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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

kIn. 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 tum 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 oceanwith moderate to strongwater 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. .
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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, northernVietnam 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 Rurnphius (1741). The stages in

adoption of phycology, in a scientific context, follow trends documented for phycology in

South America (Oliviera, 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 ofphycology 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

specimens. 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
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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 Vettoi 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 tum 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 ofphycologicalknowledge inAsia (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 Japan, 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 Borneo 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 aI., 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. Aflora ofChina 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 coastal 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 tlns

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

Ryukyu Islands

Taiwan

Hong Kong

Philippines

Tropical Australia

Indonesia

Malaysia

Papua New Guinea

Vietnam

Thailand

Hainan Island

Xi Sha Island

References

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 0/., 1963; Lee, 1964, 1965, 1966; Wid­

dowson, 1966; Hodgkiss & Lee, 1981 [Review, partial], 1984, 1984; Tseng

et 01., 1982; Hodgkiss, 1984; Ho, 1986a, b, 1987; Wu, 1987.

Coppejans & Prud'homme van Reine, 1989a, b; Kraft, 1986a; Silva et al.,

1987 [Review].

Gabriel.son & 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 a/., 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, 1989a, 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, c; Chang et a/., 1963; Xia,

1963; Xia & Yamamoto, 1985; Tseng & Lu, 1988.

Tseng & Chang, 1962c; Fan & Wang, 1974; Chang et a/., 1975; Fan et aI.,

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; Ln, 1980; Lu & Tseng, 1980; Zhang & Xia,

1983; Zhang & Zhou, 1980a, b; Zheng, 1980; Zhu & Liu, 1980.
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published by 1928 for Taiwan alone was over 200. Factors creating bamers 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

UI'iversity, Arnoy University and Shandong University, and where C. Y. Chiao, T.G. Chin and

Tseng, worked, respectively. Chiao studied ~eshwateralgae, Chinmarine diatoms, and Tseng

benthic marine algae.

Chinese phycologists have beenvery active inpure 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. Mer receiving his Ph.D. at

MichiganunderW. R. Taylor, and workingfor five years at Scripps Institute ofOceanography,

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 mam contributions made at the Qingdao institutes since the 1950's are in systematics

and large-scale culture of economic algae such as Laminana and Porphyra. The systematics

studies are on a par with western publications along the same lines but show the un­

availability of western publications during the period of the cultural revolution (mid 1960's

to mid 1970's). The contributions of field development and management of economic

seaweeds, Laminana in particular. The natural ranges have been extended thousands of

kilometers and general mariculture manipulations are outstandingly successful.

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 Arnoy 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 Arnoy University to Shandong University in the 1930's. In 1948 and

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

7



Shandong University. The National Academy of Sciences (Academia Sinica) has since

strongly supported phycology. There ar~ 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 ofpublications 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 CI.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 ofmore 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 ofaccumulated 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.SA. for

8



20 years, rather than ha1"ing 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 a~d 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 (I. Abbott, pers. corom.).

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 ofVietnam (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 kIn (Table 2). There are few published records on the seaweed flora,except

for those of Zaneveld (1950a; 1950b; 1952; 1955; 1956; 1959). Morerecendy, Phang(l986)

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 minorpart 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 studies 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 "..iacilitate 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 oftaxa poorly understood, and the training of the person naming the species

uncertain. The authors note a sharp increase in the number ofpapers published on seaweeds

since the mid 1970's which 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 700/0 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

(Park'e and Dixon, 1968, 1976), the Mediterranean (Feldmann, 1937; 1942), Japan

(Okamura, 1936) and Australia (Womersle3T, 1984,1987).

For the tropics and subtropics, comprehensive floras exist for the western Adantic 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 southernVietnam. 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 manykinds ofbiogeographic 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 is, in tum, 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

ofthe 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; LUning, 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 beingcompiled 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 tenns of the evenness of the

datasets,and the degree of completeness or confidence implied by the different kinds ofdata.

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

infonnation 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 Alash to Panama. The bulk of the algal infonnation 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 ofpapers on the biogeographical base ofJapanese algae was a pioneer in attempting

a sortofdistributionalpatternanalysis 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 ofmarine 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 ofmarine 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

terrestrialor marine. The term"amplydistinct" 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 ofbiogeographical 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 Norris, 1985; Silva et al.,

1987; Abbott, 1988; Lewis, 1990).

The current taxonomic records for the WWWP are scattered, mostly available on a regional,

i.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 aI.,

1987) and Taiwan (Lewis and Norris, 1987). Algal references for Hong Kong were recently

gathered and published(Morton, 1990).
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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). SoutheastAsia is characterized as "one of the regions with the most complex structure

on Earth" (Wyrtki, 1961:7) because ofits 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 network 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 2Q-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, lOoC, 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 em/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 extendingbetween

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 maybe used with cover of presence-absense 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 (Ceska 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 d18Itges in the procedure as are appropriate.
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Hypotheses

1. The seaweedflora ofLeizhou Peninsula and southern Hainan Island, China is more
similar to the flora ofVietnam than those ofHong Kong or the Xi Sha Islands.

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

3. The published literature is a useful basis for biogeographic evaluation.

18



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 ofmarine and terrestrial organisms, althoughbenthic 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 (200 15-21°10'N and 109°29'­

37'E) and from the southernmost area of Hainan Island (l8°U'-13'N and 109°29'-3TE)

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 orwere 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 Vietnam, 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 Norris, 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 ofphycological 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. InVietnam, 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 pUIpose ofestablishing a modem, 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.
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The marine flora of the South China Sea is poorly investigated, and is virtually unreported

along more than 2,000 Ion of continental coastline between Hong Kong and Nha Trang,

Vietnam (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 ofall 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 (20015-21°1O'N

and 109°29'-3TE), and from the southernmost area of Hainan Island (18°U'-13'N and

109°29'-3TE) (Figure 2) during a nine-month period from the fall of1986 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).

Specimenswere processed following standard techniques. All specimens were initiallysorted,

pressed and given accession numbers. Specimens were formalin preserved if transport to a

suitable sorting locationwas to be delayed. Conditions ofhigh 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 were 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, coil. 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 withvery turbid water (n, 0, q) and others with intermediate

visibility (f, g, h, i). The single site with the greatest area and variety of habitat was Teehan

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 G,m), boulder-covered sites (f,h, Figure

4D), an intertidal rock bench (g, Figure 3C) and areas with considerable reef development

Ch,k,u-x, Figure 4).

Sites were grouped into four geographic areGl.s: 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 ofnorthern 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 northeastern peninsula. Awide range ofhabitats is present along different aspects of the

island. There are extensive intertidal flats on the west, and relatively deep water on other

aspects. The island is notable for its extensive boulder-strewn coasts in the northeast and

southeast. The south coast of Quwen County Gthrough 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.
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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 ofQuwen 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.
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Duplicates ofall taxa are housed at the herbarium in Qingdao (AST), and a permit for the

remainder of the specimens to be shipped out ofChina 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 oftaxa 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 Caulexpales 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

CladophoropsislBoodleopsis pairs.

The orders Caulexpales 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 ofbrown 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 wand x had

members of all orders, k was missing only Sphacelariales, v missed Ectocaxpaceae. Of the six

families, sites wand 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 (Ectocaxpaceae and Sphacelariaceae). Northern Leizhou

had no representatives of two orders, Ectocaxpales 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

Ectocaxpales were represented in 29% of the sites. Dictyotaceae and Sargassaceae had the
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greatest number of species, 20, reported. Several genera of these two families are typically

tropical (i.e., Dictyopteris , PadinaJ 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 veach 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 bythe final specimens, so the lowrepresentation

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% ofthe 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 siteand most of thesewere 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).
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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

ofHypnea were found at 19 sites, Ceramium at 18 and Gelidium and Dictj'ota 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 ofdifferent 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 expeditionisJ Acanthophora spicifera

andActinotrichiafragilis. 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 modem 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 clarityof 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
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published literature would be relatively reliable at the generic level. In the Scytosiphonaceae,

identification of Colpomenia sinuosa and Hydrodathrus dathratus were accidently inter­

changed on occasion, owing to difficulty ofdiscrimination 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 ofpeak abundance for Nemaliales (l.A.Abbott, pers. comm.).

Although certain red taxa were disproportionally represented in accession numbers, collec­

tion trends among the red algae 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 ofoccurrence. 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, 54%, 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

collectionwould not have biogeographic, but seasonalmeaning.Taxa whichwere 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 280/0 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 strategywhichwas based on a preliminaryspecies checklist and results

ofplanning 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
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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 ofcertain taxa. It is also possible that the habitats were unsuitable to most

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 whichwere 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. Gracilana 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, three species were identified in the

laboratory. If the flora had not been ge~erallydepauperate, it is unlikely that all three species

would have been represented because fewer specimens of Gracilana 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 mosdy

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

ofsites 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

officinali5, Gigartina tenella, Gracilaria salicomia, unidentified species #2 of Gymnogongrus,

the genus Phyllophora, 2 species of Hypnea, Coelothrix irregularis, the genus Bostrychia and

Polysiphoniafriabile. It is possible that these require the nutrient-rich high energy water that

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 Haman 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:

Amphiroafoliacea, the genus Polyopes, Hypnea nidifica, Champia parvula (and other uniden­

tified Champia specimens), Chondria armata and Laurencia majuscula.

Nineteen other taxa with PC?tential biogeographic significance were those exclusively

found in Quwen: Caulerpa taxifolia, Grateloupia (2 identified species and others uniden­

tified), Gracilaria purpurascens, Polycavemosafastigiata, 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.
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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

well-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 subtropicalbrowns, 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
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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 all 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-representedbecause ofits growthhabit. It is found most frequently as a bracket-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 Oate spring, usually).

Given the low likelihood of successful identification and the relatively high degree ofeffort

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,

mva, 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

nutrientwaters. Caulerpa, generally regarded as a tropical genus, was found thickly carpeting

boulders at several sites in Quwen County. Ofthe 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 ofAcetabularia from this list 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 knowledge 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 ofgreen 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 byphycologists 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 ofbiogeographic 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

ofthe 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 ofviewpoints,

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 ofdistribution 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 not 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 Site CollnCate locatIon and Habitat

Teehan Island. At the mouth of Zhanjlang Harbor. extensive tidal

a TeChanDao 3-8,10
flats of sand and mud with well.cJ9Veloped mangrove patches up
to ca 150 m long on the SE, E, and NE sides of the Island. Collec·
tions exclusively Intertidal.

b HongUu 4·9
Haikang County, central Leizhou peninsula. Mud/sand flat, with
few,short mangroves.

c UuZhuCun 3·16
W. Naozhou Island. Mudflat with scattered,mostly small rocks
forming the IntertIdal.

d DanShui 3-16,17,19 W. Naozhou Island. Shallow bay with very gradual slope. Sand
4·28 and sandy mud.

e Nan Jiao 4-29 S.W. Naozhou Island. Rock outcrop on sandy beach.
f Cunliang 3-19 S.E. Naozhou Island. Basaltic boulders on sandy bottom.

9 NaAr.. 3-18,20 E. Naozhou Island. ROCk bench and rock walls south of sandy
4·16 beach.

h Doulong Point 3-17,18 N.E. Naozhou Island. Basaltic boulders with coral near lighthouse.

I N.W. 4·28 N.W. point of Naozhou Island. Scattered boulders on sandy bottom.Naozhou

Xujia 4·7
N.W. Quwen County. Gradual mUddy Intertidal with abundant
small rocks and numerous shallow tidepools.

k Denglou Point 3-13,14,4-8
S.W. polnt,Lelzhou Peninsula Coral reef,clear swift water,collec·
tlons primarily from intertidal and high subtidal.

I Nan Shan 5-3 Mangroves and offshore islet.
Large tidepool and adjacent rocky area. Area where fishing ac-

m Santang Point 3-24 tlvily high. Most specimens lost from this collection because of
presence of Ceamarestla sp.

Hala~ Bay Islet 4-21,22
E. and S. shores of islet. Mud and sand shore with abundant

n rocks. All collections Intertidal.

0 Halan Bay 3-27
Rocky sand bar in bay fringed with large barnacle-covered rocks.
Collections made intertidal and high subtidal.

p Baisha Dadui 3-26
Collections made S. of Baisha settlement, in high subtidal area In
high subtidal, mostly from the sides of boulders.

q Qln~an 4-20
Rocky shoreline, south of site p. Collections intertidal and high

Ught ouse subtidal.
S.E. point of headland due E. of Chikan Zi settlement. Boulders

ChikanZI 4·23 with swift water of intermediate tUrbidity. Rich and abundant algal
flora

• XlaTang 4-24
Rock bar W. of settlement. Swift water, numerous small seaweeds
in tight areas between boulders.
extensive sand and mud flats with little rock One-hour collection

t Wlaluo 5-4 at 2nd rock outcrop S. of E. point from Wailou town. Very poor
algal flora

u S.E. 9-26,10-1,17,20,11·25
W. of Luhuitou Peninsula, including N. and W. sides of Islet and ligh-

SanyaBay thouse reef.

y Xlao g-27li10-11,20 Bay on E. side of Luhuitou peninsula, Including edge of reef on N.
Donghai 11· 4, 2-4,2·20 and S. sides and shallow reeftop.

w Da 9-26, 1~12, 13, 14, 15,16,
Bay N. of Luhultou peninsula, main collections from reef directly

Donghal E. of sand beach.
17,19. 2·14, 20

Collections from western end of sand beach on and around rockyx YeLongBay 2-17 substrate, where stream enters the ocean.
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Table 2.2. Field records (Chlorophvta) for taxa collected from more than one
site. Locality abbreviations follow Figure 2.2.

TAXA

Vlval..

N.' .-Izholl N.lIlzhnlll~. QuWl'n ('n. S. Halllln

SITES

Monooll'Dma_e

Monosl"""" niliduftl Willrock

U1vaceae

x x •• -X-XX-····· _ ••••••

t--:E:-n::-!tronIo__",,":""::-:c-:/aI~,,-:..:-:,._(Rot:--:h),="C_revl_·I_Ie__-+X:-:+X::t->\~X*X-f-'-t:X±: • X • • • •
E.f/e.nlMlI CWulCenlJ. Agardh X X • X X A· X···· x . • • •
E. inltsli...lis (L) Nc!es X • • x . • • • • • x • • • •
E.app. X X X X X • X X • • x • • • • x • •
uralCDIIB","",.,lCjcllman X X X X X X • • • • X • X X • X • • • X •
U.spp. • • X X • • X • • • • X • •

Cladophora'"

Anadyomensoeae

AILCldJ/0ftlmU""B"'ii Harwy • • • • • •

Boodleacese

x . - • • • • • • • • X X X

Boodbspp. • X

CLulopltonlpsis zollingm(Kiltzing) Rclnbold X X X •

SIt""'"""""1........1U (Harvcy)Picronetl X •
Cronow t% l'ic:rone

• X •
• X • •

• X

. X • • • X X X X

• • X • • • • • X •

s.spp.

Valnnian'"a~

D......Iuy<iiWeba-·van Bosse

• • • • • • X

··X •• XX· X •

•• X •

·X····XX.
• • X • - • • X • •

v.spp.

v.spp.

Cladophoraceae

• • • •• X • X •

X • • - X •

•• X X
• • • • • • X • X • •

• • • • • • - • X •

·X·X··X
• X • •

C/wtIOftlOrpIw""'enniu (Dory) KOlzing

C.spp. X . - X
X X • • • X •

• • X • X •

C. spirDli< OIcamura
CLuioplumlaoui Yamada

C. J'Ilgu!Dsll Mal12nS
C.spp.

Caulerpal..

Bryopsidaceae

• X •
• X X .

• • X •• X X

X X X X

··-X·X· ··X·
.X··X· X

• X • • • X •
X X •••• X

•• X X X X XX .XX··XXX

Codia"",e

Codiu", M'f'iiO.C. xhmidl

C.•pp.

Caulerpaceae

• X
x

X .
X • • • • • X •

X .

