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Abstract Over the last century, human activity has caused
significant changes to the activity patterns of many wildlife
species. The wild boar is one species known to change its
activity pattern with the intensity of human disturbance. We
conducted camera trap surveys in two study sites, Shingo
and Himuro, in Tochigi, central Japan. We investigated
effects of two types of human disturbance on the activity
pattern of a wild boar population: ‘direct’ disturbance

related to hunting activity and ‘indirect’ disturbance related
to daily human activity. In the hunting season, relative
abundance indices (RAI) of wild boars significantly de-
creased, and the proportion of activity at night increased
compared with the nonhunting season. RAI of wild boars at
night decreased with increasing distance from the settle-
ment, while RAI of wild boars during the day did not.
Relative proportion of activity at night was higher in cam-
eras at 0–200 m from the settlements, while no significant
pattern was found in cameras far from settlements. Both
direct and indirect effects of human activity had a significant
effect on the activity pattern of wild boars. A decrease in
human activity may result in the rapid expansion of wild
boar populations, and re-evaluation of the human factor is
important for more intelligent management of wild boar
populations and to solve the human–wildlife conflict.

Keywords Behavioural flexibility . Camera trap . Distance
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Introduction

Over the last century, human activity has caused significant
changes to the activity patterns of many wildlife species.
Some of these changes have been related to the expansion of
human activity, such as overpopulation or urban develop-
ment (Markovchick-Nicholls et al. 2008; Riley et al. 2003),
and some have been related to the reduction of human
activity, such as depopulation or agropastoral abandonment
(Rippa et al. 2011; Sirami et al. 2008). The impacts of
human activities are often complex, and influence many
ecological and behavioural aspects of wild animals, such
as spatial usage and activity patterns.
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Wildlife populations living close to human settlements
are likely to be exposed to many types of human distur-
bance. Thus, they might adopt activity patterns and behav-
iours according to the intensity of this disturbance. There are
two types of human disturbance that have the potential to
cause changes in the activity of wildlife. One is human
disturbance related to hunting activities, which is accompa-
nied by direct interference on animals, such as through
chasing or shooting (‘direct’ disturbance). For a broad range
of animal species, a considerable proportion of their mortal-
ity is affected by hunting activities (Nores et al. 2008;
Theuerkauf and Rouys 2008). Hunting can shape various
ecological aspects of wildlife, such as population dynamics
(e.g. Tod’go et al. 2008) or genetic structure (e.g. Allendorf
et al. 2008). In addition, the stress and fear caused by
hunting activities may lead to modification of spatial usage
(e.g. Grignolio et al. 2011) and behaviour (e.g. de Boer et al.
2004) of hunted populations. Animals can change habitat
selection patterns (Tolon et al. 2009, 2012; Sad’d et al.
2012), reallocate time budgets and switch activity patterns
(Lima and Bednekoff 1999), and modulate vigilance levels
(Sodeikat and Pohlmeyer 2007) in response to hunting
activities. Because hunting is restricted in specific areas,
seasons and times of day, it usually generates significant
variation of risk across space and time.

On the other hand, disturbance resulting from daily
human activities related to agriculture, transport or construc-
tion might also have the potential to cause considerable
effects on wildlife. Many studies have observed behavioural
responses (Li et al. 2011; Sibbald et al. 2011) following
encounters with humans. These human disturbances, which
do not directly interfere with animals (‘indirect’ distur-
bance), have been linked to reduced reproductive success
(Phillips and Alldredge 2000) and may induce long-term
population decline (French et al. 2011). However, there has
been little information for cryptic species, possibly due to
the fact that their behaviour makes research through direct
observation difficult.

In recent years, camera traps have become important
tools for research on wildlife activity, especially for cryptic
species (Carbone et al. 2001; Di Bietti et al. 2006; O’Brien
et al. 2003; Vine et al. 2009). Camera-based activity assess-
ments likely offer a better approximation of population level
activity patterns than individual-level, telemetry-based
methods (Bridges et al. 2004). Many camera trap studies
have targeted rare and endangered species, whose conserva-
tion is threatened by human disturbance (Dinata et al. 2008;
Karanth 1995; Kinnaird et al. 2003). However, camera traps
also have the potential to become an important tool for re-
search into common and expanding species, which are related
to human–wildlife conflicts such as damage to agriculture.

