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Bamboo Distribution Map for Planning the
Development of Tourism Potential in Boon Pring
Andeman Area
Devy Atika Farah, Agus Dharmawan, Vivi Novianti*
Biology Department, Faculty of Mathematics and Natural Sciences, Universitas Negeri Malang, East Java, Indonesia

ABSTRACT
Sanankerto is one of pilot projects for tourism villages in Indonesia due to its natural tourism potential with a 24-ha bamboo forest
located in Boon Pring Andeman area. However, the distribution of existing bamboo has never been identified or mapped. Thus, the
mana gement is facing difficulty in planning and developing tourism potential as well as spatial management in the area. Therefore,
the objectives of this study were to identify and analyze the structure of bamboo vegetation in the Boon Pring Tourism village an d
to perform vegetation mapping. The type of research was descriptive exploratory with a cluster sampling technique (i.e., a two-stage
cluster) covering an area of ± 10 ha. Bamboo vegetation analysis was performed by calculating diversity index (H’), evenness index (E),
and Species Richness index (R). Data were collected through observation and interviews with local people and the manager to determine zonation division. Mapping of bamboo vegetation based on zoning was processed into thematic maps using ArcG is 10.3. Micro climatic factors were measured with three replications for each sub -cluster. Data were analyzed descriptively and quantitatively.
Nine species of bamboo identified. Diversity, evenness, and species richness indices differed at each location. Activities of local communities, tourists, and manager determined the presence, number, and distribution of bamboo species. These bamboo distribution
maps in three zoning (utilization, buffer, and core) can be used by manager for planning and developing natural tourism potential.
Keywords: Bamboo, Conservation, Distribution, Management, Mapping

Introduction
The Boon Pring area is located in Sanankerto Village,
one of 30 tourist villages in East Java. It is used as a pilot
project for tourism villages by the Ministry of Village, Development of Disadvantaged Regions and Transmigration,
Republic of Indonesia (Subekti & Damayanti, 2019). The
development of a tourist village in Malang Regency is
managed through a Village Owned Enterprise or known
as BUMDes which is formed based on the Sanankerto Village Regulation No. 5 of 2009. The development of Boon
Pring tourism village in Sanankerto Turen Village, Malang
Regency is based on the village’s potential with bamboo
trees covering an area of ± 24 ha. In Javanese, Bamboo is
Received April 3, 2021; Revised July 6, 2021;
Accepted July 7, 2021
*Corresponding author: Vivi Novianti
e-mail vivi.novianti.fmipa@um.ac.id.
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known as Pring, while the term “Boon” is taken from th e
Sanskrit language which means gift. The term Boon Pring
is literally interpreted as a gift from a bamboo tree. This
tourist village is better known as “Boon Pring Andeman”
which has been managed since 2017. Overall, this tourism
village offers natural tourism based on local potential as a
tourist attraction. Thus, it is called eco-tourism (Diamantis,
2010).
The Boon Pring Andeman area has a water source.
During the Dutch colonial period, this area was planted
with coffee trees. After Indonesia’s independence, local
people have planted various bamboos to protect their
water sources. Roots of bamboos are known to be able
to bind soil and water while increasing the discharge of
groundwater. The absorption of rain water by bamboo
plants is 90% (Wong, 2004). In 1978, the community
worked together to build a lake two meters deep known
by its local name as an Embung . This lake holds water
from sources around Boon Pring. Nine springs in this area
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are never dry because of bamboo vegetation. Therefore,
Boon Pring was originally a water conservation area.
The community initially used the lake for irrigation.
However, after the development of ecotourism services,
this area has increased its function to become a tourism area with a focus on mass tourism, such as adding
swimming pools, homestays, and playground areas. In
2017 and 2018, visitors to this eco-tourism amounted to
76,000 and 83,000, respectively. This ecotourism has a
significant impact on local people’s income (Rustantono
et al ., 2020). The village of Sanankerto was once isolated
and poor. It was often the target of the village’s disadvantaged program. However, it has now grown with improved
creativity in utilizing its resources. Local people are using
bamboos for making wicker (or gedek in Indonesian) and
house fences. Young bamboo shoots are used as food. In
addition, bamboo glasses, spoons, skewers, and chopsticks
are made with limited production.
The Boon Pring Andeman area has a high natural potential. However, it can face threats if it is not manag ed
properly. Mass tourism has a tendency to raise new problems. In the environmental sector, such problems include
reduced natural resources, land degradation, decreased
animal populations, and increased waste (Rustantono et
al ., 2020). The distribution of bamboo in the Boon Pring
area has never been studied, including its mapping. This
has resulted in less systematic management in this area
with continuous improvement of facilities for tourism
purposes. For this reason, the objective of this study was
to identify and analyze the structure and mapping of
bamboo vegetation in this area. This information can be
used in the planning, management, and development of
the Boon Pring Area while paying attention to the potential of the Area in the form of bamboo vegetation. We
measured microclimate factors as initial information for
the cultivation of bamboo species such as local bamboo,
Gigantochloa atter , which has been reported to be difficult to be cultivated.

Materials and Methods
This research was conducted in 2018 - 2019 in the
Boon Pring Andeman Area, Sanankerto Village, Turen District, Malang Regency, East Java, Indonesia. The type of
research was descriptive exploratory. Plant species identification was carried out at the Ecology Laboratory, Department of Biology, Faculty of Mathematics and Natural
Sciences, State University of Malang, Indonesia.
Bamboo vegetation sampling was carried out by purposive sampling covering an area of ± 10 ha. The determination of the sampling area was based on results of
interviews with the manager and the local community
regarding the distribution of bamboo clumps, local name
of the bamboo, and intensities of activities of the manager and the community in the Boon Pring area. Based on
interview results, three zoning and eight sub-clusters were
determined and used for sampling vegetation.
The method used was a two-stage cluster sampling
modified from Henry et al . (2015). First, a zoning-based
cluster (i.e., a core zone, a buffer zone, and a utilization
zone) was determined. Second, from each zoning or cluster, the sampling point (sub-cluster) was determined. Subclusters 1 and 2 were located in the western and eastern
parts of the utilization zone, respectively. Sub-clusters 3,
4, and 5 were located in the northern, central, and southern parts of the buffer zone, respectively. Sub-clusters 6, 7,
and 8 were located in the northern, central, and southern
parts of the core zone, respectively (Fig. 1).
Species identification and structures of bamboo vegetation and mapping of the distribution of bamboo vegetation were carried out using the cruising technique (Michael,
1984). In the exploration area, a cruising line was made
in the form of a line in the sub-cluster (Fig. 2). Each
clump of bamboo found was marked on the GPS (Garmin
Montana 650). Its morphology was recorded for identification purposes and the number was counted. Furthermore,
data in the GPS were matched with Google Earth Pro app-

Fig. 1. Illustration of zoning map and cluster division in the Boon Pring Andeman area.
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lication to determine the total area of bamboos. These
data were processed into maps using the ArcGis 10.3
application. For each sub-cluster, microclimate factors
including soil pH, soil moisture (%) (soil tester Takemura
DM-5, Japan), soil temperature (°C, digital soil thermometer, USA), air temperature (°C), relative humidity (%,
Elcometer 116C Sling Hygrometer, England), and light
intensity using a lux meter (LX-1330B, USA) were measured
(n = 3).

Fig. 2. Illustration of cruising line for each sub cluster.
Description and classification were then made for
each bamboo. Data obtained were analyzed by Shannon
Weiner’s diversity index (H ‘), Pileou’s similarity index (E),
and Margalef’s species richness index (R) according to
Barbour et al . (1999). The identification of bamboo species based on morphological characterization was based on
a book “Identification of Bamboo Types in Java” (Widjaja,
2001) and a journal “Bamboo, the Amazing Grass A Guide
to The Diversity and Study of Bamboo in Southeast Asia”
(Wong, 2 004). Spatial data were analyzed using ArcGis
10.3 and Google Earth. A bamboo vegetation distribution
map was then made. Data for calculating the abiotic factor were analyzed using the analysis of variance followed
by least significant difference (LSD) test at a significance
level (a) of 5%.

Results
Species, classifications, and descriptions of bamboos
in the Boon Pring area
Bamboos found in the Boon Pring Andeman area consisted of nine species (i.e., Dendrocalamus asper, Bambusa variegata, Bambusa vulgaris var. Striata Gamble, Phyllostachys

https://doi.org/10.22920/PNIE.2021.2.3.144

aurea, Gigantochloa atter, Gigantochloa atroviolacea,
Gigantochloa apus, Bambusa blumeana, and Bambusa
vulgaris ). Each species has special morphology characteristics (Table 1).
Bamboo species diversity in each zone and sub-cluster
Diversity, evenness, and species richness index were different in each zone and sub-cluster. The highest diversity
index value was found in the utilization zone of sub-cluster one, which was included in the medium category (1 ≥
H ‘≤ 3). The highest index of evenness and species richness
were also found in the same location. Meanwhile, sub-clustertwo, which was in the same zone as sub-cluster one,
had the lowest values for these three indices. Overall, the
diversity indices in the utilization zone and the core zone
were in the medium category, while those in the core zone
were classified as low. The similarity index was high (E ≥
0.6) except for sub-cluster two. Species Richness indices
for all sub-clusters were low (R ≤ 3.5) (Table 2).
A biotic factor for each sub-cluster
There was a difference in soil pH between the core
zone and the buffer zone. Soil pH in the core zone was
lower than that in the buffer zone, but not different
from the soil pH in the utilization zone. However, all sub
clusters in the Boon Pring Andeman area had soil pH in
the range of 6.2 to 6.5 (sub-acid category) (Gentili et al .,
2018). Soil temperature and light intensity did not differ
between sub-clusters, ranging from 29.35°C to 29.43°C
and from 124 Lux to 133 Lux, respectively. Similar to
soil pH, humidity and air temperature in sub-clusters of
the core zone were different from those in sub-clusters
of other zones. The humidity at this location was higher
while the air temperature was lower. The temperature
ranged from 28.20°C to 28.70°C and the humidity ranged
from 87% to 95% (Table 3).
Bamboo vegetation distribution map
In this study, we divided the Boon Pring Andeman area
into three zones based on bamboo species found (Table
4) and activities of the community and manager in the
Boon Pring area. These three zones were utilization zone,
buffer zone, and core zone (Fig. 3). In cluster one (utilization zone) which consisted of sub-clusters 1 and 2, the
following seven bamboo species were found: Dendrocalamus asper, Bambusa variegata , Bambusa vulgaris var
Striata Gamble, Phyllostachys aurea, Gigantochloa atter,
Gigantochloa atroviolacea , and Bambusa vulgaris . In the
buffer zone, sub-clusters 3, 4, and 5 had four species:
Dendrocalamus asper , Gigantochloa atter , Gigantochloa
apus , and Bambusa blumeana . In the core zone, sub-clusters 6, 7, and 8 had three species: Gigantochloa atter,
Phyllostachys aurea , and Gigantochloa apus.
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Table 1. General and specific characteristics of bamboo species
Characteristics and Classification

Photo

Air roots are at the base to the top of the reed. Bamboo reeds
are upright and curved at the top. The underside of young
reeds is covered with velvety brown fur. The hairs/wax on the
bamboo shoots are evenly distributed. Average number of
reeds in clump 30-50. Growth form: Upright. Branch type:
sympodial rhizoma. Color of stem: green, diameter: 20-30 cm.
Leaf: green color, upright type. Reed diameter: 11-22 cm
Famili: Poaceae
Genus: Dendrocalamus
Spesies: Dendrocalamus asper Backer ex.Heyne
Local name: Bambu Petung

Habitus

Trunk

Branch

Fronds

Habitus

Trunk

Branch

Fronds

Habitus

Trunk

Branches

Fronds

Habitus

Trunk

Branches

Fronds

Habitus

Trunk

Erect bamboo at the bottom and top of the scraps, no visible
reed midribs clearly. The part of the reeds is yellow with a
shiny green line. Branch type: sympodial rhizoma, Stem:
yellow, diameter: 8-10 cm. Leaf: green, lanceolate shape.
Growth form: erect. The hairs / wax on the bamboo shoots are
evenly distributed.
Family: Graminae
Genus: Bambusa
Species: Bambusa vulgaris var. Striata (Lodd. ex Lindl.) Gambl

Erect bamboo at the bottom and top of the scraps, no visible
reed midribs clearly. The reeds prickly. Branching: sympodial
rhizoma. Stem: green, diameter: 9-10 cm. Leaf: green,
lanceolate. Growth form: upright. The hairs on the bamboo
shoots scattered in the middle of the leaf midrib. Number of
reeds in clump: 50-55. Reed diameter: 7-10 cm
Family: Graminae
Genus: Bambusa
Species: Bambusa blumeana Schult.f
Local name: Bambu Duri.

Erect bamboo at the bottom and top of the scraps, no visible
reed midribs clearly. The reeds are not spiny. Branching type:
sympodial rhizome. Stem: green, diameter: 5-10 cm. Leaf:
green, upright. Growth form: upright. The hairs / wax on the
bamboo shoots are scattered in the middle of the leaf midrib.
Average number of reeds in the clump: 15-60. Reed diameter:
7-10 cm.
Family: Graminae
Genus : Bambusa
Species: Bambusa vulgaris Schard. J.C.Wendl
Local name: Bambu Ampel

The books in the reed section are curved inward and consist of
2 branches. The midrib part of the reed is thin and does not
have sprouted hair but if it is found, it will fall off easily.
Branch type: monopodial rhizoma. Color of stem: green. Stem
diameter: 6-10 cm
Leaf color: green. Stem diameter: 6-10 cm.
Family: Poaceae
Genus: Phyllotachys
Species: Phyllostachys aurea
Local name: Bambu Jakarta
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Characteristics and Classification

Photo

Upright bamboo at the bottom and top of the scraps, reed
midribs are not clearly visible. Generally used as an ornamental
plant. Average height: 3-4 m. Reed diameter: 1.5-3 cm. Has
dense leaves. Branch type: monopodial rhizome. Color of stem:
green. Leaf color: green
Family: Poaceae
Genus: Bambusa
Species: Bambusa variegata
Local name: Bambu parigata
Habitus

Trunk

Habitus

Trunk

Habitus

Trunk

Habitus

Trunk

The middle reed is relatively long while the lower part is
relatively short. Air roots on the reed found at the base of the
reed. Branching: rhizoma sympodial. Stem: green, diameter
6-12 cm. Leaf: green, lanceolate. Growth form: upright. The
hairs evenly distributed. Number of reeds in clump: 29-110.
Reed diameter: 6-11 cm. Surface: stem midrib.
Family: Bambuseae
Genus: Gigantochloa
Species: Gigantochloa atter (Hassk.) Kurz
Local name: Bambu Jawa
Branches

Fronds

Branch

Fronds

The middle reed is relatively long while the lower part is
relatively short. Air roots on the reed found at the base
of the reed. Branching: sympodial rhizome. Stem: green,
diameter: 6-12cm. Leaf: lanceolate. Growth form: upright.
The hairs evenly distributed. Average number of reeds in
clump: 29-110. Reed diameter: 6-11cm. Surface: stem
midrib.
Family: Bambuseae
Genus: Gigantochloa
Species: Gigantochloa atroviolacea
Local name: Bambu Jawa Hitam
The middle reed is relatively long, the lower part relatively
short. Air roots on the reed found at the base. The midribs of
the reeds do not fall off easily. Branch: sympodial rhizoma.
Stem: green, diameter: 7-8 cm. Leaf color: green. Growth
form: erect. The hairs evenly distributed. Number of reeds in
clump: 29-93, diameter: 4-15 cm.
Family: Bambuseae
Genus: Gigantochloa
Species: Gigantochloa apus Kurz
Local name: Bambu Apus

Table 2. Diversity index, similarity index, and species richness in each zone of the Boon Pring area
Zone
Utilization
Buffer

Core

Sub cluster
1
2
3
4
5
6
7
8

https://doi.org/10.22920/PNIE.2021.2.3.144

H’

E

R

1.42
0.26
1.04
1.18
1.14
0.69
0.60
0.46

0.88
0.24
0.75
0.85
0.82
0.63
0.55
0.66

0.84
0.45
0.64
0.62
0.68
0.44
0.43
0.21
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Table 3. Abiotic factors in each sub-cluster
Zone

Sub-cluster

Soil pH

Utilization

1
2
3
4
5
6
7
8

6,27±0,10a
6,37±0,15ab
6,50±0,00b
6,50±0,00b
6,47±0,06b
6,20±0,00a
6,27±0,06a
6,27±0,06a

Buffer

Core

Soil Temperature Air Temperature
(ºC)
(ºC)

Light Intesity
(Lux)

Humidity
(%)

29,40±0,01a
29,43±0,01a
29,41±0,01a
29,36±0,03a
29,36±0,03a
29,37±0,03a
29,37±0,03a
29,35±0,02a

131,93±6,60a
133,00±10,05a
129,47±4,48a
129,67±1,55a
133,00±0,95a
130,83±0,90a
125,27±1,06a
124,33±4,24a

88,00±1,00ab
89,67±1,53b
87,00±1,00a
87,67±0,58a
89,67±1,15b
91,67±1,53b
92,67±0,58b
90,67±1,15b

28,43±0,20b
28,60±0,10b
28,47±0,06b
28,47±0,15b
28,60±0,15b
28,70±0,10b
28,20±0,06a
28,23±0,20ab

In the column, the same letter above the number indicates that the value of the number is not significantly different based on the LSD test with a
significant level of 5% (mean ± standard deviation; n = 3).

Table 4. Bamboo species detected (+) in each sub-cluster of the Boon Pring Area
Species

Dendrocalamus asper Backer
Bambusa variegata Siebold ex Miq.
Bambusa vulgaris var. Striata Gamble
Phyllostachys aurea Carrière ex A. Rivière & C.Rivière
Gigantochloa atter (Hassk.) Kurz
Gigantochloa atroviolacea Widjaja
Gigantochloa apus Kurz
Bambusa blumeana Schult.f.
Bambusa vulgaris Schard. Ex J.C.Wendl.

Sub cluster
1
+
+
+
+

2

3

4

5

+

+

+

+

+
+

+

+

+

+
+

6

7

8

+
+

+
+

+
+

+

+

+

+

Fig. 3. Zonation and
bamboo distribution at
Boon Pring Andeman
Area.
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Discussion
Bamboo species in Boon Pring area and their characterization
Bamboo can be found in tropical and subtropical areas
around the world, with the Asian continent having 65%
of the world’s bamboo species. It has been estimated that
there are about 1250 - 1350 bamboo species in the world
(Widjaja & Karsono, 2004). It is distributed in Indonesia,
Burma, India, China, and Japan. There are 157 bamboo
species in Indonesia, including those in the genera of
Bambusa, Dendrocalamus, Dinochloa , and Gigantrochloa
(Paridah, 2013; Widjaja & Karsono, 2004). Those genera
are also found in the Boon Pring Andeman area. Bamboos
are rhizome plants with reed-shaped stems and booklets that
are hollow with branches. Bamboo culms are the easiest parts
to distinguish them at species levels because they show
variations in shape, size, and color (Razak et al ., 2007). At
the beginning of the rainy season, reeds will appear from
creeping rhizomes (Sutiono et al ., 1996). In Indonesia,
sympodial bamboos are more common than monopodial
ones (Sutarno et al ., 1996). A sympodial rhizome system
is a term to describe bamboo plants that grow in clumps
(Chand et al ., 2008) and develop horizontally with short
distances in one clump. Each bamboo bud will develop into a new rhizome root that will grow upward to
form bamboo shoots and become reeds (Widjaja, 1998).
Knuckles at the base of several species of bamboo are
covered by air roots. For example, Dendrocalamus asper
is found in clusters 2, 3, 4, and 5. Surfaces of young
reeds of Dendrocalamus asper have thick hair like velvet. Gigantochloa atter has black hair that spreads out
over segments (Widjaja, 1987). Bamboo reeds are generally green, although they show differences in color levels.
The color character of bamboo reeds changes along with
the development of reeds. Each species of bamboo has
special characteristics. Gigantochloa atter is a local bamboo species that is resistant to powder-post beetles attack
(Krisdianto & Ismanto, 2006), which is a pest of bamboo
plants. This explains why this species is found in all sub
-clusters. Information about the classification and specific characteristics of each bamboo species is important
to educate visitors so that ultimately all stakeholders can
contribute to the conservation of bamboos. This will also
assist the management and the protection of the Boon
Pring area.
Bamboo species diversity, similarity, and richness
index
The high diversity in sub-cluster one located in the utilization zone was because the management had deliberately planted various species of bamboo. Bambusa varigata,
Bambusa vulgaris var. striata , and Phyllostachys aurea are used
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as ornamental plants. One benefit of planting bamboo
is that bamboo is an ornamental plant (Pagad, 2016).
Phyllostachys aurea is planted around the island of Putri
Sekar Sari, one of ecotourism areas in Boon Pring Andeman.
Bambusa vulgaris var. striata Gamble is planted at the front
of the entrance as an ornamental plant. Bambusa varigata
is grown around the playground area. Meanwhile, the diversity in sub-cluster two was due to its smaller size in area. It
only had t hree species of bamboo. In the buffer zone, the
management has maintained the existence of bamboo plants
for the purpose of groundwater conservation (Hakim et al.,
2002). Local people living around the Boon Pring area use
natural water sources for household needs and for irrigating rice fields. In addition, Dendrocalamus asper as a
bamboo species in this zone has a function as a boundary
marker between the utilization zone and the buffer zone.
The number of individuals was similar between species
which caused a high evenness index except for sub-cluster
two due to a smaller area in size. Gigantochloa atroviolacea
at this location was found to have as many as three clumps.
Species richness in the entire area was low. Not many species
of bamboo clumps were found. The management focused on
several species of bamboo for specific purposes. Of ± 10 ha,
only nine species were found, with seven of them distributed in
the utilization zone.
Abiotic factors support the presence of bamboo
Abiotic factors in the Boon Pring Andeman area are
suitable for growing bamboos. This is due to its sub -acid
soil. Bamboos are known to grow well in a soil with pH
of 5.0-6.5 (Hedge, 2014). Temperature, humidity, soil
temperature, and high light intensity in this area as characteristics of the tropics support the growth of bamboos. Humidity is one important determinant of vegetation growth in the tropics (Novianti et al ., 2018). In the
core zone, bamboo clumps are placed tightly. Thus, only
a small amount of sunlight can reach the under story.
When it rains, due to the tight canopy cover, the water
would stay longer in the canopy. Likewise, the movement
of water under the bamboo shade is slower. Thus, the
humidity due to water under the bamboo shade will be
of high value (Rabik & Brown, 2003). Meanwhile, the distance between clumps in the utilization zone was far due
to the use of bamboo by the community and management for tourist purposes.
Bamboo vegetation distribution map in Boon Pring
area
The zoning division was based on the Boon Pring
Andeman area included in the Natural Tourism Park
(Minister of Forestry Regulation, 2015). Thus, the management can divide the area into several zones. Zoning
principle was applied to allow protection and human use.
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With zoning, long-term goals in planning, management,
and development can focus on preserving nature, especially bamboos, in addition to using them for tourism and
education. We divide the area into three zones, namely
the utilization zone, the buffer zone, and the core zone.
The core zone is a zone that has high conservation value.
It is vulnerable to disturbance or change. The buffer zone
is a transition zone between the core zone and the utilization zone. In this zone, human activities are permitted
through the agreement of an officer. In principle, the buffer zone aims to support the core zone so that if damage
occurs in the utilization zone due to tourist/human activity, it will not affect the core zone. The utilization zone is
a zone that has certain conservation values. However, it
all ows all forms of utilization activities (Ebregt & Greve,
2000). This zoning is based on the use of the area by the
community. Due to the planting of various species and
the high intensity of human activity, we defined it as a
utilization zone. In this area, there were seven species of
bamboos. The tendency of humans to continue exploiting nature needs to be anticipated by creating a buffer
zone. This zone is marked by Dendrocalamus asper . In the
core zone, there is a species of Gigantochloa atter which
is expected to be sustainable. This species is not easy to
cultivate. Thus, damage or overuse can lead to its extinction. The diversity of species in the core zone needs to be
enriched. Bamboo distribution maps in these three zones
can be used for planning and developing natural tourism potential. All parties need to play a role in preserving
bamboos known to have the ability to bind soil and water
so that they can continue to provide services for organisms including humans.
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ABSTRACT
The objective of this study was to provide basic data for the conservation of wetland ecosystems in the Civilian Control Zone and the
management of Yongyangbo wetlands in South Korea. Yongyangbo wetlands have been designated as protected areas. A field survey
was conducted across five sessions between April 2019 and August of 2019. A total of 248 taxa were identified during the survey,
including 72 families, 163 genera, 230 species, 4 subspecies, and 14 varieties. Their life-forms were Th (therophytes) - R5 (non-clonal
form) - D4 (clitochores) - e (erect form), with a disturbance index of 33.8%. Three taxa of rare plants were detected: Silene capitata
Kom. and Polygonatum stenophyllum Maxim. known to be endangered species, and Aristolochia contorta Bunge, a least-concern
species. S. capitata is a legally protected species designated as a Class II endangered species in South Korea. A total of 26 taxa of
naturalized plants were observed, with a naturalization index of 10.5%. There was one endemic plant taxon (Salix koriyanagi Kimura
ex Goerz). In terms of floristic target species, there was one taxon in class V, one taxon in Class IV, three taxa in Class III, five taxa in
Class II, and seven taxa in Class I. Three invasive alien species (Ambrosia trifida L., Ambrosia artemisiifolia L., and Humulus japonicus
Siebold & Zucc) were observed. For continuous conservation of Yongyangbo Wetlands, it is necessary to remove invasive alien plants
and block the inflow of non-point pollutants.
Keywords: Civilian control zone, Endangered species, Life form, Naturalization index, Vascular plants, Wetlands

