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Abstract
The distribution of plant communities in the reclaimed land of the southwestern coasts of South Korea, along with the
environmental or plant factors, was studied through canonical correspondence analysis (CCA) and the competitor (C),
stress tolerator (S), and ruderal (R) (CSR) ecological strategies. The coastal reclaimed land plants were classi�ed into
three plant-factor groups in the CCA biplot diagram. Axis1 was correlated with LS, SLA, CH, and FS. Axis 2 was correlated
with LDMC, FP, and LDW. The reclaimed landplants were classi�ed into three soil-factor groups in the CCA biplot
diagram. First, the group factor was correlated with SAND. Second, the group factor was distributed according to T-N and

Publication Information:
Received 23 October 2021, Accepted 6 December 2021, Available online 28 December 2021  
DOI: 10.21463/jmic.2021.10.2.03

Journal of Marine and Island Cultures, v10n2 — Yang et al.

45
2212-6821 © 2021 Institution for Marine and Island Cultures, Mokpo National University.

 10.21463/jmic.2021.10.2.03 — https://jmic.online/issues/v10n2/3/

mailto:keco@mokpo.ac.kr
https://doi.org/10.21463/jmic.2021.10.2.03


TOC. Third, the group factor was distributed according to Salinity content. To clarify the relative signi�cance of
competition, stress, and disturbance in the distribution process of plant communities, the CSR distribution model was
adopted. Sixteen of the 19 species were allocated to the factors related to the ruderals strategies such as R/CR and CR
including R/CSR, SR/CSR, and CR/CSR, and SC strategies. They displayed ruderal and competition adaptation strategies
re�ecting the ecological environment. Seven species showed R/CR (ruderal/competitor-ruderal) strategies; Aeschno
meneindica, Chenopodium album var. centrorubrum, Lolium perenne, Lotus corniculatus var .japonicus, Phragmites
communis, Portulaca oleracea, and Soncous brachyotus and 6 species showed CR (competitor-ruderal) strategies; Bidens
frondosa, Echinochloa crus-galli, Echino chloaoryzicola, Erigeron canadensis, Fimbristy lislongispica and Setaria viridis.
The three species with R-related strategies were Artemisia princeps, Lolium perenne, and Trifolium repens. The
distribution patterns of the CCA diagrams and CSR triangles may provide a useful scienti�c basis for protecting and
restoring reclaimed lands and their valuable ecosystem services, from the increasing disturbances.
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Introduction
Sea reclamation is an effective solution for human population pressure (Pomeroy and Wiegert 1981, Alvarez-Rogel 2007,
Zhu et al. 2014) and provides land for agricultural production, urban and industrial development, and port construction.
Currently, the development of coastal zones that started in the 1950s, has entered a peak period, especially in developing
countries. Notably, the scale and scope of reclamation in coastal lands are larger than in interior lands, and pose
substantial environmental risks.

With the increasing growth of the economy and population in Asia, there has been a shortage of land for farming,
industrial use, and housing development (Shim et al. 2009). Consequently, tidal �ats on the coasts of Eastern Asia are
being converted to sea reclaimed land (Min and Kim 1999a, 1999b, Wang et al. 2014). The reclaimed land has
characteristics of both coastal soils and inland salt marshes, (Min and Kim, 1999a). After reclamation, the sediment
becomes the common soil as soil salts leach over time. The leaching rate is in�uenced by rain intensity, topography, and
geographical properties, and soil texture. Therefore, plant species growing in reclaimed lands differ in their inherent salt
tolerance (Ihm et al., 1995, Zhu et al. 2014, Cho et al. 2018) and vegetative zonation develops according to the
topography or dis tance from the high water mark to farther inland sites. In South Korea, several properties of reclaimed
land have been investigated, including soil properties and desalinization patterns (Min and Kim 1999a,1999b); ecological
properties of halophytes and soil amelioration; the relationship between halophyte dis tribution and soil environment;
plant productivity and mineral cycling; and energy �ow.

In areas that are periodically inundated by tides, the zonation of the plant community is not regarded as successional,
because the tidal-�at vegetation in these areas is not formed by interactions among plants but, by erosion and silt
accumulation (Min and Kim 2000). On reclaimed lands, plant succession proceeds after reclamation (Min and Kim
2000). The main factor that determines succession is the soil environments on reclaimed lands and because these soil
properties change rapidly the rate of vegetational succession is faster on reclaimed land than on common land. In the
early stages of succession, the plant spe cies are mostly annuals. Species diversity reaches a maximum of 10 years after
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reclamation. The variability in succession rates is related to the pattern of creek distribution along dif ferent topological
altitudes (Min and Kim 2000, Kim et al. 2010, Cho et al. 2017).

