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Abstract

The occurrence of wild boars (Sus scrofa Linnaeus) and reports of wildlife-vehicle conflicts (i.e., road-kill) involving them
have increased in natural forest regions of Korea. In the past few decades, many wildlife passages have been constructed
to reduce vehicle collisions involving wildlife species. However, few studies have assessed the habitat suitability of target
wildlife species when locating the construction sites of wildlife passages. Target species rarely use wildlife passages if built
in an inappropriate location. Therefore, a quantitative habitat model is required to find suitable sites for wildlife passages
that can connect the fragmented forest patches of wildlife habitats in Korea. In this study, the wild boar was selected as
the target species, and six environmental variables (percentage of Quercus forest, slope aspect, distance to roads, water
accessibility, forest stand age and density) were measured. The habitat model for wild boars was developed with a Delphi
survey, and habitat suitability maps were delineated for the provinces of Gangwon-do and Jeollanam-do. In this study,
298 and 64 boars were observed in Gangwon-do and Jeollanam-do, respectively. Observations of wild boars derived from
the second nationwide natural environmental survey were used to evaluate the habitat model. Habitat suitability maps
that superimposed existing road networks suggested that wild boar habitats were severely fragmented in both provinces,
particularly in Gangwon-do. To connect the fragmented habitats and prevent wildlife-vehicle collisions, this study pro-
poses 11 and 5 wildlife passage sites in Gangwon-do and Jeollanam-do, respectively.
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INTRODUCTION

Habitat fragmentation caused by linear disturbances
such as roads, railways, and pipelines has been cited as
one of the most widespread threats to wildlife conserva-
tion (Forman et al. 2003, Trocmé et al. 2003, Beasley et al.
2014). Conservation efforts and management measures
have been implemented to mitigate the negative effects
of linear disturbances on wildlife habitats. For example,
wildlife passages (i.e., wildlife overpasses, underpasses,

wildlife-adapted box culverts, wildlife fences, and road-
level crossing structures) have increasingly been applied
by natural resource managers and road planners interna-
tionally (Mata et al. 2008, Neumann et al. 2012).

The construction and expansion of road networks have
increased dramatically in Korea, and most have been
conducted without wildlife passages (Choi and Park 2007,
Ministry of Environment of Korea 2010). With the increas-
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ing number of wildlife-vehicle accidents near fragment-
ed habitats, the Korean government has recognized the
negative effects of roads on wildlife species’ habitats and
established a master plan for wildlife-vehicle collision
mitigation measures (Ministry of Environment of Korea
2010). Habitat fragmentation due to road construction is
particularly destructive for mammals that have relatively
large home ranges; it causes isolation from resources and
potential mates, as a result of habitat separation by roads,
individual mortality by collisions with vehicles (Dodd et
al. 2004, Mata et al. 2008), division of preferred habitats by
roadways (Beasley et al. 2014), and restricted movement
(Peterson et al. 2003, Rodriguez-Morales et al. 2013).

Recently, wildlife passages have proliferated in many
countries to reduce the number of wildlife-vehicle col-
lisions (Mata et al. 2008, Bager and Fontoura 2013). In
Korea, about 164 wildlife passages of various types have
been built during the past few decades (Choi et al. 2012).
However, the road-related mortality of wildlife species
continues to increase. Moreover, the monitoring of wild-
life passages showed that some passages have been con-
structed in inappropriate locations, as wildlife species
rarely appear at the wildlife passage structures (Ahn et al.
2004). Most wildlife passage structures have been built
with limited knowledge of wildlife habitat. Road plan-
ners and natural resource managers of wildlife passage
need the quantitative approaches on habitat suitability to
identify (1) suitable locations for the construction of wild-
life passages where the risk of wildlife-vehicle collisions
is predictably high; (2) the most suitable type of wildlife
passage such as an overpass or underpass structure; and
(3) other mitigation measures such as wildlife fences that
would be proposed in the heavily fragmented areas.

Habitat models can be used to delineate habitat suit-
ability maps, which can then be used to predict the most
suitable areas for wildlife overpass structures on broad
scale landscapes. Candidate locations may be identified
using the spatial analysis of habitat suitability maps and
existing road systems. Few studies have been conduct-
ed to determine suitable locations for wildlife passages
(Clevenger and Waltho 2005, Mata et al. 2008, Thurfjell et
al. 2015). Moreover, many wildlife passage studies have
analyzed on a fine scale (Lee et al. 2002, Taylor and Gold-
ingay 2003, Choi and Park 2007).

In this study, a spatially explicit habitat model for wild
boars was developed and used to delineate a landscape-
scale habitat suitability map to locate candidate sites for
wildlife passages on a broad scale. The specific objectives
of this study were to: (1) select a target species based on
ecological characteristics and management strategies
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related to wildlife-vehicle collisions; (2) to develop a spa-
tially explicit habitat model for the target species; (3) to
suggest candidate sites derived from habitat maps super-
imposing the existing road systems; and (4) to describe
the use and limitations of habitat suitability maps for se-
lecting wildlife passage sites in severely fragmented land-
scapes.

