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Abstract

Salt marshes are wetlands located on the shore that are exposed or
submerged in salt water by waves. As an ecosystem that connects
marine ecosystems and terrestrial ecosystems, it has high absorption
of carbon and heavy metals and is a home for many organisms.
Changes in the rate of sea level rise, the amount of sediment inflow
or outflow, and nutrients due to human influence can reduce the area
of the salt marsh. In Donggeom—do, Ganghwa, there are some natural
salt marshes. However, since 1980, many reclamation and
construction projects have been carried out in the waters near
Ganghwa Island due to the construction of the Gimpo landfill site and
the Incheon International Airport, resulting in sedimentation up to 7
cm per year in the eastern tidal flat of Donggeom—do in the 2000s.
Although the sedimentation rate in the eastern tidal flat of
Donggeom—do stabilized in 2010, it was necessary to observe how
the area and vegetation of the salt marsh had changed. I checked the
vegetation changes in the salt marsh over 16 years where a

preceding researcher surveyed the vegetation of it in 2004.

As aresult of vegetation surveys on the salt marshes in the eastern
part of Donggeom—do (site 1) and the salt marshes in the western
part (site 2), a total of 61 species occurred, including 20 species of

halophytes. Site 1 was distributed with Phragmites communis, Carex
i
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scabrifolia, Triglochin maritima, and Zoysia sinica communities, and
site 2 had 12 dominant halophyte communities including P. communis
and Swaeda japonica communities. Depending on the area of each
communities, a total of 128 square quadrats with a size of 1 x 1 m?
were installed to measure coordinates, altitude, coverage of each
species occurred in the quadrat, height of the above—ground part of
the species and cover of bare ground. Based on the
occurrence/absence data with their coverage, I conducted a cluster
analysis by Ward. D linkage method with Bray —Curtis dissimilarity
matrix. It was divided into cluster A, dominated by F. communis,
cluster B, dominated by S. japonica, and cluster C, communities

except P. communis and S. japonica.

As a result of comparing the area of each communities of the salt
marsh based on the existing vegetation and the data in 2004, the P.
communis community increased from 944.8 m* to 5085.1 m?, while
Limonium tetragonum and S. japonica communities disappeared,
resulting in a total area from 1625.0 m? to 5661.4 m?, increased less
than the area increase of the . communis community. At the location
where the S Jjaponica community disappeared, there was a 7.
maritima community. As a result of comparing the area of F.
communis community between 2004 and 2020 using orthoimages in
polygons, it was confirmed that the area of /F. communis community

increased over the past 16 years.
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As a result of checking whether there are differences by
environmental factors between the clusters previously divided by
PERMANOVA, it was found that there were significant differences in
altitude, soil moisture, soil organic matter, salinity, sand, clay and silt
ratios. CCA analysis based on the coverage of each species occurred
in the quadrat resulted the proportion of sand increased as the
altitude increased. It was found that the S. japonica appeared in soil
with a relatively high silt proportion. In the case of the P. communis
community, it was confirmed that it distributed at a lower salinity. It
seems that the P. communis community can expand toward the salty

sea, with the drainage which fresh water flows as the source area.

Key words: coastal salt marsh, Donggeom—do, vegetation change,

halophyte, Phragmites communis

Student number: 2019—-22418
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1.1 Definition of salt marsh

Salt marshes are wetlands located on the shore that are exposed or
submerged in salt water by waves and can be divided into coastal salt
marshes and estuary salt marshes according to their location. Salt
marshes are classified into low marsh and high marsh depending on
the altitude, that is, the time of submerged in salt water, and also
according to the vegetation that emerges (Ranwell 1972; Petersen,
Kers, and Stock 2014). There are many concerns that the salt marsh
area will decrease due to sea level rise caused by recent climate
change. However, since the altitude of the salt marsh increases as
the sea level rises, and the salt marsh may expand to land, there are
few cases in which the area of the salt marsh actually decreases
(Kirwan et al. 2016). But if the salt marsh is artificially built on the
boundary of the coastline so that it cannot move forward to the land,
or the amount of sediment, the supply of nutrients, and the rate of
sea level rise are changed due to construction, the salt marsh area
may decrease (Pontee 2013; Kirwan and Megonigal 2013). In Korea,
most of the land near the coastline has been used by people for
farming, houses, factories, and sightseeing since the past, and
artificial levees are built on the boundary of the coastline and are
constantly affected by humans. So it is necessary to check changes

in vegetation and area of salt marshes (Je et al. 1999).



1.2 Change detection of vegetated area on salt marsh

There are several ways to observe changes in salt marsh area or
vegetation. The most direct method is to install permanent quadrats
and continue on—site surveys. (Chen et al. 2020; OIff et al. 1997;
Roozen and Westhoff 1985). Monitoring vegetation changes at one
site has an advantage of being able to check the succession process,
but there a disadvantage that it takes too long time to confirm the
succession. There is also an indirect method of estimating the change
in the area of the salt marsh or the surrounding land use by comparing
the old map with the current coastline. Recently, a technique has been
developed to gather information of salt marshes using high—
resolution satellite images, aerial photographs, and drones, and then
to classify the community as well as the total area of the salt marsh
with an unsupervised classification procedure or a supervised
classification procedure (Burns, Alber, and Alexander 2020; Sunwoo
et al. 2016; Sunwoo, Nguyen, and Choi 2018; Belluco et al. 2006). In
this method, more accurate results can be obtained by gathering
information to places where it is difficult for people to enter, but some

halophytes appear to be difficult to distinguish.



1.3 Phragmites communis at salt marsh

Phragmites communis Trin. (or Phragmites australis (Cav.) Trin. ex
Steud.) is a perennial herb belonging to Gramineae and is an arbitrary
halophyte, not an absolute halophyte that requires Na® for survival,
but can inhabit a very wide range of salt concentrations (Burdick and
Konisky 2003). In addition, it is also resistant to water level, so it
has been shown to survive even at a water level of 75 cm (Vretare
et al. 2001). In the United States, P. australis appearing in salt
marshes is regarded as an invasive species, and studies are
conducted on the causes of their expansion or prevention of
expansion, mainly in relation to human development activities
(Bertness, Ewanchuk, and Silliman 2002; Bart and Hartman 2000).
Bart and Hartman (2000) found that fresh water from the mosquito
dike reduced the concentration of sulfides in the surrounding soil,

providing a suitable environment for P. australis to live.

1.4 Salt marshes of Donggeom—do, Ganghwa

Ganghwa Island is located in the estuary of the Han River and has
been subjected to a lot of development interference from the past.
Many reclamation and construction projects were carried out in the
waters near Ganghwa for the construction of the Gimpo landfill site
and Incheon International Airport since 1980, particularly in the

4
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1990s such as the connection between Yeongjong—do and Yongyu—
do and construction of the airport expressway. As a result, abnormal
sedimentation of up to 7 cm per year occurred in the tidal flats in the
east of Donggeom—do in the 2000s (Jung et al. 2008). Lee et al.
(2011) was able to calculate the decrease in the velocity of ocean
currents in the eastern part of Ganghwa, where sedimentation was
actively occurring with the hydrodynamic modeling using satellite
images. It was confirmed that the sedimentation rate was around 1
cm per year in 2010, and that rate of sedimentation shows that the
tidal flat is in equilibrium as the upper tidal flat (Woo, Jang, and Kwon
2012; MOF 2019). A study on salt marshes conducted in Donggeom—
do revealed that the zonal distribution of halophytes is related to
environmental factors such as salinity and exposure time, and that
the halophyte community is related to organic matter content (Lee et
al. 2006; 2016). And in the summer of 1999, there is a data that
visited 7 salt marshes on Donggeom—do and examined the 20 species
of coastal plants that appeared there (Je et al. 1999). Shin, Kim, and
Lee (2020) studied the effect on Spartina anglica C.E.Hubb. seed
settlement at Suaeda japonica Makino community in Donggeom. Lee,
Lee, and Kim (2018) visited 13 salt marshes on the west coast of
Korea, including Dongmak—ri, Ganghwa, and Donggeom-—do, to
investigate the relationship between the distribution of halophyte and

soil environmental factors.
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1.5 Objectives of this study

Currently, there are no studies in the Kyonggi—Bay area that have
monitored the vegetation of natural coastal salt marshes for more
than 10 years. Therefore, I visited the salt marshes of Donggeom—
do, Ganghwa, and conducted a vegetation survey where the
vegetation map surveyed in 2004 by another preceding research is
existing. I wanted to observe how vegetation changes in salt marshes

where the sedimentation rate is equilibrated.
To do this, I asked some questions to find the answers.

