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Abstract

Among the many areas of the Pacific Ocean area where the marine algae are poor-
ly known, the continental coast of the Northern South China Sea has stood out be-
cause no floristic investigations had been conducted in an expanse of over 2,000
km. A large collection of algal specimens was made from the Leizhou Peninsula in
southern Guangdong Province and in the south of Hainan Island. There were 219
species in 99 genera of Chlorophyta (55 species), Phaeophyta (49 species) and
Rhodophyta (115 species). The taxa represent a mix of tropical and subtropical
species, and contain a number that previously have not been reported for China.
Presence/absence data from this collection was subject to community ecology
analysis techniques using COENOS, a computer software program. This provided
a useful way of showing which taxa can be expected to be found together most of
the time, some of the time, or almost never. These results allow the selection of
certain taxa that can be used as indicator species in order to test relationships
with other floras. The floristic data in turn are compared to a database which was
compiled of nearly 20,000 records of over 2,000 taxa from other parts of the
warm water western Pacific. Comprehensive tables of species citations of green,
brown and red algal species are presented, listed by area in the warm water
western Pacific, including the northern South China Sea islands, Taiwan, the
Ryukyus islands of Japan, Vietnam, Malaysia, the Philippines and Northern
Australia. This study represents the first time that algal distribution information
for this area has been gathered together. The use of selective analyses of a
taxonomic databases can predict by biogeographical means, the locations most in
need of collections and study, can help establish baseline floristic information for
applcation in monitoring, and can assist in the selection of appropriate maricul-

ture sites.
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Literature Review

Introduction

The effects of local environmental factors and wide-scale geographic factors on the presence
of seaweed species or communities are poorly understood. As with marine floras with most
of the world, the marine algal flora of the western Pacific, which borders on continental and
island Asia, is poorly known. There isn’t enough known of the algal flora of the area to say
that such a flora has continental affinities as the flowering plants do (Quisumbing, 1978),
or island affinities that are more discrete units as represented by the flora of Guam (Tsuda
and Chiang, 1982) or the Northwest Hawaiian Islands (Abbott, 1989), for example. For both
plants and animals there are within the boundaries of the western Pacific such species-rich
marine and terrestrial areas of as Borneo, Malaysia, and the Philippines (for marine diversity
see Ekman, 1935, 1953, Briggs, 1974 and Springer, 1982). However, in the continental
borders of the South China Sea, species numbers tend to diminish. Marine habitats change
from open ocean with moderate to strong water movement characteristic of the eastern coasts
of Taiwan and the Philippines, for example, to relatively low water motion shown by the
sandy-muddy western shores near the continental coasts (Wyrtki, 1961; Muromtsev, 1963;
Watts, 1971). Natural environmental factors such as the annual inundation by flood waters
of the numerous rivers within the region, bringing loads of soil that settle on the sandy or
rocky bottom, or man-made factors such as pollution or shoreline alteration, would be
expected to strongly affect the marine flora in this area. The manner in which these factors
affect the algal flora remain to be clarified.

The geographic area delineated within this literature review as an area of biogeographic
interest is the warm water western Pacific (Figure 1). As used here, the area constitutes the
tropical and subtropical marine area of Pacific Ocean waters (sensu Wyrtki, 1961, including
northwest Australia) abutting continental Asia. The region is bounded on the north and
south by the limits of consolidated biotic reef (see Howe 1912, 1933 for use of this term for
the more frequently used, but misleading term "coral reef"). The western boundary is that
of Pacific Ocean waters, the eastern boundary is the line of archipelagic islands associated
with the Asian continent (including the Ryukyu Islands, Taiwan, the Philippines, Papua New
Guinea, and eastern Australia). The South China Sea is the largest of several seas in the
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Figure 1.1. The warm-water western Pacific area (bounded by
dashed lines). Tropical and subtropical limits are taken as those

of consolidated biotic reef, in the north and south, the western
boundary is that of Pacific Ocean waters, and the eastern limit

is the line of archipelagos associated with continental plate
boundaries (Indo-Australian and Eurasian Plates). The Indo-Malayan
Archipelago region (shown as a roughly triangular, shaded area)

is considered to be a global center of species diversity, however
there are no established boundaries. )



Indo-Malayan archipelagic region (Morgan and Valencia, 1983). The northern area of this
sea extends into the Taiwan Strait, and includes Hong Kong, the geologically continental
island of Hainan in south China, northern Vietnam and the coral islands of Dong Sha (Pratas
Islands) and Xi Sha (the Paracels).

Section 1. History of Phycology in the warm water western Pacific

Seaweeds have been distinguished and used in Asia for centuries (Tseng and Chang, 1961;
Lewis and Norris, 1987), and have been studied within a Linnaean context from the early
1800's, although preceded by pre-Linnaean observations of Rumphius (1741). The stages in
adoption of phycology, in a scientific context, follow trends documented for phycology in
South America (QOliviera, 1981) and science in general (Basalla, 1967; Kay, 1972). Science
is initiated, in these models, with records from Europeans who are present for short periods
of time. There is a period characterized by the work of the first local phycologists, based on
more abundant material and more precise collection information. The scientific scope is still
predominantly descriptive in the second phase. The final period in the transition is the
establishment of a firm, integrated and diverse local scientific base.

Collections made by European expeditions and the various collectors assigned to them
figure prominantly in accounts of the historical development of phycology within this region,
although there are also scattered publications based on collections made by monks living in
the area. Among the first phycologists who published on algae from the China coast were
Turner (1808-1819) and C.A. Agardh (1820-1828). Specimens were collected from the
Philippines as early as 1837 by Augustinian monks (Silva et al., 1987), but there are no extant
specimené. Accounts of the historical development of phycology in Asia (Silva et al., 1987
for the Philippines, Tseng, 1940 for Hong Kong, Lewis and Norris, 1987, Appendix A, for
Taiwan, and Womersley, 1959, 1984 and Ducker, 1979, 1981 for Australia) emphasize
European expeditions in their early history. For the most part collectors aboard expeditions
were naturalists in the broad sense, having no specific phycological or even botanical
background. Few of the naturalists collected algae. Of those in the early Pacific explorations
(prior to 1840) who did collect algae was the French botanist C. Gaudichaud. While aboard
the corvette La Bonite in 1836-1837 he provided the first clearly documented algal record
from Hong Kong (Tseng, 1940). Specimens collected by the naturalist Eduard von Martens



on the Preussische Expedition nach Ost-Asien in 1861 were published in 1866 by Martens’
father, Georg, a European-based botanist. H.N. Mosley, the naturalist on the Challenger
expedition, collected algae in 1874-1875 in Asia which were recorded by the British botanist
Dickie (1877). The lieutenant on the Vettor Pisani collected algae in 1884 which were
published by Piccone in 1886 and 1889. The Siboga Expedition to the Indonesian region
(1899) accounted for the most extensive collections, published by Barton (1901), Gepp and
Gepp (1904, 1911), Foslie (1901), Reinbold (1901) and Weber-van Bosse (1904, 1913, 1921,
1923, 1928). The total number of marine algal taxa reported by 1930 from these expeditions
was less than 200.

The transition to local investigations began at the turn of the century with Okamura’s
Japanese studies (1895 et seq.). Trained in Germany, as part of the post-Meiji westernization
of Japan, this remarkable scientist became the pioneer phycologist, and the founder of
generations of western-oriented seaweed researchers in Japan. Due to his energy and
interests, an extensive Asian publication record was built up in the early 20th century, which
included records from a large area of Asia. Western scientists were slow to become familiar
with these publications. This led to many erroneous assessments by western scientists of the
state of phycological knowledge in Asia (see Lewis and Norris, 1987 for anecdotes), including
the oversight of many described taxa. When Okamura died in 1938, over 600 species of
marine algae were known from Japar, which at that time included the "Southern Islands"
or the Ryukyus and Taiwan, accounting for Japan's warm-water element not otherwise
present within its geographic boundaries.

Strong economic influences have motivated seaweed research in Asia since the 1930’s in
Japan, since the 1950's in China (Tseng and Chang, 1954, 1959a; Tseng and Wu, 1954) and
in the last 20 years for tropical areas such as northern Bomeo and the Philippines (Doty,
1977), Malaysia (Xia and Abbott, 1987) and Thailand (Abbott, 1988b).

Records from the warm water western Pacific as a whole have never been compiled and
assessed, even in a preliminary format. Therefore, the area which would be expected to have
a high global diversity and some of the greatest potential economic benefit, is in fact one of
the least known. Only in the last decade have records for areas within the region been
gathered for initial evaluation. Checklists now exist for northern Australia ( J.A. Lewis 1984,
1985, 1987), Taiwan (J.E. Lewis and Norris, 1987), the Philippines ( Silva et al., 1987) and
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Malaysia (Phang, 1986). Although not generally regarded as tropical or subtropical, China
and Japan each have marine territory in this region. A flora of China is in preparation (Tseng,
pers. comm.) and a checklist for Japan is being compiled. Published reports for the warm
water western Pacific have been compiled for this review and are presented in Table 1. The
following section provides a historical phycological review for the countries of China,

Vietnam, Malaysia, Japan and the Philippines within this region.

China. There is a history of at least 2,000 years of recognition and use of seaweeds in
China. By tracing records through annals from coastai counties, herbals, dictionaries and
other general public literature, Tseng and Chang (1961, 1962b) presented the long history
of traditional uses. They brought the folk names of algae into a scientific context by tracing
name usage to identifiable material and located the earliest clear reference to the recognition
of seaweeds to the dictionary known as the Er Ya. Also known also as the Literary Expositor,
this book dates to the third century, B.C. (Needham, 1970). Seaweeds are still used as
medicines and foods (Xia and Abbott, 1988).

Although most Chinese research is written in Chinese, there has been a conscious effort
by Tseng and his co-workers to communicate their findings in English, or in Chinese with
English abstracts. Since abstracts give conclusions and may provide little insight as to the
methodology or ways of thinking, non-Chinese readers frequently do not derive a clear
understanding of the studies. A book of color photographs of common marine algae was
published in English (Tseng, 1983) which has helped bridge the communication gap. A
seaweed flora is now in preparation (Tseng, pers. comm.).

The earliest phycological information on China came from Hong Kong. There is a strong
representation of the brown genus Sargassum in early publications (J. Agardh, 1848, 6
species; Greville, 1848, 4 species; Kiitzing, 1849, 2 species; Debeaux, 1875, 3 species).
Setchell (1931-1936) devoted four parts of a five-part series on Hong Kong seaweeds to this
genus. C.K. Tseng’s extensive Hong Kong collections from 1932 to 1934 were reported in a
number of papers (1935, 1936a, 1936b, 1937, 1938, 1940). By 1940 over a century had
passed since the first scientific reports, and yet less than a hundred species had been
reported.Indeed, J. Tilden (1929) reported on "all species previously noted by investigators"
but cited only one non-western reference. Tilden listed 92 marine algal species from China,

including six from Taiwan. Lewis and Norris (1987) point out that the actual number of taxa
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Table 1. Published reports of benthic marine algal taxa in the warm water western Pacific.
Taxonomic compilations of the historical record are indicated as reviews. Individual reports
used in the reviews are not listed.

Country

References

Ryukyu Islands

Taiwan
Hong Kong

Philippines

Tropical Australia

Indonesia

Malaysia

Papua New Guinea

Vietnam

Thailand

Hainan Island

Xi Sha Island

Kuroiwa, 1899; Yendo, 1902, 1909-1918; Yamada, 1930-44, 1934, 1936;
Okamura, 1936; Segawa & Kamura, 1960; Itono, 1969, 1973, 1977;
Yoshizaki & Tanaka, 1986; Yoshizaki, 1979.

J. E. Lewis & Norris, 1987 [Review]; Chiang & Wang, 1987; Yoshida, 1988,
Tseng, 1940 {Review], 1942a, 1943a, b, 1944a, b, 1945, 1948, 1983; Tseng &
Gilbert, 1942; Chiu, 1954; Chang et al., 1963; Lee, 1964, 1965, 1966; Wid-
dowson, 1966; Hodgkiss & Lee, 1981 [Review, partial], 1984, 1984; Tseng
et al., 1982; Hodgkiss, 1984; Ho, 1986a, b, 1987; Wu, 1987.

Coppejans & Prud’homme van Reine, 1989a, b; Kraft, 1986a; Silva et al.,
1987 [Review].

Gabriclson & Kraft, 1984; Huisman & Kraft, 1983, 1984; Jones & Kraft,
1984; Kraft, 1984a, b, 1986a, b, 1988a, b; J. A. Lewis, 1984, 1985, 1987
[Reviews}]; Miller & Kraft, 1984; Robbins & Kraft, 1985; Wynne & Kraft,
1985; Wynne et al., 1984.

Barton, 1901; Foslie, 1901; Reinbold, 1901; Gepp & Gepp, 1904, 1911;
Weber van Bosse, 1904, 1913, 1921, 1923, 1928; Taylor, 1966; Coppejans &
Prud’homme van Reine, 19893, b.

Weber van Bosse, 1928; Zaneveld, 1950a, 1950b, 1952, 1955, 1956, 1959
[Review, partial]; Phang, 1986 [Review].

Weber van Bosse, 1904, 1913, 1921, 1923, 1928; Coppejans & Meinesz,
1988; Kraft, 1986a.

Dawson, 1954, 1957; Pham, 1962, 1969; Tanaka & Pham, 1962.

Foslie, 1901; Reinbold, 1901; Egerod, 1971, 1974, 1975; Maneerat, 1974;
Velasquez & Lewmanomont, 1975; Ogawa & Lewmanomont, 1983, 1984;
Kamura & Choonhabandit, 1986; Abbott, 1988b.

Tseng, 1935; 1936b, 1941a, b, 1942b, 1983; Tseng & Gilbert, 1942; Tseng &
Chang, 1962b, c; Chang & Xia, 1962, 1988a, b, ¢; Chang et al,, 1963; Xia,
1963; Xia & Yamamoto, 1985; Tseng & Lu, 1988,

Tseng & Chang, 1962c; Fan & Wang, 1974; Chang et al., 1975; Fan et al.,
1975, 1978; Tseng & Dong, 1975, 1978; Chang & Xia, 1978a, b, 1979,
1980a, b, 1981, 1983; Chang & Zhou, 1978; Tseng & Lu, 1978, 1979, 1982,
1988; Dong & Tseng, 1980; Lu, 1980; Lu & Tseng, 1980; Zhang & Xia,
1983; Zhang & Zhou, 1980a, b; Zheng, 1980; Zhu & Liu, 1980.




published by 1928 for Taiwan alone was over 200. Factors creating barriers to communica-
tion have no doubt become reduced, but language is still apparently a significant limit to the
scope and depth of relevant literature referenced in phycology today (Lewin, 1981a).

Research activities in China began in the 1930’s where earliest activities were at Nanjing
University, Amoy University and Shandong University, and where C. Y. Chiao, T.G. Chin and
Tseng, worked, respectively. Chiao studied freshwater algae, Chin marine diatoms, and Tseng
benthic marine algae.

Chinese phycologists have been very active in pure and applied phycological research since
the 1950’s, led by C.K. Tseng. Tseng began work on seaweeds in the 1930’s, while an
instructor in Fujian Province. At that time he visited and collected in Hong Kong, and on
Taiwan and Pratas and Hainan Islands, among other places. After receiving his Ph.D. at
Michigan under W. R. Taylor, and working for five years at Scripps Institute of Oceanography,
he returned to mainland China and began pure and applied phycological research, develop-
ing a very active, strong and diverse phycology program at the Academia Sinica Institute of
Oceanology in Qingdao. Until his retirement from the directorship of the Institute in 1984,
Dr. Tseng had served both as Director and head of the phycological research division.
Following his retirement he has continued to be active with many marine biology projects,
and continues to direct the phycological programs.

The main contributions made at the Qingdao institutes since the 1950’s are in systematics
and large-scale culture of economic algae such as Laminaria and Porphyra. The systematics
studies are on a par with western publications along the same lines but show the un-
availability of western ﬁublications during the period of the cultural revolution (mid 1960’s
to mid 1970’s). The contributions of field development and management of economic
seaweeds, Laminaria in particular. The natural ranges have been extended thousands of
kilometers and general mariculture manipulations are outstandingly suceessful.

Despite its long coastline, and the dependency of Chinese people on the ocean for food,
phycology as an academic subject has been downplayed in China. It was first introduced in
1928 by H.H. Chung at Amoy University, Fujian Province. This course was followed in 1936
by a phycology course at Shandong University, located in Qingdao, offered by C.K. Tseng,
who had moved from Amoy University to Shandong University in the 1930’s. In 1948 and

1949 Tseng taught courses in marine phycology and economic phycology, respectively, at



Shandong University. The National Academy of Sciences (Academia Sinica) has since
strongly supported phycology. There are now many research or experimental laboratories
where persons can be trained in phycology and its practical aspects. Additionally, a large
very active institute directs studies of freshwater and bluegreen algae at Wuhan, on the
Yangtse River.

Marine algal studies from the southern part of China (south of Shanghai) have become
more common since 1972, with an increasing number of publications on southern algae, but
logistics still favor northern projects. There are phycological facilities under the Academia
Sinica South China Sea Institute, Guangzhou, located in Shantou and Zhanjiang,
Guangdong Province. Mariculture facilities in northern Hainan Island are actively investigat-
ing species of Eucheuma. Phycology is taught by Prof. Lii Weixin at the Zhanjiang Fisheries
College, Zhanjiang. Prof. Li’s research interests focus on the primarily northern genus,
Grateloupia.

There is no published history of southern collections. The information provided here was
obtained anecdotally from J.F.Zhang (also known as C.F. Chang) and C.K. Tseng. In the
1950’s Tseng brought his research group to Hainan Island several times, where accomoda-
tions could only be found in a high school gymnasium. In Japan, similar conditions prevailed
with Professor Yukio Yamada and his students in Kyushu in the 1930’s (I.A. Abbott, pers.
comm.).

J.F. Zhang visited Leizhou Peninsula on several occasions, primarily to collect Gracilaria.
Transportation was the biggest problem, resulting in the necessity to walk dozens of miles
daily. Other southern locales in which there has been phycological interest are Weizhou and
Naozhou Islands. The first is in Guangxi Province, west of Leizhou Peninsula, the later is
near and to the east of Zhanjiang. Prof. K. C. Fan, originally from Taiwan, returned to
mainland China in the early 1960’s after obtaining his Ph.D. in the U.S.A. He and Prof. Lii
planned to conduct floristic studies on Leizhou Peninsula, but they were assigned other
non-scientific duties during the Cultural Revolution. After a delay of more than 15 years, the
project ended with Fan’s death just as it was getting restarted.

For the many thousands of miles of coastline of China, there are too few phycologists
working to bring the knowledge of accumulated data up to date. The situation is comparable
to that of having 3-4 phycologists divided between the east and west coasts of the U.S.A. for



20 years, rather than having dozens of phycologists during the last 150 years on each coast,
many working for significant parts of their lifetimes. The limitations are inherent in the
geography and the amount of scientific manpower. Because of these limitations, the Chinese
strategy has been to specialize in order to cover the general (mostly northern) situation. For
all of these reasons, the southern flora has been mostly neglected.

One outstanding exception is the Xi Sha archipelago which has been and continues to be
an important research site, despite the extremely harsh field conditions. Each year from 1976
to 1979 phycologists traveled to Hainan Island from Qingdao, then by boat to Xi Sha, to
spend 3 months collecting under difficult conditions. Accomodations were only available in
a military base, food was virtually all canned, and all potable water had to be brought in by
investigators. These expeditions resulted in a series of special tropical papers (Chang and
Xia, 1978a, 1978b, 1979, 1980a, 1980b, 1983; Chang et al., 1975; Chang and Zhou, 1978;
Tseng and Dong, 1978; Dong and Tseng, 1980) which contributed significantly to previous
reports from this archipelago (Fan and Fan, 1974; Fan et al., 1975, 1978). Outstanding
collections of Liagora were made possible only because of the long-'term visit during the

spring season (1. Abbott, pers. comm.).

Vietnam. For many years Professor Pham Huang Ho, formerly at Saigon University, was
actively working on the flora of Vietnam in addition to other biological duties he had for the
government. Pham received his Ph.D. from France with P. Drach and J. Feldmann, and he
nowresides in Paris. Pham’s major algal contribution (he is also a flowering plant systematist)
was a seaweed flora of Vietnam (1969) which focused around, and south of, the Nha Trang
area.

A floristic investigation of a number of different habitats in the Nha Trang area was
conducted over a three month period by E. Yale Dawson in the mid-1950's. His reports on
this study (1954, 1957) provide a large amount of ecological floristic information. Dawson
was wary of all his identifications from Vietnam collections, however, noting the lack of
bibliographic sources and of specimens with which to identify tropical western Pacific
seaweeds. He resolved these difficulties by assuming floristic affiliations with the Caribbean
and wide morphological variability. Experience may demonstrate that his assumptions were
correct, but it has not been possible to test this adequately to date. Dawson’s study may be

seen as one which brought an international perspective to the Asian flora, and made an
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audience of phycologists aware of the uncertainty which is involved in taxonomy of marine
algae from previously unknown places. Another of Dawson’s contributions was his
demonstration that completely different communities of seaweeds were present within very
close geographic range, and therefore it is necessary to sample a wide variety of habitats if

a representative species list is to be had.

Malaysia. Malaysia, including peninsular Malaysia and Malaysian Borneo, has a coastline
of almost 3,500 km (Table 2). There are few published records on the seaweed flora,except
for those of Zaneveld (1950a; 1950b; 1952; 1955; 1956; 1959). More recently, Phang (1986)
has brought the information from Zaneveld up to date, and contributed new records and
observations. The many collections of Burkill that are available in a number of herbaria
(British Museum, Natural History, University of California, Berkeley, and the Bishop

Museum) should aid in establishing a larger flora than is now known.

Indonesia. The numerous islands in Indonesia would most likely yield one of the Pacific’s
more diverse and interesting algal floras. It is unfortunate that very few investigations have
been conducted on which to base a preliminary algal flora upon which biogeographic
observations could be extrapolated. While algal collections formed a minor part of the Siboga
Expedition, they constitute the main, though dated, source of information on seaweeds of
the area (Barton, 1901; Gepp and Gepp 1904, 1911; Foslie, 1901; Reinbold, 1901; Weber
van Bosse, 1913; 1921; 1923; 1928). Zaneveld’s publications on Malaysia (see above) also

included citations for Indonesian seaweeds.

Japan. There have been and are presently hundreds of phycologists in systematics,
numerous others in commercial and other aspects of economic phycology in Japan. Presently
there are over 300 marine phycologists, most specializing on a specific taxonomic group or
floristic area (Yoshizaki, pers. comm.). As mentioned earlier, Okamura exercised considerable
influence on the development of phycology in Asia. Upon returning from abroad, he spent
almost four decades in the environs of Tokyo from which it was convenient to conduct
research and to do fieldwork. His contemporaries, K. Yendo, and T. Miyabe studied certain
taxa that Okamura did not, and thus advanced the accumulation of algal information. Y.

Yamada (1925a; 1925b; 1926; 1930-1944; 1931; 1934; 1936; Yamada and Kinoshita, 1948;
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1950) and S. Segawa ( Segawa and Kamura, 1960) were students of Okamura; nearly all
phycologists in Japan were trained by them. There is a partitioning of effort among the
various workers, and consolidation of st:.xdies toward a comprehensive checklist now being
developed (Yoshida, et al., 1985), which is preface to a major re-working of Okamura’s flora
(1936) which emphasized the temperate flora. Few Japanese are working on the tropical
and subtropical aspects of their flora, despite their considerable history of phycological
exploration in Taiwan (Lewis and Norris, 1987) and other southern areas. A temperate to
cold water flora of Japan would nevertheless be a major contribution, as it would contain

perhaps 95% of those species present throughout the northern Pacific

The Philippines. The published records of benthic marine algae from the Philippines have
been assembled by Silva et al. (1987) into a catalog containing 910 species in 190 genera
of red, green and brown taxa. The authors emphasize that their catalog is merely a
compilation of records, assembled to spur critical examination of the published record and
to "integrate published information on the taxonomy and distribution of Philipppine benthic
marine algae and thus provide a foundation for future exploration and research". As well,
they "...decided to incorporate as much information as was pertinent to understanding the
taxonomic structure and nomenclature adopted..." and focused on the need to investigate
the reliability of the determinations, commenting that "...very little critical work has been
done on Philippine marine algae."

Their goal was to "..facilitate and perhaps stimulate future work by pointing out
geographic and taxonomic areas most in need of attention". A large number of the species
recorded are regarded as dubious, owing to their naming at a time when the literature was
scanty, the limits of taxa poorly understood, and the training of the person naming the species
uncertain. The authors note a sharp increase in the number of papers published on seaweeds
since the mid 1970's whiéh reflects the studies of Trono (1973 et seq.) and others cited in
the Philippine catalog. Lewis (1990, Appendix B)examines patterns in the development of
the Philippine phycolgical history.
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Section 2. Biogeography

In order to evaluate the distribution patterns of marine algae, and to thereby establish
relationships either of taxa or of somewhat specific habitats, floras must be relied upon.
Adequate floras that contain reliable identifications exist for only a fraction of the Earth’s
coasts and primarily temperate seas. Dixon’s (1963) assessment that "it is doubtful if more
than about 70% can be identified accurately in any flora or taxonomic treatise, for any part
of the world" is in large part still relevant today. Among the best known floras are those of
western North America (Abbott and Hollenberg, 1976; Scagel et al., 1989), Great Britain
(Parke and Dixon, 1968, 1976), the Mediterranean (Feldmann, 1937; 1942), Japan
(Okamura, 1936) and Australia (Womersley, 1984, 1987).

For the tropics and subtropics, comprehensive floras exist for the western Atlantic and
adjacent Caribbean (Taylor, 1960). The flora of the main islands of Japan is extensively
studied (Okamura, 1936), but the warmer parts of Japan less so. Several long coastal
stretches continue to be floristically unknown. These include much of the southwestern coast
of Africa, the southern part of Brazil and Argentina and the continental coastline of Asia
from Hong Kong to southern Vietnam. There are also several countries in Asia (i.e. Vietnam,
Thailand, Malaysia, the Philippines, Indonesia) which have been studied from time to time,
but for which the information base is still poor. For a few, there are clear statements of
governmental interest in seaweed resources which may indicate an increasing interest in
research soon.

Geographic boundaries for the evaluation of benthic marine algal data are arbitrarily
defined here for a region referred to as the warm water western Pacific. This region is defined
as that area of the western Pacific (sensu Wyrtki, 1961, including Indonesia) in association
with the Continental Shelf (including the archipelagoes of Japan, the Philippines and
Indonesia) and bounded on the north and south by the limits of consolidated coral reefs
(Figure 1). The western Pacific concept used here does not extend to the western margin of
the Pacific Plate, as distinguished by Springer (1982).

Of the many kinds of biogeographic approaches applied to seaweeds, the pattern approach
(Hoek, 1984b) is the one taken in general in this paper. This descriptive approach is best
suited to early biogeographic assessments when the quality of the data has not clearly been
determined. This is the situation with benthic marine algal data (May, 1944; Silva, 1966;
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Dixon, 1971; Doty, 1973; Irvine and Price, 1978; Abbott and Norris, 1985; Lewis and Norris,
1987; Silva et al., 1987; Abbott, 1988; Lewis, 1990).

These boundaries define a broad region which, by nature of temperature, currents
(Wyrtki, 1961; Muromtsev, 1963; Watts, 1971) and environment is similar and would be
expected to share general features of their marine floras. This area was defined to assist in
evaluating the completeness of knowledge about the benthic marine algae for smaller areas
within this region. )

Whereas some ecologists may consider biogeography to be a branch of ecology which
describes systematic distribution of plants and animals, and some biogeographers may
consider ecology to be a minor branch of biogeography (Hedgpeth, 1957), the somewhat
eclectic viewpoint taken here is that both can be used as tools to test for subsets of floristics,
and floristics 1s, in turn, a subset of systematics. Ball (1969) recognizes a progression of three
phases to the study of biogeography: 1) an empirical or descriptive phase; 2) a narrative
phase; and 3) an analytical phase. As outlined above, the interests of this project are with
phase one, description. _

Marine science knowledge of all kinds in the Pacific Ocean developed much later than that
for the Atlantic. In the first synthesis of marine biogeography of the Pacific, Ekman (1935)
recognized the relatively shallow tropical and subtropical continental shelf waters as areas
of highest diversity, and among these, the greatest marine diversity in the area extending
around the Philippines, peninsular Malaysia and Papua New Guinea, referred to by Ekman
as the Indo-Malayan archipelago (Figure 1).

Using a pattern approach to biogeographic analysis, studies have been made on seaweeds
of the Atlantic Ocean (Humm, 1969; Hoek and Donze, 1967; Kuhnemann, 1972; Hoek, 1975;
Pielou, 1977; Lawson, 1978; Searles, 1984; Alvarez et al., 1988); of the Pacific Ocean
(Funahashi, 1973; Pielou, 1978; South, 1979; Santelices, 1980; Murray and Littler, 1981;
Womersley, 1981; Abbott and Santelices, 1985; Parsons, 1985; Santelices and Abbott, 1987)
the Mediterranean Sea (Funari, 1984; Ribiera et al., 1984) and worldwide (Hoek, 1984b;
Joosten and Hoek, 1986; Liining, 1985; Michanek, 1979; Yoshizaki, 1979; Yoshizaki and
Tanaka, 1986). Despite the biogeographic significance, and demonstrated economic poten-
tial, an integrated understanding of the seaweeds from the western Pacific is virtually

nonexistent as compared to that for other Pacific and Atlantic Ocean areas. Compared to
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other groups of organisms, seaweeds were rarely collected and if collected, because of
changes in the characters used taxonomically, many of the early collections cannot be used
without further critical re-examination. As a result, knowledge of this region’s flora has
increased only slowly. Alvarez et al. (1988) believe "that seaweed biogeography merits
attention, since new algal floras are being compiled and many intriguing questions regarding
distribution are being solved." Biogeographic analysis might be used as a tool that would
help to identify high priority areas for floristic work.

The principle behind such analysis is that natural patterns recur. The strategy this invokes
is one of dividing data a number of ways and applying the same analyses to each subset.
Resulting patterns can be compared, and interpreted in terms of the evenness of the
datasets,and the degree of completeness or confidence implied by the different kinds of data.
Biogeographic analyses can thereby be diagnostic of data integrity.

Pacific. In general, marine biogeography with respect to marine algae is a subject which
has been apparently little interest in the Pacific, owing, perhaps to the large body of water
and numerous widely separated island groups. Because the separated islands could be used
as experimental locations for testing biogeographic hypotheses, the Pacific would appear to
be a perfect location for such studies. Perhaps it is the lack of reliable taxonomic or floristic
information for this area that discourages any such studies.

In the eastern Pacific subtropics and tropics, Dawson (1961) provided a checklist of 671
taxa were reported, including 76 species of green, 139 species of brown, and 456 species of
red algae for the coast from Alaska to Panama. The bulk of the algal information was on
more temperate species, exemplified by Abbott and Hollenberg (1976) where

For the western Pacific temperate and subtropical regions, Okamura (1926) in the first of
a group of papers on the biogeographical base of Japanese algae was a pioneer in attempting
a sort of distributional pattern analysis for western Pacific algae. The second paper (Okamura,
1932) in this series presented a detailed presence/absence table of 102 pages of of all taxa
known in the Pacific at that time. In the last paper in this series, Okamura (1933) discussed
the reported distributions of marine algae in Pacific waters and treated 3,794 taxa. Of course,
the number of taxa has both increased (new species), and decreased (new combinations and
the establishment of synonyms) since that time. Of this number, 864 were listed for Japan,
alone, 182 for the China Sea, and the remainder scattered throughout the Pacific. There have
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notbeen any serious examination of the distribution of marine algal taxa in the broad reaches
of the Pacific since that report.

Okamura, while pre-eminent with the Japanese algal flora, had to use identifications found
in the literature for taxa beyond his geographic boundaries. He worked in a period (the first
third of this century) where "authority” governed the names of plants, whether they were
terrestrial or marine. The term "amply distinct" to distinguish a new species from those already
described would be accepted if Setchell (1914), for example, identified the taxon. While
Okamura, and Yendo who was a contemporary, and Yamada who was his student, had open
minds in terms of identifications (their papers show evidences of the ability to change their
opinions, and even to admit error) they were nevertheless held in such high esteem that their
"word was law." These attitudes, held by others, do not encourage a re-examination of the
limits of species, a challenge of the features used, and broader interpretation. It allows
compiled lists to stand, even when there are errors in them; it relies too heavily on the

judgement of others which may be in error.

"Sound taxonomic work is a precondition for all types of biogeographical studies, and lists
from different areas must be strictly (italics mine) comparable if conclusions are to be drawn
with certainty" (Lawson and John, 1986). This and similar issues which stand as major
challenges to seaweed biogeography have been raised in several contexts (May, 1944; Silva,
1966;Dixon, 1971; Doty, 1973; Irvine and Price, 1978; Abbott and Nortis, 1985; Silva et al.,
1987; Abbott, 1988; Lewis, 1990).