Introduction
Wetlands are transitional zones between terrestrial and
aquatic ecosystems (Yi & Nam, 2008) that are permanently or seasonally humid (Park et al ., 2000). They are characterized by high productivity and rich biodiversity. Wetlands provide humans with various ecological services by
offering an abundance of natural resources and creating
unique natural landscapes (Ahn et al ., 2016; Kim, 2003).
Depending on where they are formed, wetlands can be
categorized as coastal wetlands, inland wetlands (riverine,
lacustrine, and mountainous palustrine), or constructed
Received May 20, 2021; Revised June 10, 2021;
Accepted June 11, 2021
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e-mail hhloveys@nie.re.kr
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wetlands, each of which has its value as a unique ecological habitat (Ministry of Environment (ME), 2010).
The Civilian Control Zone (CCZ) in South Korea is located 5–20 km south of the demilitarized zone (DMZ),
consisting of 15 cities or counties (si/gun ) and 98 eup/
myeon (Lee, 2004). Civilian access to this region has
been restricted for approximately 60 years, leading to
the formation of a unique natural ecosystem that cannot
be found in other regions (Cha et al ., 2000). There is a
broad distribution of wetlands and paddy fields that display high biodiversity and ecosystem connectivity (Park &
Nam, 2013). The entire region outside the DMZ, including
the CCZ, consists of 3.3% of wetlands (Lim, 2006). Yongyangbo Wetlands, located close to the southern border of
the DMZ, consist of lacustrine wetlands formed owing to
the influence of Yongyang Weir and the riverine wetlands
between Yongyang Weir and Sinamjeongyo Bridge. The
Hwagang River, which is a branch of the Hantangang River, originates from Suribong Peak, Geumseong-myeon,

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/bync/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Kimhwa-gun, entering South Korea after it crosses the
Military Demarcation Line. Sediment carried by the river
accumulates upstream of Yongyang Weir, which is believed to have led to the formation of lacustrine wetlands
(National Institute of Ecology (NIE), 2019).
Several survey studies on forests have focused on the
distribution of plants throughout the DMZ, starting with
a study on the distribution of Pinus densiflora Siebold
& Zucc. (Lee, 1968; Moon, 2019). Recent studies have
been conducted in Gwangchiryeong, Yang-gu (Heo et
al ., 2017) and Daedeukbong Peak, Cheolwon-gun (An et
al ., 2018). In terms of wetland studies, some studies have
been conducted on the flora in the Hak Reservoir, which
is connected to the Hantangang River water system in the
region bordering the DMZ (Shin et al ., 2015).
In this study, we performed a floristic survey of Yongyangbo Wetlands in the CCZ under circumstances that
ecological surveys, including floristic surveys, were limited
by restricted access to the region. This is necessary for
military reasons. It is also necessary due to local characteristics such as the presence of mines scattered around the
area (Oh et al ., 2009). Through this survey, we ascertained
the distribution of endangered wild plant habitats and the
distribution of naturalized plants that might threaten the
ecosystem. Results of our survey can be used as basic data
to support the conservation of wetland ecosystems in the
CCZ and for the management of Yongyangbo Wetlands,
which have been designated as wetland protected areas.

Survey area
In terms of administrative districts, Yongyangbo Wetlands
bridge Yongyang-ri and Amjeong-ri in Kimhwa-eup,
Cheolwon-gun, Gangwon-do, and South Korea.
Specifically, it is a region between 37°12’08”N and
37°14’00”N, 127°42’48”E, and 127°44’22”E (Fig. 1). The
survey area was about 0.77 km2 with an average altitude
of 227.7m and an average slope of 2.8°. According to
data from the Cheolwon Weather Station, over the last 30
years (1989–2018), the mean annual air temperature was
10.25°C and the mean annual precipitation was 1,381.14
mm in the Yongyangbo Wetlands as a whole, which was
similar to the mean annual precipitation across South
Korea. Approximately 72.5% of the total annual precipitation occurs in summer (June to September), showing typical rainfall characteristics of a temperate monsoon region,
with large differences in precipitation between seasons
(NIE, 2019).
Survey method
A field survey of five sessions was conducted between
April and August 2019 in accordance with the National
Wetland Survey Protocol (ME, 2011). The survey was
conducted on foot, covering the entire Yongyangbo
Wetlands. Identification and classification were performed
as described by Lee (1996a), Lee (1999), and Park (2009).
Scientific and Korean names were assigned in accordance with the National List of Species of Korea (National
Institute of Biological Resources (NIBR), 2020). Plant lists

Materials and Methods

Fig. 1. Map of
the survey area
in Yongyangbo
Wetlands.
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were grouped by taxonomic ranks of family and below
and arranged in alphabetical order. Based on plants identified in the survey, life-forms (Lee, 1996b), endemic
plants (Chung et al ., 2017), floristic target species (NIE,
2018), and rare plants (Korea National Arboretum (KNA),
2008) were summarized. Naturalized plants were investigated as described by Lee et al . (2011) and Ryu et al.
(2017). Floristic richness (Kim & Lee, 2006) was analyzed
to investigate the biodiversity of plants in the survey. To
ascertain the degree of wetland disturbance, disturbance
index (Benabdelmoumene et al ., 2014) and naturalization
index (Numata, 1975) were calculated.

Results and Discussion
Flora of vascular plants
The flora observed at Yongyangbo Wetlands consisted
of a total of 248 taxa, 72 families, 163 genera, 230 species, 4 subspecies, and 14 varieties. There were 4 taxa of
Pteridophyta (4 families, 4 genera, 4 species), 1 taxon of
Pinophyta (1 family, 1 genus, 1 species), and 243 taxa
of Magnoliophyta (67 families, 158 genera, 164 species,
4 subspecies, 14 varieties; Table 1, Supplementary Table
1), corresponding to approximately 5.4% of 4,596 vascular plant taxa found in the Korean Peninsula (NIBR,
2020). The most commonly observed families in order
of descending richness were Poaceae (26 taxa, 10.5%),
Asteraceae (25 taxa, 10.1%), Cyperaceae (17 taxa, 6.9%),
and Fabaceae (17 taxa, 6.9%; Table 2). The floristic diversity of Yongyangbo Wetlands was 1.52, higher than that
of Hak Reservoir near the DMZ in Cheolwon (1.38, Shin
et al ., 2015) but lower than that of Daedeukbong Peak
(1.59, An et al ., 2018). Floristic diversity was calculated as
the species-to-genera ratio, with a larger value indicating more diverse genera containing a broader spectrum of
species (Kim & Lee, 2006).
Table 1. Number of vascular plants in Yongyangbo Wetlands
Taxa

Fam.

Gen.

Pteridophyta

4

4

4

-

-

-

4

(Polypodiopsida)

(3)

(3)

(3)

-

-

-

(3)

(Equisetopsida)

(1)

(1)

(1)

-

-

-

(1)

1

1

1

-

-

-

1

(Pinopsida)

(1)

(1)

(1)

-

-

-

(1)

Magnoliophyta

67

158

225

4

14

-

243

(4)

(13)

-

(181)

Pinophyta

Sp. Subsp. Var. For. Total

(Magnoliopsida)

(55)

(124) (164)

(Liliopsida)

(12)

(34)

(61)

-

(1)

-

(62)

72

163

230

4

14

-

248

Total

155

Table 2. Family compositions of vascular plants in Yongyangbo
Wetlands
Family

No. of taxa

Ratio (%)

Poaceae

26

10.5

Asteraceae

25

10.1

Cyperaceae

17

6.9

Fabaceae

17

6.9

Polygonaceae

12

4.9

Brassicaceae

12

4.9

Rosaceae

11

4.5

Apiaceae

10

4.1

Caryophyllaceae

7

2.8

Lamiaceae

6

2.4

Liliaceae

6

2.4

Salicaceae

6

2.4

Others (60 families)

93

37.2

Total

248

100.0

Life-forms
Raunkiaer dormancy forms of the 248 taxa in the survey area were analyzed. The dormancy form with the
highest richness was therophytes (Th) in 73 taxa (29.4%),
followed by hemicryptophytes (H) in 64 taxa (25.8%),
geophytes (G) in 35 taxa (14.1%), and helophytes (HH)
and nanophanerophytes (N) in 17 taxa (6.9%; Table 3).
Montane wetlands tend to show a high abundance of
hemicryptophytes (Kim et al ., 2011; Ko et al ., 2014), while
riverine wetlands such as Yongyangbo Wetlands are at low
altitudes and surrounded by farmland, roads, and other
facilities, resulting in the appearance of a large number of
therophytes, including naturalized plants. The disturbance
index at Yongyangbo Wetlands was 33.8%, indicating
a more stable habitat than orchards (47.0%, Kim et al .,
2019) or fields (55.0%, Kim et al ., 2015) known to undergo continual human management. It is also a more stable
habitat than Hak Reservoir, which is a lacustrine wetland
in the DMZ (38.2%, Shin et al ., 2015).
The most commonly observed radicoid form was R5 (147
taxa, 59.3%) (a non-clonal form, such as Erigeron annuus
(L.) Pers., Setaria pumila (Poir.) Roem. & Schult., or Inula
britannica var. japonica (Thunb.) Franch. & Sav), followed
by R3 (49 taxa, 19.7%) that showed short-branching rhizomes and clonal growth over a narrow range, such as
Eragrostis ferruginea (Thunb.) P. Beauv. or Aster incises
Fisch. (Table 4). Among disseminule forms, clitochores (D4,
129 taxa, 52.0%) was the most common, followed by anemochore or hydrochore (D1, 44 taxa, 17.8%) (for which seeds
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are carried on wind or water) and zoochore (D3, 24 taxa,
9.7%) (for which seeds are carried by sticking to animals
or humans) (Table 5). Among growth forms as a way to
categorize the state of growth and morphology of aerial
parts, the erect form (73 taxa, 29.4%) was the most common, followed by the tussock form (t, 40 taxa, 16.1%)

and the pseudo-rosette form (ps, 27 taxa, 10.9%; Table 6).
Thus, life forms of plants in Yongyangbo Wetlands could
be Th-R5-D4-e. This is a life-form composition similar to
that of plants in orchards and fields, but different from
the life-form composition of H-R5-D4-e generally observed
for forest plants (Kang et al ., 2006).

Table 3. Dormancy form of vascular plants in Yongyangbo Wetlands
Dormancy form*

Perennial

Annual

Dormancy form*

Ch

E

G

H

HH

M

MM

N

No. of taxa
Ratio (%)

11
4.4

1
0.4

35
14.1

64
25.8

17
6.9

16
6.5

14
5.6

17
6.9

HH(Th, Thw)
6
2.4

Th

Th(w)

32
12.9

35
14.1

*Ch, chamaephyte; G, geophyte; H, hemicryptophyte; HH, hydatophyte; M, microphanerophyte; MM, megaphanerophyte; N,
nanophanerophyte; Th, therophyte (summer annual); Th(w): therophyte (winter annual).

Table 4. Radicoid form of vascular plants in Yongyangbo Wetlands
Radicoid form*

R1-2

R2-3

R2-3(b)

R3

R3(b)

R3(O)

R3(s)

R3(v)

R4

R5

R5(b)

R5(O)

R5(s)

R(s)

R(v)

No. of taxa
Ratio (%)

1
0.4

29
11.7

1
0.4

38
15.3

2
0.8

1
0.4

2
0.8

6
2.4

18
7.3

141
56.9

1
0.4

1
0.4

4
1.6

2
0.8

1
0.4

*R1 : widest extent of rhizomatous growth; R2 : moderate extent of rhizomatous growth; R3 : narrowest extent of rhizomatous growth;
R4 : clonal growth by stolons and struck roots; R5 : non-clonal growth; R1-2 : plants with rhizomatous mutation of R1 and R2 ; R2-3 :
plants with rhizomatous mutation of R2 and R3 , R(b) : Bulb, R(c) : Corm, R(o) , oblique type, R(s) : succulent type, R(v) : vertical type.

Table 5. Disseminule form of vascular plants in Yongyangbo Wetlands
Disseminule form*
No. of taxa
Ratio (%)

D1

D1,4

D2

D2,4

D3

D3,2

D4

D4,1

D4,2

D5,4

44
17.8

9
3.6

24
9.7

10
4.0

24
9.7

1
0.4

129
52.0

4
1.6

1
0.4

2
0.8

*D1: widely disseminated by wind or water; D2: disseminated attachment with or eaten by animals and humans; D3: disseminated by
mechanical propulsion of dehiscence of fruits; D4: no special modification for dissemination; D5: not producing seeds; D1,4: plants with
D1 and D4 , D2,4: plants with D2 and D4 , D3,2: plants with D3 and D2 , D4,1: plants with D4 and D1 , D4,2: plants with D4 and D2 , D5,4:
plants with D5 and D4.

Table 6. Growth form of vascular plants in Yongyangbo Wetlands
Growth form*
No. of taxa
Ratio (%)

b

b,e

b-l

b-p

b-ps

e

e,b

16
6.5

1
0.4

6
2.4

4
1.6

3
73 12
1.2 29.4 4.8

l

l-b

p

p-b

p-e

p-l

p-ps

pr

ps

ps-b

21
8.5

3
1.2

2
0.8

1
0.4

1
0.4

1
0.4

4
1.6

15 27
2
6.1 10.9 0.8

r

t

t-p

13 40
3
5.3 16.1 1.2

*b: branched form; e: erect form; l: liana form; p: procumbent form; pr: partial-rosette form; ps: pseudo-rosette form; r: rosette form;
t: tussock form, b,e: b form and/or e form, b-l: b form with liana stem, b-p: b form with procumbent stem, b-ps: b form with pseudorosette, e,b: e form and/or b form, l-b: l form with branched form, p-b: p form with branched form, p-e: p form with e form, p-l: p
form with liana form, p-ps: p form with pseudo-rosette, ps-b: ps form with branched form, t-p: t form with procumbent stem.
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Fig. 2. Rare plants in Yongyangbo Wetlands. A. Silene capitata Kom., endangered species Class II; B. Polygonatum
stenophyllum Maxim., endangered species; C. Aristolochia contorta Bunge, least concern.
Rare and endemic plants
Rare plants are native plants that require special protection because of their decreasing population sizes
or habitats. Three taxa of rare plants were observed in
Yongyangbo Wetlands: Silene capitata Kom., Polygonatum
stenophyllum Maxim. (both of which are classified as
endangered species), and Aristolochia contorta Bunge (Classified as a species of least concern) (Fig. 2). Of these,
S. capitata has been designated by the Ministry of
Environment as a Class II endangered wildlife. Forty individuals were observed on roadside cliffs at three points.
A relatively large distribution of A. contorta was observed
near the farmland and edges of the wetlands.
Because Yongyangbo Wetlands are located in the CCZ,
it is not a region that can be freely accessed by civilians.
However, it can be accessed by tourists who submit an
application. The endangered plant S. capitata is located on rocks behind an exploration zone made of wooden
decking. Therefore, there is a risk of destruction due to
the approach of tourists. To protect S. capitata , it is necessary to take active measures to prevent its destruction,
such as installing signposts or a fence to restrict access.
Endemic plants are native plants that are only found
in South Korea. Salix koriyanagi Kimura ex Goerz was the
only endemic plant taxon observed in the survey area.
This species was observed on flat sands of the river terrace where waterways meet upstream of Yongyangbo
Wetlands. Salix purpurea var. smithiana Trautv. and S.
koriyanagi were co-dominant. They formed a unique vegetative landscape that characterized Yongyangbo Wetlands.
Floristic target species and naturalized plants
A total of 17 taxa of floristic target species were identified in Yongyangbo Wetlands. There was one Class V
taxon (S. capitata) , one Class IV taxon (P. stenophyllum ),
three Class III taxa (Sinomenium acutum (Thunb.) Rehder &
E. H. Wilson, Thalictrum rochebrunianum Franch. & Sav., S.
purpurea var. smit hiana), five Class II taxa (Alisma orientale
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(Sam.) Juz., Alisma canaliculatum A. Braun & C. D.
Bouché, Carex planiculmis Kom., Weigela florida (Bunge)
A. DC., Mukdenia rossii (Oliv.) Koidz.), and seven Class I
taxa (Adoxa moschatellina L., A. contorta, Impatiens nolitangere L., Deutzia uniflora Shirai, Salix chaenomeloides
Kimura, Hemiptelea davidii (Hance) Planch., Ulmus davidiana var. japonica (Rehder) Nakai; Table 7).
There were 26 taxa of naturalized plants observed in
the survey area, including Fallopia dumetorum (L.) Holub,
Rumex crispus L., Chenopodium album var. spicatum W. D.
J. Koch, Lepidium virginicum L., Thlaspi arvense L., and
Potentilla supina L. The naturalization index was 10.5%.
Annual herbaceous plants (16 taxa) constituted the largest proportion of these, followed by perennial herbaceous
plants (eight taxa) and woody plants (two taxa; Table 8).
Most naturalized plants were observed near roads, where
there were frequent human interferences. Three invasive
alien species were observed: Ambrosia trifida L., Ambrosia
artemisiifolia L., and Humulus japonicus Siebold & Zucc.
Although only a small number of scattered individuals were observed owing to regular weeding, given that
they must have entered from adjacent areas, changes in
population sizes for these species need to be monitored
continuously.

Conclusion and Suggestions
According to results of this study, a total of 248 taxa
were identified in the Yongyangbo Wetlands during the
survey, including 72 families and 163 genera. The most
commonly observed families, in order of descending richness, were Poaceae, Asteraceae, Cyperaceae, and Fabaceae.
Their life-forms were characterized by Th-R5-D4-e, a lifeform composition similar to that of plants in orchards and
fields. Three taxa of rare plants were observed, including
S. capitata (a Class II endangered wildlife), 26 taxa of naturalized plants, and 3 taxa of invasive alien species. The
disturbance index was 33.8%, indicating that the habitat
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Table 7. Growth form of vascular plants in Yongyangbo Wetlands
Grade
Ⅴ
Ⅳ
Ⅲ

Ⅱ

Ⅰ

Family

Scientific name

Caryophyllaceae
Liliaceae
Menispermaceae
Ranunculaceae
Salicaceae
Alismataceae

Silene capitata Kom.
Polygonatum stenophyllum Maxim.
Sinomenium acutum (Thunb.) Rehder & E. H. Wilson
Thalictrum rochebrunianum Franch. & Sav.
Salix purpurea var. smithiana Trautv.
Alisma orientale (Sam.) Juz.
Alisma canaliculatum A. Braun & C. D. Bouché
Carex planiculmis Kom.
Weigela florida (Bunge) A. DC.
Mukdenia rossii (Oliv.) Koidz.
Adoxa moschatellina L.
Aristolochia contorta Bunge
Impatiens nolitangere L.
Deutzia uniflora Shirai
Salix chaenomeloides Kimura
Hemiptelea davidii (Hance) Planch.
Ulmus davidiana var. japonica (Rehder) Nakai

Cyperaceae
Diervillaceae
Saxifragaceae
Adoxaceae
Aristolochiaceae
Balsaminaceae
Hydrangeaceae
Salicaceae
Ulmaceae

Table 8. Naturalized plants in Yongyangbo Wetlands
Family
Asteraceae

Brassicaceae
Chenopodiaceae
Convolvulaceae
Euphorbiaceae
Fabaceae

Iridaceae
Onagraceae
Poaceae

Polygonaceae
Rosaceae
Scrophulariaceae

Scientific name
Ambrosia trifida L.*
Ambrosia artemisiifolia L.*
Carduus crispus L.
Conyza canadensis (L.) Cronquist
Erigeron annuus (L.) Pers.
Galinsoga quadriradiata Ruiz & Pav.
Taraxacum officinale F. H. Wigg.
Lepidium virginicum L.
Thlaspi arvense L.
Chenopodium album var. spicatum W. D. J. Koch
Ipomoea purpurea (L.) Roth
Euphorbia maculata L.
Amorpha fruticosa L.
Melilotus suaveolens Ledeb.
Robinia pseudoacacia L.
Trifolium pratense L
Trifolium repens L.
Iris pseudacorus L.
Oenothera biennis L.
Bromus tectorum L.
Festuca arundinacea Schreb.
Poa pratensis L.
Fallopia dumetorum (L.) Holub
Rumex crispus L.
Potentilla supina L.
Veronica americana Schwein. ex Benth.

Dormancy form
Th
Th
Th (w)
Th (w)
Th (w)
Th
H
Th (w)
Th (w)
Th
Th
Th
N
Th (w)
MM
H
Ch
G
Th (w)
Th
H
H
Th
H
CH
Th (w)

* Invasive alien species. Abbreviations for dormancy forms are shown in Table 3.
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was more stable than that of orchards or fields.
The Yongyangbo Wetlands have been designated as a
protected wetland area because of their excellent naturality and integrity obtained through long-time preservation
with high biodiversity based on various habitat environments. In particular, it is an area where genetic exchange
with wildlife populations is possible as it is an ecological
linkage channel with the northern area. The activation of
eco-tourism will introduce economic vitality to the depressed local economy in the DMZ area. In order to maintain its functions and roles, systematic management of
these wetlands is necessary because there is concern of
threats to habitats of indigenous species and the distribution of alien species caused by disturbances to the environment from military units, farmers, visitors, and river
facility management, inter alia.
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Supplementary Table 1. Vascular plants in Yongyangbo Wetlands
Family
Equisetaceae
Athyriaceae
Dryopteridaceae
Thelypteridaceae
Cupressaceae
Salicaceae

Fagaceae

Ulmaceae

Cannabaceae
Moraceae
Urticaceae
Polygonaceae
Polygonaceae

Caryophyllaceae

Chenopodiaceae
Amaranthaceae
Lauraceae
Ranunculaceae

Menispermaceae
Aristolochiaceae
Actinidiaceae
Clusiaceae

161

Scientific name
Equisetum arvense L.
Athyrium niponicum (Mett.) Hance
Polystichum tripteron (Kunze) C. Presl
Thelypteris palustris (A. Gray) Schott
Metasequoia glyptostroboides Hu & W. C. Cheng
Salix chaenomeloides Kimura
Salix gracilistyla Miq.
Salix pierotii Miq.
Salix koriyanagi Kimura ex Goerz***
Salix purpurea var. smithiana Trautv.
Salix triandra subsp. nipponica (Franch. & Sav.) A.K. Skvortsov
Castanea crenata Siebold & Zucc.
Quercus mongolica Fisch. ex Ledeb.
Quercus variabilis Blume
Hemiptelea davidii (Hance) Planch.
Ulmus davidiana var. japonica (Rehder) Nakai
Zelkova serrata (Thunb.) Makino
Humulus japonicus Siebold & Zucc.
Morus alba L.
Morus bombycis Koidz.
Pilea mongolica Wedd.
Aconogonon alpinum (All.) Schkuhr
Fallopia dumetorum (L.) Holub
Persicaria hastatosagittata (Makino) Nakai ex T. Mori
Persicaria hydropiper (L.) Delarbre
Persicaria lapathifolia (L.) Delarbre
Persicaria perfoliata (L.) H. Gross
Persicaria senticosa (Meisn.) H. Gross ex Nakai
Persicaria thunbergii (Siebold & Zucc.) H. Gross
Polygonum aviculare L.
Rumex acetosa L.
Rumex conglomeratus Murray
Rumex crispus L.
Arenaria serpyllifolia L.
Cerastium fontanum subsp. vulgare (Hartm.) Greuter & Burdet
Pseudostellaria heterophylla (Miq.) Pax
Sagina japonica (Sw.) Ohwi EN
Silene capitata Kom.** EN
Stellaria alsine var. undulata (Thunb.) Ohwi
Stellaria aquatica (L.) Scop.
Chenopodium album var. spicatum W. D. J. Koch
Chenopodium album L.
Achyranthes bidentata var. japonica Miq.
Lindera obtusiloba Blume
Clematis apiifolia DC.
Ranunculus japonicus Thunb.
Thalictrum aquilegifolium var. sibiricum Regel & Tiling
Thalictrum minus var. hypoleucum (Siebold & Zucc.) Miq.
Thalictrum rochebrunianum Franch. & Sav.
Menispermum dauricum DC.
Sinomenium acutum (Thunb.) Rehder & E. H. WilsonLC
Aristolochia contorta Bunge
Actinidia arguta (Siebold & Zucc.) Planch. ex Miq.
Hypericum ascyron L.
Hypericum erectum Thunb.

