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ABSTRACT

We investigated habitat use and home range of a rescued and released white-naped crane using GPS tracking technology in Cheo-
rwon, South Korea, from October 2016 to March 2017. Four types of roosting sites were identified: frozen reservoirs, paddy fields, 
rivers, and wetlands. Upon arrival, the white-naped crane preferred wetlands in the Demilitarized Zone (DMZ). In late wintering sea-
son, it showed a tendency to change main roosting sites in the following order: rice paddies, rivers, and frozen reservoirs. Among 14 
sleeping places, Civilian Control Zone (CCZ) with various type of available habitats was more preferred than the DMZ. Places outside 
of CCZ were rarely used due to anthropogenic disturbances during the night. The tracked white-naped crane widely chose daytime 
feeding sites while moving around all over rice paddies in the CCZ. Mean diurnal movement distance was 10.5 km with a maximum 
of 24.8 km. Its home range measured with Minimum Convex Polygon (MCP) and Kernel Density Estimation (KDE) was 172.30 km2 

with MCP, 159.60 km2 with KDE 95%, 132.48 km2 with KDE 90%, and 42.45 km2 with KDE 50%. All estimated values of home 
ranges were higher in the early and later winter than those in the middle period.
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    As one of internationally endangered birds in the East 
Asian region, the white-naped crane has been listed in 
the Red List of International Union for Conservation of 
Nature’s (IUCN) (BirdLife International, 2018). It is legally 
protected in South Korea as an Endangered Species Rank 
II by the Ministry of Environment and as the Natural 
Monument No. 203 by the Cultural Heritage Administra-
tion. Its breeding areas include southeast Russia, north-
east China, and eastern Mongolia (BirdLife International, 
2018; Gilbert et al ., 2016). Its wintering grounds are 
distributed in South Korea, Japan, and central and eastern

Introduction China (BirdLife International, 2018; Higuchi et al ., 1996; 
2004). In South Korea, wintering sites of the white-naped 
crane include Cheorwon, Yeoncheon, Paju, the Han River 
Estuary, and Junam Reservoir, while the greatest number 
goes to the Demilitarized Zone (DMZ) and the Civilian 
Control Zone (CCZ) in Cheorwon Basin (Lee et al ., 2001; 
National Institute of Biological Resources (NIBR), 2020). 
In general, cranes are known to choose their roosting sites 
in wetlands or in shallow water (BirdLife International, 
2018). White-naped cranes choose their sleeping sites in 
wetlands, rivers, and reservoirs in DMZ (Pae, 1994; 2000; 
Yoo et al ., 2011). They forage in rice paddies during the 
day and gather back to a certain resting place in the eve-
ning, where tens or hundreds of them sleep together (Pae, 
2000; Yoo, 2004; Yoo et al ., 2009b).
   Previous studies of white-naped cranes in Choerwon 
have examined the distribution and density of the winter-
ing population, behavioral responses to disturbances, habi-
tat use, and micro feeding site preference (Lee et al., 2001; 
2007; Yoo et al., 2007; 2009a; 2011; 2014a; 2014b; 2015).
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However, due to spatiotemporal limitations to access both 
DMZ and CCZ with the lack of individual-based tracking 
research, little is known about patterns of their habitat 
use, home range, and daily travel distances. GPS tracking 
method is appr opriate to study migratory animals. It has 
been used to collect data of migration routes, stopover 
sites, and movement distances (Harris et al ., 2000; Higu-
chi et al ., 1998; 2004). As recent technological advance-
ment allows researchers to collect precise location data 
with short-term intervals, GPS tracking is widely used in 
regional scale habitat use studies. The objective of this 
study was to utilize GPS tracking to determine habitat 
use patterns of a white-naped crane in both roosting and 
feeding sites and its home ranges in Cheorwon, Korea 
during the wintering period.

