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A B S T R A C T

Villages in Jigme Singye Wangchuck National Park, central Bhutan, report livestock depre-

dation by wild carnivores including leopard (Panthera pardus), tiger (Panthera tigris), Himala-

yan black bear (Ursus thibettanus), and dhole (Cuon alpinus). In a survey of 274 households in

six different geogs (sub-districts) within the park, 21.2% of households surveyed reported

losses of a total of 2.3% of their domestic animals to wild predators over 12 months. This

loss equated to an average annual financial loss equal to 17% (US$ 44.72) of their total

per-capita cash income. Total reported losses during 2000 amounted to US$ 12,252, of

which leopard and tiger kills accounted for 82% (US$ 10,047). Annual mean livestock loss

per household (of those that reported loss) was 1.29 head of stock, equating to more than

two-thirds of their annual cash income of $250. Lax herding, inadequate guarding prac-

tices, and overgrazing may have contributed to livestock losses. Approximately 60% of

the households lacked proper stables for corralling their livestock at night and there was

a significant correlation between the number of livestock lost and the distance between

the household and the grazing pasture. Overall, reported predation rates have increased

since the inception of the park in 1993 and since implementation of the Forest and Nature

Conservation Act in 1995, which prioritises some of Bhutan’s key livestock predators for

conservation. We propose livestock intensification programmes, including pasture

improvement, and financial compensation as short-term measures to reduce conflict

between people and predators. In the long-term, we recommend that the feasibility of

an insurance scheme should be tested, the possibility of relaxing the resource use restric-

tions in the Forest and Nature Conservation Act of 1995 be explored, and that farmers

should be involved in managing human–wildlife conflicts – particularly through improving

their own herding and guarding practices, and building proper corralling facilities and

adopting reliable corralling procedures.

� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

Conflict between wildlife and humans is a significant problem

in many parts of the world. Influential factors include
er Ltd. All rights reserved

; fax: +44 1865 393101.
.ac.uk (D.W. Macdonald).
increasing human populations, loss of natural habitat, and,

in some regions, growing wildlife populations resulting from

successful conservation programmes (Saberwal et al., 1994).

Conflict can be particularly serious, where rural people live
.
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in close association with protected areas (Mishra, 2001; Con-

forti and de Azevedo, 2003). Most protected areas in Bhutan

support some form of land use, such as agriculture, livestock

grazing and/or the harvesting of timber and non-timber forest

products (Wang, 2004). Livestock holdings form an integral

part of the local pastoral and agricultural economy, and graz-

ing of substantial herds is widespread in, or adjacent to, pro-

tected areas. Predators attack livestock that are grazed in, or

close to, forest areas, and venture into farms to take livestock,

as well as posing risks to humans. Such damage to local live-

lihoods angers farmers who may resort to retribution (Con-

forti and de Azevedo, 2003), thereby breeding a conflict of

interest between local communities and wildlife managers.

Human–wildlife conflict attracts greatest attention when

the wildlife species involved is endangered or where the con-

flict poses a serious threat to human welfare (Saberwal et al.,

1994). Both conditions apply to the situation in Jigme Singye

Wangchuck National Park. The park harbours 17 of those

mammals listed in Schedule I of Bhutan’s Forest and Nature

Conservation Act of 1995, of which tiger (Panthera tigris), leop-

ard (Panthera pardus), Himalayan black bear (Ursus thibetanus),

and dhole (Cuon alpinus) are among the highest priorities for

conservation. In Bhutan, their survival is threatened by dete-

riorating habitat (due to overuse of the forest for grazing and

collection of forest produce), declining numbers of wild prey

and poaching. Dhole were previously widespread in Bhutan,

but were perceived as pests of livestock, and poisoning by

farmers exterminated the population. Seemingly as a result

the wild pig (Sus scrofa) population increased, this resulting

in serious crop damage (Choden and Namgay, 1996; Wang,

2004). In an attempt to rectify the pig-damage problem dhole

were reintroduced into Bhutan in the early nineties and the

species is now becoming reestablished. A parallel exists in

the eradication of African wild dog (Lycaon pictus) partly due

to conflict with cattle ranchers (Rasmussen, 1999).

For the first time in Bhutan, we examine the extent and

magnitude of conflict between carnivores and agropastoral-

ists in Jigme Singye Wangchuck National Park, and we pro-

pose measures that may reduce this conflict. We also

describe traditional livestock-herding practices used in the

park, quantify the perceived economic losses to local commu-

nities, and document their retaliatory actions. This paper also

evaluates the impact of the Forest and Nature Conservation

Act of 1995, by comparing reported predation patterns before

and after implementation of the Act.