The current taxonomic records for the WWWP are scattered, mostly available on a regional,
1.e., country by country basis, with some of the available literature published as though no
other literature of nearby areas existed, e.g., the papers on algae from India do not refer to
those from Taiwan, even though they are both within the Indo-West Pacific biogeographic
area (Ekman, 1953) and would be expected to have many elements in common. Except in
Japan, until the 1980’s there was little effort to consolidate the literature even within a single
country. During the 1980’s the published taxonomic record was compiled for northern
Australia (Lewis, 1984; 1985; 1987), Malaysia (Phang, 1986),the Philippines (Silva et al.,
1987) and Taiwan (Lewis and Norris, 1987). Algal references for Hong Kong were recently
gathered and published (Morton, 1990).



Another recently developed resource for distribution records is electronic databasing of
biological collections at major museums, such as the U. S. National Museum of Natural

History.

Section 3. Physical parameters

Oceanographic conditions are widely understood to affect seaweed floras (Chapman, 1974,

' 1986). Southeast Asia is characterized as "one of the regions with the most complex structure
on Earth" (Wyrtki, 1961:7) because of its distribution of water and land, the configuration
and complexity of its seas and basins and the number and size range of its islands. The
archipelagic nations of Indonesa and the Philippines have several thousand islands each,
with correspondingly extensive shorelines. The shore length for Indonesia is 35,784 miles,
Philippines is 13,975, as compared to the 8,900 nautical mile shoreline of mainland China,
of the 2,828 nautical mile shore of Vietnam, the shorelines of Taiwan (648 nautical miles)
and Hong Kong (454 nautical miles) (Morgan and Valencia, 1984).

Numerous large and small islands subdivide the region into a netwozk of seas, the largest
of which is the South China Sea. This sea, including its major embayments, the Gulf of
Thailand and the Gulf of Tonkin, encompasses an area (1,091,642 square nautical miles)
which is larger than any of the other 12 Southeast Asian Seas (Morgan and Valencia, 1984).

Salinity is lowest near the continental shoreline of Asia where it is influenced by high
rainfall runoff. Marine temperature extremes in the northern and southern portions of this
region are not mirrored, but vary in pattern. The southeastern limit of the area under
consideration is slightly south of Brisbane, Australia. Brisbane has average monthly water
temperatures from 20-27°C, or a range of 7°C throughout the year. The northern Ruykyus
represent the northern extension of the area and are subject to a greater, 10°C, marine
temperature flux, from 18-28° C,

There is distinct seasonality in the current patterns within the Southeast Asian seas. In
February, strong southbound currents flow along the coast of Vietnam in the South China
Sea. Current speeds through the channels linking the Pacific Ocean and Southeast Asian
waters are generally on the order of 50 cm/sec, or one nautical mile an hour (1 knot).

Strongest surface currents within Southeast Asia, of about 1.5 knots, are north of Flores
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Island, along the Vietnamese coast and in Selat Karimata west of Borneo (Morgan and
Valencia, 1984). August surface currents are predictably different in the western South China
Sea. Currents are generally northerly or northeasterly and are slower than those of February.
At this time the currents are westerly in the Java, Flores and Banda Seas.

Within this seasonal pattern there is often a much more pronounced tidal current pattern
subset. The tidal range is generally less than 1.5m throughout the region. Areas with wide
tidal range include the head of the Gulf of Thailand (up to 3m), and the northwest coast of
Australia and both sides of the Taiwan Strait (to 4.5m) (Morgan and Valencia, 1984).

Tidal currents create unique oceanographic conditions in some of the shallow, narrow
straits. Within the shallow Taiwan Strait (average depth 60m) there are two flood currents
and two ebb currents daily. In the southern entrance the current flows northward, in the
northern entrance, it flows southward. The two currents meet along a line extending between
approximately 24° 30’ N on the Taiwan side, and 25°20’ N on the Asian mainland. Flood
current speeds at spring tides have been measured at 3.6 knots (Defense Mapping Agency,
#160:95). In the passages between the lesser Sunda Islands, in the Philippines and in the
Torres Strait, tidal currents of 5 to 6 knots are frequent during spring tides (Morgan and
Valencia, 1984). Currents up to 11 knots have been documented in some of the straits of

Indonesia (e.g., Selat Flores) (Defense Mapping Agency, #161).

Section 3. Vegetation classification

Numerical techniques which have been used to analyze community ecology patterns with
seaweeds are reviewed in Chapman (1986). The Braun-Blanquet vegetation classificaion
techniques may be used with cover of presence-abs‘ense data. This analysis tehnique involves
sorting a species-site table so as to identify cohesive site, and species groups. This method is

further explained in Chapter 3.

A computer program has been developed (Ce$ka and Roemer, 1971; Ceska, 1987) which
removes the necessity for extremely time-consuming hand sorting of the table. The operator
specifies the statistical grouping rules to be followed, and any person using the same data
set and rules will achieve the same result. It is up to the operator to interpret the automatic

results and make char.zes in the procedure as are appropriate.
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Hypotheses

1. The seaweed flora of Leizhou Peninsula and southern Hainan Island, China is more
similar to the flora of Vietnam than those of Hong Kong or the Xi Sha Islands.

2. The northern South China Sea belongs within the biogeographic region of the
Indo-Malayan Archipelago.

3. The published literature is a useful basis for biogeographic evaluation.
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Shallow-water marine algae of the northern South China
Sea: Taxonomic Results from a Field Study in South
Hainan Island and Leizhou Peninsula, China

Abstract

Southeast Asia is included in the center of biogeographic diversity of the Indo-west Pacific
demonstrated for a wide variety of marine and terrestrial organisms, although benthic marine
algae have not been examined in this context. With several notable exceptions, information
on the marine algae of the Asiatic coasts south of Hong Kong is poor and incomplete. A
biogeographic interpretation of the region based only on the published floristic data is
therefore ill-advised. To provide a standard of comparison, an extensive collection of
shallow-water marine algae was made in Leizhou Peninsula (20°15-21°10'N and 109°29'-
37°E) and from the southemnmost area of Hainan Island (18°11-13'N and 109°29-37'E)
between September 1986 and May, 1987. From over 2,000 specimens collected during 42
collection visits to 24 sites, 219 taxa in 99 genera, 42 families and 16 orders were identified.
The collections yielded 55 species in 21 genera of green algae, 49 species in 17 genera of
brown algae and 115 species in 61 genera of red algae. The taxa have nearly as many tropical
as subtropical elements, for example, Dictyopteris and Spatoglossum among the subtropical
browns, and Sargassum among the tropical browns; the order Dasycladales among tropical
greens; Acrosymphyton sp. among subtropical reds and Galaxaura and Liagora among
tropical reds. Over half of the identified genera had some specimens which could not be
identified to species because they lacked species specific characteristics or were poorly known
taxa. The widest taxonomic diversity and the least taxonomic certainty were both
demonstrated among the red algae. Species richness was highest in the red algal orders
Ceramiales, Cryptonemiales and Gigartinales. The genera most common among the collec-
tions were Ceramium, Laurencia, Polysiphonia and Centroceras. Qualitative differences in the
flora are discussed for four geographically distinct areas. The data from this field study will
provide a floristic basis for comparison with reports from other areas of the northern South

China Sea or the warm water western Pacific.
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Introduction

A center of taxonomic diversity with a wide range of terrestrial and marine organisms has
generally been recognized for an area bounded roughly by the Philippines, the Malaysian
peninsula and Papua New Guinea (Ekman, 1953; Kay, 1980) (see Chapter 1). The South
China Sea, the locale for this study, lies just north and west of this area of high taxonomic
diversity (Figure 1).

The biogeography of benthic marine algae has not been investigated for this region, nor
for the tropical western Pacific as a whole. Isolated reports on the northern South China Sea
flora exist for southern Vietmam, the Xi Sha Archipelago, Hainan Island, Leizhou Peninsula,
Hong Kong, Taiwan and the Philippines (see Chapter 1).

Although catalogs summarizing the historical floristic literature on benthic marine algae
for northern Australia (J.A. Lewis, 1984, 1985, 1987), the Philippines (Silva et al., 1988),
Taiwan (J.E. Lewis and Nortis, 1988) and Malaysia (Phang, 1986) have been compiled and
published within the last decade, critical taxonomic assessment of these records was beyond
the scope of these catalogs and records from these publications have not been synthesized.
Each of these catalogs constitutes, however, a first look at the history of phycological thought
regarding these locations, and is useful in prompting taxonomic and biogeographic queries,
and provides taxonomic reports which allow a first assessment of the regional flora.

Benthic marine algae have been reported from a number of other locations within the
warm water western Pacific (see Chapter 1), although most reports were not made with a
floristic objective. In Vietnam, Dawson conducted a study documenting the taxonomic range
of seaweeds for a number of habitat types. Results were published in two papers (Dawson,
1954, 1957). Dawson remarked on the considerable difficulty encountered identifying
Vietnamese specimens, due to the paucity of taxonomic information on the tropical Pacific
flora. )

The present study was undertaken for the purpose of establishing a modern, taxonomically
integrated, floristically wide set of data from a relatively uninvestigated part of the warm
water western Pacific. The results can then be used for further studies on biogeography and

taxonomy of the area.



The marine flora of the South China Sea is poorly investigated, and is virtually unreported
along more than 2,000 km of continental coastline between Hong Kong and Nha Trang,
Vietmam (see Chapter 1). A thorough floristic report from this area is useful as baseline
taxonomic information, and also as a basis for assessment and focus for biogeographic
analysis of a larger area. This study on the benthic marine algal flora of the coastal, shallow
water northern South China Sea encompasses the Leizhou Peninsula (the southernmost area
of continental China) and Hainan Island, a large tropical island south of the peninsula.
Discussion covers overall taxonomic representation, taxonomic distribution and diversity by
site and area in relation to factors of possible collection bias, and the possibilities for
taxonomic extrapolation over wider areas. This information is used in the following chapters
at three levels. Presence/absence patterns within the field data are analyzed in Chapter 3 by
community ecology technique. In Chapter 4, insights from the two previous chapters are
applied to a comparison of all previously published reports of the occurrence of marine algae
in the northern South China Sea. The data are then utilized in a larger biogeogarphic

perspetive of the warm water western Pacific (Chapter 5) following the same procedure.

Materials and Methods

Collections were made from the south and east coasts of Leizhou Peninsula (20°15-21°10'N
and 109°29-37E), and from the southernmost area of Hainan Island (18°11-13'N and
109°29™-37°E) (Figure 2) during a nine-month period from the fall of 1986 through the spring
of 1987 (Table 1). The objective was to obtain a representative collection of taxa expressive
of varying ecological conditions and collected in more than one season (Figures 3-4).
Specimens were processed following standard techniques. All specimens were initially sorted,
pressed and given accession numbers. Specimens were formalin preserved if transport to a
suitable sorting location was to be delayed. Conditions of high humidity in Leizhou Peninsula

challenged the proper care of specimens.

Sites. Potential sites were chosen from topographic and navigational charts on the basis of
habitat variability, suspected richness of algal growth and site access. In Leizhou, final site

selection was made after discussion with members of local fisheries bureaus and the
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Zhanjiang Fisheries College. South Hainan Island sites were selected finally on the basis of
site access.

The four sites in south Hainan Island v;rere geographically most removed from the Asiatic
mainland (Figure 2, u-w). Thirteen sites were scattered along the east and south coasts of
Leizhou peninsula (Figure 2, j-t). Seven more were located on Naozhou Island, a small island
east of the peninsula (Figure 2, c-i). Environmental conditions of the sites varied widely
(Table 1). There were clear water sites with high energy (k, m, v, w, x), and with quiet water
(m, u, v), some high energy sites with very turbid water (n, o, q) and others with intermediate
visibility (f, g, h, 1). The single site with the greatest area and variety of habitat was Techan
Island (a, Figure 3 A,B). Sites u, v and w (Figure 4) also cover several habitats. Of these
three, site u (Figure 4A) was the most varied, and included extensive shallow sandy back
reef, a reef crest, an islet on the reef crest and a reef outcrop along the harbor entrance
(Figure 4A).

Included in the study were mudflats (a, 1, m), sandflats with rocks and without (a,b,c,d,
Figure 4D), mangroves (a,l, Figure 4 A,B), tidepools (j,m), boulder-covered sites (f,h, Figure
4D), an intertidal rock bench (g, Figure 3C) and areas with considerable reef development
(h,k,u-x, Figure 4).

Sites were grouped into four geographic areas: 1) northern Leizhou peninsula; 2) Naozhou
Island; 3) Quwen County; and, 4) the Sanya area of Hainan Island. As the name Leizhou
("land of thunder") suggests, this peninsula is subject to violent and prolonged storms and
the surrounding waters are often turbid. The area of northern Leizhou (a and b) is a shallow,
protected area with extensive intertidal mudflats. Mangroves are common, though not
well-developed. Naozhou Island (c through i), borders the shallow embayment defined by
the northeastemn peninsula. A wide range of habitats is present along different aspects of the
island. There are extensive intertidal flats on the west, and relatively deep water on other
aspecis. The island is notable for its extensive boulder-strewn coasts in the northeast and
southeast. The south coast of Quwen County (j through t) borders the narrow (25 km) and
shallow (average 44 m) Hainan Strait and is subject to swift diurnal currents (Enderton,
1984). Biotic reefs and mangroves are both sparsely present. The southern shorelines are

mostly abrupt, the water very turbid.



Site t is represented in the tables by a single drift specimen of Sargassum hornerii (Table
6). The full subtidal collection of site t (3 species after 1 hour’s snorkel search) and of Bei
La Gang, positioned along the mid-eastern coast of Quwen County (a site with luxuriant and
diverse growth of algae on coastal rocks), were lost. Many specimens from the rich and
diverse tidal pools of site m were also lost due to decomposition within two hours of
collection. This is best explained by the presence of the genus Desmarestia in this collection,
but there is no specimen on which to base this determination. Desmarestia liberates an acid
which leads to the deterioration of all algae exposed to it.

The four sites (u,v,w,x, Figure 4) of the Sanya area lie approximately 300 km south of
Quwen County. Well-developed reefs, beaches with white sand and coralline rubble and
clear warm water characterize these sites. Several habitat areas originally targeted for
inclusion in this study were excluded due to logistical difficulties. For this reason, a small

number of broad sites were collected thoroughly and repeatedly.

Collection Design. The objective for each collection was to obtain specimens of all taxa
present. Sites included a range of depths from high intertidal to subtidal depths of 5 m. Most
collections came from intertidal and shallow subtidal areas. These were mostly from the top
two meters, when water was clear, and the top meter when specimens were located by touch.

Mask and snorkel were used when visibility allowed.

Preparation and Identification. Specimens were sorted, pressed and given accession num-
bers as soon after collection as possible. Final sorting was made at the time of identification,
with all specimens available for comparison. Collection number suffixes (a,b,c, etc.) were
added for those epiphytes or other taxa separated at this time. identifications were made
with the assistance of a group of taxonomic specialists, at the Phycology Laboratory of Dr.
C.K. Tseng, Academia Sinica Institute of Oceanology, Qingdao, Shandong Province, China.
All specimens were marked with collecting number, but geographic information was not
included and could not therefore be used in grouping specimens for identification. This
reduced possible geographic bias in assigning names. Approximately 100 green specimens
were not identifiable in Qingdao. Those were forwarded to Nanjing University for further

investigation.



Duplicates of all taxa are housed at the herbarium in Qingdao (AST), and a permit for the
remainder of the specimens to be shipped out of China was obtained (there is a policy within
China to keep biological specimens within China, and such permits are difficult to obtain).
It is anticipated that further sets of taxa will be housed at the Bishop Museum, Honolulu,
Hawaii and at the National Museum of Natural History, at the Smithsonian Institution.

Results

A complete taxonomic listing, arranged systematically by family and order, is presented by
site and area (Tables 2-7) for the Divisions Chlorophyta (Tables 2,5), Phaeophyta (Tables
3,6) and Rhodophyta (Tables 4,7). The data in these tables are further analyzed and
compared later in this chapter and in Chapters 3, 4, 5 and 6. Frequency of sites reported by
taxon is given in Figure 5.

Taxonomic information is summarized by family and genus (Tables 8,9) and by order
(Table 10). These tables summarize the distribution of taxa for the four site areas. Reports
of taxa collected at only one site are considered to be a special case; these taxa are referred
to here as unique taxa, and are presented separately (Tables 5-7).

Floristic conditions of the sites and site areas are summarized in Tables 11-13, with an
emphasis on unique taxa. Sites and areas by number of green, brown, red and total taxa,
and of the number of unique taxa and percentage of unique taxa by sites and site areas are
ranked in Table 11. Patterns of distribution among unique taxa are given in Tables 12 and
13.

Collection trends (Figure 5) are presented in terms of the number of sites where taxa
occurred for green, brown, red and total taxa. Figure 6 presents floristic site summaries in
mapped form for each site,and site area. Data are further examined from the standpoint of
collecting tendency. Tables 14-16 present taxonomic representation as compared to collec-

tion representation.

Taxonomic summary: numbers and distribution of taxa by division
Taxonomically, the dominant constituent is Rhodophyta (58.2% of genera; 52.5% of
species). Over half of the identified genera (72 of 102) had some specimens which were not
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identified to species. A disproportionate number of these were in the Rhodophyta, a not
unfamiliar situation in nearly all newly collected areas in the world.

Chlorophyta. Green algae were identified to 4 orders, 12 families, 24 genera and 57 species
(Tables 2,5, and 9). Each order was represented within each of the four areas, although three
out of the four families in the Caulerpales were unrepresented in northern Leizhou. One
family, Bryopsidiaceae, had no specimens identified to species. Further, taxonomic uncer-
tainty led to compound generic names being adopted for the Trichosolen/Bryopsis and
Cladophoropsis/Boodleopsis pairs.

The orders Caulerpales and Dasycladales, considered tropical orders, were well-repre-
sented in the collections. In southern Quwen County Caulerpa was particularly abundant in
the early spring, growing on low intertidal boulders in dense mats. Acetabularia parvula and
Neomeris annulata were commonly encountered, often in abundance, on Leizhou Peninsula,
and may be under-represented in the final presence-absence table.

The area with the greatest number of green genera, 21, was Quwen. N. Leizhou was the
least, with 7 genera. The most represented site, Denglou Point (k), had 17 genera. Only one

genus was collected in Cunliang (Table 8). A similar pattern existed at the level of species.

Phaeophyta. Five orders of brown algae were identified, consisting of 6 families, 17 genera
and 49 species (Tables 3, 6 and 9). The two orders Dictyotales and Fucales were present in
all areas. Dictyotales were represented at all sites except b (Table 9). Sites w and x had
members of all orders, k was missing only Sphacelariales, v missed Ectocarpaceae. Of the six
families, sites w and x had representatives of all six, v and k had five each. Eleven of the 17
(65%) genera had no specimens identified to species. Two families were represented totally
by genera unidentified to species (Ectocarpaceae and Sphacelartaceae). Northern Leizhou
had no representatives of two orders, Ectocarpales and Scytosiphonales.

Representatives from the most widely represented order, Dictyotales (Table 9), were
collected at 92% of the sites. Species number is greater in Fucales (22 species vs. 18 in
Dictyotales), but only 75% of the sites had representatives of this order. The two species of

Ectocarpales were represented in 29% of the sites. Dictyotaceae and Sargassaceae had the



greatest number of species, 20, reported. Several genera of these two families are typically
tropical (i.e., Dictyopteris , Padina, Sargassum) .

The number of brown genera per area was 14 for all areas except N. Leizhou, which had
three. Sites with greatest diversity at a generic level were Denglou Point (site k, 12 genera),
and Da Donghai (site w, 11 genera)(Table 8). Sites with highest representation of brown
genera were sites k (12 genera), w (11), x (9). Sites g, q, s and v each had eight genera.
Hong Liu (b) and Santang Point (m)each had only one brown genus. Site m, as has been
mentioned earlier, was not fully represented by the final specimens, so the low representation
is considered an artifact. Field notes for that site mention the rich and diverse brown

component to the site.

Rhodophyta. Red taxa dominated the collections taxonomically and quantitatively, con-
stituting 53% of the species, 58.2% of the genera, 57% of the families and 44% of the orders.
Rhodophyta were represented with seven orders, 24 families, 61 genera and 115 species
(Tables 4,7,8, and 9). Sixteen of the 24 sites had at least 15 red species (Table 11). Red taxa
were generally present at a smaller number of sites than green or brown.

Red taxa have the largest number of unique species. Twenty-nine of the 115 species were
collected from only one site and most of these were in the Nemaliales (Table 7). The collection
for Yalong Bay (x) had the greatest number of unique red taxa, although it was visited only
once. The four sites of the Sanya area had more unique species (13 species) than the 10 sites
of Quwen (7 species), the 7 sites of Naozhou (5 species) or the two of northern Leizhou (4
species).

Four families are represented in this study entirely by genera unidentified to species:
Dumontiaceae, Caulacanthaceae, Bangiaceae and Goniotrichaceae. The orders Bangiales and
Porphyridiales were only collected from Naozhou Island. The orders Cryptonemiales and
Rhodymeniales were absent from northern Leizhou, although present in the the other three
areas. The family with the most genera was Rhodomelaceae (9), the genera with the most

species were Gracilaria (12 species), Laurencia and Liagora (6 species each).



Discussion

The proportion of unidentified species to all species was 40% for red, compared with 31%
for green and 22% for brown. The number of genera with no identified species was 29 for

reds (47% of all genera), 4 for green (19%) and 5 for brown (29%).

Taxonomic summary. Each taxon was present at from one to 19 of the 24 sites (Figure 5).
Representation is summarized by number of genera at each site for each family (Table 8),
for family presence/absence by area (Table 9) and percentage representation by order for
each area (Table 10).

Centroceras clavulatum was found at 14 sites, Gelidium pusillum at 13. Unidentified species
of Hypnea were found at 19 sites, Ceramium at 18 and Gelidium and Dictyota each at 14. The
families with the greatest numbers of represented genera (Table 8) were Dictyotaceae,
Corallinaceae and Ceramiaceae, each with 7 genera.

The families most widespread (at the greatest number of total sites) in the collections
(Table 9) were Ceramiaceae (23 sites), Dictyotaceae and Gracilariaceae (22) and
Rhodomelaceae (21). Goniotrichaceae was restricted to one site. Five families were restricted
to two sites, two families to three sites and four families were restricted to four sites. In three
cases, an order is represented by a single species. At one of these, Porphyridiales, it is also

from a single site.

Data quality

This study provides insights into the identifiability of different taxonomic groups. It has been
emphasized that the integrity of biogeographic conclusions based on taxonomic record of
seaweeds pointed out the numerous possibilities for error (May, 1944; Lewis, 1990). Hoek
and Donze (1967) used published reports for biogeographic analysis, but limited the species
only to those "more or less identifiable species.”" Doty (1973) provides insights into what
these distinctions might be, and gives as examples of taxa which are more or less certain
when they are reported in the literature: Tydemannia expeditionis, Acanthophora spicifera
and Actinotrichia fragilis. These are considered certain because of their unique morphologies.

There is much more certainty in general at a generic level, but with a large number of genera
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(i.e., Halimeda, Turbinaria, Caulerpa, among others) their utility at a species level decreases
markedly due to a lack of globally determined species distinctions. In many cases there are
a large number of species reported in the literature for a given genus, each with too few
reports to make a biogeographic interpretation possible. This, in many cases is due to the
taxonomic uncertainty at the species level. Dixon (1970) and Irvine and Price (1978)describe
obstacles to modern seaweed taxonomy which underlie this confusion over names.

In the present study, although specimens were identified consistently with respect to this
collection, certain taxa present clearer distributional patterns than others due to a combina-
tion of factors. Many taxa are reported from too few sites for a coherent picture to emerge.
This project has very real advantages over published information, however, in having been
collected with the specific intent of floristic breadth, and in having identifications made
consistently during a single time, resulting in the consistent application of names. Some
observations about taxonomy and representation from this study are given, below.

Acetabularia parvula may be under-represented in the final presence-absence table due to
the small size of the specimens: it is easy to overlook. In 1980 this alga was found by the
author in Hong Kong, but it has not yet been formally documented from Hong Kong. In the
same way, but to a lesser degree, Neomeris annulata may be under-represented. Ectocarpales
are probably more widely distributed than reported, but were overlooked because of their
small size.

Members of the Dictyotaceae and Sargassaceae are difficult to overlook and thus have the
greatest liklihood of thorough collection. Nevertheless, the 20 species reported here may be
an under-representation simply because, in the interest of achieving taxonomically diverse
collections in a limited time, the special attention necessary for complete collection of
Sargassum was not possible. Nevertheless, Sargassum was collected at all but 6 sites (Tables
3, 6), all with suitable habitats.

The seven genera of the Dictyotaceae (Dictyopteris, Dictyota, Lobophora, Pachydictyon,
Padina, Spatoglossum and Zonaria) are distinct and easily distinguishable, often growing in
a conspicuous bushy form. For this reason, and the relative clarity of identifications at generic
level, this family may be especially useful in biogeographic comparisons. Comparisons based

on field work would have the advantage of consistent species identifications, those based on



published literature would be relatively reliable at the generic level. In the Scytosiphonaceae,
identification of Colpomenia sinuosa and Hydroclathrus clathratus were accidently inter-
changed on occasion, owing to difficulty of discrimination between young thalli. The reports
for these taxa may still reflect some error.

A combination of seasonal trends and appropriate habitat were most likely responsible for
the large number of unique red taxa at site x (Yalong Bay). The site was visited only once,
but that was during the season of peak abundance for Nemaliales (I.A.Abbott, pers. comm.).
Although certain red taxa were disproportionally represented in accession numbers, collec-
tion trends among the red aigae demonstrate that the overall relationship of red algal taxa
to accession numbers was in keeping with its final taxonomic representation (Tables 13-15).
Red algae had the greatest frequency of occurrence. Seven of the 10 most frequently collected
taxa were red (although all of those were unidentified to species, and probably represented
many taxa) as were 61% of all taxa with over 10 accession numbers (Table 13). The overall
representation at the generic level, 549, is in keeping with other trends, however several
genera appear disproportionally represented in terms of the number of species which were
finally identified (Table 14).

Whereas Sargassum, a genus of brown algae with 66 collections was found to represent
20 species, none of the 73 Ceramium specimens were identified to species. Hypnea, with 99
accession numbers, had three identified species, but most specimens (77) were unidentified.

These observations indicate a need for taxonomic work among these red algae.

Taxa by number of reports

To be biogeographically useful a taxon should occurr with a frequency which is too high,
or too low to make geographic distinctions. In this study, the relatively high occurence of
taxa collected only once throughout the field work (27% of all species) is of interest
examining the possible causes for these single occurrences, and applying these observations
to a strategy for selecting species within the published literature for biogeographic extrapola-
tion. Many red algae are known to occur during narrow seasons, so its occurrence within a
collection would not have biogeographic, but seasonal meaning.Taxa which were infrequent-

ly collected because of strict ecological requirements may be used as indicators. Twenty-nine
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of the 115 red algal species were collected from only one site and most of these were in the
Nemaliales (Table 7). In many instances, it is believed that they were present at many more
sites at the time of collection. If this is so, the reasons for such a skewed collection are of
interest. They may include seasonality. Of those taxa reported from only one site there is a
seasonal difference among red, brown and green taxa. With reds there is a higher percentage
of single reports during the wintertime. The percentage of total species which were only
reported from one site was approximately the same for all groups. The lowest was red with
25%, brown had 28% and green 29% (Figure 5).

Another consideration in collection bias is a tendency for certain taxa to be found
individually rather than in turfs or another grouping form. These algae may have cryptic
thallus morphology or be found in habitats which are seldom collected, or where visibility
is low and so a smaller percentage of algal taxa which are present are collected.In turbid
water, when species were located solely by touch, it is apparent that many taxa could have
been present but overlooked. Some habitats may also have been systematically missed. .

Six percent of the taxa were reported more than 10 times (Figure 5). These taxa cover a
range of morphologies. The order Ceramiales, although consisting primarily of very small or
epiphytic taxa, is highly represented in this study (Table 4, 9, 10, 12). This may suggest either
a bias of the present collector for these taxa, or of other collectors against them. Alternately,
it could mean that there are simply many taxa that are uniquely common within this study
area. It is more likely, however, that epiphytic taxa are commonly encountered, but not
reported because they cannot be assigned clear species names. A further possibility is that
epiphytes are indicative of high nutrient waters.

Analysis of the collections indicates that advantages could be gained in future studies by
adopting a collection strategy which was based on a preliminary species checklist and results
of planning transect studies. The transects could demonstrate abundance trends and species
grouping around repeating coastal formations (i.e. around all aspects of a headland, or of a
bay)if the results of a large number of transects were reported. This could allow for trend
identification, useful as a basis on which to select sites. Limitations to both parts of this
strategy are general logistics including time and manpower, as well as the general state of

phycological taxonomy (see above). Difficulties with this assumption are that seasonality



would somehow have to be factored in, and it would have to be much more thoroughly
understood than it is now in order to do that. In effect, this study is just such a preliminary
study, and should point the way to more effective future use of limited field time.

FLORISTIC RESULTS IN THE FOUR AREAS

1. North Leizhou. The floristic characteristics of N. Leizhou are: 1) low numbers of genera
and species, 2) a limited representation at higher taxonomic levels and 3) the high proportion
of brown species which are unique to the area. The area is lowest in diversity of all three
major taxonomic groups (Table 10)of the four areas studied. It ranks highest in the
percentage of brown algal species which were unique (2 of 4 species, or 50%). The actual
number of unique brown species was highest for Quwen County area (7 unique species) and
at site k (2 species ) within the Quwen area. Species of Ulvales were diversely represented
at many sites at N. Leizhou as well as the Naozhou area, and at Denglou Point (k). These
taxa are often indicative of high nutrient waters.

Only three of the 14 genera identified in this study were collected from this area (Table
8). One possible explanation could be that this represents a northern outpost of the
distribution range of certain taxa. It is also possible that the habitats were unsuitable to mest
of the genera for reasons of natural water or substrate conditions, or effects of pollution.
Those taxa present here and from only one other area (Gracilaria blodgettii, G. tenuistipitata
and Catenella spp.) may be linked by similarity of habitat. No green or brown algae fit these
limits.

Forty-two families are documented within this study for the flora of the northern South
China Sea. Of these, 60% (25 families) were unrepresented for N. Leizhou, including 6 of
the 12 green families (50%}, 3 of the 6 brown families (50%) and 16 of 24 red families
(67%). Fourteen of these families were present in all of the other three species areas (Table
8). If a thorough coastal survey were done of northern Leizhou Peninsula, it is likely that
many of these would be found in isolated patches of appropriate habitat, But a majority of
the coastline is floristically barren. In addition to those which were collected, several northern
Leizhou sites were visited, and many more observed along coastal roads. Very few appeared

to present the potential for diverse, floristically or taxonomically significant collections.
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Prof. Lii Weixin reported that on all his previous visits to Techan Island, beginning in the
early 1960’s, there was much higher species diversity and algal abundance. Possible factors
contributing to reduced diversity were a typhoon which hit this area several months before
the study began, and a perceived trend toward increasingly poor water quality. The island
is adjacent to a major South China oil port.

Hong Liu is an extensive sand and mud flat which initially appeared to be floristically
barren. No taxa were found in abundance. Gracilaria was the most obvious alga, and
therefore dominated the specimens. It grew as sparse, widely-scattered clumps. Although, in
the field, specimens did not appear markedly different, threz species were identified in the
laboratory. If the flora had not been gefxerally depauperate, it is unlikely that all three species
would have been represented because fewer specimens of Gracilaria would have been
collected.

Taxonomic diversity is marked between these two sites only in the red algae. Numbers of
green and brown species are comparable (11 vs. 7 and 4 vs. 3, respectively) but the difference
among Rhodophyta is considerable (20 vs. 6) (Table 11). The same generalization holds at
genus level (Table 8). This indicates that red algae may generally be more useful

biogeographic indicators, reflecting habitat differences in a more pronounced way.

2. Naozhou Island.  This island presents a range of coastal habitats with a diverse and rich
algal flora. It is second in overall species richness, first for green and brown algae, and third
with red algae. However, except for two orders uniquely present here, the taxa are mostly
found in other areas, as well (Tables 8, 10). On the basis of the percentage of the flora which
is unique, Naozhou ranks third in uniqueness of green and brown taxa, and fourth for red
taxa. The second most diverse site in the study is in this area, and yet that same site ranks
11 out of a possible 13 for uniqueness (Table 10).