MATERIALS AND METHODS
Selection of a target species

What is the best target species for constructing and
managing wildlife overpasses? There is no single answer
to this question because of the variations in topographi-
cal features and population dynamics in Korea. Wild-
life underpasses such as wildlife-adapted culverts have
been constructed for many wildlife species including
mammals, fishes, amphibians, and reptiles (Taylor and
Goldingay 2003), whereas most wildlife overpasses (e.g.,
wildlife bridges) have been built to facilitate the move-
ment of ungulates, birds, small-medium vertebrates, and
carnivores (Dodd et al. 2004, Gunson et al. 2011). In Ko-
rea, Eurasian otters (Lutra lutra) are the top predator in
riparian regions, whereas ungulates as well as the leopard
cat (Prionailurus bengalensis) and yellow-throated mar-
tin (Martes flavigula) are considered as target species in
mountainous regions (Ministry of Environment of Korea
2010).

Conflicts between humans and wildlife, especially with
the wild boar (Sus scrofa Linnaeus), have caused many
problems across the world in recent years (Lyang and Lee
2010, Rodriguez-Morales et al. 2013, Kim et al. 2014). In
view of their great mobility and extensive spatial require-
ments for survival, large-sized mammals are vulnerable
to road effects (Clevenger and Waltho 2005, Thurfjell et
al. 2015). Furthermore, vehicle collisions with such large-
sized mammals result in significant damage to human
safety and cropland damages (Gunson et al. 2011, Kim et
al. 2014). Nevertheless, the procedures and criteria for on-
site selection of wildlife passages for large mammals in
Korea have been documented in only a few reports (Rho
et al. 2005, Choi and Park 2007).

In this study, the wild boar was selected as the target
species. It has attracted the attention of the government
and researchers, and was considered to be one of the
100 worst invasive species by the International Union
for Conservation of Nature (Lowe et al. 2000), in that it
was the cause of environmental and economic damage
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Fig. 1. Map of Korean peninsula, including study areas of Gangwon-do and Jeollanam-do, Republic of Korea.

(Kim et al. 2014). The population size of wild boars has
increased dramatically in Korea, with higher population
densities occurring in mountainous regions than homo-
geneous agricultural and coastal regions (Won and Smith
1999, Park and Lee 2003, Choi et al. 2006). Wild boar-vehi-
cle collisions cause tremendous damage due to the wild
boar’s body weight, resulting in human injuries (Beasley
et al. 2014). The habitat requirements of the wild boar
have been well documented (Kim et al. 1998, Park and Lee
2003, Lyang and Lee 2010, Li et al. 2013).

Study areas

Gangwon-do and Jeollanam-do were selected as study
areas to identify species-habitat relationships in moun-
tainous and agricultural regions (Fig. 1). These two re-
gions are among the top five most hazardous provinces
in Korea regarding this issue (Ministry of Environment of
Korea 2010). Gangwon-do is arugged mountainous region
with >80% forest cover, but now faces high development
pressures. In particular, many valuable wildlife habitats
have been fragmented by the rapid construction of recre-
ational facilities and roads for the 2018 Winter Olympics
to be held in this province. Jeollanam-do has long been
recognized as a major agricultural area and comprises of
327,723 ha of cropland in Korea. The climate is character-
ized by rainy summers and dry winters. The average an-
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nual temperatures of Gangwon-do and Jeollanam-do are
12.9°C and 13.8°C, and the annual precipitation averages
are 1,116 mm and 1,089 mm, respectively (Korea Meteo-
rological Administration 2013).

Habitat use

Habitat use is a fundamental component of habitat
models for wildlife species. In this study, habitat use data
was collected from extant literature and surveys from
wildlife experts via the Delphi method (Crance 1987). The
ecology of wild boars has long been characterized espe-
cially by their food habits, daily movements, and habitat
requirements (Kim et al. 1998, Park and Lee 2003, Lyang
and Lee 2010, Thurfjell et al. 2015). Habitat models for
wild boars have been developed, based on winter foods,
hiding and sleeping cover, water, and reproductive re-
quirements (U.S. Fish and Wildlife Service 1981). The in-
fluence of foods, covers, and reproductive components
on habitat quality was measured at each site by assessing
the relationship between environmental variables and
suitability indices. For example, wild boars cross roads to
croplands, mainly for foraging purposes in mixed land-
scapes (Thurfjell et al. 2015). The size of each site for habi-
tat quality evaluation was determined by considering the
daily movement and home range of the species.