Unfortunately, sea reclamation activities such as embanking may cut off the tidal creek and alter its development (Zhu et
al. 2014). The vegetation boundary could also be in�uenced by changes of the tidal creek as a result of coastal wetland
reclamation. When evaluating land reclamation areas, it is important to consider the shape of the enclosed boundary. In
addition, arti�cial beach nourishment has been shown as is an effective method for alleviating the possible negative
effects of arti�cial shorelines and minimizing the negative impacts on the ecosystems (Kim 2005, Zhu et al. 2014).

Moreover, during reclamation soils undergo fundamental changes and are subsequently re-exposed to tidal inundation
by de-embankment (Hazelden & Boorman 2001, Garbutt and Wolters 2008), and re-colonisation may be delayed by
unsuitable hydrological and edaphic conditions that facilitate plant species establishment. The water dynamics of the
reclaimed lands have a basic fundamental control on vegetation patterns, and determines the potential for aerobic
respiration and the ability of the plant species to tolerate local conditions. This may account for the differences in
species richness and abundance between the more moisture tolerant and low moisture tolerant species such as
Salicornia europaea, Spartina anglica, Aster tripolium, and Puccinellia maritima communities.

Considering the negative effects of sea reclamation on the environment and ecosystems in the coastal zone (Min and
Kim 1999a, 1999b, Wang et al. 2014, Zhu et al. 2014), the environmental and ecological impacts of sea reclamation must
be addressed, in order to protect the coastal wetlands and sustain developing economies (Min and Kim 1997, Zhang et
al. 2012). While progressive evaluation of the reclaimed land plays an important role in the protection of coastal
wetlands, unfortunately, variations in the shoreline, which is the connection between sea and land, are in�uenced by land
reclamation, and consequently, may affect vegetation evaluation in coastal wetlands and habitat distribution (Lee et al.
2016, Suzuki 2003, Min and Kim 1999b, Zhu et al. 2014). Especially, the salts estimated using the vegetation index can
be overestimated when the time lag is ignored because an already desalinized area might be estimated as a highly saline
area due to the lack of vegetation cover (Cho et al. 2014).

Our research hypotheses were as follows: We expected that in the coastal reclaimed lands, plants would be classi�ed by
disturbance- or stress-tolerant and competition-related variables, and that a higher proportion of the strategies would be
near the ruderal corner of the triangle (i.e., R/CR and CR including R/CSR, SR/CSR and CR/CSR strategies) (Grime 1974).
Since coastal reclaimed land plant communities have distinct soil environmental features (salinity, moisture, �ooding
etc.), we expected that these differences would show diverse functional strategies and features in the Canonical
Correspondence Analysis (CCA) Ordinations. We expected that the results of this study would show the importance of
plant species distribution in CCA ordinations and C, S, and R strategies in the coastal reclaimed lands.

Methods
We examined several soil environments and plant factors, and analyzed them for vascular plant distributions of South
Korea reclaimed lands (Fig. 1).
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Study Area
Nineteen reclaimed plant communities were sampled from the reclaimed lands of the west coast of South Korea (Fig. 1).
The coastline had disappeared and there has been a total of 401 km of reclaimed land since 2010 April. We evaluated

six west reclaimed lands. The habitat disturbance and status of the study sites are included in Table 1.

Fig 1. Map of study area of sea reclamed lands at Saemangeum of South Korea.

Table 1. Study sites at the decimal latitude and longitude coordinates of reclaimed land at Saemangeum of southwestern coasts in South Korea.

Abbreviation Local Name Latitude Longitude Habitat status Dominant community

W1 Seonyeon-ri 35.89044 126.63622 Pioneer species of early stages in secondary succession Phragmites communis

W2 Wolyeon-ri 35.89425 126.73666 Pioneer species Calamagrostis epigeios

W3 Jeungseok-ri 35.90694 126.79469 Pioneer species P. communis

W4 Hakdang-ri 35.90155 126.78163 Pioneer species P. communis

W5 Eunpa-ri 35.80902 126.76270 Pioneer species Chenopodium album var. centrorubram

W6 Yeonpo-ri 35.75541 126.78255 Pioneer species Erigeron annuus

Plant research by species
We did Canonical Correspondence Analysis (CCA) and the competitor (C), stress tolerator (S), and ruderal (R) (CSR)
ecological strategies on 19 communities (1 x 1m  quadrat, 3 replicates per species) from six areas of the reclaimed

lands from July–September 2020 (Table 1) — the 33.9-kilometer-long dike August 2010 and World’s longest dike.

