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Geopolitical borderlands are politically sensitive areas and biodiversity hotspots, strictly
controlled by the government and military. How to ensure political security, while
protecting the biodiversity in borderlands is a problem for ecologists and governments.
In this study, the nest site selection of the wild boar Sus scrofa was a case
study in the Sino-Russia borderland to understand the survival strategy of wild
life under anthropogenic pressure. We investigated (a) how the spatial distribution
of anthropogenic pressure and wild boar nests in the borderland and (b) how
anthropogenic pressure and the border influence on the wild boars’ nest site selection.
The Getis-Ord Gi* analysis was used to analyze the distribution patterns of wild boar
nest sites and anthropogenic pressures in the borderland, the Structural Equation
Models was used to explore the influence of border, roads, settlements, agricultural land,
grassland and anthropogenic pressure on wild boars’ nest site selection. The results
indicated that wild boar nest sites are close to the border, roads and agricultural land and
away from settlements and grassland. Regardless of the combination of anthropogenic
pressure, wild boars make the most advantageous choice and prefer to be closer to
the borderland. We speculated that military control played a vital role in borderlands for
animal protection under anthropogenic pressure. Wild boars benefit from the prohibition
of anthropogenic persecution due to military control. Compared with existing measures,
we suggest a different protection/wildlife management strategy, what we need to do may
be to prohibit anthropogenic persecution rather than perform other human interventions
to protect animals. However, for a species with trouble potential, we need to base
our conservation strategies on the recovery of top predators, and play the community
control role of top predators to avoid the occurrence of trouble.
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INTRODUCTION

Most borderlands, which are politically sensitive areas under
strict military control, overlap with biodiversity hotspot
(Macdonald et al., 2020), contain important ecosystems, and
provide critical habitats for endangered species. For example,
the Amur leopard (Panthera pardus orientalis) is only home
to the borderland between China and Russia (Vitkalova et al.,
2018), and the demilitarized zone between North Korea and
South Korea is a narrow strip with high biodiversity (Lee
and Miller-Rushing, 2014). However, geopolitical boundaries
artificially fracture biomes and their associated ecosystems (Liu
et al., 2020), and the negative impact on biodiversity loss in
borderlands can be significant if the borderlands experience
excessive interference due to anthropogenic disturbances, such
as border barriers (Flesch et al, 2010; Pokorny et al., 2017;
Peters et al., 2018). Due to the particularities of borderlands,
how to protect the biodiversity while ensure the needs of
political security in borderlands is an urgent problem which
need more concern by the ecologists and the government
(Liu et al., 2020).

As anthropogenic pressure continues to increase in
magnitude, instances and extent (Venter et al., 2016; Watson
et al., 2016; Halpern et al., 2019), the impact of anthropogenic
pressure on animal behaviors become a hot spot in conservation
biology and wildlife management in recent years (Gaynor
et al., 2018; Samia et al, 2019; Suraci et al., 2019). These
diverse anthropogenic impacts can induce changes in animal
behavior by altering the conditions under which animals
make behavioral decisions (Wilson et al., 2020). The direct
anthropogenic presence and indirect impacts on an animal’s
surroundings can alter behavior via changes in population
densities, top-down effects, bottom-up effects and changes in
the physical environment (Wilson et al,, 2020). In response,
flexible animals can adapt to hunting and other anthropogenic
pressures by changing their habitat use or rhythm (Laguna
et al, 2021ab; Recio et al, 2021). Therefore, the impact
of anthropogenic pressure on animals may lead animals
to move toward areas where has higher suitability, such as
the borderland (Llaneza et al., 2012; Holbrook et al., 2019).
This indicate that these borderlands can act as refuge areas
(Amici et al., 2012).

