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ABSTRACT
The human-wildlife conflict (HWC) in the buffer zone of Jigme Khesar Strict Nature
Reserve (JKSNR) has been a serious management concern. Mitigating HWC requires a firm
understanding of the intricacies related to the conflict. Therefore, this research was intended to
find out the pattern and economic losses due to HWC in the two blocks within the buffer zone of
JKSNR. Based on a simple random sampling, 137 respondents from Bjee and 85 from Sombaykha
block were interviewed using structured questionnaires. The respondents of Bjee lost 27 heads
of livestock and 21.39 tons of crop to the wild animals in the year 2016, while Sombaykha lost
97 heads of livestock and 16.41 tons of crop. An analysis of HWC pattern revealed that both the
livestock depredation and crop damage was severe during the summer season, with wild dogs
accountable for 80% of the livestock kills and wild pigs being the biggest crop destroyer. The
annual estimated economic loss, according to the respondents of Bjee was US$ 49,057 with an
average of US$ 358 per family, whereas, loss in Sombaykha was US$ 83,464 with an average
of US$ 982. We recommend to develope an HWC management strategy with the inclusion of
livestock intensification programs, establishing of an insurance scheme, support proportionate
electrical fencing, and alternate income generation activities to compensate for the losses and
minimize conflict. The culling of habituated wild pigs through an ecotourism program, to enhance
the livelihood of the local people, is also recommended. To understand the HWC in depth, further
research on wildlife population dynamics, habitat utilization, and behavior is recommended.
Keywords: Predators, herbivores, livestock depredation, crop damage, economic loss.

INTRODUCTION
Human-Wildlife Conflict (HWC) is
defined as “any interaction between humans

and wildlife that results in negative impacts
on the human social, economic or cultural life,
on the conservation of wildlife populations, or
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on the environment” by the World Wide Fund

2006). The impact of human-wildlife conflict

for Nature (WWF, 2005). HWC has occurred

can be classified in two categories, direct and

throughout mankind’s prehistory and recorded

hidden. Direct impacts such as crop raids and

history (Distefano, 2005; Hill, 1997). It has

loss of livestock and human lives caused by

been a global issue since time immemorial and

wild animals put extra liability on the livelihood

still an issue. Such issues include livestock

of the local people (Upadhyay, 2013). Hidden

depredation by wild predators, crop damage

impacts include harassment, the effect on health

by herbivores, damage to the property,

due to fewer sleep hours, overburden and other

direct threat to human lives, transmission of

intangible social costs such as disharmony

diseases etc., especially in and around the

in the communities and stress (Ogra, 2009;

protected areas (Nepal and Weber, 1995;

Barua et al., 2013; Upadhyay, 2013). The

Distefano, 2005; Woodroffe et al., 2005). An

HWC negatively affects the well-being of

unregulated increase in the human population

the local people that have to deal closely with

and developmental activities has resulted in

the wildlife, predominantly in the poor and

deterioration of natural habitats and increase

developing countries (Distefano, 2005).

in the competition for living space and food

In Bhutan, HWC related to crop

are the main facets of HWC (Thirgood et al.,

damage by wild herbivores (Choden and

2005; Treves et al., 2006). Although there is

Namgay, 1996; NCD, 2003, 2008; Wang

no statistics available at a national or global

et al., 2006a) and livestock depredation by

level on economic losses due to HWC, the

wild carnivores (Sangay and Vernes, 2008;

available studies in different regions suggest

Thinley et al., 2011; Wang and Macdonald,

substantial economic losses (Conover, 1998;

2006) are common, posing huge economic

Messmer, 2000). For instance in the USA,

losses to the rural poor (NCD, 2008). The

the economic loss through loss of cattle, goat,

economic losses include direct loss of crop

sheep, and poultry was US$ 233 million and

and livestock to the wild animals and cost

economic losses through agriculture crop

involved in taking protection and preventive

damage were US$ 99 million (Conover et

measures (Choden and Namgay, 1996; Wang

al., 1995). In the western and central part of

et al., 2006a). The economic losses, mental

Africa, the livestock lost to carnivores like

and physical hassles have led to the retaliatory

lion alone were up to US$130,000 (Bauer

killing of the wild animals, but many times

et al., 2001). In Uganda and Cameroon, the

indiscriminate killing of non-target animals or

annual crop lost to elephant intrusion was

habitat destruction can also take place as an

US$ 60 and US$ 510 respectively, per family

expression of hostility towards the conservation

(Naughton et al., 1999). In India, elephants

and wildlife management authorities (Wangchuk,

damage crops worth up to 3 million US$, and

2004; Woodroffe et al., 2005; Sangay and

break 10,000 to 15,000 houses annually (Bist,

Vernes, 2008).
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In the buffer zone of Jigme Khesar Strict

