
Page 1/20

Decrease in population of swans (Cygnus spp.) due
to the development of areas adjacent to the
wintering site
Suk-Hwan Hong 

Pusan National University
Jung-Hun Yeum  (  zelkovayeum@gmail.com )

Gangneung-Wonju National University
Si-Hwan Kim 

Wetlands and Birds Korea
June-Log Park 

Wetlands and Birds Korea

Research Article

Keywords: urbanization, wintering birds, estuary habitat, swans

Posted Date: May 25th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1679611/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1679611/v1
mailto:zelkovayeum@gmail.com
https://doi.org/10.21203/rs.3.rs-1679611/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/20

Abstract
The aim of the present study was to investigate the relationship between Cygnus spp. population trends
and land-use change and arti�cial development activities in Nakdonggang estuary. Analysis of the 15-
year-long population change revealed a sharp decline of Cygnus columbianus population in winter, which
could be attributed to the Nakdonggang estuary becoming unfeasible as their wintering site. In contrast,
there was no sharp decline in the Cygnus cygnus population, although a moderate decline was identi�ed.
Over the past 30 years, farmland activities decreased by approximately 10% in the areas adjacent to the
protected area, resulted from the growth of the urbanized area. The rate of decrease of water body area
was evident, identi�ed by the urban development through reclamation. Although the abundance of food
resources for Cygnus spp. can only be understood indirectly, changes in land use around the wintering
site, where the Cygnus spp. can acquire food, are expected to be decisive in their choice of habitat. C.
cygnus and C. columbianus, whose individual characteristics have not been speci�cally investigated, are
generally known to share the same habitat; we could identify a distinct difference in terms of habitat
sensitivity. With urban development occurring around the wintering site, C. columbianus was con�rmed to
be more sensitive to urbanization compared to C. cygnus in Nakdonggang estuary.

1. Introduction
Swans are classi�ed as least concern (LC) species in the International Union for Conservation of Nature
(IUCN) Red List. Three species of swans, namely whooper swan (Cygnus cygnus), tundra swan (C.
columbianus), and mute swan (C. olor), overwinter in Korea. They are protected as per Korean Red List
and Natural Monuments in Korea. Considering the wintering status of Cygnus spp. in the Republic of
Korea, a decrease in the population of C. columbianus has become evident, with signi�cantly higher
numbers of C. cygnus among the three species (Kang et al., 2008). Only a small population of C. olor
intermittently visit in the winter season. In the Korean Peninsula, the estuary of Nakdonggang (River) and
Junam Reservoir in the southeast is known as the largest wintering site of Cygnus spp. (Kang et al.,
2008).

Having spent the summer in Russia, Cygnus spp. move south in early November, wintering there till early
March of the following year. Nakdonggang estuary, especially, is the site of the large scale formation of
brackish water, where rice paddies have been cultivated for thousands of years due to the development of
alluvial layers downstream of the river. In general, Cygnus spp. in Northeast Asia mainly uses rice paddies
as feeding and sleeping grounds in winter (Shimada, 2007; Watanabe et al., 2008; Fujioka et al., 2010);
they can be considered to have adapted to agricultural activities, owing to the relative ease of obtaining
food. Despite this being the main wintering site, the populations do not spend the entire wintering period
in one place. Usually, from the beginning of winter (November) to the end (February), the selection of
wintering areas is decided based on changes in the environment (Wang et al., 2021). This shift appears to
be primarily associated with energy accumulation through food intake during the winter months
(Weathers et al., 1984; Powell et al., 2000). Thousands of years of human interaction with Cygnus spp.
have recently been shown some con�icts due to the urbanization of both river estuaries and farmlands.



Page 3/20

Recently, Hong (2020) reported that both Nakdonggang estuary and Junam Reservoir are threatened
wintering sites owing to various adverse developments in the area. Kim and Won (1994) had also
reported damages to a number of natural wetlands and reservoirs (due to various developmental
projects), where Cygnus spp. are usually overwintering. The threats to these sites are not simply due to
the expansion of the city but also the disappearance of the main feeding grounds. The problem of urban
expansion occurring mainly in low-lying �at areas, which eventually degrades the core feeding ground,
can be considered a major factor limiting wintering site selection. Considering that the area of agricultural
land in Korea has decreased sharply from 24.2 to 22.9% in just 10 years (Kim et al., 2018), the wintering
continuity of Cygnus spp. has also become less stable.

