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Abstract

Purpose The Deonggae coast on Jeju Island is a unique habitat that has not yet been studied from an ecological management
or conservation perspective, despite its importance as the northernmost habitat of subtropical plants in Asia and the sole habi-
tat of an endangered fern, Thelypteris interrupta, in Korea. To provide insights into this habitat’s systematic management,
we comprehensively characterized its abiotic and biotic components.

Methods Our study found two distinct plant communities (Persicaria japonica-Thelypteris interrupta and Thelypteris inter-
rupta-Phragmites australis), driven by their respective microhabitats and influenced by soil inundation frequency, water
depth, and salinity. We examined the phytosociological similarities and habitat characteristics of these two communities.
Results Thelypteris interrupta could be distributed in the northernmost part of the Deonggae coast due to its greater heat
preference. However, this limits its spread toward polar regions. We suggested minimizing the transformation of wetlands
into terrestrial habitats by reducing the introduction of external soils and establishing ecological continuity with neighboring
ecosystems while educating visitors about the area’s ecology as two habitat conservation practices.

Conclusion The Deonggae coast is a natural wetland with a high conservation value as a habitat for endangered wildlife and
a refuge for opportunistic species under the influence of climate change.

Keywords Subtropical vegetation - Pteridophytes - Threatened plants - Salt marsh - Jeju-do

Introduction

Korea is a peninsula on the eastern end of the Eurasian con-
tinent. Owing to the range of latitudes it stretches across
(33-38°), Korea hosts a wide array of climatic zones, includ-
ing those representing subtropical, temperate, and subarc-
tic climates (Kim 1992; Kong and Paul 1993). This region
is characterized by an alternation in the predominance of
oceanic and continental climatic systems. For example, the
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temperate climatic conditions that characterize this island
are driven by various warm currents (e.g., Tsushima cur-
rent, West Korea Coastal current, Yellow Sea current, etc.)
(Zhang et al. 1997). In the Korean Peninsula, warm temper-
atures and the associated subtropical plants are restricted to
the southern part of the peninsula and the southern islands;
these regions are under the influence of Jeju warm current
and the oceanic climate (Choi 2013). Jeju Island, the south-
ernmost island of the Korean Peninsula, has the warmest
climate in this region. Its climate its largely shaped by the
North Pacific warm current, which facilitates the influx of
subtropical plants to the Korean Peninsula.

Due to global climate change, warm temperatures and
the subtropical climate normally associated with the south-
ern region of the Korean Peninsula are intensifying. Such
changes facilitate the opportunistic spread of plants that pre-
fer warm temperatures beyond their current distributional
ranges (Houle 1994; Walck et al. 2011). Temperature and
precipitation tend to be the most crucial factors in the dis-
tribution of plants (Woodward 1987), as they greatly impact
seed germination, growth, and the survival of populations.
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Therefore, within the context of ongoing global warming,
major changes in the current distribution of plants across
the are certain (IPCC 2007), especially over the next few
decades (Sykes and Prentice 1995; Thuiller et al. 2008).

Thelypteris interrupta is a cosmopolitan species of sub-
tropical ferns that are distributed in tropical and subtropi-
cal regions across five continents. The distribution of this
species in South Korea has been only confirmed on Jeju
Island (International Union for Conservation of Nature
2001; Hemp 2002; Tksan and Aba 2019), which is the north-
ernmost subtropical habitat in east Asia (GBIF 2021). The
presence of 7. interrupta on Jeju Island (i.e., specifically on
the Deonggae coast) was first recorded in 2000. The Deong-
gae coast is the only known natural habitat of Thelypteris
interrupta in Korea (Moon et al. 2002). In response to the
rarity of this plant and its small distribution in South Korea,
the Ministry of Environment outlined a goal to protect T.
interrupta (i.c., by classifying it as an endangered plant) and
its habitat (International Union for Conservation of Nature
2001; NIE 2021). However, the ecological dynamics of the
habitat of 7 interrupta in Korea have not been fully elu-
cidated, to allow for the creation and implementation of
robust conservation initiatives.