The coast of Naozhou Island is considerably shorter than that of Quwen, and the number
of sites fewer, yet the higher level taxonomic pattern is quite comparable. Numbers of genera
were comperable (73 and 81) and there were no clear differences in the distributions among
the green, brown and red algae. Seven families were unrepresented for Naozhou, and 6 for

Quwen. Percentages of unique taxa were lower in all categories for Naozhou (Table 12).
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Of the 12 green algal families represented in this study, only two were absent from
Naozhou, along with one brown family (out of 6 total) and four red families (out of 24).
Dasycladaceae is the only family absent in this area which is not absent from at least one
other study area. The greatest number of species for this area was found at Na An (site g),
and the greatest percentage of unique species (15%) at Dan Shui (Table 11). The greatest
percentage of unique species was among the brown taxa (Table 12). The small species of
Acetabularia (A. parvula) was abundant along the coast, and Dan Shui was the only site
where a more macroscopic species (A. calyculus) was also found (Table 5).

Taxa which were found here and at Quwen, but nowhere else were Valonia aegagropila,
Chaetomorpha antennina, Cladophora aokii, C. rugulosa, Dictyota bartayresiana, Spatoglos-
sum pacificum, two species of Sargassum, an unidentified genus of Corallinaceae, Corallina
officinalis, Gigartina tenella, Gracilaria salicornia, unidentified species #2 of Gymnogongrus,
the genus Phyllophora, 2 species of Hypnea, Coelothrix irregularis, the genus Bostrychia and
Polysiphonia friabile. It is possible that these require the nutrient-rich high energy water tha't
these two areas share.

Five taxa were present here and in Sanya, but were absent elsewhere on Leizhou Peninsula.
They are: Caulerpa ambigua, Avrainvillea species #1, Mastophora rosea and the genera
Acrosymphyton and Spermothamnion. The first and last taxa are cryptic and easily overlooked.
It is possible that all these could be found in Quwen County if they were specifically sought.
Four taxa were collected from more than one Naozhou site in this area, but were found
nowhere else in the study. They are: Endarachne binghamiae, two species of Sargassum, and
the genus Scinaia. If similar habitats were carefully collected in Quwen and Hainan, it is
considered likely that these would be found to be more wide-spread. A study exclusively on
the distribution of Sargassum species on Leizhou and Hainan would be of considerable
interest. This is generally an area of high diversity and abundance of this genus. One of the
species collected in this study, S. fusiforme, is a valued Chinese herb.

3. Quwen County. One hundred fifty-five species were reported from the Quwen County
sites. Twenty-three percent were unique. This area had the highest diversity ranking in this
study for all groups (red, brown, green and total). Percentage of unique taxa ranked second

all around. Almost half the species for the whole area were found at the single site Denglou
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Point (site k). Denglou Point had the highest species richnes of the green and brown taxa
of any site in this study. It ranked seventh, however, for diversity among red algae, and was
third overall.

The one family absent from Quwen specimens, yet present from all other areas was the
Sphacelariaceae. The order Sphacelariales was one of three orders unrepresented in Quwen
collections (Table 8). It is very likely that these small algae were present, but overlooked.

Fourteen taxa, all for the most part, representative of tropical floraswere collected only
from Quwen and Sanya. Green taxa were: Anadyomene wrightii, Dictyosphaeria versluysii,
species #2 of Avrainvillea and Udotea.javensis. There were four brown taxa: Chnoospora
implexa, Dictyopteris membranaceum and two species of Dictyota. The six red taxa were:
Amphiroa foliacea, the genus Polyopes, Hypnea nidifica, Champia parvula (and other uniden-
tified Champia specimens), Chondria armata and Laurencia majuscula.

Nineteen other taxa with potential biogeographic significance were those exclusively
found in Quwen: Caulerpa taxifolia, Grateloupia (2 identified species and others uniden-
tified), Gracilaria purpurascens, Polycavernosa fastigiata, Gymnogongrus‘ unidentified species
#3, Solieria robusta (and the family Solieriaceae), Rhodymenia intricata, all Cryptopleura
species, Acanthophora spicifera, Laurencia undulata, and all Symphiocladia. Biogeographic
significance awaits information on the distribution of these taxa across a wider geographic

range.

4. Sanya. One hundred fifteen taxa, 20 (17%) of them unique, were reported from the four
Sanya sites. Most taxa (67) were red. There were 27 greens, of which 18% were unique, and
21 browns, of which 14% were unique.

Sanya was third of the four areas in species richness but first in the percentage of unique
taxa . Green and red subgroups were also low in richness, ranking third and second, but they
also ranked highest in uniqueness. Brown algae ranked third in richness and fourth in
percentage unique.

Seven families (Monostromataceae, Cladophoraceae, Gigartinaceae, Solieriaceae,
Caulacanthaceae, Bangiaceae, Goniotrichaceae) were found at other areas in this study, but

not here. The two orders Bangiales and Porphyridiales were unrepresented.



Several species were found exclusively in the Sanya area but at more than one site. Only
one was a green taxon (Halimeda macroloba); there was a single brown alga, an unidentified
species of Chnoospora. Most were tropical red taxa: Liagora farinosa, Galaxaura rugosa,
Amphiroa fragilissima, Jania capillacea, Carpopeltis spp., Halymenia spp., Gracilaria
eucheumoides (at all 4 sites) and Tolypiocladia glomerulata.

Alternately, those taxa present within all three Leizhou areas, but absent here were mostly
green taxa (7 of 10). It is likely that the absence of these species from Sanya can be explained
by the limited range of habitats sampled in Sanya. Green taxa included Monostroma nitidum,
Enteromorpha clathrata, E. flexuosa and E. intestinalis, Cladophoropsis zollingeri, and uniden-
tified species of Chaetomorpha and Cladophora, and the red taxa Gracilaria asiatica, G.
heteroclada and Acanthophora muscoides. There were no brown taxa present in all three
Leizhou areas but absent here.

The greatest number of taxa reported from a single site was 74 from Da Donghai (site w).
This is not surprising because it was also the site which was most frequently collected, the
habitat range collected was wide, and collections were made over several seasons.

Collections of this area were different for a number of reasons. These were the only sites
collected repeatedly during the fall of 1986, and they were collected again in the following
February. Leizhou Peninsula collections were initiated in March. Therefore seasonal shifts
in the flora were more likely to be documented here than in any other area. Habitat was also
drastically different from any sites on the peninsula. Biotic reefs were also extensive and
weli-developed.

Lack of permission for access to collecting sites forced examination at only a few open
access tourism areas. With permission, and logistical support including boats, SCUBA
equipment and assisitants, and with extensive collecting opportunities during the peak
season (November through January) the number of reported taxa would no doubt quickly
increase significantly. Only a small fraction of the available habitat types were sampled in
this study, which exclude the many rocky steep headlands, the extensive bay west of Sanya
(Sanya Bay) and its two main islands (West Island and East Island) at the edge of the bay.
The oceanside of both islands is precipitous with a well-developed headland (Defense
Mapping Agency, #93698).
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The sand beach at Ya Long Bay (site x) has virtually no rock outcrops, and therefore no
good place for algal attachment. Because of the rocky, often high energy sides of the bay,
the hard off-shore substrate in this relatively shallow bay and the presence of several islets
and islands within and on the edge of the bay, this is considered to be an ideal location for

further exploration.

Flora

Biogeographic character of the taxa. It is suspected that a high percentage of the taxa
reported in this study have never been before reported for the South China Sea, but
verification of that will await a comparison with the published literature.

The taxa have nearly as many tropical as subtropical elements, for example, Dictyopteris
and Spatoglossum among the subtropical browns, and Sargassum among the tropical browns;
Acrosymphyton sp. among subtropical reds and Galaxaura and Liagora among tropical reds.

Figure 6 summarizes floristic data in terms of total green, brown and red species, and the
percentage of that total which are unique for each site and for each of the four areas. The
major geographic division among these collections comes between Sanya and the rest of the
sites. Examining the data from the perspective of two major geographic areas further helps
distinguish possible geographic from habitat differences i the taxonomic results.

Although Doty (1973) remarked on the lack of clear trends in island floras, small islands
with at least one high-energy shore offer attractive study sites for the range of habitats
available with exposure. When the study objective is to collect a wide range of members of
the flora, collecting can be efficient on such islands. Naozhou has a range of habitats from
extensive mud/sand flats to high-energy steep rock-faces to boulder-strewn embayments and
headlands. Most of the coastline has granitic boulders. Subtidally there are noticeable
differences in the invertebrate communities (barnacles, coral, ascidians, etc.). Asecond island
on the west side of Leizhou Peninsula, Weizhou Island, could provide a valuable site for a
comparative study with Naozhou, and lend insights into wider-scale distribution patterns

(Figure 2).

Analysis by accession numbers. Although this study made no attempt to present a quantified

analysis, accession numbers could be considered as possible indicators of abundance or



or commonness of taxa. In anecdotal comparison between field impressions and accession
numbers, it is important to note that an accession number may consist of a large number of
specimens of a single species or a single specimen, and one collection period may have more
than one accession number for a taxon. There was, however a general attempt to first sort
by taxon, then to give a collective accession number to ail members of one taxon from the
sample. This method was most successful with large, morphologically distinct specimens.
Accession numbers were frequently subdivided (adding suffixes a,b,c, etc.) when processed
specimens were more thoroughly examined.

Taxa were sorted quantitatively by accession numbers. Genera (Table 15) and species
(Table 16) with more than 10 accession numbers show a preponderance of red taxa in both
groups. Of the total 29 genera, most (17) are red, while green and brown have six each.
Forty-one species are mostly (22) red, with 9 each for brown and green.

The brown genera, Sargassum, Padina, Dictyota, Spatoglossum, Lobophora and Colpomenia
are all common tropical genera of distinctive morphology. Lobophora is the most likely to be
under-represented because of its growth habit. It is found most frequentiy as abracket-shaped
blade growing in dark crevices. Although Colpomenia has the fewest accession numbers of
this group, several sites were in fact dominated by this taxon.

Sargassum is the genus in this study with the largest number (21) of species (Table 14),
and it is probably the bulkiest non-coralline tropical seaweed genus. It often grows in thick
multi-species patches in high-energy intertidal to subtidal areas. Taxonomically it is difficult,
and is rarely identifiable to species except from mature specimens collected late in their
growing season (late spring, usually).

Given the low likelihood of successful identification and the relatively high degree of effort
in collecting and formally preparing specimens of the genus Sargassum, it would most likely
have been omitted from this study except for the fact that there is a Chinese taxonomist (Lu
Baoren) who is capable with Sargassum identification. For this reason a number of collections
were made, resulting in 66 accession numbers. The two Sargassum species in Table 16
represent 25 accession numbers. The remainder were identified to species represented by
fewer than 10 accession numbers each. Large stands were sometimes found of Sargassum

fusiforme, an important Chinese medicinal alga, though few collections were made.
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Of the six genera of green algae with more than 10 accession numbers (Enteromorpha,
Ulva, Monostroma, Caulerpa, Boodleopsis/Chlorodesmis and Bryopsis/Trichosolen) the first
three are among the commonest seaweed genera worldwide. They occur in a wide tempera-
ture range, under a variety of ecological conditions, and are especially abundant in high
nutrient waters. Caulerpa, generally regarded as a tropical genus, was found thickly carpeting
boulders at several sites in Quwen County. Of the remaining two genera, Bryopsis/Trichosolen
was the least common, a fact not reflected by accession numbers (13 vs. 14 for Boodleop-
sis/Chlorodesmis). This is explained no doubt by the distinctive morphology and growth form
of Bryopsis, which led to preferential collection. The absence of Acetabularia from this st is
noteworthy because, as mentioned earlier, it grew profusely along the coasts of Leizhou
Peninsula and Naozhou Island. The apparent discrepancy is most easily explained by the
small size (usually less than 2 mm in diameter) and the habit (growing in indentations in
boulders or coral heads) which make collection more difficult. Small specimens which are
collected are more prone to be overlooked in collecting if large bulky species are present,
and if collected, are more likely to be overlooked in sorting.

The two red genera with greatest number of accession numbers, Gracilaria and Hypnea
present taxonomically two entirely different situations. Gracilaria is widely considered to be
taxonomically difficult, despite recent serious study on the part of many (Xia & Yamamoto,
1985; Chiang, 1985; Norris, 1985; Abbott 1988), the features that might be used for species
distinction are still being selected, tested, modified and changed. For the first time in
phycology, the genus has been examined on a nearly world-wide basis (Abbott & Norris,
1985; Abbott, 1988) with taxa from the Chinese, Japanese, Hawaiian, North America and
Caribbean coasts being studied together. While the taxonomy is not yet stabilized, it appears
that it may be in the near future.

Hypnea, on the other hand, suffers from "geographic taxonomy" in which no attempt has
been made to monograph the genus on an ocean- or worldwide scale. Until this is done, the
species within the genus will be described from geographic pockets without inquiry into the
status of species in other geographic areas, hence enforcing the idea of "new" species with

small distribution ranges, and a lack of synthesis.
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Specimens identifiable to genus, but not species. Species identification in the genus
Hypnea is difficult because of lack of kngwledge of the variability of each described taxon
in each geographic area where it has been studied. Less than half (31) of the 72 genera
(Table 13)have some specimens which are tentatively identifiable to species. Of the
remainder, the 45 red genera are represented by 30 unidentified species; of the 10 brown
genera only 4 are known species, and 5 of the 17 genera of green algae do not have identified
species. The listing of genera in some of the tables, therefore, is more reliable as data points
that may suggest diversity, instead of having some genera with species names, and with
unidentified species within the same listing.

These genera have in common the taxonomists’ dilemma shown in Hypnea species.
Specimens cannot easily be identified without monographing the genus, or more numerous
collections are required in order to study variability. In some cases, specimens from other
parts of the world where studies have been made need to be borrowed, or type specimens
need to be loaned in order to make the final critical evaluation. Ideally, all of these options
are taken by phycologists who are systematists. These options are, however, outside the likely
means of the person making first-time collections in an area where the data collected are to
be used for other purposes than a systematic study (i.e. resource surveys for mariculture or
wild harvest; when attempting a first-order community or biogeographic analyses, meant to
be applied to some ecological or other research question).

It is, however, important that these specimens without species names be made available
to those who have the systematics of Chinese marine algae as their goal, and this has been

done by leaving a set of these collections at the Chinese national algal herbarium in Qingdao.

Summary

This paper provides a description of the field study, site selection and methodology and an
account of the species collected with speculation on factors influencing the potential
completeness or representativeness of this collection. Discussion centers on the distribution
of records from a species perspective, and asks such questions as which are the most
regularly/irregularly collected species, and why (morphology, habit, season, areas covered).

This study was conducted with a floristic view and the belief that floristic data, along with
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an awareness of some of the possible confusing factors associated with them, are the
foundations to any level of biogeographic study. Monographic studies on several genera are
necessary to fully identify the collection from this study. .

The major drawback of this kind of study is the taxonomic uncertainty surrounding many
of the benthic marine algae. This study demonstrates, however, that the information gathered
under less than ideal conditions is still useful, can be examined from a number of viewpoints,
and can point a predictive pathway to biogeographic analysis on a large scale. At the same
time it highlights opportunities for efficient and important taxonomic studies, suggesting
which taxonomic groups may be the best biogeographic indicators, and yet are presently in
need of clarification.

An ideal biogeographic study would be based on a listing of all taxa present in all habitats
for discrete areas associated with hypothesized factors of distribution and centers of diversity.
That list of taxa would be consistently identified and named following nomenclature and
standards of one time, a time in history when all species would be familiar, and all life
histories and morphologies would be scientifically subsumed.

With such a secenario, tests for biogeographic factors would be quite straightforward. This
does mnot reflect the current situation with the seaweeds.But biogeography is both a
hypothesis generating exercise and a kind of litmus, or diagnostic test for the state of science
of any biological organism. For it to work, data need to be organized, coherent, comparable
and complete. To the degree that they are, a clear biogeographical picture can emerge. And
when they’re not, specific ways to advance the field will be made evident. In elucidating

factors obscuring the biogeographic picture, an agenda for the field emerges.
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Table 2.1. Field collection sites. Codes are shown on the map in Figure 2.2.

- Code

-]

L T

-y

Site

To Chan Dao

Hong Liu
LiuZhu Cun

Dan Shui

Nan Jiao
Cunliang

Na An
Doulong Point
N.W.
Naozhou
Xujia

Denglou Point
Nan Shan

Santang Poirt

Haian Bay Islet
Halan Bay

Baisha Dadui
ugr'a't'ﬁgﬂse
Chikan Zi
Xia Tang

Wialuo

Colin Date

38,10

4.9
3-16
3-16,17,19
428
429
3-19
318,20
4-16
317,18
428
47

3-13,14,4-8
53

324

4-21,22
327
326

420

SajeBay 926.10,17.20,1125

Xiao _ 9-27,29,10-11,20
Donghai 11-24,12-4,2-20
Da 9-26, 10-12, 13, 14, 15,16
Donghai 17,19, 214,20
Ye Long Bay 27

Location and Habitat

Techan istand. At the mouth of Zhanjiang Harbor. Extensive tidal
flats of sand and mud with well-developed mangrove patches up
to ca. 150 m long on the SE, E, and NE sides of the island. Collec-
tions exclusively intertidal.

Haikang County, central Leizhou peninsula. Mud/sand flat, with
few,short mangroves.

W. Naozhou island. Mudflat with scattered,mostly small rocks
forming the intertidal.

W. Naozhou Island. Shallow bay wiih very gradual élope. Sand
and sandy mud.

S.W. Naozhou Island. Rock outcrop on sandy beach.
S.E. Naozhou Island. Basaltic boulders on sandy bottom.

E. Nat?zhou Island. Rock bench and rock walls south of sandy
beach.

N.E. Naozhou Island. Basaltic boulders with coral near lighthouse.
N.W. point of Naozhou Island. Scattered boulders on sandy bottom.
N.W. Quwen County. Gradual muddy intertidal with abundant
small rocks and numerous shallow tidepools.

S.W. point,Leizhou Peninsula. Coral reef,clear swift water,collec-
tions primarily from intertidal and high subtidal.

Mangroves and offshore islet.
Large tidepool and adjacent rocky area. Area where fishing ac-

tivity high. Most specimens lost from this collection because of
presence of Desmarestia sp.

E. and S. shores of islet. Mud and sand shore with abundant
rocks. All collections intertidal.

Rocky sand bar in bay fringed with large barnacle-covered rocks.
Collections made intertidal and high subtidal,

Collections made S. of Baisha settiement, in high subtidal area in
high subtidal, mostly from the sides of boulders.

Rocky shoreline, south of site p. Collections intertidal and high
subtidal,

S.E. point of headland dus E. of Chikan Zi settlement. Boulders
fvr;ilh swift water of intermediate turbidity. Rich and abundant algal
ora.

Rock bar W. of settlement. Swift water, numerous small seaweeds
in tight areas between boulders.

Extensive sand and mudi flats with little rock One-hour collection
at 2nd rock outcrop S. of E. point from Wailou town. Very poor
algal flora.

W. of Luhuitou Peninsula, including N. and W. sides of islet and ligh-
thouse reef,

Bay on E. side of Luhuitou paninsula, including edge of reef on iN.
and S. sides and shallow resftop.

Bay N. of Luhuitou peninsula, main collections from reef directly
E. of sand beach.

Collections from westem end of sand beach on and around rocky
substrate, where stream enters the ocean.
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Table 2.2, Field records (Chlorophx!a) for taxa collected from more than one
site. Locality abbreviations follow Figure 2.2,

N. telzhon Navzhou Ja. Quwen Co, S. Halnan
L_maxa ———— 5 Jalsfciolsfejcu]1] ]|t |u[n]o[r]alr]s|T]ujv]w]x]
Ulvales
Monostromataceae
Monostroma nitidum Wittrock XIXf-l-t-]-1-IX}-0XIX|-]-f-Yfcpelcla}ede]-)-]-
Ulvaceze
Enteromorpha clathrata (Roth) Greville XIXEXIXiX]-(X]~)-0-(X{-]-Q-}-d-d-]=Q=Q-}-01-1-]|-
E. flexuosa (Wulfen) J. Agardh XIX)-)Xf-)-IXjaf-ixXp-f-t-1-IX{-}=-0--f§=-4-}-1-
E. intestinalis (L.) Noes XlelodXi-{ef-]-tcb-[Xlee]]=f-f-bof-}-0-}-f-1-
E. spp. XIXEXIXIX}-IXiX)-)-iX]=f}-)-}-f-)]-0-0-}-)X]-]-
Uloa conglobata Kicdllman At IXIXIXIXIXIXE-{-1-1-I1X)-IXEX}-IX]-0-]|-}X]-
U. spp. eleb-f-d-f-Ixixt-1-0xy-4-{-1=-1-b-Q-f-0-}-{X}-}-
Cladophorales »
Anadyomenaceae
Anadyomens wrightii Harvey -1 -1-1-0- b -0-0-0x-q-0-0-1-3-1-1-1-§-1x{xix
Boodleacese
Boodlea spp. el -f=f]-IXj-q-f-iXbo]e]f==4X]|-]-f-IX]XIX]X
Cladophoropsis zollingeri (Kitzing) Reinbotd | XXX -|-f-f-|-f-F-I1x)-b-4-b-f=-4-§-0-1-4-}-1-]-
S'!Enr:nowexl’icmn(enamyw “ AU NN NN B
S.spp. el iXtelet-f=-lf-talcl-l-1-F-)-R-}-|X}-
Valoniaceae
Dictyosphaeria spp. S EXy e IXEX X e e AX - -y XX
D. versluysii Weber-van Bosse clefel-l-qeq--t-0-F-f-l-t-t-f-4Xf-0-1-F-iX]-]-
Valonia segagropila C. Agardh -0t xt-1-1-1x{-1-1-1-t-1-1-4-1-01-1-3-1-
V. spp. el IXxX)-t-0-IX]-)-0-]-f-{=-1--1-%-1- -
Valoniopsis packy M. ) Borg ele byt IXIXf-] =Yyt oo IX) X Q%]
V.spp. el f-q-x) X -] -hh-bel=d-0-1-f-0-I%x]-]-
Cladophoraccae
Chaetomorpha antennina (Bory) Keitzing det-t-t-d-1xIxt-1-0-4l-bt-]-txXy--l-0-0-1-]-]-]-
C.spp. X{-F-I%xh-b-f-bl-Q-b-{-1X{-f-1-1-4XY-{-F-}-1-1-
C. spiralis Okamura XY=t X - {Xf-]=-t-t-]-iX}-0-]-}1-]-
Cladophora aokii Yamada elefIXIX G-t~ 1-1X)-]-IX}-)-iX}-}-F-Q-]-1-
C. rugulosa Martens s Xy - 1XEIX o)X ooty UX -]
C.spp. XY e XX X i XX )XY
Caulerpales
Bryopsidaceae
Bryopsis spp. -t Ixxix X - - ix{xtof-f-t-q-Ixx]--]xix|x
Codiaccae
Codium geppii O.C. Schmidt A UX g0 f-f-f={=f-{~{X{=f-{-§-{-(X]-
C.spp. el Xbe Xttt -1-f-1-0-IxX}-}-]-0-]1-]-}-
Caulerpaceae )
Caulerpaambigua Okamura ettt Ix)-l-f]-)-t-}]=l-tt-f-]-F-1-1-ix
C. racemosa (Forssk3l) ). Agardh al-fele]- XXX -d -] -1XIXIX]-IXE-]-1X]X]IX
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Table 2.2, (continued)

N. Leizhou Naozhou Is. Quwen Co. S. Hafnan
[ qaea ————— 38 [ais|c|oje[r|c|uji]i[x]r|m]|n]o]r]a|r]s]|T]ujv|w]x]
C. serrulata (Forsskal) J. Agardh 1-T1-1-01-0-0-1-IxE-Ixh-0-1-1-1-1-1-1-1-IxIx]x]-
C.spp- ek xtot-t-t-l-t-f-t--8-1-1-1-
C. taxifolia (Vah) C. Agardh “d-tel-fed-d-t-d--Ix]-f-Ix]xixIxt-}-1-§-1-]-1-
Udoteacene
Avminvillea sp. 1 heIX et et d=]-01-]-1cbet-1-0X]-]-1X
A.8p.2 elefeletele]=leletel]fele|X]ef-]1-]-0EX}-]-]-
Chlorodesmis spp. XIxXt-t-3-IXIxX{-]~-g-1xXt-]-4-1-f-1-)-1-)=-0-0=-)-}-
Halimeda macroloba Decaisne “tefedeletoltal=B-tef=l-]-0-]-b-]-]-]-Q-1XiX]-

Udotea javensis (Montagne) Gepp et Gepp slol-tet-l-t-l-l-fQ=1-1X}~1=l-t-0-0=0-1-0-IX]X]-
Dasycladales

Dasycladaceae
Neomeris annulata Dickie Xl=1=3-t=1-0=0-0-Q-{X)-]-1-1-|-§-3-]-]-§XIXiX}-
Acetabulariaceae
Acetabularia paroula Solms-Laubach efelal-{-fXi-|X{X]|X]X al-f=ta]ef-t--0-}-|X]|-}
Total (39 species) 10171717 |8]12|20}7|4§2]|22|6|3}2|5{4{10|4]6]|O0)5]|14[15|6




Table 2.3. Field records (Phaeophyta) for taxa ccllected from more than one
site. Locality abbreviations follow Figure 2.2.

N. Leizhou Naozhou s, Quwen Co. S. Hainan
Lo ———— 5T Jafs[c[ofer[c][u]i]s []u|m]s][o]r]o[a]s|T]u]v]w]x]
Ectocarpales
Ectocarpacese
Ectocarpus spp. el dX -t -l Xy-iX{Xjalap-)-fX]-f-]-F-]-}X]|X
Giffordia spp. efelelX]elefetef-§riXiXjel=t]f-Y-}e]lc]e]l-}|-]~
Scytosiphonales
Scytosiphonaceae
Colpomentasinuosa (Mertens exRoth) Derbes | _ | _ | fx foe [ - fx{xc}-§- |l - |- f-{- 1] [x]-]-1x]-]-
Endarachne binghamiae J. Agardh ol-1-t-F-t-0xixt-f-4-4-t-0-t-d-t-l=1-d-1-1-1-]-
Hydroclathrus clathratus (C. Agardh} Howe  J- 0 - IXIXIXIX{X{X]-{X|{X}-4-|-b-F-0X1-0X}-0-1-1X{X
Chnoosporaceae
Chnoospora implexa J. Agardh -t EX el X -
C.sp. etV b-d-{-1-0-f-d-f-0-1-1-0-]-}1XIX
Sphacelariales ’
Sphacelariaceae
Sphacelaria spp. Xt-M=f-1-I%Xl-T-1-0-0=0-0-01-3-1-}-1-1-0-D%Xi{x|{x]ix
Dictyotales
Dictyotaccae
D. membr (Stackhouse) B. elebd-d-t-t-t-Fd-l-d-]-4X]-XP-f-f-f-}-]-1-{X
D. repens (Okamura) Borgesen T-1-0e]-]-t-IXifefeoqXti-]|of-l-f-0-8X)X{-]-1-1X{-
Dictyota bartayresiana Lamouroux A-t-p-tb-]-0x)-q-F-1-1-xt-t-d-01-1-0-1-0-1-1-1-
D. cervicornis Kiitzing Tel-l-b-4-]]-1-F-0-tel=)-1-0X%X]-0X}-]-1-0-1XIX]-
D.dich (Hudson) L Ao bbb bl ottt t-T-T-0-IxT-Ixt-T-1-1-1-1-1-
D. spp. X == XX XXX IX ]« [ X{X{X]-]-]-§{X|X]|X]-
Lobophora spp. et I xixi-q-elaxi-1-1-1xi-ixixixi-
L. variegata (Lamouroux) Womersley Bt} d-f-tx}-FxIX}-]-1-1-1-0-0-]-}-0X|-0X}|~-
Pachydictyon cariaceum (Hames Gemua -ttt -ttt xdxt -1 -} -
Padina eustralis Hauck Aol IX]-[XIX{XIX|-IX[X]=}l-0-F-F-1X!-IXIX|X]IX
P. minor Yamada ) Aot IXxIXIXIX] o IX - o X - XX -] - EXIX]X]|X
P. spp. Aod-IXP-)-F-t-f=l-]-iX{-]-1X}-{X|X|X{-]-f=-}-1-]-
Spatoglossum pacificum Yendo Aol b-d-f-deloqX]-IX}-]-f-IX}-|X}X|X]]-)-0-1-
Zonaria spp. bt X X - IX e h e X - IX
Fucales
Sargassaceae )
Sargassum aarpophylium J. Agardh Xi{Xg-l-f-1-1-3-teQ-f-f-t-0-f-1-t-0-0-1-1-}-}-1-
. coriifolium J. Agardh ed-t-]-t-t-Ix]-t-Y-t-]-f-0e}-1-]-}-1x]-J-1-]-1-
S. fusiformie (Harvey) Seichell el IXIX fF-0]=0--4-F-0-0-F-]-F-0-1-]-
S.gracile ]. Agardh d-f-f-)-1-t-1-1-01-f-iX]-{-0-0-}-1X}-}-1-0-}-1-1-
§. hemiphylium (Turner) C. Agardh efel-f - XX gt XE ookt
S. ilicifolium (Turmer) C. Agardh d-1-F-l-t-t-1-fxXfef-be]l-deqx]-0X]-]-]-f--1X]}-1X
S. kuetzingii ATt r-t-1-
. plagiophyllum C. Agardh Aottt tebeteb-Yet-]-0X]-0X)-F-1-}-1-1-1-]-
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Table 2.3. {continued)

N. Leizhou Nanzhou ls. Quwen Co. S.Halnan
Lo ————— = lafs]c[o[r]rlcfui]s|x]e]u[n]ofr]a|r]s|r]u]viw]x]
. polycystum C. Agardh ettt -1 0-1-1%XIXE-1~1=te]-]e{-p=0-0X[XiX]-
S.8pp. XExi-]-|xix]- X|Xf-f-[XiX[x]X ~|edX]-3-]-
S. tenerrimum J. Agardh et ed-]bIX bt} |-IX]-%-1-1-1-
Turbinaria ornata (Turner) ). Agardh -taq-{-}-1Xx]-1-0x]- el=-d-f-F-l-l-l-8XIXIXIX
T.spp. : el b-d--0xt-1-0xt-t-1-1-t-1-t-1<]-]-8-1-8-]-
Total (35 species) 3{204|5]3]94|nlefiopn6j4|2|S5})8|7]12({S5]19]0]9 |11]13{10




Table 2.4. Field records (Rhodophyta) for taxa collected from more than one
site. Locality abbreviations follow Figure 2.2.

N. Leizhou

Naozhou Is.

Quwen Co.

S. Hainan

L_taxa ————— 515 alsfc[ofx[F[c]u|t[s []|m|n]o]r]ojr[s|r]ulv]w]x

Nemaliales

Liagoraceae

Liagora farinosa Lamouroux

ted

L.spp.

Bonnemaisoniaceae

Asparagopsis laxiformis (Delilc) Trevisan

Galaxauraceae

Actinotrichia fragilis (Forsskal) Bargesen

*

Galaxaura obiongata (Ellis et Solander) Lamourux

x|

>

G. rugosa (Ellis et Solander) Lamouroux

G.spp.

*

HIH|>ix

Scinaia spp.

b3

.

Gelidiaccae

Gelidium crinale (Turner) Gaillon

G. pusillum (Stackhouse) Le Jolis

i)

XXX

G.spp.

Ik 1K

||
HIXIx

Pterocladia caerulescens (KGtzing) Santelices

HKIXI{x]

Gelidiellaceae

Gelidiella acrrosa (Forsskdl) Feldmann e Hamel

Cryptonemiales

Corallinaceae

Unidentificd genus sp. 1

o

Unidentified genus sp. 2

Amphiroadilatota |

A. foliacea Lamouroux

XX

i

|t

A. fragilissima (L.) Lamouroux

A.spp.

>l

X

RKimiK]

Hix{x|

Corallina officinalis L.

IR

»| K|

Jania adhaerens Lamouroux

b 4

ol

»

ol

]. capillocea Harvey

J. spp-

b 4K
b

i bl tad I

HKEXIHY v

J. ungulate (Yendo) Yendo

o] .

Mastophora rosea (C. Agardh) Scichell

x

HKix]x|

M. spp.

.

Halymeniaccae

Carpopeltis spp.

Grateloupia flicina (L )C. Agardh

G. ramosissima Okamura

MM}

G.3pp.

HKIx|X]

Halymenia spp.

Polyopes spp.

»

Prionitis spp.

WK}
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Table 2.4. (continued)

N. Leizhou Naozhou Is. Quwen Co. S. Halnan
[_maa ————— 5™ alsjclols[r|c]u]i]i]«]|L]u|n]olr]olr]s|r]u]viwx]

Peyssonnclisceac
Peyssonnelia rubra (Greville) ). Agardh
Dumontiacese
Acrosymphyton spp. edeflofelel-IXlatofetebeleotalafjatef-le}et-]-{X]}|~
Gigattinales

)
’
.
’
.
’
.
*
.
}
kg
>
'
.
a
0
.
.
o
.
]
x
*®
.

