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Plant Community Structure in Reclaimed Lands on the West Coast
of Korea
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To clarify the vegetation structure of salty areas, species distribution was survayed according to topography, species
association, community ordination, and community classification. We studied one natural tidal flat and five reclaimed
lands on the western coast of Korea. Species composition and vegetation profiles changed conspicuously over time
and by topographical regions. Regardless of the time that elapsed after reclamation, halophytes and glycophytes
coexisted on the sites where the leaching of soil salts was slow. Species association was weak among plants in the
early stages on reclaimed lands. With time, however, 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 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. Several communities of salt-tolerant glycophytes were
located between the two groups. When key species were used to classify communities, we found that halophytic and
glycophytic communities were intermixed.
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The vegetation on marine salt marshes is found in quet (1964) have been applied (Umezu, 1964; Beeft-

zones along an environmental gradient. The main ink and Gehu, 1973). Gray and Bunce (1972) and

factors that determine zonation are (1) the tide, or Marrel (1979) analyzed vegetation-distribution data

inundation period by seawater (Clark and Hannon, using a computer program. Despite the broad range

1969); (2) soil moisture and salt content (Mall, 1969); of reclaimed land in Korea, studies of vegetation

and (3) interactions among plants, e.g., competition structure are few. In the present study, we clarified

(Jefferies, 1972). the structure of vegetation communities on these
Because the tide is cut off and soil salts are leached reclaimed lands.

by freshwater or rainfall after reclamation, soil on
reclaimed land is transformed over time into land soil

(as defined by soil salt content), even if salt levels are STUDY AREA AND METHODS
high in the early stages (Min and Kim, 1997a, 1997b).
However, because plants that grow on reclaimed The study areas and their periods of time since rec-
lands and salt marshes vary in their salt tolerance, lamation were described previously (Min and Kim,
according to species (Waisel, 1972; Min and Kim, 1999). We selected one natural tidal flat (Namdong)
1983; thm, 1987), the pattern of reclaimed land veg- and five reclaimed lands (total of six research stations)
etation follows along soil properties. that varied in the amount of time that had elapsed
Studies on saltmarsh vegetation began in the early since reclamation: Hyundai A (1 year), Hyundai B (2
twentieth century (Ganong, 1903; Flowers, 1934; years), Jangdeog (8 years), Mado (12 years), and Bae-
Chapman, 1977). Especially, Chapman (1975) classi- gseog (30 years). Field surveys were carried out from
fied the halophytic communities of the world into 15 August to September of 1984. In 1999, the Namdong
groups; the saltmarsh vegetation of Korea was station was converted into a residential quarter,
included in the Sino-Japanese group. Early studies of Hyundai A and B areas into rice paddies, and the
reclaimed land vegetation were carried out by analyz- Baegseog area into a garbage dump. The Mado area
ing plant associations (Conrad, 1935), but since the had remained under natural vegetation.
1960s, the phytosociological methods of Braun-Blan- We had four objectives in this field survey: to (1)
diagram vegetation profiles along topographical lines
*Corresponding author; fax +82-2-796-2857 (considering altitude especially), (2) analyze species
e-mail bmeemin@hanmail.net association, (3) ordinate communities, and (4) classify
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communities.

The vegetation profiles were diagrammed in refer-
ence to topography and relative horizontal distance.
At each of the six stations, the dominant species were
mapped and identified by unique symbols. At Nam-
dong, the vegetation chosen for mapping was located
at the furthest distance from the mean high tide mark
(MHTM), in a band 4 m wide. At Hyundai A, Hyun-
dai B, Jangdeog, and Baegseog, vegetation was dia-
grammed from the dam to the MHTM that had
existed before reclamation. At Mado, mapping fol-
lowed the topographical features only, because the
altitude of the dam was similar to the pre-reclamation
MHTM, and was the result of a creek bank.

For analyzing species associations, 300 ~ 350 sam-
ples were chosen from 25 x 25 cm quadrats at each
station. The location of a quadrat was defined as the
place where two species grew adjacent to each
other; the overlapping species were identified as
belonging in each quadrat.

To ordinate and classify communities of dominant
species, stands >5 m in diameter were selected in
which vegetation and microenvironment were homo-
geneous. In each stand, 10 samples were chosen
from the 25x25 cm quadrats. In each quadrat, vege-
tative coverage was checked for each species. The
aboveground portions of the sample plants were then
cut and sorted according to species. Fresh weights
were measured and subsamples were prepared for
determining dry weights in the lab. These subsam-
ples were then dried at 80°C for 48 h. The mean dry
weight of each species, per stand, was estimated from
the dried subsample weights.