The Bjee block is classified as a temperate

Nature Reserve (JKSNR), conflicts related to

mixed coniferous and alpine ecosystem. The

crop damage by wild herbivores and livestock

altitude of Bjee block ranges from 2,750 to

depredation by wild carnivores are prevalent,

5,000 meters above sea level. The climate

causing huge economic losses to the rural poor

varies with the elevation and like most of the

(TSNR, 2011). This often leads rural migration

Asian region, it is influenced by monsoons.

to urban localities, food insecurity, poverty,

The Bjee area experiences warm summer and

and other difficulties related to sustenance

cold and dry winter with a temperature, as low

(NCD, 2008; TSNR, 2011). These conflicts

as minus seven degree Celsius and receives

pose serious challenges to the conservation

snowfall several times during the year. There are

of biodiversity in the buffer zone of JKSNR

eight main villages with 208 active households

(TSNR, 2011). This study therefore aimed

in the Bjee block. The communities of Bjee

to investigate the: (1) extent and pattern of

block rear yaks and improved cattle breeds

livestock kills by different carnivore species;

and grow only a few varieties of crops, that

(2) the extent and pattern of crop damage by

too only once a year. In the Bjee block, only

wild herbivores; (3) economic loss through

dryland farming is practiced, with wheat being

livestock depredation and crop damage by the

the primary cereal crop and potato grown as

wild animals and expenses incurred in setting

a cash crop.

up protection and prevention measures.

The Sombaykha block is located in
the warm broad-leaved subtropical ecosystem

MATERIALS AND METHODS

with an altitude ranges from 1400m to 2100m
above sea level. Sombaykha area has hot,

1. Study area

humid summers and cool and temperate

The study was carried out in the buffer

winters, with an annual average rainfall of

zone of JKSNR, located in the northwestern

about 1,000 millimeters. There are six villages

part of Bhutan (Figure 1). The reserve and

with 108 active households in Sombaykha

its buffer zone are almost entirely inside the

block within the buffer zone. The villages are

Haa district, falling within the administrative

geographically scattered and not connected by

jurisdiction of Bjee block (65%), Sombaykha

roads. The people of Sombaykha grow a large

block (35%), and some parts within Samtse

variety of crops with some crop grown year

district.

round. The primary cereal crop is paddy/rice
The reserve covers an area of 609.51

and cardamoms are grown as a cash crop. The

square kilometers and the buffer zone (study

yaks are not reared due to the hot climate and

area) covers an area of 624.89 square kilometers.

only the local breed of cattle are kept.
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1 Map of the two study areas.

In general, a majority of the communities

technique and the sample size was determined

in the study area depend on agricultural farming

by the Yamane formula (Yamane, 1973). In

(82%) supplemented by livestock rearing

the Bjee block, 137 households were sampled

(TSNR, 2011). The variation in topography,

from a total (population) of 208 households.

altitude, climate, and rainfall characteristics

Similarly, 85 households were sampled from

within the landscape of JKSNR and buffer

108 households in the Sombaykha block. The

zone have resulted in a diverse ecosystem with

sampling intensity was 66% in Bjee and 79%

rich recorded biodiversity of 161 species of

in Sombaykha block.

birds, 29 species of mammals, 64 species of

The data on the sources of income,

butterflies and 7 species of fish (TSNR, 2011).

the degree and pattern of livestock and crop

Due to variation in agro-ecological zones, the

loss, and economic loss through livestock

farming system in these two blocks varies

depredation, crop damage, and the expenses

slightly.

incurred in setting up preventive measures,
were collected by interviewing the sampled

2. Data collection and analysis
This study used a simple random sampling

households using questionnaires.
For the income source, livestock

34
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depredation pattern, and crop damages pattern,

RESULTS AND DISCUSSION

descriptive statistics were used to analyze the

1. Socio-economic characteristics (income)
of the respondents
The communities of both the blocks were
subsistence farmers, dependent on agriculture
and livestock for their livelihood. Their income
sources also differed depending on their labor
force, livestock, and landholding, inherited
traditional farming system and lifestyle. In
the Bjee communities, the primary sources
of family income were derived from livestock
with an average annual income of US$ 1,303
(SD = ±1,805). The average annual income
from agriculture was only US$ 277 (SD =
±333). In the Sombaykha communities, the
main source of income was agriculture with
an average annual income of US$ 1,640 (SD =
±1,784), followed by livestock with an annual
income of US$ 637 (SD = ±1,196). Based
on these numbers, the communities of Bjee
depend more on livestock and Sombaykha
communities more dependent on agriculture.
The overall annual average income per family
in the Bjee block was US$ 2,107 (SD = ±1,855)
while that in Sombaykha block was US$ 2,457
(SD = ±2,515) (Table 1). The communities in
both the blocks do not earn any cash income
from the forest resources, but they do depend
on it to meet their domestic needs.