Gigartinaceae .
Gigartina tenella Harvey afebed-t-f-Ixtetobet-0-=te)=t-1-1x|xX)-F-1-}-1]-

Gracilariaceae
Ceratodictyon spongi Zanardini Sl-1-y -] X)-0Xx)X]-1X]-
Gelidiopsis spp.
Gracilaria asiatica Zhang et Xia
G. blodgettij Harvey
G. eucheumoides Harvey . -
G. heleroclada Zhang et Xia iXy-IX1-1-
G. purpurascens Harvey in ). Agardh -|-
G. salicornia (C. Agardh) Dawson
G. spp.
G. tenuistipitata Zhang et Xia
Polycavernosa fastigiata Zhang et Xia -1~
Phyllophoracese
Gymnogongrus sp. 1 elef-1-1-]-
G.sp.2 --F-]-1-1-
G.sp.3 BN P DR R D M N N I
Phyllophora spp. b -f--1-1-1-

XXX
ted
f}
*
i
.
f}
.
'
v
>
.
.
ted
i
it 4K
,
f}
.
.
.
)
.
.

.
.
.
.
.
‘.
]
.
s
.
]
.
]
x
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Solicriaceae

Solieria robusta (Greville) Kylin afefefep=f-fef-tobelol-]-f-I1Xf-0-1-1X-}-0-1-1-
Caulacanthaceae

Catenella spp. . X{elofolelalataleletol-lotet-f-t-1-IX}}-]-)-}-
Hypneaceae

Hypnea cervicomis J. Agardh eley-IXy -] b-iX|X}-}--0-1XiX}-]X}-1-]-0-1-
L it

H. japonica Tanaka ebefel-teteiXtel-le]~t-a]tetlaiXxix]{-}-1t-]-

H. nidifica ). Agardh ettt e dX ey ==y e - EXIX XY
H.spp. XIXy-1XiX]{-
Rhodymeniales
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>
>
>
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>
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>
>
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>
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»

Rhodymeniaceac

Coclothrix irregularis Borg - I - - T T - LT T
Rhedymenia inirirala (Okamura) Okamura fel-t-t-t-t-]-]-F-1-1-1-1-IxX]-f-IXixX}-0-%-]1-1-
R.spp. cheded -] IXbeg-dof=t-)-tiX)-]-iX|X]-§-]-1X]-
Champiaceae .
Champia parvula (C. Agardh) Harvey el bet-q-l-1-Ix)-1-1-0-1--1-0-<1-1-1-1x]-1-
C.spp. Attt l-1-1-1-F-1-0-0-{-)-F-f-F-IxP-Q-ixi-|-




Table 2.4. (continued)

N, Leizhou Naozhou Is. Quwen Co. S. Hainan
Lmoa ———— 5T lafs|cip{e[r|cin|:]i[k[cim]nfolr]ofr]s|T]uviw|x]
Ceramiales ’ :
Ceramiaccae
Callithammion spp. wlef-f-0Xtod-d-fef-qe]f=b=iX{-|X}=]<]-0-]-iX]-
Centroceras clavulatum (C. Agardh) Montagne I X | - |- [ X |- | X[ XX {X]- X} )= §XIX|X[X{X{X]-0-]-{X{-
Ceramium spp. XIXY-{XIXIX|XIX{X]-[X{X{X]-]-)-}XIX|{X}-PX]X|X]|X
Spermothamnion spp. ebelelelabap-t=iXlet-f-1=]-1-bej=f-]-Fk-1-1X]-
Spyridia spp. XP-F-1-IXp-p-q=Q=Q-01X]-]=IX{X|Xf=]-0=-}-F-]-]-}X
Wrangelia spp. ==Xy -f-)-X{-)-EX{X]-]-0-b-{-b-0-1-1-0-0-}-]X
Delesscriaceae
Cryplopleura spp. et-d-led-1--l-0-f-t-]1-0-}-]-0-ixXIX|-Q-}-1-1-
{Genus unknown) sp. d-t-l-d-ixl-t-1-0<1-|-t-0-b-1-0-Ix1-1-0-fxi-
Dasyaceae
Heterosiphonia spp. Syl X X e e eI X XXX - X)X
Rhodomelaceae :
Acanthophoma muscoides (L.) Bory Xlel-4-9X[X]o]fel-g-f-l-IX{X|X§-0=1X]-Q-}-)-1-
A. spicifera (Vahl) Bergesen o=l =bet=t=teg-iX)-f-y-iX{X]=)=]-0-0-]-]-1-
Bostrychia spp. A-1-8-1-1-0X{X8-0-3-4-|-q{=-0-|-}-1%{X]-]-0-1-]{-]-
Chondria armata (Kiltzing) Okamura ebet=1eg-t-l-1-t-§Xt{=1=1=l=01-0-§-)-}-]-UX|X|X]-
C. spp- AX0=0-F-1=f-0-1-0=-4-f=-}-§=-0-d-f-0-1-@xX}-%-1-0-}-
Herposiphonia spp. del-)-be - dxp- -1y I -f- 0 X -
L i la (Harvey) O} “tel-t-f-t-l-)-f-f-1-1-1-01-1-f-1-0-Ix]-q-1-]-1X
L.spp. X{-F-1-]-IXIX{xixix]-1x]-1- -I1XiX{X|-fxixix|x
L.undulata Yamada cbeft-lelafatetaiedefel-laledeteteXiXl-f-F-1-1-
lzvlel.l'mugmnnioﬁes(}hﬁnguMaﬂcns)_ B R G O O I O % N IO R O D PV U P9 S O IO £¥2 IR
Polysiphowia friabile et Xt -iX -]=t=]-beXt-fef--1-0-}-]-1-
P.spp. Xp-IXIXIX- |- iX) = IX|X X -0-{X]-{xix]-]-§x}|xixX]|x
Symphiocladia spp. shedeb-d-b ety e -T-0-]-
Tolypiockadia glomerulata (C. Agardh) Schmitz § - | <= - |-{-J~-f}-f-b-d--t-t-f-}-0-]-]-}XI{X]|-}-
Bangiales
Bangiaceae
Porphyra spp. SteIXYa-qx|xyef--b-teteleboq-{-0-1-1-0-}-f-1-
Total (86 taxa) 1616 | 7 110)12|18]34[15115[15}23112] 5 | 4 |25{13]{23|30139] 0 [19{29{40|26
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Table 2.5. Field records (Chlorophyta) for taxa collected from only one site.
Locality abbreviations follow Figure 2.2.

N.Leizhou  Naozhou Is. Quwen Co, 6. Halnan

R — 1 [ 5D A A A BN R C AR O OTE|
Ulvales
Monostromataceae

Monostromasp. elelt=t-fl-]-IXt=lelelelebe)rlecta)el-Fale]-}|-
Ulvaceae .

Enteromorpha linza (L.} ). Agardh e l-1xy-q-t-1-t=-t1-l-1-0-0=01-%-l-t=-f-b-0-}-t-}-

E. prolifera (O.F. Muller) J. Agardh Axletof-t-telef=-teol-l-tetf=0-0-{-{-1-f-0-{-f-1-
Cladophorales
Anadyomenaccae

Anadyomene sp. ef=t-{el-t-Y-d-1-1-t-3-1-0-t-4-1-1-0-1-1-1x}-}-

Microdictyon nig (Yamada) Setchell RN R
Boodleaceae !

Cladophoropsis sp. el -t-dX]=q-t=d-0-t-tef=f-0-l-0-b-f-Relei-]-
Valonlaceae

Ventricariaventricosa J. Agardh) cletetadet-batabadatat-t- bt -] -1 -1

Olsen-Stoikovich
Cladophoraccae

Chaetomorpha linum (Milller) Kitzing elalebetelafateff-d-let=-fetef--|-IX]-0-|-]-1-
Caulerpales
Codiaccac

Codium papillatum Tseng et Gilbert -kttt -1-l-t-t-l=-0-t-0%}-)-f-8-1-1-1-
Caulerpaceae '

Caulerpa cupressoides (Vah) C. Agardh ettt g-0Xltel=t-1~0-0=0-21-0-1-1-]-

C. sertularioides (S.G. Gmelin) Howe eflalelel-jejelatelatiXjeleafe]l=ftofate]-l-=]-}|-

C. verticillata ). Agardh el-yf-l-teq-telege]-t-le)-i-4-1-t-Ixi-f-1-1-1-

C. webbiana Montagne -t d-d-d- -0ttt 1X
Udoteaccae

Avrainvillea erecta (Berkeley) Gepp et Gepp ef-tof-]-f-t=-1-1--IX}cfj-f-l=f-tebtbef-f]l-]~
Dasycladates
Dasycladaceae

Bornetellaoligospora Solms-Laubach Fel-l-f-t=t-1-l=t-b-l-1--}-1-}-0-0-1-7-%-1]-1x]-
Acetabulariaceae

Acetabularia calyculus ¢ - rXl--det-tet-teletel=]-tetg-0-t-0-0-1-1-1-
Total (16 species) t{0joj2jojr1jojoli1joj4joiojojojojrjoj2|ojrltf1i1
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Table 2.6. Field records ‘Phaeophyt? {or taxa collected from only one site.

Locality abbreviations follow Figure 2.2,
N. Leizhou Navzhou Is, Quwen Co. S, Hainan
o ——— 5% IR D R MNeF R Rr]
Scytosiphonales
Scytosiphonaccae
Rosenvingea orientalis (J. Agardh)Borgesen - |-§-}-1-4-b-1-}-f-Q=f=4-Q-|-l-)-{-1-1{-0-1-1X]|-
Dictyotales 2
Dictyotaceae
Dictyopteris australis (Sonder) Askenasy ettt fet-t=t-0-t-]-1-Ix}-}-§-1-1-1-
D. latiuscula (O ) Ok ctel-f-{-1-f-t-1-1-Ixf-{-4-{-[-1- “t-f-f-1-1-
Dictyotalinearis (C. Agardh) Greville ebelel-f-t-d-1-t-f-1<l-b-beiXjej-1-3-1-F-0-]-]-
Padina tenuis Bory Alelebedegxtof-qg-t-belel=1elat-y-1-1-1-b-1-F-{-
Fucales
Sargassaceae
Sargassum glaucescens J. Agardh NN AL
S. hensbowrianum ), Agardh | e l=fet-b-d-l-t-b-0-0-0-1-%-01-1-1-Ixt-3-0{-%-]-
S. herklptsii Setchell . Xt-f-l-f-1-t-4-l=1-f-1-0-}-d-{=~j-1-1-4-1-1-1-]-
S. homerii (Turner) C. Agardh “tel-t-t-t-1=1=1-1-t-t1=-01=-1-1=}-1-f-)-IX2-)-1-1-
S. longifructum Tseng et Lu el t-d-iX{-f-0-q-{-l-f-f-1-0-0-1-0-f-1-1-1-
S. myriocystum J. Agardh elel=F-1-0-]-1-0-1-t-f-0-Y-]--l-)-f-0-0X]-{-]-
S. nigrifolium Yendo Speyeb gt Xyekeg-l-f-t-1-1-1-1-1-1- -1-1-
S. swartzi (Turner) C. Agardh “Ael-1-f-{-1-1-1-0-tXt-1-Q-F=1-f-f-{-{-Q-01-1-0-
S. vachellianum Greville “bed-l-f-t-1-4-1-1-1-1- “eixletel-}-1-1-
Total (14 species) 1f1jojolojrir|r1|ojoj2lo]ofojrjofrfrj1i1f1]|o]ryo
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Table 2.7. Field records (Rhodophyta) for taxa coliected from only one site.
Locality abbreviations follow Figure 2.2.

. N. Leizhou Naozhou Is. Quwen Co. S. Hainan
U —————51%  alsfc|o]e{r{clu]i]]x]e]m|n]o[rlo[r]s|Tjulviw]x]

Nemaliales

Dermonemataceae

Dermonema pulvinata (Grunow in Holmes) Fany
Dotyophycus sp. aleb-l-1-1--tetedel=t-0-F-0=]-1-8-0-1-%-)-1X]|-
Liagoraccae |
Liagora boergesenii Yamada et l-c] eyl l-doe)-d0=4-}-1-F-1-]-|X
L. ceranoides Lamouroux aleb-l-1-1-1-01-1-1-1-1-1-1-1-1]-

}
.
f}
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'
]
.
.
.
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[
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[

.

.

.

'

.

.

.

“hefeded-]-F-IX
L.diaricata Tseng Qatelel-]-0=-f-1-t-b-XVelela]-t-yelalefQ=-]-t-4~
L. paniculata sp. ined. elag-l-f-f=tefop-t-t-1-1-]-b=)=l=t=-1-1-1-1-1X]-
L. samaensis Tseng alef-tel-t-1-1-01=1-d-0-bel=f-l=-0=}-}1-]-F-]-]-1X

L. valida Harvey -ttt -t-f-1-1-1-F-1-1-0{-]-

Galaxauraceae
Scinaia tsinglanensis Tseng B EEEEEEEEE e agEs
Gelidiaceae
Pterocladia caloglossoides (Howe) Dx elelef-t-p-IXl-1-1-}-1-0elaf-t-]-tciclcgefeqf-|-
Cryplonemiales
Corallinacese .
Chrilsponum imgermaminiksRuprocht e Arcschoug] - | - = |- | <1 -] -{-f-f-f-}-]-]-]-f-0-]-}-1-0-]-0-1X
C.sp. el dx )]0kttt f-1-]"]-]~
Jania crassa Lamouroux -l l-t-F-1-b-1-F-1-4-{-3-1-1-F-]-1-1-f-1-Ix
J. rubens (L) Lamouroux “l-t-T1-1e01-1-1-1-F-Ix]-d-1-01-1-9-1-1-1-¥-1-1-1-

Halymeniaceae

Grateloupio phuguoensis Tanaka apataq-l-1-4-t-t-1-1-1-4-1-1-1%]|-

Gigartinales
Gigartinaceae
Gigartina sp. elel-d-l-{-1-1-t-0-1-t-d-)-)-1~t-IX]-}-0-]-}-]-

Gracilariacene
Gracilaria coroneprifolia }. Agardh A bel-d-dgeg-q-t-1-d-1-1-]-i%x}-{-

G. cylindrica Bargesen - e === T-
G. textorii (Suringar) De Toni Spet-IxXiel-l-t-t-t-]-1-1-0f-f-t-1-1-1-Y-{-1-1-
Caulacanthaceae
Caulacanthus sp. X~--—_-.-.-...--....-......
Ceramiales
Ceramiaceae
Crouania sp. A-r-t-t-t-t-t-1-¥-1-F-0-f-0-1-1-t-1-1-1-4-1%x]-
Wrangeliapenicillata (C. Agardh) C. Agandh f-f-f-[-f-j-f-|-y-R-IX{-|-f-yf-f-f-l-t-f-f-1-]-

Delesseriaceae
Calnglossa leprieurii (Montagne) J. Agardh [ Xj-]-1-4-{-1-J-1-Q--b-4-1-]-4-4-|-1-1-k-Q-]|-I-

C.sp. Ixt-f--l-1-1-t-Q-2-b=1-l-f-btefet-l-0-0-f-0-1-

Dasyaccae

Dasya sp. edel-l-1-3-1-1-1-%-1-1-1-
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Table 2.7. (continued)

N.leizhou  Naozhouls, Quwen Co, S. Hainan
e RPN R ]
Rhodomelaceae
Laurencia obtusa (Hudson) Lamouroux cledet-tetotetetb-1-1-1-]-f-Fefel-]--0-1Xi-}-
L.oksmurae Yamada elef-tetetobetl-d-Vel-letel-1-0-fxl- ef-
L. parvipapillata Tseng afletet-tedolotolat-t-t-l-l-}-}- .
Porphyridiales
Goniotrichaceac
Goniotrichum sp. - - el
Total (29 taxa) 4]jojoi2jojr1t2jo0jojojajojojojoj2jo]j2]j0joj0)1]4]|8
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Table 2.9, Taxonomic representation by order

and family. Total number of sites in which each

taxonomic group was found, and number of sites by arca.

NL =N, Leizhou; NZ =Naozhou Island;QW =Quwen

County; SY =Sanya. * indicates that no specimens in this

group were identified to species.
Site NL NZ QW SsY
Total

Ulvales 17 2 7 -] 2
Monostromataceae 6 2 2 2 0
Ulvaceae 16 2 7 5 2
Cladophorales 19 2 8 7 4
Anadyomenaceae 4 0 0 1 3
Boodleaceae 13 2 4 3 4
Valoniacea® 10 0 4 3 3
Cladophoraceae 13 2 5 6 0
Caulerpales 20 2 (-] 8 4
Bryopsidaceae* " 0 4 4 3
Codiaceae 5 [ 3 1 1
Caulerpaceae 13 0 3 6 4
Udoteaceae 12 2 3 3 4
Dasycladales 11 1 4 3 3
Dasycladaceae 5 1 0 1 3
Acetabulariaceae 8 0 4 3 1
Ectocarpales 7 ] 1 3 2
Ectocarpaceae* 7 0 2 3 2
Scytosiphonales 13 0 6 4 3
Seytosiphonaceae 13 0 6 4 3
Chnoosporaceae 4 0 0 1 3
Sphacelariales* [ 1 1 4] 4
Sphacelariaceae* 6 1 1 0 4
Dictyotales 22 1 7 10 4
Dictyotaceae 22 1 7 10 4
Fucales 18 2 4 7 4
Sargassaceae .18 2 4 7 4
Nemaliales 20 2 6 8 4
Dermonemataceae 2 0 1 0 1
Liagoraceae 4 0 0 1 3
Bonnemaisoniaceae 4 0 2 1 1
Galaxauraceae 15 1 4 6 4
Gelidiaceae 18 1 6 7 4
Gelidiellaceae 8 0 1 3 4
Cryptonemiales 19 0 6 9 4
rallinaceae 18 0 6 8 4
Halymeniaceae 9 0 2 4 3
Peyssonneliaceae [} 0 1 3 2
Dumontiaceae* 2 0 1 0 1
Glgartinales 23 2 7 10 4
Gigartinaceae 2 0 1 1 0
Gracilariaceae 22 2 6 10 4
Phyllophoraceae 10. 0 1 6 3
Solieriaceae 2 0 0 2 0
Caulacanthaceae* -2 1 0 1 0
Hypneaceae 19 2 S 8 4
Rhodymenlales 7 ] 1 4 2
Rhodymeniaceae 6 0 1 4 1
Champiaceae 3. 0 0 2 1
Ceramiales 23 2 7 10 4
Ceramiaceae 23 2 7 10 4
Delesseriaceae 5 1 1 2 1
Dasyaceao 8 1 7 9 4
Rhodomelaceae 21 1 7 9 4
Banglales* 3 0 3 0 0
Bangiaceae* 3 0 3 0 0
Porphyridiales* 1 [} 1 0 0
Goniotrichaceae* 1 0 1 0 0
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Table 2.10. Taxonomic sepresentation compared
with taxonomic diversity at the level of Order.
Diversity Is presented as amount of repre-
sentation at taxonomic subcategories, Percent-
age Is glven for all sites and within area sites.

F G S 4 a o a 4
Towl LZ NZ QW SY

Chlorophyta

Ulvales 2 3 10|67 100 100 60 50

Cladophorales 4 1 23|79 100 86 70 100

Caulerpales 4 7 20|83 100 8 8 100

Dasycladales 2 3 4|21 50 57 30 75
Subtotal 12 24 57

Phaeophyta

Ectocarpales 1 2 2 29 0 29 30 50

Scytosiphonales 2 5 6|54 0 8 40 75

Sphacelariales 1 1 1{25 5 14 0100

Dictyotales 1 7 18] 92 S0 100 100 100

Fucales 1 2 22{ 75100 S7 70 100
Subtotal 6 17 49

Rhodophyta

Nemaliales 6 10 23{ 83 100 8 80 100

Cryptonemiales 4 14 27(79 0 8 90 100

Gigartinales 6 11 27| 96 100 100 100 100

Rhodymeniales 2 3 5|29 0 14 40 50

Ceramiales 4 21 31| 96 100 100 100 100

Bangiales 1 1 1/12 0 4 0 o0

Porphyridiales 1 1 1] 4 0 14 0 O
Subtotal 18 61 115

Total 36 102 221
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Table 2.11. Site ranks for diversity, num-
ber of unique specles and percentage of
unique specles. Highest rank = 1; * indi-
cates l}hat this rank I shared by more than
one gite,

Sites Diversify Uniqueness Unlqueness
Rank # %

a ‘11 *2 3
b 18 *6 *9
c 17 - -
[} *14 3 4
c 15 *4 -
f 9 *4 *8
g 2 *6 1
h 12 - 12
i *14 °1 *11
i 13 . -
k 3 *6 5
t 16 - -
m 20 *6 6
n 19 - -
o 10 *6 13
P 14 5 *7
q 7 *5 *11
r 8 *4 *8
s 4 *4 10
t 21 *6 1
u °11 *s *9
v 5 *S 1
w 1 2 *7
X 6 *1 2
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Table 2.12. Unlque species compared with total gpecies per site.

Sgew
“ara-
LY X
LR
B ¢ce ¢
[ R
lnu..b.
Homgw
Sq e
v ‘e
LK
L
“a~a-
.lﬂ.ﬂ.
AL LX)
LA
By s

3 10 15 12 6 10 18

3 4 S

1

TotalSpp. 35 16 18 26 23 42 71 M 26 27 0 2 10 11 ¥ 26 47 € 57

Unique
Spp.

2

1

1

1

13 3% B 8

5100 6 4 8 18

?

4

- 10

13

%Unique 17 6
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Table 2.13. Summary of Unlq|ue Specles by Area.
Total number of gpecles Is followed by unlque (in
parentheses), and the ratio of the two in percent.

Lz NZ QW sy
Greens  12(1) 35(4) ) 27(5)
8% 1% 17% 18%
Browns 6(3) 27(6)  36(12) 21(3)
50% 2% 33% 149%
Reds 204) s6(m 83D 67(21)
18% 12% 2% 31%
Total 40(8) 18(17) 155(36)  115(29)
20% 14% 23% 25%
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Table 2.14. Genera with the highest taxonomic

diversity.

Luno =R

Sargasgum
Gracilaria
Caulerpa
Laurencia
Uagora
Amphiroa
Jania
Dietyota



Table 2.15. Genera most frequenti N
with over 10 numbers are listed, Y collected. Al

# # #
specimens Genus specles sites G B R

11 Monostroma 2 6 X

12 Actinotrichia 1 6 X
12 Grateloupia 4 4 X

Bryopsis/

1B Trichosolen 1on X

14 Acanthophora 2 8 X
14 Boodlea 1 7 X

15 Colpomenia 1 9 X

15 Heterosiphonia 1 8 X
16 Chondria 2 6 X
18 Lobophora 2 10 X

19 Ulva 2 13 X

21 Gelidiella 1 8 X
27 Spatoglossum 1 6 X

31 Jania 6 10 X
! Gymnogongrus 3 9 X
37 Enteromorpha 6 10 X

38 Centroceras 1 14 X
4 Polysiphonia 2 17 X
49 Dictyota 5 15 X

51 Padina 4 20 X

52 Caulerpa 9 13 X

53 Amphiroa 4 12 X
63 Gelidium 3 18 X
64 Laurencia 6 15 X
66 Sargassum 20 18 X

70 Cladophora 3 2 X

3 Ceramium 1 18 X
9 Hypnea 4 19 X




Teble 2.16. Specles with 10 or more accesslon

numbers,
# species

77 Hypneasp.

73 Ceramium sp.

56 Laurencia sp.

54 Cladophora sp.

44 Polysiphonia sp.
39 Dictycta sp.

38 Centroceras sp.

36 Gelidiopsis sp.

34 Gymnogongrus sp.
33 Padina minor

32 Gelidium sp.

27 Gracilaria asiatica
26 Spatoglossum pacificum
25 Getidium pusillum
23 Galaxaura oblongata
21 Gelidiella aceracs
21 Amphiroa sp.

20 Enteromorpha sp.
19 Ulva conglobata -
19 Amphiroa foliacea
18 Lobophora sp.

# specles

17 Gracilaria sp.

15 Jania sp.

15 Heterosiphonia sp.

15 Colpomenia sinuosa

15 Padina australis

14 Boodleopsis/Chlorodesmis
14 Chondria armata

13 Sargassum polycystum

13 Bryposis/Trichosolon

12 Caulerpa racemosa

12 Sargassum sp.

11 Jania adhaerens

11 Gracilaria *blodgettii*

11 “crusts®

11 Caulerpa racemosa v. peitata
10 Ceratodictyon spongiosum
10 Monostroma nitidum

10 Hypnea nidifica

10 Cladophora rugulosa

10 Enteromorpha clathrata
10 Giffordia sp.
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Figure 2.1.The warm-water western Pacific area (bounded by
dashed lines). Tropical and subtropical limits are taken as those

of consolidated biotic reef, in the north and south, the western
boundary is that of Pacific Ocean waters, and the eastern limit

is the line of archipelagos associated with continental plate
boundaries (Indo-Australian and Eurasian Plates). The Indo-Malayan
Archipelago region (shown as a roughly triangular, shaded area)

is considered to be a global center of species diversity, however
there are no established boundaries. Field study area boxed.
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Figure 2.2, Field collection sites in the northern South China Sea.
The four site areas are Northern Leizhou (sites a and b), Naozhou
l(sland (sit;es c-i), Quwen County (sites j-t) and Sanya, Hainan Island
sites u-x).



Figure 2.3. Field site habitats, Leizhou Peninsula.

A. Mangrove stand at northeast point of Techan Island (site a), showing a mature, open stand
of trees and mollusk-covered boulders along seaward side of stand.

B. Green algal hummocks (Cladophoropsis sp.) on pneumatic roots of mangrove, northeast
point of Techan Island.

C. Rock bench (foreground) and rock walls (background) at south side of Na An beach, Naoz-
hou Island (site g). Green algae (Ulva sp.) cover rocks in foreground.

D. Extensive band of boulders lining the shoreline at the northeast corner of Naozhou lsland
{site h). Drift brown algae (Sargassum spp.) cover foreground.

Figure 2.4. Field site habitats, South Hainan Island.

A. Southeast area of Sanya Bay (site u) taken from northern isthmus of Luhuitou Peninsula.
Collections made on reef to the left of photo, subtidal bench to the right of photo and on
north and west aspects of islet in photo and of lighthouse reef (behind islet in photo).
Sanya harbor shiping channe! passes between islet and lighthouse.

B. Northward view from southeast point of Luhuitou Peninsula, showing Xiao Denghai reef (a)
and Bay (b) (site v) and eastern Da Donghai Bay (c) (site w).

C. Reef along eastern Da Donghai Bay at extreme low tide showing isolated tide pools at reef
edge (d), raised mid-reef (e) and depressed, uniform backreef (f). Most diverse collec-
tions resulted from following a transect from sandy beach along the reef edge. Photo
taken from elevated rocky headland marking the southward terminus of this reef.

D. Close-up of pools from area {d), above, showing forereef morphology. Shellfish are being
collected.

E. Reefin bay eastward of photo C, taken at extreme low tide. Photo taken from same loca-
tion as C, above. Note exposed reef at headland of hill in mid-background (g).

F. Forereef morphology at extreme low tide, area (Photo E, g) above.
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Figure 2.5. Percentage of total species bY the number of sites they were
reported from. Each bar contains separate components for green, brown
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Community Ecology Analysis of Shallow Water Benthic
Marine Algae of the Northern South China Sea

Abstract

A collection of benthic marine algae from 24 sites in Leizhou Peninsula, Guangdong
Province and south Hainan Island, Hainan Province (20°15-21°10'N and 109°50°-110°
33'E) was evaluated and analyzed using a community ecology computer program, COENOS.
Data for site occurrences of the 219 taxa of green, brown and red algae were organized three
ways: 1) Chlorophyta only; 2) Phaeophyta only; 3) Rhodophyta only. Both specific and
generic levels were evaluated within each grouping. Interpretable floristic patterns resulted
from analyses with the full set of data at the generic level using 40/10 and 50/20 clustering
rules. Species were distinctly grouped and interpretable as characteristic of the entire region
or of habitat subgroups. Analyses with brown algal data at the species and genus levels varied
least and therefore appear to be the most stable in structure; they were also the smallest data
sets. Differences in the likelihood that a species will be collected when it is present are
discussed. This study demonstrates that community analysis procedures can assist in analysis
of seaweed data, in identifying natural community patterns, and in evaluation of the

collection data itself.

Introduction

Marine Plants

Community analysis procedures are routinely used to better understand the patterns in the
distribution of plants in different terrestrial environments. Marine and terrestrial environ-
ments and vegetation differ fundamentally. Even when methods used in their study are the
same, the quality of the resulting data may differ greatly, affecting the interpretation of
results. For example, there is a relatively high degree of stability in the terrestrial environ-
ment. On land, it is possible to return to the same place and find the same plant community
months, years and even decades later. Seaweed communities are more elusive due to factors
such as the rapid life history turnover which often follows seasonal changes, their cryptic

life history phases, herbivory, and seasonal physical events like sand scouring or sand burial.
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Therefore, actual community structure, as well as visible community elements, change more

quickly. The concept of community, as it relates to seaweeds, is not clear (Chapman, 1986).

Seaweeds cannot necessarily be collected reliably if they are present. Species which are
present may be too small to be seen, even if visibility in the water and habitat selection are
not problems. To sample at one time, therefore, even if the collections cover more than one
season, is only taking a small piece of what is present. Causes for the irregular and often
misleading patterns which have been known to show up in seaweed distribution records
have been discussed by several authors (May, 1944; Silva, 1966; Dixon, 1971; Doty, 1973;
Irvine & Price, 1978; Abbott & Norris, 1985; Silva et al., 1987; Abbott, 1988; Lewis, 1990).

Community ecology techniques which are based on a differential-species approach
(Mueller-Dombois and Ellenberg, 1974).are appropriate to identifying seaweed distribution
patterns, because only those taxa which are collected together with sufficient regularity
constitute the final groupings. Taxa which are not grouped or which are grouped at a smaller
number of sites are separated.

Seaweed biology is unique. Many fundamental concepts (i.e. life history phases; mor-
phological variability with environment and season) and their variety and scope are only
beginning to be appreciated. Geneticists must work through chemical compounds occurring
in processes not found in other organisms. Many environments (i.e. deep water) are only
beginning to be explored, and even the most accessible habitats remain to be summarily
investigated in many parts of the globe. As a result of these and other factors, systematics
of marine algae uses taxonomic features that are very complicated, and classification has not
yet been stabilized at an alpha level. Concepts of biogeographic pattern at various scales are
based on the alpha-taxonomic information, and therefore remain vague.

A record of presence, when the specimen on which that record is based is in hand, is the
most reliable kind of seaweed information. To make sure that the record is correct still
requires some attention to nomenclatural and taxonomic details. Absence, or lack of a record
of a taxon for a particular locality in itself has very little meaning. This factor serves as a

major influence in the interpretation of the data compiled from phycological studies.
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Vegetation Ecology

The broad aim of vegetation ecology is to search for the underlying order in biological
communities. The methods which have been devised demonstrate that order may vary with
the community theory adopted.

The two early community theories held that: 1) the community can be seen basically as
an organism (Clements, 1916, 1928); and 2) the community is basically an individualistic
entity, with randomly assembled species (Gleason, 1926, 1939). The second theory provides
a useful null hypothesis for testing community organization. Clements’ viewpoint stimulated
research which repudiated his community concepts. Gleason’s autecological perspective is
still widely held.

Two synecological hypotheses or viewpoints are those of: 1) the association viewpoint
(Braun-Blanquet, 1928); and, 2) the ecosystem viewpoint (Tansley, 1935). Tansley coined
the term "ecosystem,” and believed that the organization of the community cannot be
separated from the associated environment because the two are interrelated. The Braﬁn—
Blanquet viewpoint holds that communities can be classified like species. Each association
has species characteristic to it. These are known as diagnostic or differential species. The
community concept used in this paper follows Braun-Blanquet.

Mueller-Dombois and Ellenberg {(1574) outline research strategies for describing com-
munity order sensu Braun-Blanquet. In order to describe pattern in an unbiased manner, an
initial reconnaissance of an entire study area is done to establish the large-scale boundaries
within which samples are taken and the sampling layout. Three requirements should be met
by a sample stand. "It should be large enough to contain all species belonging to the plant
community. The habitat should be uniform within the stand area, as far as one can determine
this. The plant cover should be as homogeneous as possible. For example, it should not show
large openings or should not be dominated by one species in one half of the sample area
and by a second species in the other half" (Mueller-Dombois & Ellenberg, 1974:46). The
degree to which these assessments can be met in the marine and terrestrial environments

differs. Further, this strategy assumes that the integrity of taxonomic decisions is not an issue.
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COENOS
The computer program COENOS (Ceska & Roemer, 1971; CeSka, 1987) was written to
facilitate and standardize the application of Braun-Blanquet community analysis methods
(Mueller-Dombois & Ellenberg, 1974). The most prominent feature of the clustering
technique is that it classifies relevés (stands) and species simultaneously by applying two
rules of constancy (given below). Sorts are done on vegetation tables, which are two-dimen-
tional arrays of relevés and species. Relevés are listed in columns, species in rows.
Rule I: Diagnostic species must occur in at least x% of the relevés belonging to the
given relevé group and in not more than y% of the relevés outside this group.

