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Abstract: Cheorwon-gun is an important wintering area for the red-crowned crane (Grus japonensis).
Although eco-tourism has been recently proposed as a means to stimulate the local economy, it may
have adverse effects on the crane. We believe a science-based conservation plan is needed to mitigate
these negative effects. To this end, our study had three objectives: (1) to analyze the red-crowned crane
habitat and its suitability in Cheorwon-gun, using field surveys and habitat modeling; (2) to check
the feasibility of alternative habitat patches across demilitarized zones (DMZs); and (3) to propose a
conceptual diagram that minimizes habitat loss during development activities. We aim to quantify
habitat suitability, the farmland area needed to support existing crane populations in wintertime,
disturbance caused by human activities, and vehicular spatial patterns. These data could be used in
spatial planning. The framework of this study and the process of making a conceptual diagram could
be applied to other areas where there is a conflict between development and habitat conservation.
Keywords: demilitarized zone; maximum entropy model; alternative habitats; presence data

1. Introduction
There are 15 crane species in the world, seven of which migrate to the Republic of Korea (ROK)
for wintering [1]. The red-crowned crane (Grus japonensis) is an endangered species according to
the Red List of International Union for Conservation of Nature and Natural Resources (IUCN) [2].
It breeds in southeastern Russia, northeastern China, Mongolia, and on Hokkaido Island in eastern
Japan. After breeding, red-crowned cranes migrate to the ROK and coastal China and overwinter
there [3]. Wintering sites are very important for migratory birds during the time following the breeding
period [4].
Many red-crowned cranes overwinter at Cheorwon-gun, ROK [5,6], a major crane wintering site
since 2009 [7]. It includes large civilian controlled zones (CCZs) and demilitarized zones (DMZs)
between North Korea and ROK, which have limited development activities and created favorable
conditions for birds there. Due to its natural resources, however, Cheorwon-gun has great potential as
a tourist region and requirements for infrastructures like public parks and paved roads have recently
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increased [8]. The Cheorwon-gun government is interested in these developments but has no specific
plan to preserve red-crowned crane habitats.
Studies have been performed on crane stopover and wintering sites [9,10], breeding sites [11,12],
habitat selection and change [13], behavioral characteristics [14], and home range and migration
routes [3], but only a few assessed winter habitat suitability for red-crowned cranes. In Cheorwon-gun,
studies are very limited because it is difficult to conduct field surveys in military sites. The Ministry of
Environment of the ROK, however, permitted field surveys in Cheorwon-gun for the present study.
Consequently, red-crowned crane habitat suitability in Cheorwon-gun could be assessed and the data
used to help establish a conservation plan.
This study had three main objectives: (1) to establish a habitat model for red-crowned cranes
wintering in Cheorwon-gun based on crane observation data and environmental conditions, and
then use it to determine crane core habitats and their properties; (2) to find alternative habitats for
red-crowned cranes outside of Cheorwon-gun in case the existing areas are affected by development
and tourism; and (3) to propose a conceptual crane conservation plan framework and prevent the
negative effects of development on this crane species. The results of this study will provide a solid
basis for establishing a crane habitat conservation plan and may be used to protect valuable habitats in
other countries.
2. Materials and Methods
2.1. Study Scope
The selected target species is the red-crowned crane (Grus japonensis). It is the most highly
endangered of the genus. First, we reviewed earlier studies on red-crowned cranes and methods of
evaluating habitat suitability. We then gathered red-crowned crane presence data and selected and
optimized the model for the Cheorwon-gun area. Next, we mapped and analyzed Cheorwon-gun
habitats. We also assessed other areas near the DMZs as potential alternative red-crowned crane
habitats. Finally, we proposed a conceptual diagram to support a conservation plan and prevent the
negative effects of development on the red-crowned crane.
This study was conducted from October 2009 to March 2010 and covered the wintering season of
the red-crowned crane. Since Cheorwon-gun has large CCZs and DMZs, the ROK government granted
permission to run field surveys. Two areas were selected: one was Cheorwon-gun, Gangwon-do
(ROK), an important wintering area for red-crowned cranes (Figure 1). A habitat suitability model was
established and habitat characteristics were analyzed for red-crowned cranes wintering in this area,
which was also used for crane presence data collection. For the purpose of finding alternative crane
wintering habitats, a second study area was selected within an 8 km radius of the DMZ (Figure 1).
Owing to the strict military security regulations there, this area was seldom affected by development.
2.2. Field Surveys for Collecting Presence Data
Crane presence data were collected during the wintering season. Field surveys were conducted
six times (2009: 30 October, 14 November and 19 December 2010: 9 January, 19 February and 13 March)
in Cheorwon-gun. The survey schedule was selected according to weather conditions and military
authority regulations. The field survey area was divided into four sub-areas by location: (1) Jungyeon-ri,
Igil-ri, and Hagal-ri; (2) Sapseulbong; (3) Daema-ri and Sammyeong-ri; and (4) Hantang-river and
Dongsong-eup. These sub-areas were surveyed simultaneously to collect reliable presence data.
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Figure 1. The study area.
Figure 1. The study area.