data. The results were mostly expressed in
numbers and percentages. The relationship
between livestock holding and the number
of livestock lost to predators was quantified
using the Pearson correlation coefficient. The
average local price of crops and livestock in
2016 was used to quantify the economic loss
in Bhutanese Ngultrum (Nu.), which later
was converted to US dollars ($) based on the
average currency conversion rate of 2016
(i.e. US$ 1 = Nu. 65). The economic losses
through (1) livestock depredation, (2) crop
damage, and (3) expenses incurred in setting
up protection and prevention measures, were
calculated based on the following formula. The
economic loss (EL) (1, 2) = Qty. lost × Avg.
local rate and EL (3) = ∑ (a+b+c), where, a is
the expense incurred on fencing, b expenses
on guarding, and c expenses on rituals in a
year (2016). The total economic loss (TEL)
= ∑ EL (1+2+3).
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Table 1 Annual average income of the respondents of Bjee and Sombaykha blocks during the
year 2016.
Bjee block (n = 137)
Source of income

Sombaykha block (n = 85)

Frequency & (%)
of respondents

Total *

Avg.*

Frequency & (%) Total*
of Respondents

Yak

18 (13%)

34778

254

-

-

-

Cattle

95 (69%)

106091

774

69 (81%)

32960

388

Horse

30 (22%)

36909

269

16 (19%)

18069

213

Avg.

Livestock

Poultry

8 (6%)

786

6

41 (48%)

3131

37

101 (74%)

178564

1303

76 (89%)

54160

637

Vegetables

69 (50%)

17867

130

15 (18%)

731

9

Wheat

84 (61%)

10985

80

4 (5%)

494

6

Horticulture crops

22 (16%)

7683

56

68 (80%)

129922

1528

Buckwheat

14 (10%)

1270

9

15 (18%)

613

7

Barley

5 (4%)

148

1

-

-

-

Paddy

-

-

-

18 (21%)

4474

53

Maize

-

-

-

28 (33%)

2114

25

Millet

-

-

-

15 (18%)

1052

Total

107 (78%)

37953

277

81 (95%)

139399

1640

Business

28 (20%)

33108

242

9 (11%)

6382

75

Employment

30 (22%)

37000

270

7 (8%)

8908

105

2 (2%)

2000

15

0 (%)

0

0

52 (38%)

72108

526

15 (18)

15289

180

137

288625

2107

85

208848

2457

Total
Agriculture

12

Others

Tourism
Total
Grand total

Remark: *US$ (1 US$ = 65 Bhutanese Nu. according to the exchange rate during 2016)

2. Livestock depredation pattern
The depredation pattern was assessed
through the number of yaks (Bos grunniens)
(only in the Bjee block) and cattle killed
by predators within a year (2016). Yak is
not reared in Sombaykha block due to low
elevation and hot climatic conditions. The
data on yak depredation pattern in the Bjee
block revealed that more females were killed
than males. However, an analysis based on

the ratio of yaks killed in either of the sex
categories revealed that a similar proportion
were killed, with 3% in each sex category. The
most vulnerable age was identified between
1 to 3 years old, accounting for 67% kills (14
heads) (Table 2). The kills were high in the
summer season (April – September) accounting
for 86% (18 heads), within the distance of 0-1
km from the settlement or camp. The Snow
leopard (Panthera uncia) was responsible for
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86% (18 heads) kills and the Asiatic wild dogs
(Cuon alpinus) for 14% (3 heads) kills in the
year 2016. The predations by snow leopards
were during the summer season when the
yaks move to the alpine pastures for grazing
and enter the snow leopard’s habitat. The
predations by wild dogs were in winter months

when yaks migrate down to the woodlands.
The depredation pattern was similar to the
previous study in Nepal, where most of the yak
kills were in yearling stage, killed during the
daytime, when the livestock are released into
the wilderness to graze without supervision
(Jackson et al., 1996).

Table 2 Yak depredation pattern in the Bjee block (n= 137 households) in the year 2016,
evaluated using a structured questionnaire based interview.
No. of Yak killed Percent Killed
Male
Female

8
13

38%
62%

Age (stage of yak)

<1 (Calf)
1-3 (Yearling)
4-10 (Adult)

2
14
5

10%
67%
24%

Season of the kill

Summer (March-August)
Winter (September-February)

18
3

86%
14%

Snow leopard
Wild dog

18
3

86%
14%

0 - 1 km
1.1 - 2 km
2+ km

12
3
6

57%
14%
29%

Sex

Predators responsible for the kills

Distance from the settlement
Total

21

The cattle depredation by wild predators
in the Bjee block is relatively insignificant with

Asiatic black bear, as there was no record of
tiger in the area (DoFPS, 2015; TSNR, 2011).

