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Abstract

To restore the connectivity of fragmented habitats, 415 wildlife crossings have been built between 1998 and 2014 in
South Korea. However, their effect on wildlife conservation is still in doubt. As a first step to examine the effectiveness,
our study aims to assess compliance with the guideline for wildlife crossing construction and management, developed
by the Ministry of Environment Korea that provides fundamental information to understand the status and the problem
of wildlife crossings in Korea and thus to provide practical guidance for the improvement. According to our survey,
the Korea National Park Service complied with the guideline best (62.5%) while local government followed the guideline
least (46.1%). In addition, the compliance rate was the highest for wildlife crossings in national roads (53.6%) followed
by highways (53.2%) and local and municipal roads (52.2%). For the overpass wildlife crossings, the compliance rates
for installation of an escaping facility in the drainage and prevention of pedestrian and vehicle access were particularly
low. In case of underpass wildlife crossings, small ditches for amphibians and reptiles were not sufficient, and the
linkage between wildlife fences and underpass were weak. In order to ensure the effectiveness of wildlife crossings,
the effort to increase the compliance rate with the guideline is critical, and mandating the guideline could be a practical
way to enforce the compliance.
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Introduction

The road density of South Korea is exceptionally high,
1.1 km/km® (Statistics Korea 2017), following the rapid
economic growth since the 1960s (Kim and Hong 1997).
The intensive road construction resulted in habitat frag-
mentation and loss and thus, negatively affected the bio-
diversity and ecosystems in South Korea. Wildlife crossings,
a human-made structure to promote ecological and genetic

interactions of wildlife, can alleviate the negative impact of

roads by re-connecting the patched habitats (Glista et al.
2009; Beckmann et al. 2010; De Montis et al. 2018). Since
the first wildlife crossing being implemented in 1998, and
the number has reached to 415 in 2014 in Korea (National
Institute of Ecology 2017). In the past 20 years, hundreds
of wildlife crossings have been built. However, their effect
on wildlife conservation, such as reduction of wildlife-vehicle
collision and promotion of wildlife movement, is still in
doubt. The questions involved the suitability of the loca-

tions, designs, and allocated budget for sustainable man-
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agement. In order to resolve these problems, the Ministry
of Environment Korea initially prepared the guideline for
wildlife crossing construction and management in 2003
(Ministry of Environment 2003) and updated it in 2010 to
better reflect the characteristics of wildlife in Korea on wild-
life fencing and crossing construction and thus to strength-
en their effectiveness (Ministry of Environment 2010). Up
to now, however, the wildlife crossings have been poorly
monitored, and thus have not been well understood wheth-
er they appropriately complied with the guideline and are
actually effective to reduce wildlife-vehicle collisions.
Therefore, our study aims to assess compliance rates with
the guideline for wildlife crossing construction as a first step
to understand the status and the problem of wildlife crossing
construction and management in Korea and thus to provide

a practical recommendation for the improvement.

Materials and Methods

We surveyed 83 randomly chosen wildlife crossings,
composed of 56 overpass wildlife crossings (hereafter over-
pass) and 27 underpass wildlife crossings (hereafter under-
pass), among 415 in South Korea between August and
December 2014 (Fig. 1). We examined whether wildlife
crossings appropriately followed the guideline for wildlife
crossing construction and management, provided by the
Ministry of Environment Korea (Ministry of Environment
2010). For the survey, we prepared a checklist based on the
guideline. The survey list included 14 items for overpass
and 11 items for underpass that critically influence the ef-
fectiveness of wildlife crossings, such as installation of
drainage at the entrance, prevention of pedestrian and ve-
hicle access, installation of wildlife fence around wildlife

crossings, and use of similar materials with adjacent vegeta-
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tion (Table 1). We analyzed and compared the compliance rate
by guideline items, managing authorities, and types of roads.

Results and Discussion

Compliance rate by guideline items

While overall compliance rate with the guideline was
53%, the rate for the overpass was 51%, and the rate for the
underpass was 66%. In respect to 56 overpasses, most of
them maintained the minimum width of 7 m (86.3%), had
soil depth over 70 cm for the stable growth of plants
(88.2%), and installed wildlife fences with height of 1.2 m
or above to prevent road kill (84.3%). However, in many
cases, overpasses failed to have sufficient escaping facility in
the drainage (9.8%), effectively prevent the access of people
and vehicles (19.6%), separate the pedestrian and wildlife
paths (19.6%), and make overpasses harmonizing with ad-
jacent terrain and vegetation (19.6%). In respect to 27 un-
derpasses, there was no sufficient small ditches for the
movement of amphibians and reptiles (47.6%), and wildlife
fences and underpasses ware not firmly connected (47.6%)
to prevent road kill. In addition, only §7.1% underpasses
had the openness ratio of over 0.7 and appropriate drainage
system within underpasses. The summary of the survey re-
sult is in Table 1.

