ISSN 2188-2037 WWW.SCESap.org

-

e, -
T 2R An nWNPNAR

Cméx/ Eodyjfem

Marine algal flora of Hainan Island: a comprehensive synthesis

Tamara V. Titlyanova, Eduard A. Titlyanov and Tatyana L. Kalita

Coastal Ecosystems, 2014, vol 1, 28-53

(= aad

© 2014 Society for Coastal €cosypstems Studies - Asia Yacific




Titlyanov E et al.

Algal flora of Hainan Island

Data Paper

S

ot

CESAP

Socioty for Coastal Ecosystoms Studios -Asia Pacilc

Tamara V. Titlyanova, Eduard A. Titlyanov and Tatyana L. Kalita

A.V. Zhirmunsky Institute of Marine Biology,
Far Eastern Branch of the Russian Academy of Sciences, Vladivostok, 690041, Russia
Corresponding author : TV. Titlyanova, e-mail: etitlyanov@mail.ru

Abstract

The present report contributes to the knowledge of the marine algal flora in northern part of
the South China Sea. On the basis of literature data and own sampling, an annotated account
of the seaweeds of Hainan Island and nearby islets is presented. Three sets of algal collec-
tions are involved: the first series of collection by Tseng and colleagues between the 1930s
and 1970s (344 species), the second collection through two German-Chinese expeditions in
October—December 1990 and March—April 1992 (214 species) and the third by the authors
in 2008—2012 (251 species). Decadal changes in the benthic flora between the 1930s—1970s
and 1990s resulted in a decline of epilithic algae with voluminous forms mainly of the
families Liagoraceae (Rhodophyta, Rh), Sargassaceae (Ochrophyta, Oc), Caulerpaceae and
Codiaceae (Chlorophyta, Ch) and in an increase of epiphytic species with fine filamentous
and membranous thalli forms: the families Ceramiaceae, Rhodomelaceae (Rh), Ulvaceae,
Cladophoraceae (Ch). Changes in marine flora from the 1990s to 2008—2012 showed the
same tendency. It is suspected that these historical changes in the marine flora occurred due
to human impacts on the coastal ecosystems (in particular, coral reefs) of the island, includ-
ing over-exploitation of resources and eutrophication of shallow waters, as well as natural
catastrophes such as coral bleaching events of 1998.

Keywords: decadal changes, Rhodophyta, Ochrophyta, Chlorophyta, human impact

Marine algal flora of Hainan Island: a comprehensive synthesis

Introduction

Hainan Island (Fig. 1) is located in the tropical northern
periphery of the Indo-Pacific Ocean in the South China Sea,
between 20°10°'N, 110°41°E and 18°9’N, 109°34’E. Climate
is subequatorial; the annual mean temperature is +24°C,
with sunny weather during more than 300 days in a year.
The annual mean sea surface temperature (SST) is 26°C
with an average seasonal range of 12.1°C. The annual SST
maximum (30.8°C) and minimum (18.7°C) commonly occur
in July and January, respectively. Mean sea surface salinity

(SSS) fluctuates between 33.3 and 34.0 psu. However, SSS
is strongly seasonal at Hainan Island, decreasing to a mean
value of 26.5 psu owing to freshwater run-off and rain during
the wet summer season. The mean tidal range is generally
less than 1.5 m. The rainy season in the southern part of
Hainan occurs from May to October and accounts for 95% of
the yearly rainfall; the dry season occurs from November to
April. The island has an area of 33.920 km? and a coastline
of more than 1600 km (after Titlyanov et al. 2011a, 2014a).