only five cattle killed in a year, and 80% (4
heads) of the kills due to wild dogs. There were
84 cattle depredation cases in the Sombaykha
block with 80% (67 heads) kills attributed
to wild dogs, 13% (11 heads) to common
leopard (Panthera pardus), and 4% (3 heads)
to the Asiatic black bear (Ursus thibetanus)
(Table 3). There were a few reports of cattle
being killed by the tiger (Panthera tigris) in
the Sombaykha block, which was probably
mistaken as being killed by the leopard and

The data on cattle depredation
patterns from both blocks revealed that kills
were mostly female and adults, with the most
predation done in the summer season (April to
September) (Table 3). An increased number
of adult females being killed was probably
due to the abundance of females, rather than
preference for a particular sex, as adult females
comprise of 60% of the population compared
to adult males 12% and calves 28% in the Bjee
block. In Sombaykha, adult females make up
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of 54%, adult males 18%, and calf 28% of the

in the forest within a radius of 2 km from the

cattle population. Most of the predations were

settlement.

Table 3 Cattle depredation pattern in the Bjee (n = 137 households) and Sombaykha block
(n = 85 households) in the year 2016, evaluated using a structured questionnaire based
interview.
Bjee block

Sombaykha block

No. of cattle
killed

%
Killed

No. of cattle
killed

%
Killed

Male
Female

1
4

20%
80%

32
52

38%
62%

<1 (Calf)
1-3 (Yearling)
4-10 (Adult)
10+ (Old)

0
1
4
0

0%
20%
80%
0%

4
16
58
6

5%
19%
69%
7%

Summer (March-August)
Winter (September-February)

4
1

80%
20%

70
14

83%
17%

Potential Predators

Tiger
Common leopard
Wild dog
Asiatic black bear

0
1
4
0

0%
20%
80%
0%

3
11
67
3

3.5%
13%
80%
3.5%

Distance from the
settlement

0 – 1 km
1.1 – 2 km
2+ km

2
3
0

40%
60%
0%

51
28
5

61%
33%
6%

Sex

Age class

Season

Total

5

84

The cattle depredation pattern was

were possible due to less agriculture farm work

similar to the findings of other studies done in

and increase in workforce as children were on

other parts of Bhutan, where cattle predations

vacation from schools and took responsibility of

were more during the wet season (Thinley

herding the cattle. Thus, livestock availability

et al., 2011; Tshering and Thinley, 2017).

to the predators in the winter season was

Similarly, Sangay and Vernes (2008) found

reduced (Tshering and Thinley, 2017). An

that livestock predation by wild predators in

increased livestock loss in Sombaykha block

Bhutan was more in summer and autumn. A

could be due to its remote location and a

reason for this seasonal bias could be due to

relatively higher number of livestock. There

people being occupied with activities related to

was a positive correlation between the livestock

farming, which would have led to the livestock

holding and livestock loss in both the blocks.

left unsupervised while grazing in the forest. In

In Bjee block, the Pearson Correlation was r=

the winter months, vigilant herding practices

0.547 (p < 0.001) and in Sombaykha, it was r
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= 0.354 (p < 0.001), indicating that families
which possessed more livestock lost more to
the predators. When the livestock population
is high, it leads to a laxed herding practice and
the livestock stray into forests and can come in
contact with the habitat of the predators such
as wild dog, leopard, and Asiatic black bear.
It was also observed that except the ones that
left to graze in the forest, there was no record
of livestock in the pens or within the villages
being killed by wild predators, which clearly
indicates a negligence on the part of livestock
owner. Similarly, several past studies reported
that lacked herding practices and free ranging
in the forest as a major contributor to the loss
of livestock to the predators throughout the

Himalayan region (Jackson et al., 1996; Wang
and Macdonald, 2006; Thinley et al., 2011).
3. Crop damages Pattern
The occurrence of crop damage was
both extensive and intensive in both the blocks,
as almost all the villages reported a loss of crop.
In Bjee block, 88% (n = 121 households) of
the respondents reported that the main crops
damaged were wheat (Triticum sp.), buckwheat
(Fagopyrum esculentum Moench), and potatoes
(Solanum tuberosum L.). These were mostly
damaged by wild pigs (Sus scrofa) that accounted
for 96% of the damage incurred and sambar
deer (Rusa unicolor) was responsible for 4%
the crop loss (Table 4).

