhemgang Dzongkhag with the objective to
assess the approximate area of WBH habitat loss due to forest fire, develop forest fire hazard
map and to gather community perception about the WBH and impact of forest fire. Burnt area
had been identified by conducting a field visit and the burnt areas are located with the help of
GPS. Arc GIS 10.2.2 was used in identifying fire hazard areas by assigning varying degree of
weightage to different parameters and reclassifying themes in the spatial analyst module. The
higher ranking was given to the class having high positive relation with fire incidence and the
lesser weight class to the lesser positive relation with fire incidence. All 32 households were
interviewed using close and open ended structured questionnaire (total enumeration). From 2006
- 2015, four fire incidences have occurred between certain gap due to natural and anthropogenic
activities. A total of 232 Acre of WBH habitat was destroyed by fire for the last 10 years. Fire
hazard zone are classified as areas of high, moderate and low fire risk zone. The final map shows
that habitat of WBH falls in the area of high risk zone. Social survey result shows that 87.5% of
the respondents have sighted WBH along Bertichu. Respondents (84.4%) indicated stable WBH
population, 9.4% indicated decrease in population and 6.3% indicated increase in population.
Respondents (84.4%) have seen forest fire in the habitat of White-bellied Heron, 65.6%
responded sighting of WBH after forest fire, and 50% of respondents have not seen the nest
being destroyed by fire. Further, 53.1% of respondents responded that the population of WBH
remains same after occurrence of forest fire. Such response clearly indicates that the forest fire
asserts minimum impact on habitats of WBH in Bertichu.
Key words: Community perception, forest fire impact, fire hazard areas, White-bellied Heron
and WBH population
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CHAPTER ONE
Introduction
1.1 Background
The White-bellied Heron (Ardea insignis) is categorized as critically endangered species in 2007
by the International Union for Conservation of Nature (IUCN) due to its population of 200
numbers in the world (Birdlife International, 2011). It is the world second largest heron in the
foothills of Eastern Himalayas (Kushlan and Hancock, 2005). The White-bellied Heron inhibits
in sandy or gravel areas, usually adjacent to chirpine and broadleaved forest. They prefer
forested and sheltered areas than open wetland (WWF Bhutan, 2011). In Bhutan, 30 Whitebellied Heron are found with four in Bertichu (Zhemgang Dzongkhag) and 26 in Punatsangchu
basin (RSPN, 2011). Now the population reported is 28 with two individuals in Bertichu and 26
along Punatsangchu Basin. In Bhutan, the construction of hydropower dams along Punatsangchu
river, road improvements and forest fire cause habitat destruction and fragmentation (Birdlife
International, 2011).
Frequent occurrence of forest fires has been one of the major reasons for the depletion and
extinction of most of our valuable plant and animal species. Fire serves as an important function
in maintaining the health of certain ecosystems, but as a result of changes in climate and in
human use and misuse of fire, fires have become a threat to many forests and their biodiversity
(Saklani, 2008). Bhutan Forest and Nature Conservation Rules (FNCR) 2006 consider forest fire
as threat to forest conservation (DoFPS, 2012).

1.2 Rationale
The Population size is estimated at fewer than 250 mature individuals with a continuing decline
in numbers (Birdlife International, 2011). This decline is projected to increase as more habitat is
lost and degraded, with the possibility of direct exploitation and disturbance, especially when
nesting (Price and Goodman, 2015). A key threat to White-bellied Heron and their habitat is the
risk of incidental forest fires that destroy nest and hatchings as well as the species preferred
forest habitats (Pradhan, 2008). Logging and forest fire are highly correlated and are more
intensive habitat degradation factor for White-bellied Heron (Dorji, 2013). Also World Wildlife
Fund (WWF), Bhutan (2011) stated that there is high nestling mortality of White-bellied Heron
due to predation and the risk associated with forest fires. Further, Duckworth (2006) mentioned
1

that one of the threats of WBH is due to natural forest fires which have destroyed the nests in
Bhutan. Six active nests were recorded in Bhutan in 2007, two from a new site. By the mid of
July 2007 these nests held six chicks in total. However, due to natural forest fires, three nests
were abandoned, resulting in a likely 50% survival rate to fledging (leaving the nest) at best (
RSPN, 2011).
Large rivers and lakes with chirpine trees (Pinus roxburghii Sarg) nearby are found to be
preferred habitat for WBH in Bhutan. They roost and nest on tall Chirpine trees (Dorji, 2013).
Since chirpine forest is vulnerable to fire and thus this study has aimed to find out the impact of
fire to the habitat and to the White-bellied Heron. So far not much work has been done to
identify fire hazard zone for the critically endangered White-bellied Heron and little is known
about the fire impact on WBH habitat in Bertichu. Therefore this project has come out with the
following objective:

1.3 Objective
The objectives of the study are:
 White-bellied Heron habitat loss assessment due to forest fire for last 10 years and
classify as per forest fire prone area in Bertichu
 Community's perception about White-bellied Heron habitat and impact of forest
fire in Bertichu