In Japan, the distribution of wild boars, Sus scrofa, has
drastically expanded in the last decade, and agricultural

damage ensuing from this expansion is becoming a serious
problem (Kuwabara et al. 2010; Nomoto et al. 2010;
Ohtsuka-Ito and Kanzaki 1998). Total economic loss caused
by wild boars was 5,400,000,000 yen in 2008, mainly as a
result of damage to rice, wheat, maize and potatoes.
Agricultural damage from wild boars has been especially
serious in rural areas with mixed forest and fields, which
represents Japan’s cultural landscape (satoyama, as dis-
cussed by Nakagoshi and Hong 2001). In the satoyama
landscape, changes in social and economic conditions have
resulted in the growth of abandoned fields, orchards and
bamboo groves, which has in turn created suitable habitat
for wild boars near settlements and agricultural fields
(Kodera et al. 2001). However, the agricultural damage
inflicted by wild boars living in close proximity to the
satoyama is problematic because agricultural activity in these
areas has an important role in maintaining high biodiversity
(Katoh et al. 2009). Thus, solving the human–wildlife conflict
in satoyama areas remains a practical issue for farmers and
wildlife managers, but is also important for the ecosystem
management of these culturally valuable landscapes.

There are many studies that have investigated ways of
developing effective fences to prevent agricultural damage
from wild boars (e.g. Takeuchi and Eguchi 2007). However,
several recent studies have emphasized the importance of
considering the role played by humans in determining the
efficacy of these fences (Cai et al. 2008; Honda 2005; Saito
et al. 2011). The wild boar is a species known to change its
activity pattern depending on the intensity of human activ-
ity, and such behavioural flexibility might influence the
result of efforts aimed at preventing their damage on agri-
culture. When existing in a natural, undisturbed state, wild
boars are regarded as being generally diurnal animals (Kurz
and Marchinton 1972). However, they supposedly shift to
nocturnal behaviours when faced with hunting pressure
(Boitani et al. 1994; Singer et al. 1981). Additionally, there
are several studies that report a possible effect of indirect
human disturbance on the activity pattern of wild boars.
Singer et al. (1981) reported the reaction of radio-collared
animals to being closely approached by an observer, and
detected a significant decrease in daily movement after
disturbance, compared with the amount of movement with
no disturbance. Based on their GIS-based habitat suitability
model constructed from a field sign survey, Park and Lee
(2003) also reported that wild boars will avoid hiking trails.
Although the importance of direct and indirect human distur-
bance on the activity pattern of wild boars has been recog-
nized for a long time, there is considerable difficulty in
directly observing wild boars because of their cautious behav-
iour and preference for habitats comprising dense thickets
(Kodera et al. 2001). Camera traps represent an ideal solution
to this problem, making it possible to study the activity of wild
boars and how this is influenced by human activity.
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Our aim for this study was to examine the effect of
humans on the activity pattern of wild boars, using camera
traps to capture data, and with a special focus on elucidating
the difference between direct and indirect human distur-
bance. As wild boars should display their natural behaviour
when less disturbed, diurnal activity should increase when
wild boars are exposed only to minor, short-term distur-
bance. In Japan, gun hunting is strictly regulated and per-
mitted only in the winter hunting season during daylight
hours. A nuisance control program for wild boars is con-
ducted by trapping and is carried out year-round. While gun
hunting causes stress and fear for the target animal, trapping
tries to lure boars into enclosures using baits and attractants.
From the perspective of activity patterns of wild boars,
seasons with both gun hunting and trapping may result in
more intense disturbance than seasons with only trapping.
Therefore, activity patterns of wild boars may shift from
diurnal in the nonhunting season towards nocturnal in the
hunting season, according to the temporal variation of in-
tense direct disturbance. Conversely, the intensity of daily
human activity, which causes indirect disturbance, could be
regarded as a stable disturbance in space with a constant
temporal pattern. Since the intensity of disturbance will
likely be highest inside settlements, any effect of indirect
human disturbance tends to occur on daytime, and should be
greatest near the settlement and decrease with distance. If
there are any effects of indirect human disturbance, activity
patterns of wild boars should shift from being more noctur-
nal near the settlement to more diurnal further away.
Furthermore, because activity patterns of wild boars may
be influenced by other environmental factors or human
activities within settlements, it is important to compare
these results between multiple settlements with different
environments.