2.2. Field Surveys for Collecting Presence Data
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For all subareas, the maximum and minimum numbers of cranes sighted were 863 (December
2009) and 11 (October 2009) respectively (Table 1). The number of red‐crowned cranes sighted was
highest in Sapseulbong and lowest in Hantan‐river and Dongsong‐eup. All data from October 2009
to March 2010 were used for further analysis.
Table 1. Number of red‐crowned crane groups observed between October 2009 and March 2010 in
Cheorwon‐gun.

October 2009
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‐

Specific Areas
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‐
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11
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2.3. Habitat Suitability Analysis
2.3. Habitat Suitability Analysis
Most studies on the habitat characteristics of a single species focus on presence/absence data in
Most studies on the habitat characteristics of a single species focus on presence/absence data
a sampling area [15]. Target species absence data, however, tend to be poor compared to species
in a sampling area [15]. Target species absence data, however, tend to be poor compared to species
presence data [16]. Hence, in order to perform a proper presence/absence data analysis, areas where
presence data [16]. Hence, in order to perform a proper presence/absence data analysis, areas where
no animals were spotted, and which do not have suitable habitat conditions, should be selected, as
no animals were spotted, and which do not have suitable habitat conditions, should be selected, as
well as appropriate habitats where animals have been seen [17]. Nevertheless, the precision of this
well as appropriate habitats where animals have been seen [17]. Nevertheless, the precision of this
method may be compromised since it relies upon random site selection from areas where the species
method may be compromised since it relies upon random site selection from areas where the species
has not been found. Phillips et al. [18] suggest that, when presence alone has been surveyed, species
has not been found. Phillips et al. [18] suggest that, when presence alone has been surveyed, species
distribution should be plotted using a maximum entropy model rather than a presence/absence
distribution should be plotted using a maximum entropy model rather than a presence/absence model.
model. Thus, we used a maximum entropy model to analyze crane habitat suitability.
Thus, we used a maximum entropy model to analyze crane habitat suitability.
Crane habitat preference is related to food availability [19], disturbance agents [20,21], and
Crane habitat preference is related to food availability [19], disturbance agents [20,21], and
sleeping places [22]. Research on crane sleeping sites is limited since nocturnal access to this area is
sleeping places [22]. Research on crane sleeping sites is limited since nocturnal access to this area is
restricted. On the other hand, there are many studies on food resources in the area. Cranes prefer rice
restricted. On the other hand, there are many studies on food resources in the area. Cranes prefer rice
paddies with abundant grain and are affected by disturbance factors such as automobile traffic.
paddies with abundant grain and are affected by disturbance factors such as automobile traffic.
Based on a literature review, nine variables that affect crane habitats were selected. Land cover
Based on a literature review, nine variables that affect crane habitats were selected. Land cover
type was used as categorical variable. Variables related to distance included the distance from a
type was used as categorical variable. Variables related to distance included the distance from a
farmland, a farm road (unpaved road), a paved road, a residential area, a river, and a forest. Farmland
