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Abstract

A complex relationship between the residents and protected areas continue to be an obstacle to successful
conservation of protected areas. Conflicts between park authority and people living around the park pose athreat
to conservation. Moreover, crop depredation dueto wildlifeincursasevere economic lossto communitieslivingin
the closevicinity of the park, affecting the livelihood and well-being of locals. Many studies have been carried out
emphasizing theidentification and quantification of crop damage, but studies highlighting the means used for the
crop protection and their effectiveness are limited. This paper examines frequency of the crop damage by wildlife
and efficacy of utilized management practicesin Shivapuri National Park (SNP). Altogether 132 households were
visited intwo buffer zone villages namely, Sikre and Jhor Mahankhal of Shivapuri National Park, Nepal. The study
suggested that crop depredation by wildlifewasafunction of several factors, namely, distance of thefarmland from
the park, size of the crop raiding animals, frequency of their attacks on the farmland, and the type of crops. Five
different measures were identified by the communities which they regularly used to prevent crop damage. Both
traditional as well as modern means were used by households to guard crops from invading wild animals. The
means of crop protection from wildlife differed according to the type of animal and crop being protected. Bio-
fencing and trenches were effective for the small animals. Watch tower “ Machans” and throwing flaming sticks
and making noiseswerethe most effective and saf est means of crop guarding from all kind of animals. Though crop
guarding was intensive, no means were found to be able to prevent crop damage completely. Thus, site specific
management strategies aswell astechnical and financial support from donor organi zations would be most useful to
minimize crop loss.
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I ntroduction

Protected area network has expanded rapidly since
1950s, particularly inthe devel oping countries. In many

Issues such as loss of extraction rights and losses
due to wildlife interferences and lack of or limited
financial compensation have been highlighted as the

developed countries, successful attemptsto conserve
wildlife have resulted in an increase in wildlife
population, particularly large mammals (Wells 1992).
Inthe devel oping countries, protected areasare mostly
surrounded by densely populated agricultural lands
that result in escalating conflicts between local
communities and park authorities over the land-use
rights and practices (Nepal & Weber 1994). Conflict
issuesaremainly related to peoples” livelihood, which
are difficult to overcome (Ghimire & Pimbert 1997).

root causes of conflict betweenthelocal communities
and conservation programmes (Baral & Heinen 2007,
Hill 1998, Karanth 2003). Similarly, illegal livestock
grazing inside the park and transaction of forest
products causes this imbalanced relationship
(Studsord & Wegg 1995, Tamang & Baral 2008,
Shrestha 1994). Among all these issues, damage to
crops, livestock, property and also human life because
of wildlifeinterferences have been regarded as one of
the severe problems faced by protected areas
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worldwide (Heinen 1993, Nyhus et al. 2000, Perez &
Pacheco 2006, Rao et al. 2002, Weladji & Tchamba
2003). Park-people conflictsduetowildlifeinterference
in the livelihood of communities often jeopardize the
relationship between local communities and the
protected area itself. This deteriorating relationship
between two key stakehol dersthreatensthelong-term
management of protected areas.

The protected area system of Nepal has received a
wide recognition for involving communities in
protected area management (Bajimaya 2005, Paudel
2002). The success of Chitwan National Park and
Annapurna Conservation Area, for example, in
providing income for park management and support
for local people residing in buffer zone, is an
outstanding example for many developing countries
(Heinen & Kattel 1992, Wells& Sharma1998). But still
conflicts and displacements of local communitiesand
their livelihood have been observed by conservation
authorities (McLean & Straede 2003).