Ferns have a worldwide distribution due to the great
dispersal ability of their small and light spores (Tryon and
Tryon 1982; Tryon 1986). However, since ferns are subtrop-
ical species, their settlement is affected more by environ-
mental conditions than dispersal ability (Tryon 1972, 1986;
Barrington 1993). Specifically, the diversity and abundance
of ferns are associated with the availability of water (Kes-
sler et al. 2011). Therefore, climate changes within the con-
text of temperature and precipitation systems may greatly
alter the distribution of ferns.

Fig. 1 Study area. Blue circles
show distribution information for
Thelypteris interrupta obtained
from GBIF (2021). Black box of
(A): Jeju-do, Red circle of (B):
Study area and (C) is the study
site landscape
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Within the context of South Korea, because 7. interrupta
is now scattered near the northern boundary of the study
area, its sensitivity to environmental disturbances is higher
than in its normal habitat in this region. Thus, a thorough
examination of the ecological dynamics of the habitat is
critical for resolving basic issues in the preservation and
management of the habitat of 7. interrupta. For example,
the study of vascular plant diversity in the habitat of 7. inter-
rupta is especially important for a quantitative and quali-
tative evaluation of plant diversity as a bioindicator of the
overall health of the habitat, as well as estimating the envi-
ronmental impact of the introduction of alien species (Bried
et al. 2014; DeBerry et al. 2015; Maginel et al. 2016; Jog et
al. 2017).

Therefore, the aim of this study was to characterize the
phytosociological characteristics and distribution of the
habitat of 7. interrupta in Korea. Additionally, we also
aimed to yield an accurate assessment of the importance of
this habitat within the context of resource provisioning and
conservation. Finally, based on our findings, we recommend
ecological management measures to ensure proper mainte-
nance of the habitat and its preservation.

Materials and methods

The study area was on the Deonggae coast (33°33'50"N,
126°45'52"E) in Gimnyeong-ri, Gujaw-eup, Jeju City, Jeju
Special Self-Governing Province (Fig. 1). In terms of the
geology of the habitat, it is a quaternary basalt area of the
Cenozoic (KIGAM 2022). This area is a rainfall-dependent
wetland that is formed in a depression of the lava zone
near the coast. Additionally, the Deonggae coast is on the
northwestern coast of Jeju Island, which can be directly or
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indirectly affected by the Kuroshio warm current. Besides
the presence of 7. interrupta on the coast of the study area,
the area is an important phytogeographic site that hosts a
wide array of other subtropical plants, namely Hibiscus
hamabo, Paliurus ramosissimus, and Crinum asiaticum
(Fukui 1977; Choi 2013). The study site had an area of
60 x40 m with a depression of 4 m. Although the study site
had fine-grained soil due to the deposition of basalt bed-
rock, the soil was not deep, having a depth of only around
15 cm. The average salinity of the study site ranged from
0.19-0.22%o.

Vegetation survey

Afield vegetation survey was conducted using the traditional
Braun-Blanquet method of the Ziirich-Montpellier school.
This method is based on the phytosociological composition
of species (Westhoff and van der Maarel 1978; Kim and Lee
2006). The survey sites for community classification were
determined in consideration of the homogeneity of the habi-
tat and the uniformity of the component species. All relevés
dominated by T interrupta (i.e., at least 50% cover in the
layer) were selected from the Deonggae coast in Jeju Island.
Overall, 12 relevés were obtained. The minimum area was
determined according to Dierschke (1994) and relevé sizes
average 4 m? with minimum and maximum values of 3 m?
and 25 m?, respectively. However, a few small plots (2 m?)
representing different community types were also included.
The survey area was determined to be appropriate to prevent
omissions of plant species and vegetation information. The
coverage classes of the plant species in the survey area were
examined using the combined cover degree of 9 classes: 1:
0.02~0.1%, 2: 0.1 ~2.5%, 3: 2.5~5%, 4: 5%, 5: 6 ~12.5%,
6: 12.5~25% 7: 26~50%, 8: 51~75%, 9: 76~100% (Van
der Maarel 1979). The vegetation survey chart details all
the environmental and ecological characteristics associated
with the respective communities.