Vegetation structure was determined from species
association and community ordinations and classifica-
tions. A two by two contingency table was framed
(according to Greig-Smith, 1983), and x* values were
tested at significance levels of 1%, 5%, and 10%. If
each cell value in a contingency table was below 5,
and <10 samples were gathered for a particular spe-
cies from all quadrats, those data were omitted from
the analysis. The importance value for each species
was calculated from mean values of dry weight and
coverage. Community ordination was then analyzed
using the calculated importance value and a
detrended correspondence analysis program (DCA;
Hill, 1979a). Communities were classified according
to presence or absence of each species. The impor-
tance value of each species was degraded using a
two-way indicator species analysis program (TWIN-
SPAN; Hill, 1979b).
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RESULTS AND DISCUSSION

Species Distribution and Topography

The species distribution according to topography at
our six stations is shown in Figure 1. At Namdong,
Suaeda japonica formed a sparse population on the
broad intertidal flat, with a mean height of 20 cm.
Below the MHTM, S. japonica, Carex scabrifolia, Zoy-
sia sinica, Phragmites communis, Salicornia herbacea,
and Triglochin maritimum formed small patches. in this
lower area, Z. sinica, T. maritimum, and C. scabrifolia
were fully inundated by seawater at high tide, the
other species only partly. On the upper part, above
the MHTM, Artemisia scoparia, Aster tripolium, and
Limonium tetragonum were found. In the transition
between tidal flat and dry land, Lathyrus japonica,
Suaeda asparagoides, Erigeron canadensis, and Setaria
viridis grew in a mixed community. The former two
species are halophytes, the latter two are glycophytes.
In the area in which the altitude was >80 cm from the
MHTM, only glycophytes grew.

At the Hyundai A station (1 year), S. japonica, 30~
to 60 cm tall, was distributed continuously in about a
2-km range between land (MHTM before reclama-
tion) and the dam. No brackish water was found in
this region. In areas that were 10 m wide between
the MTHM and the dam, P communis, C. scabrifolia,
and Z. sinica formed patches 4~ to 6 m wide.

At Hyundai B station (2 years), a very broad area of
S. asparagoides grew, 1 m long and with high biom-
ass. S. herbacea, Chenopodium virgatum, A. tripo-
lium, Atriplex subcordata, Suaeda asparagoides, and L.
tetragonum were distributed near the MHTM. In
some areas, P communis, C. scabrifolia, Z. sinica,
Calamagrostis epigeios, and A. scoparia formed patches
4~ to 5 m wide. Carex pumila, Salsola komarovi,
Typha angustata, and Chenopodium glaucum grew in
sand dunes or creeks.

At Jangdeog (8 years), the dam was filled with
brackish water. In the lower regions, we found S.
japonica, A. tripolium, S. herbacea, Z. sinica, and C.
scabrifolia. P communis, Sonchus brachyotus, Echi-
nochloa crus-galli, A. scoparia, and Imperata cylin-
drica var. koenigii grew in the middle regions and on
sloped sites. At the higher sites, S. viridis, C. epigeios,
L. tetragonum, P communis, T. angustata, I. cylindrica
var. koenigii, and Aeschynomene indica were found.
Glycophytes populated the highest site.

At the Mado station (12 years), P communis and
Scirpus fluviatilis grew in creeks or on sloped and hol-
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Figure 1. Vegetation profiles and topography at the six study stations. Al, Aeschynomene indica; AS, Artemisia scoparia; AT, Aster
tripolium; AU, Atriplex subcordata; CE, Calamagrostis epigeios; CS, Carex scabrlfolla CV, Chenopodium virgatum; EC, Echinochloa
crus-galli; |IC, Imperata cyllndrlca var. koenigii; JH, Juncus haenkei; LC, Lotus corniculatus var. japonicus; LT, Limonium tetragonum;
PC, Phragmites communis; SA, Suaeda asparagoides; SB, Sonchus brachyotus; SF, Scirpus fluviatilis; SH, Salicornia herbacea; S},
Suaeda japonica; SV, Setaria viridis; TA, Typha angustata; TM, Triglochin maritimumn; ZS, Zoysia sinica.
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low sites. S. herbacea, S. japonica, S. asparagoides, A.
tripolium, L. tetragonum, . cylindrica var. koenigii, Z.
sinica, and C. scabrifolia were found in lower regions
where the surface was flat and drainage was poor. A.
scoparia and A. subcordata grew on higher sites, and
C. epigeios, S. viridis, S. brachyotus, and C. scabrifolia
were found at the highest sites.