Crop depredationisamajor problem faced by villagers
surrounding all protected areas of Nepal. Researchers
have identified elephant (Elephus maximus), rhino
(Rhinoceros unicornis), wild boar (Sus scrofa), deer

(Axis axis) and monkey (Macaca mulatta) asthemain
raidersof cropsin most of the protected areas of Nepal
(Bara & Heinen 2007, Oli et al. 1994, Strudsrod &
Wegge 1995). Similarly, in Shivapuri National Park, wild
boar, deer and porcupine are the major crop
depredatorsin the surrounding villages (Pandey 2009).
Theseanimalsfeed on varietiesof crops, and thelevel
of damage varies according to the distance between
the park and the farmland. Local people use different
means to guard against these wild animals such as
bio-fencing, trenches, and different traditional means
(tin-hitting, scare crow). No singlemeasureiseffective
to guard against all type of crop raiders due to
variations in size of wildlife popultion, their feeding
habits, type of crops and distance to farmland. This
study aims to identify major wildlife species causing
crop damage and the frequency of the such damage.
Moreover, it intends to measure the effectiveness of
protection measure adopted by park authorities.

M ethodology

Study area: Shivapuri National Park

The Shivapuri National Park (144sg. km) issituated on
thenorthern fringe of Kathmandu valley and liesabout
12 km away from the center of the capital city (Fig 1).

Wiap 1 Shivapuri National Park
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Fig. 1. Map showing the study area

Shivapuri liesin atransition zone between subtropical
and temperate climates. The average maximum
temperature reaches up to 19.75°C in summer and the
average minimum temperature reaches up to 10.02°C

in winter. The maximum rainfall (691.70mm) occursin
July and it decreases considerably in winter. SNP has
four types of forests which are distributed along the
atitudinal gradient (Amatya 1993, Kattel 1993). They
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include: i) lower mixed hardwood (Schima-castanopsis)
forest at 1,000-1,500m, ii) chir pine forest at 1,000-
1,600m, iii) Upper mixed hardwood forest at 1,500m-
2,300m, and iv) Oak forest at 2,300-2,700m. Thepark is
home to threatened animals such as clouded leopard
(Pardofelis nebulosa), rhesus monkey (Macaca
mulatta), junglecat (Felischaus), gord (Naemorhedus
goral), and Himalayan black bear (Ursusthibetanus).
More than 177 species of birds, including at least 9
threatened species, 102 species of butterflies with a
number of rare and endangered species, and 129
speciesof mushrooms have beenrecordedinthepark’s
forest (Bhuju et al. 2007).

Thetwo villages, namely Jhor Mahankhal on southern
section and Sikre on northern section of the national
park were selected for case studies. The basis of their
selectionwere: i) location within the park boundary, ii)
village development committee (VDCs) with the
highest wildlife densitiesfrom whereamount of illegal
resources extraction would directly impact on the
herbivore fauna shelter and diet, and thus indirectly
affect the carnivore faunathat were the main focus of
protection (Wegge et al. 2009).

Household questionnaire

The data collection was based on a survey using
household questionnaire, which was carried out on
February 2012. Altogether 132 households (comprising
16% of thetotal of 851 households) were included in
the study using a stratified random sampling method
where each ward (subdivision of local authority area)
was considered as a stratum for sampling. According
to Baker (1999), for the population of 10,000 or more, a
samplingratio (i.e. samplesize/population) of 10% may
be adequate to determine the sample size. The total
population of Jhor Mahankhal and Sikre VDC was
recorded over 10,000 (CBS 2007) thus, 16% sampling
ratio was taken for sample size.

According to Baral and Heinen (2007) farmlands
located next to the national park boundary face a
severed crop depredation compared to the farmlands
far from the parks. Therefore, only households with
farmlandinthe stretch of park boundary were selected
for the survey following a simple random sampling
method. For the household survey, six wards of Jhor
Mahankhal and three wards of Sikre village were
sel ected among thetotal of ninewardsin each of these
Village Development Committees. The wards were