A

B

C

D

G
G
H
G
MM
MM
N
MM
N
N
M
MM
MM
MM
MM
MM
MM
Th
MM
MM
Th
H
TH
HH(Th)
HH(Th)
Th
Th
Th
HH(Th)
Th
H
H
H
Th(w)
H
H
Th(w)
H
Th(w)
Th(w)
Th
Th
H
N
N
H
G
G
G
N
N
H
M
H
H

R2-3
R2-3
R(v)
R2-3
R5
R5
R5
R5
R4
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R2-3
R5
R4
R4
R5
R5
R5
R4
R5
R5
R5
R5
R5
R5
R(s)
R5
R5
R5
R5
R5
R5
R5
R5
R4
R5
R5
R5
R5
R2-3
R2-3
R5
R5
R5
R3

D1
D1
D1
D1
D1
D1
D1
D1
D1
D1
D1
D4
D4
D4
D1
D1
D1
D4
D2
D2
D4
D4
D4
D4,1
D4,1
D4
D4
D4
D4,1
D4
D4
D4
D4
D4
D4
D4
D4
D4
D4
D4
D4
D4
D2
D2
D1
D4
D4
D4
D4
D1
D1
D1
D1
D3
D4

e
t
t
e
e
e
b
e
b
b
e
e
e
e
e
e
e
l
e
e
e
e
l
b-l
e,b
e,b
b-l
b-l
b-p
b,e
ps
ps
ps
b
b
b
b
b
b
b
e,b
e
e
e
l
ps
ps
e
e
l
l
l
l
e
e

E

F

Ⅰ

Ⅲ

Ⅰ
Ⅰ

○

○

Ⅴ

○

Ⅲ
Ⅲ
Ⅰ
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Family
Papaveraceae
Fumariaceae
Brassicaceae

Crassulaceae
Hydrangeaceae
Saxifragaceae
Rosaceae

Fabaceae

Oxalidaceae
Geraniaceae
Euphorbiaceae

Anacardiaceae

Scientific name
Chelidonium majus var. asiaticum (H. Hara) Ohwi
Corydalis speciosa Maxim.
Corydalis remota Fisch. ex Maxim.
Arabis glabra (L.) Bernh.
Barbarea orthoceras Ledeb.
Capsella bursa-pastoris (L.) Medik.
Cardamine flexuosa With.
Cardamine fallax (O. E. Schulz) Nakai
Cardamine impatiens L.
Cardamine leucantha (Tausch) O. E. Schulz
Draba nemorosa L.
Lepidium virginicum L.
Rorippa indica (L.) Hiern
Rorippa palustris (L.) Besser
Thlaspi arvense L.
Sedum kamtschaticum Fisch. & C. A. Mey.
Sedum sarmentosum Bunge
Deutzia uniflora Shirai
Mukdenia rossii (Oliv.) Koidz.
Crataegus pinnatifida Bunge
Duchesnea indica (Andr.) Focke
Potentilla kleiniana Wight & Arn.
Potentilla supina L.
Prunus japonica var. nakaii (H. Lev.) Rehder
Prunus padus L.
Prunus persica (L.) Batsch
Rosa multiflora Thunb.
Rubus crataegifolius Bunge
Rubus parvifolius L.
Spiraea prunifolia var. simpliciflora (Nakai) Nakai
Amorpha fruticosa L.
Amphicarpaea bracteata subsp. edgeworthii (Benth.) H. Ohashi
Kummerowia stipulacea (Maxim.) Makino
Kummerowia striata (Thunb.) Schindl.
Lathyrus davidii Hance
Lespedeza bicolor Turcz.
Lespedeza cuneata (Dum. Cours.) G. Don.
Melilotus suaveolens Ledeb.
Pueraria lobata (Willd.) Ohwi
Robinia pseudoacacia L.
Sophora flavescens Aiton
Trifolium pratense L.
Trifolium repens L.
Vicia amoena Fisch. ex Ser.
Vicia amurensis Oett.
Vicia unijuga A. Braun
Vigna angularis var. nipponensis (Ohwi) Ohwi & H. Ohashi
Oxalis corniculata L.
Geranium sibiricum L.
Geranium thunbergii Siebold ex Lindl. & Paxton
Acalypha australis L.
Euphorbia maculata L.
Flueggea suffruticosa (Pall.) Baill.
Rhus javanica L.
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A

B

C

D

Th(w)
Th(w)
G
Th(w)
HH(Thw)
TH(w)
TH(w)
TH(w)
HH(Thw)
H
Th(w)
Th(w)
Th(w)
Th(w)
Th(w)
H
H
N
E
M
Ch
Ch
Ch
N
MM
M
N
N
N
N
N
Th
Th
Th
G
N
H
Th(w)
Ch
MM
G
H
Ch
G
G
G
Th
Ch
H
H
Th
Th
M
M

R5
R5
R(s)
R5
R5
R5
R5
R5
R6
R3
R5
R5
R5
R5
R5
R3
R4
R3
R4
R5
R4
R5
R5
R5
R5
R5
R3
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R3
R3
R4
R2-3
R5
R3
R5
R4
R5
R5
R5
R5
R5
R5

D4,2
D3
D3
D4
D4
D4
D3
D3
D4
D4
D4
D4
D4
D4
D4
D4
D4
D4
D4
D2
D2
D4
D4
D2
D2
D2
D2
D2
D2
D4
D4
D3
D3
D4
D3
D4
D4
D4
D4
D3
D4
D4
D4
D3
D3
D3
D3
D3,2
D3
D3
D3
D3
D4
D4

e
b
ps
pr
pr
ps
ps
ps
ps
e
ps
ps
pr
ps
pr
b
b-p
e,b
r
e
p-ps
p-ps
b-ps
e,b
e
e
e
e
p-l
e,b
e
l-b
e,b
e,b
e,b
e
b
b
l-b
e
e,b
e,b
p
l
l
e
l
p-b
psb
psb
e
b-p
e
e

E

F

○

○

Ⅰ
Ⅱ

○

○

○
○
○
○

○
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Family
Aceraceae
Balsaminaceae
Celastraceae
Staphyleaceae
Vitaceae
Onagraceae
Haloragaceae
Violaceae

Cucurbitaceae
Cornaceae
Araliaceae
Apiaceae

Oleaceae
Asclepiadaceae
Rubiaceae

Polemoniaceae
Convolvulaceae

Boraginaceae
Lamiaceae

Scrophulariaceae
Phrymaceae
Plantaginaceae
Caprifoliaceae
Adoxaceae
Diervillaceae
Campanulaceae
Asteraceae

163

Scientific name
Acer tataricum subsp. ginnala (Maxim.) Wesm.
Impatiens nolitangere L.
Impatiens textori Miq.
Celastrus flagellaris Rupr.
Celastrus orbiculatus Thunb.
Staphylea bumalda DC.
Parthenocissus tricuspidata (Siebold & Zucc.) Planch.
Oenothera biennis L.
Myriophyllum spicatum L.
Viola lactiflora Nakai
Viola mandshurica W. Becker
Viola verecunda A. Gray
Trichosanthes kirilowii Maxim.
Cornus controversa Hemsl.
Cornus kousa F. Buerger ex Miq.
Aralia elata (Miq.) Seem.
Angelica cartilaginomarginata (Makino ex Y. Yabe) Nakai
Angelica dahurica (Fisch. ex Hoffm.) Benth. & Hook. f. ex Franch. & Sav.
Angelica amurensis Schischk.
Anthriscus sylvestris (L.) Hoffm.
Oenanthe javanica (Blume) DC.
Ostericum grosseserratum (Maxim.) Kitag.
Peucedanum terebinthaceum (Fisch. ex Trevir.) Ledeb.
Pimpinella brachycarpa (Kom.) Nakai
Sium suave Walter
Torilis japonica (Houtt.) DC.
Ligustrum obtusifolium Siebold & Zucc.
Metaplexis japonica (Thunb.) Makino
Galium maximowiczii (Kom.) Pobed.
Galium spurium L.
Rubia argyi (H. Lev. & Vaniot) H. Hara ex Lauener & D.K. Ferguson
Rubia cordifolia L.
Phlox subulata L.
Calystegia hederacea Wall.
Calystegia pubescens Lindl.
Ipomoea purpurea (L.) Roth
Trigonotis peduncularis (Trevir.) Steven ex Palib.
Clinopodium micranthum (Regel) H. Hara
Isodon inflexus (Thunb.) Kud
Leonurus japonicus Houtt.
Lycopus lucidus Turcz. ex Benth.
Salvia plebeia R. Br.
Teucrium japonicum Houtt.
Mazus pumilus (Burm. f.) Steenis
Veronica americana Schwein. ex Benth.
Phryma leptostachya var. oblongifolia (Koidz.) Honda
Plantago asiatica L.
Lonicera japonica Thunb.
Adoxa moschatellina L.
Sambucus williamsii Hance
Weigela florida (Bunge) A. DC.
Lobelia chinensis Lour.
Ambrosia artemisiifolia L.*

A

B

C

D

M
Th
Th
M
M
M
M
Th(w)
HH
H
H
H
G
MM
M
M
G
G
G
H
HH
H
H
G
HH
Th(w)
M
G
H
Th(w)
G
G
H
G
G
Th
Th(w)
H
G
Th(w)
HH
Th(w)
H
Th(w)
Th(w)
G
H
M
H
M
N
H
Th

R5
R4
R4
R5
R5
R5
R5
R5
R2-3
R3(v)
R3(v)
R3(v)
R5(o)
R5
R5
R5
R3(s)
R5(s)
R3
R5(s)
R4
R3
R5
R3
R5
R5
R5
R2-3
R5
R5
R3
R3
R2-3
R2-3
R2-3
R5
R5
R5
R3
R5
R2-3
R5
R2-3
R5
R5
R3
R3(o)
R3
R3
R5
R5
R4
R5

D1
D3
D3
D2,4
D2,4
D4
D2,4
D4,1
D1
D3
D3
D3
D2,4
D2,4
D2,4
D2,4
D4
D4
D4
D4
D1,4
D4
D4
D4
D4
D2
D2
D1
D2
D2
D2
D2
D4
D5,4
D5,4
D4
D4
D4
D4
D4
D4
D4
D4
D4
D4
D2
D2,4
D2,4
D4
D2
D4
D4
D4

e
e
e
l
l
e
l
pr
e
r
r
b-ps
l
e
e
e
ps
ps
ps
ps
p-ps
ps
ps
ps
ps
ps
e
l
e
b-l
b-l
b-l
e,b
l
l
l
b
b
e
pr
e
ps
e
b-ps
e
e
r
l-b
ps
e
e
p-e
e

E

F

Ⅰ

○

○

○

Ⅰ
Ⅱ
○
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Family

Alismataceae
Hydrocharitaceae
Potamogetonaceae
Liliaceae

Smilacaceae
Dioscoreaceae
Iridaceae
Juncaceae
Commelinaceae
Poaceae

Scientific name
Ambrosia trifida L.*
Artemisia annua L.
Artemisia capillaris Thunb.
Artemisia codonocephala Diels
Artemisia lancea Vaniot
Artemisia montana (Nakai) Pamp.
Artemisia indica Willd.
Artemisia selengensis Turcz. ex Besser
Aster tataricus L. f.
Aster incisus Fisch.
Aster yomena (Kitam.) Honda
Carduus crispus L.
Conyza canadensis (L.) Cronquist
Crepidiastrum sonchifolium (Bunge) Pak & Kawano
Erigeron annuus (L.) Pers.
Galinsoga quadriradiata Ruiz & Pav.
Hemistepta lyrata Bunge
Inula britannica var. japonica (Thunb.) Franch. & Sav.
Ixeris polycephala Cass.
Ixeris stolonifera A. Gray
Lactuca indica L.
Taraxacum coreanum Nakai
Taraxacum officinale F. H. Wigg.
Taraxacum platycarpum Dahlst.
Alisma canaliculatum A. Braun & C. D. Bouché
Alisma orientale (Sam.) Juz.
Hydrilla verticillata (L. f.) Royle
Potamogeton pusillus L.
Allium macrostemon Bunge
Allium monanthum Maxim.
Allium sacculiferum Maxim.
Hosta longipes (Franch. & Sav.) Matsum.
Polygonatum stenophyllum Maxim.
Barnardia japonica (Thunb.) Schult. & Schult. f.
Smilax nipponica Miq.
Smilax sieboldii Miq.
Dioscorea polystachya Turcz.
Dioscorea nipponica Makino
Iris pseudacorus L.
Iris sanguinea Donn ex Hornem.
Juncus decipiens (Buchenau) Nakai
Commelina communis L.
Elymus ciliaris (Trin.) Tzvelev
Elymus tsukushiensis Honda
Alopecurus aequalis Sobol.
Bromus japonicus Thunb.
Bromus tectorum L.
Digitaria ciliaris (Retz.) Koeler
Spodipogon cotulifer (Thunb.) Hack.
Echinochloa crus-galli (L.) P. Beauv.
Eleusine indica (L.) Gaertn.
Eragrostis ferruginea (Thunb.) P. Beauv.
Festuca arundinacea Schreb.
Miscanthus sacchariflorus (Maxim.) Hack.
Muhlenbergia huegelii Trin.
Oplismenus undulatifolius (Ard.) Roem. & Schult.
Phalaris arundinacea L.
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A

B

C

D

E

Th
Th
H
H
H
Ch
Ch
H
H
Ch
Ch
Th(w)
Th(w)
Th(w)
Th(w)
Th
Th(w)
G
H
CH
Th,Th(w)
H
H
H
HH
HH
HH
HH
G
G
G
H
G
G
G
N
G
G
G
G
HH
Th
Th(w)
Th(w)
Th(w)
Th
Th
Th
H
HH(Th)
Th
H
H
H
H
H
HH

R5
R5
R3
R2-3
R2-3
R2-3
R2-3
R2-3
R3
R3
R3
R5
R5
R5
R5
R5
R5
R5
R5
R4
R5
R3(v)
R3(v)
R3(v)
R5
R5
R5
R5
R3(b)
R2-3(b)
R3(b)
R5
R3
R5(b)
R5
R5
R5(s)
R3(s)
R3
R3
R3
R5
R5
R5
R5
R5
R5
R4
R3
R5
R5
R3
R5
R2-3
R3
R4
R2-3

D4
D4
D4
D4
D4
D4
D4
D4
D1
D4
D4
D1
D1
D1
D1
D4
D1
D1
D1
D1
D1
D1
D1
D1
D1
D1
D1
D1
D4
D4
D4
D4
D2,4
D4
D2
D2
D1
D1
D3
D3
D1,4
D4
D4
D4
D1,4
D4
D4
D4
D1.4
D4
D4
D4
D1
D4
D1
D4
D2

e
e
e
e
e
pr
pr
e
e
pr
pr
pr
pr
ps
pr
e
pr
e
e
p-ps
pr
r
r
r
r
r
e
e
r
r
r
r
e
t
e
l
l
l
ps
ps
t
b-p
t
t
t
t
t
t-p
t
t-p
t
t
t
t
t-p
p
e

○

F

○
○
○
○

○
Ⅱ
Ⅱ

Ⅳ

○

○

○
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Family

Typhaceae
Cyperaceae

Scientific name
Phragmites australis (Cav.) Trin. ex Steud.
Phragmites japonica Steud.
Poa annua L.
Poa hisauchii Honda
Poa pratensis L.
Poa sphondylodes Trin.
Setaria faberi R. A. W. Herrm.
Setaria pumila (Poir.) Roem. & Schult.
Setaria viridis (L.) P. Beauv.
Spodipogon sibiricus Trin.
Trisetum bifidum (Thunb.) Ohwi
Typha orientalis C. Presl.
Carex breviculmis R. Br.
Carex dimorpholepis Steud.
Carex forficula Franch. & Sav.
Carex heterolepis Bunge
Carex japonica Thunb.
Carex laevissima Nakai
Carex lanceolata Boott
Carex leiorhyncha C. A. Mey.
Carex maackii Maxim.
Carex miyabei Franch.
Carex neurocarpa Maxim.
Carex planiculmis Kom.
Cyperus amuricus Maxim.
Cyperus iria L.
Eleocharis valleculosa var. setosa Ohwi
Eleocharis ussuriensis G. Zinserl.
Scirpus radicans Schkuhr

A

B

C

D

HH
HH
Th(w)
Th(w)
H
H
Th
Th
Th
H
H
HH
H
H
H
H
H
H
H
H
H
HH
H
H
Th
Th
HH
HH
HH

R1-2
R4
R5
R5
R2-3
R5
R5
R5
R5
R3
R3
R2-3
R3
R3
R3
R2-3
R2-3
R3
R3
R3
R3
R2-3
R3
R2-3
R5
R5
R5
R2-3
R2-3

D1
D1
D4
D4
D4
D4
D4
D4
D4
D4
D4
D1-4
D4
D4
D4
D4
D4
D4
D4
D4
D4
D4
D4
D4
D4
D4
D1,4
D1,4
D1,4

e
e
t
t
t
t
t
t
t
e
t
t
t
t
t
t
t
t
t
t
t
t
t
t
t
t
t
t
t

E

F

○

Ⅱ

* Invasive alien species, ** endangered species Class II, ***endemic plant, EN: rare plants classified as endangered species, LC: rare plants
classified as least concern, A: dormancy form, B: radicoid form, C: disseminule form, D: growth form, E: naturalized plant, F: grade of
floristic target species. Abbreviations for life forms (A~D) are shown in Tables 3~6.
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A Short Record for the Distribution of
Bulbophyllum inconspicuum in Hongdo
Young-Jun Yoon , Rae-Ha Jang

, Jae-Hwa Tho*
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ABSTRACT
The purpose of this study was to identify the natural habitat of Bulbophyllum inconspicuum Maxim. in Hongdo, Jeonnam Province,
South Korea. A field investi gation was conducted between May 2019 and May 2021. The growth of B . inconspicuum species was
confirmed in three known regions based on National Survey on the Distribution of Endangered Species. Additionally, in the area investigated, 37 new regions harboring B . inconspicuum were detected. The newly observed B . inconspicuum grew naturally on Quercus mongolica, Rhaphiolepis indica var. umbellata, Carpinus turczaninowii , and rocks. Most of them were found on southeast and
southwest slopes with altitude above 250 m. As few as 10 up to hundreds of B . inconspicuum were found in clusters. Close to their
habitat, Calanthe sieboldii Decne. ex Regel, C. aristulifera Rchb. f. and C. × kibanakirishima Maek. were also found. As Hongdo is an
island, multiple endangered species were found together. Thus, once the habitat of a certain plant is discovered, it is very likely that
illegal collection of several other species will also occur. Proactive internal and external measures are needed to preserve these species.
Keywords: Bulbophyllum , Bulbophyllum inconspicuum , Dadohae National Marine Park, Endangered species, Hongdo, Natural reserve

Introduction
Bulbophyllum Thouars is a genus of perennial plants
belonging to the family Orchidaceae. This genus has approximately 700 species distributed globally. Two such
species have been found in South Korea: B . inconspicuum
Maxim. (commonly known as barley orchid or cyst orchid,
reflecting the cyst-like shape of the fake bulb on a single
leaf) and B . drymoglossum Maxim. ex M. Okubo (Lee,
2006). The Ministry of Environment has designated these
species as vulnerable (VU) species for protection. B. drymoglossum and B . inconspicuum were designated as new
Class II Endangered Species for more rigorous protection
in 2012 and 2017, respectively.
B. drymoglossum and B . inconspicuum are distributed
mainly in islands along the southwest coast of South Korea, including Jejudo, where their indiscriminate collection
Received June 2, 2021; Revised June 11, 2021;
Accepted June 11, 2021
*Corresponding author: Jae-Hwa, Tho
e-mail norgak@nie.re.kr
https://orcid.org/0000-0003-0218-300X

and destruction of natural habitat seriously threaten their
survival (National Institute of Biological Resources (NIBR),
2018). The recent National Survey on the Distribution
of Endangered Species reported the presence of a large
-scale natural habitat of B. inconspicuum in Hongdo, Shinan-gun, Jeonnam Province. The entire island of Hongdo
was designated as a natural reserve (Natural Heritage
No.170) in 1965. It is an important location in terms of
biodiversity preservation and academic research of the flora and community structure of evergreen broadleaf forest
in warm and temperate climate (Lee et al ., 2011)
Hongdo is part of the Dadohae National Marine Park.
While the total area of the park is only 6.47 km2, the
island is rich in flora and fauna. It harbors several rare
plant resources as well as unusual pediments and scenic
areas (Lee, 2014). Hongdo is a valuable academic resource
with a unique environment based on geographic and
topographic characteristics (Kim et al ., 2016). The present
field investigation in Hongdo was performed to obtain
population data, distribution data, and characteristics of B.
inconspicuum.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/bync/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © National Institute of Ecology. All rights reserved.
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Materials and Methods
Survey area
The administrative district of Hongdo is present in
Heuksan-myeon, Shinan-gun, Jeonnam Province, Korea.
It is located at 125°10’35” E–125°13’14” E and 34°39’43”
N–34°43’23” N, 115 km west of Mokpo and 22 km west of
Daeheuksan-do (Shin & Kim, 1996) (Fig. 1). The total area
of the island is 6.47 km2. The topography of the entire
island features a major axis from northeast to southwest,
with Gitdaebong (367m) as the highest peak on the northeast and Yangsanbong (236 m) as that on the southwest,
which surrounds the village of Hongdo-1-gu. Based on
floristics, the area belongs to the south coast plant zone
(Lee & Yang, 1978). Its annual mean temperature from
2011 to 2020 was 14.17°C. Its annual mean precipitation
during that period was 1,029.5 mm, with the highest precipitation levels observed between June and September
(Korea Meteorological Administration (KMA), 2020).

Fig. 1. Location of the study area and surveyed route.
Methods
All natural habitats of B. inconspicuum distributed in
Hongdo as found in the National Survey on the Distribution of Endangered Species were reconfirmed. The natural
habitat and attachment substrate of B. inconspicuum
were investigated from May 2019 to May 2021. Plant
species were identified using Coloured Flora of Korea (Lee,
2003) and New Flora of Korea (Lee, 2006).