The communities were classified using a hybrid sorting
method that simultaneously considers the conventional clas-
sification method (Braun-Blanquet 1932; Becking 1957) and
numerical syntaxonomy (Mucina and Dale 1989). Regard-
ing the component species, repeated interspecies compari-
sons were performed to derive the diagnostic group (Chytry
et al. 2002) that reflects vegetation representativeness, and
the syntaxa were subsequently recorded on the final clas-
sification chart (Table 1). The vegetation communities were
defined by sociological species groups including co-occur-
rence of species (i.e., species under similar ecological con-
ditions that have a similar distribution). For each syntaxon,
we quantified the validity of the elucidated vegetation units
by calculating the relative net-contribution degree (r-NCD)
and percentage net-contribution degree (P-NCD) of the

emerging species (Kim and Manyko 1994; Eom 2011). The
formulae that were used are:
ey NCDi

o > Ci i o
NCDi = It; X NcmdrNCDz = NCD,.. x 100,

where XCi is a sum of coverage of species i,V is the total
number of relevés, ni is the number of relevés with species
i, and NCDmax is the maximum NCD value of a certain
species for a synthesized vegetation unit.

NCDi

PNED ) = N prota ™

100,

where NCDtotal is the sum of NCD value of all identified
species.

The syntaxa were named in accordance with the inter-
national vegetation naming conventions (Theurillat et al.
2020). For each syntaxon, vegetation information such as
synecology, syngeography, and syndynamics was described.
To characterize and analyze the environmental conditions,
the habitat conditions (light, soil moisture, soil nutrients,
soil particle, salinity, salt exposure, slope, water depth, etc.)
of the location were closely observed and recorded during
the field vegetation survey. Salinity was measured using
the HI-5522 multi-item water quality meter, and the rela-
tive values for wetland points including seawater were com-
pared twice (in May and August).

Mathematical statistical analysis of syntaxa

To analyze factors that shape the distribution of classified
vegetation, data of component species were used as input
in the software JUICE 7.1 (Tichy 2002). Considering the
properties of the values in the vegetation survey chart, the
analysis was performed using non-metric multidimensional
scaling (NMDS), and the evaluation of significance and cor-
relation analyses were performed using r-NCD.

Survey of vascular flora in the surrounding area

The vascular flora around the habitat of 7. interrupta were
investigated to determine the status of the habitat (Fig. 2).
The scope of the investigation was a radius of 10 m based
on 7. interrupta samples in the outermost areas, but habi-
tats cut off by coastal roads were excluded. For an accu-
rate identification of species that were not identified in the
field, samples with reproductive systems were collected.
For some species that could not be physically sampled,
their images were captured. Every plant sample was finally
given a collection number and coordinates. The evidence
samples were preserved in the herbarium of the Temperate
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Fig. 2 Photographs of Thelypteris interrupta habitat. (A) Coastal view of surrounding shore, (B) Topography of habitat, (C)Persicaria japonica-
Thelypteris interrupta community, (D)Theylypteris interrupta-Phragmites communis community

and Subtropical Forest Research Institute. The list of vas-
cular plants was created via Engler’s classification system,
and the scientific names adhered to the checklist of vascular
plants in Korea (KNA 2021).

Results and discussion
Phytosociological characteristics

The plant communities in which 7. interrupta occurs were
distributed within 200 m from the coast, forming perennial
wet herbaceous vegetation. These communities consisted
of 13 families, 17 genera, 14 species and 3 variants. Over-
all, the communities were divided into two main groups,
namely, the Persicaria japonica-T. interrupta and the T.
interrupta-Phragmites australis communities. This divi-
sion was made based on the species composition and habitat
characteristics (Table 1; Fig. 2).

The P. japonica-T. interrupta community mostly con-
sisted of 7. interrupta and P. japonica. Most species in this
community were weeds and river-type herbaceous veg-
etation (Lee 2005), namely, P. japonica (35.39), Humulus
scandens (5.90), Juncus decipiens (2.25), Murdannia keisak
(0.37), and Rubia cordifolia (0.09). The same trends were
observed in the T interrupta community of the Philippines,
Vietnam, Egypt, and South Africa. The formation of a com-
munity with weed vegetation on farmlands and papyrus
farmlands is a typical example (Kingston et al. 2004; Sieben

et al. 2016a, b; Fried et al. 2018). The salinity of the habitat
ofthe P. japonica- T. interrupta community, which is mainly
distributed in the periphery of wetlands was 0.19%., which
is close to that of freshwater. This location experiences tem-
porary inundation only during rainfall and maintains a moist
soil environment that is not normally submerged in water.