Behavior of Cygnus spp. in the wintering sites can be distinguished mainly by actions, such as rest,
vigilance, maintenance, and locomotion, with food activity at the center (Wang et al., 2021). In addition to
the harsh weather, food is scarce in the winter season, which eventually results in behavioral patterns
designed to guarantee e�cient and minimal energy consumption for food acquisition (Weathers et al.,
1984). Powell et al. (2000) stated that Cygnus spp. mainly �y short distances of 2–10 km for foraging,
during the winter months, considering energy consumption e�ciency. However, if the feeding ground
environment worsens, they are capable of �ying longer distances.

Hahm and Kim (2001) reported that, during the winter months, they move between the Junam Reservoir
and Nakdonggang estuary. The mouth of Nakdonggang is located on the East Asian – Australasian
Flyway of migratory birds. Moreover, a brackish water zone, where the sand bars and mud�ats develop, is
widely formed due to geographical characteristics. Thus, this location plays a key role as a wintering site
and an intermediate stopover for migratory birds. Therefore, the area is designated and managed as a
national protected area. However, the habitats of wintering wild birds are being degraded. The number of
wintering Cygnus spp. in this area is rapidly decreasing. Nakdonggang estuary was designated as a
wetland protected area in 1999. As per the wintering waterbird census of Korea over the last 20 years
(1999–2019) (National Institute of Biological Resources, 2020), Cygnus spp. populations have overall
decreased, and the population of C. columbianus, especially, has dropped severely to the point that they
almost did not visit. Rapid decrease in the population of Cygnus spp. at the mouth of Nakdonggang may
be closely related to the changes in surrounding feeding grounds. Understanding the changes that have
occurred during this period, especially for C. columbianus that is almost completely gone, would be
crucial for the selection and preservation of the wintering site. Therefore, the present study aimed to
examine the relationship of land-use changes and arti�cial development activities, using time-series
analysis, to evaluate the reduction of the Cygnus spp. population around the wintering wetlands of
Nakdonggang estuary, which is Korea's representative wintering site.

2. Materials And Methods

2.1 Study area
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The estuary of Nakdonggang, the second largest river in Korea, is located at the southeastern tip of the
Korean Peninsula and forms a connection with the Paci�c Ocean. Due to its location at the northeastern
tip of the Eurasian continent, the area is used as an intermediate or wintering site by many migratory
birds. Owing to the ecological characteristics, it is designated as an important migratory habitat
(EAAF097) on the East Asian – Australasian Flyway. Due to its national importance, the site has been
designated and managed as a cultural heritage protection zone (Natural Monument No. 179), and a
wetland protected area (in 1999).

Although wild winter birds do not recognize the boundaries of protected areas, the current study
examined the changes in land use in the region adjacent to the wetland protected area (37.718 km2) at
the mouth of Nakdonggang. Generally, big migratory birds try to reduce energy expenditure for their
survival; therefore, their habitat boundary in winter is smaller than that in the breeding season. Powell et
al. (2000) monitored the wintering C. columbianus short-range route to its feeding ground and con�rmed
the distance to be up to 10 km. Therefore, destruction of the habitat near the main sleeping site would
affect their selection of wintering sites. Here, we selected up to 10 km outside the boundary of wetland
protected areas as the study area (Fig. 1).