selected on the basis of survey done by Shivapuri
National Park authorities as affected wards (NTNC
2004). Household listswerecollected from voter’ slists
obtained from the ward office of each village. The
guestionnaire was usually addressed to household
heads. When they were not available, the next willing
member wasinterviewed. The household questionnaire
consisted of four parts which included questions
related to: i) socio-economic background of the
household, land holding, livestock holding, livelihood
strategies and source of income, ii) type of problems
the household faced due to the park, iii) wild animals
causing the damage, iv) means used for crop
protection and their effectiveness. The entire
guestions were close-ended (asking the respondents
to select the most plausible answer from the options
already available), but households were given
opportunity to elaborate on any of the issues raised.
Questionswere pre-tested in some househol ds of Jhor
Mahankhal and Sikre VDC and necessary
modifications were made for data reliability. In order
togainthetrust of the communities, local enumerators
were hired and trained for the survey. Villagers felt
comfortable when they were interviewed by one of
their community rather than by the outsider; and
interviewswere carried out in Nepali and community’ s
local languages. Park observationswere carried out to
identify crop depredation and the farmlands were also
visited to make note of the usage of different means of
crop protection. Observationswere carried out by the
author during theentire period of fiel dwork (September
to November, 2010) twice aday: early in the morning
(5:00-6:00 am) and latein the evening (17:00-19:00 pm).
During this observation period, the author identified
wildlife's entry points to the farmland and observed
the situation of the park and the villages. Likewise,
severity of crop damage was measured by theranking
vaueknown asIndex of RelativeRanking (Miller 1986).

Resultsand Discussion

Socio-economic survey

The distribution of households of the study area
according to gender, age group, caste, occupation,
education, income level is summarizedin Tablel. The
total numbers of mde and female respondents were
almost equal in both Sikre and Jhor VDC, i.e. 58.3%
males and 41.7% females in Sikre and 48.95% mde
and 51.04% femalein Jhor. Theage of the respondents
ranged from 18 to 69 years. However, more than two-
third (85.4 %) of the respondents were from the age
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group of 18 to 59 years. Ethnic composition of the
respondents was found to be heterogeneous. The
respondents were from different caste/ethnic groups
comprising Brahman, Chhetri, Tamang, Newar,
Gurung, Magar, Lama, Dalit and so on. More than
half of the respondents were Gurung in Sikre and
Brahman in Jhor. The occupation of majority of the
respondents was agriculture. In total, 94.4% of the
respondents from Sikre and 72.9% from Jhor were

dependent only on agriculture. Restsof therespondents
were involved in government services, business,
housework andlabor. About 72.2% of therespondents
in Sikreand 57.2% in Jhor werefound to beliterate. In
Jhor, up to class 10 attendantswere 10.4% and School
Leaving Certificate (SLC) and above attendant were
26%. Overall literacy rate of the study areawas found
to be 61.36% which was higher than the national
literacy rate (54.1%) (CBS 2007).

Table 1. General socio-economic characteristics of therespondents

Categor Sikre Jhor
egory % %
By sex Male 58.3 48.95
By age group 18t0 59 yr 75 85.4
Brahman/Chhetri
By caste 278 67.7
Tamang 139 229
Newar 2.8 6.3
Gurung 55.6 -
0 31
Others
) Agriculture
By occupation . 94.4 729
Gov. service B 4.2
Labor - 31
5.6 14.6
Student i 59
Other
By education Hliterate 278 427
Literate 611 20.8
Uptoclass10 83 10.4
2.8 26
SLC and above

Animalsresponsible for crop damage
Householdswere asked about the problemsthey faced
from the establishment of the protected area. Among
the total respondents, 60% claimed crop damage and
livestock |oss were severe problems created by the
wildlife in the park which directly impacted their
livelihoods. They further added that, for protecting
their crops, they stayed awake the whole night
guarding their crops and chasing wild animals away
from their households.