Table 4 Crop damaged (in Kilograms) by wild herbivores in the Bjee block (n = 137 households) in the year 2016, evaluated using a structured questionnaire based interview.
Crop variety

Wild Pig

Macaque

Bear

Sambar

B. Deer

Porcupine

Total (Kg)

Paddy

-

-

-

-

-

-

-

Wheat

9636

0

0

770

0

0

10406

Maize

-

-

-

-

-

-

-

Millet

-

-

-

-

-

-

-

444

0

0

0

0

0

444

10540

0

0

0

0

0

10540

-

-

-

-

-

-

-

20620

0

0

770

0

0

21390

96

0

0

4

0

0

100

Buckwheat
Potato
Cardamom
Total
Damage % by
each animal

In Sombaykha, 86% (n = 73 households)
of the respondents reported a loss of agriculture
crops due to wild animals. The crops damaged
were paddy (Oryza sativa L.), wheat, maize (Zea
mays L.), millet (Eleusine coracana Gaertn.),
buckwheat, potato (Solanum tuberosum L.), and
cardamom (Amomum subulatum Roxb.). About

61.15% of the damage was due to Asiatic black
bear (Ursus thibetanus), 26.18% due towild
pigs (Sus scrofa), 7.12% due to Assamese
macaque (Macaca assamensis), 4.54% due
to Indian crested porcupine (Hystrix indica),
0.98% due to sambar deer (Rusa unicolor) and
0.03% was due to the barking deer (Muntiacus
muntjak) (Table 5).
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Table 5 Crop damaged (in Kilograms) by wild herbivores in the Sombaykha block (n =
85 households) in the year 2016, evaluated using a structured questionnaire based
interview.
Crop variety
Paddy
Wheat
Maize
Millet
Buckwheat
Potato
Cardamom
Total
Damage % by
each animal

Wild pig
300
0
1920
10
1860
184
0
4274
26.18

Macaque
0
0
203
0
200
0
760
1163
7.12

Bear
240
0
6939
405
2400
0
0
9984
61.15

Sambar
120
40
0
0
0
0
0
160
0.98

B. Deer
0
0
0
5
0
0
0
5
0.03

Porcupine
0
0
0
0
0
16
725
741
4.54

Total (Kg)
660
40
9062
420
4460
200
1485
16327
100

The proximity of the fields to the

during the spring season (March, April, and

forest and type of crop grown can influence

May), when the crop is tender and growing

the vulnerability to wild animals (Hill, 1997).

young shoots. Wild pig remains the number

During the field visit, in both the blocks, it

one crop predator in both the areas (Table 6).

was observed that the damage was more at the

This observation is similar to several studies

periphery of the settlement and in the fields

in the Indo-Himalaya region (Pandey et al.,

that were near the forests, as they were easily

2016; Rao et al., 2002; Wang et al., 2006a),

accessible to the herbivorous predators.

in which it was concluded that wild pigs were

The data on crop damage pattern

considered to be the most destructive animal.

revealed that most of the crop damage was

Even in the tropical region of Indonesia, a

during the summer season (June, July, and

similar study in Kerinci Seblat National Park,

August) (Table 6), when crops are in yield

Sumatra, found that the wild pigs and pig-

formation to the matured stage, as the nutrient

tailed macaque (Macaca nemestrina) were

content during this stage is high. However, the

responsible for 80% and 20% of the crop

damage from sambar and barking deer was

damage, respectively (Linkie et al., 2007).
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Table 6 Crop damage pattern in the Bjee (n = 137) and Sombaykha block (n = 85) in the year
2016, evaluated using a structured questionnaire based interview.
Bjee Block

Sombaykha Block

No. of cases

%

No. of cases

%

Season

Spring
Summer
Autumn
Winter

*
*
*
*

*
*
*
*

0
2
7
0

0%
22%
78%
0%

Potential animal

wild pigs
Bear
Sambar

*
*
*

*
*
*

3
4
2

33%
44%
22%

Season

Spring
Summer
Autumn
Winter

0
93
0
6

0%
94%
0%
6%

0
0
0
1

0%
0%
0%
100%

Potential animal

wild pigs
Sambar

93
6

94%
6%

0
1

0%
100%

Season

Spring
Summer
Autumn
Winter

*
*
*
*

*
*
*
*

0
57
0
0

0%
100%
0%
0%

Potential animal

wild pigs
Monkeys
Bear

*
*
*

*
*
*

11
3
43

19%
5%
75%

Season

Spring
Summer
Autumn
Winter

*
*
*
*

*
*
*
*

1
6
0
0

14%
86%
0%
0%

Potential animal

wild pigs
Bear
Barking deer

*
*
*

*
*
*

1
5
1

14%
71%
14%

Season

Spring
Summer
Autumn
Winter

0
4
0
0

0%
100%
0%
0%

0
18
0
0

0%
100%
0%
0%

Potential animal

wild pigs
Monkeys
Bear

4
0
0

100%
0%
0%

9
1
8

50%
6%
44%

Paddy

Wheat

Maize

Millet

Buckwheat
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Table 6 (Continued)
Bjee Block