Due to the characteristics of the estuary, such as brackish area formed in the area, with the development
of sand bars and mud�ats, sand bars around Eulsukdo were distributed in the west side of the island
group (Daemadeung, Jangjado, and Sinjado) and the east side of the island group
(Menggeummeorideung, Baekhabdeung, Doyodeung, etc.). The study area, which includes both resting
places and the feeding ground of Cygnus spp., has been changing rapidly, with various developments
have been made around it. On land, which mainly serves as a feeding ground, notable development has
occurred in the areas where wide rice paddies were traditionally cultivated. In the water area, estuary
banks, constructed from 1983 to 1987 to prevent salt damage in agricultural and industrial water and aid
transportation network, are found to have signi�cantly changed the atmosphere of the brackish area.
Land reclamation of mud�ats, development of industrial complex, man-made coastline, and sediment
changes due to dredging are continuously changing the area, and shape and depth of water in the
protected area (Kim et al., 2005). While the shallow water depth has led to a large distribution of
halophytes, such as the Scirpus planiculmis, there has also been a rapid decrease in the distribution area
(Yiet al., 2011).

2.2. Population changes of Cygnus spp.
In the case of C. olor, very few birds spend the winter in Korea; therefore, in this study, we investigated the
changes in the population of C. cygnus and C. columbianus only. The wintering status of wild birds in
this area has been monitored since 1999 by conducting a national winter waterbird census. However, in
such a survey, only limited survey points within wetland protected areas were considered. Regarding the
distance traveled by the birds for their feeding activities, analysis of population changes from the data
itself could not represent a comprehensive wintering site. Wintering wild birds were, therefore, monitored
throughout the Nakdonggang estuary protected area by WETLANDS & BIRDS KOREA (NGO), who are
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trying to protect wild birds in Busan. In collaboration with experts, a survey of major inland points was
conducted throughout the estuary (since 2005), and a survey of the sand bars and blind spots was made
by boat. The study utilized the Cygnus spp. population data from 2005 to 2019; since they move locally
according to food availability in the region, spatially separated analysis during winter enable us to
indirectly check the abundance of food in the area even within a single winter season. To examine these
changes, the surveys were conducted monthly from the beginning to the end of winter, allowing us to
access the trend of population changes over the years, along with the characteristics of population
change during the winter months.

2.3. Change in land-cover types according to the time-series
analysis
Focusing on the wetland protected areas, land-use changes were examined in the surrounding areas,
within 10 km outside the protected boundary, which is a potential space for Cygnus spp. to engage in
feeding activities. The time-series land-use changes in surrounding potential habitats were analyzed
using the 1:50,000 scale of land coverage map from the late 1980s to the end of the 2010s provided by
the Ministry of Environment (2020). A total of seven types of large categories, including urbanized and
dried area, farmland, forest, grassland, wetland (waterside vegetation), bare land, and water area, were
identi�ed. ArcGIS 10.8 and QGIS 3.16 programs were used for the spatial analysis.

With ArcGIS 10.8, buffer settings and area calculations were analyzed for each type, and raster image
�les were extracted to �t the buffer range using the function "clip raster by mask layer" in QGIS 3.16. In
order to examine the characteristics of change, depending on the distance from the protected area, the
buffer was set and analyzed at intervals of 2 km. The change in cumulative land coverage area ratio (%)
was analyzed up to 10 km, expanding to 2 km. In particular, the analysis of land cover focused on the
characteristics of the change in area ratio (%) of the types of wetlands, water areas, and farmlands for
potential habitats of Cygnus spp. across land-use types. In addition, through the analysis of changes in
the area ratio (%) of paddy �elds from 2006 to 2019 in Gangseo-gu and Saha-gu, Busan, located 5 to 10
km from the Nakdonggang estuary, the precise correlation between Cygnus spp. and population changes
was analyzed.

3. Results

3.1. Population changes of Cygnus spp.
C. cygnus and C. columbianus populations searching for the estuary of Nakdonggang did not arrive in a
consistent population size; winter populations showed signi�cant changes every year (Figs. 2 and 3).
However, a certain pattern of arrival was noted. If many birds were wintering in a certain year, the number
decreased signi�cantly the following year, and restoration of the population in the following year occurred
in two-year cycles. While the C. cygnus maintained this pattern until recently, the population of C.
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columbianus has declined sharply since 2007, continuing to �nd few Nakdonggang estuary since 2015.
C. cygnus has also not been showing any tendency to recover the pattern since 2017.