1.1. Study area

Jigme Singye Wangchuck National Park was selected as an

appropriate study area (Fig. 1). The great altitudinal range

within the park (150–5,000 m asl) accommodates extremely

diverse habitats, from subtropical rainforests to alpine mead-

ows and snow-capped peaks. The park contains more than

5,000 species of vascular plants, as well as 40 species of mam-

mals (of which tigers and red panda (Alurus fulgens) are

endangered and 15 other species are either vulnerable or

threatened) and 391 species of birds (of which the white-

bellied heron (Ardea insignis) is endangered and another 16

species are either vulnerable or threatened). The park sup-

ports 10–15% of Bhutan’s tiger population in its cool and
warm broadleaved forests. Important populations of red pan-

da and musk deer (Moschus chrysogaster) live in the sub-alpine

forests, and during the winter, black-necked cranes (Grus nigr-

icollis) frequent the northern part of the glacier valley (3500 m

asl). The park acts as a corridor between national parks (the

Royal Manas National Park, in the south, and Jigme Dorji

National Park and Trumshingla National Park, in the north),

and has a reputation for conflict between its wildlife and its

5,000–6,000 human inhabitants.

2. Methods

We conducted a questionnaire survey in 2000. Our survey

canvassed 274 randomly selected households from within

six geogs (sub-districts) of the park (Fig. 1): Athang (56 house-

holds), Trong (44), Korphu (32), Phobji (21), Langthel (59), and

Tansgibji (62). These households represented about 50% of

the total households within the park. The geogs of Phobji,

Langthel and Tangsibji were defined as the ‘buffer zone’ be-

cause they lie along the boundary of the park and have

greater access to roads and other sources of livelihood.

Athang, Trong, and Korphu, which lie further away from the

park boundary, were defined as the ‘inner zone’. Respondents

(the head of the household or their spouse) were asked ques-

tions relating to household demographics, education and

employment, number of livestock owned, livestock manage-

ment, number of livestock lost to predation, perceived prob-

lem carnivores, resource extraction (including collection of

non-timber forest products), and livelihood issues including

financial self-sufficiency.

Interviews were conducted by members of park staff who

have worked with these communities for several years, in or-

der to minimise the likelihood of receiving inaccurate re-

sponses. Livestock kills were verified by a team comprising

a local park official, a livestock extension agent (an official

posted to a village to regulate livestock related issues, who

is required to authenticate livestock kills by wildlife), and

the head of the particular community. We trained park offi-

cials to identify the predator responsible for livestock kills

using a combination of signs (such as pug marks, scrapes,

scats, and attack marks, etc.). Demographic and livelihood

data were cross-validated with records held by local govern-

ment administrators. Information on livestock holdings, the

number reported lost to predation, and details regarding graz-

ing areas, were cross-checked with records maintained at the

park head office. Secondary data on livestock numbers and

numbers lost to predation for the years 1993 (prior to estab-

lishment of the park), 1995 (before enforcement of the act),

and 2001 (after both the park and the act came into being)

were collected from archival records kept at the park office.

These data were used to evaluate questionnaire responses

on changes in human and livestock demographics and to

compare conflict trends before and after the establishment

of the park in 1993, and enforcement of the Forest and Nature

Conservation Act of 1995.

Data were analysed using Minitab version 13 (Hampton,

1994). Data were tested for normality using the Anderson–

Darling test and the Levene’s statistic was used to test for

homogeneity of variance. Data were transformed by their nat-

ural logarithm when testing correlation between loss and



Fig. 1 – Location of Jigme Singye Wangchuck National Park (JSWNP) and study sites in Bhutan.
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grazing in the far pastures and statistical tests used included

simple t-tests, analysis of variance (ANOVA), Chi square test,

and Tukey’s test.

Predator ‘hotspots’ were characterised following Spearing

(in Litt.) and were ranked according to each of the following

three criteria: number of livestock killed; percentage of herd

killed; and percentage of stockholdings killed. (‘Stockholding’

is the total population of livestock in the park, and ‘herd’ is

the number of livestock owned by an individual farmer).

3. Results

3.1. Livelihood strategies

Park residents are primarily subsistence farmers within the

local market economy. Livestock (20%) and cultivation (42%)

formed the main sources of rural livelihoods, supplemented

by non-farm activities (26%), such as business, government

service or casual labour (n = 274). Twelve percent (12%) of

farmers (n = 274) supplemented their livelihood by collecting

forest products. Non-farm activities were more common
(59%) in the buffer zone (n = 142), than in the inner zone

(41%) (n = 132).