At Baegseog (30 years), the soil salt content was
greatest in the lowest area where seawater had
flowed, but almost all of the salt had leached out in
the highest areas. On inundated sites, S. japonica, T.
maritimum, C. scabrifolia, and S. herbacea formed
pure or mixed communities. P communis, Juncus
haenkei, and T. angustata were found on the sides of
a ditch into which fresh water flowed. Z. sinica, L. tet-
ragonum, A. scoparia, A. tripolium, and I. cylindrica
var. koenigii grew on the flat, mid- altitude site, where
drainage was good. C. epigeios, S. brachyotus, A.
indica, Lotus corniculatus var. japonicus, and S. viridis
were found on the highest site. In addition, Scirpus
triqueter, Polygonum aviculare, Trifolium repens, Bro-
mus japonicus, Pennisetum alopecuroides, and Plan-
tago major var. japonica grew irregularly.

Species Association

Species associations (Fig. 2) were based on surveys
of plant communities at four stations: Hyundai B (2
years), Jangdeog (8 years), Mado (12 years), and Bae-
gseog (30 years). At Hyundai B, A. tripolium was asso-
ciated positively with P communis, at the 10%
significance level. No other species associations were
found at this station.

At Jangdeog, several species associations were found.
The first was S. japonica-S. herbacea-A. tripolium-Z. sin-
ica, all halophytic species that grew in high salt areas.
This association was significant at the 5% level. The sec-
ond grouping was S. brachyotus-S. viridis, two salt-toler-
ant glycophytic species found in low salt areas (Min and
Kim, 1999). This association also was significant at the
5% level. In addition, two group associations of C. scab-
rifolia and C. epigeios had 10% significance levels.

At Mado, the following species associations were
grouped: (1) A. tripolium-S. herbacea-S. japonica-S.
asparagoides, at the 1% significance level; A. tripolium-
L. tetagonum, at the 5% significance level; S. herbacea-
A. scoparia, at the 10% significance level; and (2) S.
viridis-S. brachyotus, at the 1% significance level; S.
brachyotus-I.  cylindrica var. koenigii-Z.  sinica-C.
epigeios, at the 5% significance level. The former
group comprised halophytic species, whereas the lat-
ter was made up of salt-tolerant, glycophytic species.
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Figure 2, Positive species association between plants at
Hyundai B, Jangdeog, Mado, and Baegseog, based on the
x* values. Abbreviations of species are defined in Figure 1.
,p<1%; , 1% S P < 5%; wvevvven , 5% < p < 10%.

The former group was related to the latter via S. aspar-
agoides and S. viridis, which were associated at the 5%
significance level. Therefore, most species were associ-
ated with each other and formed an association series.

At Baegseog, three species associations were
grouped according to their mechanisma for salt-toler-
ance (Waisel, 1972): (1) obligatory halophytes, com-
posed of S. herbacea-S. japonica-L. tetragonum-A.
tripolium. These species were associated with each
other at the 5% significance level; (2) facultative halo-
phytes or salt-tolerant glycophytes, composed of S.
brachyotus-S. viridis-C. scabrifolia; and (3) glycophytes,
composed of I. cylindrica var. koenigii-C. epigeios-A.
indica. Species associations appeared among the three
groups. For example, A. scoparia in the first group
was associated with S. brachyotus in the second
group, at the 5% significance level. S. viridis from the
second group was associated with C. epigeios from
the third group, at the 10% significance level. Most
species were associated with each other and formed
an association series as at the Mado station.

Early associations were weak when species were
integrated according to the time elapsed since recla-
mation. The longer the time period, the greater the
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association. In the late stage after reclamation, species
associations were found in one of three groups: oblig-
atory halophytes, facultative halophytes, and glyco-
phytes. By then, almost all species were associated
with each other and had formed a series.

Community Ordination

The DCA ordination program was used to analyze
community data from Hyundai B (14 communities),
Jangdeog (14 communities), Mado (14 communities),
and Baegseog (19 communities). The results are
shown in Figure 3.