The T interrupta-P. australis community consists of a
two-layered vegetation structure; specifically, it consists of
tall grass (with a vegetation height of approximately 1.5 m)
and a short grass (with a vegetation height of 0.4 m). The
community diagnostic species include P. australis, Carex
dimorpholepis, and Lythrum salicaria. Among them, P.
australis has the highest r-NCD, and T interrupta has the
second-highest r-NCD. The 7. interrupta-P. australis com-
munity occurs on gentle slope with a sedimentary layer.
Additionally, this location has a stable water level through-
out the year, a salinity of 0.22%o, and a soil depth of 50 cm
to 1 m. The community is dominated by P. australis; its
dominance lies in the fact that it is taller and grows faster
than 7. interrupta. Similar trends linked to the 7. interrupta-
P. australis community being associated with tall grass has
been reported in India (Kalita 2019; Kalita and Sarma 2019),
South Africa (Loétter et al. 2014), and Australia (Sinclair et
al. 2012). However, most of these plants (7. interrupta-P.
australis community) form communities in marsh plains or
wetlands in the background of rivers. Thus, their habitat is
greatly differentiated from that of species that grow wild in
small wetlands cut off from groundwater in the coastal lava
areas of Jeju Island.

@ Springer



46 Page 6 of 11

J-C. Lim et al.

In a terrestrialized location around lava rocks in the 7.
interrupta-P. australis community, species such as Miscan-
thus sinensis, Lespedeza cuneata, and Imperata cylindrica,
which are component species of dry secondary grassland,
can be introduced as well. After such species of xerophytic
plants have settled, the characteristics of wetland vegetation
are greatly weakened by natural succession. We found that
terrestrialization progressed as dry herbaceous vegetation
and woody plants, such as Rosa multiflora, Ligustrum obtu-
sifolium, and Ulmus parvifolia established.

NMDS analysis for coastal vegetation and T.
interrupta communities (P. japonica- T. interrupta
community and T. interrupta-P. australis
community) on Jeju Island

Phytosociological similarities and habitat characteristics
were investigated through the coordinate determination
method based on the species composition of the 7. inter-
rupta communities and coastal brackish and salt marsh veg-
etation (200 relevés, 84 species) (Ohba and Sugawara 1979,
Lee 2020). This application of this method was achieved
as a result of habitat—species composition correspondence
(Fig. 3). Overall, we found that the most important envi-
ronmental factor shaping the distribution of species in the
first axis was salt exposure. We also found that the major
environmental factors in the second axis were soil particles
and water saturation. The 7. inferrupta community was

distributed in a location where the salinity was lower than
that of the seven syntaxa that appeared in the salt marsh and
brackish zone. More typical coastal vegetations determined
by salinity (average salinity: 25.05%o0) include Zoysietum
sinicae and Limonietum tetragoni. The 7. interrupta com-
munity was close to the coast, an area in which the influ-
ence of salinity was greater. However, it still hosted species
that commonly occurred in plant communities inhabiting
environments of a lower salinity than that of Phragmitetum
australis, Caricetum scabrifoliae, and Phaceluretum latifo-
lii, representing the brackish zone. Compared to the Phrag-
mitetum australis and Caricetum scabrifoliae representing
the brackish zone, the T interrupta-P. australis community
showed a coordinate determination characteristic of alloca-
tion with lower salinity.