The six areas and dominant species as shown in Table 1 were Seonyeon-ri, Phragmites communis (Common reed),
Wolyeon-ri, Calamagrostis epigeios (Wood small reed), Jeungseok-ri, P. communis (Common reed), Hakdang-ri, P.
communis; Eunpa-ri, Chenopodium album var. centrorubram (Red-center goosefoot), and Yeonpo-ri, Erigeron annuus
(Annual �eabane or Daisy �eabane).

2 

2
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Soil analysis
We examined the soil environment near the roots at a depth of 15cm. Air-dried samples (3 replicates per each species)
were used for physicochemical analysis (Lee et al. 2020) (Table 2) and soil particle sizes, salinity, total nitrogen, total
organic carbon, Na , Mg , Ca  and K were determined.

Table 2. Summary statistics of soil factors.

Salinity
(psu)

T-N
(mg/kg) TOC (%) Ca

(cmol/kg)
K

(cmol/kg)
Mg

(cmol/kg)
Na

(cmol/kg) Sand (%) Silt (%) Clay (%)

Means 0.098 187.3 0.256 62.3 28.7 38.0 33.3 49.4 31.5 19.0

SD 0.060 111.2 0.141 37.0 9.3 19.4 22.6 27.4 16.5 11.0

N 19 19 19 19 19 19 19 19 19 19

MAX 0.267 582.6 0.702 200.4 42.4 70.0 73.3 85.3 50.4 31.4

MIN 0.039 71.8 0.087 28.0 3.5 1.5 2.4 18.2 9.9 4.8

Range 0.228 510.8 0.615 172.4 38.9 68.5 70.9 67.1 40.5 26.7

Plant trait analysis
We analyzed several plant factors (Hodgson et al. 1999, Pierce et al. 2013, Lee et al. 2020) (Table 3). The coverage (%),
canopy height (CH, mm), lateral spread (LS, mm), leaf area (LA, mm ), leaf dry weight (LDW, mg), leaf dry weight/water-

saturated fresh mass (LDMC, %), speci�c leaf area (SLA, mm mg ), �owering period (FP), and �owering start (FS) were

measured. We selected a total of 19 shrub and herbaceous species for the analysis of plant functional factors.

Table 3. Summary statistics of plant traits.

Canopy height
(mm)

Leaf dry matter
content (%)

Flowering period
(# of months)

Lateral spread
(six-point model)

Leaf dry weight
(mg)

Speci�c leaf area
(mm mg )

Flowering start
(month)

Means 658 21 3 3 62 27 5

SD 451 9 1 1 78 9 1

N 19 19 19 19 19 19 19

MAX 2000 38 4 6 330 45 6

MIN 200 5 2 1 4 13 3

Range 1800 33 2 5 326 32 3

Statistical analyses
We carried out CCA analyses of soil and plant factors using CANOCO 5.1 (Ter Braak and Smilauer 2018, Lee et al. 2020)
(Table 2). The CSR strategies were formulated using plant functional factors and the triangular diagrams were generated
according to Hodgson et al. (1999) and Pierce et al. (2013), using Sigma Plot 13 (www.sigmaplot.com).

Results
The most abundant species (Table 3, 4 and Fig. 2, 3) in the reclaimed land was Phragmatis communis (cover=100%),
which exhibited a SC (stress-tolerant-competitor strategy) (C:S:R=54.0:43.9:2.1). The second most abundant species

+ 2+ 2+ + 

2+ + 2+ +
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were Aeschnomene indica and Lotus corniculatus var. japonicus (cover=100%) exhibited a R/CR (ruderal-competitor)
strategy (C:S:R=36.4:0.0:63.6; C:S:R = 37.5:0.0:62.5). The third most abundant species were Calamagrostis epigeios and
Trifolium repens (cover=90%) exhibited a C/CSR (competitor/competitor-stress-tolerant-ruderal) and R/CSR (ruderal
/competitor-stress-tolerant-ruderal) strategy (C:S:R=67.8:29.0:3.2; C:S:R =3.16:7.5:60.9, respectively).

Fig 2. Canonical correspondence analysis (CCA) bi-plot diagram. Soil factors are shown as arrows. The 19 community scores were plotted
along Axes 1 and 2 and can be clustered into several factors.