1) Has there been any change in the area and species

composition of the salt marsh?

2) Is there any change in the area of the salt marsh in aerial

photography?

3) What environmental factors affect the distribution of salt

marsh community?

The results of this study are expected to provide basic data for the
evaluation of vegetation changes in salt marshes near Kyonggi—Bay

in Korea.



Chapter II. Vegetation change at salt marshes

of Donggeom—do for last 16 years (2004 -

2020)



2.1 Introduction

Coastal salt marshes are ecosystems that connect terrestrial and
marine ecosystems, have high absorption of carbon and heavy metals,

and are home to many living things (McLeod et al. 2011; Lutts and

Lefevre 2015). It is said that it is unlikely that the area of the salt

marsh will decrease due to sea level rise affected by recent climate
change. However, it has been found that there are some cases in
which the area of the salt marsh may decrease if changes in the
sedimentation speed occur due to human influence, such as building
a levee or carrying out a construction near shoreline (Kirwan et al.
2016; Kirwan and Megonigal 2013). In the case of Korean salt
marshes, an unsupervised classification procedure was applied to
KOMPSAT -2 satellite images in 2009, 2014, and 2015 to confirm
changes in the area of salt marshes, tidal flats, and buildings of
Daebudo, Julpoman and Gochang, and Jeongdo tidal flats. And it was
found that the area of salt marshes in Gyeonggi decreased by 20%
(Sunwoo, Nguyen, and Choi 2018). In addition, 11 ha of S. japonica
community disappeared in 2007 due to the rapid sedimentation rate

in east of Donggeom—do, Ganghwa (Lee et al. 2014).

A representative example of systematic observation of vegetation
changes in salt marshes is the study of the Wadden Sea. In the

Wadden Sea, which spans Germany, Denmark and the Netherlands,
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researchers observed changes in species abundance and dominance
in areas with or without disturbances such as herbivory and
aboveground removal for 46 years. As a result, it was confirmed that

in the absence of disturbance, the late successional species, E/ymus

athericus (Link) Kerguélen, dominated and the species abundance

decreased, but when there was disturbance, the species abundance
was maintained and the mid—transient species, Festuca rubra L.
dominated (Chen et al. 2020). Kim (2018a; 2018b) observed changes
in vegetation by installing permanent quadrats, and found that the
distribution of stress—tolerant plants decreases at low altitudes and
increases in competitive plants growing in upper salt marshes over
six years. In addition, while it is generally known that the distribution
of halophyte species is highly influenced by altitude, a model was
suggested that other factors other than altitude would affect the
distribution of species. In the United States, as a result of comparing
the vegetation of the restored salt marsh with the natural salt marsh,
it was confirmed that if there are invasive plants in the vegetation
before restoration, the invasive species dominates even if the inflow

of native plants is sufficient (Clifton, Hood, and Hinton 2018).

There are not many cases in Korea that have observed long—term
changes in coastal salt marshes. As a representative example, as a
result of monitoring Hampyeong Bay for 10 years, it was confirmed

that the area of the halophyte community as a whole increased but
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fragmented, and the community area decreased in 2013 (Yun et al.
2018). Since 2015, the research has been conducted on tidal flats
across the country at the national level to determine the vegetation,
area, and other environmental factors of salt marshes once every two
years, but some tidal flats are excluded from the survey. Ganghwa
Island 1s located in the estuary of the Han River, and has been
subjected to high development pressure and interference from
development from the past. Many reclamation and construction
projects were carried out in the waters near Ganghwa—do, for the
construction of the Gimpo landfill site and the Incheon International
Airport, which began in 1980, especially in the 1990s including the
connection between Yeongjong—do and Yongyu—do and the Airport
Expressway. As a result, in the eastern tidal flat of Donggeom—do,
sedimentation of up to 7 cm per year occurred in the 2000s (Korea
Institute of Ocean Science & Technology 2008). However, in 2010,
it stabilized at an average annual deposition rate of 1 cm (Woo, Jang,

and Kwon 2012; MOF 2019).

The study site is not included in the salt marshes subject to the
National Marine Ecosystem Monitoring Program, and the vegetation
map surveyed in 2004 exists, or even if the vegetation map does not
exist, the results of the study of the coverage of halophyte appeared
by installing a transect based on a point on the shoreline in

Donggeom—do, Ganghwa. [ visited there to conduct vegetation

10
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surveys to observe how vegetation changes took place in the salt
marsh where the sedimentation rate was balanced. This study
predicted that the area of upper salt marshes such as . communis
would increase, but the area of pioneer species such as S. japonica
would decrease as it continuously undergoes 1 cm of sedimentation

per year.

11




2.2 Methods

2.2.1. Study sites

The study was conducted in Donggeom—do, Ganghwa, with East

(37°35'1.13"N 126°31'8.17"E; Site 1) and Western (37°35'5.44"N

126°30'33.59"E; Site 2) salt marshes (Figure 1). Yangdo (500),

which is the closest to the research site, has an annual average

temperature of 11.5 °C for the last 10 years and an average annual

rainfall of 1169.9 mm (KMA 2020). The average tidal range
measured over the three years from 2016 to 2018 at the tide
observation point of Yeongjong Bridge, located near the research site,

is 6.4 m (KHOA 2016; 2017; 2018).

For Site 1, a preceding researcher Lee (2011) installed 1 x 1 m?
quadrats in a homogeneous plantings in 2004, and recorded the cover,
abundance and local conditions using the plant sociological method of
Braun—Blanquet (1964). Existing vegetation map was created with a
scale of 1:5000, and a small artificial bank was installed to induce the
growth of S. japonica. Visited in 2020, the southern part of Site 1 was
created as a tidal flat experience site, and a trail that goes down next
to the road was made so that access to the tidal flat and the salt marsh
was free. There was a drainage hole near the land where the Z.

communis community was widely distributed, and water used in the

12 1



surrounding houses and farmland was flowing out. In some of the P.
communis communities, there was a lot of disturbance caused by the
activities of the surrounding residents, such as the removal of the

above—ground part to keep the ships bound.

In Site 2, Lee et al. (2006) installed a transect toward the sea in
1997 and collected the types of cover, above—ground and
underground parts that appeared in a 50 x 50 c¢cm? quadrats, and
grasped the relationship between environmental factors such as soil
and climate. It is in contact with various crops and mugwort fields to
the northwest and a sandy beach to the east. This is the place where
S. anglica appeared in the past and removal was performed, but in a
field survey conducted in 2020, it was confirmed that S. anglica was
distributed in a patch form, and some invaded the P communis
community to grow. In Site 2, there was no physical effect on the
plant community such as removing the above—ground part like Site
1, but the village residents dumped household waste on the upper
part of the salt marsh, and household waste was accumulated in the
salt marsh community. And on top of the artificial retaining wall, a
new pension was constructed in 2019, where additional

environmental disturbances were concerned.
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(a) (b)

Figure 1. Locations of study sites. (a) Donggeom—do is part of

Incheon. Scale of 1:800,000. (b) Site 1 salt marsh is in east of
Donggeom—do, and Site 2 salt marsh in west of Donggeom—do.

Scale of 1:8,000. (¢) View of Site 1. (d) View of Site 2.

2.2.2. Fields surveys

Vegetation surveys were conducted through field surveys from July
to October 2020. Species that appeared in the sites were recorded
on the basis of artificial retaining walls, natural cliffs, and high ground,
so that the erosion of waves did not occur and the dead P. communis

piled up like a bank. Plant communities were classified on the basis
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of 30% or more coverage, excluding the S. japonica community.
Species that could not be identified in the field were collected and
identified in the laboratory using Lee (2003), Cho, Kim and Park
(2016) and Kim (2008). The scientific name followed the Korea
Biodiversity Information System
(http://www.nature.go.kr/main/Main.do) excluding S. anglica. The
scientific name of S. anglica was followed from the biodiversity of the

Korean Peninsula (https://species.nibr.go.kr/index.do) of the

National Institute of Biological Resources (NIBR). For a list of
halophyte, I refered to Protocol of National Marine Ecosystem
Monitoring Program (MOF/KMEM 2019). By calculating the area for
each community obtained using the network—RTK connected to the
mobile antenna, 2 to 25 random points were set in QGIS according to
the area of the community. Temporary quadrats with a size of 1 x 1
m? were installed at the location of the resulting random points, and
the coordinates, altitude, emergence species and their coverage, bare
ground coverage, and the height of five plants by species were
recorded for each quadrat (Figure 2 (a)). Coverage was recorded in
increments of 0.05% for less than 1%, 1% for 1% to 50%, and 5% for
50% or more. During the low tide period, three soil samples around
the quadrat were scooped out to a depth of 15 cm for each quadrat,

placed in a zipper bag, transported to the laboratory, and refrigerated

at 4°C.
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2.2.3. Vegetation mapping

The GPS received from network—RTK (PX1122R; NavSpark 2020)
was connected to a tablet (SM—T830; Samsung 2018) at the site.
With QField for GIS version 1.5.8 (OPENGIS.ch 2020) installed in the
tablet, polygons representing the boundaries of each community were
created at the site and the existing vegetation map was drawn (Figure
2 (b)). In the case of the S. japonica community of Site 2, it was
spread out to a very distant place, so it was impossible to create
polygons by walking the boundaries of the community with an RTK
receiver. So, I used a drone (Mavic pro; DJI Co. 2017) to draw a
polygon of S. japonica community. After shooting the area of S.
Japonica with a drone, the photos were merged and converted into a
single TIFF file using Dronedeploy (https://www.dronedeploy.com/).
A polygon of the S. Jjaponica community was created in indoors
manually with the TIFF file (Figure 2 (c)). Existing vegetation map

was completed by correcting errors in the laboratory.