Materials and Methods

Target individual and methods
    After the Gyeonggi-do Wildlife Rescue Center res-
cued and treated a white-naped crane that was straggled 
by power line collision, it was released to Jinwi Stream, 
Pyeongtaek, on March 22, 2016. From body measure-
ment, feather moult, and DNA analysis, we confirmed 
that it was a young female crane at two years old. Before 
releasing the bird, we attached a GPS telemetry (WT-200, 
GPS-Wideband Code Division Multiple Access Telemetry 
System built-in Solar System, KoEco, Korea) to the back 
of the crane using Teflon tape harnesses (Higuchi et al ., 
1996). The device was set to store GPS data 12 times a 
day (every two hours). We also attached a white band (eng-

Fig. 1. Map of the study site and 
four regional classifications (DMR: 
Daema-ri, SSB: Sapsongbong; 
YGR: Yugok-ri; HTR: Hantan River) 
in Cheorwon, Korea. Numbers 
indicate sleeping places of a GPS 
tracked white naped crane during 
wintering period in Table 2.

raved letter as K01) for individual marking on its leg. 
On April 10th, 2016, the released K01 migrated north-
ward to the breeding grounds and spent the summer in 
Dalnerechensk and Lake Khanka in Russia. It came to its 
wintering ground, Cheorwon, on October 24th, 2016. 
After that, the bird stayed in Cheorwon Basin continuous-
ly during the winter. It migrated again to Russia on March 
16th, 2017. From every fieldwork during the study period, 
we observed that K01 stayed within a flock (from tens to 
hundreds) without a mate or juveniles.

Data analysis
    In order to figure out K01’s habitat preferences, we 
put the acquired coordinate data on Google Earth’s satel-
lite map and classified the information by regional types 
(DMZ, CCZ, or outside CCZ) and habitat types (feeding 
and roosting sites). By classifying nighttime roosting sites 
into four habitat types (wetlands, reservoir, paddy fields, 
and rivers), we analyzed the frequency of habitat use. For 
regional classification, the entire habitat was grouped 
into four categories: the Sapsongbong (SSB) region (also 
known as the Ice Cream Hill) in the middle, the Daema-
ri (DMR) region on the west (including Sanmyeong Lake), 
the Yugok-ri (YGR) region on the east (including Togyo 
Reservoir), and the Hantan River (HTR) region on the 
south outside the CCZ (Fig. 1). Its daily movement dis-
tance was calculated by summing all distances between 
GPS coordinate collected every two hours. To measure its 
home range, we used Minimum Convex Polygon (MCP) 
and Kernel Density Estimation (KDE). We calculated 50%, 
90%, and 95% KDE and examined changes of home range
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places were frozen reservoirs where the bird stayed for 52 
days (36.4%). The next preferred sleeping places were pad-
dy fields, where K01 stayed for 36 days (25.2%). In partic-
ular, it stayed the longest for 23 days (16.1%) at a paddy 
field near the DMR within the CCZ. The third preferred 
sleeping places were rivers where the bird stayed for 34 
days (23.8%). The wetlands were all located in the DMZ. 
They were used by the for 21 days (14.7%). The wetland 
habitat was a small-sized wetland with areas of 0.01~0.03 
km2 or a palustrine wetland. K01 showed a tendency to 
change its roosting sites over time. During the first one 
to two weeks upon arrival, it used wetlands in DMZ for 
sleeping places. However, up to the 9th week since then, 
it had a high tendency to use flooded rice paddies. After 
the temperature fell below the freezing point, K01 pre-
ferred rivers and reservoirs but avoided frozen paddy fields 
and wetlands. In the later period, when the ice started to 
melt down, K01 chose wetlands and paddy fields more 
frequently. During the day between 8 AM and 6 PM, K01 
mainly foraged in rice paddies (Fig. 2). It is well known 
that white-naped cranes take post-harvest remained grains 
from the paddy fields during the wintering period and pre-
fer vegetable food types compared to red-crowned cranes 
(Koo, 1980). Although its movement to feeding sites start-
ed around 8 AM, the bird tended to stay in the roosting 
sites longer from late December to mid-February when the 
temperature was low. The foraging duration was short (8 
hours) between December and January or 6 hours when 
the temperature was low. After February, the bird stayed in 
feeding sites even at 6 PM, with its foraging duration get-
ting longer up to 12 hours. Besides the elongated daytime, 
we assume that this might be a behavioral strategy so that 
it can store more energy in preparation for the long-dis-
tance migration to breeding grounds (Zhou et al., 2010).