Four main marine ecosystems such as coral reefs, seagrass
beds, estuaries and mangrove swamps border the coasts of
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Hainan Island. Coral reefs are the major coastal ecosystem
in the intertidal and shallow subtidal zones of exposed
and semiprotected areas along the shore. Seagrass beds
mainly occupy the soft bottom of semi-protected bays,
and mangrove swamps occupy brackish water lagoons
connected with the sea. The highest biodiversity of the main
coastal ecosystems was recorded between the 1950s and
1960s (Gurianova 1959) but decreased severely during the
next 20 years (Hutchings & Wu 1987, Zhang et al. 2006).
Almost 80% of the fringing reefs along the coastline of
Hainan Island have been damaged due to human activities
during the 1970s-1990s (fishing with dynamite, removal of
corals for lime and construction). Recently, the eutrophication
of Hainan coastal waters, particularly in the shallow bays,
has increased due to greater tourist numbers, construction
works along the coast, and mariculture in coastal ponds and
pools with wastes draining into the sea (Hutchings & Wu
1987, Fiege, Neumann & Jinhe 1994, Zhang 1996, Zhang et
al. 2004, Tadashi et al. 2008, Titlyanov et al. 2011b).

Three major algal collections were conducted on
Hainan Island between the 1930s and 2012. The first
sampling campaign of marine seaweeds was performed by
Tseng and colleagues in the 1930s at 19 localities on Hainan
Island, followed by another series of sampling in Hainan
including Xisha Islands between the late 1950s and the
1970s (Fig. 1A). This collection was processed by Chinese
phycologists and deposited in the herbarium of the Institute
of Oceanology of the Chinese Academy of Sciences (Tseng
2004). All publications relating to these collections were
considered here: Tseng 1935, 1936, 1937, 1938, 19413, b,
1942a, b, 1983, 2004, 2009, Tseng & Gilbert 1942, Tseng
& Chang 1962, Tseng et al. 1962, 1980, 2001, 2005, 2011,
Chang & Xia 1963, 1976, Tseng & Dong 1978, Zhang &
Xia 1979, 1980, 1981, 1983, 1984, 1988a, b, c 1991, 1994,
Zheng 1980, Zhu & Liu 1980, Lu & Tseng 1980, Xia & Zhang
1982, 1999, Tseng & Lu 1983, 1988, 1992, 19954, b, c,
1997, 1999, 2000, 2002a, b, c, d; Xia & Abbott 1985, 1987,
Xia 1985, 2004, Dong & Tseng 1985, Xia & Yamamoto 1985,
Doty 1988, Abbott, Zhang & Xia 1991, Chiang et al. 1992,
Masuda, Zhang & Xia 1994a, b, Luan & Luan 1995, Xia &
Wang 1997, 1999a, b, 2000a, b, 2002, Millar & Xia 1999,
Tseng & Xia 1999, Zheng et al. 2001, Xia, Tseng & Wang
2004, Xia et al. 2004), Xia et al. 2002, Zeng et al. 2005, Ding
et al. 2007, Liu 2008, Zheng & Li 2009.

In October-December 1990 and March—April 1992,
the second major sampling campaign was conducted in
the shallow waters of 16 localities (Fig. 1B) through two
German-Chinese expeditions. Algal samples were prepared
as herbarium specimens by B. Xia, |. Bartsch and B. Bischof
and one set of herbarium samples each (for all species/
forms) was deposited at the Alfred-Wegener-Institute for
Polar and Marine Research (Germany) and at the Institute
of Oceanology in Qingdao (China). Herbarium samples were

Hai-Kou
®  Pao-Hu-Chiue
°

Linchang

°
Wenchang
[

Tsing-Lan-Kang ¢ Kuan-
Nan
Yen-Tun e Fung-Chia-

Pe-Li-Kang
. Loh-Hwei @ Kang
Kang-Pe-Kang e Pe-Ngao-Kang|
Ying-Ke-Hai wans-Nil,:lg
L] é ¢
Hongtang-e. San-va - @ engshul 1
o ® Sin-Tsun-Kang
Dongluo e ook
Yu-Lin-Kang o
B Meixia Xianhai Haikou
Linchang o ¥® ® Fe ukou
Nanma
Wenchan
Qinglan Gang{
L)
Shalao