Results and Discussion
Regional distribution of B . inconspicuum in previous
studies
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A literature review revealed that B . inconspicuum was
distributed over approximately 13 locations in Hongdo.
The Korea National Arboretum (KNA) reported that the
species inhabited rocks in fewer than 10 sunny areas (KNA,
2008). The National Survey on the Distribution of Endangered Species reported that three areas were inhabited.
However, as a characteristic of endangered species, precise
locations of these areas could not be determined except
for the three areas in the National Survey on the Distribution of Endangered Species.
Field investigation
Hongdo was broadly divided into three regions for
investigation. Region 1 comprised Hongdo-1-gu to Yangsanbong. The tree layer included Castanopsis sieboldii,
Machilus thunbergii , and Pinus densiflora . The subtree
layer and shrubs included Camellia japonica, Euonymus
oxyphyllus , and Dendropanax morbiferus . The herb layer
included Trachelospermum asiaticum, Arisaema amurense,
Farfugium japonicum, Ophiopogon jaburan , and Arachniodes aristata . Region 2 comprised Hongdo-1-gu to
Gitdaebong. The tree layer included C. sieboldii, M. thunbergii, and Quercus acuta . The subtree layer and shrubs
included Ligustrum japonicum, E. japonicus , and Camellia
japonica . The herb layer included T. asiaticum, Calanthe
striata, Damnacanthus indicus, Goodyera schlechtendaliana , and Eurya japonica . Region 3 comprised Gitdaebong
to Hongdo-2-gu. The tree layer included M. thunbergii,
C. sieboldii , and C. japonica . The subtree layer and shrubs
included C. japonica, L. japonicum , and E. japonicus . The
herb layer included F. japonicum, Lemmaphyllum microphyllum, T. asiaticum , and E. japonicus . In addition, cliffs
along the coast and bare rocks had a community of P.
densiflora , while a community of Carpinus turczaninowii
was found on ridge protrusions and boulder slopes.
Region 1 (Hongdo-1-gu to Yangsanbong)
C. sieboldii and M. thunbergii were dominant species
while B. inconspicuum was not found. However, villagers
rarely entered this region. Edges of the coastal cliffs could
not be investigated due to safety reasons. With the aid
of a cliff expert using a drone and safety devices, species
belonging to the Orchidaceae family, such as Neofinetia
falcata and Dendrobium moniliforme including B. inconspicuum , might be found in the future.
Region 2 (Hongdo-1-gu to Gitdaebong)
C. sieboldii, M. thunbergii, and Q. acuta were dominant species. Their presence in three previously reported
habitats was reconfirmed. Thirty-seven new habitats of B.
inconspicuum were identified (Table 1). Newly observed
B. inconspicuum were naturally growing on rocks and
plants. They included Q. mongolica, Rhaphiolepis indica
var. umbellata , and C. turczaninowii as substrates (Fig. 2).
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Table 1. List and coordinates of Bulbophyllum inconspicuum
Maxim
No.

Elevation Type of Population
(m)
substrate

GPS

1

34°41’ 00” ***

125°11’ 59” ***

331

QM

≥ 100

2

34°41’ 00” ***

125°11’ 59” ***

330

QM

≥ 100

3

34°41’ 00” ***

125°11’ 59” ***

331

QM

≤ 30

4

34°41’ 00” ***

125°11’ 59” ***

331

Rock

≤ 10

5

34°41’ 00” ***

125°11’ 59” ***

332

RU+Rock

≤ 50

6

34°41’ 00” ***

125°11’ 59” ***

331

CT

≤ 20

7

34°41’ 00” ***

125°11’ 59” ***

330

QM

≤ 20

8

34°41’ 00” ***

125°11’ 59” ***

329

CT

≤ 50

9

34°41’ 00” ***

125°11’ 59” ***

331

QM

≥ 100

10

34°41’ 00” ***

125°11’ 59” ***

334

RU

≤ 20

11

34°41’ 00” ***

125°11’ 59” ***

335

CT

≤5

12

34°41’ 00” ***

125°11’ 59” ***

337

CT

≤ 30

13

34°41’ 00” ***

125°11’ 59” ***

336

RU

≤ 20

14

34°41’ 00” ***

125°11’ 59” ***

336

CT+RU

≤ 25

15

34°41’ 00” ***

125°11’ 59” ***

337

CT

≤ 20

16

34°41’ 00” ***

125°11’ 59” ***

333

RU

≤ 30

17

34°41’ 00” ***

125°12 00” ***

335

RU

≤ 10

18

34°41’ 00” ***

125°12 00” ***

330

CT

≤ 20

19

34°41’ 00” ***

125°12 00” ***

330

CT

≥ 100

20

34°41’ 00” ***

125°12’ 00” ***

328

QM

≥ 100

21

34°41’ 00” ***

125°12’ 00” ***

330

RU

≤ 50

22

34°41’ 00” ***

125°12’ 00” ***

330

CT

≤ 20

23

34°41’ 00” ***

125°12’ 00” ***

332

QM

≤ 50

24

34°41’ 00” ***

125°12’ 00” ***

330

RU

≤ 30

25

34°41’ 00” ***

125°12’ 02” ***

328

CT

≤ 25

26

34°41’ 00” ***

125°12’ 02” ***

326

QM

≤ 20

27

34°41’ 00” ***

125°12’ 02” ***

326

CT

≤ 20

28

34°41’ 00” ***

125°12’ 02” ***

321

RU

≤ 30

29

34°41’ 00” ***

125°12 13”***

257

Rock

≤ 20

30

34°41’ 00” ***

125°12’ 10” ***

292

Rock

≤ 30

31

34°41’ 00” ***

125°12’ 07” ***

203

Rock

≤ 15

32

34°41’ 00” ***

125°12’ 07” ***

242

RU

≤ 10

33

34°41’ 00” ***

125°12’ 08” ***

245

Rock

≤ 10

34

34°41’ 00” ***

125°12’ 11” ***

218

Rock

≤ 30

35

34°41’ 00” ***

125°12’ 07” ***

205

Rock

≤ 50

36

34°41’ 00” ***

125°12’ 14” ***

216

Rock

≤ 20

37

34°41’ 00” ***

125°12’ 19” ***

157

Rock

≤ 30

Previous 34°41’ 28” ***
known 34°41’ 29” ***

125°12’ 13” ***

262

Rock

≤ 30

125°12’ 02” ***

325

Rock

≥ 100

34°41’ 29” ***

125°12’ 02” ***

265

CT

≥ 100

QM: Quercus mongolica, CT: Carpinus turczaninowii , RU:
Rhaphiolepis indica var. umbellata
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Fig. 2. Substrate type of Bulbophyllum inconspicuum
Maxim. In Hongdo. A. On rock; B. On Qercus mongolia ;
C. On Carpinus turczaninowii ; D. Rhaphiolepis indica var.
umbellata .

B. inconspicuum was mainly distributed at altitudes greater than 250 m. The plant mostly grew attached to the
bottom of rocks or branches and roots at the base of trees
with a height of 1 m or less. Notably, a dense distribution
of the species was found on the southeast and southwest
slopes of specific ridges that surrounded Gitdaebong.
As few as 10 up to hundreds of plants were found
growing in clusters in certain areas with D. moniliforme , a
Class II Endangered Species. Close to their habitat, C. striata , C. aristulifera , and C. × kibanakirishima were found,
implying a high probability of illegal collection of multiple
endangered species, including B. inconspicuum . Edges of
the coastal cliffs could not be investigated due to safety
reasons. Many more plants and various endangered species might be detected in future studies with the aid of a
cliff expert.
Region 3 (Gitdaebong to Hongdo-2-gu)
C. sieboldii and M. thunbergii were dominant species
in this region that mainly comprised northwest slopes
with Gitdaebong at the center. B. inconspicuum was not
found in Region 3. Ridges along trail paths were densely
forested, which prevented human access. The region was
relatively dry compared with natural habitats of B. inconspicuum . As in other regions, a thorough investigation of
coastal cliffs was not possible due to safety reason. Future
investigations that can access this terrain may identify
more end angered species, including B. inconspicuum .
Suggestions for the preservation of endangered species in Hongdo
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Hongdo is a natural reserve that is valuable for the
preservation of biological resources and their habitats
based on the composition and community structure of
evergreen broadleaf forest in a warm or temperate climate. The island requires strict preservation. However,
this is not currently ensured. Residents of the island and
visitors to the popular tourist regions in the west and
south sea island area continue to disturb and destroy
the natural habitats of plants and animals. Recent emphasis has been placed on the Convention of Biological
Diversity that aims to protect biodiversity in the face of
human development. There is an urgent need to develop internal and external measures of protection through
systematic surveys to accurately determine the area of
distribution and population of the endangered species in
the Hongdo Natural Reserve
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ABSTRACT
Hulunbuir steppe, one of the four largest steppes in China, has experienced rapidly progressing desertification partly due to overgrazing by livestock. The objective of this study was to investigate the effectiveness of various vegetation recovery methods, including the
selection of unpalatable plants less affected by grazing livestock. To determine livestock grazing preferences at Hulunbuir restoration
sites, we used DNA barcoding methods to analyze fecal materials of horses and cattle grazing on four restored plants: two trees (Pinus
sylvestris L. var. mongolica and Populus canadensis ) and two shrubs (Caragana microphylla and Corethrodendron fruticosum ). Neither
of the two tree species were detected in livestock feces, whereas both shrub species were detected at lo w frequencies. There were no
significant differences in compositions of species consumed by horses and cattle except that Asteraceae species were more often consumed by cattle. Our results showed that the four plants used for restoration may be classified as unpalatable or less palatable species in the Hulunbuir restoration area. Our results may help inform restoration strategies implemented in restoration areas, especially
regarding negative effects of livestock grazing during the initial stage of restoration in Hulunbuir.
Keywords: Desertification, Dietary analysis, DNA barcoding, Fecal material, Hulunbuir

Introduction
Desertification has become a global issue, causing
serious environmental and socioeconomic problems
worldwide. Earth’s surface consists of 41% drylands, and
approximately 25% of drylands are under threat of desertification (D’Odorico et al ., 2013; Reynolds et al ., 2007). ChReceived June 24, 2021; Revised July 7, 2021;
Accepted July 8, 2021
*Corresponding author: Sungbae Joo
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https://orcid.org/0000-0002-8472-7682

ina is one of countries most seriously affected by desertification due to rapid industrialization in the past decades (Wang et al ., 2013; Zhang & Huisingh, 2018). Most
desert-affected lands are located in the northern part of
China, with the Inner Mongolia region being one of areas most seriously damaged by desertification (Lyu et al .,
2020; Wang et al ., 2013; Wang et al ., 2020). The Chinese
government has taken various measures to address and
combat desertification (Zhang & Huisingh, 2018).
Hulunbuir is a prefecture-level city in northeastern Inner Mongolia, China. The Hulunbuir steppe, a wellknown
steppe, is one of the four largest grasslands. It is famous
as an important base of livestock husbandry in China (Nie
et al ., 2005; Zhang & Huisingh, 2018). Hulunbuir is also
one of the four most famous sandy lands in China (Zhang

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/bync/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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& Huisingh, 2018). The geographical footprint of sandy
land in Hulunbuir is increasing rapidly due to fast population growth, over-cultivation, over-grazing of livestock,
and so on (Dong & Ya, 2002; Nie et al ., 2005). In contrast, steppe coverage in Hulunbuir decreased by up to
35% in the 2000s (Park et al ., 2013).
Many projects have been launched to mitigate land
degradation, such as the National Action Programme
(NAP), the Three-North Shelterbelt Programme (TNSP),
the Grain to Green Programme (GGP), and so on (Wang et
al ., 2020; Zhao et al ., 2010). Under these policies, various
studies have been conducted to increase effects of vegetation restoration (Lyu et al ., 2020). Adaptation capabilities
of restored plants are important factors for the success
of vegetation restoration. Tree and shrub species used
for restoration have been selected as suitable species for
environmental conditions of restoration regions as they
are highly tolerant to drought, cold, and wind erosion
(Wang et al ., 2020; Zhao et al ., 2007). After restoration,
land enclosure is conducted using fences to prevent human disturbance and grazing of livestock, thus helping
the natural reestablishment of vegetation (Gao et al .,
2002; Park et al ., 2013). Nevertheless, enclosures do not
completely prevent the grazing of livestock in restoration
areas for a sufficient period to allow for rehabilitation
(Verdoodt et al ., 2010). Furthermore, in consideration of
local herders’ economic interests, local governments often
allow livestock grazing at certain time. Livestock grazing
can produce changes in grassland attributes, including
net primary production, plant species composition, and
community structure (Anderson & Briske, 1995). Several
studies conducted in Inner Mongolia have reported preferences of grazing livestock and their effects on plant
community changes (Wang et al ., 2003; Wang et al ., 2014).

The objective of this study was to examine the effect of livestock grazing on restored plants at vegetation
restoration sites in Hulunbuir, Inner Mongolia, China.
This study sought to answer the following questions: (1)
whether livestock would feed on restored plants during
the growing season, (2) whether there were differences in
feeding preferences according to livestock species, and (3)
whether there were differences in grazing frequency according to the extent of restoration.

Materials and Methods
Study site and taxonomic survey of plants
This study was conducted from July 2014 to August
2014 in a restoration area of a grassland in Hulunbuir
steppe, Inner Mongolia Autonomous Region, China
(48°2312” N, 118°1000” E; Fig. 1, 2). The grassland is
located at the boundary of semi-humid and semi-dry
climatic regions. The average annual temperature in Hulunbuir steppe is between -2.5°C and 0°C. The area experiences severe temperature changes of -49°C in winter
and 40°C in summer. The average annual rainfall is between 270 mm and 370 mm, with more th an 70% of the
rainfall occurring in July and August. Restoration areas
were separated according to the year of restoration. Four
restoration sites (restored in 2005, 2008, 2011, and 2012)
were selected for monitoring and sampling. All restored
sites were surrounded by wire-entangled fences of 1.5 m
high around these sites to protect planted vegetation
from grazing of livestock. Part of the enclosure could only
undergo grazing once or twice a year by local herders (Park
et al ., 2013). The non-restoration area (NR), where sand
dunes were exposed, was selected as a reference site.

Fig. 1. Map showing
the location of the
study restoration sites
in Hulunbuir, Inner
Mongolia, China.
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Fig. 2. Photographs of study sites
in Hulunbuir. A. Non-restoration
site; B. Site restored in 2005;
C. Site restored in 2008; D. Site
restored in 2011; E. Site restored
in 2012.

Fig. 3. Photographs of restored
and native plants at study sites: A.
Agropyron cristatum (L.) Gaertn.;
B. Astragalus adsurgens Pall;
C. Caragana microphylla Lam.;
D. Corethrodendron fruticosum
(Pallas) B.H. Choi & H. Ohashi; E.
Corispermum hyssopifolium L.;
F. Corispermum squarrosum (L.)
Moq.; G. Echinops gmeliniTurcz .; H.
Leymus secalinus (Georgi) Tzvelev; I.
Orobanche coerulescens Stephan ex
Willd.; J. Oxytropis racemosa Turcz.;
K. Pinus sylvestris var. mongolica
Litv.; L. Populus canadensis Moench .

Four different plants: two shrub species (Caragana
microphylla Lam. and Corethrodendron fruticosum (Pallas)
B.H. Choi & H. Ohashi) and two tree species (Pinus sylvestris L. var. mongolica Litv. and Populus canadensis
Moench) were used for restoration by planting (restored
in 2008), seeding (restored in 2005, 2012), and mixing
(restored in 2011) (Fig. 3).
A taxonomic field survey was conducted for the restoration area and a non-restoration area. The identification
of plant species was based on the flora of China (Wu et
al ., 2010), the flora of grassland in China (Lu et al ., 2012),
and the flora of Korea (Lee, 2003).
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Sample preparation and DNA extraction
We counted the number of livestock feces detected in
each restoration site and NR based on line-transect surveys.
Some fecal samples were collected to analyze feeding
preferences of livestock. A total of 800 m transects (200
m each, 4 replicates) were randomly arranged in each
restoration area. All feces of livestock were classified as
either cow or horse feces according to their morphological
characteristics. While collecting feces, the outer portion of
feces was eliminated. Only the inner part of feces was collected and transferred individually into polyethylene bags
to avoid sample contamination. All collected fecal samples
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were delivered to the laboratory and stored at -80°C until
DNA extraction.
Genomic DNA was extracted from feces using the
QIAamp DNA Stool Mini Kit (Qiagen, USA) following
the manufacturer’s protocols excluding the lysis step. To
ensure sufficient homogenization during the lysis step,
we added two 5-mm stainless steel beads to samples and
mixed them by shaking on a mixer mill (Retsch, Germany)
at 26 Hz for 1 min (Joo et al ., 2014). Extracted DNA was
eluted in 200 µL of ATE buffer and stored at -20°C until
further analyses.
Polymerase chain reaction (PCR) amplification, cloning, and sequencing
We selected the internal transcribed spacer 2 (ITS2)
gene region for the identification of plant species in fecal
samples. Target genes were amplified using primer set
ITS_S2F and S3R (Chen et al ., 2010). PCR was conducted
in a 25-µl reaction volume, containing 1 µl of extracted
DNA, 1× Ex Taq Buffer, 1.5 mM of MgCl2, 0.2 mM of
dNTPs, 0.2 µM of each primer, and 1 U of Ex Taq DNA
polymerase (Takara, Japan). PCR was performed in a thermal cycler (Applied Biosystems 2720, USA) using the following conditions: a n initial denaturation at 94°C for 5
min, 45 cycles of denaturation at 94°C for 30 s, annealing
at 56°C for 30 s, elongation at 72°C for 45 s, and a final
extension step at 72°C for 10 min. PCR products were purified using an AccuPrep PCR Purification Kit (Bioneer,
Korea). Purified PCR products were ligated into the pGEM
-T Easy Vector (Promega, USA) according to the manufacturer’s protocols and transformed into DH5α chemically
competent cells. Cells were plated in Luria–Bertani agar +
ampicillin medium with X-gal solution (2% w/v) for antibiotic selection and blue-white screening.After the cloning step, white colonies were selected and amplified using
M13F and M13R primers for colony PCR. PCR conditions
were as follows: an initial denaturation at 95°C for 10
min, 35 cycles of denaturation at 94°C for 30 s, annealing
at 55°C for 30 s, elongation at 72°C for 1 min, and a final
extension step at 72°C for 7 min. Sequencing was conducted using a commercial sequencing service company
(Genotech, Korea). Each DNA sequence was identified using BLASTN searches of the GenBank database. Sequence
alignments and length calculations were conducted using
the MEGA 5 program (Tamura et al ., 2011).
Diversity of plant species detected in feces
The diversity of plant species detected in feces was determined using both the Shannon-Wiener diversity index
(H´) and Simpson’s index (D) as follows:
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H´ = -∑ pi log pi

(1)

where pi was the frequency of occurrence, which was the
percentage of samples in which a food species was found,
and
D = ∑(ni /N)2

(2)

where n was the total number of each species, and N
was the total number of all species (Shannon & Weaver,
1949; Simpson, 1949). Simpson’s index was transformed
to 1–D , with values ranging from 0 to 1. A diversity index
was derived for the diet detected from feces using molecular approaches.
Statistical analysis
Analysis of variance (ANOVA) was used to test statistically significant differences in the density of livestock
feces detected at each study site, and post hoc tests were
performed using Tukey’s method ( P < 0.05). Fisher ’s exact test was used to assess differences in feeding frequency between livestock species. All statistical analyses were
performed with S-Plus 8 for Windows (Insightful Corp.,
USA) and R program (R Core Team, 2013).

Results
Flora of study sites
A total of 41 plants were identified at the study sites.
Aside from restored plants, main native plants growing in
the restoration sites were Corispermum squarrosum (L.)
Moq., Corispermum hyssopifolium L., Astragalus adsurgens Pall., Artemisia desertorum Spreng., Orobanche coerulescens Stephan ex Willd., Oxytropis racemosa Turcz.,
Agropyron cristatum (L.) Gaertn., Echinops gmelini Turcz.,
and so on (Fig. 3). The largest number of plant species
was observed at the 2008 restoration site. The number
of plant species tended to increase in areas restored long
time ago (7 species in NR, 10 species in 2012, 11 species
in 2011, and 19 species in 2005; Table 1).
Species diversity detected in feces and the mean fecal
density of livestock
A total of 102 livestock feces samples were collected
from the four different restoration areas and nonrestoration sites (Table 2). The species diversity index of plants
detected in livestock feces differed according to the study
site (H’ : 1.88–2.18, 1-D : 0.79–0.90, Table 2). The restoration site with the highest species diversity was the 2008
site (H´ : 2.48, 1-D : 0.90), while the site with the lowest
species diversity was the 2005 site (H´ : 1.88, 1-D : 0.79).
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Table 1. List of plant species identified in Hulunbuir study area
Species

No.

2005

2008

2012

NR

+

+

+

+

+

+

+

+

+

+

+

+

+

1

Agropyron cristatum (L.) Gaertn.

+

2

Allium condensatum Turcz.

+

3

Artemisia argyi H. Lév. & Vaniot

4

Artemisia capillaris Thunb.

5

Artemisia desertorum Spreng.

+

6

Arundinella sp.1

+

7

Astragalus adsurgens Pall.

+

8

Calamagrostis pseudophragmites (Haller f.) Koeler

+

9

Caragana microphylla Lam.

+

10

Carex duriuscula C.A. Mey.

+

11

Chenopodium ficifolium Sm.

+

12

Cleistogenes squarrosa (Trin.) Keng

+

13

Corispermum hyssopifolium L.

+

14

Corispermum squarrosum (L.) Moq.

15

Cuscuta australis R. Br.

16

Echinops gmelini Turcz.

17

Epilobium sp.1

18

Euphorbia humifusa Willd.

2011

+
+

+

+
+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
+
+

Hedysarum fruticosum Pall.
19

(Corethrodendron fruticosum (Pallas) B.H. Choi & H. Ohashi)

20

Inula britanica L.

+

21

Juncus gracillimus (Bunchenau) V. Krecz. & Gontsch.

+

22

Lappula myosotis V. Wolf

23

Leymus secalinus (Georgi) Tzvelev

24

Medicago polymorpha L.

+

25

Olgaea lomonosowii (Trautv.) Iljin.

+

26

Orobanche coerulescens Stephan ex Willd.

27

Oxytropis racemosa Turcz.

+

28

Phragmites australis (Cav.) Trin. ex Steud.

+

29

Pinus sylvestris L. var. mongolica Litv.

+

30

Plantago sp.1

+

31

Populus canadensis Moench

+

32

Potentilla acaulis L.

+

33

Salix cheilophila C.K. Schneid.

+

34

Setaria viridis (L.) P. Beauv.

35

Silene jenisseensis Willd.

+

36

Sonchus arvensis L.

+

37

Sophora flavescens Aiton

+

38

Suaeda glauca (Bunge) Bunge

39

Taraxacum asiaticum Dahlst.

40

Thymus mongolicus (Ronniger) Ronn.

41

Ulmus pumila L.
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+

+
+

+

+

+

+

+
+
+
+

+

174

Jihee Kim et al.
There was no significant difference in the species diversityof food sources by livestock species, although more
plant species were detected in cow feces (Table 2).
Table 2. Amplification success rate and diversity index of
plants by study site and livestock
No. of
feces

Amplification
success (%)

Shannon Simpson's
index (H') index (1-D)

2005

33

20(60.6)

1.88

0.79

2008

24

19(79.2)

2.48

0.90

2011

15

13(86.7)

2.14

0.86

2012

12

9(75.0)

1.89

0.82

NR (non-restored) 18

16(88.9)

2.18

0.86

Study site

Livestock
Cow

38

27(71.1)

2.07

0.79

Horse

64

50(78.1)

2.79

0.92

Total

102

77(75.5)

1.44

0.91

Mean (± SE) fecal densities ranged from 3.0 ± 1.4 feces/replicate at the 2012 site to 8.3 ± 0.6 feces/replicate
at the 2005 site (Fig. 4). The mean fecal density at NR
sites was 4.5 ± 0.65, which was higher than those at the
two restored areas in recent years. The mean fecal density
was positively correlated with the restoration period. It
was significantly different between the 2005 site and the
2011 or 2012 site (P < 0.05) (Fig. 4).

Fig. 4. Mean density of livestock feces at study sites. Mean
fecal density represents the mean number of livestock feces
found in 800 m transect (200 m each, 4 replicates). Different
small alphabets on the bar means statistically different
among sites (P < 0.05).
Feeding preference of livestock
We detected plant species genes from 77 (75.5%) out
of 102 fecal samples collected from the study sites. The
amplification success rate ranged from 60.6% to 88.9%,
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depending on the year of restoration. It showed no significant difference between livestock species (Table 2).
A total of 35 different sequences were detected via
DNA barcoding. Plant species were identified at the species or genus level by comparison with GenBank (Table 3).
Most sequences showed similarities of more than 98%. A
total of 17 potential plant species were detected in comparison with results of the vegetation survey at the study
sites (Table 3). Two shrub species, C. microphylla Lam.
and C. fruticosum Pall., were detected in the feces of livestock. However, Caragana sp. was only detected at a low
frequency (< 0.2) in livestock feces collected at the 2008
restoration site. In contrast, Corethrodendron sp. was
detected with a frequency from 0.05 to 0.25 in most restored and non-restored sites, excluding the 2012 site (Fig.
5). In most restoration sites, three families, Amaranthaceae, Asterceae, and Fabaceae, comprised a large portion of
total detected plant species. However, plant species belonging to family Amaranthaceae were not detected at the
2012 restoration site. In the case of plant species belonging to family Fabaceae, the frequency of occurrence was
lower (0.05) in the 2005 restoration site than in other restoration sites (0.22 –0.47). In particular, Fabaceae showed
the highest frequency (0.69) in the NR site. The frequency
of plant species detected in livestock feces was similar for
horses and cattle, although plant species belonging to Asteraceae were detected at significantly higher rates in cow
feces than in horse feces (P = 0.00053, Fig. 6).