1.4 Scope and Limitation
At the organization level, this research will add value to the on-going initiatives of Royal Society
for Protection of Nature (RSPN) and at regional level, it will contribute to building up literature
basis for conservation need of WBH. Also this study would form ground for further research on
WBH for Bhutan and other home range countries.
It is important to study the impact of fire on WBH habitat so that an appropriate
conservation measures could be undertaken. Due to short period of time, the study was confined
to Bertichu, Zhemgang Dzongkhag. Further there is no data and literature available related to fire
impact on WBH habitat.
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CHAPTER TWO
Literature Review
2.1 General Background
The WBH was described by Hume (1878) as Ardea insignis from a specimen collected from
somewhere in the Sikkim terai and/or the Bhutan duars. It appears about 127 cm tall and has a
large blackish bill 15-18 cm long. It is mostly dark greyish with a contrasting white throat, belly
and vent and white-streaked scapulars, foreneck and upper breast. The legs and feet are grey.
Adult males and females have two lace-like white plumes on their nape, while juveniles have
smaller browner plumes (BirdLife International, 2011). The WBH’s presumed range is covered
by three biodiversity hotspots: Eastern Himalayas, Indo-Burma, and South-West China (Myers,
2001). The IUCN Species Survival Commission and the Zoological Society of London reported
that the WBH was included among the world’s 100 most threatened species in 2012 (Baillie and
Butcher, 2012).
There are 65 species of herons recognized in the world (Kushlan, 2007). It was assessed and
found that 9 species of the heron are currently under severe threat. Four populations of the
herons had been extinct in historic times. Habitat degradation by natural phenomena and
anthropogenic is the main cause of threat to WBH. In overall, herons are an adaptable group of
birds (Kushlan, 2007) and most of them have been able to co-exist with human in their natural
ranges. The conservation status and declining trend in the WBH population is well known among
concerned individuals, both within its range countries and internationally. In its range countries,
government and non-government organizations have been researching and supporting the WBH
(Price and Goodman, 2015).
Bhutan is a small country (just over 38,000 Km2) in south Asia, sitting in the Himalayas
between China and India. It is home to roughly 734,000 people, with a population growth rate of
approximately 1.11% per year. The White-bellied Heron has been found in Bhutan (Grimmett et
al., 1999) with many published sighting during the early 1990s. The first verified sighting was
reported by His Majesty the Fourth King Jigme Singye Wangchuck of Bhutan in 1976. The
WBH is protected by the law in Bhutan (RSPN, 2011). In Bhutan, especially, over many years
there have been systematic surveys of rivers for WBH, nest sites have been monitored, and
efforts made to provide supplementary feeding sites (Price and Goodman, 2015).
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2.2 Forest fire
Fire is defined as the rapid combustion of fuel, heat and oxygen. It is a chemical reaction of any
substance that will ignite and burn to release energy in the form of heat and light (Rawat, 2003).
In forests, fuels are vegetation, branches, needles, dead trees, leaves and man-made flammable
structures (Anon, 1999). Fire is an important process in maintaining variety of ecosystem and
structure throughout the world (Minnich et al., 2000). Fire has influenced composition, structure,
and landscape patterns of bird habitat for long time, so it is reasonable to assume that birds have
coexisted and adapted to periodic perturbations from fire (Pyne, 1982).
Every fire-created condition is temporary. Each condition creates ephemeral habitats that are
dynamic and change with plant succession. Birds responses to these changes differ by species,
forest type, and fire severity (Saab et al., 2005). Based on long-term studies and the existing
literature, it is concluded that a mosaic of fire conditions, habitats, and patch sizes is needed to
maintain bird diversity and source habitats throughout dry forests of the interior west (Smucker
et al., 2005).

2.2.1 Causes of forest fire
Natural fire is caused without any direct human intervention. The fires cannot be prevented as it
occurs naturally due to lightning, rolling of stones, rubbing of dry bamboos and due to strong
winds. Philips (1965) found out that lightning is one source of natural fires which have
influenced savanna-type vegetation in pre-settlement periods.
Most of the tropical fires are intentional set by humans (Bartlett, 1957) which are related to
several main causative agents such as deforestation activities where forests are converted to other
land uses, e.g. (Agricultural lands, pastures land, quarrying and over exploitation of other natural
resources); it is an age old practice but still large area of forest land are destroyed due to slashand-burn agriculture system which is still being practiced in many countries; free grazing in
forest areas (fires set deliberately by the communities, especially in savannas and open forests
with distinct grass strata; to improve or facilitate growth of plants, fruits and other non-timber
forest products; other traditional fire uses (e.g. fire used for religious purposes and folk
traditions; tribal warfare) and socio-economic and political conflicts over questions of land
property and land use rights (Goldammer, 1988).
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Accidental fires are result of carelessness of human beings such as throwing of burning
match stick or cigarette buds. Other fires which occur accidently are the spread of fire from
labour camps, from picnic sites and other recreational areas due to human activities. Also one of
the main causes of forest fires is the biomass accumulation in the forest (FAO, 2005).