Wildlife living along borderlands benefit from the quality
habitat and the enforcement by the military or government
(Vitkalova et al., 2018; Liu et al., 2020). Conversation-friendly
borderland can be divided into two categories: remote and
uninhabited regions and regions under military control (Liu et al.,
2020). First, many borderlands lie in remote and uninhabited
regions, with low anthropogenic pressure. For example, due
to the lack of human habitations, large roadless regions exist
along the borderland between Sweden and Finland as well
as among Russia and Eastern European countries, greatly
reducing the impact of anthropogenic pressure on animals
(Leblond et al., 2013; Psaralexi et al., 2017; Fedorca et al.,
2019). Second, borderlands are characterized by tightened
military control (Liu et al., 2020). Previous studies have
speculated that due to the tightened military controls at

the borderlands, which limit public access, borderlands have
developed habitats with low anthropogenic disturbance and
improved habitat suitability (Vitkalova et al., 2018). These zones
can also have importance as corridors, connecting different
patches (Hosseini et al., 2019). Reinhardt et al. (2019) point
out that military training areas facilitating the spreading of
wolf (Canis lupus) territories in the surrounding landscape
may be linked to a low level of anthropogenic mortality.
However, there is likely to be no less anthropogenic pressure
in borderlands under military control than in demilitarized
zones due to the large amount of logistical and military
activity caused by the presence of troops. In fact, we do not
know the distribution of anthropogenic pressure in militarily
controlled borderlands, and likewise, we do not know the
effect of borderlands on animal behavior under anthropogenic
pressure. Therefore, we speculated that anthropogenic pressure
is not rare in militarily controlled borderlands, and under
anthropogenic pressure, the borderland still has a positive effect
on animal behavior.

What causes the high biodiversity of military controlled
borderland? Could the management of military controlled
borderland be applied to the protection and management of
wildlife in other area? Thus, we used the wild boars’ selection
of nest sites in the military controlled borderland between China
and Russia as a case study to investigate the speculation. The wild
boar belongs to the Suidae family and is widely distributed in
Europe, Asia and Africa (Zhao et al.,, 2019). Wild boars have a
strong ability to adapt to environmental changes (Luskin et al.,
2017). In Hoge Kempen National Park, wild boars have adapted
to the existence of humans in suburban areas and have survived
stably in areas with greater anthropogenic pressure by changing
their rhythm (Wevers et al., 2020). Among wild boar behaviors,
the selection of nest sites is highly sensitive to environmental
pressure (Fernandez-Llario, 2004). We first quantified the
different types of anthropogenic pressure in the study area and
then explored (a) how is the spatial distribution of anthropogenic
pressure and wild boar nests in the borderland and (b) how
anthropogenic pressure and the border influence on the wild
boars’ nest site selection? Finally, we discussed the significance
of prohibition of anthropogenic persecution in military control
borderland areas for wildlife protection and management.

MATERIALS AND METHODS
Study Area

We conducted this study in the northeastern section of Jilin
Province in an area of 6,501 km? (130.165609 E- 131.317653 E
and 42.614041 N-43.553505 N) that is part of the Northeast Tiger
and Leopard National Park in Northeast China (Figure 1). The
highest elevation is located in the core region at 1,477 m (Yang
et al., 2019). Because the area borders southwestern Primorsky
Krai, Russia, a fire barrier, which was grassland more than
200 km long and at least 50 m wide, has been built along the
border. In addition, approaching the border, the force of the
military control effect was enhanced. Over the past decade, this
region has been exposed to increasing levels of agricultural and
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FIGURE 1 | Schematic diagram of the location of the study area.
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industrial development, particularly mining and the building of
new roads (Wang et al., 2018). Settlements and agricultural land
were usually along the main roads. With the implementation of
the Natural Forest Conservation Program (NFCP) and Grain-to-
Green Program (GTGP) since 1999 (Liu et al., 2008; Yang et al,,
2013), the commercial logging of natural forests has been halted.
The main commercial activities in rural areas were free-range
cattle grazing, edible ferns, ginseng farms, and frog farming.
Thus, the land cover in the study area included settlement areas,
agricultural land, grassland, water bodies and forests.

