Mopckoii GUONIOTUYeCKUH KypHAI

Marine Biological Journal

LJJ_U"”“M'I _
moliiiam 2026, vol. 11, no. 1, pp. 79-97
BIoN ZIBss. https://marine-biology.ru/mbj/article/view/519

UDC 582.26/.27-152.644(265.57+265.72)

EPIPHYTISM AMONG ALGAE OF CORAL REEFS AND ROCKY ECOSYSTEMS
IN THE SOUTH CHINA AND EAST CHINA SEAS

©2026 E. Titlyanov!, T. Titlyanova!, O. Belous!, and X. Li*?

'A. V. Zhirmunsky National Scientific Center of Marine Biology FEB RAS, Vladivostok, Russian Federation
2State Key Laboratory of Marine Resource Utilization in South China Sea, College of Marine Science,
Hainan University, Haikou, China
3Key Laboratory of Tropical Marine Bioresources and Ecology, South China Sea Institute of Oceanology,
Chinese Academy of Sciences, Guangzhou, China
E-mail: ksu_bio@mail.ru

Received 12.11.2024; revised 15.01.2025;
accepted 21.11.2025.

Epiphytism is a natural phenomenon widespread in coastal ecosystems of the World Ocean. Epiphytes
are plants (algae) that grow on other plants (algae), do not compete with other organisms for substrate,
and receive primarily physical support from their host. However, epiphytes are also known to have neg-
ative effects on host algae: they can reduce their productivity, cause morphological anomalies, reduce
the structural strength of algal layers, and facilitate the detachment of a host thallus from the substrate
during storms. This study examines the species composition and life forms of epiphytic algae in sev-
eral biogeographic regions of the World Ocean, analyzes the floristic differences revealed in these
regions, and determines their causes. Macroalgae were sampled in the upper, middle, and lower in-
tertidal zones, as well as in the upper subtidal zone, on coral reefs in the South China and East
China seas. Samples were collected from three randomly selected quadrats (1 m? in area) and be-
yond. Each sample was examined for the presence of epiphytes. In total, over 1,000 thalli contain-
ing epiphytes were sampled and analyzed. For the period from 1995 to 2019, the species richness,
composition and distribution of epiphytic algae assemblages in ecosystems of coral reefs and hard
substratum reefs in the South China Sea (Central and Southern Vietnam, Hainan Island) and East
China Sea (islands of the Ryukyu and Amakusa archipelagos) were studied for the first time. More
than 700 species and taxonomic forms of marine plants were registered and identified in these four
regions; out of those, about 33% were found in epiphytic life form. The highest number of seaweed
species was noted for coral reefs of Hainan Island (526); the lowest number of species was recorded
for coastal aquatic ecosystems of the Amakusa Archipelago islands (320). The relative number of epi-
phytic species of algae to total number of seaweed species was the highest on the Amakusa islands.
Among all the registered species of epiphytic algae, about 40% were found in obligate form, and more
than 50% were facultative epiphytes. The study areas differed in the species composition of epiphytes;
only 30% of species were common. The most area-specific epiphytes were recorded on the Amakusa
Archipelago islands. The causes and conditions of the widespread development of epiphytism among
seaweeds in various biogeographic regions of the World Ocean are discussed. The supplement
to the article contains descriptions of the morphology and anatomy of thalli of 40 widespread species
of epiphytes. The descriptions are provided with color photographs and elements of morphological
and anatomical structures.
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While seaweed communities are formed, some algal species settle on thalli of other species. This
natural phenomenon, called epiphytism, is widespread in coastal ecosystems of the World Ocean. Epi-
phytism is part of a broader ecological phenomenon, epibiosis. The latter is one of complex types
of interaction between organisms found in nature, when an organism grows on another, usually with-
out parasitizing it [Wahl, 1989]. In epibiosis, the ecological relationship between the ‘basiphyte’ (= host)
and the ‘epibiont’ (= species growing on the host) can be highly variable under the effect of environ-
mental factors: light, temperature, and direct physical or chemical exposure [Thornber et al., 2016].
Epiphytes are plants that grow on other plants, bypassing competition with other organisms for substrate
and receiving mostly physical support from their host [Potin, 2012].

Epiphytism in marine coastal ecosystems has been investigated since the late 19th century [Boye,
1986]. The main directions in the study of this natural phenomenon in the 20th century were the tax-
onomic identification of epiphytic algae and their inventory in some areas of the World Ocean, in-
cluding the South China and East China seas (e. g., [Abbott, Hollenberg, 1976; Pham, 1969; Segawa,
Kamura, 1960; Tseng, 1983]). In the early 21st century, the key aspect of research was the analy-
sis of epiphytism in the industrial cultivation of algae (e. g., [Chirapart et al., 2022; Sahu et al.,
2020]), as well as in relation to global climate changes [Albert et al., 2020]. Less attention was
paid to floristic investigations of the diversity and species composition of epiphytes in algal com-
munities in different regions of the World Ocean [Belous et al., 2021; Potin, 2012; Tsutsui et al.,
2005].

The negative effect of epiphytes on the production of basiphytes is known. The settlement
of epi- and endophytes often causes morphological anomalies in the host algae, which can lead to the de-
struction of basiphyte tissues [Correa, McLachlan, 1992, 1994; Sanchez et al., 1996], decline in the struc-
tural strength of layers, and detachment of thalli from the substrate during storms [Lein et al., 1991].
Epiphytes, when they are massively settled on thalli of macroalgae and leaves of seagrasses, shade the lat-
ter ones and significantly reduce their production [Friedlander, 1992], but at the same time, protect them
from drying out in the intertidal zone of the shelf.

Epiphytic biofilms on leaves of seagrasses and thalli of macrophytes affect biogeochemical pro-
cesses and chemical conditions directly in the habitat of the plant community (phyllosphere). Thus,
at night, hypoxia (oxygen-free conditions) can occur at the interface between a thallus (leaf) and epi-
phytes, which noticeably reduces the rate of respiration of the basiphyte and also leads to the harmful
formation of nitric oxide through denitrification. In the light, the formation of an epiphytic biofilm of-
ten results in reduction in photosynthetic activity due to epiphyte-induced shading caused by epiphytes
in combination with accumulation of O, and a decrease in CO, concentration in the microenvironment
[Brodersen, Kiihl, 2022].

The studies of epiphytic algae (along with seaweeds of other life forms) in the South China
and East China seas were carried out primarily by Chinese, Vietnamese, and Japanese researchers
within the 1930s—1980s (e. g., [Pham, 1969; Segawa, Kamura, 1960; Tseng, 1983]) and were limited
to determining the taxonomic status of epiphytic algae.

From the 1980s to the 2010s, we conducted an inventory study of the benthic marine flora
off the coast and islands of Southern and Central Vietnam, Hainan Island (China), and islands
of the Ryukyu and Amakusa archipelagos (Fig. lA-H).