Luhuitou Xincun Gang
Tien Ya Hai Tiao | o
B, Tielu Gang

Ximao Zhou 2~ ‘Yalong Wan
Xiaodong Hai adong Hai

Figure 1. Collection sites at Hainan Island. A. Collection
sites of Tseng and coworkers in 1933-1935 with old
spellings of names (after Tseng, 1936). B. Collection
sites during 1990/1992 (small dots, after Titlyanov et al.
2011a) and 2008-2012 (large dots).

identified by B. Xia and |. Bartsch in 1990-1994 and by T.
Titlyanova and E. Titlyanov in 2007-2009. On the basis
of these materials, the following papers were published:
Bischoff et al. 1994, Fiege, Neumann & Jinhe 1994, Titlyanov
et al. 20114, Titlyanova et al. 2012 and one paper is in press
(Titlyanov et al. 2014b).

The third series of collection was conducted in October
2008, April 2009, December 2010 and February-April 2012
by T. Titlyanova, E. Titlyanov and Li Xiu Bao on the southern,
eastern and northern shores of Hainan Island, including 8
localities: Luhuitou, Xiaodong Hai, Dadong Hai, Yalong Wan,
Wenchang, Haikou, Meixia and Xianhai (Fig. 1B). Algae
were sampled from the splash, intertidal and shallow subtidal
(up to 5 m depth) zones. Results were partially published
(Titlyanov et al. 2011a, b, 2014 a, b, c, Titlyanov & Titlyanova
2012, 2013).

The purpose of the present study is to make an
annotated account of the seaweeds (Chlorophyta,

© 2014 SCESAP

-29-

Coastal Ecosystems, 2014, Vol 1, 28-53



Titlyanov E et al.

% Algal flora of Hainan Island

Ochrophyta and Rhodophyta) of Hainan Island and
nearby islets using all published information (1935-2014)
plus our unpublished data of the last investigation in
2012. On the basis of earlier published works and this
annotated account, some features of decadal changes
in the marine flora of the island are noted, with a
discussion of possible reasons behind the changes.

Materials and Methods
Characteristic of sampling locations

In earlier publications on the marine flora of Hainan Island,
descriptions of sampling locations were practically absent.
For the 1990/1992 collection, sampling localities were
partially described (Titlyanov et al. 2011a) according to the
materials of the German-Chinese expeditions and personal
communications of the expedition participants (Inka Bartsch
and Xia Bangmei). During the 1990/1992 the intertidal/
infralittoral reef flats (Linchang, Yalong Wan, Dadong Hai,
Xiaodong Hai and Luhuitou) were characterized by unstable
blocks of dead corals; sometimes stones or boulders were
interspersed with sandy areas. The offshore island of Ximao
Zhou was the only place where the amount of living corals
increased with depth in the shallow subtidal, and was

generally rich in species. The low water mark, however, was
characterized by dead coral blocks. Sandy beaches with
interspersed dead coral blocks were present at Xianhai.
Poorly developed mangrove areas with extensive mudflats
and seagrass fields were present at Qukou and Qinglan
Gang. Near Haikou, algae were collected from fishponds
with variable salinity. At Meixia in the north of the island,
extensive stony intertidal areas with offshore reef flats mostly
comprising dead corals were dominant. An extensive reef flat
with many living corals above or between dead corals was
located at Nanmai, a few hundred meters west of Meixia.

In 2008-2012, Luhuitou and Dadong Hai were
characterized by damaged coral reefs (projective cover of
live corals amounted from 30 to 50%, respectively), whereas
Xiaodong Hai was characterized mainly by dead coral reefs
and seagrass beds. The most studied site during this period
was the Luhuitou coral reef, situated opposite the Marine
Biological Station (South China Sea Institute of Oceanology,
Chinese Academy of Sciences) (Fig. 2-4).