The two plant communities consisting of 7. interrupta
showed the highest similarity to the P. australis commu-
nity. In particular, the T interrupta-P. australis community
showed a very high similarity in component species with
the P. australis community except for 7. interrupta. The
Phragmitetum australis is a wet vegetation that is associated
with slow flowing fresh and brackish waters. As a tall-grass
vegetation, it is dominated by P. australis, and significant
differences in the number of emerging species in the com-
munity exist depending on the salinity and the frequency of
water inundation (Kim 2001; Lee et al. 2003; Lee 2011).
The similarity between the 7. interrupta- P. australis com-
munity and the P. australis community appears to be due to

Fig. 3 Syntaxa diversity and

NMDS analysis of coastal

vegetation on Jeju Island (i. -
Persicaria japonica-Thelypteris

interrupta community, ii. Thely-

pteris interrupta-Phragmites

communis community, iii.

Phragmitetum australis Savi¢

1926, iv. Caricetum scabrifo- o -
liae Miyawaki et Ohba 1969, v.
Phaceluretum latifolii Miyawaki
et Okuda 1972, vi. Limonietum
tetragoni Miyawaki et Ohba
1969, vii. Artemisietum fukudo
Miyawaki et Ohba 1969, viii. T
Zoysietum sinicae Miyawaki et

Ohba 1969, ix. Juncus gracilli-
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the occurrence of tall-grass vegetation in a low-lying wet-
land environment. This is due to the fact that the habitat
of the 7. interrupta-P. australis community is a brackish
environment that has been formed by the inflow of irregular
seawater, with a water level that is maintained stably from a
concave terrain surrounded by lava rocks. In contrast, the P,
Japonica-T. interrupta community showed a relatively low
similarity with the plant community in the brackish zone.
This community is at the periphery compared to the 7. inter-
rupta-P. australis community, and the water level fluctuates
irregularly due to rainfalls or seawater flowing in from large
waves. As a result, annual and biennial plants appeared fre-
quently in the location, and the species composition showed
low different largely due to these reasons.

The T interrupta communities (7. interrupta-P. australis
community and P. japonica-T. interrupta community) iden-
tified in this study showed differences in species composi-
tion from the previously reported coastal vegetations on Jeju
Island (Kang 2001; Cheong et al. 2013). This indicates that
the vegetation by species composition in the rocky coastal
habitat of Jeju Island that is restricted to the northernmost
parts of this island. Jeju Island has reported approximately
40 new subtropical species over the last 10 years. Some of
them still form a community with a low degree of contribu-
tion due to the inflow of a small number in warm temperate
vegetation. However, some of them, such as 7. inferrupta,
are forming a unique vegetation correlation with a high
degree of component species contribution. Thus, it can be
predicted that on Jeju Island, vegetation types with subtropi-
cal plants as major component species, would increase with
the continuous spread of subtropical plants in Korea (Choi
2013).

In general, the geographic factors limiting the distribu-
tional expansion of plants toward the poles are more sensitive
to climate change because the species in the northernmost
part of this island are already inhabiting conditions repre-
senting the extreme end of what they can survive (Hampe
and Petit 2005). Due to such ecological limits, newly settled
species have relatively low plant productivity and popula-
tion competitiveness under these relatively disadvantageous
climatic conditions (Case and Taper 2000), and this will
inevitably limit the expansion of 7. interrupta. A study has
found that the expansion of a population in the periphery of
distribution is controlled by low temperature in a temperate

region, whereas the equatorial region is affected by the com-
bination of droughts and high temperatures (Hampe and
Petit 2005). In this study, the expansion of the 7. interrupta
community is expected to be limited by the intermittent cold
waves. This is because this community is in the transition
zone between temperate and subtropical zones. However,
the community is expected to also be affected by droughts
and high temperature as well because it is distributed in a
wetland based on basalt; this area is characterized by high
temperatures and droughts. This appears to be a third type
that is different from the temperature rise and changes in
precipitation patterns due to climate change influencing the
expansion or reduction of the distribution of species in con-
trasting forms in the two limiting regions of temperate and
tropical climate conditions (Matias and Jump 2012).