Sombaykha Block

No. of cases

%

No. of cases

%

Season

Spring
Summer
Autumn
Winter
All season

0
12
0
0
36

0%
25%
0%
0%
75%

0
2
0
0
0

0%
100%
0%
0%
0%

Potential animal

wild pigs
Porcupine

48
0

100%
0%

1
1

50%
50%

Season

Spring
Summer
Autumn
Winter
All season

*
*
*
*

*
*
*
*

6
7
2
0

40%
47%
13%
0%

Potential animal

Monkeys
Porcupine

*
*

*
*

7
8

47%
53%

Potato

Cardamom

Remark: *Crop not grown or cultivated

Guarding, installing scarecrows and
fencing were the only solutions tried out despite
their failure. People of both the communities
guarded their crop against wild animals
mainly during the nighttime. Guarding was
considered a wearisome job, as they had to be
awake all night. In Bjee block, 66% (n = 90
households) of respondents responded to have
guarded their crop fields, while in Sombaykha,
74% inhabitants (n = 63 households) guarded
the fields. In both the blocks, many people
reported that despite the strenuous efforts
put in through guarding the field, they still
lost a minimum one-fourth of the crop. As
an innovative mitigation measure, three main
villages under Bjee block were chosen for
installation of electric fencing with a total
running distance of 18.83 km (Tsenkha-Talung:
9.18 km, Yangthang: 7.31km, and Gyensa:

2.34 km) through a donor project (NSB,
2017). However, there were issues related to
its management and effectiveness due to lack
of a management plan and proper guidelines.
4. Economic valuation of Human-wildlife
conflict
4.1 Economic valuation of livestock
depredation
In the Bjee block, the total livestock
depredation was 27 heads including 21 yaks,
5 cattle, and 1 horse. The economic loss was
calculated to be at US$ 10,492.31 with an
average loss of US$ 76.59 per annum (Table
7). The economic loss given by each respondent
was 5.88% of the family’s mean annual income
derived from the livestock (US$ 1,303.4). In the
Sombaykha block, the respondents indicated
that 84 cattle, 1 mule, and 12 poultry were
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killed in 2016, amounting to US$ 15,230.2. The

The loss given by each respondent was 28.12%

annual average economic loss per household

of the family’s average annual income derived

was computed to be at US$ 179.18 (Table 7).

from the livestock (US$ 637.2).

Table 7 Economic valuation of livestock loss in the Bjee (n = 137 households) and Sombaykha
block (n = 85 households) in the year 2016, evaluated using a structured questionnaire
based interview.
Bjee block (n=137)
Livestock
Type

Quantity Unit cost
(Nos.)
(US$)*

Total
(US$)*

Sombaykha block (n-85)
Average
Quantity Unit cost
(US$ per
(Nos.)
(US$)*
HH)

Total
(US$)*

Average
(US$ per
HH)

Yak

21

438.095

9200

67.15

-

-

-

-

Cattle

5

166.154

830.77

6.06

84

164.5

13814.8

162.53

Horse

1

461.54

461.54

3.37

1

1230.8

1230.77

14.48

Poultry

0

0

0

0

12

15.4

184.62

2.17

Total

27

10492.31

76.59

97

15230.2

179.18

Remark:

*1 US$ = 65 Ngultrum (Nu.) based on the exchange rate of 2016.
-Livestock not reared due to unsuitable climatic conditions.

The economic loss through livestock
depredation was high in Somabykha due to
its remote location, a higher number of cattle
compared to the Bjee block and unguarded
cattle that were allowed to wander off into
the forest. However, the overall loss was less
when compared with the farmers of JSWNP,
with an average loss of 84% of the annual
household cash income (Wang and Macdonald,
2006). The economic loss through livestock
depredation was much higher in our study
area compared to the buffer zone of Nanda
Devi Biosphere Reserve in India, where the
average annual economic loss was only Rs. 272
(US$ 4.18) per household (Rao et al., 2002).
It was also severe when compared to the loss
in Bardia National Park in Nepal, where the
average economic loss was only US$24.19 in
six years (range US$1.82 to US$55.16), with
an estimated total economic loss of US$11,710
(Tamang and Baral, 2008). The economic

loss due to livestock depredation in both the
blocks is significant and people’s livelihood
were impacted with people showing signs of
resentment towards wildlife. Therefore, a reserve
management plan and government intervention
to contain such livestock depredation is needed
urgently.
4.2 Economic valuation of the crop
damage
In the Bjee Block, respondents lost a
total of 21,390 kg (Kilogram) of crops to the
wild animals, amounting to US$ 10,357.2.
The annual average loss per household was
US$ 75.26 (Table 8). The most damaged crops
were potato (10,540 kg), worth US$ 4978.12
and wheat (10,406 kg), worth US$ 5,122.95.
The economic loss through crop damage in the
Bjee block was 27.29% of the mean annual
family income derived from agriculture (US$
277).
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The most damaged crops in Sombaykha
Block were maize (9062 kgs), worth US$
6343.40, buckwheat (4,540 kg), worth US$
2,444.62, cardamom (1,485 kg), worth US$
15,832.4 and paddy (660 kg), worth US$ 287.86
(Table 8). The respondents of Sombaykha

block indicated that the total crop lost was
16,407 kg, worth US$ 25,416 (Table 8). The
annual average economic loss per household
was US$ 299.12. In Sombaykha, the loss was
18.23% of the mean annual family income
(US$ 1,640) from agriculture farming.