2.2.2 Parameters responsible for forest fire
Three factors are must for fire to take place. These are availability of fuel, oxygen and heat. All
these factors depend on many factors. Forest fire does not depend on any single factor instead its
behavior, intensity and spread depends on various integrated factors (Saklani, 2008).
1. Vegetation type: Dense and dry vegetation are more susceptible to fire in comparison to moist
and sparse one. Moisture content of vegetation delays ignition.
2. Physiographic factors: Physiographic factors include altitude, aspect and topography of the
region. These are the factors, which are mainly responsible for variation in climatic conditions.
Thus they indirectly affect the vegetation. Aspect plays one of the major roles in the spread of
fire like southern slopes which are more or less directly exposed to sun rays are more vulnerable
to fire.
3. Topography: Topography influence the wind of a particular region like fire travels more
rapidly in upward slope.
4. Distance to roads: Any physical activity by man, animal or vehicle on the road can cause an
unwanted fire. Thus proximity to the road plays vital role in chance of fire.
5. Vicinity to Settlements: In settlement lots of human activities can cause fire in the vicinity of
settlement, which can spread a forest fire and cause lot of havoc.

2.3 Heron and Forest fire
In Bhutan all the White-bellied Heron were found on chirpine forest with diverse plant
community. This plant community is prone to frequent forest fires, and many of the plants are
probably fire-dependent and resistant to fire. It seems very likely that there is an interaction
between fire frequency and the very open structure of the understory and spacing of large trees
(RSPN, 2011).
The chirpine forests are clearly a fire-adapted community with many adaptations by plants
to tolerate and even promote fires. Coupled with the marked wet or dry season, apparent
5

lightning regime and steep slopes, fire seem endemic to this ecotype even in the absence of
human activities. It was found that frequent fires can typically consume nearly all of the ground
cover and that flame heights are often as high as 15 meters in these forests. Fire intensity
probably varies hugely with fuels, slope and winds (RSPN, 2011). In untouched chirpine forest,
fires of low to moderate intensity pass through the forest without causing significant damage to
the tree components (Woinarski et al., 2013).
In Bhutan fire may be a direct threat to heron nests being destroyed and abandoned
following wildfires. Fires of low intensity therefore seem beneficial for heron habitat, while
those of high intensity are destructive. Though the right balance of fire frequency is unknown, it
seems very likely that suppression of wildfires would lead to a reduction of heron nesting habitat
quality by leading to higher tree density and more mid-storey vegetation. Following this line of
reasoning, frequent, low intensity fires should be promoted in heron nesting areas in order to
maintain the current open structure, and to avoid the buildup fuels that may result in a
catastrophic fire. In chirpine forest of Bhutan, fire is an essential management tools for creating
and maintaining nesting habitat (RSPN, 2011).

2.4 Heron and People
Human and herons have always shared common habitat and interacted with each other since time
immemorial. Humans have always settled on the edge of the marshes, rivers, lakes and ocean
shores where the soils are fertile and food resources are plenty. Most herons are dependent on
water ecosystem that is very susceptible to alteration by human activities. The sharing of
common habitat has lead to potential conflicts, as most human dominated landscapes are
converted to settlements and agriculture land. However, despite such conflicts, herons have
accommodated to humans and human-dominated landscapes. Such association might be of
interest to humans as they aim to maximize benefit from natural resources. In fact, herons can be
of good indicator for degradation of local environment (Dorji, 2012). Further the herons habitats
of mountain rivers in forested landscapes and lowland wetlands are both providers of vital
ecosystem services to the regions human populations.
Disturbance caused by people result in nesting failure. The failure is aggravated by rapid
industrialization, urbanization, and tourist development, which brings people in closer contact
with congregatory sites (Kushlan, 2007).The negative influences on heron populations are either
6

human or naturally related. The common human disturbance and impacts include intrusion,
pollution, habitat removal or alteration, noise and persecution. Natural disturbances include
predation, storms, fire, flood and disease (Dorji, 2012).
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CHAPTER THREE
Materials and Methods
3.1 Study Area
Zhemgang Dzongkhag is located in the South Central Region of Bhutan. It has an area of 2125
Km2 approximately. Dzongkhag is divided into eight Gewogs, Bardo, Bjoka, Goshing, Nangkor,
Ngangla, Phangkhar, Shingkhar and Trong. About 80% of total area is under forest cover and the
Dzongkhag is very rich in biodiversity with adjoining Royal Manas National Park, Jigme Singye
Wangchuck National Park and Phrumsengla National Parks.

Figure 3.1. Study area map
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The study was carried out in Bertichu, Trong Gewog under Zhemgang Dzongkhag. Berti
village is located at the confluence of the Bertichu and Mangdechu rivers in the southern region
of JSWNP in Trong Gewog. It lies at an altitude of 557 - 787 masl with subtropical hot and
humid climate. The forest comprises of broadleaved and chirpine forest. There are 23 household
residing along the Bertichu. It has got 92% of land area covered by forest and the community
depends on forest and agriculture products to sustain their livelihood

3.2 Methods
3.2.1 Physical survey
With the help of Gewog Forest Officer (GFO) at the Gewog centre’s and Resoop of JSWNP,
four burnt area were identified for data collection. The site was selected based on the forest fire
incidence for the last ten years (2006-2015). The information of forest fire was gathered from
Dzongkhag Forest Office and Divisional Forest Office. With the use of Global Positioning
Systems (GPS) fire burnt areas co-ordinates was taken from different sites. The other instruments
employed were sunto compass to determine aspect and clinometer to determine slope gradient of
the fire burnt area. Measuring tape of 30 meter was used to measure the distance from burnt area
to road head. The data collection format was used to record all the data collected from the field.
Table 3.1. Fire incidence recorded in 10 years along Bertichu
Year