area was included as an area‐related variable. The land cover type enabled the identification of the
land cover preferred by cranes, whereas distance‐related factors helped to identify the preferred
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farmland, a farm road (unpaved road), a paved road, a residential area, a river, and a forest. Farmland
area was included as an area-related variable. The land cover type enabled the identification of the
land cover preferred by cranes, whereas distance-related factors helped to identify the preferred
environmental characteristics. The distance to farmland may also help to identify crane preferences in
relation to environmental change of the area. Each variable was created as a 30-m2 raster data.
A detailed method for setting the presence data was needed to make an appropriate model.
Since model performance may differ between data sets, we assessed 10 random data subsets [18].
The model was based on data from 3222 locations. Three-quarters (2417) of the points were randomly
selected, and 10,000 random background pixels were used as negative instances and training data.
One-quarter (805) of the points were used for model testing. During the model run, a five-fold
cross-validation was applied to minimize errors that occurred in the process of making crane location
training data. Meanwhile, we obtained very similar habitat properties among modeling results of each
observation period. Thus, we decided to use all period data for modeling habitat suitability.
The response curve function provided information on the relationship between presence points
and environmental characteristics. Linear, quadratic, product, hinge, and categorical functions were
selected as variables of the model. The maximum number of iterations was set to 1000 and the
convergence threshold was set to 10´5 in the advanced tab. The regularization multiplier was set to
one, and the maximum number of background points was set to 10,000 in the basic tab. To assess
model performance, a receiver operating characteristic (ROC) analysis was undertaken. The ROC
analysis compared Maxent model results with random predictions. Model performance can also be
evaluated by using the Area Under the Curve (AUC) value.
After building an optimal model for Cheorwon-gun (a study area), it was applied to the zone
within an 8 km radius of the DMZ (another study area) to find alternative potential habitats for
red-crowned cranes. A projection function was used to assess the potential habitats. This helps analyze
the habitat suitability of an area lacking presence data by using a model for another area. Data from
the same variables used in Cheorwon-gun were used in the adjacent area.
3. Results
3.1. Habitat Suitability Model for Cheorwon-Gun
A model based on seven variables was built using data on crane presence in Cheorwon-gun.
It included a categorical variable (land cover type) and six continuous variables (distance from a
farmland, distance from a farm road, distance from a paved road, distance from the river, distance
from the forest, and area of the farmland). The AUC value of the model was 0.871, meaning that the
model was highly accurate [23]. There were no major differences among results from the five-fold
cross-validation; thus, the model performed well.
Areas with high habitat suitability indices were highly correlated to the presence points (Figure 3).
Most farmland was very suitable but some adjacent to the road and the forest had low habitat potential.
The 10-percentile training presence logistic threshold was set to 0.375, so areas with suitability indices
greater than 0.375 were considered to be preferred crane habitats.
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Figure 3. Habitat suitability map for cranes of Cheorwon‐gun.
Figure 3. Habitat suitability map for cranes of Cheorwon-gun.