First, to examine the effect of direct human disturbance
on wild boars, we compare their activity patterns during the
hunting and nonhunting seasons. Second, we examine
whether the activity patterns of wild boars show any differ-
ence according to distance from human settlements, and if
there is a difference, we determine the distance away from
the settlement at which the greatest behavioural difference is
found. Finally, we discuss the effect of direct and indirect
human disturbance on the activity pattern of wild boars in
satoyama regions, and how this plays into conflicts on the
territorial boundaries between humans and wildlife.

Material and methods

Study area

We carried out this study at two sites within the southwest-
ern part of Tochigi prefecture, central Japan. The first study

site, Shingo [36°24′ N, 139°32′ E, 58–416 m above sea level
(a.s.l.), 46.7 km2] is located on the boundary of the cities of
Ashikaga and Sano in Tochigi prefecture. The landscape of
this area is composed of agricultural land use and forest with
complex shapes. The forest is mainly deciduous coppice
forest dominated by Konara oak Quercus serrata and
Japanese chestnut Castanea crenata. Human population
density of this area is 99.4–755.1 people/km2 (Ministry of
Internal Affairs and Communications 2010). Percentage of
area covered by forest is 27.2–79.0 %, and percentage of
abandoned field within the agricultural land is 31.0–49.0 %
(Ministry of Agriculture, Forestry and Fisheries 2010).

The second study site, Himuro [36°30′ N, 139°32′ E,
191–701 ma.s.l., 12.4 km2], is located at the northern part
of Sano. The landscape of this area is mainly composed of
forest with steep slopes, and narrow-shaped settlements are
distributed along the deep valley. The forest is dominated by
an evergreen coniferous plantation of Japanese cypress
Cryptomeria japonica and Japanese cedar Chamaecyparis
obtusa, mostly planted in 1960–1970. A small patch of
deciduous coppice forest remains only on a steep slope.
Human population density of this area is 21.9 people/km2

(Ministry of Internal Affairs and Communications 2010).
The percentage of area covered by forest is 92.9 %, and
percentage of abandoned field within the agricultural
land is 61.3 % (Ministry of Agriculture, Forestry and
Fisheries 2010).

The climate is temperate with an average temperature of
13.9 °C, varying from 2.8 °C in January to 25.7 °C in
August. Annual precipitation averages 1,244.7 mm, with
maximum rainfall in summer and minimum in winter
(Sano weather station, 36°20.1′ N, 139°33.6′ E, 39 ma.s.l.,
1981–2010; http://www.jma.go.jp/jma/index.html. Accessed
11 Feb 2012).

In Japan, the hunting season begins on 15 November, and
finishes on 15 February the following year. Tochigi
Prefectural governance has extended the hunting season
until 28 February for the purpose of nuisance control.
Hunters must obtain permission at the prefectural office to
hunt during the hunting season. Gun hunting is allowed only
during daylight hours, and is not permitted within a 300-m
radius of human settlements and areas with special protec-
tion status. There is no restriction on the number of hunters
on the hunting ground, and both group and solitary hunting
are allowed. Gun hunters tend to use hunting dogs to chase
targets in this landscape with steep and complex topography.
Box and snap traps are common trapping methods; usually,
box traps use baits and snap traps are set on the animal trail
without baits. Since trapping requires frequent patrol and
maintenance, total numbers of traps allowed for a single
hunter is restricted to 30 at maximum. The main game
species for hunting in our study area are sika deer
(Cervus nippon) and wild boar. Local hunters with special
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permission have conducted a nuisance control program for
wild boars in both sites all year. Usually, trapping is
preferred for the nuisance control program, and gun hunting
is scarcely conducted in the nonhunting season. Between
April 2010 and March 2011, 540 wild boars were trapped
and 39 shot by gun hunting in Shingo, and 56 were trapped
and 6 shot by gun hunting in Himuro (Tochigi prefectural
government, unpublished).