The wild boar is usually found in a variety of habitats
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from moist oak forests in eastern Korea to agricultural
landscapes in southern Korea. As its species have differ-
ent feeding habits and movement patterns depending on
the season, habitat use is described on a broader scale for
the entire year, which allows for the development of land-
scape-level habitat models. Wild boars are concentrated
in oak forests mixed with croplands that produce enough
acorns, mast, and agricultural crops (Seo 2000, Kim et al.
2014). In the winter season, food availability in the habitat
is especially critical for wild boars. Oak trees of 20 years
old or older produce an abundance of acorns, which are
an essential food source and an attractive habitat feature
for wild boars (Yoo 1999). In the winter, wild boars have
difficulty finding roots, forbs, mushrooms, and seeds on
north- and west-facing slopes that are covered with heavy
snow. Therefore, south- and east-facing slopes are as-
sumed to be their feeding sites during the winter (Kim et
al. 1998, Park and Lee 2003).

Refuge sites of wild boars are located preferentially in
areas with (1) abundant above-ground plant cover, (2) de-
ciduous forests, and (3) areas far from trails (Fernandez-
Llario 2004, Lyang and Lee 2010). In this study, only “the
distance to roads” variable was used to assess the cover
requirements for wild boars (Li et al. 2013), because the
variables related to plant cover and deciduous forests are
highly correlated to the presence of oaks. The boars are
wary and prefer areas where human activity is minimal.
Park and Lee (2003) suggested that wild boars use areas
>310 m away from paved roads. The presence of water
is also essential for wallowing and rooting, and oak trees
with their relatively dense understory are used for their
bedding and shelter (Meriggi and Sacchi 2001). Therefore,
“distance to roads” as well as “water accessibility” were
selected as habitat variables representing cover require-
ments.

The ages and densities of trees were quantified to de-
velop a habitat model that fulfills the reproductive re-
quirements of wild boars. Most reproduction sites are
located in older forests (Fernandez-Llario 2004). Wood-
lands, especially late-successional forests such as broad-
leaved and mixed woodlands, provide high quality food
and shelter (Meriggi and Sacchi 2001). Dense and mature
hardwoods provide abundant food with high nutrient
value (e.g., insects) and secure places for rearing piglets.

In summary, wild boars frequently inhabit areas with
mature hardwoods, and they are commonly found around
oak trees on south- and east-facing slopes (Yoo 1999). The
species wallow in wet, muddy areas, and dwell near areas
that provide dense protective cover and ample food such
as acorns and other hard mast (Sjarmidi et al. 1992, Yoon

http://dx.doi.org/10.5141/ecoenv.2015.018

166

et al. 2004). Moreover, they prefer relatively remote areas,
away from roads, human trails, and settlements (Table 1).

Habitat model development

Expert experience and knowledge were used to quantify
the relationship between habitat variables and suitability
indices of wild boars using the Delphi approach (Crance
1987). The Delphi approach was one method used for
combining the knowledge on wild boars and opinions of
a group of experts. Mammal ecologists, field technicians,
plant ecologists, environmental planners, and several
natural resource managers participated in the model de-
velopment and evaluation procedures. Selection of habi-
tat variables related to wild boars and habitat suitability
curves development against habitat variables are difficult
with limited knowledge on the species currently available,
and the Delphi technique has been successfully applied
in the development of habitat suitability curves (Crance
1987). Habitat suitability curves describe the relationship
between habitat variables and the probability that wildlife
will use a habitat with those particular characteristics. For
each habitat variable, a suitability curve was generated to
assign a habitat suitability index.

Coniferous and plantation forests without Quercus spp.
were given a low food suitability index, and as the num-
ber of oak trees increased, the food suitability index in-
creased. An oak canopy of 30% or greater was considered
optimal, and was assigned a suitability index of 1.0. If the
composition of south- and east-facing slopes was zero,
the area was assumed unsuitable for wild boars, and its
habitat suitability index was considered zero. If there was
no forest canopy cover, then the area was considered to
be least suitable for wild boars. Areas of a relatively low
percentage of cover are not suitable for resting, hiding, or
sleeping, and thus, the value of the suitability index was
Zero.

Late-successional forests often have complex distur-
bance histories that can result in stands with widely vary-
ing structures, provisioning suitable habitat quality; late-
successional forests with older trees might have higher
habitat suitability indices. Forest stands with higher di-
ameters at breast height (DBH) provide more mast than
early-successional forests. According to the “Digital Forest
Map” created and managed by the Korea Forest Research
Institute, the forest stand age class A (0-10 years) equates
to a habitat suitability value of 0.2 for wild boars (Rho et
al. 2005). This age class is too young to provide acorns
and other food resources. Forest stand age class B (11-20
years) has a value of 0.4, and forest stand age class C (21—



30 years) has a higher habitat suitability value of 0.7. The
average forest stand of trees >30 years old is likely able to
provide enough food, cover, and breeding places for wild
boars, and thus, a habitat suitability index of 0.9 was as-
sumed.