The rate of the total eigenvalue for axis | and axis Il
was over 80%, and the grouping degree of plant
communities could be predicted by their arrange-
ments along these axes. Plant community distribu-
tions at four of the stations did not make up a group
on axis |, and were considered a series. At Hyundai
B, the axis | showed T. maritimum, S. herbacea, P
communis, C. scabrifolia, and A. tripolium communi-
ties on the left side, and C. pumila and C. virgatum
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communities on the right. This demonstrated that the
communities were not divided between halophytic
and glycophytic species groups; communities from
the two groups were intermixed. Based on these
results, the existing halophytes and newly intruding
glycophytes probably coexisted because of rapid salt
leaching over the two-year period since reclamation.
For the stations at Jangdeog, Mado, and Baegseog,
the halophytic species communities of S. japonica, S.
asparagoides, S. herbacea, A. tripolium, and Limonium
tetragonum were found on one side of the axis, with
the glycophytic species communities of A. indica, C.
epigeios, and I. cylindrica var. koenigii on the other
side. Especially at Baegseog, where reclamation had
taken place 30 years previously, the obligatory halo-
phyte communities of S. japonica, S. herbacea, and T.
maritimum made up a conspicuously isolated group.
These results coincided with those of Min and Kim
(1999), who showed that plant distribution on
reclaimed lands depended on soil moisture amd salt
content. Therefore, distribution or formation of plant
communities on reclaimed land was probably not

HYUNDAIB(2) | ¢ MADO 12
- 2
PR - S e
G 2001 ¥
200} P.[ 4 ‘SA( AI(
18 AUc 434
A.TC ) ¢ SA; f.VC Crt . spe Ige ‘
A.Uc e Asc
e i.; Sve
0 TMc (l | axis 1 l_ 0 1 | Cé.: axis 1 o
200 400 600 200 400 600
She JANGDEOG (8) « BAEGSEOG (30)
400 Aye TAc
2 e :
4003 CEe e
- 15 c Alc J.H 11 I.Cc 1}'(
200} e we sve & SH
SJe SPe L c SJc
Teshc c§e 2001 f&¢ < ¢
S
Al % ¢ l‘\’c
0 ZS¢c L , axis 1 0 " aATc axis 1
200 400 200 400 600

Figure 3. Ordination of stand by detrended correspondence analysis (DCA), based on similarity of species diversity and caicu-
lated by each percentage of phytomass and coverage. ‘C’ indicates plant community. Abbreviations of species are defined

defined in Figure 1.
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Figure 4. Dendrograms of divisive classification of stand by two-way indicator species analysis (TWINSPAN), based on similarity
by presence or absence of species. Abbreviations of species are defined in Figure 1.

decided according to phytosociological properties but
by the soil environment.

Community Classification

The results of community dlassification by the TWIN-
SPAN program are shown in Figure 4. This method
utilized qualitative data of species composition.

Classification levels for the stations at Hyundai B,
Jangdeog, Mado, and Baegseog were 7, 6, 7, and 10,
respectively. Classification level and key species
within the same species community varied among
stations, and the communities were not grouped into
the halophyte and glycophyte categories. For exam-
ple, the representative halophyte communities of S.
japonica, S. asparagoides, S. herbacea, T. maritimum,
and L. tetragonum were agglomerated at Level 5 for
Hyundai B, Level 6 for Jangdeog and for Mado, and
Level 9 for the Baegseog station. Although these spe-
cies grew in high- salt areas (see Min and Kim, 1999),
their communities were not related according to spe-
cies composition. In contrast, the representative gly-
cophyte communities of C. epigeios, I. cylindrica var.

koenigii, A. indica, and S. viridis showed agglomera-
tions at Level 7 for Hyundai B, Level 5 for Jangdeog,
Level 3 for Mado, and Level 6 for Baegseog. In refer-
ence to species composition, halophytes and glyco-
phytes coexisted in mixed communities, and the
vegetation was diverse on the reclaimed lands.

Overall, species associations were defined as being
in one of three groups: obligatory halophytes, faculta-
tive halophytes, and glycophytes. Almost all of the
species were associated with each other and formed
a series. However, when the community ordination
and classification analysis programs were used, vege-
tation was not clearly grouped into halophytic and
glycophytic communities. This was probably because
the distribution or formation of plant communities on
reclaimed land was not determined by phytosocio-
logical properties but by soil environment. In the early
stages after reclamation, vegetation properties were
more properly described via the species association
method rather than by the community ordination or
classification methods.
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