Vascular flora and species distribution

The flora inhabiting the habitat of 7. interrupta were found
to comprise 175 taxa, including 61 families, 146 genera, 155
species, 19 variants, and 1 variety (Table 2). Among species
considered endangered by the Ministry of Environment,
there are two species, that is, T. interrupta and Hibiscus
hamabo. In terms of plants rare plants and those on the Red
List of the Ministry of Environment National, there were
10 species: T. interrupta, Potentilla discolor, Canavalia lin-
eata, Paliurus ramosissimus, Hibiscus hamabo, Vincetoxi-
cum floribundum, Wollastonia dentata, Lilium callosum, and
Crinum asiaticum. As for naturalized plants, nine families,
14 genera, 16 species, and these were identified, including
Bromus catharticus, Conyza bonariensis, and Silene gal-
lica. Among them, four species were observed as ecosystem
disturbance plants designated by the Ministry of Environ-
ment: Hypochaeris radicata, Rumex acetosella, Humulus
scandens, and Ambrosia artemisiifolia. Furthermore, due to
the characteristics of the volcanic rock crevice and salinity,
relatively diverse C4 plants of 26 species were identified,
including Atriplex gmelinii, Cynodon dactylon, and Cyperus
rotundus. The relatively high proportion of C4 plants means
that the native area is a habitat where physical/physiological
desiccation can easily occur (Pyankov et al. 2010; Wang and
Ma 2016). Therefore, these areas are composed of special
species with high adaptability to dryness, and it means that

Table 2 Vascular flora of the Deonggae coast (Thelypteris interrupta s natural habitat)

Family Genus Species Variety Forma Total Ratio (%)
Pteridophyta 3 6 5 1 0 6 3.4
Gymnospermae 2 2 2 0 0 2 1.1
Angiospermae 56 138 148 18 1 167 95.4
Dicotyledonae 49 106 116 8 1 125 71.4
Monocotyledonae 7 32 32 10 0 42 24.0
Total 61 146 155 19 1 175 100.0
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evaluation and management considering the characteristics
of unique constituent species are necessary.

Habitat characteristics and ecological management
measures

In South Korea, the T. interrupta community is distributed
locally on the east coast of Jeju Island, which is the north-
ernmost habitat in east Asia. Small-scale brackish wetland
vegetation occurs in the wetland of a concave terrain of lava
masses on the coast. Based on the topographical features
of the wetland, it is a rainfall-dependent wetland that is not
directly associated with groundwater. However, seawater
irregularly flows in through high waves from the nearby
coast. The formation of the 7. inferrupta community in this
type of habitat does not occur anywhere else in the world. It
seems that this specific distribution of species was enabled
by the combination of various conditions of the micro-envi-
ronment rather than typical habitat characteristics.

The geology of the current habitat of 7. interrupta is
largely characterized by quaternary basalt, which is a litho-
sphere with a very slow rate of soil erosion, and very limited
inflow of natural deposits from the surrounding area. In a
wetland with shallow soil depth, black bedrock can increase
the water temperature via radiant heat, and this can nega-
tively most plants. However, for 7. interrupta, which has
the characteristics of a thermophilic plant and is a diagnos-
tic species for geothermal habitat (Thorsen et al. 2009), the
laval rock environment of Jeju Island that discharges a high
radiant heat must have acted as a factor that allowed it to
have a competitive advantage in interbreeding with other

Table 3 Status of land use in coastal areas (below 100 m a.s..) of Jeju
Island

Land use area (ha) per.  Land use area per.
(%) (ha) (%)

Public facilities  84.34 2.36  Facility 17.27 0.48
cultivation

Industries 1.44 0.04  Artificial 87.71 2.45
bare land

Orchard 25.54 0.71  Aurtificial 642.89 17.99
grassland

Transportation ~ 582.44  16.30 Natural bare 1187.24 33.22
land

Other cultivation 64.12 1.79  Natural 14.44 0.40
grassland

Inland water 22.98 0.64  Residence 93.15 2.61

Inland wetland  10.25 0.29  Coniferous  94.39 2.64
forest

Culture and 29.77 0.83  Ocean water 222.01 6.21

sports

Recreation

Field 287.54 8.05 Mixed forest 29.20 0.82

Commercial 66.09 1.85  Broadleaf 11.05 0.31

areas forest

Total 3573.86 100
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species. Furthermore, the coastal wetland on Jeju Island
has soils of high salinity due to relatively low precipitation
in winter. These trends must have played a critical role in
reducing the dormant bud frost damage of 7. interrupta, a
subtropical plant (Mahajan and Tuteja 2005).