Road construction may affect wildlife habitats, directly
or indirectly. Native wildlife habitats are often destroyed
during road construction. Road construction often fa-
cilitates human access to the neighboring areas of the
roadside and decreases habitat quality of forest species
(Sherwood et al. 2002). For such reasons, the buffer area
of within 30 m of a major road has been assigned a habitat
suitability value of zero. The buffer areas of 30-100 m from
major roads have been given a habitat suitability value of
0.2.If the distance was 100-300 m from major roads or 100
m from secondary roads, a habitat suitability value of 0.5
had been assigned. The buffer areas of 300-500 m from
major roads or 100-300 m from secondary roads were as-
signed a habitat suitability value of 0.7. The value 1.0 has
been given to areas farther than 1,000 m from major roads
or 300 m from the secondary road buffered area.

A moving window approach was used to evaluate the
habitat quality of each focal site (Riitters et al. 1997). The

Habitat suitability model and wildlife passages

relative importance of habitat variables (percentage of
oak forest, distance to roads, slope aspect, tree density,
forest stand age class, and water accessibility) in predict-
ing species abundance was calculated based on 67,824
moving windows in Gangwon-do and 45,779 moving win-
dows in Jeollanam-do. The moving window was circular,
and had a 3-km radius, representing an estimated home
range of 372-621 ha (Saunders and McLeod 1999, Choi et
al. 2006). The circular moving window was moved system-
atically across the study site in steps of 500 m. The moving
steps represented the daily distance that a wild boar trav-
els, which was estimated to be 0.5-2.5 km (Grzimek 1972).
ArcView GIS 3.x with Spatial Analyst (Environmental Sys-
tems and Research Institute, Inc., Redlands, CA, USA) and
SYSTAT 12.0 (SYSTAT Software Inc., San Jose, CA, USA)
were used to quantify the habitat suitability index of each
moving window.

The individual pixels of the habitat suitability index
maps were classified into five categories according to the
following suitability categories: (1) unsuitability (<0.3), (2)
low suitability (0.3-0.45), (3) medium suitability (0.45-
0.55), (4) good suitability (0.55-0.7), and (5) excellent
suitability (=0.7) (Table 2). The habitat suitability model

Table 1. Life requisites, habitat variables and GIS data used for habitat model development of the wild boar (Sus scrofa Linnaeus)

Life requisites Habitat variables GIS data Comments

Food Percent of oak forest Actual vegetation map (1:25,000)
Slope aspect (south- or east-facing slope) DEM* Winter food

Cover Distance to roads NGIS (National GIS)" . L

o . b Wallowing and rooting sites

Water accessibility NGIS (National GIS)

Reproduction Forest stand age class of tree layer Forest GIS®
Canopy cover of tree layer Forest GIS®

°DEM, digital elevation data, was created with 1:25,000 topographic maps of the National Geographic Information Institute, Korea.

°NGIS, National Geographical Information System, developed topographic maps, cadastral maps, administrative boundaries, transportation, water resourc-
es, and documents in public institutions under the National Geographic Information Institute.

“Forest GIS was developed and managed by Korea Forest Service to create forest type, forest stand age class, canopy cover and DBH across woody forest
landscapes in Korea.

Table 2. Comparing the habitat suitability of sites where wild boars were observed in areas of Gangwon-do and Jeollanam-do, Republic of Korea In
Gangwon-do, wild boars were observed at 298 sites, among which 142 were good or excellent in habitat suitability quality and 80 were low or unsuitable
habitats. In Jeollanam-do, wild boars were observed at 64 sites, and no boars were observed in unsuitable areas of habitat model.

Gangwon-do Jeollanam-do
Habitat suitability class Observed locations Total area Observed locations Total area
(N=298) (17,800 km?) (N=64) (10,600 km?)
Unsuitable (<0.3) 3 (1.0%) 600 km” (3.4%) 0 (0.0%) 1,300 km* (12.3%)

8,500 km® (47.8%)

4,300 km* (24.1%)

4,100 km* (23.0%)
300 km* (1.7%)

Low (0.30-0.45)
Medium (0.45-0.55)
Good (0.55-0.70)
Excellent (> 0.7)

77 (25.8%)

76 (25.6%)

136 (45.6%)
6 (2.0%)

24 (37.5%)

19 (29.7%)

18 (28.1%)
3 (4.7%)

(
5,800 km®* (54.7%)
2,200 km® (20.8%)
1,200 km?® (11.3%)
100 km® (0.9%)
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was validated against locations where wild boars were
observed. The observed locations of the species were
recorded in the “Nationwide Survey of Natural Environ-
ments” through direct observations and field signs such
as rubs, crossings, trails, wallows, rooting areas, and scat,
which were often the only visible signs indicative of the
presence of boars. This survey data had been collected
during 1998-2007 by 36 mammal field technicians (Rho
et al. 2005).