C. "'lYftIL'SI (ForssUI) J. Agardh
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Table 2.2. (continued)

N. Lclzhou Naozhou 'e. QuwenCo. 5.Halnan

SITES A B C 0 E F C II I J lC L M NO P Q R S T U V WXTAXA

C.........."'''' (Fa....1cA1l J. Ag.rdh - 0 - · · - · · X · X 0 · 0 . 0 · · 0 0 X X X ·
C"pp. 0 · . · · X X - . 0 X 0 0 - 0 0 0 - 0 . - - - 0

C. WiJoI" (Yah)) C. Agerdh · 0 - · - - · - . · X · - X X X X - . - - . - 0

Udo_e

Allnlillt>i/"'" sp. 1 · · X · - - - · - · · · - - . · · · - - X - . X

A.ap.2 - - . · · - · - - - - - - . X - · - - - X - - -
CII1otodesmisspp. X X - 0 - X X · - - X - - - - - 0 · - - - . . ·
HG/irMh IIWI:rOloba Decalsne · · - · · - - - - - · · - - - · 0 - . - . X X 0

Udolelr jllmlSis (Montagne) Cepp tI Cepp - · - · - - · - - · · X · - - - · · - - - X X -
Da~ladalft

Dasydadaceae

Neomnis...nu"'''' Dickie X · - 0 - - - · - · X · - - - - - · - 0 X X X -
Acetabulariaceae

AalAbuLmoz""rw'"Solms-Laubach - - - - · X · X X X X X · - - · 0 - - - - - X ·
Total (39 opodol 10 7 7 7 8 12 20 7 4 2 22 6 3 2 5 4 10 4 6 0 5 1415 6
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Table 2.3. field records (Phaeophvta) for taxa collected from more than one
site. Locality abbreviations follow Figure 2.2.

N. Ld7.hllU Nal>l.hllU I•• QuwcnCo. 5. Hal..."

TAXA

Edocarpal..

SITES ADCDEFCIlI JICLMNOPQRSTUVWX

Ed""arp.aceae

Ed"""'JlllS5pp.

Ciffordill.pp.

ScytollpbOJllllft

ScytoslphoJlllceae

• • • x •
• x '.

• x • x x
• x x

x .•• x x

eo""""";";"",,,,, (Mertens ex Roth) D<!rbc!s
dSolier

EII4moac"""bi"8lumrille J. Agardh
HydI'DCIIlIItnlsdlllllnd.. (c. Agardhl Howe

Chnoosporaeeae

CII"OOSf'O'" implem J. Agardh
C.lp.

Spba<elarialH

Sphacclaria<eae

• • x ~ x • x x • • x •

· x x
x X X X X X • X X •

· x .

·X·X··X.·

··X.X··.XX

• • • x • •
x x

Sp""~"'N.Pp.

Didyot"..

X···.X •••• ·.·······.XXXX

X X · · · · X )( ·
· · · X · X ·

· · · X X X X X X X · X X X · X X X ·
· · X · X X X X · · · X · · · X · X X X ·

· · X . X X · X . X ·

Dictyolaccae

D. ~.fIIll%ll'" (Stackhouse) BaUenl

D. rqms (OkamuJa) Bergcscn

Dit:fyo~ INIr111ymi.ma Lamouroull
D.lZI'lIialrrtis Kiilzing

D.die""'..... <Hudson) Lamoumull
D.spp.
Lobopllo," _pp.
L. IJOriogolll (lamouroull) Womerslcy

..
, x: •

· x •
• X

• • X • X
• X •

• X •

• • • X

• x x x •

Pll4iflllGl,fr.lis Hauck

P. mi"", Yamada
P••pp.

SpaloglOllSllm padficu", Yendo
z.........pp.

Fualee

. . · · . X · X X ·
· X · X X X X · X X · X · X X X X

· X X X X X · · X · X X · · X X X X
. . X · · · X · · X . X X X ·. X · X · · · X · X X X ·

· · X · . X · X · · X · · · · . . X

• X • X •

Sargassaceae

StlrI1A<II"'''''''''l'lryllllmJ. Agardh
S. alriifolillm J. Agardh

s.fu'if"""~ (Harvey) Setchell
s.graclle J. Agardh
S./rzmiplry/lll'" (Turner) C. Agardh
S. ilicifolillm (Turner) C. Agardh
S.",,",ziftgii

S. p"'gioplry'bl", C. Agardh

X X •

I' .
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Table 2.3. (continued)
N. Lcizhou Nanzhuu Is. QuwenCo. S.H.lnan

sins A n C' J) n F Co " I J K I. M N 0 r Q R S T U VWXTAXA

S.".ly,,!/slurn C. Agardh · · · · . · - x x - - · · · · · · · x x x ·
S.8pp. · X X X X - · x x · · x x x X · - · x · · ·
S. tnmirnuIrf ,. Agardh - · · · · · - · · x · · · · · · · · x · . · · ·
TlIrllj""n.o"",'" crurTll!rl ,. Agardh - - - · · - x · · x · · · · · · · · · - X X X X
T.spp. · · · · · · x - · x · · · · · · · · · - . · · ·

Total ()SIpM••) 3 2 4 S 3 9 14 11 6 10 16 4 2 5 8 7 12 5 9 0 9 11 13 10
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Table 2.4. Field records (Rhodophvta) for taxa collected from more than one
site. Locality abbreviations follow figure 2.2.

N. L<,i7.hou Nao7.hnul•• QuwenCo. S.HaINln

SITES
TAXA

N.....llaleo

ABCDHFCHIJKLMNOPQRSTUVWX

L1agoraceae
LiIlgorlJ fllrirtO$/J Lamouroux

L.spp.

Bonnemalsonlaceae

A5pG'lJgopsi5l1Jriformi5 CDclile)Trcvlsan - • - - - x x

x - •

• x

. x x
• • x x x

• x
Calaxauraceae

Jldi.olricltilJ frlJgili5 (ForssUI) Borll"""n

G. rugO$/J <Ellis eI Soland.,.) Lamouroux

·X -·x- _·-xxxx
• • • - X X X X - - X X • - X • X • X • • X X X

. . - x . x -
G.spp.
ScinIJiIlspp.

Gelidiaccae

- - X -
x X -

• - • • - X X

Gelidi"m crilllJC ITumer) Caillon
G. p"sillum (Stackhouse) Le Joli.

G.spp.
PlerodAdiIJ_ltsaru <KGlZing) Santelic:cs

Gclidiellaceae

. - X . - - X X . · X - . X .
X - . X X X X · · X X X X X · X X X .
X - X - X X X X X X · X - X X . · - X X X

- . · X - - · X

r..liditolllJ ......... (Ft.....Ul) Fc1Jm.,nn d I L'IIH~

Cryptonemi.l"

Corallina<cac

- - - - - - X X X - •• - - X X X X X

Unidentified genus sp. 1

Unidentified genus sp. 2
Jlmphi,,,,,dillJlIJlIJ Lamouroux

II. foIi1JC1!IJ Lamouroux

.-
x X X - - - ·

X X X - X
X
X

X • X - X X

- • • - X

x- - -XXX·
II. frlJgili5simIJ lL.) Lamouroux
1I.•pp.

'- • - • • - - - X X
x - X - - X - X - X - X - X • X - X X X -

--_·-X- X -X-XCorlllli""offidOlJ/i5 L.
laoill adhMmu Lamouroux

1. t:IIpi/1IJaA Hal'V\.'Y
l· spp.
,. u'lI"lIJ,. !Yendn) Yendo

-XX--X-

. - - X X X X - X - X
·-X--X-

• • - X X X X
• • X X •

- X - - X X X
• X

M.,.'or""'. """" (c. Aga,dhl Sct<hell
M.spp.

Halymenia<eae

GrIIl.,ou,... filicilUl (Lamnuroux)C. Agardh
G. ",,,,,,.;..i,",, Okamura

X -
··_·X-

- X X -
- X X

•• X

- X -

- - X X

. • X X - X -G.spp.
fla/ymmiIJ spp.

PO/Yapt< sPr.
Prionili. spp.
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Table 2.4. (continued)

N.Lclzhou Naozhouls. QuwenCo. S.Halnan

SITES
TAXA

Pty<.lDnntJiIJ nib", (Grevillc) J. Ag.lIllh

Dumontiaceae

Acrosymp"ylOfl Bpp.

Gigartinal"

ADCD6FGHI JKLMNOPQRSTUVWX

·X··XX······X··XX·

······X···············X·

· . · X . X . X X . X · X · · · X X X .
X . · . X · . X · · X · X · X · X X X X

X X · X · · X . · X · X
X . · · X X · · X

· · X X X X

Gigartinaceae

CigorliM tnI£/Il/ Harvey

Gradlariacme

CnGlodidymt SJ"'ngiosum Zananllnl
~li4i.".i5 Ipp.
Gnxil4rio..wial ZIIang eI Xia
G. b/odSdliiHarvey
G. ew:/ttu".,idts Harvey
G.IteIerocLz411 ZIIang d Xia

• X •

·X·X··X • X •

• X X •

• X
G. PU'J'I""sot11S Harvey in J. Aganlh
G. SIIliCllnlill (C. Aganlh) DaWI01l

G.Bpp.

G.lenui5lipillllll Zhangd Xia
Poly__{ruIigilllll ZIIang d Xia

I'hyllophoraceae

Gym.ogon8"'ssp. 1
G. sp. 2

··X .X··XX·
X· XX· XX • X
X X • X X •

• • X •

· X

•• X··XX

• X •
• • X X X X • • X •

X X • X

X·X· ·XX

• X X
G.sp.3

Pltyllop""", spp.

Soticrla<eae

• X • • X
• X • X X X • • X

• X X

50lh ",""sill (CreYillcl Kylin

Caulac:anthaceae
··············X

X ••

X • • • • •

• • X • • • • •

Hypneac:eae

H!fP'U'IIt%rI1ia>mi5 J. Aganlh
H.joponialTanaka

H. nidi[1CII J. Aganlh
H.spp.

RhodymmialH

Rhodymcniaceac

Coelothriz imSUlllris Berg"""

• X •

X X • X X

. X X •
• X •

X •
X X X X X •

• X •• X

· X X · X · .
· · X X

· · X X X .
X · X X X X X · X X X X

• • • • • • X

RhodY""'"M i"/rinllD (Okamural Okamura

R.Bpp.

Champiacalc

Chmnpia",,"",ill (C. Agatdh) HanlCY
C.Bpp.
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Table 2.4. (continued)

N.Lclzhou Naozhoul•. QuwenCo. S.H.lnan

SITES .. A B C 0 E F Cfl I J K L M N 0 p Q R S T U VW XTAXA

Cnami.1n :

Ccramiacaae

Cllli'''''"",iortspp. · · · · x · · · · · · · · · x - x · · · · · x ·
CmIroamosd",,,W,,,,, (c. Agardh) Montagne X · · X - X X X X · X · · X X X X X X · · · X ·
Qnrl!lRtlllSPP· X X - X X X X X X - X X X · · · X X X · X X X X
SpmtID''''''''niDn spp. - - · - · - · · X · - - - · · · · · · · · · X ·
SpyridiAlpp. X · · · X - - · · · X · · X X X · · · · · · · X

W'GnS"IiAlpp.
, - · X · - - X · · X X · · · · · · · · · · · · X:

Dcl"...cnaceae

Cryp'opltunr spp. · · · · · · · · · · · · · - · · · X X · · · · ·
(Genus unknown) sp. - - - · · X - · · · · · · · · · · X · - · X ·

Dasyaceae

Heterosip"""iJI spp. · · · · X · X · · · · X - - · · X X X · · X · X

Rhodomelaccae

Mn'1u>pIrmrr IIIW=idts (1..) Dory X · - · X X · · · · · · · X X X · · X · · · · ·
A. spidfm (Vahl) Bmgcsen · · - · - · · · · · X · · · X X · · · · · - · ·
Bosrryt:1l.. spp. · · - · · X X - · · · · · · · - X X · - · · · ·
C/umdrilJ""""'" (Kiltzing) Okamura · · - · - - - · - X · · · · · - · - · · X X X ·
C.spp. X - - · - - · - · - · - - · - · · · X · · · · ·
~rip""""spp, · · · · · - X - · - · · · · · · · X X · · · X ·
lAurmcio -iuSCJI'" (Harwy) Okamura - · - - · - · · · · · - · · · · · · X · · · · X
t.spp. X - · · · X X X X X · X · · X · X X X · X X X X
L. ,,1Ul,,1o'" Yamada · · - · - - - - · - · · · · · · · X X · - · · ·
Ucei'aiunS""""nniDides (Hering tl Martens) · - · · · · · · X · · · · · · · X - X · · · X ·Harvey
Polysip/lon", friIlbilt · · · · · · X · X · · - · · X · · · · · · · · ·
P.spp. X · X X X · - X · X X X · · X - X X · · X X X X
SympJrioclodiG spp. · · · - · · · · · · · X · · X - · X X · · · · ·
rolypioclodilrglolllt1\llo/Q (C. Agardh) Schmitz - · · - · · · · · · · · - · · · · · · · X X · ·

Bangial..

Bangiaceae

Porplryra spp. · - X - · X X · · · - · · · · · · - · · · · · ·
Tolal /86 "'0) 16 6 7 1012 1834 lS 15 IS 23 12 S 4 2S 13 2330 39 0 1929 4026

49



Table 2.5. field records (Chlorophyta) for taxa collected from only one site.
Localitv abbreviations follow Figure 2.2.

N. Lci1.hou Nao7.hou II. QuwenCo. 5.Halnan
SITES A B C 0 F. F c:: II I J K L MN 0 r Q R 5 T U VWXTAXA

Vlval"

MonDlltl'Omataceae

Monosl""""sp. - · - · - · · · x · · · · · · · · · · · · · · -
U1vaceae

En-'1''''' 'inu (1..) J. Agarclh · · · l( · · · · · · · · · · · · · · · · · · · ·
E. pro'if- (O.F. Millll!l') J. Agarclh l( · · · · · · · · · · · · · · · · · · · · · · ·

etadophoftllee

Anadyomenaceae

AruulYO_lp. · · · · · · · · · · · · · · · · · · · - · x · ·
Micr04icfyoPl nigusam (Yamadal Sctchell · · · · · · - · · - x · · · · · · · · · · · · ·

Boodleaceae

CW"1'ltoropsi$ sp. · · · · x · · · - · · · · · · - · · · · · · ·
Valonlaceae

Vmlrialriacenlrial.. (I. Agarclh) · · · · · · - - · · · · · · · · · · · - x · · ·Oben·Stoikovlch

Cladophorac:eae
C,",,/OmDrp/uJ Ii",,", (Milller) J(Qlzing · · · · · · · · · · · · · · · · · · x · · · · ·

Caulnpales

Codiaceae

Cedi"," ""pi'14'"," Tseng., Gilhert · · · · · · · · - - · · · · · · X · · - · - · ·
Caulerpaceae

I

O!"'.'I"":lIpl'O$5Oides (Vahl) C. Agardh · - · · · · · · · · X · · · - · - · · · - - · ·
C. smll14rioides (S.C. Cmelin) Howe · - · - · · · · · · X · · · - · · · · · · · · -
C. DtrIicil"'''' J. Allarclh · - · - · · · · · · · · · · - · · · X · · · · ·
C. wtbbia.... Montagne · · · · · · · - · · - · - · · - · · · · · · · X

Udoteaeeae

Atmli"tri'lrA trtcl.ll (8erlceley) Gepp tl Cepp · · - - · · - - · · X · · · - · · · · - · · · ·
Oalycl.dalee

Dasycladaceae

8orlltlt'IIro'igospolllSolms-Laubach · · - · · - · · · · · · · · · · - · · · · · X ·
Acetabularlaceae

Aa:/O""",""<»'yculus Lamlluroux · · · X · · · · · · · · · · · · · · · · · · · ·
TotalC16sptcltl) 1 0 0 2 0 1 0 0 1 0 4 0 0 0 0 0 1 0 2 0 1 1 1 1
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Table 2.6. Field records (Phaeophytal for taxa collected from only one site.
Locality abbreviations follow Figure 2.2.

N. La7.hou N.1lJ'l.hou I~. QuWCllCo. S.HaiJwl

TAXA

Scytoaiphonaletl

SITES ABC D E F G H I J K L M N 0 P Q R STU V W x

Scytoslphonaceee

RDstnlli"pomlow O. AgardhlBmgcscn

Dictyolllietl

Dictyotaceae

Dicty~. "".I",lIis (Sonder) A.leen••y
D. LIIillsculll (Olcamura) Okamul'll

Dictyolll'inaris (c. Agardh) Greville

Fucales

Sargassaccae

SGrg<tSSlllflgl",,=ns J. Agardh

S./rmslowilJ""1f1 J. Agardh
S.lrerklolsiiSctchell
S. """","i(Turner) C. Agardh

S./01Igifructlllll Tseng tf Lu
S. rnyriDcystlllll J. Agardh
S. "igrifolilllfl Vendo
S._zii (Turner) C. Agardh

S.lI<IdIdl",,"", Greville

··········.···.· .. ·x·

. . x
• x • • •

x .. - -
• x • •

• x •
x •

x •
• x •.