Main sources of cash income among park residents were

the sale of livestock (32%) and agricultural products (38%),

non-farm products (16%), and forest products (14%) (n = 274).

Most households in the higher altitude geogs of Phobji and

Tangsibji obtained cash income from selling potatoes, yak

meat, and yak products. People at lower elevations, in Lang-

thel and Trong, depended on livestock and crops, such as

mustard, oranges, cardamom or guava. Annual cash income

per household was about 11,000 Bhutanese Ngultrums (about

US$ 250 (range: 5US$–2500US$). Few individuals reaped sub-

stantial benefits from salaried or casual employment, but sev-

eral families (14%) received remittances from family members

working in office jobs in cities. Most households (95%) in-

curred cash expenditures for basic goods, such as salt, kero-

sene or schooling, while the others (5%) bartered.

Most of the vegetables and fruits sold came from kitchen

gardens, while potatoes in the buffer zone were grown in

the dry lands, especially in Phobji geog. Many households in

both zones sold animal meat or products (Table 1).



Table 1 – Comparison of sources of cash incomes from
livestock in inner and buffer zones of Jigme Singye
Wangchuck National Park (2000)

Livestock Inner zone (%) Buffer zone (%)

Milk/butter 32 53

Pig/pork 17 11

Poultry/poultry meat 16 1

Eggs 30 18

(n for inner zone = 132; n for buffer zone = 142).
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3.2. Herd dynamics or livestock holdings

In 2000, 85% of households (n = 274) reared a total of 3,275

head of livestock, with an average herd size of 12 head

(SD = ±11.5) of stock per household (Table 2). Ownership of

livestock by households was highly skewed (range: 0–105

stock per household). Most households (80%) owned 20 or less

animals; 16% of households owned 21 or more animals; 4%

did not own any animals.

Cattle generally made up 75% of the herd, the remainder

comprising sheep, pigs, horses and yak (Table 2). The largest

herd size of 105 was owned by one household in Phobji geog

and consisted of 65 yaks, 36 sheep, 3 pigs, and a cow. The

smallest herd consisted of one goat owned by a family in

Athang geog. There was no significant difference between

the mean livestock holding per household in 1995 (n = 477,

mean 12.6, SE±0.6) and 2000 (n = 274, mean 12.0, SE±0.8).

Herding patterns in Jigme Singye Wangchuck National Park

varied according to season, type of livestock, and agricultural

practices, but followed long established traditional patterns

that demand a high degree of cooperation among community

members. Overall, significantly more households were resi-

dent (81%) than migrated (19%) (T = 19, p < 0.001, n = 274). All

households in Korphu, Tangsibji and Langthel were resident,

while in Trong 93% were resident and the remainder migratory.

There was no significant difference in either Athang or Phobji,

making the people of these geogs the most migratory.
Table 2 – Average composition of livestock herds per
household in the study geogs of Jigme Singye
Wangchuck National Park (2000)

Geog N Cattle Yak Horse Sheep Pig Averagea

Athang 56 9.6 0.3 0.9 0.7 0.2 11.7

Trong 44 8.0 0.0 0.5 0.0 0.5 9.0

Korphu 32 7.3 0.0 0.6 0.0 0.1 8.0

Phobji 21 7.7 4.4 1.2 8.1 1.7 23.2

Langthel 59 7.5 0.0 0.2 0.1 0.4 8.1

Tangsibji 62 11.8 0.0 0.4 1.9 2.2 16.2

Livestock/

household

9.0 0.4 0.5 1.2 0.8 12

% of the

total herd

75.0 3.3 4.6 10.1 7.0 100

N, number of households in the study geogs.

Eighty-five percent of households kept livestock; averages

calculated from all households, including those that kept none.

a Average number of livestock held by a household.
Significantly more households grazed their cattle in fallow

fields in forest near their villages (55%), than in distant pas-

tures (more than one day’s walk from human settlement)

(21%) or in a combination of these two areas (24%) (T = �9.28,

p < 0.001). Loss of livestock was significantly positively corre-

lated with the percentage of the herd that was grazed in dis-

tant pastures (coefficient of correlation, r = 0.7, p < 0.001), but

not with the percentage grazed near to the village.