The Xipai site (small rocky islet) in Yalong Wan Bay
was characterized by sandy substrates with unstable blocks
of dead corals, stones or boulders and rocky substrates
near the islet. Algae were collected from intertidal rocks at
Wenchang and from materials cast ashore and fishery nets
which were placed on (mostly dead) coral reefs at Xianhai.
The Meixia site was characterized by an extensive stony

Figure 2. The intertidal zone at Luhuitou Peninsula, April 2009. Inset: algal turf
community in the middle intertidal zone (see Titlyanov et al. 2014d for details).
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Figure 3. The intertidal zone of coral reef at Luhuitou Peninsula, April 2009.
Inset: algal turf community at low intertidal (for details, see Titlyanov et al. 2014d).

Figure 4. The upper subtidal zone at coral reef of Luhuitou Peninsula, March 2012. Inset:
Sargassum spp. community (for details, see Titlyanov et al. 2014a)

© 2014 SCESAP -31- Coastal Ecosystems, 2014, Vol 1, 28-53



Titlyanov E et al.

Sais
SCE

Algal flora of Hainan Island

intertidal area (cape site), a sandy beach and the upper
intertidal fringed by offshore reef flat mostly comprising dead
corals and rare live colonies. In March 2012, during sampling
at Meixia, a green algal bloom (Monostroma nitidum and
Ulva spp.) forming an extensive band on the beach was
observed. At Haikou (very polluted area with green algal
blooms), algae were collected from intertidal rocks and
sandy beaches where seaweeds were washed ashore.

Conservation and identification of marine plants

Herbarized specimens (from 1990 and 1992 collections) and
freshly collected algal samples (2008-2012) were identified
using monographic publications, floristic studies and
systematic articles by Bgrgesen 1913, 1914, 1915-1920,
1924, 1940, 1948, Setchell & Gardner 1930, Yamada 1934,
Tanaka 1938, Shen & Fan 1950, Taylor 1950, 1960, 1966,
Egerod 1952, Dawson 1954, 1956, 1957, 1961, 1962,
Durairatnam 1961, Zinova 1967, Womersley 1967, 1981,
1984, 1987, 1994, Hollenberg 1968a, b, Trono 1968, 1969,
1997, Pham 1969, Womersley & Bailey 1970, ltono 1972,

Results

The results of the present study are shown in Table 1,
which documents 506 species of red, brown and green
marine algae in Hainan Island. The Phylum Rhodophyta
comprised 4 classes, 19 orders, 37 families, 103 genera and
289 species (57% of all species). Ochrophyta comprised
2 classes, 8 orders, 10 families, 24 genera and 92 species
(18%) and Chlorophyta comprised 5 classes, 8 orders, 20
families, 40 genera and 125 species (25%).

A total of 39 new taxa were found in 2008-2012 on
Hainan Island (17 reds, 10 browns and 11 greens). Of these,
16 are new for China (8 reds, 3 browns and 5 greens):
Acrochaetium chaetomorphae, Pneophyllum confervicola,
Chondria minutula, Ch. pygmaea, Polysiphonia exilis, P.
pseudovillum, Peyssonnelia boergesenii, Peyssonnelia
inamoena (Rh); Chilionema ocellatum, Sargassum miyabei,
Turbinaria ornata var. cordata (Oc); Ulothrix subflaccida,
Ulva rigida, Cladophoropsis membranacea, Siphonocladus
rigidus, Caulerpa fastigiata.

In the 1990-2012 survey, high algal species richness
was recorded at Luhuitou (222 taxa), Xiaodong Hai (148),
Yalong Wan (122 taxa), Dadong Hai (89 taxa), Shalao (83
taxa), Wenchang (76 taxa), Ximao Zhou (63 taxa), while
other localities had much less species. Thus, more algal
species occurred in coral reef localities.