Camera trap survey

The camera trap survey was conducted from July 28, 2010
to July 28, 2011. We set up 51 camera traps at Shingo and
32 camera traps at Himuro (Fig. 1). Cameras were set in the
forest (Shingo: n048; Himuro: n028) or abandoned fields
with woody plants (Shingo: n03; Himuro: n04) at varying
distances from the settlement. Cameras near the settlement
were adjacent to various environment types, including
bamboo groves, orchards, abandoned fields or cultivated
fields. We calculated the distance from the settlement for
each camera using the ‘Basic Forest Map in Tochigi

Prefecture’ provided by the Tochigi prefectural government
(unpublished) by using ArcGIS 10.0 (Esri Inc., USA). Wild
boars usually move on the ground and their body size
changes drastically during maturation. To capture the whole
body of an adult boar in one image, we fixed cameras at a
height of 180 cm, with an angle of 30° declination, on trees
near animal trails. Our camera traps were infrared motion-
detecting cameras (Capture Cuddeback Inc., USA), which
are capable of responding to the movement of animals larger
than rodents with a trigger speed of 1/3 s. The minimum
time delay between two successive images was set to 1 min,
and operated 24 h/day or until the batteries ran out. Because
some camera traps were set in locations far from the settle-
ment and without motorways, it was time-consuming to
check all cameras during the sampling period to monitor
performance or change batteries. Cameras were left in the
forest for 30–40 days, and the number of trap days was
calculated for each census. We identified each image of an
animal to species level, recorded the time and date, and rated
each image as a dependent or independent event. We de-
fined consecutive images of the same species within 30 min
as a dependent event and others as an independent event. We
calculated the number of images captured per camera per
day [relative abundance indices (RAI); following O’Brien et
al. (2003)] as an index for relative frequency of activity. We
calculated RAI in the daytime (RAIDay) and RAI in the
nighttime (RAINight) separately, to evaluate the effect of
human activity on wild boar activity by difference in diurnal
and nocturnal activity. We defined day and night according
to times of sunrise and sunset in Utsunomiya [36°34.0′ N,
139°53.0′ E]. We checked capture time and date for each
image, and compared the daily sunrise and sunset times,
which were provided by the National Astronomical
Observatory of Japan (2011). We calculated the proportion
of day and night in each day to correct the bias resulting
from differences in the proportion of day and night among
seasons. We counted number of images during the day
(or night) and divided this by trapping effort, which was
calculated from the number of trap days multiplied by
the proportion of day (or night).

Analysis

We fitted generalized linear mixed models (GLMMs) to test
the effect of time, seasons, distance from settlement and
difference between two survey sites on the RAI of wild
boars. The response variable was the number of wild boar
images, and trapping effort was specified as offset, and
included in the linear predictor during model fitting.
Poisson distribution was specified as error distribution, and
logarithm was specified as a link function. Three categorical
variables with two states, one continuous variable and all
possible interactions were considered as fixed effect: time

Fig. 1 Location of study area, and location of camera traps at Shingo
and Himuro, Tochigi prefecture, central Japan. Gray area in map
indicates the settlements, and white area in the map indicates the
forests. Filled circles represent location of camera traps
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(night or day), season (hunting or nonhunting), region
(Shingo or Himuro) and the distance from the settlement
(continuous variable). The region variable determines the
possible effect of regional differences between survey sites,
such as wild boar density or spatial usage pattern. To
exclude possible inherent effects of other factors, such as
spatial arrangement or environmental variability for each
camera location, camera identity was specified as a random
factor in our model. Stepwise backward model selection by
AIC was performed to select the best subset of predictor
variable.