Discussion
For successful restoration, it is necessary to select
appropriate species that are well adapted to local ecological environment conditions. It is also important to
meet socioeconomic needs of local residents (Sacande et
al ., 2020). In Inner Mongolia, animal husbandry plays an
important role in rural economies. The density of grazing
livestock in Inner Mongolia is much higher than in other
regions of the Mongolian Plateau (Angerer et al ., 2008).
In particular, in Inner Mongolia, socioeconomic factors
such as total population, gross domestic product, fiscal
revenue, production values, cropland area, and number of
livestock affect the desertification more than climate factors (Liu et al ., 2020). Fecal analysis of livestock in this
study showed that livestock fed on C. microphylla Lam.
and C. fruticosum, Pall., two of the four plant species
used for restoration in Hulunbuir. However, they did not
prefer them in the summer growing season. Most plant
species detected in livestock feces were species found near
the restoration site or naturally introduced by vegetation
recovery. In addition, there were no significant differences in livestock preference among plant species except for
family Asteraceae, although we did find some differences
in diet compositions detected in livestock feces depending
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Table 3. BLAST search results of plants detected in livestock feces
No.

BLAST results
Description

Query coverage

E value

Identities

Accession

Occurrence of identified
taxon on Hulunbuir

1

Allium anisopodium

100%

2E-169

99%

KF143822

A. condensatum Turcz.

2

Allium sp.

100%

1E-165

99%

GQ412199

3

Allium splendens

100%

2E-169

99%

GQ412241

4

Amaranthus retroflexus

100%

7E-167

100%

KF493799

5

Ambrosia trifida

100%

7E-167

100%

DQ005970

6

Artemisia annua

99%

2E-159

98%

KF866382

A. desertorum Spreng.

7

Artemisia japonica

100%

2E-169

99%

GU724289

A. argyi H. Lèv. & Vaniot

8

Artemisia rupestris

100%

9E-168

99%

AJ297261

A. capillaris Thunb.

9

Artemisia sericea

100%

9E-163

98%

EF577290

10

Astragalus sp.

100%

9E-168

99%

KJ999345

11

Bassia dasyphylla

100%

4E-171

100%

AY489195

12

Betula sp.

100%

9E-168

99%

JN998976

13

Boehmeria sp.

100%

4E-171

100%

KP093179

14

Caragana sp.

100%

7E-169

99%

AB262534

C. microphylla Lam.

15

Carex gynocrates

100%

9E-158

98%

JN999047

C. duriuscula C.A. Mey.

16

Carex maritima

100%

4E-166

99%

JN999057

17

Chenopodium album

100%

2E-154

97%

FN561549

A. adsurgens Pall.

C. ficifolium Sm.
C.acuminatum Willd.

18

Citrus sp.

100%

1E-164

99%

JQ990174

19

Corethrodendron multijugum

91%

5E-155

100%

AB854479

C. fruticosum Pall.

20

Corispermum sp.

95%

3E-162

100%

JF792752

C. hyssopifolium L.
C. squarrosum (L.) Moq.

21

Cucumis sp.

100%

2E-169

99%

KF963130

22

Elaeocarpus sp.

94%

7E-154

98%

DQ448689

23

Humulus sp.

100%

3E-165

99%

KC539581

24

Ipomoea trifida

100%

4E-164

99%

KC621852

25

Luffa sp.

96%

3E-162

99%

KF487334

26

Oxytropis sp.

100%

4E-171

100%

KJ143722

27

Phaseolus sp.

100%

7E-169

99%

JN617200

28

Platycodon grandiflorus

100%

3E-165

99%

KP058319

29

Puccinellia sp.

100%

9E-163

98%

KJ598984

30

Rubus crataegifolius

100%

9E-153

97%

GU980782

31

Salix sp.

100%

4E-164

99%

KM978952

S. cheilophila C.K. Schneid.

32

Salsola sp.

89%

9E-148

99%

HM131659

S. collina Pall.

33

Setaria italica

100%

2E-169

99%

KF012851

S. viridis (L.) P. Beauv.

34

Suaeda corniculata

94%

4E-161

100%

FJ449820

S. glauca (Bunge) Bunge

35

Suaeda maritima

100%

2E-164

99%

KF866386
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Fig. 5. Detection frequencies
of plant genera in livestock
feces.

Fig. 6. Detection frequencies
of plant families in livestock
feces. Asteraceae species
were detected at significantly
higher rates in cow feces
than in horse feces (***, P <
0.001).

on the restoration site. Our results suggest that livestock grazing in the restoration areas during the summer
growth period might not have a significant impact on the
survival of restored plants.
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Most previous studies have focused on restoration of
degraded ecosystems and harsh environments via vegetation recovery in desertified areas (Liao et al ., 2019). The
selection of restored plants is often focused on plants’ ad-
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aptability to climate and their ability to improve soil
microbial communities (Yan & Feng , 2020). Shrub species are commonly planted to combat desertification.
Legumes are potential nurse plants that can improve the
survival and growth of other species due to their ability
to fix nitrogen (Ren et al ., 2008; Reynolds et al ., 1999;
Zhao et al ., 2007). Unpalatable native species that could
be planted in heavily grazed sites are recommended as
nurse plants as they can help create microhabitats for the
rehabilitation of other plants (Ren et al ., 2008; Smit et al .,
2006). Two shrub species, C. microphylla and C. fruticosum , were classified as unpalatable or less palatable species in this study. They might be helpful in increasing the
survival and growth of other plants in restoration areas.
We noted that at the 2008 site, the number of plant species increased to 26 species during the enclosure periods
despite the grazing of livestock in restoration sites.
The Chinese government has implemented several policies and programs to restore grassland ecosystem functions by regulating and controlling grazing pressure,
including enforcing partial or total rests from grazing for
several years (Zhang et al. , 2015). Previous studies have
reported that enclosures have positive effects on vegetation recovery and succession in an enclosed area of a
grassland where dese rtification is in progress (Park et al .,
2013). However, enclosure may not be suitable for severely degraded grasslands (Jones & Carter, 2016; Zhang et
al ., 2015). For successful restoration, it is necessary to
consider both the improvement of soil fertili ty and the
economic demands of local herders (Anderson & Briske ,
1995). In addition, it would be desirable to set a value of
herbage mass that needs to be reached before grazing is
allowed, rather than setting a time limit for rests (Zhang
et al ., 2015). Our results suggest that the four plant species used for restoration in Hulunbuir steppe are less
affected by livestock grazing during the summer growing
season and that the current restoration method may be
positive and suitable for the initial stage of restoration in
Hulunbuir.
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ABSTRACT
This study was performed to assess Protaetia brevitarsis larva excrement as an organic fertilizer for corn cultivation. Furthermore, the
study investigated insect communities in each treatment. In 2009, the corn growth rate was worst in soil treated with P. brevitarsis
larva excrement and in 2010, the corn growth rate was worst in untreated soil. From the outcome of the study, P. brevitarsis larva
excrement could be utilized as organic fertilizer for corn cultivation.
Keywords: Corn growth rate, Insect, Protaetia brevitarsis larva excrement

Introduction
The white-spotted chafer, Protaetia brevitarsis (Coleoptera: Cetoniidae), is a phytophagous insect. P. brevitarsis is found in Korea, Japan, Taiwan, China, Europe, and
the east Siberia. The adults measure between 17 to 24
mm and are active during the day. They feed on pollen,
and fluids of trees and fruits. The larvae live in corrosive
soil like farmyard manure or haystack. In the fields, they
appear from early July to late August. Some of them
overwinter as adults, while most overwintering individuals
are 3rd instar larvae (Park, 2002).
According to Dong-Ui-Bo-Gam, P. brevitarsis larvae
have medicinal potential to treat liver cancer, liver cirrhosis, hepatitis, and accumulated fatigue. P. brevitarsis larvae have also been used as folk remedies to treat disease
of the liver in Jeju Island, Korea. Recently, P. brevitarsis
larvae were used to produce Cordyceps spp. and the study
was designed to develop a preventative medicine against
liver diseases (Park, 2002).
Since the recent increase in public interest regarding
eco-friendly agriculture, the possibility of using P. brevitaReceived March 30, 2021; Revised June 29, 2021;
Accepted June 30, 2021
*Corresponding author: Ohseok Kwon
e-mail ecoento@knu.ac.kr
https://orcid.org/0000-0001-9075-3994

rsis larva excrement as an organic fertilizer has been tested.
In this study, investigation on the organic fertilizer applicability of P. brevitarsis larva excrement in corn cultivation
was carried out.

Materials and Methods
Materials
Crop: White Sweet Corn (Zea mays )
White sweet corn (Chal Ok 4 Ho) was bought at Internet
shopping mall (Fig. 1).

Fig. 1. White Sweet
Corn (Zea mays ).
Nursery bed soil
Nursery bed soil (Evergreen) produced by the Corporation Seoul Bio, consisting of cocopeat (55~65%), feat
moss (18~24%), vermiculite (5~8%), zeolite (2~4%), perlite (9~13%), water-soluble fertilizer, wetting agent, etc.
(Fig. 2), was used.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/bync/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © National Institute of Ecology. All rights reserved.
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Fig. 2. Nursery bed
soil (Evergreen).

P. brevitarsis larva excrement
The excrement of P. brevitarsis which was bred in
Kyungpook National University, Ecological entomology
Lab (Fig. 3) was used.

Methods
Corn growing in treated soil
Corn was cultivated in greenhouse located at Gunwi
-gun, Kyungpook National University, Eco-friendly
Agricultural technical education center. The soil was
divided into 3 groups, namely, treated nursery bed soil
(Exp2), untreated soil (control), and soil treated with P.
brevitarsis larva excrement (Exp1).
In 2009, we planted 2 corn seeds in each treated soil,
having 35 points. In each treated soil, width space was 5
points with 100 cm and length space was 7 points with
60 cm. A total of 70 corn seeds were planted in each
treated soil on 29 Jun 2009 (Fig. 7, Fig. 8) and the corn
was cultivated on 25 Sep 2009. In Exp2, we analyzed 20
packs of 50l nursery bed soil mixed with soil. In Exp1, we
analyzed 20 packs of 10 kg of P. brevitarsis larva excrement mixed with soil.

Fig. 3. P. brevitarsis
larva excrement.
Others
Tapeline (7.5 m, Fig. 4), insect net (Fig. 5), electronic
scale (CAS, Fig. 6), etc .

Fig. 4. Tapeline
(7.5 m).

Fig. 5. Insect net.

Fig. 6. Electronic
scale (CAS).
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Fig. 7. Sowing outline
in 2009.

Fig. 8. Sowing location
in 2009.
In 2010, we planted 2 corn seeds in each treated soil
having 20 points. In each treated soil, width space was 5
points with 100 cm and length space was 4 points with
60 cm. A total of 40 corn seeds were planted in each
treated soil on 28 May 2010 (Fig. 9, Fig. 10) and the corn
was cultivated on 28 August 2010. In Exp2, we analyzed
10 packs of 50l nursery bed soil mixed with soil. In Exp1,
we analyzed 10 packs of 10 kg of P. brevitarsis larva
excrement mixed with soil.

Fig. 9. Sowing outline
in 2010.
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Fig. 10. Sowing locatiion in 2010.

Fig. 12. Growth image of corn in July 22, 2009.

Length comparison of corn from each treated soil
We measured the length of corn with a 7.5 m tapeline
starting from the highest length of the corn. If the corn
reached the ceiling of the greenhouse, the exact length
was recorded. In 2009, the length of corn was recorded
11 times from 11 Jul to 25 Sep. In 2010, the length of
corn was recorded 10 times from 24 Jun to 28 Aug.
Insect comparison in each treated soil
We selected corn from each treated soil for comparison
of the insect population. In 2009, 10 corns were randomly selected and in 2010, 5 corns were randomly selected.
Insects were collected using insect net and by hand. In
2009, the insects were collected 11 times from 11 Jul to
25 Sep and 10 times in 2010 from 24 Jun to 28 Aug.

Fig. 13. Growth image of corn in August 18, 2009.

Result
Length comparison of corn from each treated soil
In 2009, we compared the length of corn from each
treated soil. On average, corn growth rate from Exp 2 was
higher and corn growth rate from the control was higher
than Exp1 (Fig. 11, Fig. 12, Fig. 13, Fig. 14). Corn bloom
time was faster in Exp2. The corn yield was higher in control and corn yield from Exp2 was higher than Exp1 (Table
1, Fig. 15). However, empty heads of grain were reported
in Exp2. We also compared the thickness of the corn roots
and the following trend was observed Exp2 > control >
Exp1 (Fig. 16).

Fig.14. Growth image of corn in September 18, 2009.

Fig.15. Compare corn fruit from each treated soil (2009).

Fig. 11. Compare length of corn from each treated soil in
2009.
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Fig.16. Compare corn root from each treated soil (2009).
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Table 1. Compare corn yield from each treated soil (2009)
Exp2

Control

Weight(g)

183

Exp1

Weight(g)

Weight(g)

S1

482

M1

235

B1

36

S2

400

M2

476

B2

236

S3

138

M3

506

B3

598

S4

384

M4

778

B4

284

S5

344

M5

570

B5

70

S6

496

M6

402

B6

0

S7

340

M7

718

B7

116

S8

376

M8

484

B8

280

S9

318

M9

288

B9

332

S10

468

M10

546

B10

148

S11

434

M11

368

B11

162

S12

228

M12

560

B12

336

S13

322

M13

156

B13

144

S14

376

M14

678

B14

20

S15

284

M15

60

B15

26

S16

650

M16

174

B16

82

S17

128

M17

172

B17

294

S18

292

M18

124

B18

122

S19

454

M19

598

B19

106

S20

412

M20

354

B20

18

S21

522

M21

68

B21

88

S22

334

M22

324

B22

242

S23

354

M23

210

B23

68

S24

682

M24

360

B24

264

S25

624

M25

676

B25

6

S26

358

M26

52

B26

28

S27

514

M27

256

B27

40

S28

510

M28

454

B28

168

S29

212

M29

312

B29

0

S30

140

M30

334

B30

106

S31

508

M31

22

B31

108

S32

624

M32

158

B32

60

S33

540

M33

486

B33

262

S34

226

M34

516

B34

226

S35

254

M35

316

B35

134

Sum

13728

Sum

12791

Sum

5210

In 2010, we compared the length of corn from each
treated soil. On average, corn growth rate from Exp1 and
Exp2 were similar. Corn growth rate for the control was
least (Fig. 17, Fig. 18, Fig. 19, Fig. 20). The corn bloom time
and corn yield were similar for Exp1 and Exp2. However,
empty heads of grain were reported in Exp2 like in 2009
(Table 2, Fig. 21). We also compared the thickness of corn
roots and the following order was recorded Exp2 >Exp1
> control. However, corn roots from treated soil were rotten.
Therefore, the corn growth rate and corn yield were low
as compared to year 2009 (Fig. 22).

Fig.17. Compare length of corn from each treated soil in
2010 .

Fig. 18. Growth image of corn in June 24, 2010.

Fig. 19. Growth image of corn in July 21, 2010.

Fig. 20. Growth image of corn in August 18, 2010.
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Table 2. Compare corn yield from each treated soil (2010)
Exp2

Control

Weight(g)
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
Sum

126
102
72
0
0
146
88
256
0
32
150
230
200
12
26
104
260
214
60
0
2078

Weight(g)
M1
M2
M3
M4
M5
M6
M7
M8
M9
M10
M11
M12
M13
M14
M15
M16
M17
M18
M19
M20
Sum

6
28
26
0
0
16
0
0
0
0
26
0
0
0
0
0
0
0
0
0
102

B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
B11
B12
B13
B14
B15
B16
B17
B18
B19
B20
Sum

Table 3. Analysis of corn yield (g) in control and Exp2 (2009)

Exp1

Group

N

Mean

SD

Weight(g)

Control
Exp2

35
35

365.457
392.229

205.225
145.253

54
112
160
166
64
118
50
202
188
100
120
74
142
162
148
66
78
80
74
42
2200

t = -0.630

df = 61.2

P = 0.531

Table 4. Analysis of corn yield (g) in Exp1 and control (2009)
Group

N

Mean

SD

Exp1
Control

35
35

148.857
365.457

128.863
205.225

t = -5.288

df = 57.2

P = 0.000

Table 5. Analysis of corn yield (g) in Exp1 and Exp2 (2009)
Group

N

Mean

SD

Exp1
Exp2

35
35

148.857
392.229

128.863
145.253

t = -7.415

df = 67.0

P = 0.000

Table 6. Analysis of corn yield (g) in control and Exp2 (2010)

Fig. 21. Compare corn fruit from each treated soil (2010).

Group

N

Mean

SD

Control
Exp2

20
20

5.100
103.900

10.021
90.383

t = -4.859

df = 19.5

P = 0.000

Table 7. Analysis of corn yield (g) in Exp1 and control (2010)

Fig. 22. Compare corn root from each treated soil (2010).
Tables 3, 4, and 5 present the statistical analysis of corn
yield in 2009. Table 3 showed that there was no significant difference (P>0.005) between control and Exp2.
Tables 4 and 5 showed that there was significant difference (P<0.001) between the two groups. Tables 6, 7, and
8 present the statistical analysis of corn yield in 2010.
Tables 6 and 7 showed that there was significant difference
(P<0.001) between the two groups. Table 8 showed that
there was no significant difference (P>0.005) between Exp1
and Exp2.
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Group

N

Mean

SD

Exp1
Control

20
20

110.000
5.100

48.964
10.021

t = 9.387

df = 20.6

P = 0.000

Table 8. Analysis of corn yield (g) in Exp1 and Exp2 (2010)
Group

N

Mean

SD

Exp1
Exp2

20
20

110.000
103.900

48.964
90.383

t = 0.265

df = 29.3

P = 0.793
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In 2010, corn growth rate, corn yield, and thickness
of corn roots were inferior as compared to 2009, and this
might be related to the difference in climatic conditions.
As such, in 2010, there were more rainy days as compared
to 2009 and the poor soil condition was related to the
rotting of the corn roots.
In 2009 and 2010, the corn growth rate was best in
Exp2, but there were lots of empty heads of grain. As a
result, nursery bed soil successfully elongated the corn,
but failed to properly develop the corn fruit.
In 2009 and 2010, the results were different for Exp1. In
2009, Exp1 recorded the worst performance for the studied criteria. In 2010, corn growth rate was similar for Exp1
and Exp2, but empty heads of grain were reported in Exp2,
thereby suggesting that corn yield was better in Exp1 compared to Exp2. These findings support that P. brevitarsis
larva excrement could be used as organic fertilizer.
Insect comparison in each treated soil
In 2009, we collected insects 11 times. According to
cultivation time, different insects were observed. During
early cultivation time, there were lots of Diptera. In middle cultivation time, lots of ants and aphids were collected
and the presence of aphids was related to the occurrence
of fungal disease. During the last time of cultivation,
there were lots of Spodoptera litura larvae which damaged
cornstalks and fruits, followed by presence of the insects
in corn (Table 9, Table 10, Fig. 23).
Table 9. Number of insects in each treated soil (2009)
Class
Treated soil
Exp2
Control
Exp1
Total

Order

Family

Genus

Species

sp.

8
8
5
9

18
12
11
26

19
13
12
30

19
13
12
30

5
3
4
7

In 2010, we collected insects 10 times. There were lots
of Oxya japonica japonica during cultivation time which
damaged corns (Fig. 24). Also, we could observe Cletus
schmidti, Atractomorpha lata , etc (Table 10, Table 11, Fig. 25).

Fig. 24. Ankertrass of O. japonica japonica (2010).

Fig. 25. Observed insects in 2010.
In 2010, we collected insects 10 times. There were lots
of Oxya japonica japonica during cultivation time which
damaged corns (Fig. 24). Also, we could observe Cletus
schmidti, Atractomorpha lata , etc (Table 10, Table 11, Fig. 25).
Species observed in 2009 were more than in 2010. The
corns were damaged by O. japonica japonica in 2010 and
it seems that the O. japonica japonica eggs were overwintering in greenhouse and hatched in 2010.

Discussion
This study was perform ed to evaluate the applicability of the P. brevitarsis larva excrement as organic fertilizer.
The soil was divided into 3 groups, namely, treated nursery
bed soil, untreated soil, and soil treated with P. brevitarsis larva excrement. We investigated corn growth rate and
insect population in 2009 and 2010.
In 2009, we compared length of corn from each treated soil. Corn growth rate in Exp2 was higher. The nursery bed soil seems to properly elongate corn, but effective
elongation of corn was observed in control. Corn elongatiFig. 23. Observed insects in 2009.
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Table 10. List of insects during cultivation time
Taxonomy

Number of insects

Taxonomy
Order

Family

Years
Sience

2009

Sites

2010

Exp2

Control

Exp1

Orthoptera

Pyrgomorphidae

Atractomorpha lata

1

2

Orthoptera

Acrididae

Oxya japonica japonica

3

30

Hymenoptera

Tenthredinidae

Athalia rosae ruficornis

2

Hymenoptera

Formicidae

Camponotus japonicus

41

Diptera

Sarcophagidae

Helicophagella melanura

2

2

Diptera

Sarcophagidae

sp2.

3

2

1

Diptera

Calliphoridae

Phaenicia sericata

3

1

2

Diptera

Muscidae

Musca domestica

1

Diptera

Agromyzidae

Chlorops oryzae

3

Diptera

Tabanidae

Atylotus horvathi

Diptera

Asilidae

sp6.

Diptera

Asilidae

sp10.

Diptera

sp3.

4

2

1

1

Diptera

sp4.

7

5

1

1

Diptera

sp5.

1

Diptera

sp8.

Coleoptera

Chrysomelidae

Altica caerulescens

2

Coleoptera

Chrysomelidae

Monolepta quadriguttata

4

Coleoptera

Coccinellidae

Coccinella septempunctata

2

Coleoptera

Coccinellidae

Propylea japonica

3

Coleoptera

Elateridae

Aeoloderma agnata

1

Hemiptera

Lygaeidae

Nysius plebejus

1

Hemiptera

Coreidae

Riptortus clavatus

1

Hemiptera

Coreidae

Cletus schmidti

10

2

1

7

16

9

32

2

2

3
1

1
1

2

1
1

1

1

1
1

1
2
3

1

2

1
3

1
1
1
7

3

1

1

3

Hemiptera

Pentatomidae

Dolycoris baccarum

1

Homoptera

Delphacidae

Sogatella furcifera

1

Homoptera

Aphididae

Rhopalosiphum maidis

62

15

Homoptera

Fulgoridae

Limois emelianovi

1

1

Homoptera

Derbidae

Diostrombus politus

Odonata

Libellulidae

Sympetrum eroticum

1

Neuroptera

Chrysopidae

sp7.

1

Lepidoptera

Noctuidae

Prodenia litura

22

1
1

1

1

47

1
1
1
15

Lepidoptera

Noctuidae

sp9.

Lepidoptera

Hesperiidae

Parnara guttatus

2

1

Lepidoptera

Pyralidae

sp1.

1

1
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7

1

2
1
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Table 11. Number of insects in each treated soil (2010)
Class
Treated soil
Exp2
Control
Exp1
Total

Order

Family

Genus

Species

sp.