In these regions, we carried out an inventory of the current marine benthic algal flora; also, we an-
alyzed species, as well as life form diversity and taxonomic composition of individual algal commu-
nities. The effect of environmental factors, such as climatic conditions, seasonality, and water eu-
trophication, on species diversity of marine algae was studied as well. The results of these surveys
are partially published [Titlyanov, Titlyanova, 2012; Titlyanov et al., 2014, 2017, 2018, 2019a, b; Ti-
tlyanova et al., 2014].
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One of the aims of this work is to investigate species and life form diversity of seaweeds capable
of growing epiphytically in certain areas of the tropical biogeographic region of the South China Sea
and in the warm temperate region of the East China Sea. Another aim is to analyze the floristic dif-
ferences revealed in the study areas and try to find out the reasons for these differences. Additionally,
we considered it useful to provide photographs and descriptions of epiphytic algae that are common
in the study areas.
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Fig. 1. Sites of algal sampling off the mainland coast and islands in the South China and East China
seas. A, schematic map of the South China and East China seas; sampling sites are marked with red as-
terisks. B, sampling sites off the coast and islands in Central and Southern Vietnam. C, sampling sites off
the coast of Hainan. D, schematic map of islands of the Ryukyu Archipelago and sampling sites: 1, Oki-
nawa Island; 2, Sesoko Island; 3, Ieshima Island; 4, Akajima Island; 5, Miyako Island; 6, Ishigaki Island;
7, Iriomote Island; 8, Yonaguni Island. E, sampling sites in Okinawa Prefecture: 1, Cape Hedo; 2, leshima
Island; 3, Sesoko Island; 4, Oura Bay; 5, Cape Henoko; 6, Maeda coast; 7, 8, Arasaki Beach; 9, Ohdo coast.
F, sampling sites off the coast of Iriomote Island: 1, Hoshidate coast; 2, Kanoka coast. G, sampling sites
off the coast of Miyako Island: 1, 2, Karimata coast; 3, Cape Higashi-Hennazaki. H, sampling sites off
the coast of Yonaguni Island: 1-3, Sonai locality; 4, Higawa Bay; 5, Tojima coast. I, Shimoshima Island
and Tsujishima Island (Amakusa Archipelago), sampling sites along Tomioka Peninsula: Magarizaki coast
(sites 1, 2); Akaiwa coast (sites 3, 4); Shikizaki Bay (site 5); Shiraiwazaki Bay (sites 6-8); Reihoku coast
(site 9); Tomioka Harbor (sites 10-13); Tsujishima Island (sites 14, 15)

Puc. 1. Mecrd or6opa npod BogOpOCieil Ha MaTepUKOBOM MpuOpexbe u ocTpoBax KxHo-Kuraiickoro
u Boctouno-Kurarickoro Mopeii. A — cxemarudeckas kapra KOxxuo-Kuraiickoro m Bocrouno-Kuraiickoro
Mopeii; MecTd oTOopa MpoOd OTMEYeHB KpacHHIMHU 3BE30UYKaMu. B — mecTd otdopa npod B nmpubdpexbe
u Ha octpoBax LlenrpanpHoro u IOxHOoro BeerHama. C — mectd otbopa nmpob B MpuOpekbe 0cTpoBa Xaii-
HaHb. D — cxeMaTnueckasi KapTa OCTPOBOB apxwurienara Prokio ¢ Toukamu or6opa npo6: 1 — ocrpoB Oku-
HaBa; 2 — octpoB Cecoko; 3 — octpoB Usmsnma; 4 — ocTpoB Akagzuma; S — ocTpoB Musko; 6 — ocTpoB
Ucwuraku; 7 — octpoB Uprnomors; 8 — octpos MoHarynn. E — mectéd ot6opa npo6 B npedexrype OkuHa-
Ba: 1 — mpIc X310; 2 — octpoB Uacuma; 3 — octpor Cecoko; 4 — 3aymuB Oypa; 5 — MbIc X39HOKO; 6 —
npubpexse Masga; 7, 8 — misik Apacaku; 9 — npudpexbe Ono. F — mectd otdopa npod Ha nprdpesxbe
octpoa Mpromota: 1 — npubpesxbe Xocunare; 2 — npudpexbe KaHoka. G — Mectd or6opa rnpod Ha rpu-
Opesxbe octpoBa Musiko: 1, 2 — npudpexbe Kapumara; 3 — mbic Xuracu Xennacaku. H — mectd orbopa

11pod Ha npuopeskbe ocTpoBa Vonarynn: 1-3 — mecrHocts CoHan; 4 — GyxTta Xurapa; 5 — npuopexbe
Tomsuma. I — octpoB Cumocuma u octpoB Llymsucuma (apxumnenar Amakca), Mmectd otéopa pod BIOJb
noyoctpoBa Tomuoka: npubpexbe Marapuzaku (yuactku 1, 2); mpuOpexbe AkauBa (y4acTku 3, 4); 3a-
B Crkuzaky (ydactok 5); 3amB CupanBanzaku (yuacTku 6—8); mpudpexbe Peiixoky (yuactok 9); raBaHb
Tomuoka (yuactku 10-13); octpo Llymsucuma (yuactku 14, 15)
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MATERIAL AND METHODS

In the study areas, more than 300 benthic algal collections were made from 1981 to 2019. Approx-
imately 70% of the collections were formed by the methods described below, and this is the material
analyzed in the article.

The study of the marine flora along the coastal zone and off islands of Central and Southern Viet-
nam (Fig. 1A, B), using the methods described below, was conducted by us in 2002-2009 off the fol-
lowing sites: Hon Den Island (January 2002); Ly Son Island (March 2002); Son Hai Bay (March 2006);
Cape Ca Na (April 2006); My Hoa Bay (May 2006); Nha Trang Bay (March and April 2006-2010);
vicinity of Da Nang (April 2007); Vung Tau Bay (April 2008); Con Dao Islands (April 2008);
Mui Ba Lang (March 2009); An Thoi Islands (March 2009); and Phu Quoc Island (March 2009).

Algal samplings along the coast of Hainan Island (Fig. 1A, C) were carried out in 2008-2019
and covered Luhuitou Peninsula (February 2012; March and May 2009; November and December 2010,
2012, and 2015; and April 2009, 2012, and 2014); Xiaodong Hai Bay (October 2008; March and April
2016, 2017, and 2019; and November and December 2016 and 2018); Dadong Hai Bay (October 2008
and April 2016); Yalong Wan Bay (March 2012); vicinity of Wenchang City (March 2012); Xian Hai Bay
(April 2012); vicinity of Meixia town (April 2012); and Ying Ge Hai Bay (April 2014).

Algae were sampled in 1995-2019 along coasts of the Ryukyu Archipelago islands (Fig. 1A,
D-H): on coral reefs of the western coast of Akajima Island and in two localities of Ishigaki Is-
land (August 1995); leshima Island (December 2006); along the coast of Okinawa Island (Novem-
ber and December 2006); Arasaki Beach, Okinawa (March 2013 and February 2014); Sesoko Island
(May-September 1995; October—-December 1997; January—March 1998; October—December 2002;
January—September 2003; July 2004; February—May 2005; November—December 2006; October 2007,
and February 2014 and 2019); Yonaguni Island (March 2013); Miyako Island (March 2013);
and Iriomote Island (February 2017).

Shimoshima Island and Tsujishima Island (Fig. 1A, I) of the Amakusa Archipelago were cov-
ered by algal sampling within 2012-2017 (November and December 2012; April and August 2013;
January 2014; October and November 2015; and November 2017).

Field works in Central and Southern Vietnam were carried out jointly with the staff of two Viet-
namese institutes: Institute of Oceanography and Institute of Technology Research and Application
of the Vietnamese Academy of Science and Technology (Nha Trang City).

On the southern islands of Japan, we used the services of three marine biological stations.
The Amakusa Marine Biological Laboratory (Kyushu University) is located on Shimoshima Island
(Amakusa Archipelago); the Tropical Biosphere Research Center (University of the Ryukyus) is situ-
ated on Sesoko Island, Okinawa; and the Iriomote Station of the Tropical Biosphere Research Center
(University of the Ryukyus) is located on Iriomote Island.

On Hainan Island, the main base for field and laboratory works was the Tropical Marine Biological
Research Station of the South China Sea Institute of Oceanology of the Chinese Academy of Sciences,
located in the Sanya Bay. Professor Huang Hui and Professor Li Xiubao took part in all our works
and co-authored scientific articles and books (see “References” section).