To examine the difference in ratio of RAIDay and
RAINight of wild boars between the nonhunting and hunting
seasons (‘direct’ effect of human disturbance) and the dis-
tance from the settlement (‘indirect’ effect of human distur-
bance), we performed a randomization test. If the ‘direct’ or
‘indirect’ effect of human disturbance causes changes in
activity patterns of wild boars, significant bias on RAIDay
and RAINight should be observed. Therefore, we examined
whether the observed pattern on the ratio of RAIDay and
RAINight differs from the null distribution obtained from a
randomization procedure. At first, we obtained observed
patterns on the ratio of RAIDay and RAINight as follows.
We divided the cameras into three groups according to the
distance from the settlement: 0–200, 200–400 and >400 m.
In each group and season, we counted the number of cam-
eras that showed higher RAIDay than RAINight (RAIDay>
RAINight). To obtain the null distribution, we randomly
shuffled combinations of RAIDay and RAINight. For each
trial, we counted the number of pairs with RAIDay>
RAINight. We repeated the trial 100,000 times and until a
95 % CI of number of pairs with higher RAIDay than
RAINight was reached. We checked whether observed values
were included within the range of 95 % CI.

If significant bias on the ratio of RAIDay and RAINight
was observed at a certain distance from the settlement (200
or 400 m), we used this distance as a threshold to divide the
camera into two groups: ‘the camera near the settlement’
and ‘the camera far from the settlement’. We examined the
relationship between active times of wild boars and humans.
We classified the images by 3-h intervals, and calculated the
Spearman’s rank correlation coefficient between RAI in
wild boars and humans, in each camera group in two
survey sites, and in hunting season and nonhunting
season. All statistical analyses were performed using R
2.13.0 (R Development Core Team 2011).

Results

In the study period, a total of nine censuses were conducted;
six censuses were conducted in the nonhunting season (July
28 to September 3, September 3 to October 14, October 14

to November 18, 2010; April 16 to May 19, May 19 to June
19, June 19 to July 28, 2011) and three censuses overlapped
with the hunting season (November 18 to December 26,
2010; December 30, 2010 to February 3, 2011; February 3
to March 21, 2011). RAI of wild boars showed no signifi-
cant difference between Shingo and Himuro in both non-
hunting and hunting seasons (Mann–Whitney’s U test, P>
0.05, Table 1). RAI of humans was greater in Shingo than in
Himuro in the nonhunting season (Mann–Whitney’s U test,
P<0.01, Table 1), and there was no significant difference in
the hunting season (Mann–Whitney’s U test, P>0.05,
Table 1). Images of humans included hikers, farmers or local
residents as well as hunters.

The results of mixed models revealed that the RAI of
wild boars increased at night (time: P<0.001, Table 2), and
decreased in the hunting season (hunting: P<0.001,
Table 2). Moreover, RAI of wild boars tended to be higher
at night during in the hunting season, as indicated by the
significant interaction term between season and time
(hunting×time: P<0.001, Table 2). The effect of distance
from settlement was significant during the night and tended
to increase in the cameras closer to the settlement
(distance×time: P<0.001, Table 2). In addition, the effect
of distance from settlement was significant in the hunting
season and tended to decrease in the cameras closer to the
settlement (distance×hunting: P<0.05, Table 2). In Himuro,
RAI of wild boars significantly declined in the hunting
season (region×hunting: P<0.001, Table 2). The effect of
distance from the settlement at night was more significant in
Shingo compared with in Himuro (distance×region×time:
P<0.001, Table 2).

In the nonhunting season, observed number of cameras
with RAIDay>RAINight was lower than 95 % CI of null
distribution obtained from 100,000 randomization trials in
the cameras at 0–200 m from the settlement (Fig. 2). On the
other hand, observed number of cameras with RAIDay>
RAINight was within the range of 95 % CI of null distribu-
tion in the other groups of cameras. In the hunting season,
observed number of cameras with RAIDay>RAINight was
within the range of 95 % CI of null distribution in all groups
of cameras (Fig. 2).

