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Abstract: Environmentally adapted and resistant hard and soft coral communities within the high-
latitude Asia–Pacific marginal distribution zone are thriving, despite their comparably stressful
environment (unfavorable winter water temperature and light regimes). Korea’s Jeju Island is famous
for its diverse and abundant soft coral communities, which coexist with reef-building hard corals.
Although antagonistic interactions between soft and hard corals generally feature the soft coral as
the winner, we observed a soft coral of the species Dendronephthya gigantea completely enclosed by
the encrusting hard coral Montipora millepora accompanied by a general decrease in soft coral and
increase in M. millepora abundances. This indicates an ongoing species/habitat shift with significant
impacts on the current state of corals living at their geographic limit.

Keywords: antagonistic coral interactions; Biosphere Reserve; distribution limit; extreme environment;
habitat shift; Jeju Island

Korean waters generally are a habitat for at least 156 species of Anthozoa, 89 of which
are species of soft corals (Cnidaria: Anthozoa: Octocorallia: Alcyonacea) [1]. Korea’s
renowned soft coral gardens are situated along the coastline of Jeju Island, an island south
of the Korean mainland at the confluence of the East China Sea, the Yellow Sea, and the East
Sea (Figure 1a). Jeju Island lies within the high-latitude Asia–Pacific marginal distribution
zone of corals and their associated fauna, which marks the southern waters around Korea as
the northernmost distribution limit within the East China Sea. Hence, shallow marine coral
species in this zone live at the edge of the environmental tolerance range. Life in such an
extreme environment comes at the cost of growth and reproduction, which are comparably
reduced, especially in reef-building hard corals (Anthozoa: Hexacorallia: Scleractinia) of
tropical origin [2–5]. Nevertheless, a few hard corals [6], as well as many soft corals [7,8]
are thriving in Jeju waters, especially in the Munseom area.

The Munseom area, located in the south of Jeju Island, includes three islets, Beomseom,
Seopseom, and Munseom, and is designated as Provincial Marine Park and Natural Reserve,
part of the Jeju Island Biosphere Reserve [9]. The islets are located within a government-
assigned marine protected area (MPA) (Figure 1b). It is the only MPA exhibiting coral
communities in South Korean waters [9]. This status was implemented in effort to protect
and conserve Jeju’s remarkable soft corals. These rich soft coral gardens make the area a
popular location for recreational diving and touristic submarine activities (Figure 2a). In
fact, a survey on macrobenthos around Munseom has shown that Anthozoa is the most
diverse and abundant group of all macrobenthic organisms within the area [10]. At least
92 species of Anthozoa, 66 of which are endemic to Jeju waters, have been reported so far
(http://english.cha.go.kr/; accessed on 10 October 2022).

Within Jeju waters, Montipora millepora Crossland, 1952 (Anthozoa: Hexacorallia:
Scleractinia) has successfully colonized the southern part of the island [5,11]. Montipora
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millepora is native to the eastern Indian Ocean, as well as the western, eastern central, and
southwest Pacific Ocean, where it is widespread from the tropical to the subtropical zone
(Supplementary Table S1). The species exhibits an encrusting or plate-like morphology
with two distinct morphotypes (Figure 2b), one with a smooth surface and wider spaced
corallites and a second one with an irregular surface and narrowly spaced corallites [5].
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Figure 1. Maps of (a) the North Pacific and (b) Jeju Island, Republic of Korea. (a) Spatial distribution of
Montipora millepora (blue) and Dendronephthya gigantea (orange) within the North Pacific; (b) location
of observation of antagonistic interaction between M. millepora and D. gigantea. The red highlighted
area indicates the Marine Protected Area. The distribution of M. millepora and D. gigantea is based on
the information provided in supplementary materials (Tables S1 and S2).

During a survey in 2020 at Beomseom, we observed M. millepora completely enclosing
a soft coral of the species Dendronephthya gigantea Verrill, 1864 (Anthozoa: Octocorallia:
Alcyonacea) (Figure 2c). Species identification was mainly based on Sugihara et al. [5]
and Song [12]. When we revisited the site in 2022, even more soft coral stalks were found
enclosed by the encrusting hard coral, and the abundance and density of D. gigantea
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appeared decreased (Figure 2d). Although there is lack of comprehensive monitoring data,
our impression of an apparent decrease in soft coral abundance is also confirmed by verbal
reports from local divers. Dendronephthya gigantea dominates the soft coral communities
along the coast of Jeju Island [13]. Within the North Pacific, it has been reported in the
Ryukyu Archipelago and the Pacific coast of central Honshu and northeast Shikoku in
Japan, in the East China Sea along the southern parts of South Korea (“South Sea”), in the
South China Sea around Hainan Province and Hong Kong waters, and in the Philippine
Sea around Taiwan’s Green Island (Figure 1a, supplementary Table S2).

To our knowledge, this is the first report of an antagonistic interaction between hard
and soft coral, marked by overgrowth of hard coral, within the high-latitude Asia–Pacific
marginal distribution zone. It is especially striking, as comprehensive studies on alcy-
onacean/scleractinian coral biotic interactions have generally found the alcyonacean soft
corals to outcompete the scleractinian hard corals, either by allelopathic inhibition of larval
recruitment [14–17] or by aggressive overgrowth [17–19].
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Figure 2. Photographic images of biotic interactions between soft and hard corals. (a) Communities
of soft coral species Dendronephthya gigantea and Dendronephthya pütteri; (b) encrusting morphotype
of Montipora millepora; (c) D. gigantea enclosed by M. millepora; (d) close-up image of M. millepora
outcompeting D. gigantea.

Our observation could imply that increasing water temperatures due to global warm-
ing may shift, in specific environmental settings, the domination of marginally distributed
corals in favor of encrusting hard corals (especially species that can switch from primarily
autotrophy to increased heterotrophy). The fact that a zooxanthellate scleractinian coral of
tropical origin, despite its relatively stressful environment due to the geographically unfa-
vorable winter water temperature and different light regimes in Jeju, outcompetes temper-
ate azooxanthellate alcyonacean communities, raises concerns related to changes in marine
biodiversity. Thus, it is essential to conduct research on the corals currently living within
geographical limits and environmental changes in order to understand species/habitat
shifts in the near future.
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With the ongoing global warming, winter seawater temperatures in Jeju waters will
continue to rise [20], likely promoting the spread of encrusting Montipora communities
within high-latitude habitats. This may further endanger the growth and distribution of
Jeju’s soft corals. We plan to monitor this phenomenon to obtain comprehensive data
on spatiotemporal changes in inter-coral competition to detect onsets of habitat shift in
advance.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/d14100856/s1, Table S1: Information on the distribution of
Montipora millepora within the Asian North Pacific.; Table S2: Information on the distribution of
Dendronephthya gigantea within the Asian North Pacific.
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