• x •
• • x •

. x
• • x •

······x·
TOIllI ClC op«lel' 1 000
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Table 2.7. Field records (Rhodophyta) for taxa collected from only one site.
locality abbreviations follow Figure 2.2.

TAXA

Nemalialeo

Dermonemataceae

SITIiS

N.t.a..hnu

IA D clo E F Co II

Quwcn Co. S. Halnan

, K L M Nlo P Q R 5 T U V W x

DmnmItJna"..1lIi....1II (Grunow in HolmC!l) Far • • •

Dolyop/lyCIIs .p.

Uagnraa!llc

LillgorQ botrgesmiiYamada
L. a",,,,oides LamoulOux
L. di...,iaIl11T"""g

L. "".i"dQIII sr. irwl.
L. sa_osisToeng
L. !>Ofida Hal'Vl!)'

Galaxauraceae

Sci..... 'si.g""'ell5isT5Cng

Gelidia~

PlerotlAdill /llIfoglossDides (Howe) Daw!\On

Cryplonftlliale.

Corallinaceae

C.•p.
IQ." CFiIS.IQ Lamouroux

I. "''''''" (L.) J.amouroux

Halymeniaceae

G'Qlel""pU> r""'luOCII5is Tanalea

Cigamnaleo

• X • • • • •••
• • • X •

• • X

• X
x •

• X •
• • X

· X

·· ·······X

X-····.···········

• • • • • X
• X

· X
• X •

X········

Gigartinaceae

Gig.ni....p.