16



(a) (b)

Figure 2. Parts of field survey. (a) Used 1 x 1 m? quadrats to
survey coverages and heights of species. (b) Making vegetation

maps with network—RTK GPS. (c) A map showing distributions of

Suaeda japonica by merging images taken with drone. The image’s

north is on left.
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2.2.4. Comparison of salt marsh vegetated area

For Site 1, the changes in the area and species of the salt marsh were
confirmed by comparing the existing vegetation data and species data

surveyed by Lee (2011) in 2004. The similarity between the species

appearing in 2004 and 2020 was calculated using the ‘vegan’ package

of R (Oksanen et al. 2020). The existing vegetation map drawn by
Lee (2011) was referenced with the georeferencer of QGIS version
3.10. 11 (QGIS.org 2020), and the halophyte community was drawn

as polygon and the area was confirmed.

Since there are many annual herbaceous species in halophytes and
the size of the halophyte community can change significantly due to
the sedimentation rate caused by ocean currents (Lee et al. 2014),
additional data are needed to support the vegetation change over 16
years. For this, orthophotos provided by National Geographic
Information Institute (NGII) was used (Table 1). In the case of the
P. communis community, it can be easily checked manually from the
image data, so the geometrically corrected image was compared with
the changes in the area of P. communis by year by drawing polygons

in QGIS.
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Table 1. Images used in vegetated area of salt marsh comparison.

Image source Spatial resolution Image date

2010-09-15

Orthophoto 2014-04-06
Multispectral: 0.25 m

(provided by NGIID) 2016—05—-22

2018-04-16

2.2.5. Statistical analysis

The difference in area by community was significant, and the
difference in the number of quadrats selected by reflecting the area
of the community was also large. So, it was difficult to compare the
soil environmental factors affecting the community, so cluster
analysis was conducted based on the coverage data of species that
appeared in each quadrat. Based on the Bray—Curtis dissimilarity

matrix, the cluster was divided by Ward. D linkage method of the

‘NbClust’ package of R (Charrad et al. 2014). For the divided clusters,

the similarity between quadrats and emergent species was visualized
using Non—metric Multidimensional Scaling (NMDS) based on the
Bray—Curtis dissimialrity matrix between quadrats. All statistical
analysis was performed with R version 4.0.3 (The R Foundation for

Statistical Computing 2020).
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2.3 Results

2.3.1. Salt marsh vegetation of east and west

Donggeom

As a result of field surveys, 31 species were found in site 1, 51
species were found in site 2, and a total of 61 species appeared
(Table 2). Among 135 species defined as halophyte in the Protocol
of National Marine Ecosystem Monitoring Program, 11 species
appeared in Site 1 and 18 species were found in Site 2. In the case
of Site 1, the vegetation of the salt marsh could be divided into Z.
communis, Triglochin maritima L., Zoysia sinica Hance, Carex
scabrifolia Steud. communities. Vegetation of the salt marsh at site 2
could be divided into S. japonica, P. communis, Z. sinica, C. scabrifolia,
T. maritima, Phacelurus latifolius (Steud.) Ohwi, Artemisia fukudo
Makino, Carex pumila Thunb., S. anglica, Suaeda maritima (L.)
Dumort, Swaeda glauca (Bunge) Bunge, Limonium tetragonum
(Thunb.) Bullock communities. In particular, the S. Jjaponica
community was sparsely distributed in the tidal flat (Table 3, Figure

3).
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Table 2. List of plant species occurred in study sites. *# means

halophytes, classified by KOEM (2019)

Family Species Site 1 Site 2
Achyranthes japonica (Miq.) Nakai 0
Amaranthaceae  4maranthus retroflexus L. 0
Portulaca oleracea L. 0
Cannabaceae Humulus japonicus Sieboid & Zucc. 0
Cucubalus baccifer var. japonicus Miq. 0
Caryophyllaceae
Spergularia marina (L.) Besser# 0

Chenopodium album var. centrorubrum

0
Makino
Chenopodium ficifolium Smith 0
Chenopodiaceae Salsola komarovii I1jin* 0
Suaeda glauca (Bunge) Bunge* 0 0
Suaeda japonica Makino* 0 0
Suaeda maritima (L.) Dumort* 0 0
Commelinaceae @ Commelina communis L. 0
Ambrosia artemisiifolia L. 0 0
Artemisia capillaris Thunb.* 0
Artemisia fukudo Makino* 0
Compositae
Artemisia princeps Pamp. 0 0
Bidens bipinnata L. 0
Conyza canadensis (L.) Cronquist 0 0
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Family Species Site 1 Site 2
Conyza sumatrensis E.Walker 0
Eclipta prostrata (L.) L. 0
Compositae
Erechtites hieracifolia Raf. 0
Sigesbeckia pubescens (Makino) Makino 0
Compositae Sonchus brachyotus DC.* 0
Calystegia soldanella (L.) Roem. &
Convolvulaceae 0
Schultb.*
Cruciferae Capsella sp. 0
Bolboschoenus planiculmis (F.Schmidt)
0 0
T.V.Egorova*
Carex scabrifolia Steud.* 0 0
Cyperaceae Carex pumila Thunb.* 0
Cyperus amuricus Maxim. 0 0
Schoenoplectus tabernaemontani (C.C.G
0
mel.) Palla
Castanea crenata Siebold & Zucc. 0
Fagaceae
Quercus acutissima Carruth. 0
Digitaria ciliaris (Retz.) Koel. 0 0
Echinochloa crus—galli (L.) P.Beauv. 0 0
Gramineae Miscanthus sinensis var. purpurascens (
0
Andersson) Rendle
Panicum bisulcatum Thunb. 0
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Family Species Site 1 Site 2
Phacelurus latifolius (Steud.) Ohwi* 0
Phragmites communis Trin.* 0 0
Setaria faberii Herrm. 0 0
Setaria viridis (L.) P.Beauv. 0 0
Gramineae Setaria x pycnocoma (Steud.) Henrard .
ex Nakai
Spartina anglica C.E.Hubb.* 0
Themeda triandra var. japonica (Willd.)
0
Makino
Zoysia sinica Hance# 0 0
Juncaceae Juncus haenkei E.Mey .* 0
Juncaginaceae Triglochin maritima L.* 0 0
Labiatae Leonurus japonicus Houtt. 0 0
Amorpha fruticosa L. 0
Pueraria lobata (Willd.) Ohwi 0
Leguminosae
Vigna angularis var. nipponensis (Ohwi)
0
Ohwi & H.Ohashi
Malvaceae Abutilon theophrasti Medicus 0
Menispermaceae Cocculus trilobus (Thunb.) DC. 0
Oxalidaceae Oxalis stricta L. 0
Pinaceae Pinus densiflora Siebold & Zucc. 0 0
Plumbaginaceae  Limonium tetragonum (Thunb.) Bullock* 0 0
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Family Species Site 1 Site 2
Persicaria longiseta (Bruijn) Kitag. 0
Polygonaceae Polygonum bellardii All.* 0
Rumex crispus L. 0 0
Portulacaceae Portulaca oleracea L. 0
Solanaceae Datura metelordes DC. ex Dunal 0
Parthenocissus tricuspidata (Siebold &
Vitaceae 0

Zucc.) Planch.

Number of species

31

51
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Table 3. Area of each salt marsh vegetation (m?). Values in

parentheses mean quadrat numbers surveyed.