This region has high biodiversity. However, the Amur tiger
(Panthera tigris altaica) and Amur leopard density were low
in this area (Wang et al.,, 2016). The ungulate prey species of
the tiger and leopard included the sika deer (Cervus nippon),
Siberian roe deer (Capreolus pygargus) and musk deer (Moschus
moschiferus). The Asiatic black bear (Ursus thibetanus) and
brown bear (Ursus arctos) were also found in this area, along
with other carnivores, such as the Asian badger (Meles leucurus),

raccoon dog (Nyctereutes procyonoides), red fox (Vulpes vulpes)
and leopard cat (Prionailurus bengalensis) (Yang et al., 2018a).

Wild Boar Nests Surveys

About 30,000 camera trapping were fixed in Northeast Tiger
and Leopard National Park. The area in this study is the main
distribution area of the Amur tiger and Amur leopard in China
(Wang et al., 2016; Vitkalova et al., 2018), therefore, about 13,000
camera trappings were fixed in this area. The camera trapping
sites are systematically designed based the grids (the grid size is
1 km?). In each grid, mostly 2 camera traps (Ltl-6511-4G, Zhuhai,
China, more than 500 m apart) were placed along roads, trails
or ridges which were natural routes for the wild animals tend
to use. The cameras were fastened trees, 40-80 cm above the
ground, and were programmed to shoot 10-s videos with a 1-
min interval between consecutive events, the sensitive level of
cameras was set to low level. The camera traps operated 24-h per
day throughout the year.
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The nest survey took place during the installation of camera
trappings in study area. We conducted the survey of wild boar
nests between April and November 2020. When building a
nest, wild boars gnawed off branches around them to build a
conspicuous structure (Fernandez-Llario, 2004). This provides us
with the identification of the nest, stacked structure, surrounded
by a large number of gnawed branches. Rangers searched for wild
boar nests in the corresponding grid when visiting to the camera
sites. Please note that the survey is based on the camera placement
process, which implies that no human intervention is involved
in the nest’s finding. Once a wild boar’s nest was found, rangers
recorded the location with a global positioning system (GPS),
took a picture of the nest and recorded data regarding the area
(e.g., land cover type) around the nest (10 m x 10 m). Infrared
cameras captured videos of the construction and use of wild boar
nests, lasting for about 22 days (Supplementary Video 1).

Land Cover Data Processing

Then, we used the land cover data to determine the distribution
of anthropogenic pressure, such as agricultural land and
grassland. We acquired remote sensing satellite imagery from
the Geospatial Data Cloud' and USGS (United States Geography
Survey?). First, we chose images with a spatial resolution of
30 m during the growing season (Apr-Nov), corresponding
with the timing of the field survey to avoid misinterpreting
habitat aspects (e.g., snow and seasonal aspects). Second, we
conducted geometric corrections, noise corrections, and image
enhancement (haze reduction) on the study area’s primary
images before classification. According to characteristics of the
wild boar habitat and the field survey findings, the study
area was classified into 4 major land cover types: forest,
agricultural land, grassland, and water (Hearn et al, 2016).
Although shrub is an important habitat for wild boars, we
found no typical shrub distribution in the study area by
referring to globalland30 published in China (Jun et al., 2014;
Alexander et al., 2016). For each type, we drew > 10 initial
training polygons based on data from vegetation surveys and
visual analysis of locations on high-resolution Google Maps
(Google, Mountain View, CA, United States). We performed
maximum likelihood supervised classification in ENVI 5.3.
To improve classification accuracy, we removed training
polygons with confusing spectral signatures and created new
polygons until we obtained a perfect classification template
through accuracy assessment (Fonji and Taff, 2014). After
classification, we randomly selected 50 points of each type
to carry out an accuracy assessment. The overall accuracy of
the classification of the study area land cover was 85.72%,
and the kappa coeflicient was 0.82; both coefficients indicated
strong agreement and accuracy between the classification of
the study area and the true ground reference information
(Manandhar et al,, 2009). In addition, we acquired the full
sampling of settlements and roads through artificial recognition
based on high-resolution Google Maps (Google, Mountain View,
CA, United States).