Location

Forest type

Burnt Area

2006, 2007
2008

Taibang

Chirpine

2009
2010

Takabi

Chirpine + Broadleaved

2011 - 2012

No. of fire incidence
0

0

50

1

0

0

30

1

0

0

2013

Barpang

Chirpine + Broadleaved

122

1

2014

Takabi

Chirpine + Broadleaved

30

1

0

0

2015
Total burnt Area (Ac)

232
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3.2.2 GIS analysis for spatial data
GIS tools were used in identifying fire-prone areas by assigning varying degree of weightage and
reclassifying themes in the spatial analyst module of Arc GIS 10.2.2. The higher ranking was
given to the class which has high positive relation with fire incidence and the lesser weight class
to the lesser positive relation with fire incidence. The forest areas closer to the settlement and
roads were assigned higher rankings. The weight class decreased with the increase in distance
from the settlement and roads. Different weight class was assigned for slope, aspect and forest
types depending on their effects on forest fire.
Table 3.2. The weight of parameters in determination of fire risk
Parameter

Classes

Weight

Fire risk rating

Slope

0-100

1

Very low

10.10-200

2

low

0

20.1 -30

0

3

Moderate

30.10-400

4

High

>40.10

5

Very high

Southeast

5

Very high

Southwest

4

High

Northeast

3

Moderate

Northwest

2

low

Agriculture land

3

Moderate

Broad leaved forest

4

High

Broad leaved mixed with conifer

5

Very high

Built-up areas

2

low

Landslides

2

low

Chirpine forest

5

Very high

Fir forest

4

high

Horticulture

2

low

Rock-outcrop

2

low

Shrub

4

High

Meadow

5

Very high

Aspect

LULC

10

Parameter

Classes

Weight

Fire risk rating

Water

0

Restricted

5

Very high

500.1-1000 meter

4

High

1000.1-2000 meter

3

Moderate

2000.1-3000 meter

2

Low

>3000.1 meter

1

Very low

<100 meter

5

Very high

100.1-200 meter

4

High

200.1-300 meter

3

Moderate

300.1-400 meter

2

Low

>400.1 meter

1

Very low

Settlement buffer <500 meter

Road buffer

Note: % of influence: Slope-10%, Aspect-10%, LULC-40%, Settlement-20% and Road-20%

3.2.3 Fire Hazard Model
Digital Elevation Model (DEM) of resolution 30 m raster layer was used to develop fire hazard
map. Other functions of spatial analyst tool such as weighted overlay was used to combine
multiple raster’s by applying a common measurement scale of values to each raster, assigning
weights to each factors according to its importance, and adding them together and generated a
final fire hazard zone map.
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Figure 3.1. Fire hazard modeling process

3.2.4 Social Survey
3.2.4.1 Primary data collection
Close and open ended structured questions were used for the survey. The survey covered all the
households residing along the Bertichu and Takabi villages. The questionnaire is included as
annexure I. Head of household were prioritized as respondent with giving, effort to involve both
sexes equally for interview. Information collected from 23 household from Berti and 9 household
from Takabi residing along the Bertichu. Owing to small target population, all the household
were interviewed (total enumeration).
12

3.2.4.2 Secondary data collection
The secondary data was gathered through various sources. Reports, Journals and various other
research works published by numerous organizations were the main sources of secondary inputs
for the study and also the secondary information collected from online sources and print media,
related to the context of this study.
3.2.4.3 Statistical Analysis for Social data
SPSS software was used to analyze data for calculation of frequencies, percentage, descriptive
statistics and making graphs. However Excel spreadsheet of office 2010 was used for the data
entry, segregation, graphic and descriptive presentation.
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CHAPTER FOUR
Results and discussion
4.1 Respondents details:
The respondents were 53.1% (n = 17) male and 46.9% (n = 15) female with respondents age
ranges from 16 -79 years. The occupation of respondents consist of farmers with 87.5% (n = 28),
students with 9.4% (n = 3) and civil servants with 3.1% (n = 1).

4.2 Community's perception about White-bellied Heron
4.2.1 Sighting of White-bellied Heron
The household interview showed that 87.5% (n = 28) of the respondents sighted White-bellied
Heron along the Bertichu and 12.5% (n = 4) have not seen at all. Male respondents 66.7%, (n =
10) have seen the bird within 1-2 years back; And female respondents 57.1% (n = 4) have seen
the bird in the last 3-5 years ( Table 4.1). WBH has been occurring in Bhutan long time back and
first verified sighting was reported by His Majesty the Fourth King of Bhutan in 1976 (RSPN,
2011). The 2015 survey identified two individuals in Berti and 26 in Punatsangchu Basin (Price
and Goodman, 2015).
Table 4.1. Gender respondents on year WBH sighted
Yearly-Observation
1-2 yrs
Gender

Male

Female
Total

Count
% within yearly-observation
Count
% within yearly-observation
Count
% within yearly-observation

3-5 yrs

Total

5-9 yrs

10

3

3

16

66.70%

42.90%

50.00%

57.10%

5

4

3

12

33.30%

57.10%

50.00%

42.90%

15

7

6

28

100.00%

100.00%

100.00%

100.00%

4.2.2 Habitat preferred by White-bellied Heron
Respondents (46.9%, n = 15) have seen WBH in the river banks, 18.8% (n = 6) respondents have
seen in the forest (Figure 4.1).The heron are found along river banks, forest and shrubs for
roosting and foraging along Bertichu. According to RSPN (2011), White-bellied Heron are
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known to forage along rivers and streams of fast moving and slow moving water, wetlands and
lakes. Also WBH roosting sites includes trees and logs, large rocks and bare sandy patches on
the ground. Large rivers and lakes with chirpine trees (Pinus roxburghii) nearby are found to be
preferred habitat for WBH in Bhutan. In Bhutan WBH roost and nest only on tall chirpine trees
(Dorji, 2012).