In the cameras within 200 m from the settlement, wild
boars showed clear nocturnal activity in both the nonhunting
and hunting season in two regions (Fig. 3). In the cameras
further than 200 m from the settlement in Shingo, wild boars
showed higher activity during the day in the nonhunting
season. On the other hand, no clear pattern was observed in
the hunting season in Shingo and in both seasons in Himuro
(Fig. 3).

Activity of humans was mainly concentrated between
0900–1500 hours throughout the year, in all camera loca-
tions. Active times of wild boars and humans had significant
negative correlation in the cameras within 200 m from the
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settlement. However, no significant correlation was found in
the cameras further than 200 m from the settlement (Fig. 3).

Discussion

Effect of hunting on the activity pattern of wild boars

The wild boar is a species that shows remarkable flexibility
in its ecological and behavioural traits. When undisturbed,
wild boars tend to be more or less diurnal (Kurz and
Marchinton 1972), and this is assumed to be their natural
behaviour. However, wild boars are also known to become
nocturnal under hunting pressure (Boitani et al. 1994; Russo
et al. 1997), the impact of which also affects the activity
patterns of a number of other wildlife species (Grignolio et
al. 2011). For the wild boar, hunting activity causes changes
in nocturnal activity (Sodeikat and Pohlmeyer 2007), insta-
bility of spatial usage and increase in resting range (Maillard
and Fournier 1995; Tolon et al. 2009; Scillitani et al. 2010).
Heavy hunting pressure can sometimes cause wild boars to
abandon parts of their native range (Scillitani et al. 2010).
However, Keuling et al. (2008a, b) pointed out the

importance of factors other than hunting, such as seasonal
change in availability of food and shelter, in impacting wild
boar activity patters. The study of Keuling (2008b) demon-
strated lower nocturnal activity during the hunting season in
study areas with nocturnal hunting. However, their results
did not exclude the effect of weather condition, whereby
wild boars decreased their activity to save energy during
cold winter nights when frozen soil prevented rooting
(Massei et al. 1997; Keuling 2008b). In this study, results
of generalized mixture models indicated that, in both study
sites, the RAI of wild boars in the hunting season showed a
significant decrease in activity overall and a higher propor-
tion of nocturnal behaviour, compared with the nonhunting
season (Table 2). Because trapping was conducted all year
round in our study area, the difference in human disturbance
regimes between the nonhunting and hunting seasons
resulted from the presence of gun hunting. In contrast to
the result of Keuling (2008b), our results revealed a signif-
icant decrease in diurnal activity in the study area only with
daytime hunting. Although several studies have documented
the seasonal change of activity patterns of wild boars result-
ing from thermoregulation (Kurz and Marchinton 1972;
Singer et al. 1981), food supply and weather condition
(Keuling et al. 2008a), these findings are not applicable to
our results, because significantly increasing nocturnal activ-
ity in the cooler season would require increased energy and
in turn significantly reduce stored fat deposits. Therefore,
our results suggest that gun hunting was a major factor
determining the activity pattern of wild boars, as the animals
were changing their activity pattern to avoid hunters and
their hounds.

The number of wild boars captured by gun shooting was
ca. 10 times smaller than the number captured by trapping in
both study sites (Tochigi prefectural government, unpub-
lished). In addition to the animals captured, the direct dis-
turbance of hunting behaviour, such as being chased by
hunters or hounds, might have a large impact on the activity
pattern of wild boars. Previous studies have shown that
hunting can significantly reduce the population density of
wild boars (Acevedo et al. 2006). However, the effect of

Table 1 The minimum value,
quartiles and maximum value of
RAI of wild boars and humans
in nonhunting and hunting
seasons at Shingo and Himuro,
Tochigi prefecture, central Japan

NS not significant

**P<0.01, significance of
difference in RAI between
study sites was tested by
Mann–Whitney U test

Species Season Region RAI P

Min 25 % 50 % 75 % Max

Wild boar Nonhunting Shingo 0.000 0.028 0.076 0.120 0.417 NS
Himuro 0.000 0.021 0.067 0.132 0.740