5
2
3
9

8
4
4
11

8
4
4
11

8
4
4
11

3
0
1
3

on was less effective using P. brevitarsis larva excrement,
but in 2010, corn growth rate was similar for Exp1 and
Exp2. Different results were recorded in 2009, suggesting that P. brevitarsis larva excrement could be used as
organic fertilizer.
Upon comparison of corn fruits from each treated soil,
empty heads of grain were reported in 2009 and 2010 for
Exp2. The nursery bed soil seems to be improper for the
elongation of corn. Also, comparison of corn roots from
each treated soil revealed that Exp2 was best in 2009 and
2010. Exp1 was the worst in 2009 and the control was
the worst in 2010. Especially, in 2010, there were lots of
rainy days as compared to 2009 and the soil condition
was poor. Therefore, in 2010, the corn roots were rotten.
Using proper nutrients and proper fertilizer is crucial in
corn cultivation.
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Since this study was performed in greenhouse, there
were not lots of insects. In 2009, the insect population
was different during cultivation time. In 2010, there were
lots of Oxya japonica japonica during cultivation, resulting in lots of damaged corn. As a result, understanding
the ecology and management of these insects is crucial to
minimize crop damage.
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ABSTRACT
This study aimed to obtain fundamental data for demonstrating biodiversity of vegetation of East Asian alder (Alnus japonica ) Forest
Wetland of Heonilleung Royal Tombs. A total of 166 vascular plants (159 species, three subspecies, three varieties, and one cultivar)
belonging to 132 genera and 59 families were found, accounting for 8.3% of 1,996 vascular plant species found in Seoul. Therophyte was the most common life-form of plants in Heonilleung Wetland. As for rare plant species, one Least Concern (LC) species
was found. There were 15 floristic regional indicator species in the research area. Three of them belonged to floristic grades III and
IV. This indicates that their habitats are discontinuous and isolated to some degree. Nineteen invasive alien plant species were found,
most of which were introduced from North America after the year 1964 with a spread rate of V (widespread, WS).
Keywords: Floristic regional indicator plant, Invasive alien plant, Life-form, Rare plant

Introduction
East Asian alder (Alnus japonica ) belongs to birch family. It is a deciduous broad-leaved tree reaching up to 20
meters in height. East Asian alder mainly inhabits fertile
mountain wetlands, valleys, riverside floodplains, backswamps, and alluvial lowlands (Sakio & Yamamoto, 002).
East Asian alders have been planted around the entrance
of royal tombs of Joseon and their adjacent wetlands. They
tend to have a strong sprouting ability and prefer good
moisture-retentive soils (Kim, 2015; Korean Institute of
Traditional Landscape Architecture, 2016). However, most
East Asian alder forest wetlands have a small population
size and face a high risk of potential extinction due to desiccation and competition from adjacent plant communities.
Thus, conservation plans need to be developed promptly
(Cho et al ., 2020).
East Asian alders form a well-conserved community in
the forest wetland of the Heonilleung because its surroundReceived May 11, 2021 Revised July 13, 2021;
Accepted July 14, 2021
*Corresponding author: Choong-Hyeon Oh
e-mail ecology@dongguk.edu
https://orcid.org/0000-0002-8512-9641

ing ground has a deep layer of soil and a high groundwater table which flows from the southern part of Mt. Daemo. In recognition of such ecological value, the forest was
designated as an Ecological Landscape Conversation Area
of Seoul on November 24, 2005. Furthermore, the forest
belongs to the territory of Heonilleung, which is one of 40
royal tombs of the Joseon Dynasty. Heonilleung is made of
two divisions. One of them is Heolleung, the tomb of King
Taejong (the third monarch of the Joseon Dynasty) and his
consort Queen Won-gyeong. The other is Illeung, the tomb
of King Sunjo (the 14th monarch of the Joseon Dynasty)
and his consort Queen Sunwon. All royal tombs of the Joseon Dynasty including Heonilleung were registered as UNESCO World Heritage sites on June 27th, 2009. They have
an outstanding historic value. Therefore, maintaining their
environmental condition is highly important.
Studies on East Asian alder forest and royal tombs of
the Joseon Dynasty have been conducted in various regions. Studies on East Asian alder have been conducted in
places including Mt. Daemo of Seoul (Yim & Han, 1989),
Mujechi Wetlands of Ulsan (Kim & Kim, 2003; Kim et al.,
2005), Mt. Geumjeong of Busan (Lee & Kim, 2005), Muui
Island of Incheon (Paik, 2010), Civilian Control Zone and
Demilitarized Zone (Kim et al ., 2010), Amgok Wetland of

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/bync/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Gyeongju (Kim et al ., 2013), and Hwasan Wetland of
Gunwi (Kim et a l., 2017). Studies on royal tombs of the
Joseon Dynasty have been conducted in Donggureong (Lee
& Chin, 2002), Seooreung (Yee & Bae, 2006), Heonilleung
(Kim et al ., 2010), Sareung (Lee et al ., 2011a), Jangreung
(Lee et al ., 2011b), Yunggeolleung (Lee et al ., 2011c),
Samreung (Kwak et al ., 2012), Hongyureung (Lee et al .,
2013), Taereung (Kim et al ., 2015), and Gwangreung (Oh
et al ., 2019). These studies were mostly focused on vegetation, while studies on flora were only performed in a
sporadic manner. Although studies on vegetation of the
entire Heonilleung area have already been conducted, a
detailed study on the flora of East Asian alder forest wetland of Heonilleung has not been reported yet.
Thus, the objective of the present paper was to investigate vascular plant flora of the East Asian alder forest wetland of Heonilleung. Results of this study could be used
as fundamental data to demonstrate botanical diversity
of the study area. The outcome of this study may help us
plan future conservation strategies for the wetland.

Materials and Methods
Study area
Heonilleung East Asian alder Forest Wetland is located
at San 13-1, Naegokdong, Seochogu, with GPS coordinates
of 37° 46’ N and 127° 08’ E, covering an area of 30,592.2
㎡. The wetland covers the majority of space of Heonilleung area. It is at the entrance of the royal tomb (Fig. 1).
The wetland lies at a lowland with altitudes of 31-60 m.
It has a mixture of flatland and gentle-slope land with a
gradient less than 15°. The wetland is an alluvium region.
Its soil comprises silty clay loam, sandy loam, and loam,
rendering the area fertile and moist. The underground water level of the area is 65.2-75 cm in average with consistency (Dongguk University Industry-Academic Cooperation
Foundation, 2017). Regarding the climatic condition of the
wetland, it has an average annual temperature of 13.9℃, a
mean maximum temperature of 19.0℃, a mean minimum
temperature of 9.2℃, an average annual precipitation of
988.0 mm, and an average wind velocity of 1.5 m/s.

Fig. 1. Study area boundary (red) shown
around the range of East Asian alder
forest wetland of Heonilleung.
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Study methods
A field study was performed three times (in spring, summer, and autumn) from May to September of 2020. Plants
occurring inside the wetland and its edge were investigated. Most of these plants were identified during the investigation. However, some plants could not be determined.
They were photographed and identified by referring to databases of Kim and Kim (2011), Cho et al . (2016), and Kim
et al . (2018). Arranging the order of plants and recording
their scientific names were performed according to the Korean Plant Names Index (Korea National Arboretum, 2017)
and the Engler system (Melchior, 1964). Based on results of
investigation, all occurring plant species were categorized
according to Raunkiaer’s life form system (Mueller-Dombois & Ellenberg, 1974). List of rare plants (Korea National
Arboretum, 2008), invasive alien plants (Kim et al ., 2018),
and floristic regional indicator plants (Korea National Arboretum, 2019) of the wetland were sorted out afterwards.

Results and Discussion
Vascular plant species compositions
A total of 166 vascular plant species were identified, including 159 species, three subspecies, three varieties, and
one cultivar. They represented 132 genera and 59 families
(Table 1, Supplementary Table 1), accounting for 8.3% of
1,996 vascular plant species inhabiting Seoul. Among them,
five (3%) species, five genera, and four families represented pteridophytes. One (0.6%) species, one genus, and one
family represented gymnosperms. One hundred and twenty
-two (73.5%) species, 98 genera, and 48 families represented dicotyledons. Thirty-eight (22.9%) species, 28 genera,
and six families represented monocotyledons. In terms of
species diversity, Poaceae had the highest diversity with
20 (12%) species, followed by Asteraceae with 16 (9.6%)
species, Rosaceae with nine (5.4%) species, Cyperaceae
with eight (4.8%) species, and Fabaceae and Lamiaceae
with seven species each. Plants such as Equisetum arvense,
Persicaria thunbergii, Corydalis ternata, Oenanthe javanica,
Mentha canadensis, Phryma leptostachya var. asiatica, Lobelia

chinensis, Juncus effusus, Murdannia keisak, Poa acroleuca, Leersia oryzoides, Pinellia ternata, Carex dispalata, and
Scirus juncoides that could tolerate moist to wet soil were
major herbaceous species inhabiting the wetland. Canopy
tree species such as Salix koreensis and Alnus japonica , understory tree species such as Quercus aliena, Prunus padus,
Acer ginnala, Euonymus hamiltonianus, Styrax japonicus,
and Fraxinus rhynchophylla, and shrub species such as
Akebia quinata, Ampelopsis glandulosa var. heterophylla,
Rosa multiflora, Zanthoxylum piperitum, Ampelopsis brevipedunculata, Eleutherococcus senticosus, Clerodendrum
trichotomum, and Viburnum erosum were major woody
plant species in the wetland. In addition, saplings or
shrubs of plant species including Ginkgo biloba, Zelkova
serrata, Magnolia denudata, Cercis chinensis, Robinia
pseudoacacia, Acer palmatum, Euonymus alatus, Cornus
officinalis, Callicarpa dichotoma, Sambucus canadensis,
Viburnum opulus were found. They were introduced from
planted trees in the neighborhood of Heonilleung Royal
Tomb.
Life-forms of Plants
All 166 plant species of Heonilleung Wetland according
to Raunkiaer’s life-form system were ranked in decreasing
order of species richness as follows: Therophytes (Th), 52
(31.3%) species; Hemicryptophytes (H), 24 (14.5%) species;
Nanophanerophytes (N), 19 (11.4%) species; Hydrophytes
(HH), 18 (10.8%) species; Geophytes (G), 17 (10.2%) species; Megaphanerophytes (MM), 16 (9.6%) species; Microphanerophytes (M), 14 (8.4%) species; and Chamaephytes
(Ch), six (3.6%) species (Table 2).
Rare Plants
There was one rare plant species found in the wetland.
It was Melothria japonica with a Least Concern (LC) status (Table 3). A small number of Melothria japonica were
found inside the wetland. Their natural habitats need protection as a small number of them are occasionally seen
growing near reservoirs and mountains in Korea (Lee et al .,
2016).

Table 1. Categorization of plant species in Heonilleung Wetland by taxon
Taxon

Family

Genus

Species

Subspecies

Variety

Cultivar

subtotal

Pteridophyta

4

5

5

-

-

-

5

Gymnospermae

1

1

1

-

-

-

1

Dicotyledonae

48

98

117

3

1

1

122

Monocotyledonae

6

28

36

-

2

-

38

Total

59

132

159

3

3

1

166
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Table 2. Categorization of plant species in Heonilleung Wetland by life-form
Life-form*

Th

G

H

Ch

N

M

MM

HH

Number of
Species (%)

52 (31.3)

17 (10.2)

24 (14.5)

6 (3.6)

19 (11.4)

14 (8.4)

16 (9.6)

18 (10.8)

* Life-form: Th (Therophytes), G (Geophyte), H (Hemicryptophytes), Ch (Chamaephytes), N (Nanophanerophytes), M (Microphanerophytes),
MM (Megaphanerophytes), HH (Hydatophytes).

Table 3. Categorization of rare plant species in Heonilleung
Wetland
Scientific name
Melothria japonica (Thunb.) Maxim. ex Cogn.

Grade*
LC

*Grade: LC (Least Concerned).

Floristic regional indicator plants
There were a total of 15 floristic regional indicator plant
species. One of them, Carex accrescens , belonged to floristic grade IV. Two of them, Acer palmatum and Callicarpa dichotoma , belonged to grade III. Four of them, Alnus
japonica, Spiraea salicifolia, Scutellaria dependens, and
Glyceria leptolepis, belonged to grade IV. Eight of them,
Onoclea interrupta, Pyrus calleryana, Impatiens noli-tangere, Melothria japonica, Eleutherococcus sessiliflorus, Viburnum opulus, Cirsium pendulum, and Carex dispalata, belonged to grade I. Three of them belonged to floristic grades

III and IV. Thus, their habitats are discontinuous and isolated to some degree (Table 4). Carex accrescens, a species
with a small range, was inhabiting the interior of the wetland in small numbers. On the other hand, the presence of
Acer palmatum and Callicarpa dichotoma, both of which
belonged to floristic grade III, showed no particular ecological significance as those individuals were introduced from
the outside.
Invasive alien plants
A total of 19 invasive alien plant species were identified, including Phytolacca americana, Chenopodium album,
Robinia pseudoacacia, Trifolium repens, Ipomoea nil, Erigeron annuus, Taraxacum officinale, and Panicum dichotomiflorum. Twelve (63.2%) of them were of North American
origin and three (15.8%) of them were of Euro-African origin. One (5.3%) species was of temperate European origin.
One (5.3%) species was of temperate Eurasian origin. One

Table 4. Categorization of floristic regional indicator plant species in Heonilleung Wetland
Scientific name

Grade

Carex accerescens Ohwi

Ⅳ

Acer palmatum Thunb.
Callicarpa dichotoma (Lour.) Raeusch. ex K.Koch

Ⅲ

Alnus japonica (Thunb.) Steud.
Spiraea salicifolia L.
Scutellaria dependens Maxim.

Ⅱ

Glyceria leptolepis Ohwi
Onoclea interrupta (Maxim.) Ching & P.C.Chiu
Pyrus calleryana Decne. var. fauriei (C.K.Schneid.) Rehder
Impatiens noli-tangere L.
Melothria japonica (Thunb.) Maxim. ex Cogn.

Ⅰ

Eleutherococcus sessiliflorus (Rupr. & Maxim.) S.Y.Hu
Viburnum opulus L. var. calvescens (Rehder) H.Hara
Cirsium pendulum Fisch. ex DC.
Carex dispalata Boott
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Table 5. Categorization of invasive alien plant species in Heonilleung Wetland
Scientific name

Origin*

Introduction time**

Phytolacca americana L.

AM

3

5

Stellaria media (L.) Vill.

TEM, EA, AM

1

5

EU, AF

3

2

Chenopodium album L.

TEM, EU

2

3

Robinia pseudoacacia L.

AM

1

5

Trifolium repens L.

EU, AF

1

5

Oxalis dillenii Jacq.

AM

3

1

Veronica peregrina L.

AM

1

1

Lindernia dubia (L.) Pennell

AM

3

1

EU, AF

2

5

Erigeron annuus (L.) Pers.

AM

1

5

Conyza canadensis (L.) Cronquist

AM

1

5

Bidens frondosa L.

AM

3

5

Erechtites hieraciifolius (L.) Raf. ex DC.

AM

2

5

Ageratina altissima (L.) R.M.King & H.Rob.

AM

3

1

Taraxacum officinale F.H.Wigg.

EU

2

5

Galinsoga ciliata (Raf.) S.F.Blake

AM

3

5

Panicum dichotomiflorum Michx.

AM

3

4

Poa pratensis L.

TEM

2

4

Cerastium glomeratum Thuill.

Veronica arvensis L.

Spread rate***

*Origin: AF (Africa), AM (America), EA (Eurasia), EU (Europe), TEM (Temperate).
**Introduced time: 1 (1500-1931), 2 (1932-1961), 3 (1962-present).
***Spread rate: 1 (Potential Spread), 2 (Minor Spread), 3 (Concemed Spread), 4 (Serious Spread), 5 (Wide Spread).

(5.3%) species was of temperate American origin and one
(5.3%) species was of European origin. Eleven (57.9%) species were of spread rate V (widespread, WS). Four (21.1%)
were of spread rate I (potential spread, PS). Two (10.5%)
were of spread rate IV (serious spread, SS). One (5.3%) was
of spread rate II (minor spread, MS) and one (5.3%) was of
spread rate III (concerned spread, CS) (Table 5). The species
with spread rate V including Stellaria media, Trifolium repens, Erigeron annuus, Conyza canadensis, Taraxacum officinale, Galinsoga ciliata were evenly distributed in and around
the wetland in numbers. As for non-invasive alien species,
there were a few individuals of Ginkgo biloba, Magnolia denudata, Cercis chinensis, Ailanthus altissima, Perilla
frutescens, Solanum nigrum, and Sambucus canadensis inside the wetland.

Conclusion
This study obtained fundamental data about the biodiversity of vegetation in East Asian alder forest wetland of
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Heonilleung Royal Tombs. These data could be used to
develop a future plan for the conservation of the wetland.
Results of this study indicated that constant invasive plant
species control and restoration of the water regime of the
wetland are needed to conserve the wetland. Study results
are summarized as follows:
1) A total of 166 vascular plant species were found, accounting for 8.3% of 1,996 vascular plant species inhabiting Seoul.
2) Therophyte was the most common plant life-form in
Heonilleung Wetland. Arrangement of life-forms of
plants in Heonilleung Wetland according to Raunkiaer’s life-form system ranked in decreasing order of
species richness is as follows: Hemicryptophytes >
Nanophanerophytes > Hydrophytes > Geophytes >
Megaphanerophytes > Microphanerophytes > Chamaephytes.
3) Only one rare plant species was found in the wetland.
However, 15 floristic regional indicator plant species
were found in the wetland, including one belonging
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to floristic grade IV, two belonging to grade III, four
belonging to grade IV, eight belonging to grade I, and
three belonging to floristic grades III and IV, indicating that their habitats were isolated to some degree.
4) There were 19 invasive alien plant species found in the wetland. Most of them were introduced from North
America after the year 1964 with a spread rate of V.
As for non-invasive alien species, Ginkgo biloba, Magnolia denudata, Cercis chinensis, Ailanthus altissima,
Perilla frutescens, Solanum nigrum, Sambucus canadensis were identified which were introduced from the outside.
5) The surrounding ground of Heonilleung East Asian
alder forest wetland has a deep layer of soil and a stable groundwater table, which provides habitats for a
number of plants tolerant of moist soil, all of which
are rarely seen in Seoul. However, most of them were
found to grow in small quantity. Their populations are
expected to either rapidly diminish or get wiped out
from the wetland if their habitat becomes desiccated
or if ruderal species, invasive alien species, and cultivated plant species are kept being introduced from
other areas. Therefore, detailed monitoring accompanying time series analysis and ecological management
on ruderal species, alien species (including invasive
alien species), and cultivated plant species should be
conducted.
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Scientific Name

Scientific Name

Equisetaceae
Equisetum arvense L.
Thelypteridaceae
Thelypteris palustris (A.Gray) Schott
Onocleaceae
Onoclea interrupta (Maxim.) Ching & P.C.Chiu
Athyriaceae
Athyrium yokoscense (Franch. & Sav.) Christ
Deparia conilii (Franch. & Sav.) M.Kato
Ginkgoaceae
Ginkgo biloba L.
Salicaceae
Salix pierotii Miq.
Betulaceae
Alnus japonica (Thunb.) Steud.
Fagaceae
Quercus aliena Blume
Quercus acutissima Carruth.
Quercus serrata Murray
Ulmaceae
Zelkova serrata (Thunb.) Makino
Cannabaceae
Humulus scandens (Lour.) Merr.
Urticaceae
Pilea pumila (L.) A.Gray
Boehmeria japonica (L.f.) Miq.
Polygonaceae
Persicaria longiseta (Bruijn) Kitag.
Persicaria thunbergii (Siebold & Zucc.) H.Gross
Persicaria pubescens (Blume) H.Hara
Phytolaccaceae
Phytolacca americana L.
Caryophyllaceae
Sagina japonica (Sw.) Ohwi
Stellaria uliginosa Murray
Stellaria media (L.) Vill.
Stellaria aquatica (L.) Scop.
Cerastium glomeratum Thuill.
Cerastium holosteoides Fr. var. hallaisanense (Nakai)
Mizush.
Chenopodiaceae
Chenopodium album L.

Asarum sieboldii Miq.
Papaveraceae
Chelidonium majus L. subsp. asiaticum H.Hara
Corydalis ternata (Nakai) Nakai
Brassicaceae
Rorippa indica (L.) Hiern
Draba nemorosa L.
Capsella bursa-pastoris (L.) Medik.
Cardamine fallax (O.E.Schulz) Nakai
Cardamine flexuosa With.
Rosaceae
Stephanandra incisa (Thunb.) Zabel
Prunus padus L.
Spiraea salicifolia L.
Duchesnea indica (Andrews) Focke
Prunus serrulata Lindl. f. spontanea (E.H.Wilson)
Chin S.Chang
Potentilla fragarioides L.
Rubus pungens Cambess.
Rosa multiflora Thunb.
Pyrus calleryana Decne. var. fauriei (C.K.Schneid.) Rehder
Fabaceae
Maackia amurensis Rupr.
Cercis chinensis Bunge
Amphicarpaea bracteata (L.) Fernald subsp.
edgeworthii (Benth.) H.Ohashi
Robinia pseudoacacia L.
Albizia julibrissin Durazz.
Pueraria lobata (Willd.) Ohwi
Trifolium repens L.
Oxalidaceae
Oxalis dillenii Jacq.
Rutaceae
Zanthoxylum schinifolium Siebold & Zucc.
Simaroubaceae
Ailanthus altissima (Mill.) Swingle
Aceraceae
Acer palmatum Thunb.
Acer pseudosieboldianum (Pax) Kom.
Acer tataricum L. subsp. ginnala (Maxim.) Wesm.
Balsaminaceae
Impatiens noli-tangere L.
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Scientific Name
Magnoliaceae
Magnolia denudata Desr.
Ranunculaceae
Ranunculus sceleratus L.
Clematis apiifolia DC.
Lardizabalaceae
Akebia quinata (Houtt.) Decne.
Menispermaceae
Menispermum dauricum DC.
Aristolochiaceae
Elaeagnus umbellata Thunb.
Violaceae
Viola arcuata Blume
Cucurbitaceae
Melothria japonica (Thunb.) Maxim. ex Cogn.
Alangiaceae
Alangium platanifolium (Siebold & Zucc.) Harms var.
trilobum (Miq.) Ohwi
Cornaceae
Cornus officinalis Siebold & Zucc.
Araliaceae
Eleutherococcus sessiliflorus (Rupr. & Maxim.) S.Y.Hu
Apiaceae
Oenanthe javanica (Blume) DC.
Angelica decursiva (Miq.) Franch. & Sav.
Primulaceae
Lysimachia japonica Thunb.
Ebenaceae
Diospyros lotus L.
Styracaceae
Styrax japonicus Siebold & Zucc.
Styrax obassis Siebold & Zucc.
Oleaceae
Fraxinus rhynchophylla Hance
Ligustrum obtusifolium Siebold & Zucc.
Rubiaceae
Rubia cordifolia L.
Galium spurium L.
Rubia argyi (H.Lév. & Vaniot) H.Hara ex Lauener
Boraginaceae
Trigonotis peduncularis (Trevis.) Benth. ex Baker & S.Moore
Bothriospermum tenellum (Hornem.) Fisch. & C.A.Mey.
Verbenaceae
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Scientific Name
Impatiens textorii Miq.
Celastraceae
Celastrus orbiculatus Thunb.
Euonymus hamiltonianus Wall.
Celastrus flagellaris Rupr.
Euonymus alatus (Thunb.) Siebold
Euonymus alatus (Thunb.) Siebold f. ciliato-dentatus
(Franch. & Sav.) Hiyama
Vitaceae
Ampelopsis heterophylla (Thunb.) Siebold & Zucc.
Parthenocissus tricuspidata (Siebold & Zucc.) Planch.
Elaeagnaceae
Plantaginaceae
Plantago asiatica L.
Caprifoliaceae
Viburnum erosum Thunb.
Sambucus canadensis L.
Viburnum opulus L. var. calvescens (Rehder) H.Hara
Campanulaceae
Lobelia chinensis Lour.
Asteraceae
Erigeron annuus (L.) Pers.
Ixeris chinensis (Thunb.) Nakai
Conyza canadensis (L.) Cronquist
Bidens frondosa L.
Ixeris polycephala Cass.
Erechtites hieraciifolius (L.) Raf. ex DC.
Youngia japonica (L.) DC.
Ageratina altissima (L.) R.M.King & H.Rob.
Taraxacum officinale F.H.Wigg.
Artemisia indica Willd.
Lactuca indica L.
Centipeda minima (L.) A.Braun & Asch.
Hemistepta lyrata (Bunge) Bunge
Sigesbeckia glabrescens (Makino) Makino
Cirsium pendulum Fisch. ex DC.
Galinsoga ciliata (Raf.) S.F.Blake
Liliaceae
Smilax riparia A.DC.
Hosta longipes (Franch. & Sav.) Matsum.
Allium macrostemon Bunge
Disporum smilacinum A.Gray
Smilax sieboldii Miq.
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Scientific Name
Clerodendrum trichotomum Thunb.
Callicarpa japonica Thunb.
Callicarpa dichotoma (Lour.) Raeusch. ex K.Koch
Lamiaceae
Perilla frutescens var. japonica (Hassk.) Hara
Mosla scabra (Thunb.) C.Y.Wu & H.W.Li
Mentha arvensis L. var. piperascens Malinv. ex Holmes
Lycopus lucidus Turcz. ex Benth.
Scutellaria dependens Maxim.
Mosla dianthera (Buch.-Ham. ex Roxb.) Maxim.
Elsholtzia ciliata (Thunb.) Hyl.
Solanaceae
Solanum nigrum L. var. nigrum
Scrophulariaceae
Veronica peregrina L.
Lindernia dubia (L.) Pennell
Lindernia procumbens (Krock.) Philcox
Veronica arvensis L.
Mazus pumilus (Burm.f.) Steenis
Phrymaceae
Phryma leptostachya L. var. oblongifolia (Koidz.) Honda
Leersia oryzoides (L.) Sw.
Oplismenus undulatifolius (Ard.) P.Beauv.
Molinia japonica Hack.
Paspalum thunbergii Kunth ex Steud.
Melica grandiflora Koidz.
Microstegium vimineum (Trin.) A.Camus var.
polystachyum (Franch. & Sav.) Ohwi
Araceae
Pinellia ternata (Thunb.) Makino
Cyperaceae
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Scientific Name
Juncaceae
Juncus decipiens (Buchenau) Nakai
Juncus tenuis Willd.
Juncus diastrophanthus Buchenau
Commelinaceae
Commelina communis L.
Aneilema keisak Hassk.
Poaceae
Phalaris arundinacea L.
Setaria viridis (L.) P.Beauv.
Panicum bisulcatum Thunb.
Festuca parvigluma Steud.
Microstegium vimineum (Trin.) A.Camus
Echinochloa crus-galli (L.) P.Beauv.
Alopecurus aequalis Sobol
Panicum dichotomiflorum Michx.
Digitaria violascens Link
Poa annua L.
Poa acroleuca Steud.
Glyceria leptolepis Ohwi
Eleusine indica (L.) Gaertn.
Poa pratensis L.
Carex accerescens Ohwi
Carex aphanolepis Franch. & Sav.
Pycreus sanguinolentus (Vahl) Nees
Scirpus wichurae Boeck.
Carex dispalata Boott
Eleocharis acicularis (L.) Roem. & Schult. var.
longiseta Svenson
Schoenoplectus juncoides (Roxb.) Palla
Kyllinga brevifolia Rottb. var. leiolepis (Franch. &
Sav.) H.Hara
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ABSTRACT
Xuan Thuy and Con Dao are natural Ramsar sites in Vietnam with different ecosystems, geography and topography. Avian fauna in
these two Ramsar sites were recorded over a 2-year period from 2018 to 2019. A total of 234 bird species belonging to 57 families
and 16 orders were confirmed in Xuan Thuy, while only 71 species involving 32 families and 12 orders were found in Con Dao. In
total, 25 endangered species have been found in these two national parks based on the IUCN Red List. The Spoon-billed Sandpiper
and Baer’s Pochard are the most endangered species ranked as Critically Endangered, whereas Nicobar pigeon, which is endemic to
Con Dao, is the only endangered bird species here. This study provides the list of bird species of international importance identified
in these two wetlands.
Keywords: Bird species, Con Dao, Endangered species, Ramsar site, Xuan Thuy