3.2. Relationship between Crane Presence and Variables
3.2. Relationship between Crane Presence and Variables
Farmland was very important foraging, nesting and roosting area for red‐crowned cranes in
Farmland was very important foraging, nesting and roosting area for red-crowned cranes in
Cheorwon‐gun. It had the highest crane presence probabilities of all the land cover types (Figure 4a).
Cheorwon-gun. It had the highest crane presence probabilities of all the land cover types (Figure 4a).
Almost all cranes were found either on the farmland or very close to it (Figure 4b). Large tracts of
Almost all cranes were found either on the farmland or very close to it (Figure 4b). Large tracts
farmland showed high occurrence probabilities. The maximum input data farmland area is 13 km2. It
of farmland showed high occurrence probabilities. The maximum input data farmland area is
is therefore likely that the occurrence probability is proportional to the farmland area (Figure 4c). These
13 km2 . It is therefore likely that the occurrence probability is proportional to the farmland area
three graphs showed the importance of farmland as crane habitat and corroborate previous studies
(Figure 4c). These three graphs showed the importance of farmland as crane habitat and corroborate
[5,19,20,24]. Studies in China, however, suggested that wetlands are the main crane habitats [7,25,26].
previous studies [5,19,20,24]. Studies in China, however, suggested that wetlands are the main crane
We propose that this difference is due to the fact that there are no large wetlands in Cheorwon‐gun,
habitats [7,25,26]. We propose that this difference is due to the fact that there are no large wetlands in
so cranes use farmland as their main habitat instead.
Cheorwon-gun, so cranes use farmland as their main habitat instead.
Cranes also preferred areas within 400 m of farm roads (Figure 4d). Cranes foraged near farm
roads during the field survey since wind-blown grains accumulated there and were easily accessible to
the cranes.
Small rivers and ponds were considered the same factor because it was difficult to classify them.
According to a previous study, red-crowned cranes must feed at a river in order to obtain proteins they
cannot get from farmland grains [27]. In Cheorwon-gun, cranes were seen at rivers and ponds feeding
on fish and other animals. It has also been suggested that some riverside areas provide sleeping sites
for cranes [7]. Cranes preferred areas less than 1200 m from rivers or ponds (Figure 4e). Field surveys
and model results suggest that Cheorwon-gun cranes use rivers and ponds as foraging sites for protein
sources, for drinking water and as resting sites.
Cranes usually avoided forests because predators live in them and the tree branches are flight
obstacles [28]. The analysis showed that cranes preferred 50 m distance from forests (Figure 4f). Crane
presence probabilities rapidly decrease more than 1200 m from a forest since forests in the area are
only 1200 m apart or less. Results showed that cranes prefer areas with a wide horizontal visibility
where they can easily see predators like the wildcat (Felis bengalensis euptilura). Moreover, in forested
areas, it is difficult for cranes to escape from predators [26].
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Field surveys and model results suggest that Cheorwon‐gun cranes use rivers and ponds as foraging
sites for protein sources, for drinking water and as resting sites.
Cranes usually avoided forests because predators live in them and the tree branches are flight
obstacles [28]. The analysis showed that cranes preferred 50 m distance from forests (Figure 4f). Crane
presence probabilities rapidly decrease more than 1200 m from a forest since forests in the area are

amount of it is farmland. The existing farmland area in the region is adequate to sustain a crane
community there. Nevertheless, if cultivation practices were changed there to make more food
available, then even larger crane communities could live in Cheorwon‐gun.
Farmland is the main crane habitat in Cheorwon‐gun. In other regions, wetlands are also
important
crane8, habitats
[5,30,31]. In Cheorwon‐gun, however, farmland is much more accessible
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Based on the information derived from the habitat suitability model, a conceptual diagram
that factored in the characteristics of Cheorwon-gun was made to support the establishment of a
conservation plan for preferred crane areas (Figure 6). Nevertheless, areas within an 8 km radius of
the DMZ resembled Cheorwon-gun, so this diagram may be applied to other potential crane habitats.
The diagram emphasizes the function, requirements, and preferences of the various factors related to
red-crowned crane habitat conservation.
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(km2)
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Yeoncheon‐gun
861.59
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Figure 6. Conceptual diagram for habitat conservation of the red‐crowned crane.
Figure 6. Conceptual diagram for habitat conservation of the red-crowned crane.

5. Conclusions
5. Conclusions
The objectives of this study were to analyze the habitat suitability of Cheorwon-gun for
red-crowned cranes using field surveys and habitat modeling, and to find alternative habitats near
demilitarized zones (DMZs). The study revealed an interesting relationship between the distance to
a farm road (unpaved) and the presence of red-crowned cranes. Farm roads provide shelter from
disturbances such as vehicles and wind, because the shapes of farm roads mimic an embankment.
In addition, grain is found in the edge between farmland and farm roads because winds move grain to
this area. Although farm roads were made for humans, farm roads provide suitable environmental
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conditions for cranes. They are also good crane foraging sites. Decision makers of Cheorwon-gun
might therefore consider the synergy between the cranes and facilities related to human activities.
Yeoncheon-gun and Paju-si had larger suitable sites than did other subareas, but Cheorwon-gun
had the largest suitable crane habitat area of all subareas. Therefore, the Cheorwon-gun environment
should be managed to preserve the wintering habitats of the red-crowned crane.
The framework and conceptual diagram developed during this study may be applied to other
regions with similar crane wintering sites or important wildlife habitats. This study may also help find
alternative crane habitats using presence data in areas of limited accessibility.
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