Gracilariaceae

G,adr.."'toron"';!ol.. ,. Agaroh
G. <ylindricJ IlorgC!lCn

G.lI!%Iorii (Suringar) DcToni

··········.······X······

• X .
X •

. X

Caulacanlh.ceae
~~~-u-"'-~~Ih-~-.-p-.--------~~X~f~~:~~ •••••••••••••••• ,

Ceramialeo

Ccramiacl'ac
• X •

t-_W_'._nl/"',_';•...:I'"'_;n_~_r.._III-'(C_._A...:II'-._ni_h-')C_._A...:s,-.n_l_h-iHl-lt__. _ --.I-.+-,+,+.+X++++-+-+-+-+-+-i-i-l-l-I
DcIC!lOllriaceae

C.,"S/,o.... /tpriellrii(Montagne) J. Agardh

c.•p.

Dasyaceae

Dcr<ylSp.

,X •

X "

········ ········X

52



Table 2.7. (continued)

N.lrI1.hau Nall1.hnlll~. QuWC!fl CD. S. Malnan

[:T~A~X~A=====~;~S~IT~ES~
Rhadomclamtc

Urumtei<l oblu.. (HuellOn) LamoulOUx · · · · · · · · · · · · · · · · · · · · · x · ·
L. obonu_ Vamlclll · · · · · · · · · · · · · · · · · x · · · · · ·
L. ,."';1"'1"111I,. TlCI\g · · · · · · · · · · · · · · · · · · · · · · x ·

Porphyrldlalet

ConlDlrichaceac

ConiolridluIII .p. · · · x · · · · · · · · · · · · · · · · · · · ·
Tolal (29 la"") 4 0 0 2 0 1 2 0 0 0 3 0 0 0 0 2 0 2 0 0 0 1 4 8

53



Table 2.8. Summary of Genera by Site and Area. Absence of a family Is Indi­
cated with a darkened cell. Absence of Identified species within a family or
order Indicated with an asterisk. List arranged systematically for green, brown
and red genera.
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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 area.
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 SY
Tolal

Ulvales 17 2 7 6 2
Monostromataceae 6 2 2 2 0
Ulvaceae 16 2 7 5 2

Cladophorales 19 2 6 7 4
Anadyomenaceae 4 0 0 1 3
Boodleaceae 13 2 4 3 4
Valoniaceaa 10 0 4 3 3
C1adophoraceae 13 2 5 6 0

Caulerpales 20 2 6 8 4
Bryopsidaceae* 11 0 4 4 3
Codiaceae 5 0 3 1 1
Caulerpaceae 13 0 3 6 4
Udoteaceae .12 2 3 3 4

Dasycladalea 11 1 4 3 3
Dasycladaceae 5 1 0 1 3
Acetabulariaceae 8 0 4 3 1

Ectocarpales 7 0 1 3 2
Eetoearpaceae* 7 0 2 3 2

Scytoslphonales 13 0 6 4 3
Scytosiphonaceae 13 0 6 4 3
Chnoosporaceae 4 0 0 1 3

Sphacelarlales* 6 1 1 0 4
Sphacelariaceae* 6 1 1 0 4

Dlctyotales 22 1 7 10 4
Dietyotaceae 22 1 7 10 4

Fucal" 18 2 4 7 4
Sargassaceae 18 2 4 7 4

Nemallales 20 2 6 8 4
Dermonemataceae 2 0 1 0 1
Uagoraceae 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

c2ftonemlales 19 0 6 9 4
rallinaceae 18 0 6 8 4

Halymeniaceae 9 0 2 4 3
Peyssonneliaceae 6 0 1 3 2
Dumontiaceae* 2 0 1 0 1

Gigertinaies 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 5 8 4

Rhodymenlalea 7 0 1 4 2
Rhodymeniaceae 6 0 1 4 1
Champiaceae 3 0 0 2 1

Caramlal" 23 2 7 10 4
Ceramiaceae 23 2 7 10 4
Delesseriaceae 5 1 1 2 1
Dasyaceae 8 1 7 9 4
Rhoclomelaceae 21 1 7 9 4

Banglales* 3 0 3 0 0
Bangiaceae* 3 0 3 0 0

Porphyrldlales* 1 0 1 0 0
Goniotrichaceae* 1 0 1 0 0
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Table 2.10. Taxonomic :epreaentatlon compared
with taxonomic diversity at the level of Order.
Diversity la presented as amount of ref)re­
sentatlon at taxonomic subcategories. Percent­
age la given for all sites and wltbln area sltea.

F G S ~ ~ ~ ~ %

TOlIlI LZ NZ ow SY

Chlorophyta
Ulvales 2 3 10 fj1100100 60 50
Cladophorales 4 1 23 79 100 86 70 100

Caulerpales 4 7 20 83100 86 80100
Oasycladales 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 86 40 75
Sphacelariales 1 1 1 25 50 14 o 100
Oictyotales 1 7 18 92 50 100 100 100
Fucales 1 2 22 75 100 57 70 100

Subtotal 6 17 49

Rhodophyta
Nemaliales 6 10 23 83100 86 80100
Cryptonemiales 4 14 27 79 0 86 90100
Gigartinales 6 11 27 96100100100100
Rhodymeniales 2 3 5 29 0 14 40 50
Ceramiales 4 21 31 96100100100100
Bangiales 1 1 1 12 0 43 0 0
Porphyridiales 1 1 1 4 0 14 0 0

Subtotal 18 61 115

Total 36 102 221
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Table 2.11. Site ranks for diversity, num-
ber of unique species and percenta~e of
unique species. Highest rank = 1;· ndl·
cates that this ranI( Is shared by more than
one site.

Sites DIversity Uniqueness Uniqueness
Rank #I 'l>

a °11 °2 3
b 18 °6 °9
c 17
d °14 3 4
c 15 °4
f 9 "4 °8
g 2 °6 °11
h 12 °12

°14 °1 °11
j 13
k 3 °6 S
I 16

m 20 °6 6
n 19
0 10 °6 13
P °14 oS °7
q 7 oS °11
r 8 °4 oS
s 4 °4 10
t 21 °6 1
u °11 "S °9
v S oS °11
w 1 "2 °7
x 6 °1 2
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Table 2.12. Unique species compared whh total species per she•

• It c .. • r • It I J II I • • • P II I • • • •
Rodapp. 20 6 7 12 n 19 36 15 15 15 :l6 12 5 4 Z5 15 23 3Z Z9 0 19 30 44 34
unlqllO 4 2 I 2 3 2 2 I 4 8
OrMnspp.11 7 7 9 13 20 7 5 2 :l6 6 3 2 5 4 11 4 8 0 6 15 16 7
unlqllll 1 2 I 1 4 1 2 I I I I
Brownopp. 4 3 4 5 10 15 12 6 10 18 4 2 9 7 13 6 10 10 11 14 10
unlqllll 1 1 I I 1 2 I I I I I I
Total Spp. 35 16 18 :l6 23 42 71 34 :l6 ., '10 22 10 11 39 26 47 42 57 35 56 74 51
Unlqllll 6 1 4 . 3 3 1 1 9 I I 2 2 3 3 I 2 2 6 9
Spp.
'lroUnlqllll 17 6 15 7 4 3 4 13 10 2 8 4 7 , 100 6 4 8 18
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Table 2.13. Summary of Unique Species by Area.
Total number of species Is followed by. unique (In
parentheses). and the ratio of the two In percent.

LZ NZ QW SY

Greens 12(1) 35(4) 41 (7) 27(5)
8% 11% 17% 18%

Browns 6(3) 27(6) 36(12) 21 (3)
50% 22% 33% 14%

Reds 22(4) 56(7) 78 (17) 67 (21)
18% 12% 22% 31%

Tolal 40(8) 118(17) 155(36) 115 (29)
20% 14% 23% 25%
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Table 2.14. Genera with the highest taxonomic
diversity.

21 Sargallllum
12 Graellarla
n Caulerpa
6 Laurenela
6 Uagora.
S Amphiroa
S Janie
S DletyotB
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Table 2.15. Genera most fre3uentllf collected. All
with over 10 number. are lis ed.

# /I #
specimens «<eollS species sites G B R

11 Monostroma 2 6 X
12 AcIinotrichia 1 6 X
12 Grateloupia 4 4 X

13
Bryopsisl

1 11 XTriehosolen
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
34 Gymnogongrus 3 9 X
37 Enteromorpha 6 10 X
38 Centroteras 1 14 X
44 Polysiphonia 2 17 X
49 Dietyota 5 15 X
51 Padina 4 20 X
52 Caulerpa 9 13 X
53 Amphiroa 4 12 X
63 Gelidium 3 18 X
64 Laureneia 6 15 X
66 Sargassum 20 18 X
70 Cladophora 3 12 X
73 Ceramium 1 18 X
99 Hypnea 4 19 X
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Table 2.16. Species wnh 10 or more accessIon
number••
# species # species

77 Hypnea sp.
73 Ceramium sp.
56 Laureneia sp.
54 Cladophora sp.
44 Polysiphonia sp.
39 Dietyota sp.
38 Centroceras sp.
36 Gelidiopsis sp.
34 Gymnogongrus sp.
33 Padina minor
32 Gelidium sp.
27 Gracilaria asiatica
26 Spatoglossum pacificum
25 Gelidium pusillum
23 Galaxaura oblongata
21 Gelidiella aceraos
21 Amphiroa sp.
20 Enteromorpha sp.
19 Ulva oonglobata .
19 Amphiroa foliacea
18 Lobophora sp.

17 Gracllaria sp.
15 Janlasp.
15 Heterosiphonia sp.
15 Colpomenia sinuosa
15 Padina australis
14 Boodleopsis/Chlorodesmis
14 Chondria armata
13 Sargassum polycystum
13 Bryposis/Tric:hosolon
12 Qlulerpa racemosa
12 Sargassum sp.
11 Jania adhaerens
11 Gracilaria "b1odgettii"
11 "crusts·
11 Caulerpa racemosa v. peltala
10 Ceratodictyon spongiosum
10 Monostroma nitidum
10 Hypnea nidifica
10 Cladophora rugulosa
10 Enteromorpha clathrata
10 Giffordia sp.
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120E 150E

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 Undo-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
Island (sites c-j), Quwen County (sites j-t) and Sanya, Hainan Island
(sites u-x).
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Figure 2.3. Field site habitats, Lelzhou Peninsula.

A. Mangrove stand at northeast point of Teehan 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 Teehan 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 Island
(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).
Sailya harbor shiping channel passes between islet and lighthouse.

B. Northward view from southeast point of Luhuitou Peninsul::l, showing Xiao Donghai 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 (t). 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. Reef in 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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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 (200 1S'-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 distincdy 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 gready, 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 i~ 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 ecoiogy 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 orwhich 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

ofmarine 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 ofa 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 Braun­

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 (974) 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 strategyassumes that the integrity of taxonomic decisions is not an issue.
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COENOS

The computer program COENOS (Ceska & Roemer, 1971; Cdka, 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 releves (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 releves and species. Releves are listed in columns, species in rows.

Rule I: Diagnostic species must occur in at least xOfo of the releves belonging to the
given releve group and in not more thany% of the releves outside this group.

Rule n: The releve belongs to the releve group indicated by the given group of
diagnostic species if it contains at least x% of these diagnostic species. (Cdka &
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 notpresent. Parameters ofgrouping

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) maybe 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 intelpret the cause for cohesiveness patterns.

COENOS perfonns differently with datasets of different data structure, or quality. One

practical application of the program suggested by the authors (Ceska &Roemer, 1971) is an
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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 maybe stronglystructured 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

releves. By selectively removing releves, 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 sufficiendy species-rich data, produce very many groups,
these decrease both in number 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 ofbiogeographic

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 independendy 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 ofinformation 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 inner 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

intelpretation of the analysis results will be in terms of what are already known as the

challenges of intelpreting 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 intelpretation of less consistent

data sets.

Materials and Methods

A variety of habitats along a coastline extending over 3S0 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 2001S'-21°lO'N

and 109°S0'-1l0033'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 ofhabitats over a period ofseveral 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 pUlposes 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 4areas: northern Leizhou (sites a,b); Naozhou Island

(sites coil; Quwen County (sites jot); Sanya (sites u-x).
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Site t was excluded from analysis because a significant number ofspecimens 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 grouped 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 ofdifferent 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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Caulerpa serrulata. Boodleopsis sp., Neomeris annulata, Cladophora rugulosa. Valoniopsis pachynema.
Anadyomene wrightii. Chaetomotpha antennina, Codium geppii. Udotea javensis

Enteromorpha tubulosa. Monostroma nitidum. E. flexuosa, Cladophoropsis zollingeri, Chaetomorpha spiralis
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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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Turbinaria ornala

Group 2 Sargassum polycyslum. Lobophora variagala. Dictyopteris repens,
Dicyola cervicornis

Figure 3.3. Stand types from the analysis of the brown algal species, data and map of
analysis summary. Two species groups are present. Eight field sites are ungrouped,
and are unlabled in the map. .
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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 algal 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 ofspecies 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.

Apattern 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 fonn 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 collections became

the basis for comparison to the published literature. In examining these taxa by com­

munity ecology techniques, I 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 infonnation on brown and red taxa, but not green.

Using community ecology tedmiques as a tool, I have offered a further contnbution

toward using floristics as a base for biogeography.
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AppendixA.
A History and Annotated Account

of the Benthic Marine Algae of Taiwan

Appendix A. is an original research contribution published in Smithsonian Contributions to

the Marine Sciences, Number 29, 1987.
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ABSTRACT

Lewis. Jane E.. and James N. Norris. A History and Annotated Account of the
Benthic Marine Algae of Taiwan. Smithsonian Contributions to the Marine Sciences,
number 29. 38 pages, I figure. I987.-Records of the benthic marine algae of the
Island of Taiwan and neighboring islands have been organized in a floristic listing.
All publications with citations of benthic marine green algae (Chlorophvta), brown
alg-de (Phaeoph~·ta). and red algae (Rhodophyta) in Taiwan are systematically ar­
ranged under the currently accepted nomenclature for each species. The annotated
list includes names of almost 600 taxa. of which 476 are recognized today. In
comparing the three major groups. the red algae predominate with 55'k of the
reported species. the green algae comprise 24'k, and the browns 21%. LauTtncia
brongniartiiJ. Agardh IS herein reported for Taiwan for the first time.

The history of modern marine phycology in the Taiwan region is reviewed. Three
periocls of phycological research are recognized: the western (1866-1905);Japanese
(lll!l5-1945); and Chinese (1950-presen9. Western phycologists have apparently
owrlooked the large bod\" ofJapanese studIes. which included references and records
of Taiwan algae.

B\" bringing together in one place all previous records of the Taiwanese marine
f1om. it is our expect,lIion Ihat this wOTk will serve as a basis for further phycological
inwsligations in Ihe western Pacific region.
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A History and Annotated Account
of the Benthic Marine Algae

of Taiwan

Jane E. Lewis andJames N. Norris

The history of recognizing, naming, and using marine
algae in China extends far back into the early Chinese
literdture. Although of uncertain antiquity, the specific
mention of marine algae goes back at least to the publication
ofthe Er Ya· or Lilerary E"<posilor (Tseng and Chang, 1961),
a dictionan' that dates to the 3rd century B.C. (Needham,
1970). Application of Latin binomials to the Taiwan marine
flom, however. began only in the late 19th century (Mar­
tens, 1866). After a period of European collections and
..eports, a period of eKtensive japanese studies during the
earlv to mid-20th century followed. The third, or current,
peri~d is one in which th~ 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 eKplorations from the
German expedition to East Asia, 1860 to 1862. During this
voyage von Martens' son Eduard. chief zoologist for the
eKpedition, 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), a
northeast Taiwan seaport, including three marine algal
species, Viva lacluca f. lapathifolia. Graleloupia filicina f.
filiformis, and Caulacanthus ustulatus var. jastigialus. not
aR"din recorded from Taiwan.

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

Historical Review

Introduction
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 j,lpanese political dominance in Taiwan. Volumi­