RESULTS

Habitat suitability maps of wild boars for the two study
sites show that Gangwon-do consists of more suitable
habitat conditions than Jeollanam-do; however, the habi-
tats in Gangwon-do are highly fragmented compared to
Jeollanam-do. Suitable habitats for wild boars in Gang-
won-do are primarily located near the Baekdudaegan
mountainous region (Fig. 2). The core areas of wild boar
habitats stretched along the Baekdudaegan mountain
range, including Mount Seolak, Mount Odae, and Mount
Duta, to the eastern coastal region of the province. In
Jeollanam-do, on the southern part of the Baekdudaegan
mountain range, Mount Baekwoon and Mount Jiri had
higher habitat suitability values than other regions of the
province.

The occurrences of wild boars have been recorded at
298 locations in Gangwon-do and 64 locations in Jeolla-
nam-do during 1998-2007, by the “Nationwide Survey of
Natural Environments.” The results of habitat suitability
maps for wild boars showed that the habitat suitability
model was reasonably accurate (Fig. 2). The habitat suit-
ability maps correctly classified that compared to 24.6%
and 11.7% of excellent and good habitats for wild boars in
Gangwon-do and Jeollanam-do, respectively, the species
occurrences from the nationwide survey were highly con-
centrated in excellent and good habitats (47.6% in Gang-
won and 32.8% in Jeonnam). However, some wild boars
appeared to inhabit less suitable or even unsuitable areas
when comparing habitat suitability maps and locations
recorded during the nationwide survey (Table 2).

Paved road systems in this study include national high-
ways, and regional and local roads. Habitat suitability
maps show that habitats for wild boars in both Gangwon-
do and Jeollanam-do are highly fragmented by paved
roads. Habitat patches, which appear to be fragmented
by roads, were derived from habitat suitability maps in
order to identify potential sites for wildlife overpasses.
This study proposes 11 and 5 wildlife passages to connect
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fragmented habitats in Gangwon-do and Jeollanam-do,
respectively (Fig. 3).

Locations of proposed wildlife passages were selected
by considering habitat suitability maps of wild boars
and current wildlife passage distribution. The proposed
locations were chosen in highly fragmented areas that
were regarded as suitable habitats for wild boars. Twelve
wildlife passages have already been constructed in Gang-
won-do; 3 overpasses and 9 underpasses have been con-
structed to enhance animal movement and human safety
from road-kill accidents (Fig. 3a). Among the 12 existing
wildlife passages in Gangwon-do, seven passages in the
eastern and northern areas have been located in suitable
sites where habitats have been disturbed by road con-
struction, but five passages have been built in unsuitable
habitats in the southern part of the province. In summary,
11 sites are proposed as locations for wildlife overpasses
in Gangwon-do.

In Jeollanam-do, 5 sites are proposed as suitable lo-
cations for wildlife passages. Ten wildlife passages have
been constructed in this province (Fig. 3b), of which 3 are
overpasses, and 9 are underpasses (Ahn et al. 2004, Min-
istry of Environment of Korea 2010). Some of the existing
wildlife passages have been built in appropriate locations,
but some other passages have been constructed in un-
suitable regions. Considering the current wildlife passag-
es located in fragmented landscapes, 5 sites are proposed
as potential locations for building wildlife passages based
on habitat suitability maps of wild boars.

DISCUSSION

The results indicate that habitat suitability maps de-
rived from habitat models provide information on the
appropriate location of sites for the construction of wild-
life passages. These predictions can be used to minimize
wildlife-vehicle collision problems in the planning stages
of roads; wildlife passages are essential measures to re-
duce wildlife-vehicle collisions, and to connect fragment-
ed habitats (Sherwood et al. 2002, Clevenger and Waltho
2005). Many wildlife passages previously constructed in
Korea have been created without habitat suitability analy-
sis of their selected locations in conjunction with insuffi-
cient data on the target species and ecological knowledge
(Ahn et al. 2004). This study shows how to select target
species and suitable locations for wildlife passages based
on habitat models and ecological characteristics.

Some studies have suggested thatlocations and compo-
sition of wildlife passages may be related to scarce wildlife
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data and ecological knowledge (Ahn et al. 2004, Thurfjell
et al. 2015). Besides using habitat suitability maps of tar-
get species to determine wildlife passages, road-kill data
has been effectively used to select suitable location of the
structures, but the road-kill data has not been available
in the planning stages (Mata et al. 2008, Neumann et al.
2012). The use of habitat suitability maps is a quite well-
established tool for obtaining public support and identi-
fying potential wildlife movements, since it clearly shows
the most suitable habitats and disconnected locations
due to road construction (Clevenger et al. 2002). In this
study, expert opinions and literature-based habitat mod-
els for wild boar have been well organized, and this ap-
proach provides the most reliable habitat suitability maps
for Gangwon-do and Jeollanam-do. However, for species
where little ecological knowledge is available or which ex-
hibit large differences of ecological knowledge depending
on its inhabiting area, this approach may not be suitable.