The 15-year-long population record showed that C. columbianus seemed to present a sharp decline in the
winter populations, which could be attributed to the Nakdonggang estuary being no longer feasible as
their wintering site. There was, however, no sharp decline in C. cygnus populations, rather only a moderate
decline was identi�ed. The largest winter population of C. cygnus was 4,219 individuals in 2011, whereas
the smallest was 783 in 2009. The wintering population of C. columbianus plummeted from 181
individuals in 2006 to only eight in 2019. Although the tendency of the population decline between the
two species was very different, the pattern of population increase and decrease, compared to that in the
previous year, was similar. Despite these characteristics, both the species showed the same trend in
response to changes in the overall habitat of the wintering site. However, C. columbianus could still be
considered to be much more sensitive to changes than C. cygnus. Analysis of the various records that
indirectly identi�ed the cause underlying the change in wintering population showed the damage to food
supply at the estuary to be the most relevant.

The Nakdonggang estuary has allowed large-scale growth of Scirpus planiculmis in the past, and Cygnus
spp. did not �y to the surrounding area for food. However, as the area of distribution of S. planiculmis
decreased sharply in 2009 (Yiet al., 2011), the wintering population of Cygnus spp. decreased
extraordinarily. While the relationship between reduction of wetland plant area and decrease of the
wintering population of Cygnus spp. cannot be clearly stated statistically, decrease in the distribution
area of seagrass and Schenoplectus trqueter, an important food of Cygnus spp., may have affected the
wintering population (Kim et al., 2015).

Wintering populations from 2005 to 2019 were analyzed monthly from November to February (Figs. 4
and 5). Analyzing the year-by-year population changes, a very important aspect of the change in
wintering population of Cygnus spp. was observed. The total wintering population did not drop sharply
until 2019, rather it had been declining since 2006. For three years from 2006, the initial wintering
population remained intact; however, since January, the population started reducing rapidly. This may be
attributed to the fact that the birds moved due to a lack of food in the middle of the wintering period. This
phenomenon was consistent in 2010, 2011, 2013, and 2014. The early wintering population had
disappeared.

Considering their wintering pattern, Cygnus spp. seemed to continue visiting the area for several years,
even after the winter habitat was damaged; it took years of repeated learning to infer that they were
abandoning their habitat. C. cygnus, whose trend of population decline was relatively unclear, tended to
maintain a certain population continuously, especially toward the second half of the winter.

Considering the wintering pattern of these two species, differences between them in terms of wintering
site selection factors may be considered signi�cant. Therefore, further studies on the key factors
affecting wintering of the species would be required in future.
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The general trend of local wintering movements during a single wintering period was the same as in
previous studies.

For an analysis of the behavior of C. columbianus in Huangpi lake, located in the mid-to-lower �oodplain
area of the Yangtze River, Wang et al. (2021) explored the behavioral patterns from early November to late
February and found them moving to alternative habitats when the environment in a particular area
deteriorated. Hong (2004; 2009) conducted spatially separated surveys at the Nakdonggang River mouth
and reported C. cygnus, which visited this place, to move locally according to environmental changes
after the initial winter. Hahm and Kim (2001) inferred, from 1989 to 1999, that Cygnus spp. populations
that was initially wintering at Junam Reservoir had moved to the mouth of Nakdonggang (Riv.) due to
habitat instability. However, this pattern was not entrenched by habitat disturbances in a single year;
rather, changes in the initial selection of wintering sites occurred only after learning experiences over
several years.

3.2. Change of land-cover types according to time-series
analysis
In the late 1980s, the Cygnus spp. concentrated in the wetland protected area of the Nakdonggang
estuary for wintering, as is evident from a time-series analysis of the changes in surrounding land
coverage by the end of 2010 (Table 1, Fig. 6). Of the seven types of land coverage, including urbanized
area, farmland, forest, grassland, wetland (waterside vegetation), bare land, and water area, there was a
sharp change in the ratio of more than 5% compared to that at the end of the 1980s.