Currently, the largest threat to the 7. interrupta commu-
nity is the area expansion of xeromorphic vegetation. We
found that the component species of xeromorphic vegeta-
tion flowed in at the entity level around the 7. interrupta-
P australis community. In some locations, xeromorphic
vegetation was dominant, and 7. interrupta remained at the
entity level. Particularly, during the trail maintenance pro-
cess, we discovered that the inflow of external soil accel-
erated the development of xeromorphic vegetation, which
caused the loss of the unique characteristics of the wetland
as well as the species composition.

Other threats to the preservation of the 7. interrupta habi-
tat include the damage of coastal habitats and disturbance
of ecological continuity due to various land use practices,
including the construction of coastal roads. The develop-
ment projects of Jeju Island have been concentrated on the
coastal areas where the convenience of development and
value of utilization are high. Along with the construction
of coastal roads, intensive development for housing and
commercial buildings are being conducted throughout the
island. As of 2021, according to the MOE land cover maps,
artificial facilities on the coastal areas of Jeju Island account
for 55.47%, including transportation (16.3%), residences
(2.61%), public facilities (2.36%), fields (8.05%), and com-
mercial areas (1.85%) (Table 3). Among them, the area of
the inland wetland is only 0.29%, and most of this area is
occupied by storage facilities. The high-traffic areas includ-
ing coastal roads, which account for 16.3% and interferes
with the continuity of coastal habitats and drives intensive
developments.

The third threat includes physical disturbances in the
wetlands by visitors. Recently, with the increase in aware-
ness about the 7. inferrupta habitat on social media, numer-
ous visitors, including amateur photographers, are visiting
this region of the island. Currently, it is difficult to monitor
disturbances by visitors in the wetland because of the lack
of a full-time manager on the wetland. The content of water
saturated in soil pores is a critical factor for vegetation main-
tenance in wetlands (Kozlowski 1999; Kissling et al. 2009;
Moor et al. 2017). The increasing effect of trampling due
to the increasing number of visitors can be a critical factor
accelerating the terrestrialization of wetlands by decreasing
soil pores. In particular, the physical disturbance behaviors
to the wetlands by some visitors, who are unaware of the
value of the habitat, can cause deadly damage to the habitat
characteristics.
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Therefore, to stably maintain and preserve the 7. inter-
rupta habitat, the factors that interfere with the unique
hydrological flow of wetlands need to be managed. The arti-
ficial introduction of external soils must be strictly avoided,
and the artificial structures that interfere with the inflow of
seawater by waves need to be relocated. In addition, the sta-
bility of the habitat and population needs to be ensured by
locating substitute habitats and additional groups that are
not cut off by coastal roads. Although there is a dominant
community in the habitat, it is also necessary to create an
ex-situ conservation center to prevent the unintentional loss
of groups in an already restricted and small habitat. In addi-
tion, measures to prevent physical damage by people visit-
ing the wetland need to be created (e.g., a fine). The habitats
should be clearly defined; for example, by conducting tours
only within controlled areas. In particular, a loss of intrinsic
topography and influx of surrounding soils may be the most
frequent causes of damage by visitors. Hence, management
measures to minimize damage to the habitat, such as the
installation of exploration decks, need to be implemented.

The coastal areas of Jeju Island are expected to be the ini-
tial settlement of numerous new subtropical plants that flow
in due to climate change. This implies that the study area is a
habitat that can provide an opportunity for securing national
biodiversity and expanding bio-sovereignty. Therefore, our
findings show that further efforts to preserve the remain-
ing unharmed habitats are warranted, along with additional
evaluation of similar locations to preserve biodiversity in
the coastal areas of Jeju Island.

This study is a field record of Thelypteris interrupta ‘s
the only natural habitat in Korea. Therefore, it was impos-
sible to analyze the typical characteristics of the habitat, the
type of vegetation, and the status and dynamics of these spe-
cies in East Asia. Nevertheless, as one of the northernmost
habitats, this study is judged to be meaningful as basic infor-
mation, and it is necessary to closely observe changes in
species and habitats through continuous monitoring studies
in future studies.
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