Movement distance
    During the overwintering period, K01 moved 10.72 ± 5.12 
(SD) km per day on average (n = 140, range, 1.80~26.27 
km). From 8 AM to 8 PM, its average daytime movement 

areas by having five periods with four weeks intervals 
since October 24, 2016. The analysis was performed using 
R version 3.5.1 (R Development Core Team, 2018) and 
QGIS version 3.16 (QGIS Development Team, 2021).

Results and Discussion

    From October 24th, 2016 to March 16th, 2017, we ex-
pected 1,712 GPS coordinates from a total of 143 days. 
We were able to collect 1,677 data points (98.0%). Al-
though data was intermittently lost at night from 8 PM to 
6 AM, we collected all expected daytime coordinates from  
10 AM to 6 PM. During the study period, the total move-
ment distance of K01 was 1,515.05 km.

Habitat use
    K01 was mostly located in the CCZ (n = 1235, 72.2%), 
followed by the DMZ (n = 346, 20.2%) and the outside 
area of CCZ (n = 96, 5.6%). K01 chose the DMR the most 
as feeding and roosting places (n = 838, 50.0%; Table 1). 
The SSB was the second most frequent choice (n = 617, 
36.8%). As a feeding place, SBB (n = 292, 44.1%) and DMR 
(n = 305, 46.1%) were similarly preferred. The frequency of 
using HTR outside the CCZ was the lowest (5.7%).

Patterns of habitat use in roosting and feeding sites
    Most of the time, K01 started to move to its roosting 
places at around 6 PM and arrived at the destination by 
8 PM at the latest. For 140 days (97.9%) out of a total of 
143 days, it stayed within a 100 m of its sleeping place 
during the night. In three cases, K01 flew away more than 
1 km from its sleeping places. A total of 14 sleeping plac-
es were identified (Table 2, Fig. 1). There were four sites 
where the bird stayed more than 20 days out of a total 
143 days: the Yeokgok River (27 days, 18.9%), the Togyo 
Reservoir (26 days, 18.2%), the Baekma paddy field (23 
days, 18.2%), and the Sanmyeong Lake (22 days, 15.4%). 
Among the four types of roosting places (reservoir, rice, 
paddy, river, and wetland), the most preferred sleeping  

Table 1. Frequency of daytime feeding and nighttime roosting sites in four regions used by a GPS-tracked white-naped 
crane in Cheorwon, Korea during 2016-2017 wintering season

Region

SSB
DMR
YGR
HTR

Total

305(46.1)
292(44.1)

23(3.5)
42(6.3)

662(39.5)

533(52.5)
325(32.0)
103(10.1)

54(5.3)

1015(60.5)

Total(%)

838(50.0)
617(36.8)
126(7.5)
96(5.7)

1677(100.0)

Nighttime roosting site (%)Daytime Feeding site (%)

Frequency
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distance was 10.54 ± 5.01 km (n = 140, range, 1.77~24.81 
km). Its average nighttime movement distance between 10 
PM to 6 AM was 0.18 ± 0.70 km (n = 140, range, 0.02~7.46 
km). Average daily total movement distance varied over the 
study period (One-way ANOVA, F4,135 =14,67, P < 0.001; 
Table 3). During the first 4 weeks, the average daily total 
movement distance was 11.9 ± 5.89 km (n = 28) and the 
average distance to sleeping places (3.78 ± 4.62km) was 
slightly far compared to other periods of 4 weeks (One-

way ANOVA, F4,135 =2,87, P < 0.05; Table 3). However, 
during the second period of four weeks, average distance 
to sleeping places decreased (1.34 ± 1.72 km, n = 28), re-
sulting in a shorter average daily total movement distance 
(6.33 ± 3.00 km, n = 28). While the average distance to 
sleeping places became very short (as short as 1.11 ± 1.48 
km, n = 28) during the fourth 4 weeks, the average daily 
total movement distance was increased (14.53 ± 4.18 km, 
n = 28).