Considering the distance, within 2 km of the protected boundary the urbanized area increased by 19.6%,
from 9.1% in the late 1980s to 28.7% in the late 2010s, and farmland decreased by 17.8%, from 21.6–
3.9%. The water area also plunged 7.6%, from 52.1–44.5%. If the distance was extended to 4 km, the
increase in urbanized area was 15.3%, which was slightly lower than that of the area within 2 km. The
rate of increase of urbanized areas was slightly low, although the changes were similar enough to
threaten the habitat. However, the decline in farmland was the opposite of that of the urbanized area,
which implies that the farmland mainly changed into an urbanized area. The rate of decrease of water
area was also evident, identi�ed by the urban development through reclamation.

Busan is the second-largest city in Korea. In the past, there was very little urban development around the
Nakdonggang River, since it was a �oodplain; however, urbanization of this area progressed quickly due
to the expansion of the city and creation of embankments to prevent �ooding.

The wetland protected area at the mouth of Nakdonggang was not set up with a buffer zone; therefore,
the urbanized area expanded rapidly near the wintering site of Cygnus spp. Moreover, the sharp decline in
farmland, including paddy �elds (Shimada, 2014, Watanabe et al., 2008), which are used as major
feeding and resting areas by Cygnus spp., was notable. It failed to prevent a sharp decline in the rice
paddies, which provides food for the Cygnus spp., and showed why the characteristics of wintering
population changes in the two species were different. Fujioka et al. (2010) had reported that C.
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columbianus was more dependent on rice paddies than C. cygnus, as per feeding activity analysis of
both species during the wintering period. However, C. cygnus had the advantage of circumventing the
food shortage (due to a decrease in rice �elds) with other sources of food.

Kim et al. (2005) had reported that reclamation of the estuary mud�ats of Nakdonggang could have
caused a signi�cant change in the distribution of seagrass and S. trqueter, the main food plants for
Cygnus spp. C. columbianus, which are approximately 20 cm smaller in length than C. cygnus, may have
been more affected due to the reduction of food in the water. 
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Table 1
Area ratio (%) of land cover types according to the time-series.

Buffer Year Urbanized
area

Farmland

(mostly
paddy �eld)

Forest Grassland Wetland

(Shore
vegetation)

Bare
land

Water

2 km 1980s 9.07 21.60 10.60 1.02 0.32 5.30 52.08

1990s 17.69 13.91 7.96 4.32 2.14 6.29 47.69

2000s 20.33 12.42 7.44 3.41 1.94 6.81 47.63

2010s 28.68 3.85 6.19 2.71 7.23 6.88 44.46

4 km 1980s 7.69 16.85 16.71 1.37 0.24 3.11 54.02

1990s 14.28 12.77 13.75 4.01 1.34 4.76 49.08

2000s 17.46 11.88 13.72 2.86 1.24 3.82 49.02

2010s 22.94 4.54 12.74 2.34 3.96 5.71 47.78

6 km 1980s 8.39 17.53 20.88 2.51 0.23 2.23 48.23

1990s 13.63 14.71 18.22 4.38 1.20 4.11 43.76

2000s 17.07 13.86 18.58 3.14 1.12 3.71 42.51

2010s 22.96 6.38 17.04 2.60 3.15 6.13 41.74

8 km 1980s 9.46 17.60 23.69 2.84 0.19 1.92 44.30

1990s 14.00 14.82 20.63 4.79 0.90 3.90 40.95

2000s 17.35 13.84 21.23 3.44 0.84 4.15 39.14

2010s 23.52 6.82 19.76 3.03 2.59 6.15 38.13

10 km 1980s 10.17 17.16 24.89 3.06 0.15 1.80 42.76

1990s 14.16 14.68 21.78 4.91 0.75 3.60 40.12

2000s 17.31 13.83 22.21 3.42 0.69 4.21 38.33

2010s 23.07 7.66 20.69 3.07 2.26 5.94 37.31

As a result of analyzing the trend of changes in paddy �elds, which are spaces where Cygnus spp.
intensively consume food during wintering (Fig. 7, Fig. 8), 28% of paddy �led with a total area of 16
decreased from 2006 to 2019. During this period, the annual increase or decrease in the number of C.
cygnus was somewhat severe, but the overall decline was identi�ed. In the case of C. columbianus, the
trend of decline was clearer, with a large decrease since 2007 and no recovery. In line with analysis of the
time-series land cover change at the Nakdonggang estuary for about 40 years, the relationship of the
population changes of C. cygnus and C. columbianus according to the trend of farmland change was
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identi�ed, especially the rapid decrease of C. columbianus is strongly related to the the decrease in the
area ratio of paddy �elds.