Rule XI: The relevé belongs to the relevé group indicated by the given group of
diagnostic species if it contains at least x% of these diagnostic species. (CeSka &
Roemer 1971:259)

Therefore, when a standard 40/20 rule is applied, in order to be part of a species group,
any given species must occur at least 40% of the time when a group is present, and cannot
be present more than 20% of the time when the group is not present. Parameters of grouping
are set by the software operator. Since seaweed species are likely to be present more
frequently than they are collected, loose grouping rules (i.e. 20/10) may be most appropriate.
Three problems which arise with hand-sorting of vegetation tables are solved with this
computer program. Extremely time-consuming manual-visual procedures and frequent
transcription errors are eliminated; the sorting technique can be applied by anyone to the
same data with equal results; and, bias is removed in the selection of species based on
knowledge of similar vegetation types (Ceska & Roemer, 1971:257).

The last characteristic makes this program an ideal tool for differentiating among
cohesiveness patterns for different species in a group of collections. Species can be sorted
by statistical rules, and the results compared with field observations of the collector. In this
way, species can be separated between those that follow patterns which match natural
phenomena and those which are shown to be irregular according to grouping rules. COENOS
was written primarily to identify natural cohesiveness patterns associated with community

ecology, however, it is up to the investigator to interpret the cause for cohesiveness patterns.

COENOS performs differently with datasets of different data structure, or quality. One
practical application of the program suggested by the authors (Ceska & Roemer, 1971) is an
73



evaluation of data quality, which is done by looking for divisions in data, then assessing the
cause. In this way, "....the division of the data set might be the explicit purpose of a program
run" (1971:267). In these cases, the strategy involved is one of identifying areas of greatest
discontinuity, then interpreting factors behind the discontinuity. That strategy is applied
here.

Data sets may be strongly structured with marked discontinuities, corresponding to discrete
community demarcations. Alternately, they may have a less pronounced structure. The
program can be set to varying cohesiveness rules, and by comparing results from different
rules and subdivisions of the data, can be used to identify weak groupings of species and
relevés. By selectively removing relevés, or species, the statistical groupings can be made
stronger.

When rules of different severity are used in succession for the same data set, much
of the inner structure of the communities can be revealed. While less strict member-
ship requirements may, in sufficiently species-rich data, produce very many groups,
these decrease both in pumber and size under stricter requirements. This can be ob-
served when making either the inside requirements or the outside requirements, or
both, more restrictive. The species groups derived from the strictest tests can be

regarded as the most stable ones representing the cores around which species of
weaker association are arranged.(CeSka & Roemer, 1971:265)

This paper is part of a several step study to make a first-level assessment of biogeographic
pattern among the seaweeds of the tropical and subtropical (warm water) western Pacific.
A previous paper (Chapter 2) presented the floristic results from this field study. A major
conclusion from that chapter was that the taxonomic certainty varied widely among
taxonomic groups. This chapter independently evaluates the degree of floristic cohesiveness
from a community ecology point of view. The main objective of this study was to identify
the highest level vegetation organization distinguishable.

COENOS groups data from the standpoint of indicator species using statistical rules
determined by the investigator. Patterns should, in general, be more conservative as higher
taxonomic levels of information are used. This principle was invoked in an attempt to identify
the most basic patterns within the field area. It is the premise of the present paper that these
concepts can be extended beyond testing the inmer structure of the communities, to
evaluating the inner structure of the data. It is believed that there are differences in the

quality for the data of red, brown and green algae which correspond to their biological
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differences. If data are representative of natural systems, community patterns derived from
progressively higher taxonomic levels of data will be progressively conservative. The
interpretation of the analysis results will be in terms of what are already known as the
challenges of interpreting phycological data. It is hoped that an evaluation of the evenness
of quality of information from one project, collected and identified with consistency may
provide insights which can be applied to the biogeographic interpretation of less consistent

data sets.

Materials and Methods

A variety of habitats along a coastline extending over 350 km were sampled to gather
presence-absence data on benthic marine algae for community ecology analysis. Sites were
located in northern Leizhou Peninsula and south Hainan Island, between 20°15-21°10°N
and 109°50°-110°33’E (Figure 3.1). Twenty-four sites were collected, some more than once.
Areas were selected according to a sampling strategy to represent the scope of the flora of
the area. This entailed sampling over a wide range of habitats over a period of several months
(Table 2.1). Navigational charts, topographic sheets and discussions with local fisheries
professionals were helpful in site selection. Collections were generally conducted at low tide
and lasted approximately one hour each. During that time an attempt was made to collect
all the species present within the defined area. Further details of site selection, charac-
terization of habitat, collection strategy, frequency of collection, collection details and
floristic results are given in Chapter 2.

These collections were sorted and prepared according to standard phycological technique.
Specimens were identified after the field collections were completed. All specimens were
taken for identification to the Academia Sinica Institute of Oceanology, Qingdao, Shandong
Province. A group of specialists made determinations (see Chapter Two). It is understood
that in many cases, absolute identification would require extensive monographic research.
For the purposes of this research that is not necessary, since the specimens are all consistently
identified with respect to all others in this collection. Benthic marine algae were identified
to 219 taxa in 99 genera of green, brown and red taxa. Presence-absence lists were then

prepared for all species by site (Tables 2.2-2.7).
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Figure 3.1. Field collection sites and floristic summary. Total species number (red species,

green species, brown species) and percentage of unique species are presented for each

site and area. Sites were grouped into 4 areas: northern Leizhou (sites a,b); Naozhou island
(sites c-i); Quwen County (sites j-1); Sanya (sites u-x).
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Site t was excluded from analysis because a significant number of specimens was lost. After
initial analyses, site m was identified as a data outlier, and was also excluded. The remaining
21 sites were used for analyses.

Site-species data were organized three ways: 1) Chlorophyta; 2) Phaeophyta; and 3)
Rhodophyta. Both species and generic levels were evaluated within each grouping. Default
statistical parameters (a combination of 40/10, 50/10 and 66/33, applied automatically)
resulted in a high number of vegetation types.

Results

Results of the analyses are shown in Figures 3.2-3.4, for Chlorophyta, Phaeophyta and
Rhodophyta data, respectively. Each figure presents the COENOS diagram of species groups
by site array, followed by a list of the species constituting each group. Each figure includes
a map of the results.

Numbers of species groups formed from the data, and the array of groups over sites varies
markedly for the three sets of data. Two groups of species were identified for data from the
brown and green algae. Four species groups were identified from the data on red algae. Field
data consisted of 55 species of Chlorophyta, 49 of Phaeophyta and 115 of Rhodophyta.
Fifteen of the green algal taxa (27%) were grouped, 9 of the brown algae (18%) and 29 of
the red algal taxa (25%). Fewest sites were grouped with the green algal data (9 of the 22

analyzed), more with the data from brown algae (14 sites and the most from the red algal
data (19 sites).

Discussion

Analyses using red, green and brown algal data from this study present different interpreta-
tions. Green algal data are gréuped using community ecology analysis into two sets, each
consisting of four sites, which overlap at site k. The two species groups are interpretable as
indicators of different habitats. Species in group one are predominantly subtidal, while those
in species group two are predominantly intertidal. Site group one (sites a, b, d, and h) are,

except for the last site, characterized by extensive, low-diversity intertidal mud/sand flats.
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Figure 3.2 Releve types from the analysis of the green species data set,

under a combination of 40/20 and 50/30 selection rules. Two species groups are
present. Constituent species are listed, below map. Only those sites which are
grouped for this analysis are labeled.
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Group 2 Gelidium pusillum, Galaxaura oblongata, Ceratodictyon spongiosum,
Acanthophora muscoides, Gymnogongrus sp. #1

Group3 Delesseriaceae (species), Polysiphonia friabile, Hypnea japonica,
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Group 4 Gracilaria asiatica, Hypnea cervicornis, Gracilaria heterocladia, G. tenuistipitata,
G. blodgttii, Acanthophora spicifera

Figure 3.4. Stand types from the analysis of the red algal species, data and map of
analysis summary. Four species groups are present. Three sites are ungrouped.
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Analyses from brown algal data from this study are interpreted very differently. First, the
pattern of sites where species groups are present are not the same as the green algal groups.
Instead of overlapping, the two brown algal species groups are present in an imbedded array
of sites. Species group one, consisting of 5 easily-identifiable species of wide Indo-Pacific
distribution, is present at a wide range of sites. These represent a diversity of habitats. This
suggests that this species group established a lowest heirarchical grouping of brown species
which represent the entire study area. The second species group is present (sites j, k, u, v,
and w) only at sites also containing the first group. These species have a biogeographic
distribution which is more tropical. This corresponds with the general habitat character of
these sites. Therefore, the brown algai data analyzed within this study both select species
groupings representative of the field area in general, and identify a subset of those sites
which have a strong tropical character in the flora.

Interpretations from red algal analyses are based on a greater number of species groupings
and produce more complicated presence/absence patterns. As mentioned earlier, red algae
tend to be seasonal, and this would be expected to contribute an element of randomness to
the community ecology analysis. An examination of the species constituting the second two
species groups supports the view than these groups represent seasonal or other occasional
patterns. The first two groups, however are species which are more macroscopic and generally
longer lasting. Presence/absence patterns of the last two of the four species groups are
somewhat scattered with regard to the basic site trend established with the first two groups.

A pattern with the red algal data which is similar to that of the brown is the second species
group. These species are grouped with a wide range of sites, and, as with the brown algal

taxa, may be species indicative of the field area in general.

Conclusion

These preliminary results indicate that there are differences in the biogeographic inter-
pretability of red, brown and green algal presence absence data. Analysis results have
distinctly different interpretations among the three sets of data, and data from the
Phaeophyta appear to be the most useful in biogeographic extrapolation.
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An Overview of the Algal Flora of the Northern South
China Sea and its Relationship to a Biogeographic Inter-
pretation of the Warm Water Western Pacific

On the basis of a large collection of marine algae, consisting of more than 2000 num-
bers, made along the southern shores of China, the marine algal flora of the northern
South China Sea can be characterized as showing a considerable diversity. The field study
habitats were diverse, including sand or mud flats, rock benches, rock walls, areas with
boulders, while others had biotic coral reefs. The area under study, in fact, is near the
northern limit of such reefs along the China coast. While the largest numbers of taxa
were collected in areas of active water movement, whether turbid or clear, the areas with
low water movement all yielded a smaller, yet diverse number of species. The collections
showed some taxa that were tropical in relationship (Neomeris among the green algae,
Padina among the brown algae, for example), and others that were subtropical ( Acrosym-
phyton, for example).

Phycological history in the western Pacific shows slow and long-term accumulation of
knowledge over centuries in China, and a more rapid accumulation in Japan, with both
classical and practical information given nearly equal emphasis in both countries.

The distribution of marine algae in this area of the warm water western Pacific definite-
ly shows a strong dependence on habitat. With the exception of species of Sargassum, a
dominant brown alga in the tropics and subtropics, and in the area under study, the taxa
are relatively small, usually less than 6-8 cm tall, and characteristic of sandy, muddy
areas. Creeping forms like the green alga Caulerpa are common in such habitats although
not limited to them. On the other hand, the green alga, Halimeda was only found in the
clear-water sites of southern Hainan. It can be predicted that in other parts of the warm
water Pacific these genera will be found to occur in similar habitats.

Two things stand out as the major contributions of this study. The first was my making
the first floristic study along the continental coastline from Hong Kong to southern Viet-
nam. In addition, this collection has provided the field basis for interpretation of the

taxonomic literature.
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The second major contribution relates to biogeography. In biogeographic studies, you
can form generalizations on the basis (1) solely of the published presence/absence litera-
ture, (2) from presence/absence information comparing field study results to the litera-
ture, or (3) use of the literature and field study results with community ecology analyses
as a guide to selecting those species best interpretable biogeographically. This later
perspective emphasizes the viewpoint that the presence of all taxa is not equally sig-
nificant and was adopted in this research.

Biogeographic problems must address biological concerns (seasonality, herbivory, vari-
able morphology, for example) and information concerns (historical characteristics of the
data, questions of biological and geographic representation). My field coliections became
the basis for comparison to the published literature. In examining these taxa by com-
munity ecology techniques, | have demonstrated a different kind of tool which can con-
tribute to the analysis of published literature. I adopted an approach of separating the
data on red, green and brown taxa and found that very clear patterns of species groups
were identifiable from distribution information on brown and red taxa;, but not green.
Using community ecology techniques as a tool, I have offered a further contribution

toward using floristics as a base for biogeography.
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A History and Annotated Account
of the Benthic Marine Algae
of Taiwan

Jane E. Lewis and James N. Norris

Introduction

Historical Review

The history of recognizing, naming, and using marine
algae in China extends far back into the early Chinese
literature. Although of uncertain antiquity, the specific
mention of marine algae goes back at least to the publication
of the Er Ya* or Literary Expositor (Tseng and Chang, 1961),
a dictionary that dates to the 3rd century B.C. (Needham,
1970). Application of Latin binomials to the Taiwan marine
flora, however, began only in the late 19th century (Mar-
tens, 1866). After a period of European collections and
reports, a period of extensive Japanese studies during the
early to mid-20th century followed. The third, or current,
period is one in which the activities of Chinese investigators
predominate.

The first report of benthic Taiwan algae that followed
Linnean taxonomy appeared in Georg von Martens’ Die
Tange (1866), based on the botanical explorations from the
German expedition to East Asia, 1860 to 1862. During this
voyage von Martens' son Eduard, chief zoologist for the
expedition, collected marine and freshwater algae from
Java, the Philippines, Singapore, Taiwan, Hong Kong, and
other East Asian areas. In this work, the elder von Martens
reported seven marine species from “Tamsui” (Danshui), 2
northeast Taiwan seaport, including three marine algal
species, Ulva lactuca f. lapathifolia, Grateloupia filicina f.
filiformis, and Caulacanthus ustulatus var. fastigiatus, not
again recorded from Taiwan.

During a second German expedition to East Asia (1886—
1888) Dr. Warburg made phycological collections that were
later published by Heydrich (1894) and De Toni (1895,

Jane E. Lewis, Depavtment of Botany, University of Hawasi, and East-West
Center, Honolulu, Hawaii 96822, Jomes N Nom.r Depamvmu qf Botany,
National Museum of Natural History, Smith W D.C.
20560.

1905). This expedition covered the East Indian Ocean, the
Mollucca Islands, China, Java, the southern Japanese is-
lands, and a brief stop at Taiwan. Taiwan collection loca-
tions were noted as Jilong (a northeast seaport), south
Taiwan, the east coast and “Long-kiau™ on the south coast.
Among Warburg's Taiwanese algal collection, Heydrich
identified 43 taxa, consisting of 24 red (Rhodophyta), 12
brown (Phaeophyta), and 7 green (Chlorophyta) species. In
continued studies of the algae from this expedition, De
Toni (1895) reported 36 taxa from Taiwan and in 1905
another two species. As a result of these early European
investigators, over 60 marine benthic algae were reported
for the Taiwan region, including many new to science.
The history of the exploration of Taiwan marine algae,
as with other sciences and indeed all aspects of life, was
greatly shaped during the 50-year period, beginning in
1895, of Japanese political dominance in Taiwan. Volumi-
nous studies on the Japanese flora and fauna. then including
Taiwan, were undertaken. It was during this time that
exploration of the Taiwan marine flora was most intensive,
dominated by the work of K. Okamura (e.g., 1900-1902,
1907-1942) and his student, Y. Yamada (1930-1944).
The first publication of this period, “New or Little Known
Algae From Japan™ (Okamura, 1895), included two new
records of species from Taiwan. Many publications specifi-
cally addressed the Taiwan flora (Okamura, 1915b, 1931,
1935b; Oshima, 1915; Ariga, 1919, 1920, 1921; Horikawa,
1919: Yamada 1925a, 1925b, 1936a; Yamada and Tanaka,
1934; Tokida, 1941), but most references to the Taiwan
flora were included as distributional notes or collection sites
within general Japanese floristic works (Okamura, 1930,
1936; Yamada, 1928, 1934). Three important series con-

* Tiwoughout this text, Chinese place names and words not enclosed in
quotation nirks are spelled according to the Pin Yin romanization system.



taining numerous, but scattered, references to Taiwan algae
are Hlustrations of the Marine Algae of Japan (Okamura,
1900-1802) and Icones of Japanese Algae (Okamura, 1907,
1909, 1913, 19154, 1921, 1923, 1932, 1934b, 1933a,
1937, 1942): Yamada's “Notes on Some Japanese Algae”
(1930, 1931a, 1932b. 1933, 1935, 1936b, 1941, 1944b);
and Yendo's “Notes on Algae New to Japan™ (1909, 1914,
1915, 1916a, 1916b. 1918).

From an early time the Japanese were interested in flor-
istic comparisons, sometimes speculating on the reasons for
disjunct species distributions or factors that might cause
adjacent areas to have divergent floras (Ariga, 1920, 1921:
Okamura, 1915b, 1919). One of the first comparative phy-
togeographic studies of the western Pacific region (Yamada,
1926) included Taiwan as one of its eight floristic areas. OF
the 42 taxa compared in the region. 16 were present in
Taiwan.

Japanese monographs included new or additional records
of wxa for Taiwan. Among these were studies of the Cor-
allimiiceae (Segawa. 1941: Yendo, 1902) and the Florideo-
phyceae (Tanaka, 1944), and the genera Gelidium and Pter-
ocladia (Okamura, 1934a), Galaxaura (Tanaka, 1935,
1936), Hixpnea (Tanaka. 1941), Laurencia (Yamada, 1931b,
1936¢). Liagora (Yamada, 1938a), Porphyra (Ueda, 1932),
and Sargassum (Yamada, 1942),

Many of the papers written specifically on Taiwan's ma-
rine flora are in Japanese. Ariga (1919) describes a 14-day
collecting trip and lists 43 1axa collecied. Horikawa's (1919)
“Marine Algae of Taiwan™ reports 20 red. 10 brown, and
15 green species. based on determinations by Okamwura of
specimens that had been collected by Horikawa, Nagasawa,
Maki, and their students at locales around Taiwan, includ-
ing Danshui and Jilong in the north, Elanbi (Olanpi) in the
south, Xiao Liugiu (Shao Liou Chou) and Lan Yu, and the
Penghu (= Pescadores) Islands. In another study a year
later, Ariga (1920) reported 69 1axa for the Penghu Islands
and compared them with his records from “Amoy," a small
island off Fujian (= Fukien) Province, southeast China coast.
Although only about 135 km of the shallow Taiwan Strait
separate the two sites, the floras were found to be drastically
different in composition. Even when the same species oc-
curred in both places they often exhibited marked morpho-
logical or seasonal differences. It was speculated that tidal
fluctuation or substrate type may have effected these differ-
ences. In determining species names, Ariga (1919, 1920)
velied heavily on the papers of Yendo and Okamura.

The papers of Arviga (1919, 1920) and Horikawa (1919)
were subsequently overlooked by later authors, perhaps due
in part to having been written in Japanese. Both 1919 papers
use the Latin scientific names and authors of the species
followed by Japanese names. Ariga, in his subsequent paper
(1920), uses these Japanese names almost exclusivelv. Few
cases are known in other languages where common names
apply solely to a single species. In the course of our research,
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however, these Japanese names were found to be a special
case because they are not common names but a Japanese
version of the scientific name (Lai Chuen-fu, personal com-
munication). When Latin binomials were introduced to
Japan, the Japanese erected equivalem Japanese scientific
names, one for each taxon, which were different from the
Japanese common names. Because the Japanese names are
listed with their Latin binomials in Okamura’s flora (1936),
it has been possible 1o translate Ariga’s names into the
binomial form for inclusion in the current listing.

Yamada's studies on the Chlorophyceae (1925a) and the
Phaeophyceae (1925b) of Taiwan, representing his under-
graduate thesis at Tokyo University under K. Okamura,
are frequently cited in later publications. Most of the spec-
imens of these papers were collected by Yamada during a
short spring collecting trip to the north and south coasts of
Taiwan and to the Penghu Islands. with a few additional
specimens provided by T. Aoki, then a government official
in Taiwan.

Economic considerations have also contributed to iden-
tification of Taiwan's marine flora. Some papers were de-
voted to the agarophytes in Taiwan at a time when the
Japanese seaweed industry was flourishing (Okamura,
1915b. 1935b: Oshima, 1913). Taiwan's east coast was
thought to possibly have a richer agarophyte flora than
north Taiwan or any other coast in Japan. However, due to
the presence of unfriendly aborigines (Okamura, 1915b),
this hypothesis was not investigated until much later, and
was found to be incorrect (Fan, 1951).

Several papers discuss Taiwan algae used as foods. The
istand of Lan Yu (also called Kotosho, Botel Tobago, or
Orchid Island) has attracted much attention because of its
aboriginal population, unique biology. and its close prox-
imity (61 km) to the island of Taiwan. An issue of the
Bulletin of the Biogeographical Society of Japan (1931, vol. 2,
no. 2) was devoted to the anthropology and biology of Lan
Yu, with Okamura (1931:95-122) reporting 92 taxa of
benthic algae from collections made by S. Segawa during
one summer month in 1930. Only about one-third of these
algae (Okamura, 1931) were also known to be on both
Taiwan and Lan Yu. The Lan Yu flora was considered to
be Indo-Pacific in nature, whereas no specific comments
were made on the affinities of the Taiwan Island marine
flora. Of the many aigae presumably eaten by the *Yami®
tribe on Lan Yu, Okamura listed 12 (Carpopeltis formosana,
Laurencia sp., Acanthophora orientalis, Halymenia durvillaei
var. formosa, Hypnea seticulosa?, Nemalion pulvinatum, Chon-
dria armata, and Dermonema dichotoma), also giving a Japa-
nese transliteration of their traditional Yami names. Sub-
sequently, Tokida (1939) published an almost identical list
of algae eaten by the "Ami” people on Taiwan with the
same common names.

An identification book with photographs of Japanese
seaweeds published during this period (Higashi, 1934) in-
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cluded 12 records of Taiwan taxa. With the high scholarly
level characteristic of the Japanese picturebook genre, spe-
cific names are generally considered accurate. Because these
books contain records of Taiwan algae often not previously
published, it is believed that distributional citations were
based on Japanese herbarium material.

The Japanese flora Nippon Kaiso-shi (Okamura, 1936)
contains numerous reports of algal species in Taiwan. This
is an invaluable reference for the identification of benthic
marine algae throughout the northwestern Pacific region.

In addition to the extensive Japanese publications of the
period 1895-1945, some Chinese and western papers also
included accounts of the Taiwan marine flora. A.D. Cotton
(1915) reported nine taxa from Taiwan. Specimens of Sar-
gassum were verified by K. Yendo, who visited the Royal
Botanic Garden, Kew, while the paper was in preparation.

The lack of scientific communication between the East
and West is perhaps characterized by J. Tilden's (1929)
comments in “The Marine and Freshwater Algae of China.”
Although Professor Tilden claims to record “all species
previously noted by investigators™ for the algae of China,
her account of Chinese phycological history only cites one
non-western reference, a short paper by Okamura (1913)
on “Chinese Edible Nostoc.” She clearly agrees with Cotton
(1915) that “Formosa [now known as Taiwan] . . . though
belonging to Japan, must geographically be included with
China.” Though aware of Martens® (1866) account of algae,
Tilden considered his determinations to be unreliable, and
her account of the Taiwan marine flora was limited to only
the nine taxa Cotton (1915) had reported.

Apparently unaware of the Japanese literature of 1895-
1928, Tilden listed only 92 species of marine aigae from
the entire Chinese region. as “all that has been done in the
study of Chinese algae.” If the Japanese literature (e.g.,
Okamura, 1909-1926) and other accounts of European
expeditions had been included, she would have found over
350 published records of more than 200 species for Taiwan
alone by 1928. It is easy today to see the inaccuracy of
Tilden’s assessment; however, her conclusions were under-
standable considering the barriers of language, culture, and
communication at that time.

Professor C.K. Tseng, as a young botany instructor from
Fujian Province, made extensive collections in the 1930's
throughout China. In studies of marine Chlorophyceae
from Hainan Island (1936), Chinese Chaetangiaceae
(1941b), Hong Kong Polysiphonia (1944), and “New and
Unrecorded Marine Algae of Hong Kong” (1945), Tseng
included several Taiwan collections, many of them new
records.

The first publication by Chinese marine botanists on
Taiwan after the Japanese occupation came from the Tai-
wan Fisheries Research Institute. Y.F. Shen and K:C. Fan
(1950) compiled much of the earlier literature and studied
their own collections as well as specimens from the herbar-
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ium at the National Taiwan University made from Kotosho
by Y. Yamamoto, which resulted in a list of 62 green, 50
brown, and 142 red taxa. Locations were given as “Taiwan,”
“Kotosho™ (Lan Yu), “Kasyoto™ (Lu Dao) and the “Pesca-
dores” (Penghu Islands).

Fan (1951) described eight species and two forms of the
economic genera Gelidium and Pterocladia from Taiwan,
with English translations of Dr. Okamura’s (1935) four new
taxa. Gelidium and Pterocladia were found to be restricted
to the north and northeast part of the island. The distribu-
tions of the various species were compared and found to
belong to two distributional groups (a disjunct north-south
distribution), but Fan concluded that “[the] chief factors
that delimit the mutual exclusion of these species are at
present uncertain.”

A list of edible marine algae (Fan, 1952) from Taiwan
included 30 taxa used by Taiwan aborigines as well as those
with a long Chinese tradition, with brief descriptions and
localities of the algae, preparation methods, and a table of
their Chinese and aboriginal names. Many species were
noted to be commonly occuring only in the spring, though
no reason was suggested.

Since 1960, Y.M. Chiang (now a professor at Taiwan
National University), has been a major investigator of the
Taiwan marine algae. Studies on floristics (Chiang, 1960,
1962a,b, 1973a,b), taxonomy (Chiang, 1981; Chiang and
Chen, 1982; Yang and Chiang, 1982), reproduction (Chen
and Chiang, 1982; Chiang, 1969, 1970, 1971, 1972; Chiang
and Chen, 1982), and aquaculture (Chiang, 1981, 1982;
Chiang and Chou, 1980; Liaw and Chiang, 1979; Nelson
et al., 1983) have been the focus of his phycological contri-
butions.

Professor Chiang began phycological publications (as a
student of Y.F. Shen, Botany Department, National Taiwan
University) with his two-part “Marine Algae of Northern
Taiwan,” the blue-green, brown, and green algae (1960),
and the red algae (1962a). Included in these works were
information on collection locations, habitat notes and sea-
sonality of the major algae, identification keys, and taxo-
nomic summaries of each of the 96 species.

After a field trip of a few days to Penghu, Chiang (1962b)
recorded 26 species and noted the fragmentary nature of
earlier Japanese records in the Penghu Islands. Dr. Chiang
began working on Taiwan's phytogeographic affinities with
“Notes on Marine Algae of Taiwan" (1973a), which in-
cluded north-south distributional observations and new rec-
ords of six green, six brown, and nine red algae for Taiwan
and its offshore islands. “Studies on the Marine Flora of
Southern Taiwan” (1973b) reported on the algae at four
southern localities and compared them with the north,
finding that “some northern species do not occur in the
southern waters. On the contrary, there are quite many
species which occur in southern Taiwan but not in the
northern regions.” The southern flora was also considered



to be more depauperate than the northern and unique
within Taiwan in having typically tropical elements, such as
Bornetella and Neomeris. The water temperatures, warmer
and less variable throughout the year in the south, were
suggested to be partially responsible for this difference.
Because Okinawa, located slightly to the north and east of
Taiwan, shares tropical genera with southern Taiwan,
Chiang also suggested that the Kuroshio (or Japanese) Cur-
rent is likely to be a major factor in distribution.

A later series of papers focus on aspects of morphology
and reproduction (Chiang and Chou, 1980; Chen, Chiang,
and Chiang, 1981; Chen and Chiang, 1982; Chiang, 1982;
Chiang and Chen, 1983) and vegetative reproduction in a
brown alga (Chiang and Chou, 1980). These papers provide
taxonomic information, some of which is new for the Tai-
wan flora, and others that substantiate previous records.
Taxonomic studies on Sargassum (Chou and Chiang, 1981),
Liagora (Chiang and Chen, 1982), and Gracilaria (Yang and
Chiang, 1982) provide additional listings with distribution,
morphology and seasonality information.

Aquaculture in Taiwan is a well-developed business prin-
cipally of shellfish and fin fish, and in the last 10 years the
culture of marine algae (Chueh and Chen, 1982), especially
Gracilaria (Chen, 1976: Shang, 1976; Michanek, 1978;
Ryther. 1979; Tseng, 1981a,b; Chiang, 1981; Doty, 1983),
and Porphyra (Chiang, 1982), has received more attention
from both growers and taxonomists. Of the numerous
publications on seaweed culture, those providing records of
native species in Taiwan were most appropriate for inclusion
in this listing.

In a review of Gracilaria culture in Taiwan, Chiang
(1981) and Hansen et al. (1981) provided taxonomic infor-
mation on the three native species cultured (G. edulis, G.
gigas, and G. verrucosa) and the techniques employed. The
seaweed aquaculture program, centered in the southwest of
Taiwan, began in 1961, and by 1979 about 12,000 tons of
the dry secaweed were being harvested, predominately for
the domestic agar industry, and about 120 tons of fresh
seaweed went as feed to abalone farms.

Gracilaria is the major source of agar-agar, along with
some Gelidium. Reports on seasonal variation of agar quality
and quantity produced in Taiwan (Yang, 1982; Yang et al.,
1981) provide records on the native agarophyte flora, and
a comparison of agar from species in Taiwan and Micronesia
{Nelson et al., 1983) provides information on Taiwan sites
of natural populations.

In contrast to Gracilaria, Porphyra culture has been small-
scale and irregular. Cultivation of local species in the
Penghu Islands began in 1968, but studies on the life his-
tory of the local species were not initiated until 1975
(Chiang, 1982), when the “Conchocelis-stage™ of Porphyra
and monospore formation were investigated. This study
and two on Conchocelis culture (Chiang and Chou, 1980;
Liaw and Chiang, 1979) also provide taxonomic informa-
tion on native Taiwan taxa.
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Alginates. a family of chemicals used in food preparation
and with a wide variety of industrial uses, which conven-
tionally are extracted from cold-water kelps, may become
anindustry in Taiwan, using a tropical brown alga. Research
has been conducted (Liu, 1982) on improving the quality
of alginates from Sargassum duplicatum, a species growing
naturally along the shoreline of the southern tip of Taiwan.

Green algae are also a part of Taiwan's aquaculture
industry. Liu (1982) mentions use of Chlorella. Included in
a report on chemical analysis and utilization of Monostroma
(Wu, 1982) is information on the two native species and
their distribution.

The study of biological activity and natural-product
chemistry (e.g., Norris and Fenical, 1985) is a recent re-
search interest in Taiwan. For example, in a recent paper,
“Pharmacological Properties of Some Taiwan Seaweeds”
(Su et al., 1982), 30 species from Taiwan were screened for
antimicrobial activity.

Geographic and Oceanographic Features

The area encompassed in this study includes the main
istand of Taiwan and a few of its 14 associated islands as
well as the 64 islands of the Pescadores Archipelago (Figure
1). The islands most commonly referred to in the phycol-
ogical literature are those of Taiwan (= Formosa) (21°53'-
25°18°N, 120°1°-122°0°E), Orchid Island (= Kétosho or
Lan Yu) (22°0’-22°5’N, 121°36'-121°30°E), Green Is-
land (= Kasyoto or Lu Dao) (22°38'-22°41'N, 12}1°28'-
121°30°E) and the Pescadores (= Penghu Islands) (23°11'-
23°46°N, 119°18"-119°42'E). The most frequented col-
lecting sites on the Island of Taiwan have been Olanpi at
the southern tip, “Tai Dung™ on the east coast, and the
general zrea of the northern tip. Bisected by the Tropic of
Cancer, the Island of Taiwan is considered both tropical
and subtropical. Geologically it is a continental island with
a mostly sedimentary origin, and it has a coastline of roughly
1600 km.