Figure 4.1. Gender respondents on habitats of WBH

4.2.3 Seasonal sighting of White-bellied Heron
Although the community has sighted White-bellied Heron throughout the year, 65.6% (n = 21) of
respondents have sighted White-bellied Heron during winter season (Figure 4.2). These are
because during winter, the WBH are associated with a particular river reach or stream, and do
not appear to be making large movements. Instead birds are found busy making nest, displaying
courtship and mating activities (RSPN, 2011). Also, the frequency of respondents’ visit into the
forest and walking around their village is more during winter after hectic agriculture works in
other seasons.

15

Number of Respondents

25
21
20

15
10
5
1

2

3

1
Spring

All season

Winter and
Summer

0
Summer

Winter

Figure 4. 2. Season of WBH sighted by respondents

4.2.4 Time of White-bellied Heron sighted
Most of the time the bird was sighted during Morning, both Morning and Evening (25% each, n
= 8), followed by Afternoon (18%, n = 6) and least sighted during Evening (15.6%, n = 5).
During night and early morning, only the sound of bird could be heard. Usually WBH begin
foraging in stream and roosting during morning and evening. Further WBH roosting begin after

Number of Respondents

8:30am when sun reached the river bar and continue till the middle of the day (RSPN, 2011).
9
8
7
6
5
4
3
2
1
0

8

8
6
5

1

Morning

Afternoon

Evening

Figure 4.3. Time of WBH sighted by respondents
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Whole day

Morning and
Evening

4.2.5 Population trend of White-bellied Heron
Respondents (84.4%, n = 27) have indicated same numbers of WBH population, 9.4% (n = 3)
responded decrease in population and 6.3% (n = 2) indicated increase in population as shown in
Figure 4.4. The same numbers of WBH population in the study area could be because of
minimum disturbance both from biotic and abotic factors such as human disturbance,
development activities and natural calamities like devastating fire and floods. However, 9.4% (n
= 3) and 6.3% (n = 2) responded in decreasing and increasing respectively. Such observation was
also reported by Price and Goodman (2015), stating that the population of WBH was not stable
and fluctuating in both the directions. Simultaneously, RSPN (2011) reported that the population
of WBH is fluctuating over the period of 10 years, which is shown in Figure 4.5. The fluctuation
might be because of sand extraction in Bermu and due to 2010 devastating flooding and
landslide along Bertichu. Further, RSPN (2011) reported that variation in numbers could be
attributed by increase in survey efforts and studies.

6
5
9.4

4

6.3
Same

3
2

Increasing

1
Decreasing

Figure 4.4. Population trend of WBH

2015

2014
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2009

2008

2006

2007

0

84.3

Figure 4.5. Population trend of WBH as per RSPN,
2015

4.2.6 Nesting site of White-bellied Heron
In Bertichu, majority of respondent have not seen nest (65.6%, n = 21) and 34.4% (n = 11) have
seen one nest at Phentanchang at an altitude of 693m (N27008'45.4", E090037'52.5"). Our team
had recently found one new nesting site at Changmaling at an altitude of 860m (N27o08'33.3'',
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E090o36'22.6'') as shown in figure 4.6. The nests were found on tall chirpine trees (Pinus
roxburghii), nearby river or making difficult to be seen by the people. Nesting trees are usually
found on steep areas with (42 - 680 slope) an average dbh of 67 cm and height of 27 - 43 m tall (
RSPN, 2011). Further nesting sites are located in remote from human activity about 3 - 6 km
walking distance from the village.
Table 3.2. Respondents view on nesting site
Frequency

Percent

No

21

65.6

Yes

11

34.4

Figure 4.6. Nesting location of WBH
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4.2.7 View on White-bellied Heron as critically endangered bird
Respondents (65.56%, n = 21) know WBH is a critically endangered bird, while 31.2% (n = 10)
are not aware of it as presented in Table 4.3. They knew about the birds through training (56.2%,
n = 18) and from friends (18.8%, n = 6), which is shown in Figure 4.7. It indicates that the
communities can be convinced through some incentive from Government and Non-governmental
organization. Further people of Bertichu reflect positive attitudes towards the birds by
participating in community monitoring activities.
Table 4.3. Respondents view on WBH as Critically Endangered Bird
Percent

No

10

31.2

Yes

21

65.6

Don't know

1

3.1

Frequency

Frequency

20
18
16
14
12
10
8
6
4
2
0

18

6
4
2
Friends

1

Training Training and Media
Friends
awareness

1
Others

Don’t know

Figure 4.7. Source of information about WBH

4.3 Community perception on forest fire
4.3.1 Incidence of forest fire in White-bellied Heron habitat
The social survey showed that 84.4% (n = 27) have seen incidences of forest fire in the habitat of
White-bellied Heron. Only 9.4% (n = 3) responded no fire incidences and the remaining 6.2% (n
= 2) responded with don't know as shown in Figure 4.8. It is observed that the majority of
respondents have seen the occurrences of forest fire as the respondents comprises of farmers (n =
19

28), who lives in the home permanently. Remaining respondents that have not seen fire
occurrences are those, who are civil servants (n = 3) and student (n = 1).