Target species composition and abundance in the study
areas are considered at the landscape scale to establish ef-
fective mitigation strategies related to road networks. In
extensively fragmented temperate forests, the location
and construction of wildlife passages should consider
mammals as target species because of their potential to
damage vehicles and be killed by wildlife-vehicle colli-
sions. Furthermore, umbrella species that are recognized
as threatened or in need of management should also be
considered. Because of the high cost of passage construc-
tion, suitable sites for passages should also be hospitable
to the movements of smaller species, i.e., small mammals,
birds, amphibians, and reptiles (Choi and Park 2007). As
species composition and geographical distribution fluc-
tuate with the seasons, a minimum one-year field survey
is necessary to estimate the population size and species
composition, both of which are factors used to identify
target species for wildlife overpasses. In some areas where
some species are endangered due to habitat fragmenta-
tion, the species are also included as target species.

Even though the results appear to be coherent and the
habitat models performed well during validation, the
results should be considered cautiously. Habitat models
for wild boars were developed at the landscape-scale ap-
proach, so local variations such as microclimate, roadside
plant composition and structures, and natural barriers
related to the animal movement was not considered in
this knowledge-based habitat model. Landscape-scale
habitat models play an essential role in determining the
overall location of wildlife overpasses, and local-scale fea-
tures are used to identify the placement of specific wild-
life overpasses (Malo et al. 2004). After selecting potential
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candidate locations for wildlife overpasses based on habi-
tat suitability maps at the landscape level, an assessment
of ecological characteristics on a fine scale helps facilitate
the selection of more specific locations for wildlife over-
passes. Also, regional characteristics at the provincial
level are adapted to choose reliable mitigation measures
to reduce wildlife-vehicle collisions. To effectively reduce
wild boar-vehicle collisions, wildlife overpass structures
should be located between suitable habitats that are di-
vided by roads (Beasley et al. 2014). In addition to the in-
stallation of wildlife overpasses, roadside vegetation and
planting on each side of the wildlife overpass should be
considered to ensure that wild boars are deterred from us-
ing unsafe crossing points. Relatively wide areas of good
quality habitat adjacent to the wildlife overpasses encour-
age the use of the overpasses between fragmented habi-
tats.

Wildlife-vehicle collision data has often been used to
evaluate habitat maps. Currently, few attempts have been
made to use wildlife-vehicle collision data in the selec-
tion of target species for the placement of wildlife over-
passes in Korea. Even though many wildlife species (e.g.,
water deer, raccoon dogs, and Eurasian badgers) have
been killed on highways and roads across the country,
few habitat models have been developed. Further efforts
are necessary to calculate the effects of wildlife passages
in conjunction with the construction of wildlife-adapted
culverts and roadside fences, and research to improve
habitat models for target species based upon road-kill
data is warranted. The habitat suitability maps derived
from habitat models integrate all wildlife data and eco-
logical knowledge on target species and constitute a
management tool for road planners and natural resource
managers who are interested in reducing wildlife mortal-
ity in extensively fragmented forests. This quantitative
approach is selected as a management tool for reduc-
ing wildlife-vehicle collisions in Gangwon-do and Jeol-
lanam-do. However, to achieve the final aim of mitigat-
ing the increase of mortalities, it is necessary to assess
land cover and species composition of each province. In
Gangwon-do, wildlife overpass structures have been usu-
ally constructed where mountainous regions with rugged
topographic characteristics were dominated by medium-
large predators. However, there are widespread croplands
throughout Jeollanam-do, and wildlife species related to
cropland have been heavily observed near the roadside
regions of the province. Many underpass structures have
been constructed in Jeollanam-do. Wildlife-vehicle col-
lision data focusing on existing wildlife passages should
be collected to validate the appropriate sites for future
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wildlife crossing structures. This data collection should
survey road-kill species, sex, age, and weight in each col-
lision along the roadside, as well as land cover and land
use of geographic locations neighboring the accidents.
Knowledge of the geographic locations where animals
have been killed on the road would help in the selection
of appropriate locations for wildlife passages.

As construction of wildlife passages at suitable loca-
tions is probably not sufficient to reduce animal-vehicle
collisions, efforts should be made to improve and main-
tain wildlife movement within corridors by expanding
vegetative clearings along roadsides, and reduce obsta-
cles to movement based on the results of fine-scale field
surveys. Wildlife overpass management has effectively
installed fences along roads to reduce wildlife road-Kkills,
road signs to alert drivers about the presence of animals
on the road, and mirrors to dissuade animals from cross-
ing (Ministry of Environment of Korea 2010). Such man-
agement measures affect the overall quality of connectivi-
ty within a landscape for target species such as wild boars.