Farmers either penned their livestock below their living

quarters (when they had small herds), kept them in purpose

built stables, left them unattended at night in the pasture or

forest (particularly when livestock were in distant pastures)

or tethered them in fields (Fig. 2). Approximately 60% of the

households in the study geogs lacked proper stables for cor-

ralling their livestock, and consequently left them unpro-

tected at night.

3.3. Livestock losses

Respondents reported a total of 76 (2.3%) domestic animals

killed by predators in a period of one year. Farmers attributed

40 kills (53%) to leopards, 20 (26%) to tigers, 10 (13%) to dhole,

and 6 (8%) to bears (Table 3). The majority of tiger kills were

cows (95%), mostly occurring in Trong (42%) and Langthel

(37%). The greatest proportion of leopard kills (35%) was re-

ported in Athang, where there were no reports of tiger preda-

tion, and the fewest were in Tangsibji and Phobji (5%). Losses

attributed to bears were most frequent in Athang (50%), while

reported losses to dhole were most frequent in Phobji (40%).

Frequency of reported livestock losses was significantly

greater in the inner zone (n = 41) than in the buffer (n = 35)

zone (F = 7.23, p < 0.01). The greatest proportion of reported

livestock loss occurred in Langthel (4.2%) and Trong (4%).

Mean loss per household (that lost livestock) was 1.29 head

of livestock per annum (Table 3), which would cost 84% of

their annual cash income to replace these animals. This

mean loss was considerably higher for households in Trong

(3.2 per household) than in other geogs.

3.4. Economic valuation of losses

Economic loss to predators per household was estimated

using average local prices in 2002 (Table 3). The total loss of
Fig. 2 – Methods of night-time livestock management

practised by the farmers in Jigme Singye Wangchuck

National Park (2000) (livestock penned below living quarters

were included with those housed in separate stables).



Table 3 – Economic valuation of reported livestock kills (n) by wild predators in the study geogs in 2000

Unit value (US $) Tiger (US $) Leopard (US $) Bear (US $) Dhole (US $) Overall (US $)

Cattle 173.40 3295 (19) 5549 (32) 1040 (6) 1040 (6) 10924 (63)

Yak 319.10 0 319 (1) 0 0 319 (1)

Horse 187.70 0 536 (3) 0 0 536 (3)

Sheep 19.10 0 38 (2) 0 77 (4) 115 (6)

Pig 119.10 119 (1) 238 (2) 0 0 357 (3)

Total loss 3414 (20) 6681 (40) 1040 (6) 1117 (10) 12252 (76)

Mean loss

-per hha 12.46 (0.07) 24.38 (0.15) 3.80 (0.02) 4.08 (0.04) 44.72 (0.27)

-per hhb 58.86 (0.33) 115.19 (0.69) 17.94 (0.10) 19.26 (0.17) 211.24 (1.29)

Loss as a % of

-total herd 26 53 8 13 100

-per capita incomea 4.98 9.75 1.52 1.63 17.88

-per capita incomeb 23.53 46.06 7.17 7.70 84.46

-Urban cash income 10.94 21.41 3.33 3.58 9.81

Numbers in parenthesis represent numbers of individual killed.

hh, Household.

The conversion rate from Bhutanese Ngultrum was 1 US$ = 47 Ngultrums.

a Considering all the respondents (n = 274).

b Considering only the affected respondents (n = 58).

Table 4 – Showing differences in mean predation in time
from establishment of Jigme Singye Wangchuck National
Park

Year 1993 1995 2000 2001 1993

Mean 0.16 0.29 0.27 0.42 0.16

Standard error (±) 0.05 0.03 0.04 0.08 0.05

p value ** NS NS ***

*, significant (p < 0.05).

**, very significant (p < 0.01).

***, highly significant (p < 0.001).
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76 head of livestock was valued at US$ 12,252, of which the

majority (89%, US$ 10,924) were cattle losses (n = 63) (Table

3). Leopards and tigers were held responsible for the majority

of predation, being blamed for 53% and 26% of the total live-

stock loss, respectively, and US$ 10,095 of the total monetary

loss. Bears and dhole together (8% and 13%, respectively) were

responsible for the remaining 21% of livestock loss (US$ 2,157

of the total monetary loss).

Average annual household cash income was US$ 250

(n = 274). Overall, each household (including those that did

not report losses) lost an estimated US$ 44.72 (Table 3)

(approximately 17% of the annual household cash income.

Mean losses only for households that reported livestock loss

(n = 58) was US$ 211 (Table 3) (approximately 84% of the an-

nual household cash income).