2

3

No

Yes
27

Don’t know

Figure 4.8. View of respondents about fire incidences

4.3.2 Factors causing forest fire in White-bellied Heron habitat
The causes of fire in 4 different habitat site was due to natural causes (lightning strike) (59.4%, n
= 19) and unknown (21.9%, n = 7). The respondents perceived that the maximum factors
contributing to increase of fire risk in Bertichu is high temperature and strong wind (31.3%, n =
10) and 18.8% (n = 6) responded due to combination of prolonged drought period, flammable
vegetation and strong wind, which is presented in Figure 4.9. The dry vegetation, accumulation
of biomass due to less incidence of fire in the past year and area dominated by chirpine forest has
led to naturally caused fire (Lightning) along Bertichu.
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8
6
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4
2

1

1

1

AB

ERF

4

4

DFv

All

0
SW

EFV

DFvSw

HtSw

Note: SW - Strong Wind, EFV - Extremely Flammable Vegetation, AB - Accumulation of
Biomass, ERF - Exodus of resident to forest, DFvSW - Prolonged drought + extremely
flammable vegetation+ Strong wind, HtSw - High temperature + strong wind, DFv - Prolonged
drought + Flammable vegetation. All - Combination of all factors
Figure 4.9. Factor contributing to forest fire

4.3.3 Sighting of White-bellied Heron after forest fire
Respondents (65.6%, n = 21) responded sighting of WBH after occurrence of forest fire. 9.4% (n
= 3) have not seen the bird after forest fire (Table. 4.4). The remaining respondents of 25% (n =
8) have no comments on it. Along the Bertichu the incidence of fire was not frequent, intensity
of fire was low, and the area burnt was minimal. Further, successful suppression of forest fire on
time has led to low impact on WBH and have seen the WBH after forest fire.
Table 4.4. Respondents view on WBH after fire
Frequency

Percent

Yes

21

65.6

No

3

9.4

Don't know

8

25

4.3.4 Destruction of nest by forest fire
In context to destruction of nest by forest fire (Figure 4.10), 50% (n = 16) of respondent confirms
that the nest of bird wasn’t destroyed by forest fire as of now. Only 3.1% (n = 1) states that the
forest fire has destroyed 1-2 nest. On other hand, 46.9% of respondents reported that they don’t
21

know about the information of nest destroyed by forest fire. It is observed that, the nests of WBH
were nested in tall and big chirpine trees. Similarly, RSPN (2011) reported that, WBH has a
unique adaptation of nesting habitat such as steep slope of 420 - 680 with sparse undergrowth,
large and tall trees, and low density of large trees. Such unique and strategic nesting selection
could be the reason to have minimum impacts by forest fire.

Figure 4.10. Gender respondent about nest being destroyed by forest fire

4.3.5Population of WBH after fire
The Figure 4.11 explains that, 53.12% (n = 17) of respondent states that the population of WBH
has been same in number after the occurrence of forest fire. While, 12.5% (n = 4) reported that,
the number of WBH has decrease after occurrence of forest fire. Remaining 34.38% (n = 11)
didn’t comment on the population trend of WBH after occurrence of forest fire. As the study area
has less incidence of forest fire and minimum impacts on the nesting habitats of WBH as of now,
the population of WBH seems constant.
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34.38

53.12
Same
Decreasing
Don’t know

12.5

Figure 4.11. WBH population after fire
4.4 Assessment of burnt area.
Figure 4.12 clearly shows that no major fire incidence have been seen from 2006 - 2015 as most
of the fire has been controlled in time. But it is also very evident that forest fires have occurred
between certain gap due to natural and anthropogenic activities. The graph indicates that fire
incidences have decreased during the last few years and suddenly the year 2013-2014 saw a
steep rise in the loss of WBH habitat along Bertichu. This furthermore emphasized the need to

Area burnt (Ac)

tackle and prevent forest fire.
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Figure 4.12. Total burnt area

Figure 4.13 shows the burnt area represented with black colour. A total of 232 acre of WBH
habitat was destroyed by fire for the last 10 years (2006 - 2015). The cause of fire was natural
through lightning strike and anthropogenic activities. The incidence of fire occurrence was
maximum in chirpine and broadleaved forest.
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Figure 4.13. Fire burnt area map
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4.5 Role of different parameters influencing the forest fire
4.5.1 Aspects
The aspect of a slope influences a fire's behavior in several ways. Maximum number of forest
fire incidence has occurred southeast aspect and was assigned the highest weightage followed by
southwest, northeast and northwest aspects. (Figure 4.14).
As per Noon (2003), the south aspect receives more sun light and direct heat from the sun,
which results in more fire incidence. Dry soil is more capable to ignition since it has lower fuel
moistures and less humidity therefore, forest fire is likely to occur more in south aspect
compared to other aspects. More than 40% of the forest fires occur in southern aspects in
Malaysia (Setiawan, 2004), but in case of Europe, west and southwest facing aspects get more
sunshine than the eastern and northeastern aspects in summer and tend to make the vegetation
drier, which increases the vulnerability to fire. Therefore, different locations have different
aspects which face the sun and are more prone to forest fire.