Macroalgae were sampled in the upper, middle, lower intertidal, and upper subtidal zones (by snorke-
ling, and sometimes by scuba diving) on coral reefs of Central and Southern Vietnam, Hainan Island,
islands of the Ryukyu Archipelago, and in ecosystems of rocky substrata around islands of Amakusa
Archipelago.

In each tidal zone, within 100—300 m? (depending on area of tidal zones), communities of algal turf,
crust algae, and large upright growing algae were visually estimated. In the communities of algal turf
and crust algae, samples were taken from three randomly selected quadrats, each measuring 100 cm?
in area. In communities of upright growing algae, samples were also taken from three randomly selected
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quadrats, 1 m? each. Seaweeds were sampled separately from areas outside the selected quadrats as well.
Mostly, algae were taken out of water along with substrate (small stones, fragments of corals, and shells)
and manually (carefully) cleaned of debris in a laboratory.

Each collected fresh sample was checked for the presence of epiphytes. Epiphytic thalli were re-
moved with tweezers from the basiphyte and taxonomically analyzed. For the survey of the epiphytic
flora, only adult, healthy thalli of epiphytic algae attached to living basiphytes were selected. In total,
more than 1,000 thalli with epiphytes were sampled and analyzed. Epiphytic species found on thalli
of macrophytes 1-10 times were designated as single occurrences; 11-19 times, as rare; and more than
20 times, as common.

Freshly collected material was identified using monographic publications, data from floristic studies,
and systematic articles listed by T. Titlyanova and coauthors [2014]. The systematics and nomenclature
followed AlgaeBase [2026]. The material was identified under stationery and field optical microscopes
immediately or within 2-3 days after sampling (the material was stored in a refrigerator). After identifi-
cation, algal samples were herbarized or preserved in fixative solutions (7% formaldehyde in seawater).
Herbarium material was deposited at the Zhirmunsky National Scientific Center of Marine Biology,
Far Eastern Branch of the Russian Academy of Sciences (Vladivostok, Russia).

RESULTS

Among all the species we found, reds (species of the phylum Rhodophyta) accounted for 57%; greens
(species of the phylum Chlorophyta), for 28%; and browns (species of the phylum Heterokontophyta),
for 15%. Importantly, the taxonomic composition of epiphytic algae (Fig. 2) was different: red seaweeds
significantly prevailed (70-85%), while green and brown ones were less common (10-20 and 5-10%,
respectively).

The most common species of epiphytic red algae in all four study areas were those belonging
to the orders Stylonematales, Erythropeltales, Acrochaetiales, Colaconematales, Corallinales, and Ce-
ramiales. Out of brown algae, the most common species were those from the orders Ectocarpales
and Sphacelariales. The most common seaweeds among the greens were epiphytes from the order Ul-
vales (Table 1). Most of epiphytic algae from the families covered by our collection had a fine filamentous
form. Micrographs and descriptions of the most common species of epiphytes in the study areas are given
in Supplement 1 (see https://marine-biology.ru/mbj/article/view/519).
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Fig. 2. Distribution of epiphytic algae in the study areas of the South China and East China seas. Ep, algae
found only as epiphytes (obligate epiphytes); Ep*, algae found as epiphytes, as well as on hard substrata
(facultative epiphytes); Ep + Ep*, the total number of species of obligate and facultative epiphytic algae

Puc. 2. Pacnpoctpanenue SmuUTHBIX BOJOPOCIEH B HCCIEAOBaHHBIX paiioHax FOxHO-Kutatickoro
u Bocrouno-Kuraiickoro mopeit. Ep — Bonopociu, Becrpevaroiyecst TOJIbKO B Buje snuduTtoB (0durar-
Hble anuduth); Ep* — Bomopociu, BCTpeyaroliyecs B Bue MUGUTOB, a TakKe Ha TBEPIBIX cyOcTparax
(¢paxynbratuBnsie amuduTh); Ep + Ep* — o0I1iee uricio BUoB OOJMIaTHBIX U (DAKYIbTATUBHBIX SMTU(PUTOB
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Among all the epiphytes we registered, about 40% of the species were in obligate form (Fig. 2,
Table 1): they grew only as epiphytes on thalli of one or more species of basiphytes. Red seaweeds belong-
ing to the orders Acrochaetiales (family Acrochaetiaceae), Colaconematales (family Colaconemataceae),
and Ceramiales (family Callithamniaceae), as well as green algae from the orders Chaetophorales (fam-
ily Chaetophoraceae), Ulotrichales (family Ulotrichaceae), and Ulvales (family Ulvellaceae), were found

as epiphytes only.

Table 1. Seaweeds growing epiphytically in some areas of the South China and East China seas

Ta6suma 1. Bopgopociu, pacrymue anupuTHO B HeKOoTOpbix padioHax KOxHo-Kuraiickoro u BoctouHo-

Kuraiickoro mopeit

Species, variety, and taxonomic form

Ryukyu
islands

Hainan
Island

Southern
Vietnam

Amakusa
islands

Class Stylonematophyceae
Order Stylonematales
Family Stylonemataceae

Phylum RHODOPHYTA

Bangiopsis dumontioides (P. Crouan & H. Crouan) V. Krishnamurthy

Ep

Ep

Chroodactylon ornatum (C. Agardh) Basson

Ep

Ep

Ep

Stylonema alsidii (Zanardini) K. M. Drew &

Ep*

Ep

Ep

Ep*

Class Compsopogonophyceae
Order Erythropeltales
Family Erythrotrichiaceae

Erythrocladia irregularis Rosenvinge

Ep

Ep

Ep

Ep

Erythrotrichia carnea (Dillwyn) J. Agardh &

Ep*

Ep

Ep

Ep*

Erythrotrichia parietalis T. Tanaka

Ep*

Porphyrostromium japonicum (Tokida) Kikuchi

Ep

Sahlingia subintegra (Rosenvinge) Kornmann

Ep*

Ep

Ep

Ep

Class Bangiophyceae
Order Bangiales
Family Bangiaceae

Bangia gloiopeltidicola Tanaka

Ep

Pyropia ishigecola (A. Miura) N. Kikuchi & M. Miyata

Ep

Pyropia suborbiculata (Kjellman) J. E. Sutherland, H. G. Choi,
M. S. Hwang & W. A. Nelson

Ep*

Class Florideophyceae
Order Acrochaetiales
Family Acrochaetiaceae

Acrochaetium catenulatum M. A. Howe %

Ep

Ep

Ep

Ep

Acrochaetium chaetomorphae (Tanaka & P. H. H6) Heerebout

Ep

Ep

Ep

Acrochaetium crassipes (Bgrgesen) Bgrgesen

Ep

Ep

Acrochaetium gracile var. vietnamense P. H. HO

Ep

Acrochaetium microscopicum (Négeli ex Kiitzing) Négeli

Ep

Ep

Ep

Ep

Acrochaetium moniliforme (Rosenvinge) Bgrgessen

Ep

Acrochaetium sancti-thomae Bgrgesen

Ep

Acrochaetium secundatum (Lyngbye) Nageli

Ep

Ep

Ep

Acrochaetium subseriatum Bgrgesen %

Ep

Ep

Ep

Ep

Order Colaconematales
Family Colaconemataceae

Colaconema bonnemaisoniae Batters

Ep

Continued on the next page...
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Species, variety, and taxonomic form Ryukyu Hainan S(?uthern A'makusa
’ ’ islands Island | Vietnam | islands