"http://www.gscloud.cn
Zhttps://earthexplorer.usgs.gov

Anthropogenic Pressure and Wild Boar

Nest Distribution

To explore the relationship between the spatial distribution
patterns of anthropogenic pressure and wild boar nests in the
borderland, we first vectorized all factors and turned them into
feature points. Then, we established the Euclidean distance (in
m) to the borderline, and we assigned the distance from the
borderline to the point element. According to the first law
of geography, near things in space are more similar (spatially
autocorrelated) than things that are farther apart (Tobler, 1970).
Getis-Ord Gi* analysis was used to investigate the relationships
of the borderland with the spatial distribution patterns of
the manifest variables, including wild boar nests, grassland,
agricultural land, roads and settlements. Economic activities
in the study area included free-range cattle grazing, which
frequently invaded grasslands, meaning that grasslands brought
anthropogenic pressure to wildlife (Wang et al., 2018). Getis-Ord
Gi* is a local index of spatial association (LISA) test that is often
used for “hot spot” analysis (Getis and Ord, 1992) and computes
z-scores and P-values, specifying where those feature patterns
are located (Wong and Lee, 2005). For significantly positive
z-scores, the larger the z-score is, the greater the clustering of
high values (hot spot); for negative z-scores, the smaller the
z-score is, the greater the clustering of low values (cold spot)
(Medland et al., 2020). This indicates aggregation far from the
borderline (hot spots) and aggregation close to the borderline
(cold spots) of anthropogenic pressure factors and wild boar nests
within the study area.

Response of Wild Boars’ Nest Site
Selection to Anthropogenic Pressure and

Borderland

The number of wild boar nests within 1 km? was calculated as
the nest density through neighborhood analysis at the location
of the nest site as the degree of selection by the wild boars
in a given area. The Euclidean distance (in m) between the
wild boar nest site and the borderline was calculated as a
borderland effect indicator, and agricultural land, grassland,
roads and settlements were calculated as anthropogenic pressure
indicators. Then, we analyzed the impact of indicators on wild
boars’ nest site selection (number of nests within 1 km?2) (Sobral
et al., 2017). A structural equation model (SEM) was used to
estimate and test the relationships among manifest variables,
including the density of nest (Den), distance from the borderland
(Bor), distance from grassland (Gras), distance from agricultural
land (Agri), distance from roads (Road) and distance from
settlements (Sett). To fit the model, a theoretically important set
of relationships was used to design the a priori model. However,
the fit of the initial a priori model was not good; according
to the guidance of modification indices (MIs), we respecified
the model by adding new relationships. We sequentially added
new relationships with biological meaning until an adequate
model fit was achieved (Santos et al., 2020). After fitting the final
model, we tested the goodness of fit of the models by means
of maximum-likelihood estimation on the variance-covariance
matrix. The chi-squared P-value of the chosen solution was 0.181
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(x? statistic, 3.417; d.f.,2; a non-significant goodness of fit test
indicated that the model provided a good description of the
observed covariance among the variables) (Santos et al., 2020).
All data were standardized in R 3.6.2 (R Development Core
Team, 2014), and SEM was conducted with AMOS 20 software
(IBM SPSS, Inc.).

RESULTS

The Distribution of Anthropogenic

Pressure in the Borderland

We acquired a total of 241 wild boar nest sites. The results
from Getis-Ord Gi* analysis indicated that wild boar preferred
areas close to the borderline for building nests (48.13% of wild
boar nests were gathered in cold spots close to the borderline),
rather than gathering far away from the borderline (32.78% of
wild boar nests were far away from the borderline) (Figure 2).
A total of 34.10% of the settlements gathered in cold spots close
to the borderline, and 12.90% of the settlements gathered in
hot spots far away from the borderline. Although 53.00% of the
settlements had no significant tendency to gather near or far
from the borderline, the other three anthropogenic disturbances
related to settlements had an effect of borderline aggregation,
similar to the nest selection of wild boar. More grassland and
agricultural land gathered near the borderline than far away from
the borderline (49.21 VS 30.56%, 53.23 VS 17.74%, respectively,
for grassland and agricultural land). The distribution of roads in
the study area was fairly uniform (43.70% gathered close to the
borderline, 45.67% gathered far away from the borderline).