Oceanographic conditions around the island vary in to-
pography, temperature, and currents. The Taiwan Strait is
shallow (60 m average depth) and turbid, extending west-
ward from Taiwan some 140 to 200 nautical miles to the
southeast coast of mainland China. Within the Strait, the
Penghu Islands are some 40 km from Taiwan. Tidal cur-
rents around these islands reach almost 6 knots in places
(USDD Nautical Map #94060). In the East China Sea north-
east of Taiwan is the Ryukyu Island chain, beyond which
are the main islands of Japan. To the south the Bashi
Channel separates Taiwan and the Philippines. The east
coast. often precipitous, marks the eastern edge of the
continental shelf. The sharp drop-off continues some 4000
m below sea level, reaching the floor of the Philippine
Basin. Along the southeast coast are areas of upwelling,
with colder, nutrient-rich waters.

Many benthic marine algae are found growing in the
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nearshore coastal waters. Shoreline conditions in Taiwan
vary from sandy to rocky shores with murky water in the
north, to coral reefs with clear swift water in the south. To
the east are precipitous cliffs and rough waters with deep-
ocean upwellings along the coast and, in contrast, level,
calm expanses of intertidal mud and sand flats along the
western shoreline.

The two main currents affecting Taiwan are the Kuroshio
(or Japanese) Current and the Taiwan coastal current. The
Kuroshio Current brings water of high temperature and
salinity up from the Philippines and the equatorial region
toward southern Taiwan where it branches. The stable,
main branch runs past the east coast of Taiwan at an average
velocity of 30 10 40 nautical miles per day toward japan
(USDD Nautical Map =94010). A smaller branch, subject
to seasonal variability, veers west through the Taiwan Strait.

Flowing south along the China nnainland coastal region,
the Taiwan coastal current carries colder water from north
to south. and is strong in summer and weak in winter. Two
smaller seasonal curremts, the northeast monsoon current
and the southwest seasonal current, result from an interac-
tion between the two major currents and the prevailing
winds.

Discussion

While compiling the records of Taiwan algae from the
numerous publications, efforts were made to find the cor-
rect name as well as the valid date and place of publication
for each of the taxa in the annotated list. Unfortunately,
phycologists do not have 2 modern source for specific names
such as Index Kewensis (Jackson et al., 1893 to date; see
Stafleu and Cowan, 1979:397-398, for complete listing)
for phanerogams, or Index Filicum (Christensen, 1905,
1906: see Staflew and Cowan, 1976:501-501, for complete
listing) for ferns. Our effort has shown how great the need
is for such an index of algal species names. such as has
vecently been done for the generic names of fossil and living
plants (Farr eval., 1979). In the absence of such a reference,
we found the carlier works of De Toni (1895~1924) and
Dawson (1962) helpful.

The Taiwan algae project was undertaken recognizing
that a single bibliographic source on the Taiwan marine
flora would facilitate identification of the algae and their
distribution and would encourage further research within
the region. It was evident that the existing literature was
widely dispersed und not adequately referenced in most
phycological bibliographies. It became necessary to care-
fully research the east Asiatic aigal literature, particularly
from Japan and China, and the whole Pacific region, in
order to locate information on Taiwan algae. Work on this
compilation commenced while the first author was em-
ploved at the Fisheries Biology Laboratory, Institute of
Zoology, Academia Sinica, Taiwan. Additional extensive
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scarches were necessary to locate original publications to
establish proper citation of the binomial and to subsequently
determine the current taxonomic and systematic status of
each taxon. For this work, the E. Yale Dawson Phycological
Library and Department of Botany libraries of the National
Museum of Natural History, Smithsonian Institution, were
invaluable.

The annotated list stands as a compilation of reports of
attached. benthic marine taxa occurring naturally in the
region of Taiwan. Efforts were taken 1o locate all relevant
literature, and although it is possible that additional reports
can be found. the present work represents the most com-
prehensive compilation available for the region. It must be
emphasized that records are taken from published papers
and that the accuracy of these identifications has not been
confirmed by herbarium investigations; reported names of
taxa are simply noted and arranged systematically following
curremt convention. Verification of the determinations
awaits future investigation. Some indication of accuracy
may, however, be gained from the frequency and dates of
the reports for any given taxon. For example, the three
taxa reported by Martens (1866) that bave not again heen
recorded may be considered in need of verification. Never-
theless, it is felt that the present list reasonably reflects the
general compaosition of the Taiwan marine flora.

The Annotated List

There are 476 taxonomic entries in this list, systematically
arranged following Abbott and Hollenberg (1976) for the
red algae, and Lobban and Wynne (1981) for the brown
and green algae. Below family level, genera and species
within each genus are listed alphabetically. Each entry con-
sists of (1) the currently accepted taxon name, with its
author(s), and date and page of valid publication, and (2)
an alphabetical list of the investigators who have reported
the taxon present in the Taiwan region.

Orthographic errors in publication of taxa were found to
have occurred nine times in this list (M.J. Lai and D.H.
Nicolson, personal communication). These were simply cor-
rected, with the original spelling in single quotations follow-
ing "Recommendation 50F.1" of the International Code of
Botanical Nomenclature (Voss et al., 1983).

In some cases there are additional names within the entry.
In reporting a taxon from Taiwan, authors sometimes used
names that have since been considered taxonomic or no-
menclatural synonyms. or have been re-determined by later
investigators. In all cases. the actual names used by the
authors for their algal records from Taiwan are retained in
this list. However, when those names differ from the cur-
rently accepted ones. they are included in the alphabetical
list of references to the taxon. It is hoped that by preserving
the original names, the concepts held by the authors will be
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indicated and later taxonomic and nomenclatural changes
will be more easily integrated into this list.

Conclusion

The marine flora of this region appears to have tropical,
subtropical, and temperate elements. Many authors have
commented on the diversity of floral elements within this
region (e.g., Ariga, Chiang, Horikawa, Okamura) and have
speculated on the possible causes. As noted earlier, water
quality and substrate vary greatly in the region, no doubt
affecting floral elements. Southern Taiwan and especially
the two southeast islands Lan Yu and Lu Dao are referred
to as having a tropical/subtropical flora and the north and
west as having a temperate flora, judged by the abundance
of brown algae and rarity of red algal elements. These
correlations are deserving of further study. Indications are
that a number of physical and biotic factors interact to
create this diversity of floristic tvpes exhibited in the Taiwan
region.

Based on written reports from the literature, this study
makes available much previously inaccessible information
basic to all phycological studies of the East Asiatic region.
This comprehensive list of marine algae, treated in both
historical and modern systematic contexts, constitutes a
basis for further systematic and ecological investigations
and biogeographical comparisons among the East Asian and

7

Pucific areas, and serves as a possible framework for a
marine flora of Taiwan.
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Benthic Marine Algae from Taiwan
CHLOROPHYTA

ULOTRICHALES

ULOTRICHACEAE
Ulothrix flaccida (Dillwyn) Thuret in Le Jolis, 1863:56.
Taniguti, 1976.

CHAETOPHORALES

CHAETOPHORACEAE

Endophyton ramosum Gardner, 1909:372.
Chiang, 1973a.

ULVALES

ULVACEAE

Enteromorpha clathrata (Roth) Greville, 1830:181.
Chiang, 1960: Fan, 1953a: Okamura, 1931, 1936; Shen
and Fan, 1950: Tokida, 1939.

Enteromorpha clathrata var. crinita (Roth) Hauck, 1884:429.

As “E. crinita”; Ariga, 1920:; Chiang, 1960; Chihara,
1970: De Toni, 1895; Fan, 1953a: Hevdrich, 1894; Oka-
mura, 1936; Segawa, 1974; Shen and Fan, 1950; Tokida,
1939.

Enteromorpha compressa (Linnaeus) Greville, 1830:180.
Chiang, 1960: Fan, 1953a; Okamura, 1931, 1936; Shen
and Fan. 1950; Taniguti, 1976; Tokida. 1939; Yamada,
1925a, 1926, 1950:; Yoshikawa and Yoshikawa, 1977.

Enteromorpha intestinalis (Linnaeus) Link ex Nees, 1820:5.
Ariga, 1919; Chiang, 1960, 1973b; Fan, 1953a; Hori-
kawa, 1919: Shen and Fan, 1950.

Enteromorpha linze (Linnaeus) J. Agardh, 1883:134.
Chiang, 1960. 1973b: Chiang et al., 1974. As “Phycoseris
lanceolata var. angusta”: Martens, 1866.

Enteromorpha prolifera (O.F. Milller) J. Agardh, 1883:129.
Chiang, 1960; Fan, 1953a; Shen and Fan, 1950; Tani-
guti, 1976.

Enteromorpha sp.

Chiang, 1973b.

Monostroma latissimum (Kiltzing) Wittrock, 1866:33.

Chiang, 1973a, 1973b; Okamura, 1935b; Rho, 1958.
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Monostroma nitidum Wittrock, 1866:41.
Chiang, 1960: Fan, 1953a: Okamura, 1936; Shen and
Fan, 1950; Taniguti, 1976: Yamada, 1925a, 1925b,
1934, 1950.

Ulva angusta Seichell et Gardner, 1920:283.
Chiang, 1973a; Okamura, 1935b.

Ulva conglobata Kjellman, 1897b:10.
Ariga, 1920, 1921: Chiang, 1960, 1962a; Shen and Fan,
1950; Taniguti, 1976: Tokida, 1939; Yamada. 1925a;
Yoshikawa and Yoshikawa, 1977.

Ulva fasciata Delile, 1813:155.

Chiang, 1960. 1973b: Fan, 1953a: Shen and Fan, 1950;
Tokida, 1939: Tseng, 1983; Yamada, 1935; Yoshikawa
and Yoshikawa, 1977.

Ulva japonica (Holmes) Papenfuss, 1960:309.
As “Letterstedtia japonica™: Chiang, 1973a; Okamura,
1935b: Taniguti, 1976.

Ulva lactuca Linnaeus, 1753:1163.
Chiang, 1960, 1973b; Fan, 1953a; Heydrich, 1894; Oka-
mura, 1930, 1931: Shen and Fan, 1950; Su et al., 1982:
Yamada, 1950; Yoshikawa and Yoshikawa, 1977.

Ulva lactuca f. lapathifolia (Areschoug) Hauck, 1884:437.
As “Phycoseris lapathifolia™ Mariens, 1866.

Ulva pertusa Kjellman, 1897b:4.
Ariga, 1919, 1920: Chiang, 1960, 1973b; Fan, 1953a;
Horikawa. 1919: Okamura, 1921; Rho, 1958:; Shen and
Fan. 1950: Taniguti, 1976; Tokida, 1939, 1954; Ya-
mada, 1925a: Yoshikawa and Yoshikawa, 1977.

Ulva reticulata Forsskal, 1775:187.
Arasaki, 1964: Ariga, 1920; Chiang, 1960, 1973b: Fan,
1953a; Okamura, 1936; Rho, 1958; Segawa. 1974; Shen
and Fan, 1950; Tokida, 1939: Tseng, 1936; Yamada,
1925a.

Ulva rigida C. Agardh, 1823:410.
Ariga. 1920: Yendo. 1916b.

Ulva sp.
Chiang et al.. 1974.

CLADOPHORALES
CLADOPHORACEAE

Chaetomorpha aerea (Dillwyn) Kiitzing, 1849:379.
Ariga, 1921,

Chaetomorpha aerea f. versata Heydrich, 1894:273.
De Toni, 1895; Hevdrich, 1894; Okamura, 1936; Shen
and Fan, 1950.

Chaetomorpha basiretrorsa Setchell. 1926:72.
Chiang, 1960.

Chaetomorpha brachygona Harvey, 1858:87.
Chiang. 1960: Okamura, 1936; Shen and Fan, 1950;
Yamada, 1925a.

Chaetomorpha crassa (C. Agardh) Kiitzing, 1845:204.
Ariga, 1920; Chiang, 1960, 1973b; Fan, 1953a: Oka-
mura, 1931, 1936; Shen and Fan, 1950; Taniguti, 1976;
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Yamada. 1925a, 1950; Yoshikawa and Yoshikawa, 1977.

Chaetomorpha linum (O.F. Miiller) Kiitzing, 1845:204.
Ariga, 1919: Chiang, 1960: Fan, 1953a; Hortkawa, 1919;
Okamura, 1936; Shen and Fan, 1950; Tokida, 1954;
Yamada. 1925a, 1926, 1950: Yendo, 1916a.

Chaetomorpha spiralis Okamura, 1912:162.

Chiang, 1960, 1973b: Fan. 1953a.

Cladophora aokii Yamada, 1925a:85.

Okamura, 1936; Shen and Fan, 1950; Yamada, 1925a.

Cladophora fuliginesa Kiitzing, 1849:415.

Okamura, 1936: Tseng, 1983; Yamada, 1932b, 1934,
1950.

Cladophora montagnei var. radicans Yamada, 1925a:87.
Okamura, 1936; Shen and Fan, 1950; Yamada, 1925a.

Cladophora patentiramea (Montagne) Kiitzing, 1849:416.
Okamura, 1936: Shen and Fan, 1950: Tseng, 1983;
Yamada. 1925a, 1950.

Cladophora pellucida (Hudson) Kinzing, 1845:208.
Okamura, 1936; Shen and Fan, 1950. As “C. prolifera™:
Okamura, 1931,

Cladophora rugulesa Martens, 1866:112.

Ariga. 1920.

(:ladophora scitula (Suhr) Kiitzing, 1849:399.

De Toni. 1895; Hevdrich, 1894;: Okamura, 1936; Shen
and Fan, 1950.

Cladophora sibogae Reinbold, 1905:146.

Okamura, 1931, 1936; Shen and Fan, 1950; Taniguti,
1976; Yamada, 1950.

Cladophora sp.

Ariga, 1919, 1920 Fan, 1953a; Horikawa, 1919: Oka-
mura, 1931: Shen and Fan, 1950; Tokida, 1939.

CAULERPALES

CODIACEAE

Codium adhaerens (Cabrera) C. Agardh, 1823:457.
Ariga. 1919, 1920: Chiang, 1960, 1962b: Horikawa,
1919: Okamura, 1936.

Codium arabicum Kitzing, 1856:35.
Okamura, 1936; Shen and Fan. 1950; Tseng, 1983;
Yamada, 1925a.

Codium contractum Kjellman, 1897b:35.
Ariga, 1920: Taniguti, 1976.

Codium cylindricum Holmes, 1896:250.
Taniguti, 1976.

Codium dichotomum (Hudson) S.F. Gray, 1821:293.
Fan, 1953a: Tokida. 1954. As “C. tomentosum™: De Toni,
1895; Hevdrich, 1894: Shen and Fan. 1950.

Codium formosanum Yamada, 1950:180.
Fan, 1953a: Yamada. 1950; Yoshikawa and Yoshikawa,
1977.

Codium fragile (Suringar) Hariot, 1889:32.
As “C. mucronatum”: Ariga, 1919; Horikawa, 1919.
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Codium intricatum Okamura, 1913:74.
Ariga, 1919, 1920; Chiang, 1962b, 1973b: Fan, 1953a:
Higashi, 1934; Horikawa, 1919; Shen and Fan, 1950;
Yamada, 1950.

Codium reediae Silva in Egerod, 1952:389,
Chiang, 1973a.

Codium repens (P. et H. Crouan) Vickers, 1905:56.
Fan, 1953a; Okamura, 1931, 1936; Shen and Fan, 1950;
Tseng, 1983; Yamada, 1925a.

Codium tenue Kiitzing, 1856:33.
Fan, 1953a; Okamura, 1936; Rho, 1958; Shen and Fan,
1950; Taniguti, 1976; Yamada, 1925a.

UDOTEACEAE

Chlorodesmis caespitosa J. Agardh, 1887:49,

Chiang, 1973b; Chihara, 1975; Yoshikawa and Yoshi-
kawa, 1977. As “C. formosana”: Arasaki, 1964; Chihara,
1970; Okamura, 1930, 1936; Rho. 1958; Segawa, 1974;
Shen and Fan, 1950; Yamada, 1925a.

Remarks: Ducker et al. (1965) and Ducker (1967) pro-
vide evidence for reducing C. formosana into synonomy
with C. caespitosa (see also Fan, 1974).

Chlorodesmis comosa Bailey et Harvey in Harvey, 1858:29.
Ariga, 1920; Higashi, 1934; Okamura, 1931, 1936; Rho,
1958; Shen and Fan, 1950; Yamada, 1925a.

Halimeda cuneata Hering in Krauss, 1846:214.
Higashi, 1934; Okamura, 1930, 1936; Shen and Fan,
1950: Taniguti, 1976; Yamada, 1925a, 1950.

Halimeda discoidea Decaisne, 1842:102,
Ariga, 1920.

Halimeda incrassata var. ovata (J. Agardh) Barton, 1901:27.
Okamwura, 1936; Yendo, 1909.

Halimeda macroloba Decaisne, 1841:118.

Chiang, 1973a, 1973b; Okamura, 1915a, 1935b, 1936.

Halimeda opuntia (Linnaeus) Lamouroux, 1812:186.
Ariga, 1920; Chiang, 1973b; Su et al., 1982; Taniguui,
1976; Yamada, 1926.

Halimeda renschii Hauck, 1886:167.
As “H. opuntia f. renschii”: Ariga, 1919, 1920; Chiang,
1962b; Horikawa, 1919; Okamura, 1915a, 1931, 1936;
Shen and Fan, 1950; Su et al., 1982; Yamada, 1925a,
1950.

Halimeda velasquezii W.R. Taylor, 1962:176.
As “H. opuntia f. intermedia” Chiang, 1962b.

CAULERPACEAE

Caulerpa cupressoides var. lycopodium f. amicorum (Harvey)
Weber-van Bosse, 1898:337.
Ariga, 1920. :
Caulerpa freycinetti var. freycinetti f. lata Weber-van Bosse,
1898:313.

9

Ariga, 1920; Okamura, 1936; Shen and Fan, 1950; Yosh-
ikawa and Yoshikawa, 1977. As “C. freycinetti var. typica™:
Okamura, 1931.

Caulerpa racemosa (Forsskdl) J. Agardh, 1873:35.

Ariga, 1919; Fan, 1953a; Horikawa, 1919; Taniguti,
1976; Tokida, 1939.
Caulerpa racemosa var. clavifera f. macrophyse (Kiitzing) We-
ber-van Bosse, 1898:361.
Ariga, 1920; Chiang, 1962b; Okamura, 1936; Rho,
1958; Segawa, 1974; Yamada, 1925a, 1926, 1950. As
*C. racemosa var. clavifera”: Okamura, 1913, 1931; Shen
and Fan, 1950; Yamada, 1925a, 1926; Tseng, 1983.
Caulerpa racemosa var. clavifera {. microphysa (Kiitzing) We-
ber-van Bosse, 1898:361.
Okamura, 1931, 1936; Yamada, 1950.
Caulerpa racemosa var. laetevirens (Montagne) Weber-van
Bosse, 1898:366.
Chiang, 1960, 1973b; Okamura, 1930, 1931, 1936; Se-
gawa, 1974; Shen and Fan, 1950; Taniguti, 1976; Ya-
mada, 1925a, 1926, 1950; Yoshikawa and Ycshikawa,
1977.
Caulerpa racemosa var. occidentalis (J. Agardh) Bérgesen,
1907:379.
Yoshikawa and Yoshikawa, 1977.
Caulerpa racemosa var. peltata (Lamouroux) Eubank,
1946:421.
As “C. peltata”: Chiang, 1960, 1962b; Okamura, 1931,
1932, 1936; Segawa, 1974; Shen and Fan, 1950; Tseng,
1936: Yamada, 1950.
Caulerpa racemesa var. turbinate (J. Agardh) Eubank,
1946:420.
As “C. racemosa var. chemnitzia™: Chiang, 1960; Shen and
Fan, 1950: Yamada, 1925a, 1926.

Caulerpa serrulata (Forsskal) C. Agardh, 1823:446.
Eubank, 1946; Segawa, 1974; Tseng, 1536; Chihara,
1975.

Ceoulerpa serrulata f. lata (Weber-van Bosse) Tseng

1936:178.
Tseng, 1983.
Caulerpa sertularioides (Gmelin) Howe, 1905:576.
Ariga, 1919; Chihara, 1975; Horikawa, 1919; Yamada,
1950.
Caulerpa sertularioides f. longipes (J. Agardh) Collins,
1909:415.
Ariga, 1920.

Caulerpa taxifolia (Vahl) C. Agardh, 1823:435.
Yamada, 1926.

Caulerpa webbiana Montagne, 1838:18.

Ariga, 1919; Horikawa, 1919.

Caulerpa webbiana f. disticha Weber-van Bosse, 1898:270.
Okamura, 1931, 1936; Shen and Fan, 1950.

Caulerpa webbiana f. tomentella (Harvey) Weber-van Bosse,

1898:270.
Ariga, 1920; Chihara, 1975; Okamura, 1931, 1936; Se-
gawa, 1974; Shen and Fan, 1950; Tseng, 1936.
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BRYOPSIDACEAE

Bryopsis harvevana J. Agardh. 1887:22.
Okamura, 1931, 1936; Shen and Fan, 1950: Tseng,
T1983: Yumada. 19254, 1950.

Bryvopsis indica . et E.S. Gepp, 1908:169.
Chiang. 1960, 1962b.

Bryopsis mucosa Lamouroux, 1809b:333.
Chiang, 1960,

Bryvopsis plmosa (Hudson) C. Agardh, 1823:448.
Ariga. 1920; Chiang, 1960: De Toni, 1895: Hevdrich,
1894: Okamura, 1936: Rho, 1958: Shen and Fan, 1950.

DERBESIACEAE

Derbesia lamourouxii (. Agardh) Solier, 1847:162.
Taniguti. 1976.

SIPHONOCLADALES

SIPHONOCLADACEAE

Boergesenia forbesii (Harvey) Feldmann, 1938:584.
Chiang, 1962b, 1973b: Tseng, 1983: Yamada, 1950. As
“Valonia forbesii™: Ariga, 1919: Horikawa, 1919: Oka-
mura. 1936: Shen and Fan, 1950 Yamada, 1925a.

VALONIACEAE

Boodlea coacta (Dickic) Murray et De Toni in Murray,
1889:245. '
Yamada, 1926, 195(0: Yoshikawa and Yoshikawa, 1977,
Boodlea composita (Harvey et J. Hooker) Brand. 1904:187.
Chiang, 1960, 1973b: Okamura, 1936; Shen and Fan,
1950: Tseng. 1983: Yamada 19252, 1950.

Boodlea montagnei (Harvey ex ].E. Gray) Egerod, 1952:332.
As “B. paradoxa”: Chiang, 1960; Okamura, 1936; Shen
and Fan, 1950,

Boodlea siamensis Reinbold. 1901:191.

Chiang, 1962b: Okamura, 1931, 1936; Shen and Fan,
1954k Yamada. 1925a.

Boodlea van-bosseae Reinbold. 1905:148, "van Bossei’.
Okamura, 1919, 1931, 1936: Shen and Fan, 1950. As
“B. bosseae™ Ariga, 1919: Horikawa, 1919.

Remarks:  Following the examples given under Article
73.9 of the International Code of Botanical Nomenclature
(Voss et al., 1983), “a hyphen is correctly used in an
epithet after a word which could stand independently
...~ we spell the species name “van-bosseae.”
Chamaedoris orientalis Okamura et Higashi in Okamura,
1931:98. )
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Okamura, 1931, 1932, 1936: Shen and Fan, 1950.

Cladophoropsis herpestica (Montagne) Howe, 1914:31.
Shen and Fan, 1950.

Cladophoropsis sundanensis Reinbold, 1905:147.

Chiang, 1960: Su et al., 1982.

Cladophoropsis zollingeri (Kiitzing) Reinbold. 1905:147.
Chiang, 1960: Shen and Fan, 1950: Su et al., 1982;
Taniguti, 1976 Tseng, 1983. As “C. fasciculatus™: Oka-
mura, 1930, 1931: Tseng. 1983: Yamada, 1925a.
Remarks: There has been some question as to when
and where the combination Cladophoropsis zollingeri was
validly published. Most authors (e.g., Papenfuss, 1950;
Chiang. 1962a; Taniguti, 1976) have accepted C. zollin-
geri (Ritzing) Borgesen (1905:288) as correct. According
10 Article 33.1 of the International Code of Botanical
Nomenclature (Voss et al.. 1983), “the combination is not
validly published unless the author definitely indicates
that the epithet or epithets concerned are to be used in
that particular combination.” Parallel to the examples.
such as Eulophus, cited in the Code, Borgesen (1905) has
merely stated that “S. zollingeri” belongs here but did not
actually make the combination in Cladophorepsis. The
earliest valid combination we are avare of is: C. zollingeri
(Kaezing) Reinbold 1905:147.

Dictvosphaeria bokotensis Yamada, 1925a:81.

Okamura, 1936: Shen and Fan, 1950: Yamada, 1925a,
1950.

Dictyosphaeria cavernosa (Forsskil) Bérgesen, 1932:2. .
Chiang. 1960, 1973b: Shen and Fan. 1950: Taniguti,
1976: Tseng. 1983, As “D. favulosa™ Ariga. 1920: Oka-
mura, 1930, 1931, 1936: Yamada, 1925a, 1926.

Microdictyon japonicum Setchell. 1925:107.

Chiang, 1962b: Tseng, 1983: Shen and Fan. 1950. As
“Rhipidiphylion reticulatum”: Ariga, 1920: De Toni, 1895:
Hevdrich, 1894.

Remarks:  Fan (1974:249-250.253-254) reviews tax-
onomic problems with the genus Rhipidiphvilon Hevydrich,
1894:281. The tvpe-locality for this genus is in east
Taiwan.

Microdictyon nigrescens (Yamada) Setchell, 1925:107.
Okamura, 1936; Shen and Fan, 1950: Fan, 1974: Ya-
mada, 1950. As “Rhipidiphyllon nigrescens™: Yamada,
1925a. :

Microdictyon okamurae Setchell, 1925:107, ‘okamurai’.
Okamura, 1931: Shen and Fan, 1950: Tseng, 1983.
Remarks: The correct spelling for the Latinization of
Professor Okamura’s name is “okamurae™ and has been
corrected throughout this study.

Struvea anastomosans (Harvey) Piccone et Grunow ex Pic-

cone, 1884:20.
Ariga, 1920: Tseng, 1983.

Struvea delicatula Kitzing, 1866:1.

Chiang. 1960; De Toni. 1895: Heydrich, 1894: Oka-

97



NUMBER 29

mura, 1930, 1931, 1936: Shen and Fan, 1950; Yamada,
1925b. 1926.

Valonia aegagropila C. Agardh, 1823:429.

Chiang, 1973b: Chihara, 1975; Shen and Fan, 1950:
Tseng, 1983: Yamada, 1925a, 1950: Yoshikawa and
Yoshikawa, 1977.

Valonia fastigiata Harvey in J. Agardh, 1887:101.
Okamura, 1931; Shen and Fan, 1950.

Valonia utricularis (Roth) C. Agardh, 1823:431.
Okamura, 1931, 1936: Shen and Fan, 1950; Tseng,
1983; Yamada, 1926: Yendo, 1914.

Valonia verticillata Kutzing, 1849:508.
Okamura, 1930.

Valoniopsis pachynema (Martens) Borgesen, 1934:10.
Chiang, 1960, 1973b: Shen and Fan, 1950; Tseng, 1983;
Yamada, 1950: Yoshikawa and Yoshikawa, 1977. As “Va-
lonia confervoides”™: Ariga, 1920; Okamura, 1909, 1931,
1936; Yamada, 1925a.

11

ANADYOMENACEAE

Anadyomene wrightii Harvey in Gray, 1866:48.
Ariga, 1920: Chiang, 1973b: Okamura, 1936; Shen and
Fan, 1950: Tseng, 1983; Yamada, 1925a, 1926, 1950.

DASYCLADALES

ACETABULARIACEAE

Acetabularia gigas Solms-Laubach, 1895:23.
Okamura, 1936; Shen and Fan, 1950; Yamada, 1925a.
Acetabularia major Martens, 1866:25.
Okamura. 1936; Shen and Fan, 1950; Yamada, 1925a.
Bornetella sphaerica (Zanardini) Solms-Laubach, 1893:92.
Chiang, 1973b.
Neomeris annulata Dickie, 1874:198.
Chiang, 1973b.

PHAEOPHYTA

ECTOCARPALES

ECTOCARPACEAE

Ectocarpus breviarticulatus J. Agardh, 1847:7.
Okamura, 1936; Segawa, 1974;: Shen and Fan, 1950;
Tseng, 1983; Yamada, 1925b. 1950.
Ectocarpus laurenciage Yamada. 1931a:66.
Okamura, 1936; Shen and Fan, 1950; Yamada, 1931a.
Ectocarpus spinosus Kiitzing, 1843:288.
Heydrich, 1894; Shen and Fan, 1950.
Ectocarpus van-bossea Setchell et Gardner in Setchell,
1924:170.
Yamada, 1950.
Ectocarpus sp.
Chiang, 1976.
Feldmannia formosana (Yamada) Itono, 1973:162.
As “Ectocarpus formosanus”™: Yamada, 1950.
Giffordia mitchelliae (Harvey) Hamel, 1939:xiv.
As “Ectacarpus miichelliae™ Chiang, 1960; Okamura,
1936; Shen and Fan, 1950; Tseng, 1983; Yamada,
1925b.

CHORDARIALES

CORYNOTHLAEACEAE

Leathesia difformis (Linnaeus) Areschoug, 1847:376.
Taniguti, 1976.

SPHACELARIALES

SPHACELARIACEAE

Sphacelaria furcigera var. tenuis Yamada, 1941:196.
Shen and Fan, 1950; Yamada, 1941.

Sphacelaria tribuloides Meneghini, 1840:2.
Chihara, 1975; De Toni, 1895; Heydrich, 1894; Oka-
mura, 1897, 1936; Segawa, 1974: Shen and Fan, 1950;
Tseng, 1983; Yamada, 1925b.

DICTYOTALES

DICTYOTACEAE

Dictyopteris delicatula Lamouroux, 1809b:332.
Yamada, 1950.

Dictyopteris repens (Okamura) Borgesen, 1920a:265.
Tseng, 1983; Yoshikawa and Yoshikawa, 1977. As “Neu-
rocarpus repens”: Okamura, 1931, 1936; Shen and Fan,
1950.

Dictyopteris undulata Holmes, 1896:251.
Tseng, 1983. As “Haliseris undulata™ Okamura, 1907.
As “Neurocarpus undulate”: Higashi, 1934; Okamura,
1930, 1936; Shen and Fan, 1950. As “N. undulata f.
plana”: Chiang, 1960; Okamura, 1930, 1936.

Dictyota bartayresii Lamouroux, 1809b:331.
Okamura, 1931, 1936: Shen and Fan, 1950.
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Dictyota ceylanica var. anastomosans Yamada, 1950:186.
Yamada, 1950: Yoshikawa and Yoshikawa, 1977.

Dictyota dichotoma (Hudson) Lamouroux, 1809a:42.

Ariga, 1919: Higashi. 1934; Horikawa, 1919: Okamura,
1930: Rho, 1958: Shen and Fan, 1950: Tokida, 1954;
Yamada, 1925b.

Dictyota dilata Yamada, 1925b:252.

Okamura, 1936; Segawa, 1974: Shen and Fan, 1950;
Yamada. 1925b.

Dictyota divaricata Lamouroux, 1809a:43.
Chiang, 1960: Okamura, 1930: Shen and Fan, 1950:
Yamada, 1925b.

Dietvota hamifera Setchell, 1926:92.
Yamada, 1950,

Dictyota linearis (C. Agardh) Greville, 1830:xliii.
Ariga, 1919, 1920: Horikawa, 1919.

Dictyota patens }. Agardh, 1882:93.
Taniguti, 1976.
Remarks:  Howe (1920) and Allender and Kraft (1983)
consider this taxon to be a synonvm of D. bartayresii
Lamouroux.

Dictyota spinulesa Hooker et Arnott. 1838:275,
Aviga, 1920,

Dilophus okamurae Dawson. 1950:83, ‘okamurai’.

Chihara, 1970, 1975: Fan, 1953b; Segawa, 1974: Tseng.
1983. As “D. marginatus”: Chiang, 1960; Okamura, 1936;
Shen and Fan, 1950,

Dilophus radicans Okamura, 1916:7.

Chiang. 1960: Okamura, 1936: Shen and Fan, 1950.
Remarks:  Fan (1953b) considers this name to be in need
of synonomy since he believes D. radicans may be the
prosirate form of Padina commersonii (see also Lewis et
al., 1987).

Lobophora variegata (Lamouroux) Womersley, 1967:221.
Tseng. 1983, As “Gymnosorus collaris™: Ariga, 1920. As
“Zonaria variegata™ Hevdrich, 1894,

Pachydictyon cortaceum (Holmes) Okamura, 1899:39.
Ariga, 1920; Chiang, 1976; Chihara, 1970; Okamura,
1936: Rho. 1958: Shen and Fan, 1950.

Padina arborescens Holmes. 1896:251.
Higashi, 1934,

Padina australis Hauck, 1887:44.

Chiang, 1960, 1962b: Okamura, 1931, 1932, 1936; Rho,
1958: Shen and Fan, 1950: Su et al.. 1982: Tseng. 1936.
1983: Yamada. 1925b. 1931a. 1950.