Fig 3. Canonical correspondence analysis (CCA) bi-plot diagram. Plant factors are shown as arrows. The 19 community scores were
plotted along Axes 1 and 2 and can be clustered into several factors.
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Table 4. Plant species, their C(%), S(%), R(%) percentages, and CSR strategies from Hodgson et al. (1999) collected from the reclaimed land communities
of the southwestern coast in Korea.

Species
Percentage from Hodgson et al.(1999)

Strategy type Plant cover (%)
C(%) S(%) R(%)

Aeschnomene indica 36.4 0.0 63.6 R/CR 100

Artemisia princeps 47.5 14.6 37.9 CR/CSR 60

Bidens frondosa 52.3 0.0 47.7 CR 60

Calamagrostis epigeios 67.8 29.0 3.2 C/CSR 90

Chenopodium album var. centrorubrum 39.0 0.0 61.0 R/CR 50

Echinochloa crus-galli 51.1 0.0 48.9 CR 50

Echinochloa oryzicola 55.7 0.0 44.3 CR 70

Erigeron annuus 60.7 0.0 39.3 C/CR 70

Erigeron canadensis 52.4 0.0 47.6 CR 70

Fimbristylis longispica 49.3 0.7 50.0 CR 50

Lolium perenne 37.5 41.8 20.7 SR/CSR 30

Lotus corniculatus var. japonicus 37.5 0.0 62.5 R/CR 100

Oenothera laciniata 35.7 0.0 64.3 R/CR 90

Phragmites communis 54.0 43.9 2.1 SC 100

Portulaca oleracea 26.0 0.0 74.0 R/CR 80

Rumex maritimus 35.0 0.0 65.0 R/CR 50

Setaria viridis 49.5 0.0 50.5 CR 30

Soncous brachyotus 31.2 0.0 68.8 R/CR 20

Trifolium repens 31.6 7.5 60.9 R/CSR 90

Sixteen of the 19 species were allocated to the factors related to ruderals strategies such as R/CR and CR including
R/CSR, SR/CSR, and CR/CSR and SC strategies (Table 4, Fig. 4 and 5). They displayed ruderal and competition
adaptation strategies re�ecting the ecological environment (Lee et al. 2020). Seven species showed R/CR
(ruderal/competitor-ruderal) strategies; A. indica, Chenopodium album var. centrorubrum, Lolium perenne, L. corniculatus
var. japonicus, P. communis, Portulaca oleracea, and Soncous brachyotus. Six species showed CR (competitor-ruderal)
strategies; Bidens frondosa, Echinochloa crus-galli, Echinochloa oryzicola, Erigeron canadensis, Fimbristy lislongispica,
and Setaria viridis (Table 4 and Fig. 4). They had 300–2000mm in R/CR species and 400–1000mm CR species in canopy
height, 5–17 and 18–26% LDMC and 20–37 and 15–45 mm /mg SLA. The three species with R-related strategies were

Artemisia princeps, L. perenne and T. repens. The CSR strategy-conversion was carried from Fig. 4 (soil factors) and to
Fig. 5 (plant factors). We will develop new alternative factors for mutual conversions.

2
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Fig 4. Competitive, stress-tolerant, and ruderal (CSR) classi�cation by 10 plant factors from Hodgson et al. (1999) and Pierce et al. (2013)
of 19 plant species in reclaimed land plant communities from the south-western coast of South Korea.

Fig 5. Competitive, stress-tolerant, and ruderal (CSR) classi�cation by soil factors from Hodgson et al. (1999) and Pierce et al. (2013) of 19
plant species in reclaimed land plant communities from the south-western coast of South Korea.

Figure 2 shows the canonical correspondence analysis (CCA) bi-plot diagram of the reclaimed lands on the
southwestern coasts of South Korea (Lee et al. 2018, 2020). Axes 1 and 2 are the vegetation plots and the soil factors
(Table 2). The soil factors are shown as arrows. The 19 plant communities, classi�ed into three groups, are displayed on
axes 1and 2, Group 1 was correlated with Sand (Table 4), Group 2 was correlated with T-N and TOC, and Group 3 was
correlated with Salinity. The explanatory variables accounted for 50.00% of the variation. The eigenvalues of axes 1 and 2
were 1.0000 and 1.0000, respectively.
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The lengths and positions of the arrows provide information about the relationship between the soil factors and the
derived axes. Arrows that are parallel towards an axis (e.g. sand and axis 1) indicate a correlation, the length of the arrow
tells us about the strength of that correlation. Thus, Ca  is related to axis 1 but not as strongly as sand. Consider C.