Figure 4.14. Forest fire hazard map based on aspect
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4.5.2 Slope
Slope has great influence on the speed of fire due to increased heat transfer between the flame
and fuel ahead of it. The effect of slope is considerably low in the absence of wind, but that the
combined effect of wind and slope can be disastrous. According to Erten et al. (2002) fire travels
faster in up-slopes and slowly in down-slopes. Barrows (1951) indicates that with the increase in
slope the size of fire also increases. The slope can significantly affect fire rate of spread,
especially immediately following ignition. Therefore the weight was assigned according to the
degree of slope, more weight to steeper slopes (Figure 4.15). The vegetation in steep slopes is
mainly dry and catches fire easily and have high risk of fire incidence. Moreover, once the fire
starts, it is likely to spread faster up-slope than down-slope and along steeper slope (Lawrence et
al., 2006).

Figure 4.15. Forest fire hazard map based on slope
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4.5.3 Distance from road
It indicates that forests near the road are very prone to forest fire. Forest regions are more fire
prone when they are located near to roads, because roads and paths allow local people, grazers,
and tourists to go in to the forest and can cause forest fire. In this study, roads were buffered by
an area of < 100 to > 400 meters. These buffered zones are assumed to be most likely areas for
fire to start (Figure 4.16).
The areas closer to roads are high fire risk areas and therefore are given higher rankings. The
rank decreased with the increase in distance from the road. Another causative agents of ignition
are children playing with match or other ignition materials, roadside worker, picnickers and from
camp fires followed by accidental fires and rest are unknown sources (Forest Fire Management
Strategies, 2013)

Figure 4.16. Forest fire hazard map based on road buffer
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4.5.4 Distance from settlements
Forests are exposed more to fire risk if there are settlements nearby since the people living there
can cause an accidental fire due to human activities (e.g. Tseri, NTFP collection and traditional
burning to eliminate agricultural residues). Alencar et al. (2004) mentioned that the main igniting
sources for forest fires were from areas near settlements. Therefore, proximity to human
settlement was treated as an important component in developing the fire prone area in Bertichu.
In Bhutan about 95% of forest fire is caused due to the human activities either accidental or
intentional (Forest fire management strategies, 2013). The causes of fire such as burning debris,
fire caused by the lemon grass harvester, children playing with match sticks. Accidental fires are
closely related to the closeness of human settlements to forest area. The maximum weight has
been assigned to the distance close to the settlements as shown in Figure 4.17.
Berti and Takabi villages are one of the important factors, which plays an important role in
forest fire as there is a lot of human activities/movements on village, which could influence
forest fire accidents

Figure 4.17. Forest fire hazard map based on settlements
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4.5.5 Land use
The land cover layer was created from the Land use map of Bhutan 2010 that was developed by
the Ministry of Agriculture and Forests, Bhutan. The Land use map contained details of major
forest types and other land use types found in Bhutan. For instance chirpine and mixed conifer
forest was assigned the highest value of 5, followed by 4 for broadleaved forest. As reported by
Dorji (2013), people deliberately burn in chirpine forest for harvesting lemon grass, thus the
incidences of forest fire are much higher in chirpine forest compared to other forest types in
Bhutan. Other land use types were valued as per their contribution to forest fire incidences, based
on experiences and records from the past.

4.5.6 Fire hazard map
Based on the finding of this research a final hazard map is produced. Three hazard zones are
created and classified as areas of high, moderate and low fire risk zones. The weight of each
parameter was assigned in determination of fire risk (Figure 4.18). Red portion represent the high
risk area, Yellow represent the moderate hazard zone and Green representing low forest fire
hazard zone. The map shows that, maximum area comes under moderate risk zone. It is clear
from the map that the habitat of WBH falls in the area of high risk zone. This is one of the very
important outcomes of the research. The more attention could be paid to those areas for pre fire,
post fire and during fire period, so that WBH habitat is protected from fire. The map was
validated by field visits to the selected prone and non-prone areas.
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Figure 4.18. Final fire hazard map
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CHAPTER FIVE
Conclusions and Recommendations
The majority of respondent residing along Bertichu was aware of the occurrence of WBH in their
localities. Male have seen birds within 1-2 years back and female have seen the bird in last 3 - 5
years. Maximum respondents have sighted WBH along rivers and forest during winter season.
Local people view WBH as critically endangered bird through awareness training by different
institutions. Majority of respondents have indicated same number of WBH population. This
could be because of minimum disturbance from biotic and abiotic factors like human
disturbance, development activities and natural calamities like devastating fire and floods.
Through social survey, fire has less impact on WBH habitat. This is because majority of
respondents have seen the WBH after forest fire, respondent report that the nests of WBH were
not destroyed by forest fire and the population of WBH remains same after occurrence of forest
fire.
In the last 10 years (2006-2015), there were four fire incidences destroying a total of 232
acre of WBH habitat. The causes of fire are due to natural and anthropogenic activities. The GIS
model has projected the habitat of WBH as high, moderate and low fire risk zone. After the
analysis of fire hazard map, it is clear that WBH habitat area along the Bertichu falls under high
fire risk zone. Thus it is important to take some preventive and control measures and implement
efficiently. The fire hazard map can be used by the forest officials to develop and improve the
forest fire fighting and management strategies. Fire risk models would be of great approach for
precautionary measures for environmental protection through early identification of fire risk area
which will increase the participation of local people in the prevention of fire outbreak.
Recommendation for the study area


Patrolling should be increased and strengthened to check poaching and fishing. They
sometime deliberately burn the forest area to driving away the animals and for diverting
the attention of the forest department people.