The Results of Structural Equation Model
Analysis

Structural equation model indicated that the nest site selection of
wild boar still showed a significant trend toward the borderland
under anthropogenic pressure (Figure 3). Furthermore, there
might be a trade-off in wild boar nest selection between being
far away from settlements and being close to the borderland
(Figure 3 and Table 1). Except for the impact of the borderland
and settlements, the nest selection of wild boar was likely to be
close to roads and agricultural land and away from grassland
(Figure 3 and Table 1). The model suggested that even if a
nest site had to be close to the grassland, it would still be
close to the borderland due to the stronger influence of the
borderland (Figures 2, 3 and Table 1). When agricultural land
and settlements became the selection conditions, due to the
stronger negative impact of settlements, wild boar would select
to build the nest far away from agricultural land and settlements
(Figure 3 and Table 1). A similar situation also occurred in the
combinations of settlements and grassland, roads and grassland,
and roads and agricultural land. Regardless of the combination,
wild boar always made the most advantageous choice and
preferred to be close to the borderland (Figures 2, 3 and Table 1).

DISCUSSION

With the increasing spatiotemporal overlap between humans and
wildlife, it is critical to understand how anthropogenic pressure
modifies animal behavior depending on the spatial and temporal
distribution of anthropogenic pressure, which will deepen

Not Significant
- Hot Spot-99% Confidence

FIGURE 2 | The number of hot and cold spots of anthropogenic pressure. This analysis judges the characteristics of cold spots and hot spots at the three
confidence levels of 99, 95, and 90%. Hot spot means aggregation far from the borderline and cold spot means aggregation close to the borderline of

anthropogenic pressure factors and wild boar nests within study area.

Cold Spot-90% Confidence
I Hot Spot-95% Confidence ¥ cold Spot-95% Confidence
Hot Spot-90% Confidence -Cold Spot-99% Confidence
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FIGURE 3 | Resullts of the structural equation model analyzing the relationship
of distance from borderline, distance from grassland, distance from
agricultural land with distance from road, density of wild boar’s nest, distance
from settlements, p < 0.05. For all paths of the final path model, arrow width
is proportional to the relative strength of standardized path coefficients,
(P=0.181, x2 =3.417, d.f. = 2). Red and green arrows indicate opposite and
consistent trends, respectively. The consistent trends between borderline,
grassland, agricultural land, road, settlements with the density of nest
indicated that the closer the distance from variable was, the lower the density
of nest was. The opposite trends means that the closer the distance from
variable was, the higher the density of nest was. The consistent trends
between variables means that the closer the nest to variable 1, the closer the
nest to variable 2. The opposite trends means that the closer the nest to
variable 1, the further the nest to variable 2. Interrupted lines indicate the
relationship none significant.

TABLE 1 | Results of the structural equation model.

Variance Estimate P
Road <« Border —0.098
Settlements <« Border —-0.107
Agricultural land <« Border —0.008 .
Grassland <« Border 0.2 o
Agricultural land <« Settlements 0.78 o
Agricultural land <« Road 0.087 *
Grassland <« Settlements 0.281 o
Grassland <« Road 0.216 o
Density of nest <« Border —0.186 =
Density of nest <« Agricultural land -0.275 =
Density of nest <« Grassland 0.163 *
Density of nest <« Road —0.138 *
Density of nest <« Settlements 0.387 o

P> 0.05, "P < 0.05, *P < 0.01, ™*P < 0.001.