nous studies on theJapanese flora and fauna. then including
Taiwan. were undertaken. It was during this time that
exploration of the Taiwan marine flord was most intensive.
dominated bv the work of K. Okamura (e.g.• 1900-1902,
1907-1942)~ndhis student. Y. Yamada (1930-1944).

The first publication of this period. "New or Little Known
Algde From japan" (Okamura. 1895), included two new
records of species from Taiwan. Many publications specifi.
callv addressed the Taiwan flora (Okamura, 1915b. 1931,
193'5b; 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 generdl japanese floristic works (Okamura, 1930,
1936; Yamada. 1928. 1934). Three important series con-

Jan, E. Uwis, D",a,lfflmt ai Bol4n,. Univ",sily 01 Hawai~ and E",t·W"t
CmUr. Honolulu. Hawaii 96822. Jam" N. Narris. D,partmnll rif Botan,.
National Mwrum oiNaturaIHis"'". SmitJuonian Institution. Washington. D.C.
20560.
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tainin~ numerous. but scattered. references to Taiwan algae
are lIlus/ra/ions of the Marine :\lgae of Japan (Okamura.
1900-19(2) and leones ofJapanese .1lgae (Okamura. 190i.
1909. 1!1I3. 1915a. l!l21. 192:~. 19:n 1934b. 1935a.
19:n. 1!142); Yamada's "~otes on Some Japanese Algae"
(l9:1Il. 19:Ha. 19:\2b. 19:~:~. 19:~5. 1936b. 1941. I944b);
and Yendo's ":-;Oles on AI~ae New to Japan" (1909.1914.
1!1I5. 1916a. 1911ib. 19IH).

From an early time the j;lpanese were interested in flor­
islic (·ompal'isons. sometimes speculating on the reasons for
disjune! species distributions or factors that might cause
adjacent areas 10 have divergent floras (Ariga. 1920. 1921;
Ok,unul"a. 19151>. 1919), One of the lirst comparative phy­
lO~eo~raphic sllldies of the western Pacilic re~ion (Yamada.
I92ti) included Taiwan as one of its eight floristic areas, Of
the 42 taxa compared in the region. I ti were present in
'·aiwan.
JaJ~mese monographs included new or additional records

of laxa lilr Taiwilll, Among tht'se were slUdies of the Cor­
allinaceae (Segawa. 1941; Yendo. J902) and the Florideo­
phH"eae (Tanaka. 1944). and the ~enera Gelidium and Pter­
orlaclia (Okamura. 1934a). Galaxaura (Tanaka. J935.
l!l:lti). Il.\'pnea (Tanaka. I!l4J). Laurencia (Yamada. 1931b.
I!1:~lic). Liagora (Yamada. 1938a). Porphyra (lieda. 1932).
;md Sargassum (Yamada. 1942).

Many of the papers written specifically on Taiwan's ma­
rine flo... are in Japanese, Arig-a (1919) describes a 14-day
nlll('clin~ trip and lisls 43 taxa collected. Horikawa's (1919)
"Marine Algae of Taiwan" reports 20 red. 10 brown. and
15 green spt'cies. based on determinations by Okamura of
specimens thm had been collected by Horikawa. Nagasawa.
Maki. and their studellls at locales around Taiwan. includ­
ing Danshui and Ji10ng in the north. Elanbi (Olanpi) in the
south. Xiao Liuqiu (Shao Liou Chou) and Lan Yu. and the
Penghu (= Pescadores) Islands. In another study a )'ear
later. Ariga (1920) reported 69 taxa for the Penghu Islands
and compared them with his records from"Amoy." a small
island off Fujian (= Fukien) Province. southeast China coast.
Allhough 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)
relied heavily on the papers of 'lendo and Okamura.

The p'>pers of AI'ig-a (1919. 1920) and Horikawa (1919)
were subsequelllly overlooked by later authors. perhaps due
in part to having been written inJapanese. Both 1919 papers
use the Latin scielllific names and authors of the species
followed byJapanese 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 ofour research.

S~ttTHSONIAN CONTRIBUTIONS TO THE MARINE SCIENCES

however. these Japanese names were found to be a special
('ase because lhe)' are not common names but a Japanese
,'ersion of the scientific name (Lai Chuen-fu. personal com­
munication). When Latin binomials were introduced to
Japan. the Japanese erected equivalelll 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).
il has been possible to translate Ariga's names into the
binomial form f()r inclusion in the current listing.

Yamada's studies on the Chloroph}'ceae (1925a) and the
I'haeophyceae (I !125b) of Taiwan. representing his under­
graduate thesis at Tokyo lini"ersity under K. Okamura.
are frequent Iv cited in later publications. Most of the spec­
imens of these papers were collected by Yamada during a
shon spring collecting trip 10 the nonh and soulh coasts of
Taiwan ;lIId to the Penghu Islands. with a few additional
specimens pro,'ided by T. Aoki. then a government official
in '·aiwan.

Economic considerations ha,'e also comributed to iden­
I ification of Taiwan's marine flora. Some papers were de­
vOled 10 the agarophYles in Tiliwan at a time when the
Japanese seaweed industry was flourishing (Okamura.
1915b. 1935b; Oshima. 1915), Taiwan's east coast was
thought (() possibly have a richer agarophyte flora than
north Taiwan or any other coast in Japan. However, due to
the presence of nnfriendly aborigines (Okamura. 1915b).
this Il\'pothesis was not i1l\'estigated umil much later, and
was found to be incorrecl (Fan. 1951).

Se\'eral papers discuss Taiwan algae used as foods. The
island of tan Yu (also called Kotosho. Botel Tobago. or
Orchid Island) has attracted much attention because of its
aboriginal population. unique biology. and its close prox­
il1lil" (til km) to the island of Taiwan. An issue of the
Bull~tin of the Biogeographical Society ofJapan (1931. "01. 2.
no. 2) ,,'as de,'oted 10 the ;mthropology and biology of Lan
Yu. with Okamura (1931:95-122) reponing 92 taxa of
benlhic algae from collections made by S. Segawa during
one summer mOlllh in 1930. Only about one-third of these
algae (Okamura. 1931) were also known to be on both
Tail,'an and Lan Yu. The Lan Yu flora was considered to
be Indo-P"cific in nature. whereas no specific comments
were made on the affinities of the Taiwan Island marine
flora. Of the man}' algae presumably eaten by the ·Yami"
tribe on Lan Yu. Okamura listed 12 (Carpopeltis formosana.
Laureneia sp,• •4canthophora orientalis, Ha/ymenia durvillaei
""r. formosa. H.~pnea seticulosa? !Vema/ion pulvinatum, Chon·
dria armata. and Dermonema dichotoma). also giving a Japa.
nese transliter.lIion of their traditional Yami names. Sub­
sequenth'. Tokida (1939) published an almost identical list
of al~ae eaten by the "Ami" people on Taiwan with the
saine conlmon names.

An identification book ..... ith photographs of Japanese
seaweeds published during this period (Higashi. 1934) in.-
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c1uded 12 records of Taiwan taxa. With the high scholarly
level chamcteristic of the Japanese picturebook genre. spe­
cific names are generally considered accumte. 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 Sal'­
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)
commellls 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 aCCOulll 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 ofalgae,
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 algae from
the entire Chinese region. as "all that has been done in the
study of Chinese algae." If the Japanese literature (e.g.•
Okamurd. 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 oflanguage, 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
(194Ib), 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 ~ 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 G.lidium and Pt.rocladia 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 aI., 1983) have been the focus of his phycological contri­
butions.

Professor Chiang began phycological publications (as a
student ofY.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 alg-de (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 ofa few days to Penghu. Chiang (1962b)
recorded 26 species and noted the fragmentary nature of
earlierJapanese records in the Penghu Islands. Dr. Chiang
began working on Taiwan's phytogeog-raphic 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
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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
sUl(gested 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 (orJapanese) 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. 19111; 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 Aora. and others that substantiate previous records.
Taxonomic studies on Sargassum (Chou and Chiang. 1981).
Liagora (Chiang and Chen. 1982). and Gracilaria (Yang and
Chianl(. 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 al!role (Chueh and Chen. 1982). especially
Gracilaria (Chen. 1976; Shang. 1976; Michanek. 1978;
Ryther. 1979; Tseng. 198Ia.b; Chiang. 1981; Doty. 1983).
and Porph.vra (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 OIL (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 progrolm. centered in the southwest of
Taiwan. began in 1961. and by 1979 about 12.000 tons of
the dry seaweed 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 ofagar quality
and quantity produced in Taiwan (Yang, 1982; Yang et OIL.
19111) provide records on the native agarophyte Aora. and
a comparison ofagar from species in Taiwan and Micronesia
(Nelson et OIL. 1983) provides information on Taiwan sites
of naturoll populations.

In contrast to Graci/aria, PorphJra 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 PorphJra
and monospore formation were investigated. This study
and two on Conchoulis culture (Chiang and Chou. 1980;
Liaw and Chiang. 1979) also provide taxonomic informa­
tion on native Taiwan taxa.

SMITHSONIAN CONTRIBUTIONS TO THE MARINE SCIENCES

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
an industry in Taiwan. usinga 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 Chiorella. 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 OIL. 1982). 30 species from Taiwan were screened for
antimicrobial activity.

Geographic: and Oceanographic Features

The area encompassed in this study includes the main
island of Taiwan and a few of its 14 associated islands as
well as the 64 islands ofthe Pescadores Archipelago (Figure
I). The islands most commonly referred to in the phycol­
ogicalliterature are those of Taiwan (= Formosa) (21 •53'­
25'18'N.120'I'-122'O'E). Orchid Island(= Kotoshoor
Lan Yu) (22'O'-22'5'N, 121'36'-121'30'E). Green Is­
land (= Kasyoto or Lu DOlO) (22'38'-22'41 'N. 121 '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 area 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 ofroughly
1600 km.

Oceanographic conditions around the island vary in to­
pography. temperature. and currents. The Taiwan Strait is
shallow (60 111 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 coaslal walers. Shoreline conditions in Taiwan
"a1'y from sand~' to rocky shores wilh murk)' water in the
nonh. to cor.t1 reels wilh dear swil'l waler in Ihe soulh. To
the east are precipitous cliffs and rough walers with deep­
o('ean upwellin~s ;lIonl{ the coast and. in comr.J.sl. level.
,'aim expanses of il1lenidal mud and sand flats along the
western shoreline,

The Iwo main currems affecting Taiwan are the Kuroshio
(or Japanese) Cun'el1l and the Taiwan coastal currem. The
Kumshio Currem hrin~s water of high temper.llllre and
5:llinit,· up from Ihe Philippines and the equatorial region
toward southern Taiwan where it branches. The stable.
main hr.mch runs past the easl coast ofTaiwan at an aver.J.ge
velocilY of :~O 10 -Ill nautical miles per day toward Japan
(lJSDD 'aulical :'01;11' ;:!1401O). A smaller branch. subject
to seasonal ,·ariabilitv. veers west through the Taiwan Sirait.

Flowing sOUlh alon~ the China mainland coastal region.
tIlt' Taiwan ("()astal currem carries colder water from nonh
In smnh. and is stTOng in summer and weak in wimer. Two
smaller s....sonal currems. the nonheast monsoon currem
and Ih,' soutll\\"{'st seasonal currem. result li'om an imerac­
lion helween the IWO major currents and the pre,'ailing
\\'ill(ls.

Discussion

While compiling Ihe records of Taiwan algae from the
numemus publicalions. effons were made 10 find Ihe cor­
reci name as well as the valid date and place of publication
lill' each of the taxa in the annotated list. Unfonunatelv.
phyn>lo~islsdo nOI have a modern source for specific nam~s
sud, as Index Keu'ensis (jackson el al.. 1893 to date; see
Sialleu and Cowan. 1979:39i-398. for complete listing)
for phanerogams. or Index Filicum (Christensen, 1905,
1906; see Stafleu and Cowan. 19i6:501-501. for complete
listing) for ferns. Our effort has shown how great the need
is for surh an index of algal species names. such as has
recemlv heen done for the generic names of fossil and Ih'ing
plal1ls (Farr ('I al.. 19i9). In the absence ofsuch a reference.
we Ii,und Ihe eadier works of De Toni (1895-1924) and
Dawson (I !IIi:!) helpfill.

The Taiwan algae projeci was undertaken recognizing
that a sin~le bibliogmphic source on the Taiwan marine
flora would Iilcilitille identification of the algae and their
dislrihlllion and would encourage funher research ,,'ithin
Il,e re~ion. It was e"idem that the existing literature was
widelv dispersed and not adequately referenced in most
phycological bibliogr.lphies. It became necessary to care­
fullv research the east Asiatic algal 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
ployed at Ihe Fisheries Biology Labor.J.tory. Institule of
Zoolog,,, Academia Sinica. Taiwan. Additional extensive
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searches ,,'ere necessary 10 locate original publications 10

establish proper citation of the binomial and 10 subsequemly
delermine the currem taxonomic and svstematic SlalUS of
each laxon. For this work. Ihe E. Yale D~wson Phvcological
l.ibl'ary and Departmem of BOlany libraries of the :\ational
Museum of 'alUral History. Smithsonian Institution. were
il1\'aluable.

The annOlated list stands as a compilation of reports of
attached. bemhic marine taxa occurring nalUrall\' in the
region of Taiwan. Efforts were taken to locate all rele,'am
literature. and although it is possible Ihat additional reports
can be found. the present work represems Ihe most com­
prehensive compilation available for the region. It must be
emphasized Ibat records are taken from published papers
and Ihal the accurac\' of these identifications has nol been
confirmed bv herba~ium invesligations; reported names of
taxa are simply nOled and arranged systematically following
currem convemion. Verification of the delerminations
;m'ails future ill\'estig-dtion. Some indication of accurdcy
may. howe,·er. be gained from Ihe frequency and dales of
the reports for any given tilxon. For example. the three
taxa reported b,' :'olartens (1866) that have nol again been
recorded mal.' be considered in need of verification. Never­
theless. it is ielt Ihat the presem list reasonably reflects the
general composition of the Taiwan marine flora.

The Annotated List

There are -I i6taxonomic entries in this list. svstemalicall\"
ilrr~mged following Abboll and Hollenberg (I'Y76) for th~
red algae. ;md Lobbiln and \\'\'Ime (1981) for the brown
~md green algae. Below famil;' level. genera and species
within each genus are listed alphabelically. Each entry con·
SiSIS of (I) the curremly accepled laxon name. with ils
author(s). and date and page of valid publicalion. and (2)
an illphabetical list of Ihe inveslig-dtors who have reported
Ihe taxon present in the Taiwan region.

OJ'lhographic errors in publication of taxa were found to
have occurred nine times in this list (M.J. Lti and D.H.
l'icolson. personill communication). These were simply cor­
reeled. with the original spelling in single quotations follow­
ing -Recommendation 50F.I" of the International Code of
Botanical ,\'omtndatuTe (\'oss et al .. 1983).

In some cases there are additional names within the entrv.
In reponing a tilxon from Taiwan. authors sometimes us~d
names Ihal have since been considered taxonomic or no­
mendalUr.ll s"noll\'ms. or ha"e been re-determined bv later
ill\'esti~lIors" In ~11 cases. the actual names used bv the
;IUthOl:S for Iheir algal records from Taiwan are relai~ed in
this list. Howe'·er. when those names differ from the cur­
rentl\· accepted ones. the)' are included in the alphabetical
list of references to Ihe taxon. It is hoped Ihat by preserving
the original names. the concepls 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