3.5. Predation trends before and after 1995

Overall predation increased significantly between 1993 and

2001 (F = 3.09, p < 0.01: Table 4). This comprised a significant

increase in recorded predation between 1993 (mean = 0.16,

SE = ±0.05,) and 1995 (mean = 0.29, SE = ±0.03) (F = 3.9,

p < 0.01), no significant change between 1995 and 2000

(mean = 0.27, SE = ±0.04), and a non-significant increase be-

tween 2000 and 2001 (mean = 0.42, SE = ±0.08) (Table 4). There

was a significant interaction between predator and year

(F = 3.2, p < 0.001). According to our survey responses, leop-

ards were responsible for most of the predation loss (n = 40),

followed by tiger (n = 20), dhole (n = 10), and bear (n = 6) (see

Table 3). There was a significant difference (p < 0.001) in re-

ported predation loss between each pair of predators, tiger

and leopard (+0.0105:+0.1428), leopard and bear

(�0.1902:�0.0579), leopard and dhole (�0.1756:�0.0433), ex-

cept bear and dhole (�0.0807:+0.0515): tiger-dhole

(�0.0990:+0.0333), tiger-bear (�0.1136:+0.0187). Reported pre-

dation by each of leopard and dhole was significantly higher
in 2001 (mean = 0.29, F = 3.9, p < 0.01 and mean = 0.07,

F = 5.20, p < 0.01, respectively) than in all other years; there

was no significant difference between the other years). Losses

due to tiger and bear predation did not differ significantly be-

tween the four years (F = 1.86, p > 0.05 and F = 2.13, p > 0.05,

respectively).

3.6. Identifying predator ‘hotspots’

The top predation ‘hotspots’ in 2000 were ranked for each of

the predators (Table 5). Trong was the top hotspot for tigers

followed by Langthel and Tangsibji. Tigers were thought to

be responsible for 42%, 37% and 16% of the total livestock kills

in the three geogs, respectively. Athang, Langthel, and Korphu

were leopard hotspots; losing 35%, 23% and 18% of the total

livestock, respectively. Primary hotspots for predation by ti-

gers and leopards were spatially distinct, with leopards pre-

dominating at higher altitudes than tigers, except in

Langthel, where both felids seem to coexist. Bear damage ap-

peared to be widespread although Athang suffered the great-

est number of losses. Dhole populations appeared to be

recovering in Phobji and Langthel, being considered responsi-

ble for 40% and 30% of the livestock taken in these areas.



Table 5 – Predation ‘hotspots’ in Jigme Singye Wangchuck National Park according to each of three criteria for each species
of predator

Hotspot criteria Tiger Leopard Bear Dhole

n %a %b n %a %b n %a %b n %a %b

Hotspot 1 Tr Tr Tr A K A A A A P P P

Hotspot 2 L L L L A L TrPL Tr TrPL L L L

Hotspot 3 T K T K L K KT L KT T Tr T

n, number of livestock killed.

A, Athang; Tr, Trong; K, Korphu; P, Phobji; L, Langthel and T, Tangsibj.

a Percentage of the herd size.

b Percentage of the total livestock population of the park.
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4. Discussion

Protected areas in Bhutan, instituted barely a decade ago, in-

volve powerful conservation laws, strong ethics, and the Bhu-

tan government prioritising conservation – this all within a

cultural setting, where religious ethics are resonant with

environmental protection. However, a disadvantage of strict

conservation policies combined with a lax herding system

within the park is the loss of livestock to wild carnivores. This

sparks conflict between people and wildlife. Our survey of 274

households in 2000 in the Jigme Singye Wangchuck National

Park revealed that 21.2% (58) of households believed they

had lost livestock to wild predators during the previous year

(averaging approximately 2.3% of their herd), and that per-

ceived losses had increased significantly since 1993. Nonethe-

less, the percentage of households reporting lost livestock in

our study was lower than figures reported elsewhere in the re-

gion (46% in Mongolia (Allen and McCarthy, in Litt.); 38% in

Nepal (Oli et al., 1994); and 45% in Tsarap Valley of India

(Spearing, in Litt.)). The financial loss represented by the live-

stock predation – about US$ 44.72 per household (over all

households) – was also lower than losses reported from other

countries in the region (these ranging from one quarter to al-

most half of the household cash incomes (Oli et al., 1994; Mis-

hra, 1997; Jackson, 1999; Stahl et al., 2001; Spearing, in Litt.).