4. Discussion

4.1. Population changes of Cygnus spp.
Migratory birds generally exhibit philopatry to their breeding (Blums et al., 2014) and wintering sites
(Robertson et al., 1999); however, they are sensitive to changes in the environment (Lameris et al., 2017).
In particular, low temperatures in winter are directly related to their survival because they are sensitive to
variations in food sources to secure energy.

Wild birds that visit the mouth of Nakdonggang in winter did not show a consistent pattern by time-series
analysis, and the population that arrived every year tended to �uctuate, indicating that the species were
sensitive to environmental changes. Deterioration of habitat in certain areas led to an increase in
population in other areas, which are relatively small scale and tend to deviate from the same habitat
range. The Nakdonggang estuary area is closely related to the population of Upo Wetland and Junam
Reservoir, the representative wintering areas of wild birds nearby. If the population at the mouth of
Nakdonggang decreased, that in the nearby habitats increased and vice versa (Kim, 2001). The trend was
clear even if the region was expanded to East Asia; in the study of Grus vipio (Jinming et al., 2012), the
populations showed a distinct relationship with the habitats in Korea, China, and Japan.

Changes in the Cygnus spp. population arriving at the mouth of Nakdonggang did not present a constant
pattern as the time-series changes were signi�cant. However, the overall population decline was clearly
identi�ed. In particular, the decline in the population of C. columbianus was con�rmed. C. columbianus
consistently wintered between 100 and 200 individuals until the mid-2000s, after which, however, the size
of the wintering population dropped sharply and has not recovered thereafter. Especially, it is important to
pay attention to the phenomenon con�rmed from 2006 to 2008 and the phenomenon that has been stuck
since then. During those years, the initial wintering population presented similar numbers, however, it
rapidly decreased after the middle half of wintering. This phenomenon corroborated the hypothesis that
C. columbianus had initially settled there as a wintering habitat but had to move subsequently for other
reasons. Therefore, C. columbianus took three consecutive years to decide to change the initial wintering
site.

Unlike the sharp decrease in wintering populations of C. columbianus, C. cygnus populations tended to
decrease relatively smoothly, which was related to the winter feeding activities of the two species. Few
studies have been conducted on their feeding habits, which can be indirectly understood from a study by
Fujioka et al. (2010). The two species initially chose a similar wintering environment, but the extent of
using rice paddies, which is the main type of agriculture in East Asia, was much higher for C.
columbianus than C. cygnus (Fujioka et al., 2010); therefore, land-use changes in the surrounding areas
were inferred to have different effects on their wintering site selection. Analysis of the detailed food
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preferences of both species, along with that of all other Cygnus spp., which are known to share similar
food sources, would be required in future.

4.2. Change of land-cover types according to time-series
analysis
The Cygnus spp. are one of the largest species of wild birds on Earth and is bound to be sensitive to food
availability in the wintering period. Therefore, secure food resources have a signi�cant impact on the
wintering population in certain areas. Although the scarcity of food resources could only be inferred
indirectly, changes in land use around the wintering site, where the Cygnus spp. can acquire food, are
expected to be vital factors for their choice of habitat.

During the wintering period, changes in the type of land use around the radius, where the C. columbianus
travels to acquire food, was similar to that reported by Fujioka et al. (2010). Most of the land at the mouth
of Nakdonggang is a large-scale low-lying �atland formed by �ooding and has long been a very
advantageous area for rice paddies. Changes in the use of rice paddies have occurred quite rapidly since
rice consumption has decreased sharply due to the change in traditional rice cultivation areas and recent
changes in people's food culture.