epigeios, it has a high score of axis 2. It is associated with salinity, silt, Na+ and clay, however, because the correlation
between salinity, silt, Na  and clay and axis 2 is negative (also shown by the direction of the arrows), large positive

scores on axis 2 should have low values for sand, whilst large negative values on axis 2 should have lots of sand. Thus
we expected C. epigeios to have little silt, whilst L. corniculatus var. japonicus would have a lot of silt. Similarly, C. album
var. centrorubrum and Oenother alaciniata are at opposite ends of the T-N and Ca  gradient.

Figure 3 presents the CCA ordination results of the coastal plant data set. The 19 community scores are plotted along
axes 1 and 2 (Table 2). The CCA eigen values for the �rst two ordination axes were 1.0000 and 0.9999, respectively. The
explanatory variables accounted for 38.89% of the variance in the community data.

LS, SLA, CH, and FS were related to axis 1. Lolium perenne has a high score of axis 2. Axis 2 is associated with LDMC, FP,
and LDW, because the correlation between LDMC, FP and LDW and axis 2 is positive (also shown by the direction of the
arrows), large positive scores on axis 2 should have low values for LDMC, whilst large negative values on axis 2 should
have high values of LDMC. Erigeron annuus and P. communis are at the opposite ends of the SLA, LS, CH, and FS
gradient.

The CCA conversion was carried out from Figure 2 (soil factors) to Figure 3 of (plant factors) by many researchers. We
can develop new alternative factors for mutual conversions.

Fig 6. Invasion of ruderal plant species into halophytes in reclaimed land plant communities from the western coast of South Korea.

Discussion
In the present study, our objective was to identify the CSR strategies of coastal reclaimed land plants. Plant factor
measurements (Hodgson et al. 1999, Negreiros et al. 2014) and Braun-Blanquet’s vegetation classi�cation (1964) were
useful for reclaimed land-plant conservation in South Korea. Ihm and Lee (1998) reported that, to describe the major
environmental factors and to characterize the distribution of the plant species over the reclaimed lands, 10 physical and
chemical properties of the soil in the reclaimed land should be assessed: the gradient of the soil particle sizes, salinity,
total nitrogen, total organic carbon, Na , Mg , Ca  and K . In the present study, the 19 plant communities, classi�ed

into three, are displayed on axes 1 and 2. Sonchus brachyotus, Erigeron canadensis and Trifolium repens were correlated

2+

+

2+

+ 2+ 2+ +
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with Sand. Lolium perenne, Portulaca oleracea, Aeschynomene indica and Echinochloa oryzicola were correlated with Clay,
Silt, T-N and TOC, and Lotus coniculatus var. japonicus, Setaria viridis, and Fimbristylis longispica was correlated with
Salinity, K  and Ca . The results could account for the succession of plant communities on reclaimed lands.

In the diagram produced by CCA, the pattern of ordination was consistent with that of our DCA or CCA results (Ihm et al.
2007, Lee et al. 2012).The communities were arranged in two groups of reclaimed land and other vegetation along Axis
1. CCA Axis 1 displayed soil water and osmotic potential, soil moisture content, electrical conductivity, and organic
matter gradient. In all, 14.9% of the variance among the species data could be explained by the two CCA axes. These low
values could be attributed to the high noise levels in typical species-abundance data (ter Braak 1986).

In a plant species distribution study on �ve reclaimed lands, intertidal �ats (control) on the western coast of South Korea
were studied (Min and Kim 1999a, 1999b, Lee et al. 2014). Ten soil properties were analyzed. Of these, �ooding, drought
(soil moisture) and salinity had the greatest effect on plant distribution. The plant species were divided into four groups,
according to the amount of soil moisture found at their habitats. Triglochin maritimum and Typha angustata were found
on the most west sites; Phragmites communis, Carex scabrifolia, Suaeda japonica, Zoysia sinica, and Salicornia herbacea
in places with relatively high moisture; Aster tripolium and Phacelurus latifolius in areas with medium levels of moisture;
and Atriplex subcordata, Chenopodium virgatum and Trifolium repens in the driest areas (Min and Kim 1999a).