Nevertheless, the farmers responding to our survey consid-

ered the losses they reported to be significant, and they were

greater than losses reported elsewhere in India (Kibber wild-

life sanctuary, 12% (Mishra, 1997); Hemis National Park, 2.3%

in 1991 (Fox et al., 1991) and 12.4% in 2000 (Bhatnagaer

et al., 2000); Tibet 9.5% (Jackson, 1999); and China, 7.6% (Sch-

aller et al., 1987)).

When losses were calculated for only those households

that reported loss the average was 1.29 head of livestock lost

per annum (US$ 211) which may represent as much as 84.5%

of their average annual cash income (US$250, Planning Com-

mission, 2002). Similar levels of livestock loss were reported

by Spearing (in Litt.) (2000) in the Tsarap Valley in North India,

although there the financial value of US$ 203.9 represented

about 54% of their annual cash income. Such losses, com-

bined with restrictions on the use of natural resources, are

likely to generate a hostile attitude towards conservation

and may provoke retaliatory action by farmers (Schaller and

Crawshaw, 1980; Rabinowitz, 1986; Conforti and de Azevedo,

2003). Farmers in our study expressed the opinion that it

had become more difficult to rear livestock in the park. The
top five reasons they gave, in order of decreasing severity,

were: (1) increased predation; (2) lack of fodder; (3) increased

incidence of disease; (4) insufficient pasture; and (5) reduced

milk quality. Fifty two per cent of the park residents blamed

their present hardships on the park and the Forest and Nature

Conservation Act of 1995, which had introduced a ban on the

killing of wildlife together with restrictions on grazing and

the collection of non-timber forest products (medicinal

plants, aromatic plants, mushrooms, cane and bamboo etc.).

In agreement with the findings of Jackson (1999) and Jack-

son and Wangchuk (in Litt.), livestock kills in our study area

varied by site, livestock type, and presence or absence of a

herder (herders were generally absent when stock were

grazed at remote pastures). Tigers and leopards attacked cat-

tle, mostly in areas with less human activity. Dhole mostly

killed sheep. Heavy predation on cattle by tigers and leopards

is of serious concern because cattle are very valuable. Preda-

tion is known to be higher in heavily- or over-stocked areas

(Oli et al., 1994; Jackson, 1999), and this sometimes leads to

surplus killing (Stuart, 1988) as we too observed. In our study,

this pressure was further compounded by transient grazers

coming from outside the park.

Our analysis supported the general finding that where

food – in this case domestic stock – is abundant, predation

losses increase, leading to predation hotspots (Nass et al.,

1984; Yom-Tov et al., 1995). In the French Jura, roe deer (Capre-

olus capreolus) abundance was greater in predator hotspots

and areas rich in roe deer were more intensively used by lynx

(Felis lynx), producing higher encounter rates between sheep

and lynx (Stahl et al., 2001). Our study identified heightened

predation levels, where livestock were heavily grazed in forest

habitats used by predators. The hotspots for tigers and leop-

ards did not overlap, except in Langthel, raising the possibility

that leopards are excluded by tigers. It is important to educate

farmers to avoid grazing their livestock in predator hotspots

or, at least, to be especially vigilant there.

In other parts of the world, herd management has also

been identified as a factor in predation rate (Robel et al.,

1981; Oli et al., 1994; Mishra, 1997; Landa et al., 1999; Linnell

et al., 1999; Bhatnagaer et al., 2000; Jackson and Wangchuk,

in Litt.; Allen and McCarthy, in Litt.; Patterson et al., 2004)

and it is obvious that more thoughtful and informed herd

management has the potential to reduce losses (Rasmussen,

1999). Herds taken to graze different pastures were generally

left unattended and were clearly associated with higher rates

of reported predation, while the large numbers of households
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that grazed their livestock in the forests near the village suf-

fered fewer losses. Grazing in distant pastures has similarly

been found to increase the vulnerability of livestock to preda-

tion elsewhere (Jackson, 1996; Mishra, 1997; McCarthy, 2000;

Allen and McCarthy, in Litt.).

Nocturnal management of livestock in some villages was

very poor. Approximately 60% of households did not pen their

livestock, and when livestock were penned, the pens were

poorly constructed and unlikely to be predator-proof.

Reported predation increased significantly between 1993

and 2001, with leopards being the main cause of livestock

loss. Some respondents’ claimed that increased predation

was linked to the establishment of the park in 1993 and

implementation of the Forest and Nature Conservation Act

of 1995. Increases in depredation rates following establish-

ment of protected areas and implementation of conservation

rules have similarly been documented in India (Saberwal

et al., 1994; Mishra, 1997; Jackson and Wangchuk, in Litt.;

Maikhuri et al., 2001), Nepal (Oli et al., 1994; Studsrod and

Wegge, 1995), and Tibet (Allen and McCarthy, in Litt.; McCar-

thy, 2000).