Table 8 Economic valuation of crop loss in the Bjee (n = 137 households) and Sombaykha
block (n = 85 households) in the year 2016, evaluated using a structured based questionnaire interview.
Bjee block (n=137)
Crop type

Quantity Unit cost
(Kg)
(US$)*

Total
(US$)*

Sombaykha block (n=85)
Average
Quantity Unit cost
(US$ per
(Kg)
(US$)*
hh)

Total
(US$)*

Average
(US$ per
hh)

Paddy

-

-

-

-

660

0.44

290.40

3.42

Wheat

10406

0.49

5098.94

37.22

40

0.46

18.40

0.22

Maize

-

-

-

-

9062

0.7

6343.40

74.63

Millet

-

-

-

-

420

0.95

399.00

4.69

444

0.58

257.52

1.88

4540

0.54

2451.60

28.84

10540

0.47

4953.80

36.16

200

0.46

92.00

1.08

-

-

-

-

1485

10.66

15830.10

186.24

10310.3

75.26

16407

25424.9

299.12

Buckwheat
Potato
Cardamom
Total
Remark:

21390

*1 US$ = 65 Ngultrum (Nu.) based on the exchange rate of 2016.
-Crop not grown due to unsuitable climatic conditions.

The average economic loss per household
in the Sombaykha block was higher, probably

crop (main crop being wheat and potatoes)
loss worth US$ 15,389 with an annual average

due to the differences in protection measures,
as more than 50% of the farmland in the Bjee
Block was fenced electrically (NSB, 2017),
while not a single village in Sombaykha had this
installation from the government. A probable
reason could be due the involvement of more
crop predators (6 species) in Sombaykha
compared to only three species in Bjee. The
rate of the cardamom had also attributed to the
difference. A similar study in the buffer zone
of Nanda Devi biosphere eserve projected a

loss of US$ 39.85 per household (Rao et al.,
2002). The situation was much better than
Chitwan, Nepal, where approximately US$
24,000 (9% of the expected profit) was lost
to wildlife annually (Pandey et al., 2016).
The economic losses through crop damage by
wild herbivore are substantial and need urgent
attention from the reserve management and
government in the interest of local people’s
livelihood and conservation of wild animals.
Otherwise, retaliatory killing of the culprit
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animals is likely to increase even further.
4.3 Economic valuation of preventive
and protection measures
Apart from actual loss, expenditures
were also incurred on installing prevention
and protection measures to avoid HWC. The
expenses were mainly on the three broad
headings, guarding, fencing, and rituals. The
expenses incurred on guarding include labor and
material cost for the construction of guardhouse,
purchase of torches, batteries, fuel wood, and
lamp oil. While expenses on fencing included
the cost of labor, transportation cost, materials
cost such as barbed wire, nails, poles, and
planks. For those communities with electric
fencing installed around the farms, the expenses
included electricity bills and maintenance
cost, although materials were provided by
the government by spending approximately
US$ 462 per Km distance, excluding the
labor cost. People also spent a large amount
on performing rituals and prayers to appease
the local deities. The expenses were mainly
on cash offering to the monks and purchase
of food items such as meat, rice, cooking oil,
vegetables, tea items, etc.

The total expense borne by the
respondents of Bjee was US$ 28,207.05 with
an average of US$ 205.89 per household.
Most of the expenses were on fencing (53%),
followed by rituals (35%), and guarding (12%)
(Table 9).
In Sombaykha, the expenses were higher
on rituals (60%), followed by fencing (36%),
and guarding (4%), (Table 9). The overhead
costs incurred by the respondents were US$
42817.85, with an average of US$ 503.74.
In Sombaykha, the expenses on performing
rituals were higher than the expenses incurred
on guarding and fencing due to the inclusion
of expenditure of an annual ritual, which is
an annual event and not necessarily related
to human-wildlife conflict. A similar study in
JSWNP also found that guarding the property
and taking protective measures was expensive,
owing to the time and money involved (Wang
et al., 2006b). The average total expense per
household on these activities was higher in
Sombaykha compared to Bjee, due to differences
in fencing and ritual expenditure. This was
due to more than 50% of farmlands in Bjee
being electrically fenced with the government
support and as a result, the expenses were
reduced drastically.