Colaconema daviesii (Dillwyn) Stegenga Ep Ep Ep Ep
Colaconema gracile (Bgrgesen) Ateweberhan & Prud’homme Ep Ep Ep Ep
Colaconema hypneae (Bgrgesen) A. A. Santos & C. W. N. Moura % Ep Ep Ep Ep
Colaconema robustum (Bgrgesen) Huisman & Woelkerling Ep Ep Ep Ep
Order Corallinales
Family Corallinaceae
Jania capillacea Harvey Ep* Ep*
Jania pedunculata var. adhaerens (J. V. Lamouroux) A. S. Harvey,
Woe]kle’:rling & Reviers ( : ’ Ep* Ep* Ep* Ep*
Jania pumila J. V. Lamouroux Ep Ep* Ep Ep*
Jania ungulata f. brevior (Yendo) Yendo Ep* Ep* Ep* Ep*
Pneophyllum confervicola (Kiitzing) Y. M. Chamberlain Ep
Pneophyllum fragile Kiitzing Ep* Ep Ep Ep
Family Hydrolithaceae
Hydrolithon boergesenii (Foslie) Foslie Ep* Ep
Hydrolithon boreale (Foslie) Y. M. Chamberlain % Ep* Ep Ep Ep
Hydrolithon farinosum (J. V. Lamouroux) Penrose & Y. M. Chamberlain & Ep Ep Ep Ep
Family Porolithaceae
Metagoniolithon stelliferum (Lamarck) Ducker Ep* Ep*
Order Bonnemaisoniales
Family Bonnemaisoniaceae
Asparagopsis taxiformis (Delile) Trevisan Ep* Ep* Ep* Ep*
Bonnemaisonia hamifera Hariot Ep Ep
Order Ceramiales
Family Callithamniaceae
Aglaothamnion callophyllidicola (Yamada) Boo, I. K. Lee, Rueness & Yoshida Ep
Aglaothamnion cordatum (Bgrgesen) Feldmann-Mazoyer & Ep Ep Ep Ep
Crouania attenuata (C. Agardh) J. Agardh & Ep Ep Ep Ep
Crouania minutissima Yamada Ep
Gymnothamnion elegans (Schousboe ex C. Agardh) J. Agardh Ep Ep
Spyridia filamentosa (Wulfen) Harvey Ep* Ep* Ep*
Family Ceramiaceae
Antithamnion antillanum Bgrgesen Ep Ep Ep Ep
Antithamnionella basispora (Tokida & Inaba) Cormaci & Furnari Ep
Antithamnionella breviramosa (E. Y. Dawson) Wollaston Ep Ep Ep
Antithamnionella elegans (Berthold) J. H. Price & D. M. John Ep
Antithamnionella longicellulata Perestenko Ep
Antithamnionella spirographidis (Schiftner) E. M. Wollaston Ep Ep
Centroceras clavulatum (C. Agardh) Montagne Ep* Ep* Ep* Ep*
Centroceras gasparrinii (Meneghini) Kiitzing Ep Ep*
Centroceras japonicum Itono Ep*
Centroceras minutum Yamada Ep Ep*
Ceramium aduncum Nakamura Ep Ep* Ep Ep
Ceramium amamiense 1tono Ep
Ceramium boydenii E. S. Gepp Ep
Ceramium borneense Weber Bosse Ep Ep* Ep Ep
Ceramium camouii E. Y. Dawson Ep*
Ceramium cimbricum H. E. Petersen Ep* Ep Ep Ep

Continued on the next page...
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Species, variety, and taxonomic form Ryukyu Hainan S(?uthern Amakusa
’ ’ islands | Island | Vietnam | islands

Ceramium cimbricum f. flaccidum (H. E. Petersen) G. Furnari & Serio Ep Ep
Ceramium cingulatum Weber Bosse Ep Ep Ep
Ceramium clarionense Setchell & N. L. Gardner Ep
Ceramium hamatispinum E. Y. Dawson Ep
Ceramium macilentum J. Agardh Ep Ep* Ep* Ep
Ceramium marshallense E. Y. Dawson Ep Ep* Ep*
Ceramium procumbens Setchell & N. L. Gardner % Ep Ep* Ep* Ep
Ceramium serpens Setchell & N. L. Gardner Ep Ep
Corallophila howei (Weber-van Bosse) R. E. Norris Ep*
Corallophila huysmansii (Weber-van Bosse) R. E. Norris Ep Ep* Ep*
Corallophila kleiwegii Weber Bosse Ep* Ep* Ep*
Gayliella fimbriata (Setchell & N. L. Gardner) T. O. Cho & S. M. Boo Ep Ep Ep*
Gayliella flaccida (Harvey ex Kiitzing) T. O. Cho & L. J. Mclvor Ep Ep Ep
Gayliella mazoyerae T. O. Cho, Fredericq & Hommersand % Ep* Ep* Ep* Ep*
Gayliella taylorii (E. Y. Dawson) T. O. Cho & S. M. Boo Ep* Ep*
Gayliella transversalis (Collins & Harvey) T. O. Cho & Fredericq Ep*
Pseudoceramium paniculatum (Okamura) Barros-Barreto & Maggs Ep
Pseudoceramium tenerrimum (G. Martens) Barros-Barreto & Maggs Ep* Ep*
Stirkia codii (H. Richards) Barros-Barreto & Maggs Ep Ep
Stirkia vagans (P. C. Silva) Barros-Barreto & Maggs Ep Ep Ep* Ep
Yoneshiguea compta (Bgrgesen) Barros-Barreto, Maggs & M. A. Jaramillo Ep
Family Delesseriaceae
Acrosorium polyneurum Okamura Ep
Acrosorium yendoi Yamada Ep
Caloglossa leprieurii (Montagne) G. Martens Ep
Cryptopleura ramosa (Hudson) L. Newton Ep
Dasya anastomosans (Weber Bosse) M. J. Wynne Ep*
Dasya pedicellata (C. Agardh) C. Agardh Ep*
Dasysiphonia japonica (Yendo) H.-S. Kim Ep
Dasysiphonia sessilis (Yamada) M. M. Cassidy, C. W. Schneider Ep*
& G. W. Saunders P
Heterosiphonia crispella (C. Agardh) M. J. Wynne Ep Ep Ep* Ep
Heterosiphonia pulchra (Okamura) Falkenberg Ep Ep
Hypoglossum attenuatum N. L. Gardner Ep Ep
Hypoglossum caloglossoides M. J. Wynne & Kraft Ep
Hypoglossum simulans M. J. Wynne, 1. R. Price & D. L. Ballantine Ep
Nitophyllum adhaerens M. J. Wynne Ep Ep*
Taenioma perpusillum (J. Agardh) J. Agardh Ep Ep* Ep* Ep*
Family Rhodomelaceae
Acanthophora spicifera (M. Vahl) Bgrgesen Ep Ep*
Bostrychia tenella (J. V. Lamouroux) J. Agardh Ep*
Bryocladia cervicornis (Kiitzing) F. Schmitz Ep*
Chondria dasyphylla (Woodward) C. Agardh Ep
Chondria minutula Weber Bosse Ep* Ep Ep
Chondria pygmaea Garbary & Vandermeulen Ep
Chondria repens Bgrgesen Ep Ep* Ep*
Chondrophycus cartilagineus (Yamada) Garbary & J. T. Harper Ep
Herposiphonia insidiosa (Greville ex J. Agardh) Falkenberg Ep Ep*
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Herposiphonia parca Setchell Ep Ep Ep
Herposiphonia secunda (C. Agardh) Ambronn & Ep* Ep Ep Ep
Herposiphonia subdisticha Okamura Ep Ep
Herposiphonia tenella (C. Agardh) Ambronn Ep Ep* Ep Ep*
Herposiphonia vietnamica Pham-Hoang H6 Ep
Laurencia pinnata Yamada Ep*
Laurencia silvae J. F. Zhang & B. M. Xia Ep
Leveillea jungermannioides (Hering & G. Martens) Harvey Ep Ep* Ep Ep
Lophosiphonia cristata Falkenberg Ep Ep
Melanothamnus ferulaceus (Suhr ex J. Agardh) Diaz-Tapia & Maggs Ep Ep* Ep* Ep*
Melanothamnus harlandii (Harvey) Diaz-Tapia & Maggs Ep
Melanothamnus japonicus (Harvey) Diaz-Tapia & Maggs Ep* Ep*
Melanothamnus pseudovillum (Hollenberg) Diaz-Tapia & Maggs Ep Ep
Melanothamnus savatieri (Hariot) Diaz-Tapia & Maggs Ep Ep Ep
Melanothamnus sphaerocarpus (Bgrgesen) Diaz-Tapia & Maggs Ep Ep
Melanothamnus tongatensis (Harvey ex Kiitzing) Diaz-Tapia & Maggs Ep Ep*
Melanothamnus yendoi (T. Segi) Diaz-Tapia & Maggs Ep
Falisada perforata (Bory) K. W. Nam Ep*
Polysiphonia exilis Harvey Ep
Polysiphonia nhatrangense Pham-Hoang H6 Ep
Polysiphonia scopulorum Harvey Ep*
Polysiphonia subtilissima Montagne Ep* Ep* Ep
Polysiphonia villum J. Agardh & Ep Ep* Ep* Ep*
Symphyocladia marchantioides (Harvey) Falkenberg Ep*
Symphyocladia pumila (Yendo) S. Uwai & M. Masuda Ep*
Tolypiocladia condensata (Weber Bosse) P. C. Silva Ep
Tolypiocladia glomerulata (C. Agardh) F. Schmitz Ep* Ep* Ep*
Vertebrata lanosa (Linnaeus) T. A. Christensen Ep
Vertebrata reptabunda (Suhr) Diaz-Tapia & Maggs Ep
Wilsonosiphonia howei (Hollenberg) D. Bustamante, Won & T. O. Cho Ep Ep
Family Wrangeliaceae
Anotrichium tenue (C. Agardh) Nageli Ep Ep* Ep
Gordoniella yonakuniensis (Yamada & T. Tanaka) Itono Ep
Griffithsia japonica Okamura Ep Ep*
Griffithsia metcalfii C. K. Tseng Ep* Ep* Ep Ep
Griffithsia rhizophora Grunow ex Weber Bosse Ep Ep
Griffithsia subcylindrica Okamura Ep Ep
Tiffaniella saccorhiza (Setchell & N. L. Gardner) Doty & Mefiez Ep Ep
Wrangelia argus (Montagne) Montagne Ep* Ep* Ep*
Order Gelidiales
Family Gelidiaceae
Gelidium crinale var. perpusillum Piccone & Grunow Ep
Gelidium divaricatum G. Martens Ep*
Gelidium pusillum (Stackhouse) Le Jolis Ep* Ep* Ep*
Family Gelidiellaceae
Gelidiella acerosa (Forsskél) Feldmann & Hamel Ep*
Gelidiella lubrica (Kiitzing) Feldmann & Hamel Ep*
Millerella pannosa (Feldmann) G. H. Boo & L. Le Gall Ep*
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Ryukyu
islands

