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Abstract In China, following the introduction of protec-
tion measures, wild boar (Sus scrofa) are returning to
forested mountains they previously inhabited and conflict
in villages near or within areas under protection has
intensified. We studied this phenomenon around a giant
panda nature reserve in the Qinling Mountains, China to
determine the incidence and frequency of wild boar damage
and methods of mitigation. Over a 3-year period, we found
that almost half of households in the local village sustained
crop damage, that wild boar frequently raided maize (Zea
mays), potato (Ipomoea batatas), and wheat (Triticum
aestivum) adjoining the reserve, and that boar usually
raided croplands at night and preferred the actual crops.
The distance between maize fields and mountains or a
stream predicted the probability of a field being raided and
also the severity of the damage. Local farmers used many
methods to protect their crops; however, all were ineffective
except increasing the presence of humans in fields.
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Introduction

Recently, conflict between wildlife and humans has
attracted the attention of ecologists, conservationists, and
community development researchers (Messmer 2000).
Common sources of conflict include wildlife preying upon
livestock, the transfer of disease to domestic livestock or
people, and damaging crops both directly and indirectly
(e.g., Treves and Karanth 2003; Sukumar 1991). Many
animal species across the world are known to damage
crops, for example, African (Loxodonta Africana; Hoare
2000) and Asian elephants (Elephas maximus; Zhang and
Wang 2003), white-tailed deer (Odocoileus virginianus) in
North America (Conover and Decker 1991), vervet
monkeys in Uganda (Saj et al. 2001), the Eurasian Badger
(Meles meles) in European (Baker et al. 2005), and wild
boar (Sus scrofa) in many countries (e.g., Calenge et al.
2004; Choquenot et al. 1996; Fernández-Llario et al. 2003;
Fruziński and Poznań 2002; Geisser 1998). Human–
wildlife conflict arises for several reasons: (1) human
population growth (Nyhus and Tilson 2004; Richard et al.
2004; Vijayan and Pati 2002), (2) habitat encroachment
(Balmford et al. 2001; Nyhus and Tilson 2004), (3) changes
in patterns of land use (Sukumar 1991; Vijayan and Pati
2002), and/or (4) implementing nature conservation mea-
sures (Fall and Jackson 1998; Messmer et al. 1997;
Sukumar 1991).

In China, the extent and intensity of conflict between
wildlife and humans is increasing (Jiang 2004). Since 1989,
wildlife protection and nature conservation laws have been
in place and approximately 2,000 nature reserves, covering
approximately 14.7% of China’s land area, have been
established (Jiang 2005). Hunting of wild animals has been
banned and the location and distribution of hunting firearms
has been nationally controlled since 1994. Consequently,
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across many parts of China, populations of wild animals
have increased (Jiang 2004) and as a result, the demand on
crops and forests from wild animals has also increased
leading to conflict with the interests of humans. For some
species, this has become a nation-wide issue, such as wild
boar (Wu and Chen 2000). This species, usually reaches
high densities, also has been attributed to their omnivorous
diet (Schley and Roper 2003) and adaptable breeding
biology (Schley 2000; Geisser 2000).

Also because of the diet of wild boar which depends
mainly on energy-rich plants (Schley and Roper 2003), its
large body size and high reproductive output (Fwenández-
llario and Maeos-quesada 1998), wild boar usually causes
significant damage to agriculture (e.g., Kristiansson 1985;
Mackin 1970; Schley and Roper 2004; Herrero et al. 2006;
Linkie et al. 2007). In Spain and Portugal, even in years of
abundant oak (Quercus aliena var. acuteserrata) and beech
(Fagus sylvatica) seeds, crops such as maize still form a
large proportion of the diet of wild boar (Fruziński and
Poznań 2002; Fournier et al. 1996). In Australia, wild boars
are estimated to cause losses to agricultural production in
the order of AU $100 million each year (Choquenot et al.
1996). In South America, wild boars are also a significant
source of conflict and cause considerable damage to
agriculture (Berrutti et al. 1998).

Globally, many techniques have been developed and
employed to control this growing problem, such as chasing
wild boar with dogs, trapping (Hone 2002), hunting
(Geisser and Reyer 2004), and poisoning (Muthmainnah
and Supardi 1998). However, these lethal methods are not
possible in China due to the protection status awarded wild
boar and the strict control on wildlife conservation.
Consequently, the number of wild boar in China has
exploded, particularly in areas under direct protection and
management, such as nature reserves. Conflict between
wild boars and humans could threaten the long-term
management of protected areas and the stability of wildlife
conservation in general. It is essential that legal and proper
methods be found to control this emerging problem.