Our study suggests that a combination of lax herding,

poor guarding practices, a lack of favourable cover, poor

habitat condition and high predator densities combine to

create conditions where depredation rates are high. Conser-

vation success (apparently leading to a perceived increase in

predator populations) and the imposition of strict restric-

tions on farmers’ use of resources (by the Forest and Nature

Conservation Act of 1995) may have exacerbated human–

wildlife conflict in the park. With losses during 2000 almost

equal to annual cash incomes for those households af-

fected, there is an urgent need to address this problem.

We suggest that government managers, researchers, and

farmers work together to devise a conservation manage-

ment strategy that accommodates the needs of both wildlife

and farmers. Restoration of an adequate natural prey base

together with a programme of compensation for livestock

lost may minimise conflict by increasing farmers’ tolerance

of wildlife (Michelle and Smirnov, 1999). A suitable manage-

ment strategy should be evidence-based, and should explore

methods to improve livestock management, monitoring the

abundance of prey species, assessing the ecological impacts

of over-grazing, and the feasibility of a sustainable compen-

sation scheme. In the short-term, a ban on transient grazers

entering the park and on grazing in predator hotspots

should reduce encounter rates between livestock and preda-

tors. Alternative benefits from community-based ecotour-

ism, livestock intensification, and sustainable harvesting of

non-timber forest products should be explored as such ben-

efits could generate more favorable attitudes towards con-

servation (Conforti and de Azevedo, 2003). Emphasis

should be on involving farmers in managing human–wildlife

conflict and developing ways of enabling them to benefit

from the existence of the park.

Acknowledgements

We are grateful to Drs. J.P. Lassoie, P.D. Curtis, M. Richmond

from Cornell University, NY, US and to Drs. R. Cox and S. Ba-

ker of WildCRU, Oxford, for their assistance in the preparation
of this manuscript. We also warmly acknowledge the finan-

cial support of the Royal Government of Bhutan, the Einaudi

Center, Cornell University, the Whitley-Rufford, Loke Wan

Tho and Disney funds. Thanks are also due to all the park

rangers and other park staff who tirelessly helped in this

study.
R E F E R E N C E S
Bhatnagaer, Y.V., Stakrey, R.W., Jackson, R., 2000. A survey of
depredation and related wildlife–human conflicts in the
Hemis National Park, Ladakh, India. Snowline, Bulletin of
International Snow Leopard Trust. Vol. XVII.

Choden, D., Namgay, K., 1996. Report on the findings and
recommendations of the wild boar survey. Project for
assessment of crop damage by wild boar. National Plant
Protection Center. Ministry of Agriculture, Royal Government
of Bhutan, Thimphu Bhutan.

Conforti, V.A., de Azevedo, F.C.C., 2003. Local perceptions of Jagurs
(Panthera onca) and pumas (Puma concolor) in the Iguacu
National Park area, south Brazil. Biological Conservation 111,
215–221.

Fox, J.L., Norbu, C., Chundawat, R.S., 1991. The mountain ungulates
of Ladakh, India. Biological Conservation 58, 167–190.

Hampton, R.E., 1994. Introductory Biological Statistics. Waveland
Press, Inc., Long Grove Illinois.

Jackson, R.M., 1996. Home range, movements and habitat use of
snow leopard (Uncia uncia) in Nepal. Ph.D. dissertation,
University of London, UK.

Jackson, R.M., 1999. Managing people-wildlife conflict in Tibet’s
Qomolangma National Nature Preserve. Available from:
<http://www.snowleopard.org/islt/procite/rjmp99>.

Landa, A., Gudvangen, K., Swenson, J.E., Roskaft, E., 1999. Factors
associated with wolverine Gulo gulo predation on domestic
sheep. Journal of Applied Ecology 36, 963–973.

Linnell, J.C., Odden, J., Smith, M.E., Aanes, R., Swenson, J.E., 1999.
Large carnivores that kill livestock: do ‘problem individuals’
really exist? Wildlife Society Bulletin 27, 698–705.

Maikhuri, R.K., Nautiyal, S., Rao, K.S., Saxena, K.G., 2001.
Conservation policy-people conflicts: a case study from Nanda
Devi biodiversity reserve (a World Heritage Site, India). Forest
Policy Economics 2, 355–365.