the knowledge of ecosystem structure and function (Wilson
et al, 2020). The influences of anthropogenic pressures on
wildlife are complex, and anthropogenic pressure can directly or
indirectly impact wildlife through top-down effects. For example,
anthropogenic pressure can alter how and where prey perceive
risk by modifying the populations of their natural predators
(Suraci et al.,, 2019). Anthropogenic disturbance can also change
the availability and distribution of resources to impact animals
through bottom-up effects (Monk et al., 2018). Another example

of this anthropic pressure is ecological traps. Artificially altered
environments can lead organisms to misjudge environmental
suitability, for example, grassland birds nesting in agricultural
fields: Individuals settle in agricultural fields or dry grasslands
that seem suitable, but their nests are destroyed during farming
activities (Schlaepfer et al., 2002). Anthropogenic pressure, such
as grazing and structural modifications, is probably one of
the most important causes of species loss (D’Eon and Glenn,
2005). We also cannot deny that not all human activities
have negative impacts on wildlife; for example, anthropogenic
pressure in borderlands is more specific than that in inland
areas (Hanski, 2005), and human activity in borderlands (e.g.,
military activity) may be an important factor in the survival of
species (Vitkalova et al., 2018). Thus, it is necessary to understand
the distribution of anthropogenic pressures in borderlands for
biodiversity conservation.

The study area in this study is proximal to the border with
Russia and the DPRK, and a highway runs through the whole
study area along the borderline (Figure 1). Thus, there is a large
human population along the borderland, with most people being
engaged in agriculture, forestry or the military (Wang et al., 2017,
2018). As a result of the existence of the agricultural population
in the borderland, farming and grazing activities related to
agriculture are carried out, and poaching increases accordingly.
Roads are built not only to meet the needs of agricultural and
forestry production activities, but also more importantly, to
meet the needs of regular patrols by troops. The increase in
roads facilitates anthropogenic activities but also exacerbates the
anthropogenic influence on wildlife (Samia et al., 2019; Suraci
et al.,, 2019). The result of Getis-Ord Gi* analysis confirm the
above intuition: 49.21% of grassland, 52.23% of agricultural land,
43.70% of roads and 34.10% of settlements were clustered and
distributed close to the borderline (Figure 2). Getis-Ord Gi*
analysis indicated that the borderland might not be the ideal
nesting site for wild boar (Stolba and Woodgush, 1984; Jensen,
1989; Dellmeier and Friend, 1991), but 48.13% of wild boar
nests were still clustered and distributed close to the borderland,
which indicated that wild boar preferred to select nest sites near
the borderland even under intense anthropogenic pressure. We
speculate that this may be related to the prohibit on hunting.
Hunting can have direct and indirect effects on animals. A typical
example is either a direct reduction in the animals population
or an indirect effect on the social structure of the population
by eliminating key individuals (Leclerc et al., 2017). Along the
borderland, where hunting is prohibited, which could change the
trade-offs of animals (Wilson et al., 2020). Finally, they choose to
nest near the borderland.