Species Site 1 Site 2
Artemisia fukudo Makino - 222.6(5)
Carex pumila Thunb. - 100.3(3)
Carex scabrifolia Steud. 120.9(3) 452.3(6)
Limonium tetragonum (Thunb.) Bullock - 11.2(2)
Phragmites communis Trin. 5085.1 (20) 17598.2(26)
Phacelurus latifolius (Steud.) Ohwi - 280.4(3)
Spartina anglica C.E.Hubb. - 48.1(2)
Suaeda glauca (Bunge) Bunge - 12.3(2)
Suaeda japonica Makino - 45236.3(22)
Suaeda maritima (L.) Dumort - 15.2(2)
Triglochin maritima L. 227.9(6) 300.9(6)
Zoysia sinica Hance 227.6(6) 1117.1(14)
Total vegetated salt marsh area 5661.4 65394.9
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Figure 3. Vegetation map of study sites surveyed in 2020.

(a) site 1. (b) site 2.
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As can be seen in Figure 3, the P. communis community was greatly
developed in both study sites. In particular, in the sandy beach
developed to the east of Site 2, sand dune plants such as C. pumila
also appeared and formed a community, and it was confirmed that the
salt marsh was very large and developed as a mixed community of
various species. In the 2. communis community of Site 1, except for
the boundaries of the community, only 7. communis appeared, but in
the P. communis community of site 2, 7. maritima, C. scabrifolia and ,
Schoenoplectus tabernaemontani (C.C.Gmel.) Palla were found in the
lower layer despite the high P. communis cover of 80% or more in
the upper layer. A. fukudo community was occurred together with 7.
communis and 2. sinica. C. scabrifolia community was frequently
appeared with 2. communis grew up in an upper layer. The L.
tetragonum community appeared along with 2. sinica and A. fukudo.
The S. glauca community appeared with P. /atifolius, P. communis,
and the Z. sinica community with F. communis, L. tetragonum, A.

fukudo, and S. maritima.

2.3.2. Result of cluster analysis

As a result of cluster analysis based on the presence/absence and
coverage data of species obtained from a total of 128 quadrats, it can

be divided into 3 clusters where P. communis dominates (A), cluster
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where only S. japonica appears (B), and clusters where the other
halophytes dominate (C) (Figure 4). From the results of NMDS, it
was confirmed that cluster B had very same species distribution
(Figure 5). It was found that the cluster C was more broadly
distributed than the cluster A. The occurrence and coverage type of
species that can be found in Site 1 can also be confirmed in Site 2. C.
pumila and S. japonica do not appear well together with other plants.
A. fukudo, Z. sinica, and L. tetragonum appear well with S. maritima,
and C. scabrifolia together with P. communis and S. tabernaemontani.
Glycophytes, Humulus japonicus Sieboid & Zucc., Setaria X
pycnocoma (Steud.) Henrard ex Nakai and P. /latifolius seem to

appear together.
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Figure 4. Cluster dendrogram based on occurrence and abundance

data of quadrats. Abbreviations are E: site 1, W: site 2, Af:

Artemisia fukudo, Cp: Carex pumila, Cs.: Carex scabrifolia, Hj:
Humulus japonicus, Lt: Limonium tetragonum, Pc. Phragmites

communis, Pl Phacelurus latifolius, Sa: Spartina anglica, Sg:

Suaeda glauca, Sj. Suaeda japonica, Sm: Suaeda maritima, Sp:
Setaria x pycnocoma, St. Schoenoplectus tabernaemontani, Tm:

Triglochin maritima, 7.s: Zoysia Sinica.
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stress = 0.054

NMDS2

NMDS1

Figure 5. NDMS ordination based on Bray—Curtis dissimilarity
distance. Crutches show ordinations of species, points show
ordinations of quadrats. Black points are quadrats of group A, and
green points are quadrats of group C. Ellipses show species
abundance and composition range of study sites and dominant

vegetation groups. Abbreviations are same as in figure 4.

30



2.3.3. Vegetated salt marsh comparison between

2004 and 2020

In site 1, P. communis, S. japonica, ~. sinica, L. tetragonum, and 7.
maritima communities were distributed in 2004 (Figure 6). When
surveyed the site in 2020, the communities of P. communis, T.
maritima, Z. sinica, and C. scabrifolia were distributed, and few S.
Japonica individuals were found. In the case of L. tetragonum, it was
sparsely distributed in the Z. sinica community. In addition, the total
area of the salt marsh increased by about 3.8 times from 1625 m? to
5661.4 m?, and in particular, the area of the P. communis community
increased more than 5 times from 944.8 m? to 5085.1 m? (Table 3,
4). The L. tetragonum community in 2004 was changed to the P.
communis or Z, sinica community, and the S. japonica community was
changed to the 7. maritima community. The P. communis community,
which was located on the coastline, greatly expanded toward the tidal
flat. Some of the 7. sinica, P. communis and 7. maritima communities
that were distributed far from the coastline have disappeared, or
some of the 7. sinica community has been changed to the P. communis

or C. scabrifolia community.

The species appeared increased from 25 species in 2004 to 31

species in 2020. Plants of Amaranthaceae, Gramineae, invasive

species Ambrosia artemisiifolia L. which is the invasive species and
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Compositae, as well as Cucubalus baccifer var. japonicus Miq.,
Chenopodium ficifolium Smith, Cyperus amuricus Maxim.,
Leonurus japonicus Houtt., Cocculus trilobus  (Thunb.) DC.,
Pinus densiflora Siebold & Zucc., and the halophyte
Bolboschoenus planiculmis (F.Schmidt) T.V.Egorova newly appeared.
Plants of Compositae, Cruciferae, Gramineae, Chenopodium glaucum

L., Aeschynomene indical., and Atriplex gmeliniiC. A. Mey. ex Bong.

and C. pumila belonging to halophyte were not found (Table 5). The
Jaccard distance was 0.739 for the species that appeared in site 1 in

2004 and 2020.

Table 4. Area of each salt marsh vegetation (m?) surveyed on

2004. List was sorted in ascending names of species.

Species Area (m%)
Limonium tetragonum 96.8
Phragmites communis 944.8
Suaeda japonica 339.6
Triglochin maritima 63.4
Zoysia sinica 180.5
Total vegetated salt marsh area 1625.0
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Figure 6. Vegetation map of site 1 surveyed on 2004. Polygons
were re—drawn by scanning the original vegetation map (Lee

2011) and georeferencing the map on basemanp.

Table 5. List of plant species occurred in site 1 on 2004. * means

halophytes, classified by KOEM (2019)

Family Species

Chenopodium glaucum L.

Atriplex gmelinii C. A. Mey. ex Bong.*

) Suaeda glauca (Bunge) Bungex*
Chenopodiaceae

Suaeda japonica Makino*

Suaeda maritima (L.) Dumort#

Commelinaceae Commelina communis L.
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Family

Species

Bidens bipinnata L.

Conyza bonariensis (L.) Cronquist

Ixeris repens (L.) A. Gray*

Compositae
Sonchus asper (L.) Hill
Sonchus brachyotus DC.*
Sonchus oleraceus L.
Lepidium apetalum Willd.
Cruciferae
Rorippa indica (L.) Hiern
Carex scabrifolia Steud.*
Cyperaceae
Carex pumila Thunb.*
Agropyron tsukushiense var. transiens (Hack.) Ohwi
Avena fatua L.
Phragmites communis Trin.*
Gramineae
Setaria viridis (L.) P.Beauv.
Spartina anglica C.E.Hubb.*
Zoysia sinica Hance*
Juncaginaceae Triglochin maritima L.*
Leguminosae Aeschynomene indica L.
Plumbaginaceae Limonium tetragonum (Thunb.) Bullock*
Persicaria hydropiper (L.) Delarbre
Polygonaceae

Polygonum bellardii All.*
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As a result of comparing the area of the P. communis community
with polygons based on the field survey and orthophotos, it could be
confirmed that the area of the P communis community is steadily
increasing, although there is a slight variation (Figure 7, Table 6). As
shown in Figure 7, the sparsely distributed 7. communis communities
in 2004 merged into one, and although there are slight differences by
year, it can be seen that they are gradually expanding toward the sea.
And it was confirmed that a new P. communis community was formed,

which did not exist in the south of site 1.