Table 9 Expenses on protective and preventive measures in the Bjee (n = 137 households) and
Sombaykha block (n = 85 households), using a structured questionnaire interview,
during the year 2016.
Bjee block (n=137)
Expenses

Total (US$)* Average

Sombaykha block (n=85)

% of expenses Total (US$)*

Average

% of expenses

Guarding

3464.74

25.29

12

1782.46

20.97

4

Fencing

14900.77

108.76

53

15204.62

178.88

36

Rituals

9841.54

71.84

35

25830.77

303.89

60

Total

28207.05

205.89

100

42817.85

503.74

100

Remark: *1 US$ = 65 Ngultrum (Nu.) based on the exchange rate of 2016.
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4.4 Total economic losses due to

The total economic loss, as reported
by the respondents of Sombaykha block, was
US$ 83,463.96, with an average annual loss
of US$ 981.93 per family, which amounts
to 40% of an average family annual income
(US$ 2,457). Since the overall economic losses
were significant in both the blocks, there is an
urgent need to develop and implement a HWC
management plan for the buffer zone.

HWC in 2016
The total economic loss due to HWC,
as provided by the respondents of Bjee block,
was US$ 49,056.58 with an average of US$
358.08 per annum (Table 10), which is 17%
of an annual average family income (US$
2,107).

Table 10 Total economic losses and expenditure due to HWC in the year 2016, in Bjee (n =
137 households) and Sombaykha block (n = 85 households), using a structured
questionnaire interview.
Bjee (n=137)

Sombaykha (n=85)

Total (US$)*

Average loss per
household (US$)

Total (US$)*

Average loss per
household (US$)

Livestock

10492.31

76.59

15230.15

179.18

Crop

10357.23

75.60

25415.96

299.01

Expenses on protection
& prevention

28207.05

205.89

42817.85

503.74

Grand total

49056.58

358.08

83463.96

981.93

Remark: *1 US$ = 65 Ngultrum (Nu.) based on the exchange rate of 2016.

CONCLUSION
Livestock depredation, and crop
damage were the main types of HWC faced
by the people of Bjee and Sombaykha blocks.
Most of the livestock predation happened in
the summer season, as in this season predators
usually have young ones to feed that need
frequent kills for their growth. Fewer cattle
depredation cases in Bjee could be due to
change in livestock husbandry as communities
had shifted from conventional husbandry of
rearing a large number of low yielding local
cattle to modernized husbandry with a few
manageable high yielding Jersey and Brown
Swiss breed cattle. Many people now maintain
an improved pastureland and the cattle are not

allowed to free range in the forest, to avoid
confrontations with predators. The situation
is otherwise in the Sombaykha block, with
people still practicing conventional husbandry
and rearing more local cattle, that are freely
released into the forest for months without
supervision and this is the time where predation
takes place. Most of the kills occurring in the
forest indicate laxed herding, leading to a direct
confrontation with predator in its territory.
The crop damage in both the blocks
was extensive and intensive as almost all the
villages reported a loss of crops. Most of the
crop damage was during summers (June, July,
and August), when crops were mature and more
crop raiders were attracted to high nutrient
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crops. Guarding and installing scarecrows
and fencing were the only solutions tried
out despite their previous failure. People of
both the blocks guarded their crops against
wild animals mainly during the nighttime.
Guarding was found to be a wearisome job,
as they had to remain awake the whole night.
A pilot electric fencing installation in the
three main villages under Bjee block seems
to be poorly managed and failed to serve the
purpose multiple times, due to lack of proper
guidelines and management plans. Therefore,
there is an urgent need to develop a management
plan for the management of the electrical
fencing, otherwise, it is likely to be a waste
of government’s fund and local people’s hard
labor. A disproportionate area under electrified
fencing in the Bjee block led to heavy crop
losses in the non-electrified areas, as animals
from the electrically fenced communities
were diverted to their area. Therefore, the
installation of electric fencing should be
uniformly distributed in all the villages. Due to
huge economic losses, people’s discontentment
towards animals causing such conflicts, mainly
wild dogs, Asiatic black bears, and wild pigs,
seems very serious and future of these animals
are at stake. Therefore, JKSNR management
and government’s intervention is urgently
needed to ensure the conservation of these
species and also to safeguard the livelihood
of local communities.
The study recommends developing an
HWC management strategy with the inclusion
of community-based insurance scheme,
livestock intensification programs such as
breed improvement, pasture development, and
improvement in herding practices to reduce
the conflict. Culling of wild pigs under the

ecotourism program to reduce HWC and to
enhance the earnings of the local people, is also
recommended. A proportionate electric fencing in
the remaining villages under the Bjee block and
villages of Somabykha block is recommended.
HWC is a very complex and dynamic issue
and its mitigation has to be diagnostic rather
than symptomatic. Therefore, to understand
the HWC in depth, further research on wildlife
population dynamics, habitat utilization, and
behavior is recommended
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