commellled 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 flordl 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 'Ire deserving of further study. Indications are
that a number of physical and biotic factors interact to
create this din'rsity of floristic types exhibited in the Taiwan
region.

Based on writlen reports from the literature. this study
makes available much previously inaccessible information
basic to all ph~'cological studies of the East Asiatic region.
This comprehensive list of marine algae. treated in both
hislOrical and modern systematic contexts. constitutes a
basis for further systematic and ecological investigations
and biogeogrdphical comparisons among the East Asian and

7

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

CHLOROPHYTA

ULOTRICHALES

ULOTRtCHACEAE

UlothrixJ1auida (Dillwyn) Thuret in LeJolis. 1863:56.
Taniguti. 1976.

CHAETOPHORALES

CHAETOPHORACEAE

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

ULVALES

ULVACEAE

Enteromorpha clalhrata (Roth) Greville. 1830:181.
Chiang. 1960: Fan. I953a: Okamura. 1931. 1936: Shen
and Fan. 1950: Tokida. 1939.

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

As "E. crinila"; Ariga. 1920: Chiang. 1960; Chihara.
1970: De Toni. 1895; Fan. 1953a: Heydrich.1894: Oka­
murdo 1936: Seg-dwa. 1974: Shen and Fan. 1950; Tokida.
1939.

Enteromorpha compussa (Linnaeus) Greville. 1830:180.
Chiang. 1960: Fan. I 953a: 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 lima (Linnaeus)J. Agardh. 1883:134.
Chiang. 1960. 1973b; Chiang et al.. 1974. As "Phycoseris
lanceolata var. angusta"; Martens. J866.

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

Enteromorpha sp.
Chiang. 1973b.

Monostroma latissimum (Kiitzing) Wittrock. 1866:33.
Chiang. 1973a. 1973b: Okamura. 1935b; Rho. 1958.
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Monostroma nitidum Wittrock. 1866:4 I.
Chiang. 1960; Fan. 1953a: Okamura. 1936: Shen and
Fan. 1950; Taniguli. 1976: Yamada. 1925a. 1925b.
19:H.1950.

Viva angusta Selchell el Gardner. 1920:283.
Chiang. I 973a: Okamura. 1935b.

Viva conglobata Kjelhllan. 1897b:10.
Ariga. 1920. 1921: Chiang. 1960. 1962a: Shen and Fan.
1950; Taniguli. 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.

Viva japonira (Holmes) Papenfuss. 1960:309.
As "Letlerstedtia japonica": Chiang. 1973a; Okamura.
19:~5b: Taniguli. 1976.

Viva lactuca Linnaeus. 1753: 1163.
Chiang. 1960. 1973b; Fan. 1953a; Heydrich. 1894; Oka­
mura. 19:~O. 1931: Shen and Fan. 1950: Su el al.. 1982;
Yam'ld'l. 1950; Yoshikawa and Yoshikawa. 197i.

Viva lactuca f.lapathifolia (Areschoug) Hauck. 1884:437.
As "Ph.vroseris lapathifolia": Marlens. 1866.

Viva pertusa Kjellman. 1897b:4.
Ariga. 1919. 1920: Chiang. 1960. 1973b: Fan. 1953a;
Horikawa. 1919: Okamura. 1921; Rho. 1958: Shen and
Fan. 1950; T'llliguli. 1976; Tokida. 1939. 1954: Ya­
mada. 1925a: Yoshikawa and Yoshikawa. 1977.

Vit'a utirulata Forsskal. 1775: 187.
Arasaki. 1964; Arig-a. 1920; Chiang. 1960. 1973b; Fan.
195:~a; Okamura. 1936; Rho. 1958; Segawa. 1974; Shen
and Fan. 1950; Tokida. 1939; Tseng. 1936; Yamada.
1925a.

Viva rigida C. Agardh. 1823:410.
Ariga. 1920; Yendo. 1916b.

('Iva sp.
Chi.mg el al.. 1974.

CLADOPHORALES

CLADOPHORACEAE

Chae/omorpha aerea (Dillwyn) Kiilzing. 1849:379.
Ariga. 1921.

Chaetomorpha aerea f. versata Heydrich. 1894:273.
De Toni. 1895; Heydrich. 1894; Okamura. 1936; Shen
and F.lIl. 1950.

Chaetomorpha basire/rorsa Selchell. 1926;72.
Chiang. 1960.

Chae/omorpha brarh.vgona 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 /inum (O.F. Miiller) Kiilzing. 1845:204.

Ariga. 1919; Chiang. 1960; Fan. 1953a: Horikawa. 19 I9;
Okamura. 1936; Shen and Fan. 1950; Tokida. 1954;
Yamada. 1925a. 1926. 1950: Yendo. 1916a.

Chae/omorpha spiralis Okamura. 1912:162.
Chiang. 1960. 1973b; Fan. 1953a.

Cladophora aokii Yamada. 1925a:85.
Okamura. 1936; Shen and Fan. 1950; Yamada. 1925a.

Cladophora fu/iginosa Kiilzing. 1849:415.
Okamura. 1936: Tseng. 1983: Yamada. 1932b. 1934.
1950.

Cladophora mon/agnei \·ar. radicans Yamada. 1925a:87.
Okamura. 1936; Shen and Fan. 1950; Yamada. 1925a.

Cladophora pattntiramea (Montagne) Kiilzing. 1849:416.
Okamura. 1936; Shen and Fan. 1950; Tseng. 1983;
Yamada. I 925a. 1950.

Cladophora pel/ucida (Hudson) Kiitzing. 1845:208.
Okamura. 1936; Shen and Fan. 1950. As "e. prolifera":
Okamura. 193 I.

Cladophora rugulosa ~laTtens. 1866:112.
Ariga. 1920.

Cladophora sci/ula (Suhr) Kiitzing. 1849:399.
De Toni. 1895; Heydrich. 1894; Okamura. 1936; Shen
and .·an. 1950.

Cladophora sibogae Reinbold. 1905: 146.
Okamura. 1931. 1936; Shen and Fan. 1950: Taniguli.
1976; \'amada. 1950.

Cladophora sp.
Arig-a. 1919. 1920; Fan. 1953a; Horikawa. 1919; Oka­
mura. 1931: Shen and Fan. 1950; Tokida. 19:~9.

CAULERPALES

CoDIACEAE

Codium adhaerens (Cabrera) C. Agardh. 1!l23:457.
Arig-d. 1919. 1920: Chiang. 1960. I 962b; Horikawa.
1919; Okamura. 1936.

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

Codium contrac/um Kjellman. 1897b:35.
Ariga. 1920; Taniguti. 1976.

Codium rylindricum Holmes. 1896:250.
Taniguti. 1976.

C:odium dichotomum (Hudson) S.F. Gray. 1821 :293.
Fan. 1953a; Tokida. 1954. As"e. tomentosum": De Toni.
1895: He\'drich. 11l94; Shen and Fan. 195(1.

C:odium form'osanum Yamada. 1950: 180.
"an. 1953a: Yamada. 1950; Yoshikawa and Yoshikawa.
1977.

C:odium fragile (Suringar) Hariot. 1889:32.
As"e. mucronatum": Ariga. 1919: Horikawa. 1919.
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Godium inlricatum Okamura. 1913:74.
Ariga. 1919. 1920; Chiang. 1962b. 1973b; Fan. 1953'.1;
Hig-dshi. 1934; Horikawa. 1919: Shen and Fan. 1950;
Yamada. 1950.

Godium reediae Silva in Egerod. 1952:389.
Chiang. 1973'.1.

Codium repms (P. et H. Crouan) Vickers. 1905:56.
Fan. 1953'.1; Okamura. 1931. 1936; Shen and Fan. 1950;
Tseng. 1983; Yamada. 1925'.1.

Godium tenue Kiitzing. 1856:33.
Fan. 1953'.1; Okamura. 1936; Rho. 1958; Shen and Fan.
1950; Taniguti. 1976; Yamada. 1925'.1.

UDOTEACEAE

Chlorodesmiscaespilosa J. Agardh. 1887:49.
Chiang. 1973b; Chihara. 1975: Yoshikawa and Yoshi­
kawa. 1977. As "C. formosana": Arasaki. 1964; Chihard.
1970; Okamura. 1930. 1936; Rho. 1958; Segawa. 1974;
Shen and Fan. 1950; Yamada. 1925'.1.
Remarks: Ducker et '.11. (1965) and Ducker (1967) pro­
vide evidence for reducing C. formosana into synonomy
with G. caespilosa (see also Fan. 1974).

Chlorodesmis comosa Bailey et Harvey in Harvey. 1858:29.
Ariga. 1920; Higashi. 1934: Okamura. 193 I. 1936; Rho.
1958; Shen and Fan. 1950; Yamada. 1925'.1.

Halimeda cuneala Hering in Krauss. 1846:214.
Higashi. 1934; Okamurd. 1930. 1936; Shen and Fan.
1950; Taniguti. 1976; Yamada. 1925'.1. 1950.

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

Halimeda incrassata var. ovata (I. Agardh) Barton. 190 I:27.
Okamura. 1936; Yendo. 1909.

Halimeda macroloba Decaisne. 1841:118.
Chiang. 1973'.1. 1973b;Okamura. 1915'.1. 1935b. 1936.

Halimeda opunlia (Linnaeus) Lamouroux. 1812:186.
Ariga. 1920; Chiang. 1973b; Su et '.11.• 1982; Taniguti.
1976; Yamada. 1926.

Halimeda unschii Hauck. 1886:167.
As "H. opuntia f. rmschii": Ariga. 1919. 1920; Chiang.
1962b: Horikawa. 1919; Okamura. 1915'.1. 1931. 1936;
Shen and Fan. 1950; Su et '.11.. 1982: Yamada. 1925'.1.
1950.

Halimeda velasquezii W.R. Taylor. 1962: 176.
As "H. opuntia f. inlermedia" Chiang. 1962b.

CAVLERPACEAE

Gaulerpa cupressoides var. lycopodium f. amicorum (Harvey)
Weber-van Bosse. 1898:337.

Ariga. 1920.
Gaulerpa freycinmi var. freycinetti f. lala Weber-van Bosse.

1898:313.

9

Ariga. 1920; Okamura. 1936; Shenand Fan. 1950; Yosh·
ikawa and Yoshikawa. 1977. As "C. freycinetti var. typica":
Okamurd.1931.

Gaulerpa racemosa (Forsskal)J. Agardh. 1873:35.
Arig-d. 1919; Fan. 1953'.1; Horikawa. 1919; Taniguti.
1976; Tokida. 1939.

Caulerpa racemosa var. clavifera f. macrophysa (Kiitzing) We-
ber-van Bosse. 1898:361.

Ariga. 1920; Chiang. 1962b; Okamura. 1936; Rho.
1958; Segawa. 1974; Yamada. 1925'.1. 1926. 1950. As
"e racemosa var. clavifera": Okamura. 1913. 1931; Shen
and Fan. 1950; Yamada. 1925'.1. 1926; Tseng. 1983.

Gaulerpa racemosa var. clavifera f. microphysa (Kiitzing) We­
ber-van Bosse. 1898:36I.

Okamurd. 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. 1925'.1. 1926. 1950; Yoshikawa and Ycshikawa.
1977.

Gaulerpa racemosa var. occidentalis (J. Agardh) Bt/lrgesen.
1907:379.

Yoshikawa and Yoshikawa. 1977.
Caulerpa racemosa var. peltata (Lamouroux) Eubank.

1946:421.
As "e. pellala": Chiang. 1960. 1962b; Okamura. 1931.
1932. 1936; Segawa. 1974; Shen and Fan. 1950; Tseng.
1936; Yamada. 1950.

Gaulerpa racemosa var. turbinala (I. Agardh) Eubank.
1946:420.

As "C. racemosa \'ar. chemnitzia": Chiang. 1960; Shen and
Fan. 1950; Yamada. 1925'.1. 1926.

Gaulerpa serrulala (Forsskal) C. Agardh. 1823:446.
Eubank. 1946; Segawa. 1974; Tseng. 1936; Chihara.
1975.

Caulerpa serrulala f. lata (Weber-van Bosse) Tseng
1936:178.

Tseng. 1983.
Gaulerpa sertularioides (Gme1in) Howe. 1905:576.

Ariga. 1919: Chihara. 1975; Horikawa. 1919; Yamada.
1950.

Gaulerpa sertularioides f. longipes U. Agardh) Collins.
1909:415.

Ariga. 1920.
Gaulerpa ,taxifolia (Vahl) C. Agardh. 1823:435.

Yamada. 1926.
Caulerpa webbiana Montagne. 1838: I8.

Ariga. 1919; Horikawa. 1919.
Caulerpa webbiana f. disticha Weber-van Bosse. 1898:270.

Okamura. 1931. 1936; Shen and Fan. 1950.
Gaulerpa webbiana f. tomentella (Harvey) Weber-van Bosse.

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

Bryopsis han'eyana.J. AKardh. 1887:22.
Okamura. IY:H. I9:~6: Sh~n and Fan. 1950: Ts~nK.

I !IH:~: Yamada. 1925a. 19"1l.
!lryopsis indiw .\. "t E.S. (;"1'1'. 1908: 169.

Chiang'. 191;0. 1%2b.
Bryapsi" mucosa I.amouronx. I tl09b::l33.

Chiang'. 1!160.
Bryopsis pill/nosa (Hudson) C. Agardh. 1823:448.

Aril{'" 1920: Chianl{. I!160: De Toni. 1895: Heydrich.
189-1: Ok,unur,•. 19:16: Rho. 1958: Shen and Fan. 1950.

DERBESIACEAE

/)erbe.,ia lamollroll.•ii (J. Ag'lrdh) Soli~r. 1847:162.
Tanil{llli.I!176.

SIPHONOCLADALES

SIPHONOCLADACEAE

Boergesenia forbesii (H'II'\'e\') Feldmann. 1938:584.
Chianl{. 1%2b. 1!17:~b: Tseng. 1983: Yamada. 195\). As
""alonia forbesii"; Ariga. 1919: Horikawa. 1919: Oka­
mura. IY:~6: ~;ht'n and Fan. 1950: Yanmda. 1925a.

V ALONIACEAE

Boodlea fIlarta (Dickit·) ~furr:t\' el De Toni in Murr,.y.
Itltl9:2-15.

Yamada. 1!126.1%0: Yoshikawa,md Yoshikawa. 19;;.
Boodlea romposita (Har""y et J. Hooker) Brand. 1904: 187.

Chianl{. 19li\). I!17:\b: Okamura. 1936: Shen and Fan.
I95\): Tsenl{. 19t1:l: Yamada 1925a. 1950.

Boodlea montagnei (Harvey ex J.E. Gray) Egerod. 1952:332.
As "B. paradoxa"; Chi,ml{. 1960: Okamura. 1936: Shen
,md Fan. 1950.

Boodlea siamensis Reinbold. 190 I: 191.
Chianl{. 1962b: Okamura. 19:1l. 1936: Shen and Fan.
J950: Yamada. 1925a.

Boodlea l-an-bosseae Reinbold. 1905:148. 'van Bossei·.
Okamura. 1919. 19:H. 1936: Shen and Fan. 1950. As
"B. bosseae"; Aril{a. 1919: Horikawa. 1919.
Remarks: Following the examples given under Article
73.9 of the International Code of Botanical Nomenc/ature
(Voss et al.. 19113). "a hyphen is correctly used in an
epilhet afier a word which could stand independently
. . .: we spell the species name "van-bosseae."

Chamaedoris orientalis Okamura et Higashi in Okamura.
1931:98.

SMITHSONIAN CONTRIBUTIONS TO THE MARINE SCIENCES

Okamura. 1931. 1932, 1936: Shen and Fan, 1950.
Cladophoropsis herpestica (Montagne) Howe. 1914:31.

Shen and Fan. 1950.
Cladophoropsis sundanensis Reinbold, 1905:147.

Chianl{, 1960: Su el al.. 1982.
Cladophoropsis :ollingeri (Kiitzing) Reinbold. 1905:147.

Chiang, 1960: Shen and Fan. 1950: Su et aI., 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 :ollingeri was
validly published. Most authors (e.g., Papenfuss, 1950:
Chianl{. I962a; T;miguti. 1976) have accepted C. :ollin­
geri (Kiitzing) BiPrgesen (\ 905:288) as correct. According
to Aniele :l:\.1 of the International Code of Botanical
Somenc/ature (Voss et al.• 1983), "the combination is not
\'alidly published unless the author definilely indicates
that the epith~t or epithets concerned are 10 be used in
that panicular combination:' Parallel to the exampl~s.

such as EulophllS, ciled in the Code, BiPrgesen (1905) has
merely stated that MS. :ollingeri" belongs here but did not
aClUally make Ihe combinalion in Cladophoropsis. The
earliest valid combination we are aware of is: C. :ollingeri
(Kutzing) Reinbold 1905:147.

Dictyosphaeria bokotensis Yamada. 1925a:81.
Okamurd, 1936: Shen and Fan, 1950: Yamada. 1925a.
1950.

Dirtyosphaeria cavernosa (Forsskal) BiPrgesen. 1932:2. ,
Chiang. I96\). 1973b: Shen and Fan. 1950; Taniguti.
1976: Tseng. I!ltl:l. As MD.fatoulosa"; Arig-d. 1920: Oka­
mura. 1930. 1931. 1936; Yamada. I925a, 1926.

,\Iicrodi(tyon japoni(um Setchell. 1925: I 07.
Chiang. 1962b: Tseng. J983; Shen and Fan. 1950. As
"Rhipidiph)'llon reticulatum"; Ariga. 1920; De Toni, 1895:
H~vdrit-h. 189-1.
Re;narks: Fan (197-1:249-250.253-254) reviews tax­
onomic prohl~ms with the genus Rhipidiphyllon Heydrich.
1894:281. The type-locality for this genus is in east
Taiwan.

Mi(rodirtyon nigrescens (Yamada) Setchell, 1925: I07.
Okamurd. 1936: Shen and Fan. 1950; Fan, 1974: Ya­
mada. 195\). As "RhiPidiphyllon nigrescens": Yamada,
I925a.

Mi(rodictyon okamurae Setchell. 1925: I07. ·okamurai'.
Okamura. 1931; Shen and Fan. 1950: Tseng. 1983.
R~marks: The correct spelling for the Latinization of
Professor Okamura's name is "okamurae" and has been
corrected throughoul this slUdy.

StrUl'ea anastomosans (Harvey) Piccone et Grunow ex Pic­
cone. 11l84:20.

Ariga. 1920: Tseng. 1983.
Struvea delicatula KUlling, 1866: I.

Chiang. 1960; De Toni. 1895; Heydrich, 1894: Oka-
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mura. 1930. 1931. 1936; Shen and Fan. 1950; Yamada.
1925b.1926.

~'alonia aegagropila C. Agardh. 1823:429.
Chiang. 1973b; Chihara. 1975; Shen and Fan. 1950;
Tseng. 1983; Yamada. 1925a. 1950; Yoshikawa and
Yoshikawa. 1977.

Valoniafasligiala Harvey inJ. Agardh. 1887:10J.
Okamura. 1931; Shen and Fan. 1950.

Valonia utrieularis (ROlh) C. Agardh. 1823;431.
Okamura. 1931. 1936; Shen and Fan. 1950; Tseng.
1983; Yamada. 1926; Yendo. 1914.

Valonia verticillata Kiilzing. 1849;508.
Okamura. 1930.

l'aloniopsis pachynema (Martens) B¢rgesen. 1934;1O.
Chiang. 1960. 1973b: Shen and Fan. 1950; Tseng. 1983;
Yamada. 1950; Yoshikawa and Yoshikawa. 1977. As "Va­
lonia confrrvoides"; Ariga. 1920; Okamura. 1909. 1931.
1936; Yamada. 1925a.

11

ANADYOMENACEAE

Anadyomene u'rightii Haney 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.

ECTOCARPALES

EcTOCARPACEAE

PHAEOPHYTA

SPHACELARIALES

SPHACELARIACEAE

Ectoearpus brtviarticulalusJ. Agardh. 1847;7.
Okamura. 1936; Segawa. 1974; Shen and Fan. 1950;
Tseng. 1983; Yamada. 1925b. 1950.

EClorarpus laurentiae Yamada. 1931a;66.
Okamura. 1936; Shen and Fan. 1950; Yamada. 1931a.

Eetoearpus spinosus KiilZing. 1843;288.
Hevdrich. 1894; Shen and Fan. 1950.

Ectoedrpus van-bossea Selchell el Gardner in Setchell.
1924;170.

Yamada. 1950.
Ertocarpus sp.

Chiang. 1976.
Feldmannia formosana (Yamada) hono. 1973:162.

As "Ecloearpus formosanus"; Yamada. 1950.
(;iffordia mitehelliae (Harvey) Hamel. 1939;xiv.

As "Eetocarpus mitehelliae"; Chiang. 1960; Okamura.
1936; Shen and Fan. 1950; Tseng. 1983; Yamada.
1925b.

CHORDARIALES

CoRYNOTHLAEACEAE

Leathesia difformis (Linnaeus) Areschoug. 1847:376.
Taniguli. 1976.

Sphacelaria furtigera \·ar. tenuis Yamada. 1941:196.
Shen and Fan. 1950; Yamada. 194 J.

Sphacelaria lribuloides Meneghini. 1840;2.
Chihara. 1975; De Toni. 1895; Heydrich. 1894; Oka­
mUrd. 1897. 1936; Seg-dwa. 1974; Shen and Fan. 1950;
Tseng. 1983; Yamada. 1925b.

DICTYOTALES

DlcrYOTACEAE

Dielyopleris delicatula Lamouroux. 1809b;332.
Yamada. 1950.

Dietyopteris repens (Okamura) B¢rgesen. 1920a:265.
Tseng. 1983; Yoshikawa and Yoshikawa. 1977. As "Neu­
roearpus repens"; Okamura. 1931. 1936; Shen and Fan.
1950.

Dielyopleris undulala Holmes. 1896;251.
Tseng. 1983. As "HaliseTis undulala"; Okamura. 1907.
As "Neurocarpus undu/ala"; Higashi. 1934; Okamura.
1930. 1936; Shen and Fan. 1950. As "N. undulata f.
plana"; Chiang. 1960; Okamura. 1930. 1936.

Dietyota bartayresii Lamouroux. 1809b:331.
Okamura. 1931.1936; Shenand Fan. 1950.
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Dietyota Cl'ylanica ,'ar. anastomosans Yamada. 1950:186.
Yamada. 1950: Yoshikawa and Yoshikawa. 1977.

Dietyota diehotoma (Hudson) Lamouroux. 1809a:42.
Ariga. 1919: Higashi. 1934: Horikawa. 1919: Okamura.