Padina boryana Thivy in Tavlor, 1966:355.

Tseng. 1983.

Remarks: Papenfuss (1977) considered both P. tenuis
(C. Agardh) Bory and P. commersonii Bory to be synonyms
of Lobophora variegata (Lamouroux) Womersley, and rec-
ognized P. boryana Thivy as the name for this 1axon.
Tseng (1983) apparently follows this, listing P. commer-
sonii as a svnonym of P, boryana, whereas Womersley and
Bailev (1970) and Allender and Kraft (1983) considered
P. commersonii and P. borvana to be synonyms of P. tenuis.

SMITHSONIAN CONTRIBUTIONS TO THE MARINE SCIENCES

Padina crassa Yamada, 1931a:67.
Ariga, 1920; Chiang. 1960: Yoshikawa and Yoshikawa,
1977.

Padina durvillaei Bory, 1827:591.
Ariga, 1920: Chiang, 1973a; De Toni. 1895: Hevdrich,
1894: Okamura, 1935b; Shen and Fan, 1950.

Padina japonica Yamada, 1931a:69.
As “P. pavonia™: Ariga, 1919: De Toni, 1895; Heydrich,
1894: Horikawa, 1919.

Padina minor Yamada, 1925b:251.
Chiang, 1960, 1962a, 1962b, 1973b, 1976: Chihara,
1975: Okamura, 1931, 1932, 1936: Rho, 1958; Shen
and Fan, 1950: Taniguti, 1976: Tseng, 1983; Yamada,
1925b, 1931a, 1950; Yoshikawa and Yoshikawa, 1977.

Padina tenuis Bory, 1827:590.
As “Padina commersonii™: Okamura, 1931, 1936; Shen
and Fan, 1950; Yamada, 1925b, 1931a.
Remarks: See “Remarks” herein under Padina boryana
Thivy in Taylor.

Spatoglossum pacificum Yendo. 1920:2.
Chiang, 1973a.

Zonaria coriacea Yamada, 1925b:249.
Chiang, 1960: Okamura, 1936; Shen and Fan, 1950;
Yamada. 1925b.

Zonaria diesingiana ). Agardh, 1841:443.
Ariga, 1920: Chiang. 1960: Okamura, 1930; Shen and
Fan, 1950; Tseng, 1983; Yamada, 1925b.

Zonaria flabellata (Okamura) Papenfuss, 1944:341.
As “Homoeostrichus flabellatus™: Taniguti, 1976.

Zonaria harveyana (Kitzing) Areschoug, 1851:26.
As “Homoeostrichus multifidus™: Chiang, 1960: Okamura,
1936: Shen and Fan, 1950; Yamada, 1925b.

Zonaria nigrescens Sonder, 1845:50.
Hevdrich. 1894: Shen and Fan. 1950.

Zonaria stipitata Tanaka et Nozawa. 1962:183.
Chiang and Chou, 1980.

Zonaria sp.
Su et al., 1982,

SCYTOSIPHONALES

ISHIGEACEAE

Ishige okamurae Yendo, 1907:154. ‘okamurai’.
Chiang. 1960. 1973b; Higashi, 1934: Okamura, 1936:
Rho. 1958: Shen and Fan, 1950: Yamada. 1925b.

Ishige sinicola (Setchell et Gardner) Chihara, 1969:3.
As 1. foliacea™: Rho, 1958:; Tseng, 1936.

PUNCTARIACEAE

Petalonia fascia (O.F. Maller) Kuntze, 1898:419.
As “llea fascia™: Chiang, 1960, 1976: De Toni, 1895:
Rho, 1958: Shen and Fan, 1950: Tokida, 1954: Yamada,
1925b. As “Phyllitis fascia™: Heydrich, 1894.
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SCYTOSIPHONACEAE

Chnoospora implexa (Hering) J. Agardh, 1848:172.
Chiang, 1960; Okamura, 1931, 1936; Shen and Fan,
1950; Taniguti, 1976; Tokida, 1939; Tseng, 1983; Ya-
mada, 1925b, 1950.

Chnoospora minima (Hering) Papenfuss, 1956:69.
Chiang, 1976; Segawa, 1974. As "Chnoospora pacifica”:
Okamura, 1931, 1936; Shen and Fan, 1950; Tokida,
1939; Yamada, 19590.

Colpomenia sinuosa (Mertens et Roth) Derbés et Solier in

Castagne, 1851:95.

Ariga, 1919, 1920; Chiang, 1960, 1976; De Toni, 1895;
Heydrich, 1894; Horikawa, 1919; Okamura, 1930; Shen
and Fan, 1950; Taniguti, 1976; Tokida, 1954; Yamada,
1925b, 1950; Yoshikawa and Yoshikawa, 1977.

Endarachne binghamiae . Agardh, 1896:27.
Ariga, 1919, 1920; Chiang, 1960, 1973b, 1976; Cotton,
1915; Fan, 1953a: Higashi, 1934: Horikawa, 1919; Oka-
mura, 1930, 1936; Rho, 1958; Shen and Fan, 1950;
Taniguti, 1976; Tilden, 1929; Tseng, 1983; Yamada,
1925b.

Hydroclathrus clathratus (Bory) Howe, 1920:590.
Chiang, 1960, 1962a, 1973b; Okamura, 1936; Rho,
1958; Shen and Fan, 1950; Taniguti, 1976; Tseng, 1983;
Yamada, 1950; Yoshikawa and Yoshikawa, 1977. As “H.
cancellatus™ De Toni, 1895; Heydrich, 1894; Higashi,
1934; Okamura, 1897, 1931; Yamada, 1925b.

Rosenvingea orientalis (J. Agardh) Borgesen, 1914:26.
Okamura, 1936; Shen and Fan, 1950; Tseng, 1983. As
“Hydroclathrus orientalis”: De Toni, 1895; Heydrich,
1894.

Seytosiphon lomentaria (Lyngbye) J. Agardh, 1848:126, ‘lo-

mentarium’.

Chiang, 1973a, 1976; Okamura, 1935b, 1936; Segawa,
1974; Tokida, 1954; Yamada, 1925b, 1928. As “S. lo-
mentarius™: Chihara, 1970, 1975.

FUCALES
CYSTOSEIRACEAE

Cystoseira prolifera J. Agardh, 1848:215.
Chiang, 1976.

Cystoseira sp.
Nizamuddin, 1970.

Hormophysa triguetra (Linnaeus) Kirzing, 1843:359.
Chiang, 1973a; Okamura, 1935b; Su et al., 1982.

SARGASSACEAE

Sargassum amabile Yamada, 1944a:1.
Shen and Fan, 1950.
Sargassum aquifolium (Turner) C. Agardh, 1820:12.
Okamura, 1931, 1936; Shen and Fan, 1950.
Sargassum baccularia (Mertens) C. Agardh, 1824:304.

Chou and Chiang, 1981.

Sargassum berberifolium J. Agardh, 1848:337.

Okamura, 1936; Shen and Fan, 1950; Yamada, 1925b.

Sargassum binderi Sonder in J. Agardh, 1848:328.
Chiang, 1976; Chou and Chiang, 1981; Okamura, 1936;
Shen and Fan, 1950; Yamada, 1925b.

Sargassum carpophyllum j. Agardh, 1848:304.
Chou and Chiang, 1981; Yamada, 1942.

Sargassum coriifolium J. Agardh, 1889:86.

Okamura, 1936: Shen and Fan, 1950; Yamada, 1925b.

Sargassum coriifolium . duplicatum Yamada, 1950:192.
Yamada, 1950; Yoshikawa and Yoshikawa, 1977.

Sargassum coriifolium f. prolongatum (Okamura) Yamada,

1950:192.
Yamada, 1950. As “S. prolongatum™ Okamura, 1931,
1932, 1936; Shen and Fan, 1950.

Sargassum crassifolium J. Agardh, 1848:326.

Chihara, 1975; Chou and Chiang, 1981; Tseng, 1983;

Yamada, 1942, 1950: Yoshikawa and Yoshikawa, 1977.
Sargassum crispifolium Yamada, 1931a:72.

Chiang, 1960, 1962b.

Sargassum cristaefolium C. Agardh, 1820:13.

Ariga, 1920; Chiang, 1976; Chou and Chiang, 1981;
Cotton, 1915; Okamura, 1931, 1935b, 1936; Shen and
Fan, 1950; Tilden, 1929. As “S. biserrula™: De Toni,
1895: Heydrich, 1894.

Sargassum duplicatum |. Agardh, 1889:90.

Ariga, 1921; Chiang, 1976; Chou and Chiang, 1981;
Liu, 1982; Okamura, 1936; Shen and Fan, 1950; Tani-
guti, 1976; Yamada, 1925b.

Sargassum echinocarpum J. Agardh, 1848:327.

Yamada, 1950.

Sargessum fulvellum (Turner) C. Agardh, 1820:34.
Ariga, 1920.

Sargassum glaucescens J. Agardh, 1848:306.

Chiang, 1973a: Chou and Chiang, 1981; Okamura,
1935b.

Sargassum hemiphyllum (Turner) C. Agardh, 1820:39.
Ariga, 1920; Chiang, 1976; Chou and Chiang, 1981;
Tilden, 1929; Tseng et al., 1985.

Sargassum henslowianum C. Agardh in J. Agardh, 1848:315.
Chou and Chiang, 1981.

Sargassum heterocystum Montagne, 1842:250.

Chou and Chiang, 1981.

Sargassum horneri (Turner) C. Agardh, 1820:38.

Ariga, 1919; Chiang, 1960; Chou and Chiang, 1981;
Horikawa, 1919; Okamura, 1936; Rho, 1958: Shen and
Fan, 1950: Tokida, 1954; Tseng et al., 1962, 1985;
Yamada, 1925b.

Sargassum ilicifolium (Turner) C. Agardh, 1820:11.

Ariga, 1920; Chou and Chiang, 1981; Okamura, 1936;
Shen and Fan, 1950; Tseng, 1983; Yamada, 1925b.
Sargassum ilicifolium var. conduplicatum Grunow in Weber-
van Bosse, 1913a:160.
Yamada, 1942.
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Sargassum kasyotense Yamada, 1942:553.
Shen and Fan, 1950: Yamada, 1942,

Sargassum kuetzingii Setchell, 1931:249.
Chou and Chiang, 1981.

Sargassum kushimotense Yendo, 1905:157.
Chou and Chiang, 1981.

Sargassum muriocystum ]. Agardh, 1848:314.
Ariga, 1920; De Toni, 1895; Okamura, 1895, 1936:
Shen and Fan, 1950.

Sargassum plagiophyllum C. Agardh, 1824:309.
Yamada, 1942.

Sargassum polycystum C. Agardh, 1824:304.

Ariga, 1920: Chou and Chiang, 1981; Okamura, 1931,
1936: Shen and Fan, 1950, Su et al., 1982; Tseng, 1983;
Yamada, 1942, 1950; Yoshikawa and Yoshikawa, 1977.
As *S. microphyllum™: Chiang, 1976: Yamada, 1925b.

Sargassum rostratum J. Agardh, 1896:55.

Chou and Chiang, 1981; Okamura, 1936: Shen and Fan,
1950: Tseng et al., 1985.

Sargassum sandei Reinbold in Weber-van Bosse, 1913a:158.
Chiang, 1960, 1976: Chou and Chiang, 1981; Okamura,
1936; Segawa. 1974; Yamada. 1925b; Yoshikawa and
Yoshikawa, 1977,

Sargassum sandei f. heterophyllum Yamada, 1950:192.
Yamada, 1950.

Sargassum serratifolium C. Agardh, 1820:16.

Chiang, 1973a.

Sargassum siliquosum J. Agardh, 1848:316.

Chiang, 1976 Chou and Chiang, 1981; Okamura, 1931,
1936: Rho, 1958: Shen and Fan, 1950; Yamada, 1925b,
1942,

SMITHSONIAN CONTRIBUTIONS TO THE MARINE SCIENCES

Sargassum swartzii (Turner) C. Agardh, 1820:11.
Yamada, 1942,

Sargassum telephifolium (Turner) C. Agardh in J. Agardh,

1889:107.

Okamura, 1931, 1936; Shen and Fan, 1950.

Sargassum tenuifolium Yamada, 1942:505.
Yamada, 1942,

Sargassum vulgare C. Agardh, 1820:3.
Ariga, 1919: Horikawa. 1919.

Sargassum sp.
Chiang, 1962b, 1976; Chiang et al., 1974; Chou and
Chiang, 1981: Su et al., 1982.

Turbinaria conoides (J. Agardh) Kiitzing, 1860:24.
Chiang, 1973b; Okamura, 1931, 1936; Shen and Fan,
1950; Tseng, 1983.

Turbinaria filamentosa Yamada, 1925b:243.
Chiang, 1960, 1976; Fan, 1974; Shen and Fan, 1950;
Yamada, 1925b. As “T. filiformis”: Okamura, 1936; Yosh-
ikawa and Yoshikawa, 1977,
Remarks:  Fan (1974:252, 254) suggests that the char-
acteristic of this species (i.e., elongate filiform receptacle)
may not reflect a species difference, but rather reflect an
ecological or physiological state.

Turbinaria ornate (Turner) J. Agardh, 1848:266.
Chiang, 1960, 1962b, 1976; De Toni, 1895; Okamura,
1895, 1931, 1936; Shen and Fan, 1950; Su et al., 1982;
Yamada, 1925b, 1950.

Turbinaria trialata (J. Agardh) Kitzing, 1860:24.
Chiang, 1962b: Yamada, 1950.

Turbinaria sp.
Ariga, 1919: Horikawa, 1919.

RHODOPHYTA

GONIOTRICHALES

GONIOTRICHACEAE

Chroodactylon ornatum (C. Agardh) Basson, 1979:67.
As *Asterocytis ornata”: Shen and Fan, 1950: Tanaka,
1944, 1952. As “Asterocytis ornata f. simplex™: Shen and
Fan, 1950; Tanaka, 1944, 1952. As “Asterocytis ramosa f.
simplex”: Tanaka, 1944.

Stylonema alsidii (Zanardini) Drew, 1956:72.
As “Goniotrichum alsidii”: Tanaka, 1952.
Remarks: See Wynne (1985) for discussion of use of the
generic name Stylonema Reinsche, and Drew and Ross
(1965) on use of some generic names in the Bangiophy-
cidae.

BANGIALES

ERYTHROPELTIDACEAE

Erythrotrichia biseriata Tanaka, 1944:86.
Shen and Fan, 1950; Tanaka, 1944, 1951, 1952,

Erythrotrichia carnea f. tenuis Tanaka, 1944:92.
Shen and Fan, 1950; Tanaka, 1944.

BANGIACEAE

Bangia atropurpurea (Roth) C. Agardh, 1824:76.
Ariga, 1920. As “B. fuscopurpurea”: Chiang, 1962a,
1973b; Fan, 1953a; Okamura, 1936; Rho. 1958; Sheath
and Cole, 1984; Shen and Fan, 1950; Tanaka, 1950,
1952: Taniguti, 1976; Tokida, 1954.
Bangia yamadae Tanaka, 1944:84, ‘yamadai'.
Shen and Fan, 1950: Tanaka, 1944, 1950, 1952,
Bangia sp.
Chiang, 1973b.
Porphkyra angusta Okamura et Ueda in Ueda, 1932:28.
Liaw and Chiang, 1979: Wang and Chiang, 1977.
Porphyra crispata Kjellman, 1897a:15.
Ariga, 1920; Chiang, 1962a; Chihara, 1975; Dawson,
1954c: Fan, 1953a; Okamura, 1931, 1936: Shen and
Fan, 1950; Tanaka, 1952; Taniguti, 1976; Wang and’
Chiang, 1977; Ueda, 1932.
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Porphyra dentata Kjellman, 1897a:13.
Wang and Chiang, 1977.
Porphyra suborbiculata Kjellman, 1897a:10.
Okanura, 1930, 1936: Wang and Chiang, 1977.
Porphyra sp.
Wang and Chiang, 1977.

NEMALIALES

Remarks:  For discussion on the correct spelling of the
name of this order see Nicolson and Norris, 1983.

ACROCHAETIACEAE

Liagorophila endophytica Yamada, 1944b:16.
Fan, 1974; Shen and Fan, 1950; Yamada, 1944b. As
“Liagora orientalis™: Yamada, 1938a.

DERMONEMATACEAE

Dermonema frappieri (Montagne et Millardet) B¢rgesen,
1942:42.
Chiang, 1969, 1971, 1973b; Chihara, 1975; Segawa,
1974: Tseng, 1983.

Dermonema gracile Martens ex Weber-van Bosse, 1921:204.
Fan, 1953a; Okamura, 1931, 1936; Shen and Fan, 1950;
Tokida, 1939; Tseng, 1945. As “D. dichotomum”: Ariga,
1920; Chen and Chiang, 1982; De Toni, 1895; Fan,
1974; Heydrich, 1894.

Dermonema pulvinata (Grunow in Holmes) Fan, 1962:337.

Chen and Chiang, 1982: Chihara, 1975; Fan, 1953a;
Tseng, 1983: Umezaki, 1972. As “Nemalior pulvinatum”:
Chiang, 1962a; Chihara, 1970; Okamura, 1931, 1936;
Rho, 1958; Segawa, 1974; Shen and Fan, 1950: Tokida,
1939.
Remarks: Papenfuss (1967:96-97) points out that Der-
monema Heydrich had been a nomen nudum until Hey-
drich (1894:289) published D. dichotomum. The type-
locality for the genus is therefore Taiwan (see also Fan
1974:249, 253).

Dotyophycus yamadae (Ohmi et Itono) Abbou et Yoshizaki,

1981:225.
Chiang and Chen, 1983.
Liagoropsis schrammi (P. et H. Crouan in Mazé et Schramm)
Doty and Abbott, 1964:443.
Fan, 1974. As “L. maxime": Shen and Fan, 1950; Yamada,
1944c.

Yamadaella cenomyce (Decaisne) Abbout, 1970:117.

Chiang, 1973b. As “L. annulata”: Okamura, 1931, 1936.
As “L. caenomyce™ Chihara, 1975; Segawa, 1974; Shen
and Fan, 1950; Tseng, 1941a; Yamada, 1938a.

LIAGORACEAE

Helminthocladia australis Harvey, 1863, pl. 272.
Chen et al., 1981.
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Liagora boergesenii Yamada, 1938a:11.
Chiang, 1971, 1972; Chiang and Chen, 1982; Chihara,
1975; Shen and Fan, 1950; Yamada, 1938a.
Liagora ceranoides Lamouroux, 1816:239.
Chiang and Chen, 1982.
Liagora ceranoides var. leprosa (J. Agardh) Yamada,
1938a:21.
Segawa, 1974; Shen and Fan, 1950; Yamada, 1938a.
Liagora ceranoides var. pulverulenta (C. Agardh) Yamada,
1938a:21.
Shen and Fan, 1950; Yamada, 1938a.
Liagora decussata Montagne, 1849:64.
Chiang and Chen, 1982; Shen and Fan, 1950; Yamada,
1938a.
Liagora farinosa Lamouroux, 1816:240.
Chihara, 1975; Shen and Fan, 1950; Tseng, 194la;
Yamada, 1938a.
Remarks: Recently Fan and Wang (1974:492) proposed
a new generic name, Ganonema, for this taxon. However,
we follow the opinion of Abbott (1976:130), and for the
time being continue to recognize this taxon as a Liagore
(see also Norris and Bucher, 1982:190).
Liagora orientalis J. Agardh, 1896:99.
Ariga, 1920; Chiang and Chen, 1982; Fan, 1974; Oka-
mura, 1936; Shen and Fan, 1950; Yamada, 1932b. As
“L. formosana”™: Yamada, 1938a.
Remarks: Yamada (1944b:18-19) reduced his species
L. formosana (1938a:32) into synonomy with L. orientalis.
Liagora rugosa Zanardini, 1851:36.
Ariga, 1920.
Liagora segawai Yamada, 1938a:1.
Chiang and Chen, 1982.
Liagora setchellii Yamada, 1938a:13.
Chiang and Chen, 1982: Shen and Fan, 1950; Tseng,
1941a; Yamada, 1938a; Yoshikawa and Yoshikawa, 1977.
Liagora valida Harvey, 1853:138.
Chiang and Chen, 1982; Okamura, 1931, 1936; Shen
and Fan, 1950.

CHAETANGIACEAE

Actinotrichia fragilis (Forsskal) Bérgesen, 1932:6.
Chihara, 1970, 1975; Shen and Fan, 1950; Tseng,
1941b. As “Actinotrichia rigida™ Ariga, 1920.

Galaxaura arborea Kjeliman, 1900:72.
Ariga, 1920; Chiang, 1962a; Yendo, 1918; Yoshikawa
and Yoshikawa, 1977,
Remarks: The taxonomy and nomenclature of this ge-
nus have been confused by morphological plasticity and
uncertain life histories. Since the hypothesis of an alter-
nation of morphologically different sexual and tetrasporic
forms of Galaxaura (Howe 1917, 1918), there has been
much speculation as to which tetrasporic and sexual “spe-
cies” represent stages within the same life history (e.g., -
Bgrgesen, 1920b; Chou, 1945, 1947; Dawson, 1953;
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Taylor. 1960). We hold the opinion that until culture
studies conclusively link the different reproductive stages
into the life history, each reproductive form should be
recognized by its previous species name.
Galaxaura canaliculata Rizing, 1849:530.
Heydrich, 1894; Shen and Fan, 1950.
Galaxaura clavigera Kjellman, 1900:76.
Chiang, 1962b: ltono, 1977a; Okamura, 1931, 1936:
Shen and Fan, 1950; Tanaka, 1936.
Remarks: Papentuss, Mshigeni. and Chiang (1982:411)
consider this species to be a synonym of Galexaura mar-
ginata (Eilis et Solander) Lamouroux.
Galaxaura distente Harvey, 1859:331.
Ariga, 1920.
Galaxaura elegans Tanaka, 1935:52.
Okamura, 1936: Shen and Fan, 1950: Tanaka, 1935,
1936.
Galaxaura elongaia . Agardh, 1876:529.
Itono. 1977a: Okamura. 1936: Shen and Fan, 1950:
Tanaka, 1936: Tseng, 1941b: Yendo, 1916b; Yoshikawa
and Yoshikawa, 1977.
Remarks:  Considered a synonym of G. rugesa (Eliis et
Solander) Lamouroux (1816:263) by Papenfuss, Mshi-
geni, and Chiang (1982).
Galaxaura falcata Kjellman, 1900:73.
Ariga, 1919: Horikawa, 1919, Taniguti, 1976.
Galaxaura fasciculata Kjellman, 1900:53.
Itono, 1977a; Okamura, 1936; Shen and Fan, 1950;
Tanaka, 1936: Tseng, 1941b.
Galaxaura fastigiata Decaisne 1842:116.
Ariga, 1920: Chiang, 1962a, 1962b; Chihara, 1970,
1975; ltono. 1977a: Okamura, 1931, 1936: Segawa,
1974: Shen and Fan, 1950: Tanaka, 1936: Tanaguti,
1976: Yoshikawa and Yoshikawa, 1977.
Remarks: Considered a synonym of G. oblongata (Ellis
et Solander) Lamouroux (1816: 262) by Papenfuss, Mshi-
geni, and Chiang (1982).
Galaxaura filamentosa Chou in Taylor, 1945:139.
ltono, 1977a.
Galaxaura lapidescens (Ellis et Solander) Lamouroux,
1816:264.
De Toni. 1895.
Galaxaura lapidescens {. villosa J. Agardh, 1876:530.
Heydrich, 1894: Okamura, 1897; Shen and Fan, 1950.
Galaxaura latifolic Tanaka. 1935:54.
Okamura, 1985a, 1936; Shen and Fan, 1950: Tanaka,
1935, 1936.
Galaxaura oblongata (Ellis et Solander) Lamouroux,
1816:262.
Chiang, 1973a, 1973b; Okamura, 1935b: Su et al., 1982.
Galaxaura obtusata (Ellis et Solander) Lamouroux,
1816:262. )
Itono, 1977a; Okamura, 1936; Papenfuss, Mshigeni, and
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Chiang, 1982; Shen and Fan, 1950; Su et al.. 1982;
Tanaka, 1936: Tseng, 1941b.

Galaxaura pacifica Tanaka, 1935:55.
Itono. 1977a; Okamura, 1935a, 1936: Shen and Fan,
1950; Tanaka, 1933, 1936.
Remarks: Considered a synonym of G. rugosa (Ellis et
Solander) Lamouroux (1816:262) by Papenfuss. Mshi-
geni. and Chiang (1982).

Galaxaura robusta Kjellman, 1900:85.
Chihara, 1970, 1975: Okamura, 1936; Segawa, 1974;
Shen and Fan, 1950; Tanaka, [936.
Remarks: Considered a synonvm of G. obtusata (Ellis et
Solander) Lamouroux by Papenfuss, Mshigeni. and
Chiang (1982).

Galaxaura rudis Kjeliman, 1900:43.
Okamura, 1931, 1936 Shen and Fan, 1950; Tanaka,
1936: Tseng, 1941b.
Remarks: Considered a synonym of G. lapidescens (Ellis
et Solander) Lamouroux by Papenfuss, Mshigeni, and
Chiang (1982).

Galaxaura marginata (Ellis et Solander) Lamouroux.

1816:264. :

Papenfuss, Mshigeni, and Chiang, 1982. As “Galaxaura
tenera”: Chiang, 1973a, 1973b; Okamura, 1935a; Su et
al., 1982,
Remarks: Material from Taiwan determined as G. te-
nera was re-identified by Papenfuss, Mshigeni, and
Chiang (1982) 10 be this species.

Galaxaura veprecula Kjellman, 1900:80.
Ariga, 1920; Chihara. 1975: ltono, 1977a; Okamura,
1936: Rho, 1958: Shen and Fan, 1950; Tanaka, 1936;
Tseng, 1983; Yendo. 1918.
Remarks:  Papenfuss, Mshigeni, and Chiang (1982) con-
sider this species to be a synonym of G. marginata (Ellis
et Solander) Lamouroux.

Scinaia boergesenii Tseng, 1941:100.
Shen and Fan, 1950.

Scinaia cottonii Serchell, 1914:103.
Shen and Fan, 1950.

Scinaia moniliformis §. Agardh, 1885:72.
Chiang, 1962a; Yoshikawa and Yoshikawa, 1977.

Scinaia pseudojaponica Yamada et Tanaka in Yamada,

1938b:127.

Chiang, 1962a, 1970, 1975b; Shen and Fan, 1950.

BONNEMAISONIACEAE

Asparagopsis taxiformis (Delile) Trevisan, 1845:45.
As “A. sanfordiana”: Ariga, 1919; Fan, 1953a; Horikawa.
1919: Okamura, 1931, 1936; Shen and Fan. 1950.
Delisea fimbriata (Lamouroux) Montagne, 1844:155.
Chihara, 1970, 1975. As “D. japonica™ Cotton, 1915;
Tilden, 1929.

103



NUMBER 29

GELIDIALES

GELIDIACEAE

Gelidium amansii Lamouroux in Kitzing 1868:16.
Cotton, 1915; Fan, 1953a; Okamura, 1913, 1915b,
1930: Oshima, 1915; Rho, 1958; Santelices and Stewart,
1985; Tilden, 1929; Tokida, 1954.
Gelidium amansii f. elegans Okamura, 1934a:56.
Chiang, 1962a; Fan, 1951.
Gelidium amansii f. latioris Okamura, 1935b:443.
Chiang, 1962a; Fan, 1951; Okamura, 1935b, 1936; Shen
and Fan, 1950.
Gelidium “cartilagineum”.
Ariga, 1919; Horikawa, 1919.
Remarks: As withall taxa in this paper, we are reporting
the name used by the author in recording the taxon from
Taiwan. We recognize that Dixon (1967) has shown the
basionym Fucus cartilagineus Linnaeus (1753) to be cor-
rectly Plocamium cariilagineum (Linnaeus) Dixon. How-
ever, in this case, we suggest the material of Ariga (1919)
and Horikawa (1919) probably belongs to Gelidium,
rather than Plocamium, but cannot be sure what species
it is.
Gelidium crinale (Turner) Lamouroux in Bory, 1825:191.
Ariga, 1920.
Gelidium divaricatum Martens, 1866:30.
Okamura, 1934a, 1936; Taniguti, 1976.
Gelidium japonicum (Harvey) Okamura, 1901:57.
Arasaki, 1964; Ariga, 1919, 1920; Chiang, 1962a; Fan,
1951, 1953a; Higashi, 1934; Horikawa, 1919; Okamura,
1901, 1915b, 1930, 1934a, 1936; Oshima, 1915; Santel-
ices and Stewart, 1985; Shen and Fan, 1950.
Gelidium kintaroi (Okamura) Yamada, 1941:201.
Fan, 1951, 1953a; Shen and Fan, 1950. As “G. clavatum™:
Okamura, 1934a, 1935a, 1935b, 1936.
Gelidium latiusculum Okamura, 1935b:443.
Chiang, 1962a; Fan, 1951, 1953a; Okamura, 1935b,
1936:; Shen and Fan, 1950.
Gelidium pacificurm Okamura, 1914:99.
Okamura, 1915b; Oshima, 1915.
Gelidium planiusculum Okamura, 1935b:442.
Chiang, 1962a; Fan, 1951, 1953a; Okamura, 1935b,
1936; Santelices and Stewart, 1985; Shen and Fan, 1950.
Gelidium pusillum (Stackhouse) Le Jolis, 1863:139.
Chiang, 1962a; Fan, 1951; Samelices and Stewart, 1985;
Taniguti, 1976. As “Acrocarpus pusillus™: Martens, 1866.
Gelidium pusillum {. foliaceum Okamura, 1934a:51.
Ariga, 1920; Taniguti, 1976.
Gelidium subcostatum Okamura in Schmitz, 1894:1.
Ariga, 1919; Horikawa, 1919.
Gelidium yamadae (Okamura) Fan, 1951:10.
Fan, 1951, 1953a. As “G. densum”: Okamura, 1935b;
Shen and Fan, 1950.
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Remarks: Fan (1951) considers G. densum invalid on
the basis of an earlier homonym.

Gelidium sp.
Ariga, 1920.

Pterocladia nana Okamura, 1934a:64.
Chiang, 1962a, 1973b; Fan, 1951.

Pterocladia tenuis Okamura, 1934a:62,
Arasaki, 1964; Chiang, 1962a, 1962b, 1973b; Fan, 1951,
1953a; Okamura, 1935b, 1936; Segawa, 1974; Rho,
1958; Shen and Fan, 1950; Taniguti, 1976. As “Gelidium
corneum var. pinnatum”: Heydrich, 1894. As *P. capilla-
ceum”: Ariga, 1920; Chihara, 1970, 1975; Okamura,
1915b; Oshima, 1915.

GELIDIELLACEAE

Gelidiella acerosa (Forsskil) Feldmann et Hamel, 1934:533.
Ariga, 1920; Chiang, 1973b; Chihara, 1975; Okamura,
1936; Segawa, 1974; Shen and Fan, 1950; Yoshikawa
and Yoshikawa, 1977. As “Gelidiopsis rigida™ Okamura,
1931.

CRYPTONEMIALES
DUMONTIACEAE

Dudresnaya japonica Okamura, 1908:209.
Shen and Fan, 1950.

RHIZOPHYLLIDACEAE

Remarks: Placed in the Cryptonemiales By Kylin
(1956), this family was later transferred by Wiseman
(1975) to the Gigartinales (see also Kraft (1981) and
Wynne and Kraft (1981)). However, West and Hommer-
sand (1981) noted “there is no major evidence to suggest
that the [Rhizophyllidaceae] is closely related to either
order,” and retained it in the Cryptonemiales.

Chondrococcus hornemannii (Mertens) Schmitz, 1895:170,

thornemanni’.
Arasaki, 1964; Okamura, 1931, 1936; Segawa, 1974;
Shen and Fan, 1950. As “Desmia hornemannis™: Chiang,
1962a, 1973b; Chihara, 1970; Su et al., 1982; Yoshikawa
and Yoshikawa, 1977.

Rhodopeltis borealis Yamada, 1931a:75.

Arasaki, 1964; Chihara, 1975; Nozawa, 1963, 1970;
Okamura, 1936; Segawa, 1974; Shen and Fan, 1950;
Yamada, 1931a.

Rhodopeltis gracilis Yamada et Tanaka in Yamada, 1935:30.
Arasaki, 1964; Nozawa, 1963, 1970; Okamura, 1936;
Shen and Fan, 1950; Yamada, 1935.

Rhodopeltis setchelliae Yamada, 1935:33, ‘setchellii’.
Nozawa, 1963, 1970; Okamura, 1936; Shen and Fan,
1950; Yamada, 1935.