The SEM results were similar to the results of Getis-Ord
Gi* analysis, indicating that the nest site selection of wild
boar approached the borderland but was away from settlements
(Figure 3 and Table 1). However, wild boar made the choice to
nest close to the borderland and therefore face to anthropogenic
pressure and predation pressure (Yang et al., 2018b, 2019). The
borderland includes agricultural land, grassland and roads, as
well as Amur tiger and leopard populations (Figure 3 and
Table 1), which is in conflict with the habitat selection of wildlife.
The indirect ecological effects of anthropogenic pressure on
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wildlife, such as farming, grazing and other related activities,
are much more intensive than the direct effects of human
presence on wildlife (Ripple and Beschta, 2004; Madin et al.,
2010; Wilson et al., 2020). Negative effects of farming and grazing
on wild animals have been demonstrated in several studies (Liu
et al,, 1999, 2007; Zhang et al., 2017). The negative impacts of
roads on wildlife conservation have been proven in studies of
snow leopard (Panthera uncial), brown bear, caribou (Rangifer
tarandus), and many other wild animals (Leblond et al., 2013;
Fedorca et al., 2019). Studies have indicated that animals are also
active near agricultural land and roads, which require animals
to be constantly attentive to spatiotemporal activity to avoid risk
(Yang et al., 2019; Zhao et al.,, 2019; Wevers et al., 2020). For the
free-living wild boar, nests are built to promote piglet survival
during the first several days after birth (Ferndndez-Llario, 2004).
Therefore, to understand why wild boars select nest sites near the
borderland, we need to investigate not only the trade-offs made
by the wild boar to achieve a higher survival rate or fitness but also
the control strategies in the borderland, particularly in terms of
their role in limiting anthropogenic disturbances (Vitkalova et al.,
2018; Mazaris et al., 2019; Liu et al., 2020; Mason et al., 2020). For
the wild boar, the construction of nests in protected places seems
to be of great importance to reduce losses due to anthropogenic
disturbances and predation (Spitz and Janeau, 1995; Fernandez-
Llario, 2004). A previous study in this area indicated that wild
boars are active around human settlements due to the agricultural
land that is usually situated near the settlements (Zhao et al.,
2019). In this study, we took settlements and agricultural land in
anthropogenic pressure, respectively, and found that wild boars
preferred agricultural land and avoided settlements (Figure 3
and Table 1). Intensive anthropogenic disturbances are usually
present around settlements, such as poaching, domestic dogs
(hunting dogs), grazing, night lights, heavy traffic and other
factors, which have adverse effects on wild boars (Liu et al,
1999, 2007; Leblond et al., 2013; Zhang et al., 2017; Fedorca
et al., 2019). Agricultural land can indeed provide additional
energy supplements to wild boars, especially in the breeding
season (February to June) (Wu et al, 1999). Food during the
breeding season is scarce, and female wild boars have to produce
milk to feed piglets (Fernandez-Llario, 2004). The remaining
corn and soybean in agricultural land are very attractive to wild
boars in this period. However, under intensive anthropogenic
pressure, wild boars have to make a trade-off; when settlements
and agricultural land exist in the same area, wild boars prefer to be
far from both settlements and agricultural land (Figures 2, 3 and
Table 1). In this study, wild boars chose only the agricultural land
that was far away from settlements, which was usually located in
the borderland (Figures 2, 3 and Table 1). Abundant vegetation
cover is also very important for the nest selection of wild boars
(Fernandez-Llario, 2004). Thus, grasslands are not suitable areas
for wild boar nests due to the high visibility of predators. In
this study area, the main causes of grassland formation in the
borderland include (1) logging, (2) cattle grazing and (3) fire
barriers built by the government and troops. Logging has been
banned for years, especially in the borderland (Wang et al.,
2017, 2018). However, grazing is severe throughout the study
area (Vitkalova et al., 2018; Yang et al., 2018b). The presence of
cattle not only poses a threat to the young wild boar, such as by

trampling and destroying wild boar nests, but also further reduces
the limited food resources of wild boars and other ungulates.
Therefore, wild boars select nest sites far from the grassland
(Figure 3 and Table 1).

Borderlands are located in environmentally heterogeneous
areas, such as mountainous terrain or other geologically complex
landscapes. On the other hand, such areas are often located in
politically sensitive areas and controlled by military limitations,
while parts of the borderland are not controlled by militarily,
public access is also off limits; thus, borderlands naturally support
high richness and endemism, especially conservation-friendly
borderlands (e.g., the borderland between China and Russia
in this study) (Lee and Miller-Rushing, 2014; Wang et al,,
2017; Vitkalova et al., 2018; Liu et al,, 2020). In this study,
the borderland is completely controlled by the military, and all
activities in the borderland require military permission. However,
there are usually settlements in the borderland for consolidating
national defense, accompanied by agriculture-related activities,
including farming and grazing. These activities are restricted
within specific areas, and settling in the hinterland of the
borderland is still prohibited; thus, the indirect and direct impacts
of human activities on animals are reduced, which provides
good nesting conditions and supplementary food for the wild
boar. Roads (all dirt roads) near the borderland facilitate the
military control of the area (e.g., patrolling), and residents are
strictly restricted. The difference between the military and the
residents is that the military strictly observes animal protection
regulations and has a certain periodicity. Thus, the roads in the
borderland have no significant negative impact on the wild boar,
and the presence of a road reduces the movement resistance
of wild animals. Due to mandatory control, wildlife has to
make a trade-off between the different degrees of anthropogenic
pressure, preferring the mandatory control area with relatively
weak anthropogenic impacts (Vitkalova et al., 2018). Not only do
wild boar tend to congregate in the borderland, but the Amur
tiger, Amur leopard and Sika deer also show this trend (Wang
etal., 2017; Yang et al., 2018b, 2019).