Six key problematic wild animals were identified by
household’s i.e. wild boar, monkey, barking deer,
porcupine, common leopard and birds. Index of

Relative Ranking (IRR) was used to find the key
problematic animals of the area. TheIRR valueranges
from 0 to 1: more the score, more the problematic the
animal will be (Bhopal & Last 2002). Among these,
wild boar, monkey and porcupine posed severe
livelihood threats to the surveyed households. The
damage by birds, common leopard and barking deer
was less significant. At Sikre, wild boar (0.75), and
monkey (0.59) were dominant problem species
compared to others, whereas wild boar (0.74) and
porcupine (0.31) were more of the nuisance at Jhor
Mahankhal. Wild boar almost reached at the status of
pest at the surrounding villages of the national park

(Fig. 2).
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Fig.2. Key problematic wild animals

Crop damage with respects to distance of
agriculturefield from the nearest accessible
forest

It was observed that most of the wild animals visited
the farmland between dusk and dawn. Animals were
active from 5.00 pm in the evening to 6.00 am in the
morning. The study revealed that crop depredation
has been reduced as compared to past 5 years. This
reduction could be because of the reduced number of
depredating animals or protection measure adopted
by people. In addition, reduced agricultural activities
inthefield near to the park could also be the cause of
reduced crop depredation. From the z test done to
know the information about the wildlife damagein the

VDC, it was found that average crop damage was
different in Sikre and Jhor VDC (Z_, value 2.02, Z_,
1.96 at 5% level of significant i.e. Z_ >Z ). It was
observed that the frequency of visits by animals
depends on the crops grown and the season. For
instances, if thereis potato in the farmland, wild boar
continues to visit the farmland until it has destroyed
all the potatoes, so the frequency of its visit will be
daily within that period.

Theaverage crop damage wasfound to beinsignificant
of distance between park and agriculturefield. In case
of Sikre, crop damage dependency with distance was
found to be 10% and that of Jhor was 0.1% (Table 2).

Table 2. Relation between the crop damage and distance

Study area Constant regression Rate of change R?Value Dependency
Sikre 25.94 -0.12 0.1 10
Jhor 16.42 -0.02 0.001 0.1

It is a general concept that damage by wild animals
decreases with increase in distance but results from
regression did not support the concept. In Sikre, it
was found that in 1min of walking distance, crop

Crop damage with respect to distance, Sikre
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damagewasfound to be decreased by 0.12% (1 minute
=55 Pace). Similarly, in Jhor, it was found that in Imin
of walking distance, the crop damage wasfound to be
decreased by 0.02%.
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Fig. 3. Regression line showing relation between crop damage with respect to distance
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Sixty four percent of respondents from Sikre and
42.55% from Jhor had the middlelevel of crop damage.
In Jhor, 22.34% of respondent observed the medium
damagein near accessto the forest, however, 33.33%
observed it even at far access households. Therewas
asudden fall in crop damage from near to the middle
type of access (15— 30 minutewalk; 0.5km -1km) and it
was not so from middle to the far access (>30 minute
walk; >1km). Thisshowsthat mean crop damage has
decreased with respect to increase in access to the
forest. Thenumbersof protective measureswerefound
tobeincreased with increasein damage. Peoplefacing
the highest damage either left theland barren or they
searched for the corrective measures. In Sikre, number
of locals left the land barren due to the crop
depredation problem and they migrated from the area
in search of an alternative job. The willingness to
adopt the corrective measures wasincreased with the
increase in damage level.

Methods used and their effectiveness for
crop protection

It was observed that a single crop was fed by more
than one animal from its time of sowing up to the
harvesting. Households have developed a
combination of traditional as well as new preventive
methods to minimize the crop loss around their
farmland. Effectiveness was measured in terms of the
quality of methods beings able to keep the target
animals away from farmland. Bio-fencing with
Euphorbia species as well as Jatropha species
created awall-like structure making entry difficult for
small aswell aslarge animals. Stone fencing was used
as the permanent solution for reducing the wild
animals movement in the beginning. However, the
stone fencing that separates the park and village
boundary was least effective these days as it was
destroyed and damaged by both animals and
communities leading to trespassing and damaging
crops and well asillegal resource extraction. Asitis
easier for househol dsto trepassthe park for resource
extraction, they do not complain to the park
management for the maintenance of thefence. Neither
does the park manager take any initiatives in
renovating the damaged fences.