ACKNOWLEDGMENTS

The author would like to thank Dr. Han SH and Dr. Won
CM of the National Institute of Biological Resources, Dr.
Choung HL of the Korean Association for Survey and As-
sessment of Ecosystem, Dr. Lee KK of Kangwon National
University, Dr. Choi BJ of the Korea Natural Environmen-
tal Institute, and Dr. Rhim SJ of Chung-Ang University for
their advice and helpful comments on the draft manu-
script. This research was partially funded by a grant from
the Korea Environment Institute (KEI) and the Daegu
Green Environment Center (DEGEC).

LITERATURE CITED

Ahn DM, Kim IH, Kim MS, Kang MS, Sohn JD, Shin SA, Oh
MK, Cheong SJ, Cho SM, Heo HY, Huh KM. 2004. De-
veloping the ecological corridor design for sustainable
habitat creation. Ministry of Environment, Gwacheon.
(in Korean)

Bager A, Fontoura V. 2013. Evaluation of the effectiveness of
a wildlife roadkill mitigation system in wetland habitat.
Ecol Eng 53: 31-38.

Beasley JC, Grazia TE, Johns PE, Mayer JJ. 2014. Habitats as-
sociated with vehicle collisions with wild pigs. Wildlife
Res 40: 654-660.

Choi TY, Lee YS, Park CH. 2006. Home-range of wild boar,

http://dx.doi.org/10.5141/ecoenv.2015.018

172

Sus scrofa, living in the Jirisan National Park, Korea. J
Ecol Field Biol 29: 253-257. (in Korean)

Choi TY, Park CH. 2007. Can wildlife vehicle collision be de-
creased by increasing the number of wildlife passages in
Korea? In. Proceedings of the 2007 International Confer-
ence on Ecology and Transportation (Irwin CL, Nelson
D, McDermott KP, eds). Center for Transportation and
the Environment, North Carolina State University, Ra-
leigh, NC, pp 392-400.

Choi TY, Yang BG, Woo DG. 2012. The suitable types and
measures of wildlife crossing structures for mammals of
Korea. Korean J Environ Impact Asses 21: 209-218. (in
Korean)

Clevenger AP, Waltho N. 2005. Performance indices to iden-
tify attributes of highway crossing structures facilitating
movement of large mammals. Biol Conserv 121: 453-
464.

Clevenger AP, Wierzchowski J, Chruszcz B, Gunson K. 2002.
GIS-generated, expert-based models for identifying
wildlife habitat linkages and planning mitigation pas-
sages. Conserv Biol 16: 503-514.

Crance JH. 1987. Guideline for using the Delphi technique
to develop habitat suitability index curves. Washington,
(DQC): U.S. Fish and Wildlife Service, U.S. Department of
the Interior. Biological Report 82(10.138).

Dodd CK Jr, Barichivich W], Smith LL. 2004. Effectiveness of
a barrier wall and culverts in reducing wildlife mortality
on a heavily traveled highway in Florida. Biol Conserv
118: 619-631.

Fernandez-Llario P. 2004. Environmental correlates of nest
site selection by wild boar Sus scrofa. Acta Theriol 49:
383-392.

Forman RTT, Sperling D, Bissonette JA, Clevenger AP, Cut-
shall CD, Dale VH, Fahrig L, France R, Goldman CR, He-
anue K, Jones JA, Swanson FJ, Turrentine T, Winter TC.
2003. Road Ecology: Science and Solutions. Island Press,
Washington, D.C.

Grzimek B. 1972. Grzimek’s Animal Life Encyclopedia. Vol.
13, Mammals IV. Van Nostrand Reinhold Company,
New York, NY.

Gunson KE, Mountrakis G, Quackenbush LJ. 2011. Spatial
wildlife-vehicle collision models: a review of current
work and its application to transportation mitigation
projects. ] Environ Manage 92: 1074-1082.

Kim SO, Kwon KI, Kim TS, Ko HS, Jang GS. 2014. An analysis
on aspects of farm lands damaged by the wild boar (Sus
scrofa) in Gyeongnam Province, Korea. ] Korean Env Res
Tech 17: 17-27. (in Korean)

Kim WJ, Park CH, Kim WM. 1998. Development of habitat
suitability analysis models for wild boar (Sus scrofa): a



case study of Mt. Sulak and Mt. Jumbong. J GIS Assoc
Korea 6: 247-256. (in Korean)

Korea Meteorological Administration. 2013. Annual Clima-
tological Report.

Lee WS, Woo KS, Lee CS, Han SY, Rhim §]J. 2002. Ecological
survey for constructing eco-bridges in Korea. The Min-
istry of Construction and Transportation of Korea, Gwa-
cheon. (in Korean)

LiL, ShiJ, WangJ, Gao Y, Wang L, Wang ], Ying X. 2013. Fac-
tors influencing wild boar damage in Taohongling Na-
tional Nature Reserve in China: a model approach. Eur J
Wildl Res 59: 179-184.