Jaasund 1976, Reyes 1976, Abbott & Hollenberg 1976,
Vinogradova 1979, Perestenko 1980, Trono & Put 1982,
Lewis & Norris 1987, Santelices, 1988, Trono & Ganzon-
Fortes 1988, Kornmann 1989, Luan 1989, Price & Scott
1992, Wynne 1993, 1995, Lewis & Mei-Lan 1996, Draisma
et al.,1998, Abbott 1999, Huang 1999, Littler & Littler
2000, 2003, Leliaert & Coppejians 2003, Skelton 2003,
Abbott & Huisman 2004, Saunders & Hommersand 2004,
Skelton & South 2004, 2007, South & Skelton 2003, Tsuda
2006, Brodie, Maggs & John 2007, Dawes & Mathieson
2008, Tadashi et al. 2008, and also the above mentioned
publications of the Chinese authors (see Introduction).

The systematics and nomenclature followed Guiry &
Guiry (AlgaeBase, searched in 2014). The previously known
and newly recorded species for Hainan and China were
verified using Algaebase, the Catalogue of Life China (2010),
Annual Checklist and The checklist of marine biota of China
seas (Liu 2008). Hierarchical classification of the Phylum
Rhodophyta is from Saunders and Hommersand (2004).
The classification system of the Phyla Chlorophyta and
Ochrophyta basically follows Tsuda (2006).

Discussion

In terms of species richness, Hainan Island was close to
Taiwan where 476 species of algae were found (Zhang
1996, Lewis & Norris 1987). We consider that the reason of
such high similarity is the geographical closeness of these
islands, and the intensity of study of their marine floras in
comparison with other subtropical and tropical areas of
China.

The floristic composition of macrophytes in Hainan
Island (Rhodophyta 57%, Chlorophyta 25% and Ochrophyta
18%) was also similar to that of Taiwan (55%, 24% and 21%,
respectively) and the southern coasts of China (56%, 23%
and 19%, respectively) (Zhang 1996, Lewis & Norris 1987).

The first marine floristic study In Hainan was conducted
in 1933 and the subsequent studies were carried our in the
1950s-1970s, 1990/1992 and after 2000 up to now. Floristic
similarity between the periods of the 1930s-1970s and
2008-2012 amounted to 33% (Rh), 41% (Oc) and 53% (Ch),
while that between 1990/1992 and 2008-2012 was 65%
(Rh), 55% (Oc) and 53% (Ch) (Titlyanov et al. 2014c).

These results suggest that conspicuous changes in
algal species diversity and composition occurred from
the 1930s to 2012, as exemplified by a decline in species
richness and the appearance of new algal species. The
largest numbers of taxa losses were recorded for families
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Liagoraceae, Gracilariaceae (Rh), Caulerpaceae, Codiaceae
(Ch) and Sargassaceae (Oc).

The majority of lost species (not found in subsequent/
recent studies) were low productive, annual or perennial
representatives inhabiting hard substrata (epilithic algae)
with voluminous form of thalli (fleshy, leathery, coarse
articulated, foliose, etc.). At the same time, the following
families contributed to taxa increases: Ceramiaceae (20
taxa), Rhodomelaceae (18 taxa) (Rh), Sphacelariaceae
(3 taxa), Dictyotaceae (5 taxa) (Oc), Cladophoraceae (14
taxa) and Ulvaceae (7 taxa) (Ch). Representatives of these
families are mainly high productive ephemeral and epiphytic
algae with fine filamentous forms and high surface area-
volume ratios (Titlyanov et al. 2011a, 2014b, c, Titlyanov &
Titlyanova 2012).

The present work, in combination with previous studies
dealing with the marine flora of Hainan Island (pointed
out above), suggests that serious changes occurred in
the benthic flora, due probably to: (1) over-exploitation of
the reef ecosystems, especially in the 1950s-1970s; (2)
eutrophication of shallow waters (bays) in the 1990-2010s,
most notably sewage disposal (coastal urbanization,
agriculture, mariculture, and tourism industry, etc.); (3)
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