Hunting Shingo 0.000 0.022 0.033 0.080 0.292 NS
Himuro 0.000 0.010 0.018 0.063 0.342

Human Nonhunting Shingo 0.000 0.000 0.006 0.012 0.068 –**
Himuro 0.000 0.000 0.000 0.001 0.221

Hunting Shingo 0.000 0.000 0.000 0.024 0.133 NS
Himuro 0.000 0.000 0.000 0.019 0.207

Table 2 Best GLMM used to explain RAI of wild boars in Tochigi,
central Japan

Variable Estimate SE z P value

Constant −3.303 0.162 −20.446 <0.001

Distance 0.000 0.001 0.480 0.632

Hunting season: hunting −1.174 0.165 −7.112 <0.001

Region: Himuro −0.042 0.263 −0.158 0.875

Time: night 1.341 0.090 14.891 <0.001

Distance×hunting 0.001 0.000 2.314 0.021

Distance×region −0.001 0.001 −1.324 0.185

Hunting×region −0.570 0.120 −4.753 <0.001

Distance×time −0.005 0.001 −8.820 <0.001

Hunting×time 0.779 0.168 4.645 <0.001

Region×time 0.183 0.139 1.316 0.188
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actual harvest number on wild boar population dynamics
might be limited, when compared with factors such as
climatic condition and food supply (Okarma et al. 1995).
Geisser and Reyer (2004) have shown the importance of
hunting in reducing the frequency of damage inflicted
by wild boars, rather than the effect of actual harvest.
Sakata et al. (2008) also reported that sighting per unit
effort of wild boars decreased according to the gun
hunting effort. The results of our study suggested that
disturbance from hunting activity may play an important
role on the activity pattern of wild boars. However,
unregulated hunting may cause undesired effects, includ-
ing wild boars seeking refuge in valuable areas, such as
densely populated areas or golf courses, in which gun
hunting is restricted.

Because we divided season by presence of hunting
activity, the biological interpretation for seasonal differences
of wild boar activity was restricted in our analysis. For
intelligent management of wild boar populations, more
study is required in areas such as analysis of individual
spatial usage, changes in home range size or degree of
escaping behaviour, as well as changes in temporal activity
patterns related to behaviour, such as rutting season or
denning period.

Effect of distance from settlement on the activity pattern
of wild boars

In both study sites, RAI of wild boars at night increased with
increasing proximity to settlements. However, distance from
settlements did not influence RAI during the day (Table 2).
Because camera traps are triggered by the movement of
animals, higher RAI intrinsically indicate a higher activity
level of the target species. Thus, our results indicated that
high activity areas of wild boars were concentrated near
settlements. Wild boars are known to use the main part of
their active time for foraging (Cahill et al. 2003), and we
suggest that the wild boar population in the study area might
be depending on human-related food resources, such as
bamboo shoots, fruit and possibly crops, that are distributed
around the settlement. The level of dependency of wild
boars on crops is likely to differ between individuals.
Honda et al. (2008) confirmed that individuals using areas
outside a forest, and that were assumed to have high depen-
dency on crops, also intensively used the area within 200 m
from the forest edge. We suspect that the wild boar popula-
tion in our study area is mainly composed of individuals
with high dependency on the environment around the
settlement. Thus, for wild boar management in zones similar
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Fig. 2 Difference in proportion of diurnal and nocturnal activity of
wild boar according to hunting activity and distance from settlement.
Vertical line with closed triangle shows observed number of cameras
with RAIDay>RAINight. Histogram shows number of pairs with
RAIDay>RAINight obtained from 100,000 randomization trials. Gray

zone indicates 95 % confidence interval obtained from randomization
procedure. a Nonhunting season. b Hunting season. Left 0–200 m from
the settlement, middle 200–400 m from the settlement, right >400 m
from the settlement
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to our study area, we recommend, in addition to animal
trapping or shooting, that efforts be made to change the
habitat quality around the settlement by removing food
resources, such as abandoned fruits or bamboo shoots.