104



PEYSSONNELIACEAE

Peyssonnelia caulifera Okamura, 1899:8.
Ariga. 1920.
Pevssonnelia distenta (Harvey) Yamada, 1930:29.
Ariga, 1920: Chiang, 1962a, 1962b: Okamura, 1899,
1936: Shen and Fan, 1950: Yamada. 1930: Yoshikawa
and Yoshikawa, 1977. As “P. involvens": Okamura, 1909.
Peyssonnelia rubra (Greville) J. Agardh, 1852:502.
De Toni, 1895; Hevdrich, 1894; Okamura. 1897, 1931,
1936; Shen and Fan, 1950.

CORALLINACEAE

Amphiroa beauvoisii Lamouroux, 1816:299.
As “A. pusilla™: Okamura, 1936; Segawa, 1974; Shen and
Fan, 1950. As “A. zonata”: Chiang, 1962a.
Remarks: Recently Norris and johansen (1981:6) con-
sidered A. zonata to be a taxonomic synonym of A. beau-
voisii Lamouroux.

Amphiroa bowerbankii Harvey, 1849b:97.
De Toni, 1893; Hevdrich, 1894; Shen and Fan, 1950.

Amphiroa ephedracea (Lamarck) Decaisne, 1842:124.
Chihara, 1970: De Toni, 1895; Okamura, 1936: Rho,
1958: Segawa. 1974: Shen and Fan, 1950. As “A. exilis™:
Heydrich. 1894; Yendo, 1902.

Amphiroa fragilissima (Linnaeus) Lamouroux, 1816:298,
Yoshikawa and Yoshikawa, 1977.

Amphirea multifida Kitzing, 1858:27.
De Toni, 1895; Heydrich. 1894; Shen and Fan, 1950.

Amphiroa pusilla Yendo, 1902:13.
Rho. 1958: Su et al., 1982.

Amphiroa spp.
Ariga, 1920.

Cheilosporum anceps Yendo, 1902:18.
Shen and Fan, 1950.

Cheilosporum jungermannioides Ruprecht in J. Agardh,

1852:546.

Chihara, 1975; Okamura, 1931, 1936; Segawa, 1941,
1974: Shen and Fan, 1950; Tseng, 1983. As “Amphiroa
cultrata var. globulifera™: De Toni, 1895; Heydrich, 1894.
As “C. cultratum™: Yendo, 1902.

Jania adhaerens Lamouroux, 1816:270.
Chiang, 1962a, 1962b; Okamura, 1931, 1936; Shen and
Fan, 1950: Su et al., 1982: Taniguti, 1976. As “Coralline
adhaerens”: De Toni, 1905: Heydrich, 1894: Yendo,
1902. As “Corallina decussato-dichotoma™ Okamura,
1931, 1936: Segawa, 1974. As “J. decussato-dichotoma™:
Arasaki, 1964; Chiang, 1962a; Chihara, 1970, 1975;
Shen and Fan, 1950; Taniguti, 1976.

Jania radiata Yendo, 1902:26.
Chiang, 1962a. .

Jania tenella Kiitzing, 1858:41.
Chiang, 1962a.
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Jania undulata Yendo, 1902:26.
Shen and Fan, 1950.

Lithophyllum perulatum Foslie, 1900:18.
De Toni. 1895: Okamura, 1936; Shen and Fan, 1950;
Yendo, 1902. As “Melobesia pustulata™: Heydrich, 1894.

Lithophyllum spp.
Ariga, 1920.

Lithothamnium membranaceum (Esper) Foslie, 1905:72.
De Toni. 1895; Okamura, 1936; Shen and Fan, 1950,
As “Melobesia membranaceae™ Heydrich, 1894; Yendo,
1902.

Lithothamnium spp.
Ariga, 1920.

Mastophora pygmaea Hevdrich, 1894:300.
De Toni, 1895: Fan, 1974; Heydrich, 1894; Okamura,
1936: Shen and Fan, 1950; Yendo, 1902.
Remarks: Fan (1974:251, 254) considers the taxonomy
of this species suspect and encourages study of the type
specimen and type-locality specimens to confirm the iden-
tity of Hevdrich's plant.

Mastophora rosea (C. Agardh) Setchell, 1943:129.
Chiang, 1973b: Chihara, 1975; Segawa, 1974; Su et al.,
1982; Taniguti, 1976; Yoshikawa and Yoshikawa, 1977.
As “M. macrocarpa™ Chiang, 1962a; De Toni, 1905;
Heydrich, 1894; Okamura, 1931, 1936; Shen and Fan,
1950: Yendo, 1902.

Melobesia farinosa Lamouroux, 1816:315.
De Toni, 1895; Heydrich, 1894; Okamura, 1936; Shen
and Fan, 1950: Yendo, 1902.

Melobesia spp.
Ariga, 1920.

Tenarea tumidulum (Foslie) Adey, 1970:7.
As “Dermatolithon tumidulum”: Chiang, 1973a; Okamura,
1935b.

ENDOCLADIACEAE

Gloiopeltis complanata (Harvev) Yamada, 1932a:117.
As “Endocladia complanata™ Ariga, 1920. As “Gloiopeltis
cervicornis:™ Ariga, 1921.
Gloiopeltis  furcata (Postels et
1851:235.
Chiang, 1973b: Fan, 1953a: Shen and Fan, 1950.
Gloiopeltis tenax (Turner) J. Agardh, 1842:68.
Chiang, 1969, 1973a; Okamura, 1935b.

Ruprecht) J. Agardh,

CRYPTONEMIACEAE

Carpopeltis angusta (Harvey) Okamura, 1910:66.
Ariga, 1920: Shen and Fan, 1950.

Carpopeltis cornea Okamura, 1936:553.
Arasaki, 1964: Chihara, 1975; Okamura, 1936; Rho,
1958; Segawa. 1974: Shen and Fan, 1950; Su et al., 1982.
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Carpopeltis flabellata (Holmes) Okamura, 1935a:39.
Ariga, 1920; Chiang 1962a.
Carpopeltis formosana Okamura, 1931:110.
Fan, 1953a: Okamura 1931, 1936; Shen and Fan, 1950;
Tokida, 1939.
Carpopeltis rigida (Harvey) Schmitz, 1895:168.
Ariga, 1920: Chihara, 1975; Okamura, 1909, 1930,
1936; Rho, 1958; Segawa, 1974; Shen and Fan 1950;
Yoshikawa and Yoshikawa, 1977.
Grateloupia carnosa Yamada et Segawa in Yamada,
1938b:126.
Chiang, 1962a.
Grateloupia filicina (Wulfen) J. Agardh, 1851:180.
Ariga, 1919, 1920; Chiang, 1962a, 1973b; De Toni,
1895; Horikawa, 1919.
Grateloupia filicina f. filiformis (Kiitzing) Pilger, 1911:310.
As *G. filiformis™: Martens, 1866.
Grateloupia okamurae Yamada, 1941:204, ‘ckamurai’.
Chiang, 1973a.
Grateloupia ramosissima Okamura, 1913:60.
Chiang, 1962a, 1973a; Chihara, 1970, 1975; Dawson,
1954c: Rho, 1958; Segawa, 1974; Shen and Fan, 1950.
Halymenia ceylanica (Harvey) Kiitzing, 1866:33.
As “H. formosa™: Okamura, 1909. As “H. durvillaei var.
Jormosa™: Tokida, 1939. As “H. durvillaei var. ceylanica™
Ariga, 1920; Chiang, 1962a; Okamura, 1936; Shen and
Fan, 1950.
Halymenia durvillaei Bory, 1826, pl. 15.
Fan, 1953a.
Polyopes polyideoides Okamura, 1895:447.
Chiang, 1973a, 1973b; Okamura, 1935b.
Polyopes sp.
Heydrich, 1894.

GIGARTINALES
SOLIERIACEAE

Eucheuma arnoldii Weber-van Bosse, 1928:421.
Kraft, 1972. As “E. cupressoideum™: Shen and Fan, 1950.
Eucheuma “audiolis™.
Tseng and Chen, 1977; Tseng, 1984.
Remarks: This species name is apparently a nomen
nudum (fide M.S. Doty).
Eucheuma cottonii Weber-van Bosse, 1913b:115.
Tseng and Chen, 1977.
Eucheuma crassum Zanardini, 1878:36.
Shen and Fan, 1950; Yamada, 1936a.
Eucheuma crustaeforme Weber-van Bosse, 1928:415.
Okamura, 1931, 1936. As “E. cottonii”: Okamura, 1931.
Eucheuma gelatinae (Esper) J. Agardh, 1852:628.
Chihara, 1975; Doty and Norris, 1985; Shen and Fan,
1950; Tseng, 1983; Tseng and Chen, 1977; Yamada,
1936a.
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Eucheuma muricatum (Gmelin) Weber-van Bosse, 1928:413.
Higashi, 1934; Shen and Fan, 1950.

Eucheuma muricatum f. depauperats Weber-van Bosse,

1928:415.

Ariga, 1920: Okamura, 1936. As “E. muricatum™: Oka-
mura, 1931. As “E. spinosum™: Okamura, 1909, 1915b.

Eucheuma okamurae Yamada, 1936a:125, ‘okamurai’.
Shen and Fan, 1950.

Eucheuma papulosa Cotton et Yendo in Cottor, 1914:220.
Cotton, 1915; Tilden, 1929.

Eucheuma serra ]. Agardh, 1852:626.
Chiang, 1962a, 1973b; Chihara, 1975; Segawa, 1974;
Shen and Fan, 1950; Su et al.,, 1982; Tseng and Chen,
1977; Yamada, 1936a; Yoshikawa and Yoshikawa, 1977.

Eucheuma spp.
Ariga, 1920.

Meristotheca coacta Okamura, 1930:97.
Arasaki, 1964; Okamura, 1930, 1936; Segawa, 1974;
Yoshikawa and Yoshikawa, 1977.

Meristotheca papulosa (Momagne) J. Agardh, 1876:584.
Arasaki, 1964; Chiang, 1962a; Fan, 1953a; Okamura,
1936; Segawa, 1974; Tseng, 1983.

HYPNEACEAE

Hypnea boergesenii Tanaka, 1941:233.

Chiang, 1962a; Fan, 1953a; Shen and Fan, 1950; Tan-
aka, 1941; Tseng, 1983.

Hypnea cenomyce ]. Agardh, 1852:452.
Shen and Fan, 1950; Tanaka, 1941; Yoshikawa and
Yoshikawa, 1977.

Hypnea cervicornis J. Agardh, 1852:451.
Yoshikawa and Yoshikawa, 1977.

Hypnea charoides Lamouroux, 1813:131.

Chiang, 1973b; Fan, 1953a; Shen and Fan, 1950; Tseng,
1983.

Hypnea chordacea Kutzing, 1847:776.

Arasaki, 1964; Shen and Fan, 1950; Tanaka, 1941.

Hypnea chordacea f. simpliciuscula (Okamura) Tanaka,

1941:232.
Chiang, 1962a; Chihara, 1975; Shen and Fan 1950;
Tanaka, 1941.
Hypnea cornuta (Lamouroux) J. Agardh, 1852:449.
Shen and Fan, 1950; Tanaka, 1941.
Hypnea esperi Bory, 1828:157.
Shen and Fan, 1950; Tanaka, 1941.

Hypnea kamulosa (Turner) Lamouroux, 1813:44.
Okamura, 1931, 1936; Shen and Fan, 1950; Tanaka,
1941.

Remarks: Several authors (e.g., J. Agardh, 1852:447;
De Toni 1924:477; Okamura, 1936:611; Tanaka,
1941:245; Shen and Fan, 1950:339; Weber-van Bosse,
1928:453; and Zanardini, 1858:270) have incorrectly
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cited “Montagne 1850:n.16 (page 9)" as the original place
of publication. .
Hypnea japonica Tanaka, 1941:236.
Chiang, 1962a; Chihara, 1970; Segawa, 1974: Shen and
Fan 1950: Tanaka, 1941: Tseng, 1983.
Hypnea nidulans Seichell, 1924:161.
Chihara, 1975; Okamura, 1931, 1936: Shen and Fan,
1950; Su et al., 1982: Tanaka, 1941: Yoshikawa and
Yoshikawa, 1977,
Hypnea pannosa J. Agardh. 1847:14.
Okamura, 1931, 1936; Shen and Fan, 1950; TanaKa,
1941: Yoshikawa and Yoshikawa. 1977.
Hypnea seidana Holmes, 1896:256.
Chiang, 1973b.
Hypnea seticulosa J. Agardh. 1852:446.
Ariga, 1920: Okamura, 1931, 1936: Tokida, 1939.
Hypnea spinella (Greville) Kinzing, 1849:759.
Chiang, 1962a.
Hypnea sp.
Su et al., 1982,

PLOCAMIACEAE

Plocamium oviforme Okamura, 1896:23.
Ariga, 1920.
Plocamium serratulum Okamura, 1932:100.
Okamura, 1936; Shen and Fan, 1950. As “P. costatum™:
Okamura, 1923, 1931: Yendo, 1918.
Plocamium telfairiae (. Agardh) Harvey in Kitzing,
18449:885.
Shen and Fan, 1950; Yendo, 1915. As “P. gbnorme™
Ariga, 1919, 1920; Horikawa, 1919; Okamura, 1931.
Plocamium telfairiae {. uncinatum Okamura, 1936:615.
As “P. abnorme {. uncinatum™: Okamura, 1913,

GRACILARIACEAE

Ceratodictyon spongiosum Zanardini, 1878:37.
Arasaki, 1964; Ariga, 1920; Okamura, 1936. As “C.
spongioides™: Okamura, 1931: Shen and Fan, 1950.

Gelidiopsis hachijoensis Yamada et Segawa, 1953:112,
Yoshikawa and Yoshikawa, 1977.

Gelidiopsis repens (Kutzing) Schmitz, 1895:148.
Chiang, 1962a, 1973b; Chihara, 1975; Okamura, 1931,
1936: Shen and Fan, 1950: Taniguti. 1976: Yamada
1932b; Yoshikwa and Yoshikawa, 1977.

Gelidiopsis variabilis (Greville) Schmitz, 1895:148.
Yamada, 1932b.

Gracilaria arcuata Zanardini, 1858:265.
Chang and Xia, 1976: Chiang, 1973a, 1973b. 1985;
Okamura, 1935b: Su et al., 1982.

Gracilaria blodgetiii Harvey, 1853:111.
Chiang, 1985: Ohmi, 1958: Yang and Chiang, 1982.
Remarks: Although “G. blodgettii” has been reported
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from Taiwan (Chiang, 1985), the South China Sea (Xia,
1985), and southern Japan (Yamamoto, 1985). the rela-
tionship between them and Caribbean type specimens of
G. blodgettii Harvey is still to be resolved.

Gracilaria bursapastoris (Gmelin) Silva, 1952:265.
As “G. compressa™ Chen, 1976: Shang, 1976.

Gracilaria canaliculata (Kitzing) Sonder, 1871:56.

As “Corallopsis opuntia™ Arasaki, 1964; Segawa, 1974,

Gracilaria chorda Holmes, 1896:253.

Ariga, 1920; Chen, 1976.

Gracilaria coronopifolia }. Agardh, 1852:502.

Chang and Xia, 1976; Chiang, 1985; Ohmi, 1958;
Tseng, 1983: Yamada, 1941: Yang and Chiang, 1982.
As “G. lichenoides f. coronopifolia”™: Fan, 1953a.

Gracilaria crassa Harvey ex J. Agardh, 1876:417.

Chang and Xia, 1976; Chihara, 1975; Chiang, 1985;
Ohmi, 1958; Okamura, 1936; Shen and Fan, 1950:
Tseng, 1983; Yamada, 1933: Yang and Chiang, 1982.

Gracilaria  denticulata (Kizing) Schmitz  in Mazza,

1907:138.
Chiang, 1962a, 1985; Chibara, 1975; Okamura, 1931,
1936: Yang and Chiang, 1982,

Gracilaria edulis (Gmelin) Silva, 1952:293.

Nelson et al., 1983, As “G. lichenoides™: Chen, 1976:
Chiang, 1981: Shang, 1976.
Gracilaria eucheumioides Harvey, 1859:331.
Chang and Xia, 1976: Chiang, 1973a, 1985: Okamura,
1935b; Yang and Chiang, 1982,
Gracilaria gigas Harvey, 1859:330.
Chiang, 1981: Chen, 1976: Shang. 1976.
Gracilaria incurvata Okamura, 1931:41.
Chiang, 1973a: Okamura, 1935b.

Gracilaria punctata (Okamura) Yamada. 1941:203.

Ohmi, 1958; Shen and Fan, 1950; Yamada. 1941.

Gracilaria purpurascens Harvey in §. Agardh. 1885:63.
Ohmi. 1958: Shenand Fan, 1950; Yamada. 1938b: Yosh-
ikawa and Yoshikawa, 1977.

Gracilaria spinulosa {Okamura) Chang ex Xia, 1976:148.
Tseng, 1983. As “G. purpurascens f. spinulosa™: Ohmi,
1958; Shen and Fan, 1950: Yamada, 1941: Yoshikwa and
Yoshikwa, 1977.

Gracilaria salicornia (C. Agardh) Dawson, 1954b:4.
Chiang, 1985: Yang and Chiang, 1982.

Gracilaria “verrucosa”.

G. verrucosa sensu Chiang, 1981, 1985; Nelson et al.,
1983: Rho, 1958: Segawa, 1974; Yang et al., 1981; Yang
and Chiang, 1982 (non G. verrucosa (Hudson) Papenfuss,
1950:195]. As “G. confervoides™: De Toni. 1895: Fan,
1953a; Martens, 1 866: Shang, 1976; Shenand Fan, 1950;
Tokida. 1954.

Remarks: A comparison with type-locality (England)
specimens of G. verrucosa showed the Taiwan specimens
are a different species (Chiang, 1985; Abbott et al., 1985),
and that the Chinese and Japanese specimens identified
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as “G. verrucosa” ave the same (Xiz and Yamamoto, 1985;
Yamamoto, 1985; Xia, 1985) and that they too are dif-
ferent from the British G. verrucosa. Recently, Zhang and
Xia (1985:177) described G. asiatica for the specimens
from Japan and China.

Gracilaria sp.
Ariga, 1920.

SPHAEROCOCCACEAE

Caulacanthus okamurae Yamada, 1933:278, ‘okamurai’.
Rho, 1958; Taniguti, 1976; Yamada, 1933.
Caulacanthus spinellus (Hooker et Harvey) Kiitzing,
1849:753.
Chiang, 1973b; Shen and Fan, 1950; Yamada, 1933.
Caulacanthus ustulatus var. fastigiatus (Kiitzing) Pilger,
1920:5.
As “C. fastigiatus™: Martens. 1866.
Phacelocarpus japonicus Okamura, 1902:79.
Shen and Fan, 1950.

SARCODIACEAE

Sarcodia ceylanica Harvey ex Kiitzing, 1869, pl. 33.
Chiang, 1962a; Shen and Fan, 1950; Yoshikawa and
Yoshikawa, 1977.

PHYLLOPHORACEAE

Ahnfeltia paradoxa (Suringar) Okamura, 1934b:13.
As “Gymnogongrus paradoxus™: Ariga, 1920.

Gymnogongrus flabelliformis Harvey, 1856:332.
Shen and Fan, 1950; Taniguti, 1976.

GIGARTINACEAE

Chondrus crispus Stackhouse, 1797:xxiv.
Ariga, 1920; Mikami, 1965.

Chondrus ocellatus Holmes, 1896:252.
Chiang, 1973b: Fan, 1953a; Tseng, 1983. As “C. ocellatus
f. typicus™: Chiang, 1962a.

Chondrus ocellatus f. canaliculatus Okamura, 1932:84.
Shen and Fan, 1950.

Gigartina intermedia Suringar, 1870:30.
Ariga, 1921: Chiang, 1962a; Fan, 1953a: Shen and Fan,
1950; Taniguti, 1976.

Gigartina ochotensis Ruprecht in Kjeilman, 1889:31.
Ariga, 1920.

Gigarting tenella Harvey, 1859:331.
Arasaki, 1964; Okamura, 1930, 1936; Rho, 1958; Shen
and Fan,.1950.

Rhodoglossum affine (Harvey) Kylin, 1928:49.
As “Chondrus affinis™: Heydrich, 1894.

21
RHODYMENIALES

RHODYMENIACEAE

Chrysymenia procumbens Weber-van Bosse, 1928:470.
Okamura, 1931, 1936; Shen and Fan, 1950.
Erythrocolon podagrica (Harvey ex J. Agardh in Grunow) J.
Agardh ex Kylin, 1931:14.
Shen and Fan, 1950.
Remarks: For discussion on the complicated nomencla-
ture of this taxon see Abbott and Littler (1969:168).
Rhodymenia spinulosa Okamura, 1934b:33.
Okamura, 1934b, 1936; Yoshikawa and Yoshikawa,
1977.
Weberella micans Hauptfleisch in Schmitz and Hauptfleisch,
1897:402,
Arasaki, 1964; Okamura, 1936; Segawa, 1974; Shen and
Fan, 1950; Yamada, 1932b.

CHAMPIACEAE

Champia parvula (C. Agardh) Harvey, 1853:76.
Chiang, 1962a; Higashi, 1934; Okamura, 1931, 1936;
Shen and Fan, 1950.

CERAMIALES

CERAMIACEAE

Carpoblepharis schmitziana var. erecta Yamada, 1932b:273.
Okamura, 1936; Shen and Fan, 1950.

Carpoblepharis warburgii Heydrich, 1894:297,

De Toni, 1895: Heydrich, 1894; Okamura, 1936; Shen
and Fan, 1950.

Remarks: Hommersand (1963:196) and Fan (1974)
noted “C. warburgii has never been re-examined, but . . .
it appears unlikely that this taxon belongs in Carpo-
blepharis.”

Centroceras clavulatum (C. Agardh) Montagne, 1846:140.
Ariga, 1920; Chiang, 1962a, 1962b, 1973b; Chihara,
1970, 1975; De Toni, 1895; Okamura, 1931, 1936; Rho,
1958; Segawa, 1974; Shen and Fan, 1950; Taniguti,
1976; Yamada, 1928; Yoshikawa and Yoshikawa, 1977.
As “Ceramium clavulatum”: Heydrich, 1894,

Centroceras minutum Yamada, 1944c:42.

Chiang, 1962a.

Ceramium aduncum Nakamura, 1950:159.

Nakamura, 1950, 1965; Itono, 1972, 1977b. As “Cer-
amium clarionense™: Dawson, 1954c.

Ceramium ciliatum (Ellis) Ducluzeau, 1805:64, var. robustum

(J- Agardh) Mazoyer, 1938:322.
Nakamura, 1965; Itono, 1972, 1977b.

Ceramium flaccidium (Kitzing) Ardissone, 1971:40.

As *C. gracillimum var. byssoideum”: Itono, 1972, 1977b. -
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Remarks: See Womersley (1978:234-238) for discus-
sion on the nomenclature and toxonomy of this taxon.
Ceremium gracillimum (Kiitzing) Griffiths et Harvey in

Harvey, 1848b, pl. 206.

Nakamura, 1965; Yoshikawa and Yoshikawa, 1977.
Remarks: Womersley (1979:234) considers C. gracilli-
mum to be a synonym of C. flaccidium (Kiitzing) Ardis-
sone.

Ceramium nakamurai Dawson, 1954a:6.

Nakamura, 1965: lono. 1972, 1977b. As “C. equise-

toides™: Nakamura, 1950.

(eramium paniculatum Okamura, 1896:36.

Nakamura, 1965.

Ceramium tenerrimum (Martius) Okamura, 1921:112.
Chiang, 1962a; Okamura, 1936: Rho, 1938: Shen and
Fan, 1950; ltono, 1972, 1977b.

Ceramium tenuissimum (Lyngbye) J. Agardh, 1851:120.
Ariga, 1921: De Toni, 1895; Hevdrich, 1894; Okamura,
1936: Rho, 1958: Shen and Fan, 1950: Tseng, 1983:
Yamada. 1928,

Dasyphila plumarioides Yendo, 1920:7.

Arasaki, 1964; hono, 1977b: Okamura, 1923, 1931,

1936: Segawa, 1974: Yendo, 1920.

Gymnothamnion elegans (C. Agardh) J. Agardh, 1892:27.
Itono, 1977b. As “Plumaria ramesa™ Okamura, 1936:
Shen and Fan, 1950; Yamada and Tanaka, 1934.

Microcladia elegans Okamura 1907:1.

Chiang, 1962a.

Ptilothamnion cladophorae (Yamada et Tanaka) Feldmann-

Mazover, 1941:375.

Fan, 1974; ltono, 1977b. As “Spermothamnion clado-

phorae”: Okamura 1936, 1937: Shen and Fan, 1950:

Yamada and Tanaka, 1934,

Reinboldiella schmitziana {(Reinbold) De Toni, 1895:35.
Ariga, 1920.

Spyridia filamentosa (Wulfen) Harvey ex Hooker, 1833:337.
Ariga, 1920; Chihara, 1975: De Toni, 1895; Heydrich,
1894: Okamura, 1913, 1936: Rho, 1958: Segawa, 1974:
Shen and Fan, 1950.

Tiffaniella codicola (Yamada et Tanaka) Doty et Menez,

1960:137.

Fan, 1974: ltono, 1977b. As “Spermothamnion codicola™

Okamura, 1936, 1937; Shen and Fan, 1950: Yamada and

Tanaka, 1934,

Wrangelia velutina Harvey, 1854:546.

Okamura, 1931: Shen and Fan, 1950.

DELESSERIACEAE

Caloglossa bombayensis Borgesen, 1933:127.
Fan, 1952,
Claudea batanensis Tanaka, 1967:18,
Tanaka, 1967: Yoshikawa and Yoshikawa, 1977.
Haloplegma duperrevi Montagne, 1842:258.
Yamada, 1936b: Tseng, 1983.

SMITHSONIAN CONTRIBUTIONS TO THE MARINE SCIENCES

Holmesia neurymenioides Okamura, 1932:98.
Okamura, 1936; Shen and Fan, 1950.

Martensia denticulata Harvey, 1854:537.
Ariga, 1919, 1920: Horikawa. 1919.

Martensia flabelliformis Harvey ex J. Agardh, 1863:826.
Chiang. 1962b: Chihara, 1975: Segawa, 1974; Shen and
Fan, 1950: Yamada. 1936b.

Nitophyllum sp.

Ariga, 1920.

DASYACEAE

Dasya sp.
Ariga, 1919, 1920: Horikawa, 1919.

RHODOMELACEAE

Acanthophora ackii Okamura, 1934b:35.

Okamura, 1934b, 1936: Shen and Fan. 1950.

Acanthophora muscoides (Linnaeus) Bory, 1828:156.

Shen and Fan, 1950.

Acanthophora orientalis (Sonder) J. Agardh, 1863:820.
Ariga, 1920; Chiang, 1962a, 1973b; Chihara, 1975: Fan,
1953a; Okamura, 1931, 1936; Segawa, 1974: Shen and
Fan, 1950; Tokida, 1939; Yoshikawa and Yoshikawa,
1977.

Acrocystis nana Zanardini, 1872:145.

Chiang, 1973b: Chihara, 1975; Okamura, 1931, 1936;
Segawa. 1974: Shen and Fan, 1950; Tseng, 1983.

Amansia glomerata C. Agardh, 1822:194,

Ariga, 1920: Chiang, 1973b; Chihara. 1975; Okamwura,
1930. 1931, 1936: Segawa, 1974; Shen and Fan, 1950:
Yoshikawa and Yoshikawa, 1977.

Bostrychia tenella (Vahl) J. Agardh, 1863:869.

Ariga, 1920: Chiang. 1962a; Taniguti, 1976; Yoshikawa
and Yoshikawa, 1977.

Chondria armata (Kitzing) Okamura, 1907:69.

Ariga, 1919, 1920; Chiang, 1962a, 1973b: Chihara,
1970, 1975; Fan, 1953a: Horikawa, 1919; Okamura,
1930. 1931, 1936: Segawa. 1974; Shen and Fan, 1950;
Tokida, 1939; Tseng, 1983.

Chondria dasyphylla (Woodward) C. Agardh, 1822:350.
Ariga, 1920; De Toni. 1895; Yoshikawa and Yoshikawa,
1977. As “Laurencia dasyphylla”™: Martens, 1866.

Digenia simplex (Wulfen) C. Agardh, 1822:389.

Ariga, 1920; Chihara, 1970, 1975; Fan, 1953a; Higashi,
1934; Okamura, 1931, 1936: Rho, 1958: Segawa, 1974;
Shen and Fan, 1950; Tseng, 1983.

Herposiphonia subdisticha Okamura, 1899:37.
Chiang, 1962a; Okamura, 1931, 1936; Shen and Fan,
1950.

Herposiphonia sp.
Chiang, 1962b.

Laurencia brongniartii J. Agardh, 1841:20.

Remarks: Specimens from Nanwan, Taiwan (collected
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by Ger Dzeng-foung; 21 August 1979; #US-071851),
were identified by J. Norris as L. brongniartii and establish
the presence of this taxon in southern Taiwan.
Laurencia flexilis var. tropica (Yamada) Xia et Zhang,
1982:538.
Tseng, 1983.
Laurencia forsteri (Mertens ex Turner) Greville, 1830:lii.
Ariga, 1920.
Laurencig glandulifera Kiitzing, 1849:855.
Arigz, 1920.
Laurencia grevilleana Harvey, 1854:545.
Ariga, 1920, Su et al., 1982.
Remarks: Saito and Womersley (1974:839) considered
L. grevilleana to be a taxonomic synonym of L. brangniar-
tii J. Agardh.
Laurencia obtusa var. densa Yamada, 1931b:226.
Dawson, 1954c; Shen and Fan, 1950; Yamada, 1931b,
1936¢.
Laurencia palisada Yamada, 1931b:196.
Chiang, 1962a; Shen and Fan, 1950; Su et al., 1982;
Yamada, 1931b, 1936c.
Laurencia papillosa (Forsskal) Greville, 1830:li.
Ariga, 1920; Chihara, 1975; Cotton, 1915; Okamura,
1931; Shen and Fan, 1950; Tilden, 1929; Yamada,
1936¢; Yoshikawa and Yoshikawa, 1977.
Laurencia perforata (Montagne) J. Agardh, 1876:648.
Ariga, 1920; De Toni, 1895; Heydrich, 1894.
Laurencia pinnatifida (Gmelin) Lamouroux, 1813:42,
As “L. pinnatifide var. simplex™: De Toni, 1895; Heydrich,
1894.
Laurencia tropica Yamada, 1931b:223.
Okamura, 1931; Shen and Fan, 1950; Taniguti, 1976;
Yamada, 1931b, 1936¢.
Laurencia venusta Yamada. 1931b:203.
Okamura, 1931; Shen and Fan, 1950; Yamada, 1936¢.
Laurencia sp.
Ariga, 1919; Fan, 1953a; Horikawa, 1919; Taniguti,
1976; Tokida, 1939,
1 nillon -
J“'l&‘l

1854:539.

(Martius et Hering) Harvey,
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Ariga, 1920; De Toni, 1895; Chiang, 1962b; Heydrich,
1894; Okamura, 1931, 1936; Rho, 1958; Shen and Fan,
1950; Tseng, 1983; Yoshikawa and Yoshikawa, 1977. As
“Polyzonia jungermannioides”: Okamura, 1897.

Murrayella periclados (C. Agardh) Schmitz, 1893:227.
Tokida, 1941.

Murrayella squarrosa (Harvey) Schmitz, 1893:228.
Shen and Fan, 1950; Yamada, 1936b.

Neurymenia fraxinifolia (Mertens ex Turner) J. Agardh,

1863:1135.

Chiang, 1973b; Okamura, 1931; Shen and Fan, 1950;
Tanaka and Itono, 1969.

Polysiphonia harlandii Harvey, 1859:330.
Segi, 1951; Tseng, 1944, 1983; Yamada, 1933; Yoshi-
kawa and Yoshikawa, 1977.

Polysiphonia kampsaxii B¢rgesen, 1939:122,
Segi, 1951.

Polysiphonia pulvinata J. Agardh, 1842:124.
Segi, 1951.

Symphyocladia marchantioides (Harvey) Falkenberg, 1901:

277.

Ariga, 1920; Chiang 1962a; Chihara, 1970, 1975; Oka-
mura 1930, 1931, 1936; Rho, 1958; Segawa, 1974; Shen
and Fan, 1950; Tseng, 1983. As “Placophora marchan-
tioides™: Heydrich, 1894.

Vidalia obtusiloba (Mertens) J. Agardh, 1863:1123.
Ariga, 1920: Chihara, 1975; Okamura, 1931, 1936; Shen
and Fan, 1950.

INCERTAE SEDIS
‘WURDEMANNIACEAE

Remarks: Taylor (1960:348, 361, 633) assigned the

Wurdemanniaceae to the Gelidiales; however, Farr et al.

(1979) have referred Wurdemannia to incertae sedis.
Wurdemannia setacea Harvey, 1853:246.

Okamura, 1931, 1936; Shen and Fan, 1950.
Wurdemannia sp.

Okamura, 1931.
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