Research on crop damage by protected species in a
Chinese context is almost completely absent from the
literature (Cai and Jiang 2006). Given the similarities
between China and many other developing countries, a
case study of wild boar–human conflict in China could shed
light on similar situations in other parts of the world. The
aims of this study were (1) to determine the factors
affecting crop damage by wild boar, (2) to describe
methods employed by villagers to prevent and mitigate
damage by wild boar, and (3) to examine the interaction, if
any, between the benefits of ecotourism and the attitudes of
villagers towards crop damage by wild boar. The latter one
arose from work by Naughton-Treves (1998) that showed if

local people perceive direct benefits from wildlife conser-
vation, they are more likely to accept crop damage.

Materials and methods

Study site

We chose the Laoxiancheng village, which is located inside
the Laoxiancheng Nature Reserve (33°43′–33°57′ N, 107°
40′–107°49′ E), Shaanxi, China to conduct this study. The
reserve was established in 1993, and it formed the center of
the nature reserve networks of the Qinling Mountains,
designated for the protection of giant panda and sympatric
wildlife (Jiang 2006). Streams flowing from the upper
mountains gather into the Xushuihe River, which then
flows through the focal village.

Laoxiancheng is a small mountain village of only 153
people in 35 households. Farming, livestock production,
and beekeeping are the main enterprises among villagers.
Another increasingly important source of income for the
villagers is ecotourism and there are 13 households owning
lodges in this village. Annual per capita income in the
village was less than 1,000 RMB (US $125) in 2005, which
is much lower than the annual per capita income of China
according to the data of State Statistical Bureau. Maize,
potato, wheat, and the bean (Glycine max) are the primary
crops with a peak growing season from April to September.

In Laoxiancheng village, several techniques are used by
villagers to protect their crops—setting up straw men,
burning plastic or rubber shoes, campfires, guard dogs, and
human patrols. The patrols consist of a number of people
living in an observation hut each night and walking around
the crops several times after dark.

Dominant tree species in the forest include sharp-tooth
oak (Q. aliena var. acuteserrata), poplars (Populus purdo-
mii and P. davidiana), Chinese red birch (Betula albo-
sinensis), Chinese white pine (Pinus armandii), Chinese
pine (P. tabulaeformis) and hemlock (Tsuga chinensis),
spruce (Abies fargesii), and the Taibai larch (Larix
chinensis). Wild boars are known to eat the nuts of the
sharp-tooth oak, poplar, and all kinds of the pine. Many
conservation-dependent species such as the giant panda
(Ailuropoda melanoleuca), golden takin (Budorcas taxi-
color), golden monkey (Rhinopithecus roxellanea), leopard
(Panthera pardus), musk deer (Moschus berezovskii),
golden pheasants (Chrysolophus pictus), golden eagle
(Aquila chrysaetos), and blood pheasants (Ithaginis
cruentus) inhabit the reserve (Jiang 2006). Of note, the
density of giant panda in the reserve is high and increasing
(Sun et al. 2005). Due to its central location in the nature
reserve networks of the Qinling Mountains, the Laoxian-
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cheng Nature Reserve is under strict and comprehensive
protection.

Data collection

Data were collected from July 2003 to October 2005. We
visited all households in the village once each year during
the study period to record all crop damage and to survey
their methods of crop protection. We focused on wild boar
damage to maize for four reasons. First, maize is the most
important crop for the local people. Second, we used data
on maize to examine the difference between the levels of
damage reported by farmers and what we observed, so as to
control for over reporting and exaggeration by farmers
(Siex and Struhsaker 1999). Third, we wanted to determine
whether topographic factors could predict crop damage by
wild boar and this information was readily available for
maize and not other crops. Fourth, namely maize has been
shown to be the agricultural crop that wild boar prefer (e.g.,
Geisser 2000; Schley 2000). From August to October 2005,
we stayed with local people and recorded each raid by wild
boar. The following information was recorded for each raid
event: location (using a Global Positioning System receiv-
er), the number of maize plants damaged by consumption
and trampling, the part and stage of the plant attacked, and
an estimate of the amount of damage obtained by weighing
the crops of undamaged maize in the same field and
comparing this to the damaged section and crops.