Hainan
Island

Southern
Vietnam

Amakusa
islands

Parviphycus adnatus (E. Y. Dawson) B. Santelices

Ep*

Family Pterocladiaceae

Pterocladiella capillacea (S. G. Gmelin) Santelices & Hommersand Ep

Order Gigartinales
Family Caulacanthaceae

Caulacanthus okamurae Yamada

Ep*

Caulacanthus ustulatus (Turner) Kiitzing

Family Cystocloniaceae

Hypnea cervicornis J. Agardh

Hypnea charoides J. V. Lamouroux

Ep*

Hypnea esperi Bory

Ep

Hypnea musciformis var. esperi J. Agardh

Hypnea nidulans Setchell

Hypnea pannosa J. Agardh

Ep*

Hypnea spinella (C. Agardh) Kiitzing Ep

Ep*

Ep*

Hypnea valentiae (Turner) Montagne

Ep*

Family Dumontiaceae

Dudresnaya japonica Okamura

Ep*

Family Gigartinaceae

Chondracanthus intermedius (Suringar) Hommersand ‘

Family Kallymeniaceae

Kallymenia perforata J. Agardh

Order Peyssonneliales
Family Peyssonneliaceae

Peyssonnelia rubra (Greville) J. Agardh ‘

Order Plocamiales
Family Plocamiaceae

Plocamium ovicorne Okamura

Ep*

Plocamium recurvatum Okamura

Ep

Plocamium telfairiae Harvey

Ep*

Order Rhodymeniales
Family Champiaceae

Champia expansa Yendo

Ep

Champia japonica Okamura

Ep

Ep

Champia parvula (C. Agardh) Harvey Ep

Ep*

Champia vieillardii Kiitzing

Ep

Ep*

Coelothrix irregularis (Harvey) Bgrgesen

Ep

Family Lomentariaceae

Ceratodictyon intricatum (C. Agardh) R. E. Norris

Ep

Lomentaria corallicola Bgrgesen

Ep

Ep*

Ep*

Lomentaria pinnata Segawa

Ep*

Family Rhodymeniaceae

Botryocladia kuckuckii (Weber Bosse) Yamada & T. Tanaka Ep

Class Phaeophyceae
Order Ectocarpales
Family Acinetosporaceae

Phylum HETEROKONTOPHYTA

Feldmannia indica (Sonder) Womersley & A. Bailey Ep
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Feldmannia irregularis (Kiitzing) G. Hamel & Ep* Ep* Ep Ep*
Feldmannia mitchelliae (Harvey) H.-S. Kim Ep* Ep* Ep*
Hincksia conifera (Bgrgesen) 1. A. Abbott Ep
Pylaiella littoralis (Linnaeus) Kjellman Ep* Ep
Family Ectocarpaceae
Ectocarpus siliculosus (Dillwyn) Lyngbye Ep Ep
Family Chordariaceae
Chilionema ocellatum (Kiitzing) Kornmann Ep* Ep Ep
Kuetzingiella elachistaeformis (Heydrich) M. Balakrishnan & Kinkar Ep* Ep Ep
Leathesia marina (Lyngbye) Decaisne Ep*
Myrionema strangulans Greville Ep Ep
Family Scytosiphonaceae
Colpomenia peregrina Sauvageau Ep
Colpomenia sinuosa (Mertens ex Roth) Derbes & Solier Ep*
Dactylosiphon bullosus (D. A. Saunders) Santiafiez, K. M. Lee, Ep*
S. M. Boo & Kogame
Hydroclathrus clathratus (C. Agardh) M. A. Howe Ep* Ep*
Myelophycus simplex (Harvey) Papenfuss Ep*
Rosenvingea nhatrangensis E. Y. Dawson Ep*