Fig. 2. Habitat type used 
at 2-hour intervals for a 
GPS tracked white-naped 
crane in Cheorwon, Korea 
during 2016-2017 wintering 
season.

Table 2. Sleeping places, habitat type, and total days spent the night of a GPS tracked white-naped crane in Cheorwon, 
Korea during 2016-2017 wintering season

1
2
3
4
5
6
7
8
9

10
11
12
13
14

Sleeping places

Woljeong
Pyeonghwa

Seungni
Yeokgok

Seogureung
Sanmyeong 1
Sanmyeong 2

Baekma
Togyoji

Gangsanji
Hantan
Hagalji

Gwanwoori
Hak reservoir

Location

DMZ
DMZ
DMZ
DMZ
CCZ
CCZ
CCZ
CCZ
CCZ
CCZ
CCZ
CCZ
CCZ

Outside

Total 143(100.0)

Habitat type

Wetland
Wetland
Wetland

River
Rice paddy
Reservoir

Rice paddy
Rice paddy
Reservoir
Reservoir

River
Reservoir

Rice paddy
Rice paddy

Total days spent the night (%)

13(9.1)
1(0.7)
7(4.9)

27(18.9)
3(2.1)

22(15.4)
2(1.4)

23(16.1)
26(18.2)

1(0.7)
7(4.9)
3(2.1)
1(0.7)
7(4.9)
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Conservation implications
    It is known that white-naped cranes select wetlands or 
rivers for its roosting sites (Lee et al ., 2001; Pae, 1994; 
Yoo, 2004). In the Izumi overwintering sites in Japan, 
white-naped cranes mostly take artificial paddy fields as 
their feeding and sleeping places (Higuchi et al ., 1996). 
Higuchi et al. (1996) have reported that the DMZ in Cheor-
won is an important habitat for white-naped cranes. How-
ever, their habitat use pattern in Cheorwon could not be 
identified because a satellite tracking method (ARGOS PTT) 
with a minimum location accuracy of 150 m was used. Yoo 
et al . (2011) have revealed that not only wetlands in the 
DMZ, but also frozen reservoirs are their important root-
ing sites based on field observation. Although the present 
study was conducted on a single bird, it was the first study 
that utilized GPS tracking method to understand spatio-
temporal habitat use of a white-naped crane in Cheorwon. 
This study found that the most preferred sleeping places in 
Cheorwon were frozen reservoirs (Table 2). It can be spec-
ulated that the reservoir is a good roosting site because it 
provides an open view for surveillance. The reflection from 
both snow and ice also help them detect predators. In par-
ticular, the reservoirs in CCZ were more preferred because

Table 3. Summary of average movement (± SD) distance of daytime (8 AM to 8 PM), nighttime (10 PM to 6 AM), daily 
total, and the distance between the sleeping and the last daytime feeding places of a GPS tracked white-naped crane with 
four weeks intervals in Cheorwon, Korea during 2016-2017 wintering season

† One-way ANOVA

Period
Distance between the 

sleeping and the last daytime 
feeding places (km)*

1st (Oct 25 ~ Nov 21, 2016)
2nd (Nov 22 ~ Dec 19, 2016)
3rd (Dec 20, 2016 ~ Jan 16, 2017)
4th (Jan 17 ~ Feb 13, 2017)
5th (Feb 14 ~ Mar 13, 2017)

Overall

3.78 ± 4.62
1.34 ± 1.72
2.24 ± 4.08
1.11 ± 1.48
2.97 ± 4.18

2.29 ± 3.58

28
28
28
28
28

140

n 

11.81 ± 5.90
6.26 ±3.00
8.91 ±3.19

14.11 ±4.22
11.63 ±4.42

10.54 ± 5.01

Daytime***

0.09 ± 0.06
0.08 ± 0.10
0.08 ± 0.08
0.42 ± 1.40
0.22 ± 0.67

0.18 ± 0.70

Nighttimen.s.