Table 6. Vegetation area of Phragmites communis (m?) at site 1

Year Area (m?)
2004 944.8
2010 4,044.5
2014 3,298.8
2016 4,233.6
2018 4,388.9
2020 5,085.1
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(a) (b)

(©) (d)

(e 0

Figure 7. Vegetation map of Phragmites communis. (a)2004,

(b)2010, (c)2014, (2016, (e)2018, (£)2020. Years of
background map is (a) 2003, (b) 2010, (c) 2014, (d) 2016, (e)
2018, (f) 2018. Background map of (a) is not an orthophoto, but a

Google Earth aerial photograph.
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2.4 Discussion

As a result of comparing the area of salt marshes in 2004 and 2020
of Site 1, the area of the P. communis community increased by more
than 5 times, but the L. tetragonum and S. japonica communities
disappeared, and the total area increased by about 3.5 times. In
particular, it was confirmed that the P~ communis community was
formed in the L. tetragonum community in the past and the 7.
maritima community was formed in the S. japonica community. And
as a result of comparing the areas of 2. communis community based
on the orthophoto, it was confirmed that the area of the P. communis
community steadily increased over the past 16 years. These results
are consistent with the prediction that the area of upper salt marshes
such as P. communis will gradually increase, while the number of

pioneer species such as S. japonica will decrease.

2.4.1. Salt marsh vegetation of east and west

Donggeom

As a result of conducting a field survey on a total of 71056 m? of salt
marshes, 12 dominant communities were identified and 61 species
including 20 halophytes were found (Table 2). Cluster analysis was
performed based on the species and coverage data appeared in 128

quadrats, and it could be divided into cluster A dominated by Z.
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communis, cluster B dominated by S. japonica, and cluster C

dominated by other halophytes (Figure 4, 5).

Salt marshes are also divided into pioneer zone, low marsh, and
high marsh based on the vegetation of the salt marsh (Petersen, Kers,
and Stock 2014). As aresult of comparing the clusters defined in this
study, it is correct that cluster B has the characteristics of the
pioneer zone, but there is a limitation that low marsh and high marsh

are not distinguished except for the P. communis community.

The reason for this seems to be that the number of quadrats
surveyed in the P. communis community was close to 1/3 of the total
number of quadrats surveyed. In order to distinguish between low
marsh and high marsh halophyte communities, it seems more
desirable to install quadrats by dividing areas by altitude rather than
installing quadrats compared to the area of halophyte communities

(van Regteren et al. 2020).

In general, as a criterion for classifying the community, the
dominant species has more than 30% coverage. However, a quadrat
with less than 30% coverage was included in the S Jjaponica
community. This is because it is very difficult to distinguish regions
with more than 30% coverage in the images taken with drones, and
pioneer zones such as S. japonica also include pioneer species with
more than 5% coverages (van Regteren et al. 2020). When the

clusters of S. japonica are classified using images taken with a drone,

38

SERa L
|l I

11



it seems that the area of the S. japonica community is calculated using
vegetation indices such as OSAVI or NDVI, or the wavelength
absorbed or reflected by each halophyte rather than visually (Hong,

Chun, and Eom 2015; Lee et al. 2007).

In the results of the National Marine Ecosystem Monitoring
Program conducted in 2019 at Donggeom—do in a different location
from the study site, the S. japonica appeared in all of the 7 maritima,
Z. sinica, P. communis, and S. maritima communities (MOF 2019).
But in this study, S. japonica did not appear in the 2. sinica or S.
maritima community. And in the S. japonica community of this study,
no other halophytes appeared. This seems to be due to the fact that
the community surveyed in this study was divided in more detail than
the criteria for dividing the community in the National Marine
Ecosystem Monitoring Program. Meanwhile, in the two study sites,
invasive species such as S. anglica, including A. artemisiifolia, H.
Jjaponicus, appeared, and it seems necessary to continuously monitor

their distribution patterns in the future.

2.4.2. Vegetated salt marsh comparison between

past and present

Compared with the existing vegetation map in 2004 and orthophotos
in Site 1, the area of the P communis community has steadily
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increased over the past 16 years. And the area of 2. sinica community
also increased slightly from 180.5 m? to 227.6 m®. This result was
consistent with the results of 10 years of monitoring the salt marsh
of Hampyeong Bay (Yun et al. 2018). It is presumed that
eutrophication of fresh water was continuously introduced through
water dikes located in various places along the road, providing a
favorable environment for the survival of P. communis (Bertness,

Ewanchuk, and Silliman 2002).

The S. japonica community, which was widely distributed on the
eastern coast of Donggeom slightly further north than Site 1,
disappeared between 2006 and 2007. It was estimated that sediment
was continuously supplied from the water channels located in the
southern part of Donggeom—do as the cause of this phenomenon (Lee
et al. 2014). In the same way, the S. Jjaponica community, which
existed in 2004, disappeared due to the change of currents which
many construction projects around Donggeom in the past made
resulting sedimentation up to 7 cm per year in eastern Donggeom—
do (Woo, Jang, and Kwon 2012). It appears to have occurred beyond
the depth at which S. japonica seeds can germinate (Lee et al. 2014).
7. maritima community was found at the location where S. japonica
community was distributed. The 7. maritima community is distributed
in the upper middle salt marsh rather than the altitude where pioneer

species such as Salicornia europa are distributed (Mossman, Davy,
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and Grant 2012; Roozen and Westhoff 1985) From this, it appears
that the sedimentation caused the altitude to rise, making it suitable

for the settlement of the 7. maritima community.

Site 2, like site 1, does not have a vegetation map for the past, so
direct comparison with site 1 1s not possible. Instead, when
comparing the coverage patterns of the presence/absence of species
along the transect based on a point on the shoreline in the field survey,
it was confirmed that the present species by quadrat and the
coverage of them did not change significantly (Lee et al. 2006). On
the other hand, under investigation, the village residents said that in
the past, benthic organisms such as shellfish and worms were
abundant, but they were not found recently. It is expected to require

further study on changes in the benthic fauna.
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2.5 Conclusion

A cluster analysis was conducted based on the species and coverage
of each quadrat that were investigated by installing 128 quadrats in
the salt marshes in the east and west of Donggeom—do. As a result,
it could be divided into three clusters composed of P. communis, a
pioneer species like S. japonica, or different halophytes dominated
communities. The clusters of the low marsh or pioneer zone were
well—divided, but the reason that the halophyte community except 7.
communis was not well classified according to the altitude seems to
be that many of the installed quadrats were from the F. communis

community.

As a result of comparing the results of the 2020 field survey with
the vegetation map mapped by the preceding researcher in 2004 at
site 1, I could find that the area of the P. communis community and
the 2. sinica community has increased over the past 16 years. As a
result of confirming the change in the area of the P. communis
community through the vegetation map and orthophotos, it was
confirmed that the area of the P. communis community continued to
increase. Meanwhile, the L. tetragonum and S. japonica communities
that found in 2004 disappeared. In the case of L. tetragonum, when
visiting the study site in 2020, it was confirmed that it was growing
in the 2 sinica community, but S Jjaponica was hardly found.

Meanwhile, the 7. maritima community was found at the location
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where the S. japonica community was appeared. This is because of a
landfill and construction project that took place around the eastern
part of Donggeom—do in the past, and it made changes in ocean
currents. This change appears to make sedimentation above the

depth at which S. japonica seeds can germinate.
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Chapter III. Factors influencing halophyte
distribution of salt marsh at Donggeom—do,

Ganghwa
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3.1. Introduction

The distribution of halophyte in salt marshes tends to be zonal
distribution along altitude (Bang, Bae, and Lee 2018; Santelmann et
al. 2019). This is because the time to immerse in seawater varies
depending on the altitude (Santelmann et al. 2019), because the time
to submerge in seawater itself puts great stress on plants. So the
distribution of halophyte is determined by the plant's ability to
withstand such an oxygen—free, high—saline environment, or to
excrete or avoid salt well (Parida and Das 2005; Colmer and Flowers
2008). Other factors besides altitude include soil texture (Brereton
1971; IThm et al. 2007), salinity (Silvestri, Defina, and Marani 2005),
herbivory (Olff et al. 1997), and interspecific competition (Bertness
and Ellison 1987). In general, pioneer species, which are highly
resistant to stress, can inhabit in places where the altitude 1s low and
are subject to periodic inundation of seawater. And in areas with high
altitude and low seawater flooding, competition between species
determines the distribution of halophyte (Bertness, Ewanchuk, and
Silliman 2002). And Kim (2018b) modeled using vegetation changes
and environmental data for 6 years, and found that the altitude had a
large effect. However, if the spatial autocorrelation is excluded, other
environmental factors, such as the concentration of cations, which
have not received much attention so far, are considered to have an

effect.
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P. communis 1s a arbitrary halophyte that lives at high salt
concentrations in a way that avoids Na*, unlike the absolute halophyte,
which requires Na® to live (Kim 2013). In the United States, P.
communis 1s an endemic species that originally appears near
freshwater wetlands such as rivers, but when it appears in salt
wetlands, it covers salt marshes very quickly enough to be called
invasive species. As a result of experimentation on the expansion
conditions and invasion cause of this . communis, it was found that
artificial disturbance that causes freshwater inflow lowers the
concentration of sulfides and causes P. communis to invade (Bart and
Hartman 2000). In Korea, as a result of analyzing whether there are
differences in the growth characteristics and soil conditions of Z.
communis distributed in freshwater, coastal, and intertidal zones, it
was found that salinity gave the largest difference between the

habitats (Cho, Lee, and Kim 2017).