Similarly, tin hitting, group shouting and throwing
flaming stick when used individually were effective
but just for short periods. All the means described
above were used for different animals and sometimes

different combination were used to scare away the
animals. For wild boar, net wireswith dense vegetation
cover were most effective as it confused the animals
and restrict their movement. However, after few
attempts it was not effective for wild boar asit could
dig holes underneath and pass through the barrier
and destroy the entire vegetablesgardenin onenight.
In some parts of the villages, people build watch
towersfor guarding of their cropsduring night. It was
found that watch tower in combination with the other
means were most effective. People also used growing
unpal atable vegetables such as radish, chilli in the
field near to the park. Thus, this reduced the conflict
with the animal swith the generation of the income by
growing the vegetables.

Nature and pattern of crop damage

Crop damage was reported by all the respondentsin
the surveyed villages, however, the extent of damage
varied locally. It was observed that crop damage was
not found much significantly dependent on distance.
It was found that crop depredation by wildlife was a
function of several factors, such as the protection
measure, type of crops and their frequencies of attack
on the farmland and season. Studies of Newmark etal.
(1994) in Tanzaniaand of Studsrod and Wegge (1995)
in Nepal suggest that the seriousness of crop damage
varied with distance from the park’s border, specific
location of farms, presence of physical barriers, wildlife
population density and availability of forested areas
outside the parks. The findings of this research are
supported by previousstudiesin other protected areas
worldwide that state numbers of factorsplay arolein
crop damage by wildlife such as seasons and crop
types (Schley et al. 2008), or distance of the farmland
to the park (Cai et al. 2008) and different stages of
crops (Vassant 1996). Our studiesintheV DCsshowed
that cropswere damaged not only by feeding but al so
by trampling and uprooting. Thisshowed that thesize
of the crop raiderswasal so important in crop damage.
Similar to the result, Perez and Pacheco (2006) noted
that crop damage by frequent visitors did not cause
the largest damage, it was generally caused by the
large-bodied species. Thisimpliesthat the severity of
crop may bemoredueto wild boar and bear than chital
and birds in the VDCs around SNP. This highlights
the need to focus more on large-bodied species and
their specific seasonal visits.

Crops were damaged not only by feeding, but also a
considerable amount of damage was caused by
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trampling and uprooting. Together with the factors
suggested by the above researchers, this study
observed that the size of the crop raiders was also
important in crop damage. Perez and Pacheco (2006)
noted that crop damage by frequent visitors did not
causethelargest damage, but it was generally caused
by the large-bodied species (Naughton-Trever 1998).
Thisimpliesthat the severity of crop damage may be
more dueto the wild boar and bear than chital and the
birds. Thishighlightsthe need to focus moreon large
—bodied species and their specific seasonal visits.

Different species of animals were found problematic
indifferent villages. In Sikre and Jhor M ahankhal crop
damage by wild boar was severe although ward specific
problematic animalsweredifferent. Wild boar not only
feed on crops but also uprooted the plants such as
yam, potato, etc. Besides, birds, monkeys, and
porcupinewere al so reported as serious peststo crops.
The problem has become so severe that the farmers
had to abandon areas of cultivated land. Ulak (1992),
Kattel (1993), and Poudyal (1995) identified wild boar
asafrequent crop raider and maize wasthe most raided
crop by wildlifein SNP. While Gurung (2002) identified
wild boar (major), bear, monkey, porcupine, rat and
birds (minor) as crop raiders, which is paddy, wheat,
maize, millet, potato, mustard and root cropsin SNP.
This study observed that households living in Sikre
and Jhor Mahankal VV DC faced severe economic|osses
(USD 10238/annum) dueto theseraiding wild animals.
Poudyal (1995) estimated thetotal lossof USD 6995.45
per annum in Sundarijal VDC and the crops mostly
raided by wild animalswere maize, millet, paddy, wheat
and root crops like potato, arum and sweet potato.
Root crops were abandoned by the farmers because
their high depredation by wildlifein SNP (Soti 1995).
In addition to crop raiding, some isolated cases of
livestock depredation by wild animals were also
reported in the study area. Studies showed common
leopard, wild cat and jackals as major predators for
livestock (goat, cattle). Likewise, Purkait (2008)
identified leopard (Panthera parades) and jungle cats
(Felis chaus) as major predator for livestock in
Sundarijal VDC.