Order Sphacelariales
Family Sphacelariaceae

Sphacelaria carolinensis Trono Ep

Sphacelaria novae-hollandiae Sonder % Ep Ep* Ep* Ep*

Sphacelaria rigidula Kiitzing & Ep* Ep* Ep* Ep*

Sphacelaria solitaria (Pringsheim) Kylin Ep

Sphacelaria tribuloides Meneghini Ep Ep Ep*

Sphacelaria yamadae Segawa Ep Ep

Order Dictyotales

Family Dictyotaceae

Dictyota friabilis Setchell Ep* Ep*

Lobophora variegata (J. V. Lamouroux) Womersley ex E. C. Oliveira Ep* Ep*

Zonaria flabellata (Okamura) Papenfuss Ep*
Phylum CHLOROPHYTA

Class Chlorophyceae

Order Chaetophorales

Family Uronemataceae

Uronema marinum Womersley Ep Ep Ep

Class Ulvophyceae

Order Ulotrichales

Family Ulotrichaceae

Ulothrix flacca (Dillwyn) Thuret Ep

Ulothrix implexa (Kiitzing) Kiitzing Ep Ep

Ulothrix subflaccida Wille Ep

Order Ulvales

Family Ulvellaceae

Ulvella lens P. L. Crouan & H. M. Crouan % Ep Ep Ep Ep

Ulvella repens (Pringsheim) R. Nielsen, C. J. O’Kelly & B. Wysor Ep

Ulvella scutata (Reinke) R. Nielsen, C. J. O’Kelly & B. Wysor Ep Ep Ep
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Ulvella viridis (Reinke) R. Nielsen, C. J. O’Kelly & B. Wysor Ep Ep Ep Ep
Family Ulvaceae
Ulva clathrata (Roth) C. Agardh Ep* Ep Ep
Ulva compressa Linnaeus Ep* Ep*
Ulva flexuosa Wulfen Ep* Ep* Ep*
Ulva intestinalis Linnaeus Ep*
Ulva prolifera O. F. Miiller Ep*
Order Cladophorales
Family Anadyomenaceae
Anadyomene wrightii Harvey ex J. E. Gray Ep*
Microdictyon japonicum Setchell Ep*
Family Boodleaceae
Boodlea coacta (Dickie) G. Murray & De Toni Ep*
Boodlea composita (Harvey) F. Brand Ep* Ep*
Cladophoropsis fasciculata (Kjellman) Wille Ep* Ep
Cladophoropsis membranacea (Bang ex C. Agardh) Bgrgesen Ep Ep
Phyllodictyon anastomosans (Harvey) Kraft & M. J. Wynne Ep* Ep*
Family Cladophoraceae
Chaetomorpha aerea (Dillwyn) Kiitzing Ep*
Chaetomorpha javanica Kiitzing Ep*
Chaetomorpha ligustica (Kiitzing) Kiitzing Ep* Ep*
Chaetomorpha linum (O. F. Miiller) Kiitzing Ep*
Chaetomorpha minima F. S. Collins & Hervey Ep* Ep
Cladophora albida (Nees) Kiitzing Ep*
Cladophora coelothrix Kiitzing Ep*
Cladophora flexuosa (O. F. Miiller) Kiitzing Ep* Ep*
Cladophora gracilis Kiitzing Ep* Ep*
Cladophora laetevirens (Dillwyn) Kiitzing Ep Ep* Ep*
Cladophora patentiramea (Montagne) Kiitzing Ep
Cladophora perpusilla Skottsberg & Levring Ep* Ep*
Cladophora sibogae Reinbold Ep
Cladophora socialis Kiitzing Ep*
Cladophora vagabunda (Linnaeus) Hoek Ep* Ep* Ep*
Lychaete herpestica (Montagne) M. J. Wynne Ep* Ep*
Rhizoclonium implexum (Dillwyn) Kiitzing Ep* Ep Ep*
Rhizoclonium riparium (Roth) Harvey Ep Ep Ep*
Order Bryopsidales
Family Bryopsidaceae
Bryopsis australis Sonder Ep
Bryopsis pennata J. V. Lamouroux Ep*
Family Siphonocladaceae
Siphonocladus rigidus M. A. Howe Ep Ep* Ep*
Family Derbesiaceae
Derbesia attenuata E. Y. Dawson Ep*
Derbesia marina (Lyngbye) Solier Ep
Family Caulerpaceae
Caulerpa ambigua Okamura Ep* Ep
Caulerpa vickersiae Bgrgesen Ep*
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Ryukyu | Hainan | Southern| Amakusa

ies, vari nd taxonomic form . . .
Species, variety, and taxonomic fo islands Island | Vietnam | islands

Family Halimedaceae

Penicillus sibogae Gepp ‘ Ep* ‘
Note: Ep, algae found only as epiphytes; Ep*, algae found as epiphytes, as well as living on hard substrata; %, the most
common species of epiphytic algae (more than 20 finds in each study area).

IIpnmeuanue: Ep — Bogopocau, pacrynme Toibko snudutHO; Ep* — Bomopocmy, pacryimiye Kak SIA(HUTHI,
a Takxe obWTalolIMe Ha TBEPIBIX cyOcTparax; # — Hanbosee pacnpocTpaHEHHbIE BUJIbI SMU(UTHBIX BOJOPOCIIEH
(bonee 20 HAXO/IOK B KaX/IOM paiioHe UCCIIEJOBAHMUS).

Half of all the species we noted were common for the South China and East China seas (Table 1).
We also compared the species composition of epiphytic algae sampled from different areas of the South
China and East China seas: Hainan Island and Southern Vietnam; islands of the Ryukyu and Amakusa
archipelagos; Amakusa islands and Southern Vietnam; and Ryukyu islands and Southern Viet-
nam (Fig. 3). We revealed the highest number of common species when comparing samples from Hainan
Island and from Central and Southern Vietnam (South China Sea): 82 species, or 43% of the total num-
ber of species in the both collections. The lowest species similarity was established between samples
from Vietnam (South China Sea) and the Amakusa islands (East China Sea): 59 species, or 32%
in the both collections. The highest relative abundance of region-specific epiphytic algae (those found
only in one certain region) was registered for the islands of the Amakusa Archipelago (Fig. 3): 69%
of species when comparing algal collections from the islands of the Amakusa and Ryukyu archipela-
gos, and 56% of species when comparing algal collections from the Amakusa islands and the coast
of Southern and Central Vietnam.

DISCUSSION

Species richness and taxonomic composition of the epiphytic algal flora in the study areas
of the South China and East China seas. During our work, over 700 species and taxonomic forms
of marine seaweeds were found and identified in four regions of the South China and East China seas;
out of those, more than 30% were recorded in epiphytic life form. In algal collections from Central
and Southern Vietnam, epiphytic algae accounted for 28%; from Hainan Island, 30%; from the islands
of the Ryukyu Archipelago, 22%; and from the islands of the Amakusa Archipelago, 42%. Earlier,
in the 1950s—1960s, Pham Hoang Ho registered 440 species of seaweeds in Southern Vietnam, of which
18% were found in epiphytic form [Pham, 1969]. In the book Common Seaweeds of China [Tseng,
1983], 454 species were described, and out of those, 12% were epiphytes. Comparison of our data with
the material of Pham Hoang Ho and C. Tseng gives reason to assume that the recent benthic algal flora
of the South China Sea is 1.5 times richer in epiphytic algae than the flora in the middle of the 20th cen-
tury. However, in our opinion, the discrepancy in richness of epiphytic algae sampled by us and preserved
in the earlier collections of other researchers can be explained chiefly by different methods of sampling
and processing the material and also by the difference in surveyed habitats. We collected fine filamen-
tous and unicellular epiphytes from fresh material, used stereoscopic microscope, and immediately be-
gan identification of samples. Our Vietnamese and Chinese colleagues mostly processed dry herbarium
specimens, which did not facilitate the complete collection of epiphytic algae.