1930: Rho. 1958: Shen and Fan. 1950: Tokida. 1954:
Yamada. 1925b.

Dietyota dilata Yamada. 1925b:252.
Okamura. 1936: Segawa. 1974: Shen and Fan. 1950;
Yamada. 1925b.

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

Diet.vota hamifera Setchell. 1926:92.
Yamada. 1950,

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

Diet.vota patens J. Agardh. 1882:93.
T,miguti.1976.
Remarks: How,. (1920) and Allender and Kraft (1983)
("(,mid"r this taxon to be a syuonym of D. bartayresii
1...lIUUlIrnux.

Dietyota spinulosa Hooker et Arnott. 1838:275.
Ariga. 1920.

Dilophus okamurae Dawson. 1950:83. ·okamurai·.
Chihara. 1970. 1975: Fan. 1953b; Seg-awa. 1974: Tseng.
19H:t As "D. marginatus": Chiang. 1960; Okamura. 1936;
Shen and F,m. 1950.

Dilophus radieans Okamura. 1916:7.
Chiang. 1960: Okamura. 1936: Shen and Fan. 1950.
Remarks: Fan (1953b) considers this name to be in need
of s\,nonOlIlV since he belie"es D. radicans maY be the
pro~1rate fo~m of Padina commersonii (see also 'Lewis et
al.. 19117).

Lobophora variegata (l.amourou,,) Womersley. 1967:22\.
Tseng. 1911:{. As "Gymnosorus eollaris": Ariga. 1920. As
'Zonaria variegata": Heydrich. 1894.

Paehydie(von coriaceum (Holmes) Okamura. 1899:39.
Ariga. 192(); Chiang. 1976: Chihara. 1970; Okamura.
19%: Rho. 1958: Shen and Fan. 1950.

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

Padina australis H'\IIek. 18117:44.
Chiang. 196(). 1962b: Okamura. 1931. 1932. 1936: Rho.
I9:,H: Shen and Fan. 1950: Su et al.. 1982: Tseng. 1936.
19113: Yamada. 1925b. 1931a. 1950.

Padina boryana Thi"y in Taylor. 1966:355.
Tseng. 1983.
Remarks: Papenfuss (\ 977) considered both P. tenuis
(C. Agardh) Bory and P. commersonii Bory to be synonyms
of Lobophora variegata (Lamouroux) Womersley. and rec­
ognized P. baryana Thi\'\' as the name for this taxon.
Tseng (19113) apparently follows this. listing P. commer­
sonii as a sYnonym of P. banana. whereas Womerslev and
Bailev (1970) a'nd Allende~ and Kraft (1983) considered
P. commersonii and P. boryana to be synonyms ofP. tenuis.

SMITHSONIAN CONTRIBUTIONS TO THE MARINE SCIENCES

Padina erassa Yamada. 193Ia:67.
Ariga. 1920: Chiang. 1960: Yoshikawa and Yoshikawa.
1977.

Padina dun'illaei Bon'. 1827:591.
Arig'•• 1920: Chia~g. 1973a: De Toni. 1895: Heydrich.
1894: Okamura. 1935b; Shen and Fan. 1950.

Padinajaponica Yamada. 193Ia: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. 193\. 1932. 1936: Rho. 1958: Shen
and Fan. 1950: Taniguti. 1976: Tseng. 1983: Yamada.
1925b. 193Ia.1950: Yoshikawa and Yoshikawa. 1977.

Padina tenuis Bory. 1827:590.
As "Padina commersonii": Okamura. 1931. 1936; Shen
and Fan. 1950; Yamada. !925b. 1931a.
Remarks: See "Remarks" herein under Padina boryana
Thivy in Taylor.

Spaloglossum pacijieum Yendo. 1920:2.
Chiang. 1973a.

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

Zonaria diesingiana J. Ag-ardh. 1841 :443.
Ariga. 1920; Chiang. 1960: Okamura. 1930: Shen and
Fan. 1950: TsenH. 1983: Yamada. 1925b.

Zonaria jlabellata (Okamura) Papenfuss. 1944:341.
As "Homoeostrichusjlabtllatus": Taniguti. 1976.

Zona ria harveyana (KiitzinH) Areschoug. 1851 :26.
As "Homoeostrichus multijidus·: Chiang. 1960: Okamura.
1936: Shell and Fan. 1950; Yamada. 1925b.

Zona ria nigresrens Sonder. 1845:50.
Hevdrich. 11\94: Shell and Fan. 1950.

Zona ria stipitata Tanaka et Nozawa. 1962: 183.
Chiang and Chou. 1980.

Zonaria sp.
Su el al.. 1982.

SCYTOSIPHONALES

ISHIGEACEAE

lshige 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 M/.foliacea": Rho. 1958: Tseng. 1936.

PUNCTARIACEAE

Petaloniafascia (O.F. ~fiiller) Kuntze. 1898:419.
As "lito fascia": ChianH. 1960. 1976: De Toni. 1895:
Rho. 1958: Shen and Fan. 1950; Tokida. 1954: Yamada.
1925b. As "Phyllilisfascia": Heydrich. 1894.
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ScYTOSIPHONACEAE

Chnoospora implexa (Hering)J. Agardh. 1848:172.
Chiang. 1960; Okamura. 1931. 1936; Shen and Fan.
1950; Taniguli. 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. 1950.

Colpomenia sinuosa (Mertens el Roth) Derbes 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 binghamiaeJ. Agardh, 1896:27.
Ariga. 1919. 1920; Chiang. 1960, 1973b. 1976; Colton.
1915; Fan, 1953a; Higashi. 1934; Horikawa. 1919; Oka­
murdo 1930. 1936; Rho. 1958; Shen and Fan. 1950;
Taniguti. 1976; Tilden. 1929; Tseng. 1983; Yamada.
1925b.

Hydrocla/hrus cla/hra/us (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.
cancella/us": De Toni. 1895; Heydrich. 1894; Higashi.
1934; Okamura. 1897. 1931; Yamada. 1925b.

Rosenvingea orien/alis (J. Agardh) Br/lrgesen. 1914:26.
Okamura. 1936; Shen and Fan. 1950; Tseng. 1983. As
·Hydrocla/hrus orien/alis": De Toni, 1895; Heydrich.
1894.

Scy/osiphon lomen/aria (Lyngbye) J. Agardh. 1848:126, 'lo-
men/arium·.

Chiang. 1973a. 1976; Okamura. 1935b. 1936; Segawa.
1974; Tokida. 1954; Yamada. 1925b. 1928. As ·S. lo­
men/arius·: Chihara. 1970. 1975.

FUCALES

CYSTOSEIRACEAE

Cys/oseira prolifera J. Agardh. 1848:215.
Chiang. 1976.

Cys/oseira sp.
Nizamuddin. 1970.

Hormophysa triquetra (Linnaeus) Kiitzing. 1843:359.
Chiang. 1973a; Okamura. 1935b; Su et al.. 1982.

SARGASSACEAE

Sargassum amabile Yamada. 1944a: I.
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.

13

Chou and Chiang, 1981.
Sargassum berberifolium J. Agardh. 1848:337.

Okamura. 1936; Shen and Fan. 1950; Yamada. 1925b.
Sargassum binderi Sonder inJ. Agardh. 1848:328.

Chiang. 1976; Chou and Chiang. 1981; Okamura. 1936;
Shen and Fan. 1950; Yamada. 1925b.

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

Sargassum coriifolium f. prolonga/um (Okamura) Yamada.
1950:192.

Yamada, 1950. As ·S. prolonga/um": 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. 193Ia:72.
Chiang. 1960. 1962b.

Sargassum cristaeJolium C. Agardh. 1820:13.
Ariga. 1920; Chiang. 1976; Chou and Chiang. 1981;
Colton. 1915; Okamura. 1931. 1935b. 1936; Shen and
Fan. 1950; Tilden. 1929. As ·S. biserrula": De Toni.
1895; Heydrich. 1894.

Sargassum duplicatum J. 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 echinocarpumJ. Agardh. 1848:327.
Yamada. 1950.

Sargassumfulvellum (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 he/erocys/um 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. conduplica/um Grunow in Weber­
van Bosse, 1913a:160.

Yamada, 1942.
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SaTgassum kasyolensf Yamada. 1942:553.
Shen and Fan. 1950; Yamada. 1942.

SaTgassum kuel:ingii Setchell. 1931 :249.
Chou and Chiang. 1981.

SaTgassum kushimolenst Yendo. 1905:1:'7.
Chou ;lIId Chiang. 1981.

SaTgassum muriocyslum J. Agardh. 1848:314.
Ariga. 1920; De Toni. 1895; Okamura. 1895. 1936;
Shen and Fan. 1950.

SaTgassum plagiophyl/um C. Agardh. 1824:309.
Yillnada. 1942.

SaTgassum polycystum C. Agardh. 1824:304.
AriRa. 1920; Chou and Chiang. 1981; Okamura. 1931,
19:~ti; Shen and Fan. 1950. Su et al.• 1982; Tseng. 1983;
Yamada. 1942. 1950; Yoshikawa and Yoshikawa. 1977.
As MS. micTophyllum": Chiang. 1976; Yamada. 1925b.

SaTgassum TostTatum J. Ag-drdh. 1896:55.
Chou and Chiang. 1981; Okamura. 1936; Shen and Fan.
1950; Tseng et al.. 198:'.

Sargassum sandei Reinbold in Weber-van Bosse. 1913a:158.
Chiang. 1960. 1976; Chou and Chiang. 1981; Okamura.
19:~6; Segawa. 1974; Yamada. 1925b; Yoshikawa and
Yoshikawa. 1977.

Sargassum sandei f. heItTOph.~lIum Yamada. 1950: 192.
Yamada. 1950.

SaTgassum seTTalifolium C. Agardh. 1820:16.
Chiang. 1973a.

SaTgassum siliquosum J. Agardh. 1848:316.
Chiang. 1976; Chou and Chiang. 1981; Okamura. 1931.
1936; Rho. 1958; Shen and Fan. 1950; Yamada. 1925b.
1942.
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SaTgassum su'aTI:ii (Turner) C. Agardh. 1820: 11.
Yamada. 1942.

SaTgassum lelephifolium (Turner) C. Agardh in J. Agardh.
1889:107.

Okamura. 1931. 1936; Shen and Fan. 1950.
SaTgassum tenuifolium Yamada. 1942:505.

Yamada. 1942.
SaTgassum vulgare C. Agardh. 1820:3.

Arig-d. 1919; Horikawa. 1919.
SaTgassum sp.

Chiang. 1962b. 1976; Chiang et al.. 1974; Chou and
Chiang. 1981; Su el al.. 1982.

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

TUTbinaria jilamentosa Yamada. 1925b:243.
Chiang. 1960. 1976; Fan. 1974; Shen and Fan. 1950;
Yamada. 1925b. As "T.jilifoTmis": 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.

TUTbinaTia ornala (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.

TUTbinaTia trialala (J. Agardh) Kiitzing. 1860:24.
Chiang. 1962b; Yamada. 1950.

TUTbinaTia sp.
Arig-d. 1919; Horikawa. 1919.

GONIOTRICHALES

GoNIOTRICHACEAE

RHODOPHYTA

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

ChToodaclylon oTnalum (C. Agardh) Basson. 1979:67.
As ".4SleTOrytis ornala": Shen and Fan. 1950; Tanaka.
1944. 1952. As ".4SItTOcytis OTnata f. simplex": Shen and
Fan. 1950; Tanaka. 1944. 1952. As "ASItTOcytis Tamosa f.
simpltx": Tanaka. 1944.

Slylonema alsidii (Zanardini) Drew. 1956:72.
As "Coniolrichum 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

ErythTolTichia biseriata Tanaka. 1944:86.
Shen and Fan. 1950; Tanaka. 1944. !951. 1952.

BANGIACEAE

Bangia atTopuTpuTea (Roth) C. Agardh. 1824:76.
Ariga. 1920. As "B. fUSCOpuTpuTea": Chiang. 1962a.
1973b; Fan. 1953a; Okamurd. 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.

POTphYTa angusta Okamura et Veda in Veda. 1932:28.
Liaw and Chiang. 1979; Wang and Chiang. 1977.

POTphyra crispala 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; Veda. 1932.
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Porphyra dmtata Kjellman, 1897a:13.
Wang and Chiang, 1977.

Porphyra suborbiculata Kjellman, 1897a:10.
Okamura, 1930, 1936: Wang and Chiang. 1977.

Porph.vra sp.
Wang and Chiang, 1977.

NEMALIALES

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

ACROCHAETtACEAE

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

DERMONEMATACEAE

Dermonema frappieri (Montagne el Millardet) B.prgesen.
1942:42.

Chiang, 1969, 1971, 1973b: Chihara, 1975; Segawa.
1974;lrseng, 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 "Nemalion 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 thaI Der·
monema Heydrich had been a nomen nudum until Hey·
drich (1894:289) published D. dichotomum. The lype'
localil}' for the genus is lherefore Taiwan (see also Fan
1974:249.253).

Dotyophycus yamadae (Ohmi el Ilono) Abbot! el Yoshizaki,
1981:225.

Chiang and Chen. 1983.
Liagoropsis schrammi (P. el H. Crouan in Maze et Schramm)

DOly and Abbon. 1964:443.
Fan, 1974. As "L. maxima": Shen and Fan. 1950: Yamada.
1944c.

Yamadaella cenomyce (Decaisne) Abbon, 1970:117.
Chiang. 1973b. As"L. annulata":Okamura. 1931, 1936.
As "L. camomyce": Chihara. 1975; Segawa. 1974; Shen
and Fan, 1950; Tseng. 1941a; Yamada. 1938a.

LIAGORACEAE

Helminthocladia australis Harvey, 1863. pI. 272.
Chen et aI., 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. pulverulmta (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.

Liagorafarinosa Lamouroux. 1816:240.
Chihara, 1975; Shen and Fan. 1950: Tseng, 1941a;
Yamada, 1938a.
Remarks: Recently Fan and Wang (1974:492) proposed
a new generic name, Ganonema, for this taxon. However.
we follow the opinion of Abbon (1976: 130). and for lhe
time being continue to recognize lhis taxon as a Liagora
(see also Norris and Bucher. 1982:190).

Liagora orientalisJ. Agardh. 1896:99.
Arig-d. 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 wilh L. oritntalis.

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

..tctinotrichia fragilis (Forsskal) Bq,rgesen. 1932:6.
Chihara. 1970. 1975: Shen and Fan. 1950: lrseng,
1941b. As "Actinotrichia rigida": Ariga. 1920.

Galaxaura arborea Kjellman, 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 plasticily and
uncertain life hislories. Since the hypolhesis of an ailer·
nalion of morphologically different sexual and lelrasporic
forms of Galaxaura (Howe 1917. 1918), lhere has been
much speculation as to which tetrasporic and sexual "spe.
cies" represent stages within the same life history (e.g.,
B.prgesen, 1920b; Chou. 1945. 1947; Dawson. 1953;
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Taylor. 1960). We hold Ihe opinion that until culture
sludies conclusively link Ihe different reproduclive slages
illlo the life history. each reproductive form should be
reco~nized by ils previous species name.

Galaxaura canalieulata Kiitzing. 1849:530.
Heydrich. 1894; Shen and Fan. 1950.

Galaxaura clavigera Kjellman. 1900:76.
Chian~. 1962b: hono. 197ia; Okamura. 1931. 1936;
Shen and Fan. 1950; Tanaka. 1936.
Remarks: Papenfuss. Mshigeni. and Chiang (1982:411)
consider this species to be a synonym of Galaxaura mar­
ginata (Ellis el Solander) Lamouroux.

Galaxaura distenta Harvey. 1859:331.
AriRa. 1920.

Galaxaura elegans Tanaka. 1935:52.
Okamurd. 1936; Shen and Fan. 1950; Tanaka. 1935.
1936.

Galaxaura dongata J. Agardh. 1876:529.
hono. 1977a; Okamura. 1936; Shen and Fan. 1950;
Tanaka. 1936; Tseng. 1941b; Yendo. 1916b; Yoshikawa
and Yoshikawa. 19i7.
Remarks: Considered a synonym of G. rugosa (Ellis et
Solander) l.amouroux (1816:263) by Papenfuss. Mshi­
geni. and Chiang (1982).

Galaxaura faleata Kjellman. 1900:73.
Ariga. 1919; Horikawa. 1919. Taniguti. 1976.

Galaxaura fascieulata Kjellman. 1900:53.
hOlIO. 197ia; Okamurd: 1936; Shen and Fan. 1950;
Tanaka. 1936; Tseng. 1941 b.

Galaxaura fastigiata Decaisne 1842: 116.
Ariga. 1920; Chiang. 1962a. 1962b; Chihara. 1970.
1975; hono. 197ia; Okamura. 1931. 1936; Segawa.
19i4; Shen :md Fan. 1950; Tanaka. 1936; Tanaguti.
1976; Yoshikawa and Yoshikawa. 19i7.
Remarks: Considered a synonym of G. oblongata (Ellis
et Solander) Lamouroux (1816: 262) by Papenfuss. Mshi­
geni. and Chiang (1982).

(;alaxaura filamentosa Chou in Taylor. 1945: 139.
hono. 1977a.

Galaxaura lapideseens (Ellis el Solander) Lamouroux.
1816:264.

De Toni. 1895.
Galaxaura lapidescens f. villosa J. Agardh. 1876:530.

Heydrich. 1894; Okamura. 1897; Shen and Fan. 1950.
Galaxaura latifolia. Tanaka. 1935;54.

Okamurd. 1935a. 1936; Shen and Fan. 1950; Tanaka.
1935.1936.

Galaxaura oblongata (Ellis el Solander) Lamouroux.
1816:262.

Chiang. 1973a. 1973b; Okamura. 1935b; Su el al.. 1982.
Galaxaura obtusata (Ellis el Solander) Lamouroux.

1816:262. .
hono. 197ia; Okamura. 1936; Papenfuss. Mshigeni. and
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Chiang. 1982; Shen and Fan. 1950; Su el al.. 1982;
Tanaka. 1936; Tseng. 1941b.

Calaxaura pacifica Tanaka. 1935:55.
hono. 1977a: Okamura. 1935a. 1936; Shen and Fan.
1950; Tanaka. 1935. 1936.
Remarks: Considered a synonym of G. rugosa (Ellis el
Solander) l.amouroux (1816;262) by Papenfuss. ~fshi­

geni. and Chiang (1982).
Galaxaura robusta Kjellman. 1900:85.

Chihara. 1970. 1975; Okamura. 1936; Segawa. 1974;
Shen and Fan. 1950; Tanaka. 1936.
Remarks: Considered a svnonvm of G. obtusata (Ellis el
Solander) Lamouroux by Papenfuss. Mshigeni. and
Chiang (1982).

(;alaxaura rudis Kjelhnan. 1900:43.
Okamurd. 1931. 1936; Shen and Fan. 1950; Tanaka.
19:~6; Tseng. 1941 b.
Remarks: Considered a synonym of G. lapidescens (Ellis
el Solander) Lamouroux by Papenfuss. Mshigeni. and
Chiang (1982).

Calaxaura marginata (Ellis et Solander) Lamouroux.
1816:264.

Papenfuss. Mshigeni. and Chi~ng. 1982. As "Galaxaura
tenera": Chiang. 1973a. 1973b; Okamura. 1935a; Su el
al .. 1982.
Remarks: Malerial from Taiwan delermined as G. te­
nera \\'as re-identified by Papenfuss. Mshigeni. and
Chiang (1982) to be this species.

Calaxaura vepruula Kjellman. 1900:80.
Ariga. 1920; Chihara. 1975; 1I0no. 19i7a; Okamura.
1936; Rho. 1958; Shen and Fan. 1950: Tanaka. 1936;
Tseng. 1983; Yendo. 1918.
Remarks: Papenfuss. Mshigeni. and Chiang (1982) con­
sider this species 10 be a synonym of G. marginata (Ellis
el Solander) Lamouroux.

Scinaia botrgtsenii Tseng. 1941: I 00.
Shen and Fan. 1950.

Scinaia cottonii SeIcheII. 1914: I 03.
Shen and Fan. 1950.

Scinaia moniliformisJ. Agardh. 1885:72.
Chiang. 1962a; Yoshikawa and Yoshikawa. 197i.

Scinaia pseudojaponica Yamada el Tanaka in Yamada.
1938b:127.

Chiang. 1962a. 1970. 19750; Shen and Fan. 1950.

BoNNEMAISONIACEAE

Asparagopsis taxiformis (Delile) Trevisan. 1845:45.
As ·il. sanfordiana": Ariga. 1919; Fan. 1953a; Horikawa.
1919; Okamura. 1931. 1936; Shen and Fan. 1950.

Deliseafimbriata (Lamouroux) Montagne. 1844:155.
Chihara. 1970. 1975. As "D. japonica": COllon. 1915;
Tilden. 1929.
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GELIDIALES

GELIDIACEAE

Gelidium amansii Lamouroux in Kiitzing 1868:16.