Introduction
Wetlands are submerged or wet areas, where the living environment is determined by water content (Niering,
1985). Approximately 6% of the earth’s total surface area
is wetland, and about 2% of living organisms survive in
this habitat. Because the wetland formation is determined
by the terrestrial and aquatic ecosystems, the ecological
and environmental characteristics of the intermediate stage
connecting land and water exhibit high species diversity
(Keddy, 2010). Wetlands have accumulated large amounts
of sediments over the years, creating conditions for the
growth of large aquatic plants, followed by arthropods,
amphibians and reptiles.
Fertile environments provide habitats for many species,
including animals and plants, especially birds. Currently,
many biologists consider wetland birds as an indicator of
ecosystem or wetland quality. The bird diversity reflects the
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importance of wetlands. They supply essential resources
such as food, water, home for bird survival and reproduction (Weller, 1999). Ecologists compared wetland to a “biological supermarket” due to its big food chain, diverse ecology and unique habitat (Sandilyan et al ., 2009). Wetlands
provide humans with food, freshwater and materials as well
as contribute to climate change and flood control (Ramsar,
2014a).
The Ramsar Convention was conducted with the goal of
sustainable wetland development and conservation (Ramsar,
2014b). More than 2,400 wetlands of international importance have been recognized worldwide. The importance of
these Ramsar sites is significant nationally and worldwide
(Ramsar, 2014c). Experts have recognized the importance
of wetlands for mankind. However, many studies reported
evidence of lost wetlands worldwide (Ramsar, 2014b).
Vietnam, with a rich biodiversity, became a member of
the Ramsar Convention in 1989 (Van Thang, 2019). Van
Long wetland was added as an internationally important
wetland in 2019, bringing the total number of Ramsar sites
in Vietnam to nine (Son et al ., 2020). Vietnamese wetlands
play a key role in ecosystem (Thanh & Yabar, 2015). In addition to the ecological significance, wetlands contribute to
the development of tourism, agriculture and aquaculture

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/bync/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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(Vietnam Environment Protection Agency, 2005). However,
the area of Ramsar sites in Vietnam is decreasing due to
forest loss, agricultural development, modernization and
industrialization (Davidson, 2016). This has led to the disappearance of many wildlife species including birds, some
of which are on the verge of extinction (Davidson, 2016;
Pilgrim et al ., 2009). Hence, this study investigated the
number of birds in Xuan Thuy and Con Dao, two ecologically important Ramsar sites in Vietnam, in different geographical locations. The results of this study provide an
overview and insight into the bird status at these sites for
local authorities and policy-makers involved in biodiversity
conservation.

Materials and Methods
Study sites
Xuan Thuy National Park
Xuan Thuy Wetland Nature Reserve was listed as the first
Ramsar site in Vietnam and Southeast Asia in 1989 (Vietnam Environment Protection Agency, 2005). It is located in
Nam Dinh province in the north of Vietnam at a latitude of
20°10’N and a longitude of 106°20’E (Ramsar, 1992). The
total area of this Ramsar site is 12,000 ha (Vietnam Environment Protection Agency, 2005). Xuan Thuy Ramsar site

is topographically diverse with delta and estuary islands,
coastal mangroves, mudflats and marshes. Xuan Thuy National Park is critically important for water birds and migration birds (Ramsar, 1992). Besides, it is a highly productive
wetland containing diverse flora and fauna (Nhuan et al .,
2009).
Con Dao National Park
Con Dao National Park situated at latitude 8°42’N and
longitude 106°38’E represents the sixth Ramsar site of
Vietnam identified in 2013. It is located on the Con Dao
archipelago of Ba Ria – Vung Tau province (Ramsar, 2013).
This is the first and only maritime Ramsar site of Vietnam
until now. The total area of Con Dao National Park is nearly 20,000 ha, including both terrestrial forest and marine
ecosystems. Con Dao National Park has special and unique
characteristics as it protects the natural area containing
diverse fauna and flora (Tung, 2020). Numerous endemic
species thrive in Con Dao National Park comprising a diverse ecosystem including mangroves, seagrass, tidal rock
bands, tidal sandy flats and coral reefs (Vietnam Environment Protection Agency, 2005). The nine Ramsar sites in
Vietnam recognized worldwide are listed in Table 1 and the
locations of two study sites are shown in Fig. 1.

Table 1. Nine renowned Ramsar sites in Vietnam
no
1
2

Wetland name
Xuan Thuy
National Park
Bau Sau Ramsar of
Cat Tien National Park

Province

Area
(ha)

Location

Nam
Dinh

7,100

20°10'N
106°20'E

- First Ramsar site in Southeast Asia
- Typical mangrove forest ecosystem

Dong Nai

13,759

11°28'N

- Habitat of fresh water crocodiles
(once thought to be extinct)
- Largest natural freshwater lake
- Many species listed in the Critically
Endangered Species of importance
to global conservation

22°242N
3

Ba Be Lake

Bac Kan

500
105°362E

4

Tram Chim National Park

Dong Thap

7,313

5

Cape Ca Mau National Park

Ca Mau

41,862

6

Con Dao National Park

Ba RiaVung Tau

10°42’49’’N
08°41’00’’N
104°47’32’’E
8°42’N

15,043
106°38’E

7

Lang Sen wetland Reserve

8

U Minh Thuong
National Park

KienGiang

21,107

9

Van Long Wetland
Nature Reserve

NinhBinh

2,736

Long An

5,030

10°44'-10°48'N
105°45'-105°48'E
9°36'N
20°21'-20°26'N
105°47'-105° 55'E

Recognized
Year

Characteristics

- Around one-fourth of total number
of birds in Vietnam inhabit here
- National mangrove forest ecosystem
- One of the two national parks
protecting not only the forests but
also aquatic resources
- Home to a number of rare and
precious fauna

1989

1998
2011

2012
2012

2013

- A typical example of the Dong
ThapMoui Wetlands ecosystem
- Diverse ecosystem

2013

- One of the two extensive peat
swamp areas
- One of the few intact lowlands
- Inland wetland areas remaining in
the Red River Delta

2016

2019

Cited from homepage at https://vietnamnet.vn
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carefully. Observers who worked at the same time recorded
independently and obtained photographs for classification.
In addition, telescopes were set in high towers at hotspots
of study sites to detect the species at high elevations,
where the birds are difficult to observe from the ground.
Further, bird voice, a unique characteristic of avian fauna, was used to detect the bird species. Bird songs or calls
were downloaded and opened selectively during survey to
attract birds or receive replies from the same species. The
unknown bird voices could be recorded along the routes.
Following the survey, the records were analyzed and compared with identified records to confirm the name of that
species. This method is recommended for species which are
difficult to observe directly.
The relative diversity of each family was calculated by the
equation:
N
RD =
x 100
No
RD: Relative diversity
N: number of species in a family
No: total species detected in one study site

Results
Fig. 1. Map showing the study area.

Method
In 2018 and 2019, the two study sites were surveyed
comprehensively to confirm the presence of avian fauna
species. The surveys were conducted on sunny days. Most
of the investigations were performed at dawn and dusk,
which are the peak activity times of avian fauna species.
The survey frequency is increased during the bird breeding
season (May to August).
Bird counting, which is the most traditional method,
was used for this study. Birds were detected by naked eyes,
and then carefully observed under binoculars. All the information about the appearance of bird species was noted

A total of 71 species belonging to 32 families and 12
orders were observed at Con Dao National Park, whereas
234 species in 57 families and 16 orders were confirmed at
Xuan Thuy Ramsar site. In total, 25 species are included in
the IUCN Red list. Among them, 14 and 5 species are identified as Near Threatened and Vulnerable birds, respectively. In Con Dao, Nicobar pigeon Caloenas nicobarica is the
only species included in the IUCN list as Near Threatened.
Three species considered Endangered include Great Knot
Calidris tenuirostris , Spotted Greenshank Tringa guttifer
and Black-faced Spoonbill Platalea minor . The two Critically Endangered species include Baer’s Pochard Aythya baeri
and Spoon-billed Sandpiper Calidris pygmaea . Bird species
recorded in Con Dao and Xuan Thuy Ramsar sites and their
IUCN Red List Categories are listed in Supplementary Table S1.

Table 2. The relative diversity index of avian families in Xuan Thuy and Con Dao Ramsar sites
Number

Xuan Thuy National Park
Family

1
2
3
4
5

Con Dao National Park

Number of species Relative diversity

Scolopacidae
Muscicapidae
Ardeidae
Accipitridae
Laridae
Phylloscopidae

27
18
13
12
11
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11.5%
7.7%
5.6%
5.1%
4.7%

Family
Ardeidae
Columbidae
Laridae
Accipitridae
Motacillidae

Number of species

Relative diversity

10
6
6
4
4

14.0%
8.5%
8.5%
5.6%
5.6%
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Discussion
Wetland is an important ecosystem to investigate
bird habitat, behavior, status and reproduction (Rajpar
& Zakaria, 2010). This study provides data of bird species recorded at Xuan Thuy and Con Dao Ramsar sites in
Vietnam. The ecological richness based on factors such as
flora, prey species, topography or climate can be determined by the abundance of bird species (Aynalem &
Bekele, 2009; Girma et al ., 2017). With 71 and 234 bird
species recorded in Con Dao and Xuan Thuy National Park
respectively, the value and importance of attracting birds
at these two Ramsar sites has been established. Further, 32
and 57 bird families found in these two wetlands, respectively, showed biodiversity encompassing various types
of bird species reported above such as migration birds,
water birds, mountain birds and open habitat birds. Birds
are considered as indicators of ecosystem (Weller, 1999).
Hence, the importance of these Ramsar sites was confirmed
by the large number of bird species identified. In Xuan
Thuy Ramsar site, the Scolopacidae family was predominant with 27 members, followed by Muscicapidae (18 species), Ardeidae (13 species), Accipitridae (12 species), and
Laridae and Phylloscopidae (11 species each). In contrast,
Ardeidae is the dominant species in Con Dao Ramsar site
with 10 species, followed by Columbidae and Laridae (6
species each), and Accipitridae and Motacillidae (4 species
each). The Scolopacidae and Ardeidae families showed a
high diversity of avian species in Xuan Thuy and Con Dao,
respectively (Table 2).
In this study, the difference between the 2 Ramsar sites
was also emphasized. The number of bird species in Xuan Thuy Ramsar site was more than 3-fold compared with
those at Con Dao, which supports fewer bird species due to
its unique characteristics. As mentioned above, Con Dao is
the only maritime Ramsar site of Vietnam and the distance
from Con Dao National Park to the nearest mainland is 82
km (Kruskop, 2011). Due to the geographical difference,
the ecosystem of Con Dao was separated from inland, leading to the differences in the number of species. Besides,
the long distance from inland to Con Dao Ramsar site is a
challenge to many non-migrant bird species. However, it
may be suitable for long-distance migrating birds, and seabirds. Nicobar pigeon, which is the only species in Con Dao
National Park appearing in the IUCN Red list, is an endemic
species in this Ramsar site, and undetectable elsewhere in
Vietnam.
Xuan Thuy National Park, which is a home for 234 species, demonstrates the value of an important bird area. In
addition to the geographical difference, the number of bird
species in Xuan Thuy is clearly greater than in Con Dao,
which suggests a more diverse ecosystem in Xuan Thuy.
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This wetland of international importance has been created by diverse terrestrial topography to attract bird species.
In contrast, Con Dao is formed mostly by coral reefs and
other marine ecosystems. Further, this study reported 24
endangered birds in Xuan Thuy Ramsar site. Among them,
Spoon-billed Sandpiper and Baer’s Pochard are ranked as
Critically Endangered in IUCN Red list. The number of individual species has decreased to the point of extinction,
primarily due to habitat loss following contamination and
human economic activity (Nguyen et al ., 2007).
This study highlights the biodiversity and the importance
of bird species at 2 Ramsar sites in Vietnam including Xuan
Thuy and Con Dao National Park. Additional scientific investigations and studies are needed to update the individual species and their numbers. The findings enable local authorities and managers in developing appropriate strategies
to protect bird species and Ramsar sites.
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Supplementary Table S1. List of bird species recorded in Con Dao and Xuan Thuy Ramsar site.
1

Pandion haliaetus

o

o

LC

2

Elanus caeruleus

o

o

LC

3

Aviceda leuphotes

o

LC

4

Clanga clanga

o

VU

5

Butastur indicus

o

LC

6

Circus spilonotus

o

LC

7

Circus melanoleucos

o

LC

8

Accipiter badius

o

LC

9

Accipiter soloensis

o

LC

10

Accipiter gularis

o

LC

11

Pernis ptilorhynchus

o

12

Spilornis cheela

13

Milvus migrans

o

14

Haliaeetus leucogaster

o

Anser anser

o

16

Spatula querquedula

o

LC

17

Mareca falcata

o

NT

18

Mareca penelope

o

LC

19

Anas poecilorhyncha

o

LC

20

Anas crecca

o

LC

21

Aythya baeri

o

CR

15

Anseriformes

o

LC

o

LC
LC

o

LC
LC

22

Bucerotiformes

Upupa epops

o

LC

23

Caprimulgiformes

Caprimulgus jotaka

o

LC

24

Hirundapus giganteus

o

25

Aerodramus fuciphagus

o

26

Aerodramus brevirostris

o

27

Aerodramus germani

o

28

Apus pacificus

o

LC

29

Cypsiurus balasiensis

o

LC

Esacus recurvirostris

o

NT

31

Himantopus himantopus

o

LC

32

Pluvialis squatarola

o

33

Pluvialis fulva

o

LC

34

Vanellus duvaucelii

o

LC

35

Vanellus cinereus

o

LC

36

Charadrius alexandrinus

o

o

LC

37

Charadrius mongolus

o

o

LC

38

Charadrius leschenaultii

o

LC

39

Charadrius placidus

o

LC

40

Charadrius dubius

o

LC

30
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LC
LC
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41

Rostratula benghalensis

o

LC

42

Hydrophasianus chirurgus

o

LC

43

Numenius phaeopus

o

44

Numenius arquata

o

NT

45

Limosa lapponica

o

NT

46

Limosa limosa

o

NT

47

Arenaria interpres

o

LC

48

Calidris tenuirostris

o

EN

49

Calidris canutus

o

NT

50

Calidris pugnax

o

LC

51

Calidris falcinellus

o

LC

52

Calidris ferruginea

53

Calidris subminuta

o

LC

54

Calidris pygmaea

o

CR

55

Calidris ruficollis

o

NT

56

Calidris alba

o

LC

57

Calidris alpina

o

LC

58

Limnodromus semipalmatus

o

NT

59

Scolopax rusticola

o

LC

60

Gallinago gallinago

o

LC

61

Actitis hypoleucos

o

62

Tringa ochropus

o

LC

63

Tringa brevipes

o

NT

64

Tringa erythropus

o

LC

65

Tringa nebularia

o

LC

66

Tringa guttifer

o

EN

67

Tringa stagnatilis

o

LC

68

Tringa glareola

o

LC

69

Tringa totanus

o

LC

70

Turnix tanki

o

LC

71

Glareola maldivarum

o

72

Saundersilarus saundersi

o

VU

73

Chroicocephalus ridibundus

o

LC

74

Larus ichthyaetus

o

LC

75

Larus argentatus

o

LC

76

Larus fuscus

o

LC

77

Sternula albifrons

o

LC

78

Gelochelidon nilotica

o

LC

79

Hydroprogne caspia

o

LC

80

Chlidonias leucopterus

o

81
82
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o

LC

NT

o

o

LC

LC

o

LC

Anous stolidus

o

LC

Onychoprion anaethetus

o

LC
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83

Sterna dougallii

o

LC

84

Sterna sumatrana

o

LC

85

Sterna hirundo

o

86

Thalasseus bergii

o
o

o

LC

87

Ciconiiformes

Mycteria leucocephala

88

Columbiformes

Chalcophaps indica

o

LC

89

Caloenas nicobarica

o

NT

90

Ducula aenea

o

LC

91

Ducula bicolor

o

LC

92

Columba livia

o

LC

93

Streptopelia orientalis

o

94

Spilopelia chinensis

o

o

LC

o

LC

95

Coraciiformes

NT

LC

Alcedo atthis

o

96

Halcyon pileata

o

LC

97

Todiramphus chloris

o

LC

98

Ceryle rudis

o

LC

99

Merops viridis

o

LC

100

Merops philippinus

o

LC

101

Eurystomus orientalis

o

LC

Centropus sinensis

o

LC

103

Phaenicophaeus tristis

o

104

Clamator coromandus

o

105

Eudynamys scolopaceus

o

106

Cacomantis merulinus

o

LC

107

Surniculus lugubris

o

LC

108

Hierococcyx sparverioides

o

LC

109

Hierococcyx nisicolor

o

LC

110

Cuculus poliocephalus

o

LC

Cuculus saturatus

o

Falco tinnunculus

o

113

Falco severus

o

LC

114

Falco peregrinus

o

LC

102

Cuculiformes

111
112

Falconiformes

115

Galliformes

Gallus gallus

116

Gruiformes

Lewinia striata

o

LC
LC

o

LC

LC
o

o
o

LC

LC
LC

117

Amaurornis phoenicurus

118

Gallinula chloropus

o

LC

119

Fulica atra

o

LC

120

Gallicrex cinerea

o

LC

121

Rallina eurizonoides

o

LC

122

Zapornia pusilla

o

LC

Pitta nympha

o

VU

123
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o
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124

Pericrocotus divaricatus

125

Pericrocotus cinnamomeus

126

Lalage melaschistos

o

LC

127

Oriolus chinensis

o

LC

128

Artamus fuscus

o

129

Aegithina tiphia

o

130

Aegithina lafresnayei

o

LC

131

Rhipidura albicollis

o

LC

132

Dicrurus macrocercus

o

133

Dicrurus paradiseus

134

Dicrurus annectens

o

LC

135

Dicrurus hottentottus

o

LC

136

Hypothymis azurea

o

LC

137

Terpsiphone atrocaudata

o

NT

138

Lanius tigrinus

o

LC

139

Lanius cristatus

o

LC

140

Lanius tephronotus

o

LC

141

Culicicapa ceylonensis

o

LC

142

Melanochlora sultanea

o

LC

143

Alauda gulgula

o

LC

144

Orthotomus sutorius

o

145

Prinia rufescens

o

LC

146

Prinia flaviventris

o

LC

147

Prinia inornata

o

148

Orthotomus atrogularis

149

Cisticola exilis

o

LC

150

Acrocephalus bistrigiceps

o

LC

151

Acrocephalus orientalis

o

LC

152

Locustella certhiola

o

LC

153

Locustella pleskei

o

VU

154

Locustella lanceolata

o

LC

155

Riparia riparia

o

LC

156

Hirundo rustica

o

157

Cecropis daurica

o

LC

158

Rubigula flaviventris

o

LC

159

Pycnonotus sinensis

o

LC

160

Pycnonotus aurigaster

o

LC

161

Pycnonotus flavescens

o

LC

162

Hemixos flavala

o

LC

163

Pycnonotus finlaysoni

164

Pycnonotus goiavier

165

Phylloscopus inornatus
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o

LC
o

LC
o

LC

LC
o

o

LC

o

LC

LC

o

LC

o

LC

o

LC

o

LC

o

LC

o

LC
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166

Phylloscopus proregulus

o

LC

167

Phylloscopus schwarzi

o

LC

168

Phylloscopus coronatus

o

LC

169

Phylloscopus tephrocephalus

o

LC

170

Phylloscopus valentini

o

LC

171

Phylloscopus trochiloides

o

LC

172

Phylloscopus tenellipes

o

LC

173

Phylloscopus borealis

o

174

Phylloscopus ricketti

o

LC

175

Phylloscopus intensior

o

LC

176

Urosphena squameiceps

o

LC

177

Horornis canturians

o

LC

178

Zosterops erythropleurus

o

179

Zosterops simplex

o

o

LC

180

Zosterops palpebrosus

o

o

LC

181

Mixornis gularis

o

o

LC

182

Stachyris strialata

o

LC

183

Sturnus vulgaris

o

LC

184

Agropsar sturninus

o

LC

185

Gracupica nigricollis

o

LC

186

Sturnia sinensis

o

LC

187

Spodiopsar sericeus

o

LC

188

Spodiopsar cineraceus

o

LC

189

Aplonis panayensis

190

Acridotheres tristis

o

191

Acridotheres grandis

o

LC

192

Zoothera aurea

o

LC

193

Geokichla sibirica

o

LC

194

Geokichla citrina

o

195

Turdus mandarinus

o

196

Turdus cardis

o

LC

197

Turdus dissimilis

o

LC

198

Turdus obscurus

o

LC

199

Muscicapa sibirica

o

LC

200

Muscicapa dauurica

o

201

Copsychus saularis

o

LC

202

Cyornis banyumas

o

LC

203

Niltava davidi

o

LC

204

Cyanoptila cyanomelana

o

LC

205

Eumyias thalassinus

o

LC

206

Larvivora cyane

o

LC

o

LC

LC

o

LC

o

LC

LC
o

o

LC

LC
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Luscinia svecica

o

LC

208

Myophonus caeruleus

o

LC

209

Calliope calliope

o

LC

210

Kittacincla malabarica

211

Tarsiger cyanurus

o

212

Ficedula zanthopygia

o

213

Ficedula albicilla

o

LC

214

Phoenicurus auroreus

o

LC

215

Monticola gularis

o

LC

216

Monticola solitarius

o

LC

217

Saxicola ferreus

o

LC

218

Cinnyris jugularis

o

LC

219

Aethopyga christinae

o

220

Lonchura striata

o

221

Lonchura punctulata

222

Passer montanus

223
224

o

LC
LC

o

LC

LC
o

LC

o

LC

o

o

LC

Motacilla cinerea

o

o

LC

Motacilla alba

o

LC

225

Anthus rufulus

o

LC

226

Anthus hodgsoni

o

227

Anthus cervinus

o

LC

228

Emberiza aureola

o

LC

229

Dendronanthus indicus

230

Motacilla tschutschensis

231

Emberiza spodocephala

o

LC

232

Emberiza rutila

o

LC

233

Anas platyrhynchos

o

LC

234

Pachycephala cinerea

o

LC

235

Pelecaniformes

o

o

LC

o

LC

o

LC

Pelecanus philippensis

o

NT

236

Botaurus stellaris

o

LC

237

Ixobrychus sinensis

o

o

LC

238

Ardea cinerea

o

o

LC

239

Ardea alba

o

o

LC

240

Ardea intermedia

o

o

LC

241

Egretta eulophotes

o

242

Egretta garzetta

o

o

LC

243

Bubulcus ibis

o

o

LC

244

Ardeola bacchus

o

o

LC

245

Nycticorax nycticorax

o

246

Ardeola speciosa

247

Butorides striata

248

Egretta sacra
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LC
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o