The case study about the nest site selection of wild boar in
this study area reveals that, under the existing wildlife protection
and management strategies, the more important strategy may
be the prohibition of direct anthropogenic persecution, rather
than performing other human intervention activities to protect
animals in an area. For example, the Yalu River demarcates the
international border between China and North Korea on the
northwestern fringes of the Korean Peninsula. Due to the political
sensitivity of the area, public access is prohibited, and there are
no human intervention activities. Although food resources are
reduced, many birds still return to the area to inhabit (Zhang
etal.,, 2018). The same situation has occurred in the demilitarized
zone between North Korea and South Korea, a narrow strip with a
width of approximately 4 km. More than 4,400 species have been
recorded, 68 of which are endangered species in South Korea,
including the Eurasian otter (Lutra Lutra) and Siberian musk
deer (Moschus moschiferus). This area also provides an important
wintering habitat for migratory birds (Higuchi and Pierre,
2005; Lee and Miller-Rushing, 2014). In other borderlands,
the restoration of species has been promoted by controlling
anthropogenic pressure; for example, at the borderland between
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China and Myanmar, the sun bear (Helarctos malayanus) was
rediscovered after an absence of 45 years. In Sweden and Norway,
gray wolves were considered functionally extinct by the late
1960s, and yet in recent decades, their populations have rapidly
recovered and currently exceed 260 individuals (Boitani and
Ciucci, 2009; Chapron et al., 2014; Li et al., 2017). These examples
and our case study illustrated that, compared with the usual
human intervention protection and management strategies, by
controlling the activity authority of public in protected areas, the
possibility of direct anthropogenic persecution is reduced, which
would promote the survival of wildlife.

In fact, the growth of wild boars’ population is causing a
global problem. But in our study area, wild boars, the main prey
of tigers, have not caused a great deal of trouble. In addition,
the population size of wild boar is crucial to the spread of the
Amur tiger in China. At present, the population of the Amur
tiger in China is gradually recovering, so we should build suitable
habitat for the Amur tiger from the bottom-up, including the
protection of key prey, to prevent the decline of the Amur tiger
population due to the decline of prey population. During the
recovery process, the role of the Amur tiger as the top predator
in the ecosystem would be expected to gradually emerge, and
the community will gradually stabilize. The problems that follow
are unforeseeable. An increase of wild boar and tiger numbers
may lead to an increase of conflicts with humans because of
damages to human activities, in absence of adequate measures
to prevent/mitigate crop damage and livestock depredation. This
could put more strain on conservation efforts. The park has taken
some preventive measures, such as adding protective fences to
farming areas, gradually relocating grazing areas, and providing
proper economic compensation and income transformation
measures for residents. The implementation of these measures
provides a favorable guarantee for the protection of animals,
particularly when top predator habitats are still vulnerable.

MANAGEMENT IMPLICATIONS

We compare the anthropogenic pressure distribution in the
borderland between China and Russia with the response of
the wild boar to anthropogenic pressure. We suspect that wild
boars’ nest site selection strategy is affected by the military
control that prohibits the anthropogenic persecution of animals,
which changes the trade-off strategy of wild boar when selecting
nest sites. Compared with existing measures, we suggest a
different protection/wildlife management strategy, what we need
to do may be to prohibit anthropogenic persecution rather
than perform other human interventions to protect animals.
However, for a species with trouble potential, we need to base
our conservation strategies on the recovery of top predators, and
play the community control role of top predators to avoid the
occurrence of trouble.
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