To address our aims, we distributed a questionnaire to
survey the attitude of families that owned or did not own a
lodge towards damage by wild boar. This questionnaire was
part of another research study examining the attitude and
knowledge toward wildlife of the local community. Surveys
were conducted on families in the Laoxiancheng village. It
contained three items designed to measure attitudes towards
wild boar. An additional five social demographic questions
examined background information about the household.
Following methods developed by Ajzen and Fishbein
(1980), we measured attitude and behavioral intention
based on symmetric five-point scales (1=strongly disagree
to 5=strongly agree), with clear and separate alternatives
and a central neutral category (Borg and Gall 1989).

Statistical analyses

All spatial data were imported into ArcView3.2 (ESRI, Inc.,
Redlands, CA) and superimposed onto a grid (10×10 m)
map (following Bullock 1996) which spanned all maize
fields in the study. A digital map indicating roads, streams,
the river, forest, and cropland and associated vector files
were provided by the management of Laoxiancheng Nature
Reserve. The distances from the center of each grid cell to

the nearest road, the nearest building, the nearest boundary
of forest, and the nearest stream were calculated by GIS 9.0
(ESRI, Inc., Redlands, CA). Analysis was carried out using
SPSS 13 (SPSS, Inc., Chicago, IL). Univariate correlations
were conducted using Spearman’s rank correlations. Be-
cause the intensity of maize raiding by wild boar exhibited
a highly skewed distribution among map grid cells, it was
not possible to use linear regression to identify multivariate
correlates. Instead, maize raiding was coded into presence
and absence for each grid cell, and analysis was undertaken
using multiple stepwise logistic regressions, with entry and
exit of variables determined by the Wald statistic with P-
values of 0.05 and 0.01, respectively. Of the 1,026 map grid
cells, maize raiding by wild boar occurred in 226 cells. Chi-
square tests were used to test the difference between the
parts of maize which wild boar preferred, the difference
between the damage intensity to maize located 60 m or less
from the forest edge and maize located more than 60 m
from the forest edge, and the different attitude and behavior
between the local household with a lodge and ones without
lodges. Repeated measures were used to test the difference
of the frequency of wild boar damage to different crops
from 2003 to 2005.

Results

Crop damage and preference

During the study period, almost half of the households living
in the village sustained crop damage by wild boar (2003, n=
17; 2004, n=25; 2005, n=26). There was no significant
difference between the estimation of crop damage by farmers
and our own estimate nor was there a difference in the

Table 1 Frequency of raiding, mean percentage of crops losses per
raiding event, and frequency of raid per ha during a period of July to
October from 2003 to 2005

Year Crops Number
of raids

Crops loss per
raid (kg)

Frequency of
raid per ha

2003 Maize 91 21.8 0.042
Potatoes 30 11.7 0.05
Wheat 15 20 0.01
Bean 10 5 0.017

2004 Maize 141 17.1 0.057
Potatoes 80 23.2 0.09
Wheat 21 21.8 0.01
Bean 0 0 0

2005 Maize 114 10.9 0.04
Potatoes 95 30.5 0.123
Wheat 22 36.3 0.011
Bean 33 4.8 0.05
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frequency of wild boar damage between years (Wilks’
Lambda=0.121, P=0.347). However, it was found that wild
boar preferred maize and potato (P=0.07; Table 1) and, in
addition, preferred to eat the crops (root, n=62; stem, n=
939; crop, n=2,916; χ2=3,273.67, df=2, P<0.05).

Topographic factors affecting maize damage

Of the four topographic factors measured, only distance to
forest edge (Wald statistic=70.74, df=1, P<0.001) and
streams (Wald statistic=14.40, df=1, P<0.01) significantly
affected the probability of damage by wild boar. The
frequency of a raided maize field by wild boar decreased
with increasing distance from the forest edge. Most of the
maize-damage events in 2005 occurred within maize fields
60 m from the forest edge and no maize field 160 m or
further away from forest edge was raided by wild boar
(Fig. 1). Differences between the damage at maize-raiding
sites located at 60 m or less from the forest edge and those
located more than 60 m away was found to be significant
(χ2=608.68, df=1, P<0.05).

Plausible methods used to alleviate the conflicts

From our results, all strategies employed by the villagers to
protect crops failed to work except a human presence in the
fields. We also found that maize further away from
watching huts tended to sustain greater damage (R=0.247;
P=0.08). Based on the results of the questionnaire, we
found some differences in the attitudes of villagers towards
crop damage depending on their involvement in local
ecotourism ventures and the amount of farming they carried
out (Table 2).

Discussion

Previous studies have identified a number of main factors
affecting the level of damage to crops by wild boar. For
example, crop type (Genov et al. 1995; Geisser 1998), the
distance of the crops to forest (Genov et al. 1995), the
ripening period of a crop (Vassant 1996), density of wild
boar population (Spitz and Lek 1999), and the availability
of natural foods in the forest (Genov et al. 1995).