Means used by the communities to protect
crops and their effectiveness

Asthe surveyed householdswerefacing severe crop
loss due to a number of wild animals, they used
different combinationsof traditional and modern means

to protect them. Five different means were identified
during the survey, which wereused regularly to prevent
crop damage. The means differed according to the
animals and crop being protected. Crop guarding
through the use of watch towers combined with group
shouting and throwing flaming sticks were found to
be effective for short time. Similar, findings were
observed in other protected areas of Nepal. Strudsrod
and Wegge (1995) in their study at Bardia national
park reported that guarding using different
combinations of meanswasthe most effectivefor crop
protection. Similarly, at Chitwan national park Nepal
and Weber (1995) stressed that crop guarding using
watch tower was highly effective though, the group
shouting and throwing flaming sticks were often
dangerous. Their research also highlight that the
presence of nearby forest in the form of Buffer Zone
Community Forest (BZCF) worsened the situation
further asthese areas acted asan extension for animals
topreparefor early intrusion. In Bardia, it wasobserved
that crops in the farmland closed to the BZCF were
damaged more than in other areas. In Sariska Tiger
Reserve, India Sekhar (1998) also stressed that
combinations of meanswere employed by households
for effective crop protection. Although it wasobserved
that guarding through the use of watch tower was
most effective, financially viable and the saf est means.
It was a very intensive and time-consuming process.
Crop guarding using watch tower was especially useful
against wild boar and bear as these animals could
charge back and even kill when they find humansin
their way. Although noise making was effective for
short period of time, it was hardly successful due to
unpredictable frequency and intensity of wild animals.
Also, Sitati et al. (2005) found that noise making
through group warning, use of claps for early could
only work for short time. Bio-fencing and net wires
wereuseful for small animalslikechital. Fencing alone
was only temporarily effective for wild boar as after
few visitsit could passto agricultural fieldsby digging
hol es beneath the fence (Sekhar 1998). One of themain
problems of different means used by householdswas
that they were all temporary which made wild animals
moveaway to certain distance but they return when it
was quite again. This momentarily nature of
preventive methods worsened the damage over the
years (Nepal & Weber 1995).

M ethods such as control hunting, translocation and
cultivation of non-edible cropswere carried out inthe
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study area. However, these methods were not found
to be effectivesagainst thewildlife. Sitati and Walpole
(2006) suggested that these methods need further
research to ensuretheir effectiveness agai nst without
any additional costs to households and impacts to
wildlife. People in study areas used deterrents
including visual, chemical and acoustic repulsive
substancesbut it did not work. Therefore, in addition
to those methods, exchange of information among the
farmersabout different preventive methods could help
in adopting varieties of techniquesemployed for crop
protection. According to Sitati et al. (2005) this
exchange of information could facilitate learning
among communities and park management to support
action for crop damage problems.

Conclusion

Thedamageto field crops caused by wild animalshas
been ahighly topical issue and al so one that has been
discussed publicly. It was found that crop varieties,
distance of the farm from the park boundary, and the
surrounding ecology were the main factors in crop
damagevariation. Although different meanswere used
to prevent crop damage, most of the meanswere only
temporarily effectiveasanimalswereonly driven away
for few minutes to be expected to come back after
thingswere quiet. Different meansincluding traditional
and modern means were used for different types of
animals which implied no single means could be
employed to all the villages. This highlights the need
for site-specific management techniques to minimise
the crop damage problem by wild animals. As
households stated, a few crops avoided by wildlife
provide economic benefits, park management should
conduct further research on sustainability of those
crops. In addition, exchange of information among
farmers about different mitigating means, and a
learning process within the park management could
help to minimise the crop damage problems. Studies
show that using different activities to effectively
mitigate crop raiding and seem to be an appropriate
response strategy.
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