In our study, wild boars displayed nocturnal activity in
the area 0–200 m from the settlement and showed more
random patterns in the cameras far from the settlement in
the nonhunting season (Fig. 2). Although activity pattern

(a) Shingo

(b) Himuro

Fig. 3 The activity pattern
of wild boars (filled circles) and
humans (empty squares) in
cameras located <200 m from
the settlement (left) and >200 m
from the settlement (right) in
Shingo (a) and Himuro (b).
Upper activity pattern in
nonhunting season; lower
activity pattern in hunting
season
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was not significantly biased from random chance in the
hunting season (Fig. 2), wild boars significantly avoided
activity during the times when humans were active when
they were within 200 m from the settlement (Fig. 3), but not
in the cameras further than 200 m from the settlement
(Fig. 3) in both nonhunting and hunting seasons. The home
range size of wild boars has an approximate radius of 500–
600 m when converted into a circle (Kodera et al. 2010),
thus a distance of 200 m is not sufficiently great to prevent
the movement of wild boars. Despite the small distance,
activity time of wild boars did differ according to the dis-
tance from the settlement at the threshold of 200 m (Fig. 2).
Keuling (2008b) pointed out that the activity of wild boars
during the day increased at 150 m away from artificial
structures such as a road or building. Ueda and Jiang
(2004) compared the active time of wild boars in func-
tioning and abandoned orchards, and revealed that wild
boars appear earlier at abandoned orchards with few
humans. Wild boars in this study seemed to change their
activity patterns at small scales and avoid habitats close to
the settlements at times at which the risk of encountering
humans is high.

In our study, the difference in active time in relation to
distance from the settlement was smaller in Himuro com-
pared with in Shingo (Table 2). This could be because
Himuro is located further from the central part of the city.
In Japan, depopulation and aging of residents are increasing
more rapidly in remote areas with lower economic activity
and less access to basic services, education and medical
assistance. Therefore, pressure from human activity associ-
ated with transportation and daily life, which indirectly
affects wild boar activity, might be lower in Himuro com-
pared with in Shingo, as indicated by the lower RAI of
humans in the nonhunting season (Table 1). Our results
might reflect the reduced human activity in the Himuro
settlement that in turn is causing wild boars to use the
habitat around the settlement more during the day and to
display similar activity patterns as they do in the forest.
Further, the intensity of management pressure on agricultur-
al land has been inevitably weakened in Himuro as a result
of depopulation and aging. Expansion of abandoned fields
can create suitable habitat for wild boars very near settle-
ments, sometimes even within a few metres from the houses
of local residents. This proximity of suitable wild boar
habitat to human residential areas may enhance wild boar
habituation to human activity. In Himuro, we found wild
boars rooting all over the settlement and even found a wild
boar resting bed in the garden of a vacant house within a
human residential area (Ohashi et al., personal observation).
However, our analysis could not separate the concurrent
effects of human activity and environmental condition.
Further analysis combined with environmental factors, in
addition to direct and indirect human disturbance, is

required to investigate the impact of human activity and
environmental condition created by human management
regimes on the activity pattern of wild boars.

Conclusion

In this study, we conducted camera trap surveys in the
Tochigi prefecture, central Japan, to clarify the effect of
human activity on activity patterns of wild boars. Activity
patterns of wild boars were different between the nonhunt-
ing and hunting seasons, with wild boars showing more
nocturnal activity in the hunting season. Additionally, wild
boars avoided high activity during the time of day when
humans were active when they were within 200 m from
settlements, but not 200 m away from settlements. Our
study revealed the high behavioural flexibility of wild boars
to the many types of human activities present in satoyama
areas, which represent a landscape in which the territories of
humans and wildlife meet. Decline of human activity in the
satoyama area might result in the expansion of more favour-
able conditions for wild boar populations, especially when
combined with changes in habitat condition around the
settlement. Further study is required to understand the effect
of human activity on the activity pattern of wild boars, and
to advance more intelligent methods for damage control and
population management.
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