Here, we considered two of these factors. For the type of
crop, two reasons may explain why wild boar prefers maize
and potato. First, from early July to the August, oak is not
available and previous research has shown that the absence
of natural foods forces wild boar to forage in croplands
(Genov et al. 1995; Calenge et al. 2004). Secondly, this
period is the ripening season of maize and potato, making it
more attractive to wild boar. Our finding that wild boar
prefer to eat crops supports this view as presumably, fresh
crops are juicy, easy to be digested, and have more energy
(Schley and Roper 2003).

Another important factor associated with wildlife dam-
age to crops are topographic factors, such as the proximity
of fields to nearby forest (e.g., Genov et al. 1995; Saj et al.
2001; Naughton-Treves et al. 2003; Geisser 2000; Linkie et
al. 2007). The distance to the nearest stream was also
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Fig. 1 Frequency of maize damaged by wild boar as a function of the
distance of maize field to the nearest forest edge. Most of the maize-
damage events occurred within maize fields 60 m from the forest edge
and no maize field 160 m or further away from forest edge was raided
by wild boar

Table 2 Opinions towards wild boar of households that have and do not have a family lodge

Opinions Households owns a guest house Households do not own a guest house Pearson chi-square
(χ2)

Strongly
agree
(%)

Agree
(%)

Disagree
(%)

Strongly
disagree
(%)

Strongly
agree
(%)

Agree
(%)

Disagree
(%)

Strongly
disagree
(%)

Wild boar caused serious
damage to my crops

40.9 59.1 0 0 38.5 61.5 0 0 χ2=0.02, df=1,
P=0.587>0.01

My families spent much time
to protect our maize

59.1 40.9 0 0 61.5 38.5 0 0 χ2=0.02, df=1,
P=0.587>0.01

The wild boar damage
strongly affected our life

50 45.5 4.5 0 0 44.4 55.6 0 χ2=18.9, df=2,
P<0.01
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identified as a significant predictor of crop damage because
stream valleys provide a passage for wild boar from the
forest to the cropland, especially in summer. In fact, we
found many tracks of wild boar along stream channels.

According to local people living in Laoxiancheng Nature
Reserve, damage caused by wild boar has historically
remained low. After the establishment of the nature reserve,
damage to crops caused by wildlife, especially wild boar,
became of greater concern. Traditional lethal methods
proven to decrease the number of boar were not available
because the village is located inside the nature reserve,
whereby according to the Nature Reserve Management
Ordinance of China, all lethal hunting methods are banned
for wildlife conservation inside a nature reserve.

Our study demonstrates that from the nonlethal options
available to farmers, only increasing the number of people
patrolling a field will reduce the incidence of wild boar
damage. Our finding that distance from the cropland to the
forest or to a stream affects the probability of raiding by
wild boar suggests that people could focus on the cropland
that is located close to forest or streams.

Except for traditional methods, it is widely suggested
that the creation of alternative sources of revenue to
improve local economies, such as ecotourism, is an
effective indirect method to alleviate wildlife–human
conflict (Pérez and Luis 2006). In our questionnaire, the
source of income of villagers affected their attitudes to wild
boar mainly because those people who derived income
from nonfarming sources experienced little or no conflict
with wild boar. For example, we found that some house-
holds involved in ecotourism began to decrease there crop
planting because of heavy damage from wild boar. Hence,
it appears that ecotourism development is a feasible way for
alleviating the conflict, to diversify the local economy, and
to decrease the local dependence on crops. Gradually, such
a trend may result in a restructuring of the local economy.

Conclusion and management implications

Wild boar–human conflict is occurring in many parts of the
country and is being in the report of state media. Therefore,
finding efficient and nonlethal ways to control wild boar is
of great importance. Our analysis of wild boar damage
shows that despite the ineffectiveness of most of the
methods used to currently protect crops, there are still
some options for improving the efficiency of human patrols
in the fields. Some studies suggest compensation as a
solution; however, given the breadth of the problem in
China, the amount of compensation required would be
considerably large. If the population of wild boar in China
is considered too large, some lethal methods could be
reintroduced. For example, one option is to legalize hunting

of wild boar by farmers throughout their fields; however,
this would have to be strictly monitored to avoid impacts to
nontarget species, such as giant panda. In protected areas,
we suggest that a way to alleviate the conflict between wild
boar and people is to diversify local economies and
decrease the dependence on crops by farmers.
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