LC

o

o
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249

Gorsachius melanolophus

o

LC

250

Threskiornis melanocephalus

o

NT

251

Platalea minor

o

EN

Jynx torquilla

o

LC

252

Piciformes

253

Picoides canicapillus

o

LC

254

Podicipediformes

Tachybaptus ruficollis

o

LC

255

Strigiformes

Tyto longimembris

o

LC

256

Tyto alba

o

LC

257

Otus spilocephalus

o

LC

258

Glaucidium cuculoides

o

LC

259

Suliformes

Sula leucogaster

o

LC

IUCN category: LC – Least Concern; NT – Near Threatened; VU – Vulnerable; EN – Endangered; CR – Critically Endangered.
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ABSTRACT
Recently, pest-resistant living modified (LM) crops developed using RNA interference (RNAi) technology have been imported into
South Korea. However, the potential adverse effects of unintentionally released RNAi-based LM crops on non-target species have not
yet been reported. Coccinella septempunctata, which feeds on aphids, is an important natural enemy insect which can be exposed to
the double-stranded RNA (dsRNA) produced by RNAi-based LM plants. To assess the risk of ingestion of Snf7 dsRNA by C. septempunctata, we first identified the species through morphological analysis of collected insects. A method for species identification at the
gene level was developed using a specific C. septempunctata 12S rRNA. Furthermore, an experimental model was devised to assess
the risk of Snf7 dsRNA ingestion in C. septempunctata. Snf7 dsRNA was mass-purified using an effective dsRNA synthesis method
and its presence in C. septempunctata was confirmed after treatment with purified Snf7 dsRNA. Finally, the survival rate, development time, and dry weight of Snf7 dsRNA-treated C. septempunctata were compared with those of GFP and vATPase A dsRNA control treatments, and no risk was found. This study illustrates an effective Snf7 dsRNA synthesis method, as well as a high-concentration domestic insect risk assessment method which uses dsRNA to assess the risk of unintentional released of LM organisms against
non-target species.
Keywords: Coccinella septempunctata, Double-stranded RNA, Living modified organism, Risk assessment, Snf7

Introduction
Coccinella septempunctata, known as the seven-pointed
ladybug, is a natural enemy for many pests. It is distributed across various habitats worldwide and is widely used
for biological insect control in various crop systems. Both
the larvae and adults feed on insects of Aphidoidea, Psylloidea, and Coccoidea superfamilies, which are found in the
leaves and stems of various plants (Dolling, 1991; Kalushkov & Hodek, 2004; Yu et al ., 2014; Zhang et al ., 2011).
C. septempunctata species are easy to breed and are ideal
non-target organisms for studying potential toxicity, such
as, Bacillus thuringiensis or RNA interference (RNAi)-based
living modified organisms (Alvarez-Alfageme et al ., 2012;
Harwood et al ., 2005; Harwood et al ., 2007).
Received June 4, 2021;Revised June 29, 2021;
Accepted June 30, 2021
*Corresponding author: Jung Ro Lee
e-mail leejr73@nie.re.kr
https://orcid.org/0000-0002-9596-3330

Living modified (LM) organisms (RNAi gene silencing
usi-double-stranded RNA (dsRNA)) is a powerful tool for
targeted gene silencing in insects and offers a novel approach for insect control. Currently, RNAi technology is
used as a biotechnological tool for the analysis of gene
functions in various organisms and for pest control (Burand & Hunter, 2013; Fire et al ., 1998; Katoch et al ., 2013;
Zhang et al ., 2017). Insect toxicity assessment using environmental or dietary methods can be performed using
sprays, bait, LM microorganisms, or LM plants (Fischer et
al ., 2016; Le, 2015; Liu et al ., 2019; Pang & Mao, 1979;
Zhang et al ., 2017; Zhu et al ., 2011; Zhu & Palli, 2019;
Zotti et al ., 2018). However, the success of the RNAi technique depends on the effectiveness of the in vivo action
of the dsRNA in the insect species. RNAi efficacy may vary
depending on the expression of the target gene, dsRNA
degrading enzymes in the insect, concentration of dsRNA,
and the method of delivery. According to previous reports,
RNAi techniques have been used to treat western corn root-

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/bync/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © National Institute of Ecology. All rights reserved.
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worms (Diabrotica virgifera virgifera ), red powder beetles
(Tribolium castaneum ), Colorado potato beetles (Leptino-tarsa dece mlineata ), and two-spotted ladybugs (Adalia
bipunctata ) (Baum et al ., 2007; Haller et al ., 2019; Yoon
et al ., 2018). The western corn rootworm, which impacts
corn yield, responds to a dsRNA diet. Several target genes
of dsRNA in western corn rootworms have been evaluated.
When the dsRNA encoded an essential functional protein,
western corn rootworms larvae were reportedly killed at low
concentrations (Baum et al ., 2007). The RNAi target gene
was found to be a homolog of yeast Snf7 . LM crops which
produce dsRNA targeting the D. virgifera Snf7 showed insect resistance by killing western corn rootworms larvae.
The class E vacuolar sorting protein Snf7 gene is present in various organisms as Vps32, CeVps32.2, hSnf7, and
At2g19830 (Kim et al ., 2011; Peck et al ., 2004; Tu et al .,
1993; Winter & Hauser, 2006). Using the Snf7 RNAi system, Snf7 was confirmed to play a role in several cellular
processes in mammals and nematodes (Kim et al ., 2011;
Lee et al ., 2007; Ramaseshadri et al ., 2013; Sweeney et al .,
2006). Two methods have been applied to control pests using active Snf7 dsRNA molecule. The first is the use of LM
plant techniques to produce active Snf7 dsRNA in plants,
such as, in LM maize (MON87411). These LM maize plants
produce Snf7 dsRNA targeting the Snf7 protein, leading
to increased western corn rootworms larval mortality and
reduced root damage (Bachman et al ., 2020; Bolognesi et
al ., 2012). The second method is to treat crops externally
with Snf7 dsRNA, for example through trunk injections,
food bait, microorganism delivery systems, or topical sprays
(Hunter et al ., 2012; Kunte et al ., 2020; Li et al ., 2015; Niu
et al ., 2018; Romeis & Widmer, 2020; San Miguel & Scott,
2016; Vogel et al ., 2019; Zhang et al ., 2010; Zhou et al .,
2008). Although target pest can be removed using these
methods, we must consider the potential risk of damage
to other species. LM crops made with RNAi technology are
imported with domestic import approval. These might be
unintentionally released during transportation and might
affect domestic species. Research on the effects of RNAibased LMOs imported into South Korea on domestic species is insufficient. In particular, the risk assessments of
Snf7 dsRNA molecules in domestic natural enemies, such
as, ladybugs, have rarely been conducted in South Korea.
In this study, we developed a risk assessment method
for C. septempunctata using Snf7 dsRNA molecules. To
identify the species of ladybug before the Snf7 dsRNA risk
assessment, we compared the phenotypes of three species
collected in South Korea (Harmonia axyridis, C. septempunctata, and Cryptolaemus montruzieri ). The 12S rRNA
gene-specific primer of C. septempunctata clearly differentiated C. septempunctata at the gene level. To determine
whether assessing the risk to C. septempunctata using Snf7
dsRNA treatment is feasible, treatment methods and check-
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lists for each growth period were specified. A large amount
of Snf7 dsRNA was isolated for the risk assessment and its
purity was confirmed. C. septempunctata larvae were treated with Snf7 dsRNA for 1–5 days to confirm its presence in
vivo, and the risk of Snf7 dsRNA was determined by measuring the mortality, growth, and dry weight of C. septempunctata.

Materials and Methods
Insects
C. septempunctata, H. axyridis, and C. montruzieri were
obtained from the Rural Development Administration
(Jeonju, South Korea). Ladybug larvae and adults were
bred in a growth chamber at 23 ± 0.5 °C, with a 16 h light
and 8 h dark photoperiod and 50–70% relative humidity.
The ladybugs fed on Ephestia kuehniella eggs. When the
number of C. septempunctata required for the test was attained, first instar larvae were used for the risk assessment
1 day after hatching.
Identification of species
To analyze the morphological characteristics of the three
ladybug species, we prepared three specimens, and observed and compared their phenotypes using a dissecting
microscope (Olympus SZX16, Japan). For identification of
C. septempunctata, we used two molecular marker genes,
namely, 16S rRNA and 12S rRNA (Yao et al ., 2011) (Table 1).
The genomic DNA of C. septempunctata, H. axyridis , and C.
montruzieri was extracted using an Animal Tissues Genomic DNA Extraction Kit (Tianlong, China). The PCR products
of the 16S rRNA and 12S rRNA genes in C. septempunctata
were analyzed using the National Center for Biotechnology
Information Basic Local Alignment Search Tool.
Cloning, sequencing and dsRNA synthesis of Snf7 ,
GFP, and vATPase A
Of the complete Snf7 mRNA sequence (968 bp), only
240 bp were used to effectively produce insecticide effects.
Snf7 genes were cloned into the in vitro dsRNA-expressing
L4440 vector. Based on the target gene sequence of the
Snf7 plasmid, Snf7 dsRNA was synthesized using the T7
promoter and the RNA polymerase T7 MEGAscript kit (Ambion, Austin, USA) (Table 2). The synthesized Snf7 dsRNA
was quantified using a ND2000 spectrophotometer (Thermo Scientific, USA) and stored in an ultra-low temperature
freezer at-80 °C before use. GFP and vATPase A dsRNAs
were synthesized in the same manner and were used as
negative and positive controls, respectively.
dsRNA expression analysis using RT-PCR
A total of 2 µg/µL Snf7, GFP, or vATPase A dsRNA was
mixed into the artificial diet and administered to C. septem-
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Table 1. List of specific oligonucleotide primers used to detect C. septempunctata
Primer Name

Sequence (5′–3′)

Product Size (bp)

16S-P1-F

CCGGTCTGAACTCAGATCACGT

16S-P1-R

CGCCTGTTTAACAAAAACAT

16S-P2-F

TCTTCGCCTGTTTAACAAAAACATCTCTTTTT

16S-P2-R

GTTTTGTGGGGTGGCGCGAAGGGTATTGCCAA

16S-P3-F

AAATTTGATTGGGGTGATAAAAA

16S-P3-R

TCGAGGTCGCAATCTTTTCT

12S-P1-F

TACTATGTTACGACTTAT

12S-P1-R

AAACTAGGATTAGATACCC

12S-P2-F

CGGGCGATGTGTACATATTTT

12S-P2-R

AGCAATTTTTATATCGTCGTTTTT

12S-P3-F

CTTTCAAATCCAATTTCATTCTAAT

12S-P3-R

GTTCTGTAATTGATAATCCACGATTG

682

529
164
525
227
211

Table 2. T7 promoter sequences used for Snf7 , GFP , and vATPase A dsRNA synthesis
Primer Name

Sequence (5′–3′)

Product Size (bp)

DvSnf7-T7-F

TAATACGACTCACTATAGGGAGAATCCATGATATCGTGAACATC

DvSnf7-T7-R

TAATACGACTCACTATAGGGAGAGCAAAGAAAAATGCGTCGA

GFP-T7-F

TAATACGACTCACTATAGGGAGAATGGTAGATCTGACTAGTAAA

GFP-T7-R

TAATACGACTCACTATAGGGAGAATCTGGGTATCTTGAAAAGCA

vATPaseA-T7-F

TAATACGACTCACTATAGGGAGAGCAGAACCAGGAAGTTACAC

vATPaseA-T7-R

TAATACGACTCACTATAGGGAGATCGTAGAAGGAGGCGAGACG

punctata larvae from each experimental group at the same
time each day. After dsRNA treatment, three larvae per
group were collected on day 1, 3, and 5 and immediately
frozen in liquid nitrogen. Their RNAs were then transferred
into RNA Stabilization Reagent (Ambion, Thermo Fisher
Scientific) until RNA extraction. Reverse transcription (RT)PCR primers were designed using the Primer 3 program
(https://bioinfo.ut.ee/primer3-0.4.0) (Table 3) and synthesized by Macrogen Inc. (Seoul, Republic of Korea). RTPCR
was performed by synthesizing cDNA from 500 ng/ µL
RNA. Tubulin was used as the PCR control. mRNA expression levels of Snf7, GFP, and vATPase A in the C. septempunctata were detected by quantitative RT-PCR (Applied Biosystems, Waltham, MA, USA). The 25-µL reaction
mix contained 19.5 µL of water, 0.5 µL of 2.5 mM dNTP
mix, 0.5 µL of each forward and reverse primers (both 10
pmole), 2.5 µL of 10× Ex buffer, 0.5 µL of Taq polymerase,
and 1 µL of template. Analyses were performed using a
Proplex PCR system under the following cycle conditions:
initial denaturation at 95 °C for 5 min; 35 cycles of denaturation at 95 °C for 1 min, annealing at 60 °C for 0.5 min,
and extension at 72 °C for 2 min; 1 cycle of final extension
at 72 °C for 10 min. A 5 µL aliquot of each PCR product was
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240
240
700

analyzed using gel electrophoresis on a 2.5% (w/v) agarose
gel at 135 V for 25 min and the images were captured using Chemi-DocTM XRS+ (Bio-Rad, Hercules, CA, USA) (Lim
et al ., 2017). Three replicates were performed.
Risk assessment of Snf7 dsRNA
To assess the risk of Snf7 dsRNA against C. septempunctata , we treated the larvae with high concentrations of dsRNA (2 µg/µL). The concentration was selected with reference to prior experiments (Haller et al ., 2019; Liang et al .,
2019; Lu et al ., 2020; Pan et al ., 2020). One larva per one
petri dish was treated with Snf7, GFP, or vATPase A dsRNA
(2 µg/µL) mixed (1:1) in 50% sucrose. The experiment was
carried out in three replicates of three larvae (one larva per
petri dish). The control group was treated with only 0.5 M
sucrose. Snf7 dsRNA risk was evaluated based on the survival rate, development time, and dry weight of the larvae.
All experiments were repeated three times. Analysis of variance was used for statistical analysis.

Results and Discussion
Identification of C. septempunctata using morphos-
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Table 3. List of primers used to verify the expression level of Snf7, GFP, and vATPase A dsRNA expression
Primer Name

Sequence (5′–3′)

Product Size (bp)

DvSnf7 -RT-F

GTATTTGTGCTAGCTCCTTCGA

DvSnf7 -RT-R

TGCACTCCAAGCCCTCAAAA

GFP -RT-F

AGAGGGTGAAGGTGATGCAA

GFP -RT-R

TTGGCCACGGAACAGGTAG

VATPase A-RT-F

TATGTTGCAAGTGTGGCC

VATPase A-RT-R

AACTCTCTGTCCGGTGAG

Tubulin -F

TTGGCCGACCAATGTACT

Tubulin -R

TCTTTCCATAGTCGACGGA

pecies and molecular markers
LM crops which produce dsRNA targeting D. virgifera
Snf7 showed insect resistance by killing western corn rootworms larvae (Bachman et al ., 2013; Ramaseshadri et al .,
2013). The domestic natural pest enemy, C. septempunctata, is an important species for risk assessment because
of the possibility of Snf7 gene transfer from herbivorous
insects (aphids), which infect LM crops, to their predators.
Therefore, we first identified the morphological features
which can be used to identify C. septempunctata collected
for Snf7 dsRNA risk assessment. Three species of ladybugs
were collected and insect specimens were prepared and
compared (Fig. 1). Unlike the other two ladybug species (H.

120
83
88
117

axyridis and C. montruzieri), the wing cases of C. septempunctata were red with three spots clearly visible on each
side. There was also one spot on the boundary of the wing,
resulting to a total of seven spots. The results confirmed
that the 12S-3 rRNA (211 bp) primer specifically amplified
the C. septempunctata gene (Fig. 2F). In addition, nucleotide sequence analysis of the 12S-3 rRNA PCR product
revealed the sequence of 12S rRNA derived from C. septempunctata (data not shown). Based on these results, we
devised a method to identify C. septempunctata using morphological and molecular markers for LMO risk assessment
in South Korea.

Fig. 1. Morphological features of
(A) Harmonia axyridis, (B) Coccinella septempunctata, and (C)
Cryptolaemus montruzieri.

Fig. 2. Establishment of specific PCR methods for identifying Harmonia axyridis (Ha), Coccinella septempunctata
(Cs), and Cryptolaemus montruzieri (Cm) using 16S rRNA
and 12S rRNA . PCR results using 16S rRNA and 12S rRNA
gene-specific primers. (A, B, C) 16S rRNA PCR data; (D, E, F)
12S rRNA PCR data. M: 100 bp marker; lane 1: Ha; lane 2:
Cs; lane 3: Cm.
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Fig. 3. Schematic diagram of the C. septempunctata risk assessment strategy. Risk assessment was performed starting with C. septempunctata larvae. All dsRNA treatments were
performed daily, and all experiments were
repeated three times. The dsRNA was mixed
into Ephestia kuehniella eggs. The risk to C.
septempunctata was measured using survival rate, development time, and dry weight. If
a risk was found, we proceeded to the next
step.
Establishment of risk assessment method using Snf7
dsRNA
To conduct risk assessments for selected domestic insect species, specific risk assessment methods were developed based on the growth characteristics of each species.
Therefore, we devised the following dietary risk assessment
to determine the risk of Snf7 dsRNA in C. septempunctata
(Fig. 3). Firstly, the ecology of C. septempunctata from the
larval to adult stages was identified. Then, the first instar
larvae that hatched from the eggs were treated with Snf7
dsRNA until adulthood. The risk assessment checklist for
C. septempunctata relied on survival rate, developmental
time, and dry weight. If there are no differences in the risk
assessment checklists between treated and control groups,
the risk assessment could be stopped. However, if a potential risk was identified, risk assessment using LM crops
was carried out for risk management. This risk assessment
method could be applied in various ways depending on the
domestic risk assessment species and the LMO expression
products, such as, dsRNA and proteins
Synthesis of Snf7, GFP, and vATPase A dsRNA and
evaluation of their expression in C. septempunctata
Snf7 dsRNA purity is important for conducting toxicity
risk assessment for C. septempunctata, as it is not possible
to determine the risks posed by insufficiently pure dsRNA.
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To confirm the purity and identity of the Snf7 dsRNA, the
dsRNAs were cloned into L4440 expression vectors (Fig. 4A)
and Snf7, GFP (negative control), and vATPase A (positive
control) dsRNA were synthesized using RNA polymerase.
The synthesized dsRNAs were confirmed by gel electrophoresis. Each dsRNA was cloned and identified as a single
band (Fig. 4B). We also confirmed that the dsRNAs were
purely synthesized (Fig. 4C). These results suggest that the
dsRNA synthesis method used herein can efficiently generate highly purified Snf7 dsRNA. In addition, it can be
applied to the synthesis of excess dsRNA required for the
risk assessment of imported RNAi-based LMOs in domestic
insect species.
Dietary Snf7 dsRNA risk assessment for C. septempunctata
To evaluate the risk of the synthesized Snf7 dsRNA
against C. septempunctata, an experiment was first conducted to ascertain whether Snf7 dsRNA administered to
the insects was present in vivo. To confirm the presence of
Snf7 dsRNA in vivo, we sampled C. septempunctata on day
1, 3, and 5 after daily dietary treatment with Snf7, GFP,
and vATPase A dsRNAs. RT-PCR was performed to ensure
that the dsRNA showed stable levels in the body of C. septempunctata (Table 3). We confirmed that Snf7, GFP, and
vATPase A dsRNA migrated into C. septempunctata and were
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e vATPase
ost all the
f7 dsRNA

Fig. 5. Confirmation of the presence and stability of Snf7
dsRNA in treated C. septempunctata. The genomic DNA
was isolated from Snf7 dsRNA-treated C. septempunctata
on days 1, 3, and 5 post treatment. After performing RTPCR, DNA electrophoresis was performed to confirm the
expression and presence of each dsRNA. Lane identities are
as follows. MW: 100 bp marker; lanes 1-3: replicate samples.
Fig. 4. Snf7, GFP, and vATPase A gene cloning and dsRNA
synthesis. (A) Schematic diagrams of T7 promoter primer
positions for Snf7, GFP, and vATPase A. (B) Confirmation
of Snf7, GFP, and vATPase A product size after PCR using
the T7 primer. (C) Confirmation of Snf7, GFP, and vATPase
A levels after dsRNA synthesis.
stable throughout the feeding period (Fig. 5). Based on
these results, a risk assessment of the pure synthesized
Snf7 dsRNA in C. septempunctata was performed by modifying the previously reported RNAi dsRNA ladybug risk
assessment method. The first instar larvae of C. septempunctata were treated with 2 µg/L of Snf7, GFP, or vATPase A dsRNA for 7, 14, and 21 days, and the experiment
was repeated thrice (Fig. 6A). The test containers were observed at least once daily for insects showing symptoms
and dead ones. The movement of the larvae was observed
every day, and if there was no movement or response when
touched with a micro-brush, the insect was considered
dead. We identified non-adult individuals and calculated
their survival rates. The Snf7 dsRNA-treated group showed
no differences in survival compared to the negative control
(Fig. 6B). In addition, comparing the Snf7 dsRNA-treated
group with the negative control, the Snf7 dsRNA treatment
showed no effect on the development time or dry weight of
C. septempunctata (Fig. 6C, D). In contrast, in the vATPase
A dsRNA-treated group (the positive control), almost all the
C. septempunctata died, confirming that the Snf7 dsRNA
risk assessment experiments were successful.
In conclusion, dietary supplementation of Snf7 dsRNA
did not pose any risk to C. septempunctata. However, considering the potential domestic environmental and ecological
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impacts, the risk assessment of C. septempunctata using
high concentrations of Snf7 dsRNA requires further research. Therefore, methods for assessing the risks of un intentional spread of LM crops on herbivore predators must
be designed and specific RNAi-based LM crops must be
developed for this purpose. In the future, we plan to develop RNAi-based LM crops which will select herbivorous
insects eaten by C. septempunctata and develop a food
chain-based (LM crops–herbivorous insects–predators) LMO
risk assessment method suitable for domestic conditions.
The development of risk assessment methods for LMOs for
domestic insect species will enable active responses to the
risks posed by new LMOs which are rapidly developed and
imported to the ecosystem.
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their knowledge.

◆ To judge the manuscript objectively and in a timely
manner. Referees should not make personal criticism in t
heir reviews.

◆ To ensure that all unpublished data, information,
interpretation and discussion in a submitted article
remain confidential and not to use reported work in
unpublished, submitted articles for their own research.

◆ To return the manuscript without review to the editor if
there is a conflict of interest.

◆ To alert the editor if a manuscript contains plagiarized
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“PNIE is waiting for your manuscript.
for questions and concerns
Please contact pnie@nie.re.kr”
Proceedings of the National Institute of Ecology
of the Republic of Korea(PNIE) is an open
accesss and online journal aimed at promotion
outcomes of basic ecological researches carried
out in Korea and abroad. The journal focuse on
not only basic ecological research on terrestrial
and aquatic populations, communities, ecosystems and landscapes but also applied issues such
as data science and climate change based on
ecological research.

URL: https://pnie.koar.kr/