Fire lines are needed in the forest areas particularly nearby the nest of WBH.



People should be made aware about the consequences and cause of forest fire specially
man made.



Forest Department should always remain alert especially during winter.
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People who are totally dependent on forests should use the resources sustainable or some
alternative way of livelihood should be told to them.



There should be village level forest fire management committee and should be revitalized
every year for reducing forest fire accidents so that fire control measures could be
handled independently and effectively.



There is urgent need to initiate research in the field of fire detection, behavior and fire
ecology for better management of forest fires.



Precaution, human caused fires through education and environment, modification, i.e.
agricultural activities, engineering works, people participation etc. will be helpful to
control forest fires.



Fire fighting resources should be made available to fire fighters



Frequent public awareness campaign is very important for effective conservation of
White-bellied Heron.



Need operational manual for the management of fires in this region to benefit Whitebellied Heron.

Recommendation for further research


To make the fire risk zone map and other parameters more reliable one can add climatic
variables such as wind speed, wind direction, relative humidity and rain fall and
temperature data.



Other models like fire spread models and fire behaviour models can be incorporated.



Using important parameters and adjustments one can carry out re-research in Dzongkhag,
national or global aspect.



Biomass calculation and coring is recommended to assess the impact of forest fire.



A good hazard map can be used to generate other vulnerability map for various
endangered species for conservation purposes.
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Annexures
Annexure 1. Social survey questionnaires
General Information
Name of respondent

Gender

Age

Date

Village/Gewog
Total family size: …………. Male………… Female…………
Head of Household:

Yes

No

Occupation of respondent (tick)
Farmer
Business

Govt. servant/private

Monk

Armed Forces

Student

Others (Specify)

--------------------------------------------------------------------------------------------------------------------PART- I
1. Have you heard about the bird-White-bellied heron? (Please tick √)
Yes

No

2. Did you observe any White-bellied heron along Bertichu?
Yes

No

3. If yes, where have you seen?
Forest

Shrubs

River bank

4. When have you seen?
1-2 years back

3-5 years back

5-9 years back

Above 10 years

5. Which season do you see them?
Summer

Winter

Autumn

Spring

All seasons

6. What time of the day you came across:
Morning

Afternoon

Evening

Night

7. What do you think about the population status of WBH in your locality?
Increasing

Decreasing

Same

8. Have you seen nesting sites of WBH along Bertichu?
Yes

No

9. If yes, how many nests have you seen?
36

1

2

3

>4

Which year (specific)……………………………………………………..
10. Do you know that WBH is a Critically Endangered bird?
Yes

No

11. If yes, how did you come to know about the bird?
Training

Media awareness

From friends

Others

PART- II
1. Is there any forest fire incidence within your locality?
Yes

No

2. If yes, how often do the fire occur?
Ones in every year

Ones in every 2-4 years

Ones in 5-10 years

3. What are the causes of fire?
Natural (Specify)

Anthropogenic (Specify)

Others

Details(cause):…………………………………………………………………………………
………………………………………………………………………………………………...
…………………………………………………………………………………………………
4.What are the factors that contribute to an increase of fire risk in Bertichu?
High temperature

Prolonged drought period

Extremely flammable vegetation

Strong wind

Accumulation of biomass

Exodus of residents to forest areas
5. Which month are considered as risky for forest fire and why?
…………………………………………………………………………………………………
6. What are the main fire preventative measures taken?
Law enforcement
Patrolling

Information campaigns

Picnic and camping sites

Others

7. Have you received training on forest fire and its impact?
Yes

No

if yes, how many times? (……………………)
37

8. How do you mobilize fire fighting resources?
……………………………………………………………………………………..
……………………………………………………………………………………..
9. Is there any forest fire management in your community till date?
……………………………………………………………………………………..
……………………………………………………………………………………..

PART- III
1. What is the population status of WBH after fire incidence( Impact)?
Increasing

Decreasing

Same

don’t know

2. Do you think WBH abandon their nest after fire occurrence?
Yes

No

3. Does forest fire delay nest building of White-bellied heron?
Yes

No

How many White-bellied heron nest was destroyed by forest fire and in which year?
………………………………………………………………………………………
………………………………………………………………………………………
4. Do you see WBH in same area after fire occurrence?
Yes

No

5. If yes, after how many years do they take to return back?
1-2 years

3-5 years

5 years above

6. Do you have any suggestion to reduce forest fire in White-bellied heron habitat?
………………………………………………………………………………………..
………………………………………………………………………………………..
………………………………………………………………………………………..
IV. BELIEFS AND USES
1. What are the Beliefs about the WBH in your community?
Please state.........................................................................................................................................
............................................................................................................................................................
“You can’t put it back when it is gone”
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Annexure II: Format for field data collection
Location

Forest

Associate

Type

Vegetation

Slope0

Aspect No. of fire
incidence

39

Distance to

Distance to

road

settlement