The highest number of seaweed species was registered on coral reefs of Hainan Island; the lowest,
in the coastal aquatic ecosystems of the Amakusa Archipelago. At the same time, the relative number
of epiphytic algal species to the total number of seaweed species was the highest on the Amakusa islands.
The lowest species similarity was revealed between samples from Vietnam and the Amakusa Archipelago.
The collection of seaweeds from the Amakusa islands differed from other ones in having noticeably
higher relative number of region-specific epiphytic species.
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Fig. 3. Comparison of the species composition of collections of epiphytic algae from different areas
of the South China and East China seas: A, Hainan Island and Southern Vietnam; B, islands of the Ryukyu
and Amakusa archipelagos; C, Amakusa islands and Southern Vietnam; D, Ryukyu islands and Southern
Vietnam

Puc. 3. CpaBHeHHe BHUIOBOTO COCTaBa KOJUIEKIMA SMM(HUTOB M3 pa3HbIX paiioHoB HOxHO-Kwuraiickoro
u Bocrouno-Kuraiickoro mopeil: A — octpop XaiiHanb U FOxHb1l BeeTHam; B — ocTpoBd apxunenaros
Prokio u Amakca; C — octpoBd Amakca u FOxHsiil BeetHam; D — octpoBd Piokio u OxHbIi1 BeeTHam

We are inclined to assume that the difference we registered in the relative content of epiphytic algae
in the flora of these two regions of the South China and East China seas is mediated by the climatic
conditions within their habitats. We showed earlier that recent benthic floras off the coast and islands
of Vietnam, Hainan Island, and the Ryukyu islands belong to those of the tropical biogeographic region,
while the flora of the Amakusa islands is related to that of the warm temperate region [Titlyanov et al.,
2019b]. Apparently, the development of epiphytism in the tropical biogeographic region is less intense
than in the warm temperate region, presumably due to the effect of high temperatures on epiphytic
algae throughout the dry season: it causes algae drying, and also death or inhibition of their growth
in the intertidal zone [Titlyanov et al., 2014, 2019a].

Among all marine algal species we found in the study areas, about half were red algae. At the same
time, in the samples of epiphytic algae, reds could account for more than 80%. Similar data were ob-
tained earlier by Pham Hoang Ho. In the marine algal collection from the coast and islands of South-
ern Vietnam, red seaweeds also prevailed among epiphytes [Pham, 1969]. Reds dominated among epi-
phytes in cold waters of the Russian Far East seas as well [Zhigadlova, 2011]. According to the latest
data by O. Belous and T. Titlyanova [2021], 57 species of epi- and endophytes were found on thalli
of the brown alga Punctaria plantaginea (Roth) Greville in Peter the Great Bay, Sea of Japan; this
accounted for 18% of the total number of algal species recorded in this location [Skriptsova, 2019].
Among fouling algae on P. plantaginea, fine filamentous and microscopic forms of red and brown species
predominated.

Marine Biological Journal 2026 Vol. 11 No. 1



Epiphytism among algae of coral reefs and rocky ecosystems in the South China and East China seas 93

About 40% of all the epiphytes we revealed were in obligate form, i. e., these species grew only
as epiphytes. Red algae representing the orders Acrochaetiales (family Acrochaetiaceae), Colacone-
matales (family Colaconemataceae), and Ceramiales (family Callithamniaceae), as well as green sea-
weeds from the orders Chaetophorales (family Chaetophoraceae), Ulotrichales (family Ulotrichaceae),
and Ulvales (family Ulvellaceae), were found only as epiphytes.

Basiphytic algae. Chemical, morphological, and anatomical factors either contributing
to the attachment and growth of epiphytes or preventing it. It is well known that the intensity of epi-
phytic colonization of macrophytes depends on internal factors: morphological, anatomical, and chemi-
cal properties of thalli of basiphytes and also on such habitat conditions, as grazing pressure, resistance
to desiccation, and wave action [Jasim et al., 2022; Levin, Mathieson, 1991; Potin, 2012; Weinberger,
Friedlander, 2008; Zhigadlova, 2011]. As shown, tropical red algal species are more active in terms
of chemical defenses against fouling than other taxa. The antifouling effect of green algae is insignifi-
cant [Jasim et al., 2022]. Old or damaged thalli are often more susceptible to colonization by epiphytes,
since their built-in chemical defenses are weakened [Levin, Mathieson, 1991; Potin, 2012].

For example, the fouling of the red alga Palmaria Stackhouse, 1802 was more active than the foul-
ing of other species in the cold waters of the Kamchatka Peninsula due to peculiarities of Palmaria
anatomy: a large number of cavities in its cortical layer that appear after the release of mature
tetraspores and are easily accessible for settlement and fixation of epi- and endophytes. Also, it results
from the fact that epibionts use biologically active substances released by a basiphyte during maturation
[Zhigadlova, 2011].

Another example of the distribution of epiphytes being determined by the morphological and anatom-
ical features of the host is reported by E. Martinez and J. Correa [1993]; the researchers combined field
and laboratory works and showed that green epiphytic algae Sporocladopsis sp. were limited to the sori
of their kelp hosts, Lessonia nigrescens Bory and L. trabeculata Villouta & Santelices (Heterokontophyta),
and did not penetrate into neighboring vegetative tissues of basiphytes.

The brown seaweed Ascophyllum nodosum (Linnaeus) Le Jolis forms extensive thickets in rocky tidal
habitats protected from waves on the Northwestern Atlantic. This fucoid alga is the host for an obligate
epiphyte, the red alga Vertebrata lanosa (Linnaeus) T. A. Christensen, and two facultative epiphytes,
the browns Elachista fucicola (Velley) Areschoug and Pylaiella littoralis (Linnaeus) Kjellman. V. lanosa
can occur throughout most of the length of the host leaves, but largely predominates in the middle leaf
segments. Having usually a smooth surface due to their young age, distal segments bound two epiphytic
brown algae. By creating small wounds that mimic scratches, the researchers stimulated the spread of epi-
phytes over the entire surface of the host leaves. It was demonstrated that V. lanosa can colonize damaged
distal leaf segments during the growth and reproduction season (summer and autumn). The authors sug-
gest that the absence of surface irregularities on distal segments of the host fronds, specifically small
bounds, is the main factor explaining the absence of V. lanosa there [Longtin, Scrosati, 2009].

In total, during our works in the study areas, epiphytes were found on thalli of 40% of the species
sampled. The highest number of cases of epiphytes settlement was observed on complex thalli of al-
gae from the families Galaxauraceae, Corallinaceae, Rhodomelaceae, Cystocloniaceae, Rhodymeni-
aceae (Rhodophyta), Scytosiphonaceae, Dictyotaceae, and Sargassaceae (Heterokontophyta). Epiphytes
were not found on red seaweeds of filamentous and fine filamentous forms from the orders Stylone-
matales, Erythropeltales, Bangiales, Acrochaetiales, Colaconematales, and Ceramiales (family Delesse-
riaceae), as well as on green algae representing the orders Ulvales (family Ulvellaceae), Bryopsidales
(family Udoteaceae), and Dasycladales (family Dasycladaceae).

The positive effect of reducing the concentration of pollutants on the intensity of epiphytism af-
ter the closing of fish farms in the Sanya Bay (Hainan Island) was revealed by us before [Li et al.,
2016, 2021]. The content of nutrients in the seawater opposite the outlet decreased by more than an order
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of magnitude and became almost equal to the mean value for the Sanya Bay. Six months after the re-
moval of the fish farm, the population density of the dominant species of green and brown epilithic algae
and their biomass significantly dropped, while the number of species of epiphytic algae increased. In this
case, we associate the reason for a rise in the number of epiphytic algae with an increase in diversity
and shift in the taxonomic composition of basiphytic algae.

When studying seasonal changes in the benthic flora of tropical regions, a boost in the diversity of epi-
phytic algae was observed in summer and autumn [Titlyanov et al., 2014, 2019a]. An increase seemed
to be governed by the formation in this late growing season of areas suitable for settlement of epiphytes
on old basiphytic thalli: the ones with various types of damage, with mature or sporulated reproduc-
tive organs, with diseased or dead areas, and with other changes in morphology and anatomy [Levin,
Mathieson, 1991; Potin, 2012].