McCarthy, T., 2000. Ecology and conservation of snow leopards,
Gobi brown bears, and wild Bactrian camels in Mongolia. Ph.D.
thesis, University of Massachusetts, Amherst, USA.

Michelle, D.G., Smirnov, E.N., 1999. People and tigers in the
Russian Far East: searching for the ‘co-existance receipe’.
In: Seidensticker, J., Christie, S., Jackson, P. (Eds.), Riding the
Tiger-Tiger Conservation Efforts in Human-Dominated
Landscapes. Cambridge University Press, Cambridge, UK,
pp. 273–295.

Mishra, C., 1997. Livestock depredation by large carnivores in
the Indian trans-Himalaya: conflict perceptions and
conservation prospects. Environmental Conservation 24,
338–343.

Mishra, C., 2001. High altitude survival: conflicts between
pastoralism and wildlife in the trans-Himalaya. Ph.D. thesis,
Wageningen University, The Netherlands.

Nass, R.D., Lynch, G., Theade, J., 1984. Circumstances associated
with predation rates on sheep and goats. Journal of Range
Management 37, 423–426.

Oli, M.K., Taylor, I.R., Rogers, M.E., 1994. Snow leopard Panthera
uncia predation of livestock: an assessment of local
perceptions in the Annapurna conservation area, Nepal.
Biological Conservation 68, 63–68.

http://www.snowleopard.org/islt/procite/rjmp99


B I O L O G I C A L C O N S E R V A T I O N 1 2 9 ( 2 0 0 6 ) 5 5 8 – 5 6 5 565
Patterson, B.D., Kasiki, S.M., Selempo, E., Kays, R.W., 2004.
Livestock predation by lions (Panthera leo) and other carnivores
on ranches neighboring Tsavo National Parks, Kenya.
Biological Conservation 119, 507–516.

Planning Commission, 2002. Bhutan poverty assessment and
analysis report. Planning Commission, Royal Government of
Bhutan, Thimphu Bhutan.

Rabinowitz, A.R., 1986. Jaguar predation on domestic livestock in
Belize. Wildlife Society Bulletin 14, 170–174.

Rasmussen, G.S.A., 1999. Livestock predation by the painted
hunting dog Lycaon pictus in a cattle ranching region of
Zimbabwe: a case study. Biological Conservation 88, 133–139.

Robel, R.J., Dayton, A.D., Henderson, R.R., Meduna, R.L., Spaeth,
C.W., 1981. Relationships between husbandry methods and
sheep losses to canine predators. Journal of Wildlife
Management 45, 894–911.

Saberwal, V.K., Gibs, J.P., Chellam, R., Johnsingh, A.T.J., 1994.
Lion-human conflict in the Gir forest, India. Conservation
Biology 8, 501–507.

Schaller, G.B., Crawshaw Jr., P.G., 1980. Movement patterns of
jaguar. Biotropica 12, 161–168.
Schaller, G.B., Li Hong, T., Ren, J., Qiu, M., Wang, H., 1987. Status of
large mammals in the Taxkorgan Reserve, Xingjiang, China.
Biological Conservation 42, 53–71.

Stahl, P., Vandel, J.M., Herrenschmidt, V., Migot, P., 2001. Predation
on livestock by an expanding reintroduced lynx population:
long-term trend and spatial variability. Journal of Applied
Ecology 38, 674–687.

Stuart, C.T., 1988. The incidence of surplus killing by Panthera
pardus and Felis caracal in Cape Province, South Africa.
Mammalia 50, 556–558.

Studsrod, J.E., Wegge, P., 1995. Park-people relationships: the case
of damage caused by park animals around the Royal Bardia
National Park, Nepal. Environmental Conservation 22,
133–142.

Wang, S.W., 2004. The impacts of wildlife damage and
conservation policies on farmer attitudes in Jigme Singye
Wangchuck National Park, Bhutan. MS thesis, Cornell
University, Ithaca NY, USA.

Yom-Tov, Y., Ashkenazi, S., Viner, O., 1995. Cattle predation by the
golden jackal Canis aureus in the Golan Heights, Israel.
Biological Conservation 73, 19–22.


	Livestock predation by carnivores in Jigme Singye  Wangchuck National Park, Bhutan
	Introduction
	Study area

	Methods
	Results
	Livelihood strategies
	Herd dynamics or livestock holdings
	Livestock losses
	Economic valuation of losses
	Predation trends before and after 1995
	Identifying predator  lsquo hotspots rsquo 

	Discussion
	Acknowledgements
	References