In this study, I tried to confirm whether environmental factors such
as those of the literature influence the distribution of halophyte
community in the salt marsh of Donggeom—do in Ganghwa. In addition,
as the expansion of the . communis community is remarkable among
the vegetation changes in the salt marsh that have occurred at Site 1
over the past 16 years, Canonical correspondence analysis (CCA)
was conducted to determine what factors affect the distribution of

the P. communis community in Donggeom—do.

46

SERa L
|l I

11



3.2 Methods

3.2.1. Soil analysis

The soil transported to the laboratory was filtered through a 2 mm
sieve to remove gravel and any plant materials. Of these, about 20 g
was taken out and used to measure soil moisture (SM) and organic
matter content (SOM), and the remaining soil was dried in shadeand

used to analyze soil pH, salinity, and soil texture.
I put raw soil (W,) in a soil evaporation dish, measured the wet
weight, dried it at 105°C for 24 hours, and measured the dry weight

(Wy4,Wis). This made calculate the soil moisture, and burned the

dried matter at 550°C for 4 hours (Wssy). The organic matter content

was calculated using the burning loss method to measure the organic

matter content (Boyle 2004).

_ Ww(.g) — Wd(g) x
= W,

Soil Moisture(%) 100

W - W
105(9) 550(9) %1

00
Wios

Soil Organic Matter(%) =

After mixing so that the ratio of 5g of soil dried at shade and
distilled water is 1:5, I shaked at 180 rpm for 30 minutes and
centrifuged at 3000 rpm for 1 minute (ALLEGRA x—15R BECKMAN
COULTE). The pH and salinity were measured with PC—-2000

(THERMO EUTECH, Singapore). For soil texture, 40g of soil dried
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at shade, 100 mL of 5% sodium hexametaphosphate solution, and 300
mL of distilled water were mixed and shaken for 12 hours or longer,
and then the mixture was poured into a 1 L volumetric cylinder and
quantified with distilled water to 1 L. The measuring cylinder was
shaken 120 times with the cylinder turned over, and the ratio of sand,
silt, and clay was calculated by measuring with a hydrometer after
40 seconds and 7 hours (Carter and Gregorich 2007). The calculated

ratio of sand, silt and clay was classified according to Folk (1980).

Wsoit — (R4os — R
Sand(%) — soil (M;Os conl) % 100
soil

Ry — R
Clay(%) = % x 100

soil

Clay(%) = 100 — (Sand (%) + Clay(%))

3.2.2. Statistical analysis

The correlation between environmental factors were identified by a
Pearson correlation index. Environmental factors include altitude, soil
moisture, soil organic matter content, soil salinity, pH, and soil
texture. In the case of altitude, the coordinates and ellipsoid height
obtained by Network—RTK were substituted into the national geoid

model, KNGeoid18, and the elevation was calculated. Permutational
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Multivariate Analysis of Variance (PERMANOVA) was performed

with the ‘'vegan' package (Oksanen et al. 2020) to confirm whether

the cluster classification divided using NbClust is significant for the
measured environmental factors. The Dunn test was performed on

environmental factors with significant differences (Ogle, Wheeler,

and Dinno 2021).

To check the relationship between vegetation and environmental

factors, CCA was implemented as a “vegan” package. In addition,

spatial interpolation was used to visually show the distribution of
each factor in the research paper for each environmental factor. In
the case of soil—related factors, ordinary kriging was performed as
ordinary kriging due to its high predictive power of spatial
distribution (Zare—Mehrjardi, Taghizadeh—Mehrjardi, and

Akbarzadeh 2010). For this, Moran's I was calculated with the 'spdep'
package (Bivand, Muller, and Reder 2009) to see if the measured
factors have spatial autocorrelation, and in the case of spatial
autocorrelation, a semi—variogram was drawn and modeled and used
for kriging. According to the preceding result that IDW has more

predictive power about the distribution of the organisms, the

distribution of organisms was interpolated with IDW for the cover and

the relative height of the P. communis (Zarco—Perello and Sim&es

2017). Semi—variogram preparation, kriging, and IDW used the'gstat'
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package (Pebesma 2004). All analyzes were conducted with R 4.0.3

(2020 The R Foundation for Statistical Computing).
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3.3 Results

3.3.1. Soil analysis

In addition to 128 quadrats with vegetation selected based on the
halophyte communities, 12 control quadrats were installed to analyze
the soil moisture, soil organic matter content, pH, salinity, and soil
texture. As a result of soil texture analysis, the cluster B, S. japonica
cluster, had the highest silt content among the 4 units, and was mainly
silt(Z) and sandy silt(sZ) (Figure 8). Cluster A was found in a
relatively wide range of sand and silt conditions. In the case of the
cluster C, the community of species distributed in areas with a high
proportion of silt rather than sand such as 7. maritima and C.
scabrifolia communities and species distributed in areas with a high
proportion of sand such as Z. sinica and C. pumila are mixed. So the
range seems to be wide. In the case of control where halophyte is not
distributed, sand(S) is predominant for quadrats installed near C.
pumila community, and sandy silt(sZ) or silt(Z) is predominant for

quadrats installed near S. japonica and other halophytes.
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Figure 8. Soil texture graph. Group A—C is same as cluster A—C
analyzed by cluster analysis. Group D is control quadrats. Soil

classification is based on Folk (1980).

3.3.2. Environmental variables

As aresult of evaluating the Pearson correlation index to see if there
1s a correlation by environmental factors, it was found that altitude
had a correlation with a significance of less than 0.05 for all
environmental variables examined (Figure 9). Altitude had a positive
correlation of 0.53 with sand content, while a negative correlation of
0.56 with silt. Soil moisture had a positive correlation of 0.82 and
0.81 with soil organic matter content and silt, respectively, and soil

organic matter content had a correlation of —0.76 with sand content
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and 0.75 and 0.72 with clay and silt content. There was no
significant correlation between pH and other factors except altitude.
The sand content had a correlation of —0.86 with clay and —0.98 with

silt.
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Figure 9. Pearson correlation index between environmental
variables. On the top of the diagonal means the value of the
correlation with the significant level as stars. #**: p<0.001, *=*: p<0.

01, *: p<0.05, .: p<O.1.

As a result of performing PERMANOVA on the clusters divided
using NbClust for environmental variables, p values of less than 0.05
for the altitude, soil moisture, soil organic matter content, salinity,
sand, silt, and clay contents excluding pH were significant for each

of the three clusters. It was confirmed that there was a difference
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(Table 7). As a result of Dunn test for environmental factors other

than pH, most of the clusters B showed significant differences from

the A and C clusters. The altitude of cluster B dominated by S.

Japonica was lower than that of other clusters, and it was confirmed

that the soil organic matter content differed by cluster.

Table 7. Mean values of environmental factors with standard
deviations in parentheses across the three clusters and control
groups. Alphabets indicate significant differences between

clusters based on Dunn test (P<0.05).