Lowe S, Browne M, Boudjelas S, Poorter MD. 2000. 100 of the
World’s Worst Invasive Alien Species: a Selection from
the Global Invasive Species Database. Invasive Species
Specialist Group, Auckland.

Lyang DY, Lee KS. 2010. Responses of an herbaceous com-
munity to wild boar (Sus scrofa coreanus Heude) distur-
bance in a Quercus mongolica forest at Mt. Jeombong,
Korea. J Ecol Env 33: 205-216.

Malo JE, Sudrez F, Diez A. 2004. Can we mitigate animal-
vehicle accidents using predictive models? J Appl Ecol
41:701-710.

Mata C, Hervés I, HerranzJ, Sudrez F, Malo JE. 2008. Are mo-
torway wildlife passages worth building? Vertebrate use
of road-crossing structures on a Spanish motorway. J
Environ Manage 88: 407-415.

Meriggi A, Sacchi O. 2001. Habitat requirements of wild
boars in the northern Apennines (N Italy): a multi-level
approach. Ital ] Zool 68: 47-55.

Ministry of Environment of Korea. 2010. Guidelines for De-
sign and Management of Wildlife Crossing Structures in
Korea. Ministry of Environment of Korea, Gwacheon. (in
Korean)

Neumann W, Ericsson G, Dettki H, Bunnefeld N, Keuler NS,
Helmers DP, Radeloff VC. 2012. Difference in spatiotem-
poral patterns of wildlife road-crossings and wildlife-ve-
hicle collisions. Biol Conserv 145: 70-78.

Park CR, Lee WS. 2003. Development of a GIS-based habitat
suitability model for wild boar Sus scrofa in the Mt. Bae-
kwoonsan region, Korea. Mamm Study 28: 17-21.

Peterson MN, LopezRR, Silvy NJ, Owen CB, Frank PA, Braden
AW. 2003. Evaluation of deer-exclusion grates in urban
areas. Wildl Soc Bull 31: 1198-1204.

Rho P, Choung HL, Bae SY. 2005. GIS-based Wildlife Habitat
Management Strategies in Korea. Korea Environment
Institute, Seoul.

173

Habitat suitability model and wildlife passages

Riitters KH, O’Neill RV, Jones KB. 1997. Assessing habitat
suitability at multiple scales: a landscape-level ap-
proach. Biol Conserv 81: 191-202.

Rodriguez-Morales B, Diaz-Varela ER, Marey-Perez MF.
2013. Spatiotemporal analysis of vehicle collisions in-
volving wild boar and roe deer in NW Spain. Accid Anal
Prev 60: 121-133.

Saunders G, McLeod S. 1999. Predicting home range size
from the body mass or population densities of feral pigs,
Sus scrofa (Artiodactyla: Suidae). AustJ Ecol 24: 538-543.

Sherwood B, Cutler D, Burton J, eds. 2002. Wildlife and
Roads: The Ecological Impact. Imperial College Press,
London.

Seo CW. 2000. Wild boar (Sus scrofa coreanus Heude) habitat
modeling using GIS and logistic regression. PhD Dis-
sertation. Seoul National University, Seoul, Korea. (in
Korean)

Sjarmidi A, Spitz F, Valet G. 1992. Food resource used by wild
boar in southern France. In: Spitz F, Janeau G, Gonzalez
G, Aulagnier S, editors. Ongulés/Ungulates 91. Proceed-
ings of the international symposium; Toulouse. Paris:
Société francaise pour I'étude et la protection des mam-
miferes. p.171-173.

Taylor BD, Goldingay RL. 2003. Cutting the carnage: wild-
life usage of road culverts in north-eastern New South
Wales. Wildlife Res 30: 529-537.

Thurfjell H, Spong G, Olsson M, Ericsson G. 2015. Avoidance
of high traffic levels results in lower risk of wild boar-
vehicle accidents. Landsc Urb Plan 133: 98-104.

Trocmé M, Cahill S, De Vries JG, Farrall H, Folkeson L, Fry
G, Hicks C, Peymen ], eds. 2003. COST 341 — Habitat
fragmentation due to transportation infrastructure: the
European review. Office for Official Publications of the
European Communities, Luxembourg.

U.S. Fish and Wildlife Service. 1981. 103 Ecological Services
Manual standards for the development of habitat suit-
ability index models. U.S. Department of the Interior,
Fish and Wildlife Service, Division of Ecological Servic-
es, U.S. Government Printing Office, Washington, D.C.

Won C, Smith KG. 1999. History and current status of mam-
mals of the Korean Peninsula. Mammal Rev 29: 3-36.

Yoo BH, ed. 1999. Management of wildlife in Korea. Research
Materials No. 146. Forestry Research Institute of Korea,
Seoul. (in Korean)

Yoon MH, Han SH, Oh HS, Kim JG. 2004. The Mammals of
Korea. Dongbang Media Co., Ltd, Seoul. (in Korean)

http://www.jecoenv.org