On reclaimed land, plant species were aligned according to the degree of desalinization (i.e., salinity levels). Species
composition and vegetation pro�les changed conspicuously over time and according to the topographical regions (Min
and Kim 1999a, 1999b). Regardless of the time after reclamation, halophytes and glycophytes coexisted on the sites
where the soil salts leaching was slow. Species association among plants was weak in the early stages on the reclaimed
lands. However, with time, the strength of species associations increased among halophytes and glycophytes, and the
two groups were linked by salt-tolerant glycophytes. This resulted in a series of species asso ciations on the old
reclaimed lands. In the study of plant community ordination, halophytic communities were located on one side of axis I,
glycophytic communities on the other side and several communities of salt-tolerant glycophytes were located between
the two groups.

In a previous study, plant succession and the interaction between soil and plants after reclamation were investigated on
the west coast of Korea (Min and Kim 2000, Fang et al. 2017, Fig. 6). Their study included one natural tidal �at site
(Namdong), and �ve sites that differed in the number of years since being reclaimed: Hyundai A (1 yr); Hyundai B (2 yr);
Jangdeog (8 yr); Mado (12 yr); and Baegseog (30 yr) (Min and Kim 2000). The number of plant species occurring at each
site was 10, 9, 15, 30, 28, and 38, respectively. Based on the distribution ranges of the plants along salt gradients and soil
moisture contents, and species associations and life forms, plant succession was divided into two sere groups, hydrarch
and xerarch. The major species of the former were Phragmites communis and Typha angustata. Species associated with
the latter were [Suaeda japonica] → [Salicornia herbacea, S. japonica, Atriplex subcordata, Suaeda asparagoides] → [Aster
tripolium, Carex scabrifolia, Zoysia sinica, Limonium tetragonum] → [Artemisia scoparia, Calamagrostis epigeios, and
Setaria viridis] → [Imperata cylindrica var. koenigii, Sonchus brachyotus, S. viridis] → [Aeschynomene indica, Lotus
corniculatus var. japonicus, Trifolium repens, and other non-halophytes]. The progression of interactions between soil and
plants through succession was in�uenced by salt leaching, increase in species richness and biomass, increase in soil
organic matter, increase in total nitrogen and decrease in the soil bulk density, and/or salt leaching, increase in
phytomass and decrease in soil-available phosphorus (Min and Kim 2000).

+ 2+
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In this study, sixteen of the 19 species were allocated to the factors related to ruderals strategies such as R/CR and CR
including R/CSR, SR/CSR and CR/CSR strategies (Table 4). They displayed reclamation adaptation strategies re�ecting
the ecological environment. In the study area, 7 species showed R/CR (ruderal/competitor-ruderal) strategies; A. indica,
Chenopodium album var. centrorubrum, Lolium perenne, L. corniculatus var. japonicus, P. communis, Portulaca oleracea,
and S. brachyotus and 6 species showed CR (competitor-ruderal) strategies; Bidens frondosa, Echinochloa crus-galli,
Echinochloa oryzicola, Erigeron canadensis, Fimbristylis longispica and S. viidis. The three species with R-related
strategies were Artemisia princeps, Lolium perenne and T. repens.

The plant distribution patterns, as in�uenced by soil salinity levels were similar to those associ ated with EC. This was
because the correlation between EC and Na  or Cl  were very high, as reported by Min and Kim (1999a, 1999b). In

addition, Mg  and Ca  were constituents in the saline soil, but at levels lower than those of Na or Cl ions. Mg and Ca

contents did not in�uence plant distribution in the reclaimed areas.

Through the analysis of soil EC, it is clearly shown that the spatial characteristics of EC changed during a brief period of
time (2014–2016) (Cho et al. 2018). They reported that the area colonized by halophyte increased in part of reclaimed
area (not in whole area) after extreme drought. Despite the general explanation of the accumulating salt, the
phenomenon is not prevailing in all the reclaimed area, but appears in parts of the area. The underlying mechanism of
salt movement is not clear. Solute transport modeling is useful in describing and predicting soil salinity (Cho et al. 2018).
Though there have been studies that built distribution models of salinity (Sadro et al., 2007, Wang et al., 2007) and
vegetation in intertidal zone, modeling in a reclaimed area is rarely conducted (Fig. 6). Meanwhile, the NDVI could have
been overestimated when the vegetation is was low, and it may have decreased when the vegetation cover was denser
(Cho et al. 2018). The MSAVI re�ected the state of vegetation more precisely than the NDVI. Though the relationship
between soil EC and the vegetation distribution has been studied in many studies, the effect of time lag on the
relationship has rarely been a concern. Based on our results, the variance of the vegetation distributionis more clearly
explained by the EC of the previous year.
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