The development pressure in the area, located outside Busan, was very high and a large area actually
developed very quickly. The sharp decline of rice paddies occurred mainly between 2000 and 2010; the
closer rice paddies from where the birds would obtain their food were more likely to disappear. Although
the sharp decline of C. columbianus cannot be explained simply by the reduction of rice paddies, it
supports a deep relationship between the timing of a sharp decline in rice paddies and a decrease in the
wintering population of C. columbianus. In fact, C. columbianus population demonstrates a clear
difference to the changes in C. cygnus population, having relatively low dependence on rice paddies
(Fujioka et al. 2010). Although C. cygnus and C. columbianus, whose individual characteristics have not
been speci�cally studied, are generally known to share the same habitat, we could see a distinct
difference in terms of habitat sensitivity.

C. columbianus was found to be more sensitive to development around the wintering site than C. cygnus.
Our �ndings concluded that restoration of the wintering area of C. columbianus requires not only a core
wintering site but also the maintenance and restoration of rice paddies, which could serve as the feeding
ground. The present study revealed that the capacity to analyze the correlation directly and statistically
between changes in land cover and Cygnus spp. populations were limited due to the absence of
population surveys in remote agricultural areas. However, notable rapid reductions were observed in
agricultural areas, which are important feeding areas, and over time could have had considerable impacts
on Cygnus spp. and cause the decline in population in the wintering sites. In the future, landscape
ecological research should be carried out to facilitate the establishment of buffer zones around protected
areas, conservation of arable land, and ecological restoration and management activities.

5. Conclusion
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It has been con�rmed that the wetland protected area at the the Nakdonggang estuary, a representative
wintering site of Cygnus spp. designated as the second-class of national endangered species is
continuously being developed. In particular, long-term monitoring for 15 years (2005–2019) con�rmed
that the population of C. cygnus and C. columbianus was rapidly decreasing, and as a result of a time-
series analysis of farmland in the Nakdonggang estuary based on the 10km wintering area proposed in
the previous study, the trend was clear. In particular, the decrease in radius of 2 km was the most severe.
In parallel with GIS spatial analysis, the correlation between the change in area ratio of paddy �elds and
the monitoring results of C. cygnus and C. columbianus was identi�ed to be affected by the decrease in
paddy �elds, and it was analyzed that the dependence of C. columbianus on paddy �elds was relatively
large as the results of previous studies. The wetland protected area at the Nakdonggang estuary is a
large-scale wintering site for Cygnus spp. adjacent to large cities, and it is urgent to manage paddy �elds,
which are major feeding sites through the establishment of buffer zones outside the protected areas
based on the results in this study.

This study identi�ed the trend of change in the population through long-term Cygnus spp. monitoring,
and it was meaningful to con�rm the correlation with the trend of change of population according to the
decrease of the paddy �eld. However, there was a limit to re�ecting other variables except for the change
in the area ratio of paddy �elds for the analysis of the decreasing tendency of the population. In the
future, it is necessary to continuously monitor the population of the Cygnus spp. and investigate
additional in�uencing factors, and social discussions on the necessity of establishing a buffer zone
outside the protected area boundary in Korea are needed.
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Figures

Figure 1

Map of the survey site.



Page 15/20

Figure 2

Population trends of Cygnus cygnus from 2005 to 2019 in Nakdonggang estuary.
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Figure 3

Population trends of Cygnus columbianus from 2005 to 2019 in Nakdonggang estuary.
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Figure 4

Population trends of Cygnus cygnus according to the month in the wintering period from 2005 to 2019 in
Nakdonggang estuary.
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Figure 5

Population trends of Cygnus columbianus according to the month in the wintering period from 2005 to
2019 in Nakdonggang estuary.

Figure 6

Land cover trends according to the time-series.
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Figure 7

Correlation of changes between number of Cygnus cygnus and area ratio of paddy �eld from 2006 to
2019 in Gangseo-gu and Saga-gu.
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Figure 8

Correlation of changes between number of Cygnus columbianus and area ratio of paddy �eld from 2006
to 2019 in Gangseo-gu and Saga-gu.