A B C D

Altitude (m) 3.71 (1.26)*  2.82 (0.23)"  3.89 (0.73) ® 3.31 (0.69)
Soil moisture 14.70 (5.03)* 17.51 (1.70) "> 11.96 (5.29) © 13.54 (5.83)
(%)

Soil  organic 1.28 (0.62) * 1.70 (0.25) 1.24 (0.67) ® 1.33 (0.57)

matter (%)

pH 6.89 (0.54) 7.23 (0.17) 7.04 (0.59) 7.73 (0.49)
Salinity (ppm) 634.57 1508.54 564.33 1036.58
(620.74) * (367.09) ° (548.07) * (537.65)

Sand (%) 45.97 8.71 60.39 35.64
(35.33) @ (8.11)° (26.31) (36.16)

Clay (%) 15.29 17.73 10.59 12.91
(12.33) (6.02) (8.40) ° (9.17)

Silt (%) 38.74 73.55 29.23 51.45
(23.74) ° (4.85) ° (19.00) (30.10)
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CCA analysis was conducted to determine how each cluster has a
relationship with environmental factors (Figure 10). CCA1 explained
8.8% of the total variance (eigenvalue 0.6850), and CCA2 explained
6.2% of the total variance (eigenvalue 0.4845) (Figure 10 (a)). In
the positive direction of CCA1, silt and clay content, soil moisture,
soil organic matter content, and salinity tended to increase, and
altitude and sand content tended to decrease (silt: 0.79, clay: 0.40,
soil moisture: 0.65, soil organic matter content: 0.31, salinity: 0.52,
altitude: —0.47, sand: —0.70). The present species best explained by
CCA1 were the glycophytes, Setaria x pycnocoma(Sp), and S.
japonica (Sj), the pioneer species of halophytes. Toward the positive
direction of CCAZ tended to increase the soil moisture and clay
content, and decrease the pH and salinity (soil moisture: 0.40, clay:
0.31, pH: —0.31, salinity: —0.36). The species best explained by
CCA2 were S. glauca (Sg), Setaria x pycnocoma (Sp), S. maritima
(Sm) and . japonicus (Hj). In the case of cluster A, it appeared in a
wide altitude range and was found in a place with lower salinity than
the average. And it could be confirmed that in addition to 2. communis,
several species tend to appear together. It was found that the cluster
B was mainly high in salinity and S. japonica was found. The silt
content and soil organic matter content, soil moisture and clay

content had similar trends.
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Figure 10. Ordination of CCA. Crutches are ordination of species,
and ellipses are clusters determined by CA. Abbreviations are
same as figure 5. V. means relative height of species. Ordination of

CCA with species abundance and environmental factors.

3.3.3. Visualization of environmental variables and

vegetation of Phragmites communis

In order to visually see the distribution of environmental factors in
the study site, Kriging, one of the spatial interpolation methods, was
used. As a result of calculating Moran's I to check whether
environmental factors have spatial autocorrelation, site 1 had positive
spatial autocorrelation for soil moisture, pH, sand, clay, and silt. Site
2 had positive spatial autocorrelation for altitude, soil moisture,
organic matter content, sand, clay, silt, and salinity. Figure 11 shows

the result of kriging after setting a suitable model by drawing a semi—
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variogram for environmental factors that show spatial autocorrelation.
Some interpolation results show a pattern that the predictive power
deteriorates even if the distance from the quadrats is a little further

away.

Figure 12 shows the predicted IDW distribution of F. communis
communities in Sites 1 and 2. In the case of IDW, as the distance from
the quadrat increased where P. communis appeared, the predicted 2.
communis coverage and the relative above —ground height decreased
significantly. Site 1 showed very high coverage of P communis
except for the part where the above—ground part of . communis was
removed to anchor the ship in the center of the study site, and near
the tidal flat experience site located in the south. The height of the
relative above—ground part also showed a similar tendency to the
distribution of cover (Figure 12 (a), (b)). In the case of Site 2, the
quadrat in the southeastern part of the study was sparse than that of
Site 1, and it was confirmed that the predictive power was slightly

lower when compared with the site results.
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(a) (b)

Figure 12. Prediction of P. communis abundance and relative height
distribution across study sites. (a) P. communis abundance of site
1. (b) P. communis relative height of site 1. (¢) P communis

abundance of site 2. (d) P. communis relative height of site 2.
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3.4 Discussion

Soil textures of 128 quadrats with halophyte vegetation and 12
control quadrats with no vegetation were analyzed. As a result,
mainly sand(S), silty sand(zS), sandy silt(sZ), and silt(Z)
sedimentary phases were shown. This result was similar to the
sedimentary facies in the tidal flat of the west coast in the National
Marine Ecosystem Monitoring Program conducted from 2015 to 2019
(MOF 2019). The contents of sand and silt of cluster A, which was a
P. communis community, had a very wide range and the average
contents of sand and clay was 45.97% and 15.29%. On the other hand,
the contents of sand and clay in the coastal salt marsh where Z.
communis appeared, which was investigated by Cho, Lee, and Kim
(2017), was 82.81% and 4.85%, respectively. As the average ratio
of sand and clay in the P. communis community located in Suncheon
Bay was 2.0% and 44.8% (Jang et al. 2013), the difference in soil
texture by habitat seems to be large. There were differences in soil
moisture, soil organic matter content, salinity, and soil texture,
including altitude between cluster B and other clusters. Pioneer
species such as S. japonica have strong salt tolerance and can survive
at lower altitudes, and are likely to emerge in soils with a relatively
high silt content as they are advantageous for seeding settlement in
soils with smaller grain sizes such as silt or clay than sand (van

Regteren et al. 2020; Kim 2018a).
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As a result of checking the correlation for each measured
environmental factor including altitude and soil texture, altitude was
correlated with all measured environmental factors with a
significance of less than 0.05. The difference in the physical
environment of altitude has an effect on seawater movement, such as
the time submerged in seawater and differences in size of sediment
particles being swept away by waves. Chemical changes appear to
have occurred due to differences in the clusters of living organisms
(Santelmann et al. 2019; Bart and Hartman 2000; van Regteren et al.

2020).

A total of 128 quadrats were installed in the halophyte community,
and the major environmental factors affecting the distribution of
halophyte were confirmed by CCA. CCA1 accounted for 8.8% of the
total variance and CCAZ accounted for 6.2% of the total variance,
accounting for only 15% of the total variance. However, the
eigenvalue of each CCA was more than 0.3, showing a good
distribution trend (Braak, JF, and Verdonschot 1995). The higher the
altitude, the higher the content of sand, while the soil moisture, the
contents of silt and clay, the soil organic matter content, and the
salinity tended to decrease. In the late 1990s, the main soil texture
of the eastern tidal flat of Donggeom—do was the silt—rich muddy
tidal flat. However, due to the large—scale development near

Ganghwa—do in the 1990s, the currents changed and the east coast
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of Donggeom—do was continuously sedimented. At this time, there is
a result that the soil texture is gradually changing to the sandy mud
tidal flat because sand is mixed in the sediment deposited (Woo
2013). This result is consistent with the higher the altitude in the
CCA, the higher the sand content. In this study, the salinity of cluster
A, where the P. communis community appeared, was lower than the
average, which was similar to the results of the Siheung salt marsh

(Bang, Bae, and Lee 2018).

Freshwater influx is the cause of P. communis appearing in salt
marshes and rapidly expanding its area (Bart and Hartman 2000).
Site 1 also maintains relatively low salinity due to the presence of
drainage holes for freshwater inflow. It appears to have become a

source area allowing expansion towards higher salinity oceans (Hong

2015).

The kriging result showed that even if the distance from the
quadrat is slightly distant, the predictive power decreases. This
seems to be caused by the large deviation of the model created for

kriging.
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3.5 Conclusion

Based on the Bray—Curtis dissimilarity index for the coverage of
each type of halophyte in each quadrat, there are differences in
altitude, soil moisture, soil organic matter content, salinity, sand, silt,
and clay contents for 3 clusters. In the case of the P. communis
community, it was difficult to confirm whether the soil texture was
living in an environment similar to that of the literature, as the
difference in soil texture was large. However, it was confirmed that
pioneer species such as S. japonica appeared in soil with a relatively
high silt content. For F. communis community that stood out of
halophyte distribution changes in Site 1, it was found to be distributed
at lower salinity. It seems that the P communis community can
expand toward the salty sea, starting with the drainage hole through

which fresh water flows.
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Chapter IV. General discussion
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Rather than reducing the area of the salt marsh due to sea level rise
caused by climate change, the speed of accumulation of sediments
changes due to projects such as reclamation and development in the
vicinity of the salt marsh, and the installation of dike changing the
contents of nutrients flowing into the salt marsh can reduce the area
of the salt marsh (Kirwan and Megonigal 2013; Kirwan et al. 2016).
The sea area near Ganghwa—do is located at the mouth of the Han
River, and since the 1980s, many reclamation and construction
projects have been carried out, including the construction of the
Gimpo Landfill and Incheon International Airport. As a result, the
currents changed and the speed of the currents decreased in the
eastern part of Ganghwa, and the tidal flats in the eastern part of
Donggeom—do near Ganghwa had sedimentation of up to 7 cm per
year in the 2000s (Lee et al. 2014; Jung et al. 2008). In 2010, the
sedimentation rate of the Ganghwa/Gyeonggi area tidal flats
stabilized at an annual average of 1 cm (Woo, Jang, and Kwon 2012;
MOF 2019). I thought it was necessary to check how the area and
vegetation of the Donggeom salt marsh change, as the results of
vegetation monitoring that has been conducted for more than 10
years in the natural salt marsh in the Gyeonggi region cannot be found.
[ visited the salt marsh where a preceding researcher conducted a
vegetation survey in 2004 to check the vegetation changes in the salt

marsh over past 16 years.
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In Site 1, the area of P. communis community increased from 944.8
m? to 5085.1 m?, while L. tetragonum and S. japonica communities
disappeared. As a result of confirming the change in the area of the
P. communis community by orthophotos, it was found that the area of
P. communis has increased over the past 16 years. L. tetragonum
often appeared in the 2. sinica community when viewed in the field,
but S. japonica was rarely found. This result was similar to the result
of the disappearance of 11 ha of S Jjaponica community within one
year due to the rapid sedimentation rate in the eastern salt marsh of
Donggeom—do near site 1 (Lee et al. 2014). Meanwhile, the 7.
maritima community appeared at the site where the S. Jjaponica
community was found in 2004. Since 7. maritima is distributed at an
altitude higher than that of pioneer species such as S. europa,
sedimentation supported the disappearance of the S. japonica
community (Mossman, Davy, and Grant 2012; Roozen and Westhoff

1985).