11.90 ± 5.89
6.33 ± 3.00
8.99 ± 3.15

14.53 ± 4.18
11.85 ± 4.79

10.72 ± 5.12

Daily total***

Movement distance (km)

Period

1st (Oct 25 ~ Nov 21, 2016)
2nd (Nov 22 ~ Dec 19, 2016)
3rd (Dec 20, 2016 ~ Jan 16, 2017)
4th (Jan 17 ~ Feb 13, 2017)
5th (Feb 14 ~ Mar 13, 2017)

Total

164.88
40.72
81.83
46.10

157.57

172.30

MCP

159.60

231.02
25.55

110.06
62.62

168.23

KDE 95%

188.23
20.54
85.84
50.59

135.08

132.48

KDE 90%

59.99
5.54

26.28
14.81
38.85

42.45

KDE 50%

Home range (km2)

Home range
    Home range of K01 was calculated to be 172.30 km2 for 
MCP, 159.60 km2 for KDE 95%, 132.48 km2 for KDE 90%, 
and 42.45 km2 for KDE 50%). Areas and geographical dis-
tribution were varied over the study period (Table 4; Fig. 
3). Moreover, despite individual tracking results, K01 in-
habited most of the known habitats of white-naped cranes 
in Cheorwon (Yoo et al ., 2014b). The reason might be 
because K01 belonged to a nonbreeding flock during the 
wintering season. The core habitat area (KDE 50%, 59.99 
km2) was the most extensive during the first 4 weeks after 
arrival. However, during the second 4 weeks, its core habi-
tat area sharply decreased to 5.54 km2 as it slept in flooded 
rice paddies within the CCZ and foraged on nearby farm-
lands. In the third 4 weeks, its core habitat area increased 
to 26.28 km2 while moving to other sleeping places. In the 
fourth 4 weeks, its core habitat area decreased to 14.81 
km2. However, during the fifth 4 weeks between late Feb-
ruary and mid-March before northward migration, its core 
habitat area again increased significantly to 38.85 km2. 
Its foraging area might have increased due to shortage of 
food resources (e.g., remained grains) and competition with 
geese species (Zhu et al., 2020). 

Table 4 . Summary of home range of a GPS-tracked white-naped crane in Cheorwon at four-week intervals during 2016-
2017 wintering season
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human access was limited during the nighttime (Yoo et al., 
2014a). However, during the early wintering period (Octo-
ber and November), the reservoir does not freeze. Thus, its 
use as a sleeping place was limited. The second preferred 
sleeping places were flooded rice paddies because of the 
openness for surveillance (Pae, 1994; 2000) and the close 
proximity to feeding sites (Yoo et al., 2011; 2015). Unlike 
reservoirs, paddy fields were frequently used in the early 
and late winter, while their availability decreased during 
mid-winter when water froze or dried. In March, despite 

many disturbances (e.g., vehicle, noise, presence of peo-
ple, cultivation), K01 used flooded paddy fields outside the 
CCZ because these paddy fields were dried out and fro-
zen reservoirs were melted out in the CCZ. Thus, creating 
flooded paddy fields in the CCZ in early spring can help 
white-naped cranes inhabit this region safely. The river as 
the third preferred habitat is wide. It has rapids that do not 
freeze. Thus, it was frequently used in January and Febru-
ary. Wetlands in the DMZ were frequently used in October 
and November. In this period, DMZ wetlands could provide

Fig. 3. Home range of a GPS tracked white-naped crane during 2016-2017 wintering season. Home range was analyzed by 
dividing it into 4-week intervals: (a) overall period, (b) Oct. 4 ~ Nov. 21, 2016 (c) Nov. 22 ~ Dec. 19, 2016, (d) Dec. 20, 2016 ~ 
Jan. 16, 2017, (e) Jan. 17 ~ Feb. 13, 2017, (f) Feb. 14 ~ Mar. 16, 2017.
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good resting places while there are lots of anthropogenic 
disturbance by harvest in the CCZ. However, cranes rarely 
used wetlands in the DMZ during the mid-winter. These 
DMZ wetlands are far from feeding sites. They are smaller 
in area than rice paddies and reservoirs, making it difficult 
to defend against predators. In conclusion, in order to 
protect cranes, it is necessary to create and manage vari-
ous types of habitats at different time periods. In partic-
ular, it is important to focus on conservation of habitats 
within the CCZ.
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