Conclusions. Based on years of research involving inventory of the benthic marine flora of four
regions of the South China and East China seas, the state and development of epiphytism in tropical
and warm-temperate biogeographic regions were analyzed. In the study areas, epiphytic algae accounted
for about half of the total number of seaweed species recorded. A greater development of epiphytism
was revealed in the warm-temperate biogeographic regions (East China Sea, islands of the Amakusa
Archipelago). Among epiphytic species, red algae predominated. Two groups of species were distin-
guished: obligate epiphytes and facultative ones. The former settled only on living (and healthy) thalli
of algae, and the latter also attached to other types of substrata. Among obligate epiphytes, red al-
gae in fine filamentous and filamentous forms prevailed. As shown, the study areas differed not only
in the number of epiphytic algal species found, but also in the species composition. Only 30% of epi-
phytic species of all taxonomic groups were common to the study areas. Most of the region-specific
epiphytes were registered on the Amakusa islands (warm-water temperate biogeographic region).

Not all the species of marine seaweeds encountered were colonized by epiphytes: those were most
often noted on thalli of red and brown algae which have a complex structure of thalli.

The species diversity of the epiphytic flora increased with a decline in the concentration of pollu-
tants in parallel with a rise in the total number of species of benthic algae. An increase in the diversity
of epiphytic algae was observed in summer and autumn, which is probably associated with the climac-
teric period of succession of the algal community: a weakening of the chemical defenses of basiphytes
against settlers and appearance of convenient surfaces for settling.

This work was carried out within the framework of NSCMB FEB RAS state research assignment “Dynamics
of marine ecosystems, adaptation of organisms and communities to environmental factors” (No. 12402 1900009-6).
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KOPAJLJIOBBIX PU®OB U KAMEHUCTBIX IIPUBPEKHBIX YKOCUCTEM
B I0KHO-KUTAMCKOM U BOCTOYHO-KUTAMCKOM MOPSIX
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Kosnnemx Mopckux Hayk, XailHaHbCKUI yHUBEpCUTET, Xaikoy, Kuraii
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SnuduTH3M — NpUPOJHOE SIBJIEHUE, IIMPOKO PACIPOCTPAaHEHHOE B MPUOPEKHBIX IKOCHUCTeMax Mu-
POBOTro OKeaHa. SnuduThl — 3T0 pacTeHus (BOAOPOCIH), PacTylIue Ha APYTUX pacTeHUsIX (BOAOPOC-
JISIX ), HE KOHKYPUPYIOLIXE C IPyTMMH OPraHU3MaMH 3a CyOCTpaT U MOJTyvalolye B OCHOBHOM (pu3nye-
CKYIO TIOJJIEPKKY OT X03s5iMHa. B TO e BpeMs M3BeCTHO HeraTMBHOE BJMSIHUE SMHU(MUTOB: OHU MOTYT
CHMaTh POJYKTUBHOCTbD, BBI3BIBATh MOP(OJOrNYEeCKre aHOMAJIMK, YMEHBIIIATh CTPYKTYPHYIO ITPOY-
HOCTb CJIOEB U CIIOCOOCTBOBAThH OTPBIBY TA/UIOMa X035MHA OT CyOCTpaTa BO BpeMs TopMoB. Padorta
IIOCBSILIEHA U3YyUEHHUIO0 BUJOBOIO COCTaBa U KU3HEHHBIX ()OPM BOJIOPOCIIEH-3MU(pUTOB B HEKOTOPBIX
6uoreorpaduieckux paifonax MUpOBOro okeaHa, a TaKKe aHaJM3y (DIOPUCTHUECKUX PA3IMIUi, BbI-
SIBJICHHBIX B 9THX PallOHaX, U YCTAHOBJIEHWIO IPUUYMH MX BO3HUKHOBEHHUs. MaKpoBOJOPOCIU OBUIH
coOpaHbl B BEpXHEW, CpeiHel M HIDKHEH JIMTOpaIM U B BEPXHEH CyOIMTOpaiv Ha KOPaJUIOBBIX PH-
¢ax B IOxnO0-Kuraiickom u Bocrouno-Kuraiickom mopsix. O0pasiipl oTOMpa U3 TPEX CIy4aiiHO
BHIOPAHHBIX KBaJpaToB (IUiomaas 1 M?) U ¢ Y4acTKOB 3a UX mpeenamu. Kaxmbiii o6paser mpope-
psinu Ha Hasmuue snuduToB. Beero codpano u npoananmusuposano 6osee 1000 tayutomoB ¢ snudwu-
Tamu. BunoBoe 6oraTcTBo, COCTaB M pacipocTpaHeHre MUPUTHBIX BOJOPOCIEH B SKOCUCTEMaX KO-
pasutoBbix pugoB B I0xHO-Kutaiickom mope (LlentpanbHbiii u KOxHbI BeeTHam, ocTpoB XaitHaHb)
u Boctouno-Kuraiickom Mope (ocTpoBd apxunenaroB Piokio 1 Amaxkca) 3a nepuog ¢ 1995 mo 2019 1.
M3YUYeHO BIepBble. B 9THX 4eThIpéx pernoHax oOHapyx)eHo u uaeHTudunmpoano 6oiee 700 BumoB
Y TAKCOHOMMYECKHUX (POPM MOPCKMX PaCTEHUA, U3 KOTOPBIX OKOJIO 33 % sinsorcs anuduramu. Hau-
OoJiblilee KOJIMUECTBO BUIOB BOAOPOCIEH cOOpaHO Ha KOpaIoBbIX pudax octpoBa XaitHaHb (526);
HavMeHblllee KOJMYECTBO BUAOB OOHAPYKEHO B MPUOPEKHBIX BOJHBIX S9KOCHCTEMAX OCTPOBOB apXH-
neyara Amakca (320). KosmmuecTBo 31upUTOB OTHOCUTENBLHO OOIIEro YKCIia BUIOB BOJIOPOCIIEH ObLIO
MaKCHMaJbHBIM Ha ocTpoBax Amakca. Cpean 3aperrucTpUpOBaHHBIX BUJIOB MU(MUTHBIX BOAOPOCIEN
okoJ10 40 % BcTpevanuch B odnuratHou popme, a 6ojiee S0 % ObLn (HaKyIbTaTUBHBIMU SMHA(DUTAMU.
PaiioHbI UCCNIENOBAHUI Pa3INYATICh TI0 BUJOBOMY COCTaBY MHU(MUTOB, U TOIBKO 30 % BUIOB ObLTH
obummu. Hanbonee cnermduynsle 415 paiioHa 3nrUTHBIE BUOBI OTMEUYEHB! HA OCTPOBAX apXHIle-
nara Amakca. B craTbe 00CyXAaI0TCsl IPUUMHBL ¥ YCJIOBHS LIMPOKOTO Pa3BUTHS SNMpUTH3MA Cpeau
BOJOPOCIIEi B pa3nyiHbIX Ouoreorpaduyeckix paifonax MupoBoro okeana. [IpuoxeHue K myOiuka-
LM COZIEPAKUT ONMUCAHUSA MOP(OJIOTUH U aHATOMUH TAJUIOMOB 40 IIMPOKO pacrpoCTpaHEHHBIX BUIOB
smmuToB. ONUCcaHNs COMPOBOXKAAIOTCS IBETHHIMU (hOoTOrpadusMH C JeTATSIMA MOP(OTOTHIECKUX
1 aHATOMHYECKUX CTPYKTYP.

KuiroueBrble c1oBa: MOpCKHE BOJIOPOCIH, STIH(UTHI, KOPAJUIOBBIE pr(BI, BUAOBOK COCTAB
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