As a result of comparing species that appeared in research sites
other than the quadrat survey, the Jaccard distance was 0.739 from
25 species in 2004 to 31 species in 2020. Although there may be
differences in the timing of the investigation or the identification
ability of each researchers, it is believed that human—induced
disturbances were large as A. artemisiifolia, an invasive species,

appeared newly (DiTommaso 2004). In Site 2, invasive species such
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as A. artemisiifolia, H. japonicus, and S. anglica appeared, and it

seems necessary to continuously check their distribution patterns.

The cluster analysis was performed because the area of each
halophyte community and the number of quadrats accordingly
differed up to 13 times. As a result, it could be divided into cluster A
dominated by F. communis, cluster B dominated by S. japonica, and
cluster C dominated with halophytes excluding S. japonica and P.
communis. As a result of checking whether there are differences by
environmental factors between these three clusters using
PERMANOVA, there were differences in soil moisture, soil organic
matter content, salinity, and soil texture, as well as altitude from
other clusters in particularly, cluster B was significantly different
from other clusters. Pioneer species such as S. japonica can survive
at lower altitudes due to their strong salt tolerance, and can emerge
in soils with high silt ratios because they are advantageous for
seeding settlement in soils with small grain sizes (van Regteren et al.

2020; Kim 2018a).

As aresult of analyzing the major environmental factors influencing
the distribution of halophytes by CCA, the proportion of sand
increased as the altitude increased, and the proportion of soil
moisture, silt and clay, soil organic matter content, and salinity
tended to decrease. In this study, the salinity of cluster A, where the

P. communis community appeared, was lower than the average, which
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was similar to the results in the Siheung salt marsh (Bang, Bae, and

Lee 2018).

The expansion of P. communis begins in the source area with low
salinity or low sulfide concentration due to the inflow of fresh water,
and occurs toward the ocean with relatively high environmental
stress through nutrient translocation (Bart and Hartman 2000; M. G.
Hong 2015). In the case of Site 1, it seems that the P. communis
community has expanded as the drainage hole located on the coast

serves to continuously supply fresh water.

Recently, the Donggeom Bridge connecting Donggeom—do and
Ganghwa—do has been improved to allow seawater to flow, but I think
there may be a change in the current near Donggeom—do, which has
been stabilized on sedimentation. It will be necessary to continuously
monitor how the vegetation of the salt marsh will change due to
changes in ocean currents. When classifying S. japonica clusters with
images taken with a drone, it is expected that the area of the S.
Japonica community is calculated using vegetation indices such as
OSAVI and NDVI. Alternatively, the use of different wavelength
bands for absorbing or reflecting for each halophytes can increase
the reliability of community classification (Hong, Chun, and Eom 2015;
Lee et al. 2007). On the other hand, the distribution of halophyte at
site 2 did not change significantly, but according to the village

residents, it is estimated that the benthic biota was changed due to
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the change of the sedimentary environment, and a study on the

change of the benthic biota is expected.
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Appendix I. List of plants with Korean names. * means
halophytes, classified by KOEM (2019)
Korean
Family Species
name
Achyranthes japonica (Miq.) Nakai A5 =
Amaranthaceae  Amaranthus retroflexus 1. ELlE
Portulaca oleracea L. BRI RS
Cannabaceae Humulus japonicus Sieboid & Zucc. =
Cucubalus baccifer var. japonicus Miq. s
Caryophyllaceae
Spergularia marina (L.) Besser# A7 w22
Atriplex gmelinii C. A. Mey. ex Bong.* ZteA=A
o]
Chenopodium glaucum L. F ol
Chenopodium album var. centrorubrum Makino gots
. Chenopodium ficifolium Smith F ot
Chenopodiaceae
Salsola komarovii 1ljin* FEYUE
Suaeda glauca (Bunge) Bunge* A
Suaeda japonica Makino* duz
Suaeda maritima (L..) Dumort#* &=
Commelinaceae  Commelina communis L. gogE
Ambrosia artemisiifolia L. A=
Compositae Artemisia capillarris Thunb.* AP
Artemisia fukudo Makino* Sl
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Korean

Family Species
name
Artemisia princeps Pamp. =
Bidens bipinnata L. v/l o=y
Conyza bonariensis (L.) Cronquist Az
Conyza canadensis (L.) Cronquist Tz
Conyza sumatrensis E.Walker S
. Eclipta prostrata (L.) L. FHx
Compositae
Erechtites hieracifolia Raf. oA U
Ixeris repens (L.) A. Gray#* Ak
Sigesbeckia pubescens (Makino) Makino gdx152
Sonchus asper (L.) Hill ST E
Sonchus oleraceus L. WIHA F
Sonchus brachyotus DC.* AHHE
Convolvulacea  Cy/ystegia soldanella (1) Roem. & Schulth.* A 3
e
Capsella sp. Yol
Cruciferae Lepidium apetalum Willd. [=a=gn 1)
Rorippa indica (L.) Hiern N7k o]
Bolboschoenus planiculmis (F.Schmidt) A7
T.V.Egorova*
Cyperaceae Carex scabrifolia Steud.* ALA =
Carex pumila Thunb.* TR Az
Cyperus amuricus Maxim. TEAY
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Korean

Family Species
name
Schoenoplectus tabernaemontani (C.C.Gmel.) el
Cyperaceae
Palla
Castanea crenata Siebold & Zucc. Ly
Fagaceae
Quercus acutissima Carruth. e
Agropyron tsukushiense var. transiens (Hack.) 7§34
Ohwi
Avena fatua L. A 2]
Digitaria ciliaris (Retz.) Koel. o]
Echinochloa crus—galli (L.) P.Beauv. =]
Miscanthus sinensis var. purpurascens (Andersso 2 Al
n) Rendle
Panicum bisulcatum Thunb. 717
. . . E’—AH (=3
Gramineae Phacelurus latifolius (Steud.) Ohwi* =
Phragmites communis Trin.* 2
Setaria faberii Herrm. 7he7dorA
=
Setaria viridis (L.) P.Beauv. oA &
Setaria x pycnocoma (Steud.) Henrard ex Nakai T E
Spartina anglica C.E.Hubb.* A AELE
Themeda triandra var. japonica (Willd.) Makino A
Zoysia sinica Hance* Az
Juncaceae  Juncus haenkei E Mey .* NEE

82



Korean

Family Species
name
Juncaginacea  7rjg/ochin maritima L.x A A
e
Labiatae Leonurus japonicus Houtt. SRS
Leguminosae Aeschynomene indica L. A=
Amorpha fruticosa L. e LR
=
Leguminosae  1ueraria lobata (Willd.) Ohwi @
Vigna angularis var. nipponensis (Ohwi) Ohwi & A2
H.Ohashi
Malvaceae Abutilon theophrasti Medicus o1 A4 7]
] Cocculus trilobus (Thunb.) DC. Yol
Menispermaceae
=
Oxalidaceae Oxalis stricta L. X =gol vt
Pinaceae Pinus densiflora Siebold & Zucc. AL
Plumbaginaceae  Limonium tetragonum (Thunb.) Bullocks* NA7
Persicaria hydropiper (L.) Delarbre o1 7]
Persicaria longiseta (Bruijn) Kitag. 7o ]
Polygonaceae Polygonum bellardii All.* 5=
=
Rumex crispus L. 2] A o]
Solanaceae Datura meteloides DC. ex Dunal s
Parthenocissus tricuspidata (Siebold & Zucc.) T80y
Vitaceae =

Planch.
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