The result of compliance rate with the guideline showed
that wildlife crossings often undermined small animals such
as insects, amphibians, and reptiles as the design of wildlife
crossings have largely focused on mammals. Considering
that small animals use the underpass more often than the
overpass (Beckmaan 2010), the current situation calls for
urgent action to install ditches in the underpass to promote
the movement and re-connection of microhabitat of small

animals. Particularly; it is not feasible to improve the under-

Fig. 1. Example of overpass (left)
and underpass (right) wildlife cro-
ssing.
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Table 1. Compliance with the guideline by items

Type Guideline items (Y/N) Compliance rate (%)
Overpass The minimum width over 7 m (In case of ‘major ecological corridors,” the minimum width over 30 m) 86.3
Prevention of pedestrian and vehicle access 19.6
Installation of barriers to prevent lights and noise from vehicles 41.2
Presence of a structure for insect, avian, and amphibian 21.6
Installation of drainage at the entrance 56.9
Installation of an escaping facility in the drainage 9.8
Separation of pedestrian and wildlife paths 19.6
Connectivity with adjacent terrain 78.4
Harmony with adjacent terrain and vegetation 19.6
Soil depth over 70 ¢cm for the stable growth of plants 88.2
Appropriateness of locality to connect habitats 82.4
Installation of wildlife fences with height of 1.2-1.5 m or above 84.3
Installation of wildlife fence close to the ground 66.7
Attachment between wildlife fences and underpass 35.3
Underpass ~ Underpass height at least 2 m (In case of four-land roads at least 3 m) 71.4
Openness rate of 0.7 and over 57.1
Appropriate drainage system within underpass 57.1
Installation of small ditches for amphibians and reptiles 47.6
Harmony with adjacent terrain and vegetation 66.7
Connectivity with adjacent terrain 66.7
Presence of problems in animal movement 66.7
Appropriateness of locality to connect habitats 81.0
Wildlife fences with height of 1.2-1.5 m or above 61.9
Installation of wildlife fence close to the ground 61.9
Attachment between wildlife fences and underpass 47.6

Table 2. Compliance with the guideline by wildlife crossing categories

Compliance rate (%)

Category
Overpass Underpass Average
Road types Highway 45.7 58.0 53.2
National Road 55.3 47.4 53.6
Others 45.3 74.9 52.2
Managing authorities ~ Ministry of Land, Infrastructure and Transport 55.1 47.4 53.4
Korea expressway corporation 61.4 63.2 62.5
Korea national park service 53.6 74.2 67.3
Local government 42.2 75.8 46.1

ass structure, such as establishing drainage system and . . .
p ] ’ %’ Sl . Compliance rate by managing authorities and road
formulating the proper openness ratio, after completing the

. .. .. lypes
construction. Therefore, it is very critical to follow the
guidelines as thorough as possible while constructing the Different authorities manage different types of roads.
underpass. For example, the Ministry of Land, Infrastructure, and

Transport (MLIT) manages national roads, Korea Express-
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way Corporation (KEC) is in charge of highways, local gov-
ernment manages local and municipal roads, and the Korea
National Park Service (KNPS) is in charge of roads within
national parks. Accordingly, wildlife crossings in different
roads belong to respective authorities. The compliance rate
was different by managing authorities.

While the KNPS complied with the wildlife crossing
guideline well (72.8%), the compliance rate of local govern-
ment was the lowest by 56.5% (Table 2). The wildlife cross-
ings in the KNPS showed the highest compliance rate pos-
sibly because of the ecological importance in the surround-
ing areas. The lowest compliance rate of the wildlife cross-
ings in local and municipal roads was likely due to lack of
political interest. Local governments often constructed
wildlife crossings not to improve wildlife conservation but
to avoid negative reputation from the environmental impact
assessment. The underpasses managed by MLIT were
used for not only wildlife but also vehicles and showed the
low compliance rate of 56.6%. Likewise, the overpass man-
aged by local governments had the low compliance rate of
40.9% because the crossings focused on the convenience of
the pedestrian.

The compliance rate with wildlife crossing guideline was
different by road types. For the overpass, the compliance
rates of highways, national roads and local/municipal roads
were 65.7%, 57.4%, and 40.9% respectively. For underpass
wildlife crossings, the compliance rates of highways, na-
tional roads and local/municipal roads were 59.1%, 56.6%,
and 76.4%. The row compliance rate of the underpass in
national roads is likely from the use of existing crossing fa-
cilities including pipes as a wildlife crossing. In case of local
and municipal roads, the underpass showed higher com-
pliance rate than the overpass. This could be due to the high
rate of using the overpass as a pedestrian path, and thus the
overpasses do not strictly comply with the guideline.

Our survey result clearly showed a room for improve-
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ment to comply with the guidelines for the wildlife crossing
construction and management, especially for wildlife cross-
ings in local and municipal roads managed by local govern-
ments. As the current guideline does not have legal force,
mandating the guidelines may enhance the compliance rate

and increase the effectiveness of wildlife crossings.
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