Cotton. 1915; Fan. 1953a; Okamura. 1913. 1915b.
1930; Oshima. 1915; Rho. 1958; Santelices and Stewarl.
1985; Tilden. 1929; Tokida. 1954.

Gelidium amansii f. elegans Okamura. 1934a:56.
Chiang. 1962a; Fan. 1951.

Gelidium amansii f.la/ioris Okamura. 1935b:443.
Chiang. 1962a; Fan. 1951; Okamura. 1935b. 1936; Shen
and Fan. 1950.

Gelidium "cartilagineum".
Ariga. 1919; Horikawa. 1919.
Remarks: As with all 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 car/ilagineus Linnaeus (1753) to be cor­
rectly Plocamium car/ilagineum (Linnaeus) Dixon. How­
ever. in this case. we suggest the material of Ariga (1919)
and Horika\\'a (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 divarica/um Martens, 1869:30.
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 kin/aroi (Okamura) Yamada. 1941:201.
Fan. 1951. 1953a; Shen and Fan. 1950. As "G. clava/um":
Okamura, 1934a. 1935a. 1935b, 1936.

Gelidium la/iusculum Okamura. 1935b:443.
Chiang. 1962a; Fan. 1951. 1953a; Okamura. 1935b.
1936; Shen and Fan. 1950.

Gelidium pacificum 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) LeJolis. 1863:139.
Chiang, 191\2a; Fan, 1951; Sante1icesand Stewart. 1985;
Taniguti. 1976. As "Acrocarpus pusil/us": Martens. 1866.

Gelidium pusil/um f. foliaceum Okamura. 1934a:51.
Ariga. 1920; Taniguti. 1976.

Gelidium subcos/a/um Okamura in Schmitz. 1894: 1.
Ariga. 1919; Horikawa. 1919.

Gelidiumyamadae(Okamura) Fan. 1951:10.
Fan. 1951. 1953a. As "G. densum": Okamura. I935b;
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.

P/erocladia nana Okamura. 1934a:64.
Chiang. 1962a. 1973b; Fan. 1951.

P/erocladia /enuis 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. pinna/um": Heydrich. 1894. As "P. capilla­
ceum": Ariga. 1920; Chihara. 1970. 1975; Okamura.
1915b; Oshima. 1915.

GELIDIELLACEAE

Gelidiella acerosa (Forsskal) 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

DVMONTIACEAE

DudTt!snaya 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.
·hornemanni'.

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

Rhodopel/is borealis Yamada. 193h:75.
Arasaki. 1964; Chihara. 1975; Nozawa. 1963. 1970;
Okamura. 1936; Segawa. 1974; Shen and Fan. 1950;
Yamada. 1931a.

Rhodopel/is gracilis Yamada et Tanaka in Yamada. 1935:30.
Arasaki. 1964; N07.3Wa. 1963. 1970; Okamura. 1936;
Shen and Fan. 1950; Yamada. 1935.

Rhodopel/is setehelliae Yamada. 1935:33. ·se/chellii·.
Nozawa. 1963. 1970; Okamura. 1936; Shen and Fan.
1950; Yamada. 1935.
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PEYSSONNELIACEAE

P,~ssonnelia (aulif,ra Okamura. 1899:8.
·AriRa. 1920.

Pevssonn,lia dislenla (Harvey) Yamada. 1930:29.
·Ariga. 1920: ChianR. 1962a. 1962b: Okamura. 1899.
1936: Shen and Fan. 1950: Yamada. 1930: Yoshikawa
and Yoshikawa. 1977. As "P. involvens": Okamura. 1909.

P,~ssonn,lia rubra (Greyille) j. Agardh. 1852:502.
.De Toni. 11195: Heydrich. 1894: Okamura. 1897. 1931.
1936: Shen and Fan. 1950.

CoRALLINACEAE

Amphiroa beauvoisii lamoureux. 1816:299.
As "A. pusil/a": Okamura. 1936; Segawa. 1974: Shen and
• ';1Il. 1950. As ",t :onala": Chiang. 1962a.
Remarks: Recently Norris and Johansen (1981 :6) con­
sidered .1. :onala to' be a taxonomic synonym of A. beau­
vaisii Lanlouroux.

.1mphiroa boU'erbankii Han·ey. 1849b:97.
De Toni. 11195: He\·drich. 1894: Shen and Fan. 1950.

•1mphiroa ,ph,dracea (Lamarck) Decaisne. 1842:124.
Chihara. 1970: De Toni. 1895: Okamura. 1936: Rho.
19511: SeRawa. 1974; Shen and Fan. 1950. As "A. ,xilis":
He\'drich. 11194: Yendo. 1902.

Amphiroa fragilissima (linnaeus) lamoureux. 1816:298.
Yoshikawa and Yoshikawa. 1977.

.1mphiroa mulliJida Kiitzing. 1858:27.
De Toni. 11195: Heydrich. 1894: Shen and Fan. 1950.

.1mphiroa pusil/a Yendo. 1902: 13.
Rho. 19511; Su et al.. 1982.

.1mphiroa spp.
MiRa. 1920.

Ch,ilosporum anceps Yendo. 1902: 18.
Shen and Fan. 1950.

Ch,ilosporum jung,rmannioid,s Ruprecht in J. Agardh.
11152:546.

Chihara. 1975: Okamura. 1931. 1936; Segawa. 1941.
1974; Shen and Fan. 1950: Tseng. 1983. As ":1mphiroa
lUllrala var. globuli{tra": De Toni. 1895: Heydrich. 1894.
As "C. cultralum": Yendo. 1902.

ionia adhaer,ns lamoureux. 1816:270.
Chiang. 1962a. 1962b: Okamura. 1931. 1936; Shen and
Fan. 1950: Su et al.. 1982; Taniguti. 1976. As "Corallina
adhaerens": De Toni. 1905: Heydrich. 1894; Yendo.
1902. As "Coral/ina duussalo-dicholoma": Okamura.
1931. 19:~6; Segawa. 1974. As "j. decussalo-dicholoma":
Arasaki. 1964: Chiang. I 962a: Chihara. 1970. 1975:
Shen and Fan. 1950; Taniguti. 1976.

iania radiala Yendo. 1902:26.
Chiang. 1962a.

iania lenelia Kiitzing. 1858:41.
Chiang. 1962a.
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iania undulala Yendo. 1902:26.
Shen and Fan. 1950.

Lilhophyl/um perulalum Foslie. 1900:18.
De Toni. 1895: Okamura. 1936: Shen and Fan. 1950:
Yendo. 1902. As ".\I,lob,sia puslulala": Heydrich. 1894.

Lilhophyl/um spp.
Ariga. 1920.

Lilholhamnium membranaceum (Esper) Foslie. 1905:72.
De Toni. 1895: Okamul'"d. 1936: Shen and Fan. 1950.
As "M,lob,sia m,mbranacea,": Heydrich. 1894: Yendo.
1902.

Lilholhamnium spp.
Ariga. 1920.

Jlaslophora pygma,a Heydrich. 1894:300.
De Toni. 11195: Fan. 19;4: Heydrich. 1894: Okamura.
1936: Shen and Fan. 1950; Yendo. 1902.
Remarks: Fan (1974:251. 254) considers Ihe taxonomy
of this species suspect and encourages study of the type
specimen and type-locality specimens to confirm the iden­
tity of He\'drich's plant.

.\lasl~phora ~osea (C. Ag-drdh) Setehell. 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: Okamul'"d. 1931. 1936; Shen and Fan.
1950; Yendo. 1902.

.\lelob,sia farinosa Lamoureux. 1816:315.
De Toni. 1895; Heydrich. 1894; Okamura. 1936; Shen
and Fan. 1950; Yendo. 1902.

.\lelob,sia spp.
Ariga. 1920.

Tenarea lumidulum (Foslie) Adey. 1970:7.
As "D,rmalolilhon lumidulum": Chiang. 1973a; Okamura•
1935b.

ENDOCLADIACEAE

(;loioP,llis complanala (Harvey) Yamada. 1932a: 117.
As "Endocladia complanala": Ariga. 1920. As "Gloiopellis
etrvicornis:" Ariga. 1921.

Gloiopellis furcala (Pastels et Ruprecht) j. Agardh.
1851:235.

Chiang. I 973b: Fan. 1953a; Shen and Fan. 1950.
Gloiopeltis I,nax (Turner) j. Agardh. 1842:68.

ChianR. 1969. I 973a; Okamura. 1935b.

CRYPTONEMIACEAE

Carpop,ltis angusla (Harvey) Okamul'"d. 1910:66.
Ariga. 1920; Shen and Fan. 1950.

Carpop,llis corn,a Okamura. 1936:553.
Arasaki. 1964: Chihara. 1975: Okamul'"d. 1936; Rho.
1958; Segawa. 1974: Shen and Fan. 1950: Su et al.. 1982.
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Garpoptl/isJlabella/a (Holmes) Okamura. 1935a:39.
Ariga. 1920; Chiang 1962a.

Garpopel/is formosana Okamura. 1931:11 O.
Fan. 1953a; Okamura 1931. 1936; Shen and Fan. 1950;
Tokida. 1939.

Garpopel/is 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.

Gra/eloupia carnosa Yamada et Segawa in Yamada.
1938b:126.

Chiang. 1962a.
Gra/eloupiafilicina (Wulfen)J. Agardh. 1851:180.

Ariga. 1919, 1920; Chiang. 1962a. 1973b; De Toni.
1895; Horikawa. 1919.

Gra/eloupia filicina f. filiformis (Kiitzing) Pilger. 1911 :310.
As "G. filiformis": Martens. 1866.

Gra/eloupia okamurae Yamada. 1941 :204. ·okamurai'.
Chiang. 1973a.

Gra/eloupia 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.

formosa"; Tokida. 1939. As "H. durvillaei var. ceylanica":
Ariga. 1920; Chiang. 1962a; Okamura. 1936; Shen and
Fan. 1950.

Halymenia durvillaei Bory. 1826, pl. 1&.
Fan. 1953a.

Polyopes polyideoides Okamura. 189&:447.
Chiang. 1973a. I 973b; Okamura. 1935b.

Polyopes sp.
Heydrich. 1894.

GIGARTINALES

SoUERIACEAE

Eucheuma arnoldii Weber-van Bosse. 1928:421.
Kraft. 1972. As "E. cupressoidtum"; 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).

Eucheurna co/lonii Weber-van Bosse. 1913b:115.
Tseng and Chen. 1977.

Eucheuma crassum Zanardini. 1878:36.
Shen and Fan. 19&0; Yamada. 1936a.

Euchtuma cTUS/aeforme Weber-van Bosse. 1928:415.
Okamura. 1931. 1936. As "E. cot/onii": Okamura. 1931.

Euchturna gela/inae (Esper)J. Agardh. 18&2:628.
Chihara. 1975; Doty and Norris. 1985; Shen and Fan.
19&0; Tseng. 1983; Tseng and Chen. 1977; Yamada.
1936a.
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Eucheuma murica/um (Gmelin) Weber-van Bosse. 1928:413.
Higashi. 1934; Shen and Fan. 19&0.

Eucheuma rnurica/um f. depaupera/a Weber-van Bosse.
1928:415.

Ariga. 1920; Okamura. 1936. As "E. murica/um"; Oka­
mura. 1931. As "E. spinosum": Okamura, 1909. 1915b.

Eucheuma okamurae Yamada. 1936a:125. ·okamurai·.
Shen and Fan. 1950.

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

Eucheuma serra J. Agardh. 1852:626.
Chiang. I962a. 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.

Meris/o/hera coac/a Okamura. 1930:97.
Arasaki. 1964; Okamura. 1930. 1936; Segawa. 1974;
Yoshikawa and Yoshikawa. 1977.

Meris/o/hera papulosa (Montagne)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 J. Agardh. 1852:452.
Shen and Fan. 19&0; Tanaka. 1941; Yoshikawa and
Yoshikawa. 1977.

Hypnea cervic01'nisJ. Agardh. 18&2:4&1.
Yoshikawa and Yoshikawa. 1977.

Hypnea charoides Lamouroux. 1813:131.
Chiang. 1973b; Fan. 1953a; Shen and Fan. 1950; Tseng.
1983.

Hypnea chordacea Kiitzing. 1847:776.
Arasaki. 1964; Shen and Fan. 1950; Tanaka. 1941.

Hypnea chordacea f. simpliciuscula (Okamura) Tanaka.
1941:232.

Chiang. 1962a; Chihara. 197&; Shen and Fan 19&0;
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 hamulosa (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" Momagne 1850:n.16 (page 9)"' as the original place
of publication.

Hypntajaponica Tanaka. 1941:236.
Chiang. 1962a: Chihara. 1970; Sega,,'a. 1974; Shen and
Fan 1950: Tanaka. 1941; Tseng. 1983.

Uypnta nidulans Setchell. 1924: 161.
Chihara. 1975; Okamura. 1931. 1936; Shen and Fan.
1950: Su et al.. 1982: Tanaka. 1941; Yoshikawa and
Ymhika,,'a.1977.

Uypnta pannosaJ. Agardh. 1847:14.
Okamura. 1931. 1936: Shen and Fan. 1950; TanaRa.
1941: Yoshikawa and Yoshikawa. 19ii.

Uypnta saidana Holmes. 1896:256.
Chiang. 1973b.

Hypnta Sfliculosa J. Agardh. 1852:446.
Ariga. 1920: Okamura. 1931. 1936: Tokida. 1939.

J~~pnea spinel/a «;re\'iIIe) Kiitzing. 1849:759.
Chiang. 1962a.

Hypnea sp.
S" et al.. 1982.

PLOCAMIACEAE

I'locamium oviforme Okamura. 1896:23.
Miga. 1920.

l'locamium strralulum Okamura. 1932: 100.
Okamura. 19:16: Shen and Fan. 1950. As "P. costalum":
Okamura. 1923. 19:H: Yendo. 1918.

l'locamium Itlfairiae (j. Agardh) Harvey in Kiitzing.
1l!49:8l!5.

Shen ;lIld Fan. 1950: Yendo. 1915. As "P. abnormt":
Miga. 1919. 1920; Borikawa. 1919: Okamura. 1931.

I'loramium It/fairiat f. uncinatum Okamura. 1936:615.
As "I'. abnormt f. unci'lalum": Okamurd. 1913.

GRACILARIACEAE

Ctratodiclyon spongiosum Zanardini. 1878:37.
Arasaki. 1!164; Ariga. 1920: Okamurd. 1936. As "C.
spongioidts": Okamura. 1931: Shen and Fan. 1950.

Gtlidiopsis hachijotnsis Yamada et Segawa. 1953: 112.
Yoshikawa and Yoshikawa. 19ii.

(;tlidiopsis rtpens (Kiitzing) Schmitz. 1895: 148.
Chiang. 1962a. 1973b; Chihara. 1975; Okamura. 1931.
19:16: Shen and Fan. 1950; Taniguti. 1976; Yamada
I932b: Yoshikwaand Yoshikawa. 19ii.

(;elidiopsis variabilis (Gre"ilIe) Schmitz. 1895: 148.
Yamada. 19:12b.

Gracilaria arcuala Zanardini. 1858:265.
Chang and Xia. 1976: Chiang. 1973a. 1973b. 1985:
Okamura. 1935b: Su et al.. J982.

Gracilaria blodgettii Harvey. 1853: III.
Chiang. 1985: Ohmi. 1958: Yang and Chiang. 1982.
Remarks: Although "G. blodgtttii" has been reponed
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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 resoh·ed.

Gracilaria bursapasloris (Gmelin) Silva. 1952:265.
As "(;. comprtssa": Chen. 1976; Shang. 1976.

Gracilaria canaliculala (Kiitzing) SondeI'. 1871:56.
As "Coral/opsis opunlia": Ardsaki. 1964: Segawa. 1974.

Gracilaria chorda Holmes. 1896:253.
Ariga. 1920; Chen. 1976.

Gracilaria coronopifolia J. Agardh. 1852:592.
Chang and Xia. 1976; Chiang. 1985; Ohmi. 1958:
Tseng. 1983: Yamada. 1941: Yang and Chiang. 1982.
As "G. lichenoides f. coronopifolia": Fan. 1953a.

(;raci/aria crassa Han'ey 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 dtnliculala (Kiilzing) Schmitz in Mana.
1907:1:l8.

Chiang. 1962a. 1985: Chihara. 1975: Okamura. 1931,
1936: Yang and Chiang. 1982.

Gracilaria tdulis (Gmelin) Silva. 1952:293.
Nelson et al.. 198:l. As "(;. lichtnoides": Chen. 1976;
Chiang. 1981; Shang. 1976.

(;racilaria tucheumioidts Harvey. 1859:33 \.
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 incurvala Okamura. 1931:41.
Chiang. 1973a: Okamura. 1935b.

Graci/aria punctala (Okamura) Yamada. 1941 :203.
Ohmi. 1958: Shen and Fan. 1950; Yamada. 1941.

(;racilaria purpurascens Harvey in J. Agardh. 1885:63.
Ohmi. 1958; Shen and Fan. 1950: Yamada. 1938b; Yosh­
ikawa and Yoshikawa. 1977.

Gracilaria spinulosa (Okamura) Chang el 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 "vtrrucosa".
G. verrucosa sensu Chiang. 1981. 1985; :"e1son el al..
1983: Rho. 1958; Segawa. 1974; Yang el al.. 1981: Yang
and Chiang. 1982 [non G. vtrrucosa (Hudson) Papenfuss.
1950:195). As "G. confervoides": De Toni. 1895; Fan.
1953a: Martens. 1866; Shang. 1976: Shen and Fan. 1950:
Tokida.1954.
Remarks: A comparison Wilh type-localilY (England)
specimens of G. verrucosa showed lhe Taiwan specimens
are a different species (Chiang. 1985; Abbott et al.. 1985).
and lhal lhe Chinese and Japanese specimens identified
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as "G. verrucosa" are the same (Xia and Yamamoto. 1985;
Yamamoto. 1985; Xia. 1985) and that they too are dif­
ferent from the British G. verrucosa. Recently. Zhang and
Xia (I985: 177) described G. asiatica for the specimens
from Japan and China.

Gracilaria sp.
Ariga. 1920.

SPHAEROCOOCACEAE

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. pI. 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, I953a; Tseng. 1983. As "C. ocel/atus
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.

Gigartina 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.

IVebertlia micans Hauptlleisch in Schmitz and Hauptl1eisch.
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 clawlatum": 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.

Nakamurd. 1965; Itono. 1972. 1977b.
Ceramium flaccidium (Kiitzing) 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 gratillimum (Kiitzing) Griffiths et Harvey in
Harvey. 1848b. pI. 206.

Nakamura. 1965; Yoshikawa and Yoshikawa. 1977.
Remarks: Womersley (1979:234) considers C. gratilli­
mum 10 be a synonym of C. flaceidium (Kiitzing) Ardis­
sone.

Ceramium nakamurai Dawson. 195401:6.
Nakamura. 1965: hono. 1972. I 977b. As "e. equise­
toides": l'\;ak;ullura. J950.

Ceramium panirulatum Okamura, 1896:36.
Nakamura. 1965.

Ceramium tenerrimum (Martius) Okamura. 1921:112.
Chiang. 196201; Okamurd. 1936; Rho. 1958; Shen and
Fan. 195(); hono. 1972. 1977b.

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

Dasyphila plumarioides Vendo. 192():7.
Arasaki. 1964: hono. 1977b; Okamura. 1923. 1931.
19:~6: Segawa. 1974: Yendo. 1920.

(;ymnothamnion elegans (C. Agardh) J. Agardh. 1892:27.
hono. 197ib. As "Plumaria ramosa": Okamura. 1936;
Shen and Fan. 1950: Yamada and Tanaka. 1934.

Mirroriadia elegans Ok:lOlUra 1907: I.
Chiang. 196201.

Ptilothamnion riadophorae (Yamada et Tanaka) Feldmann-
Mawyer. 1941:375.

F;lIl. I9i4: hono. 1977b. As "Spermothamnion riado­
phorae": Okamura 1936. 1937: Shen and Fan. 195():
Yamada and Tanaka, 1934.

Reinboldiella srhmit:iana (Reinbold) De Toni. 1895:35.
Ariga. I 92().

Spyridiafilamentosa (Wulfen) Harvey ex Hooker. 1833:337.
Ariga. 19211; Chihard. 1975: De Toni. 1895; Heydrich.
11194: Okamura. 1913. 1936: Rho. 1958: Segawa. 1974:
Shen and Fan. 1950.

Tiffanielia eodicola (Yamada 1.'1 Tanaka) DOIY et Meiiez.
196():1:~7.

Fan. 1974: hono. 1977b. As "Spermothamnion eodieola":
Okamura. 1936, 1937: Shen and Fan. 1950: Yamada and
Tanaka.19:H.

lI'rangelia uelutina Han·ey. 1854:546.
Okamura. 1931; Shen and Fan. 1950.

DELESSERIACEAE

Caloglossa bombayensis Bt/>rgesen, 1933:127.
Fan. 1952.

Claudea batanensis Tanaka. 1967:18.
Tanaka. 1967: Yoshikawa and Yoshikawa. 1977.

Haloplegma duperTt)~ Montagne. 1842:258.
Yamada. I 936b: Tseng. 1983.
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Holmesia neurymenioides Okamura. 1932:98.
Okamura. 1936: Shen and Fan. 1950.

MaTtensia dentirulata Harvey. 1854:537.
Ariga. 1919. 1920: Horikawa. 1919.

Martensia flabelliformis Harvey ex J. Agar~h. 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

.1eanthophoTa aokii Okamura. 1934b:35.
Okamura. 1934b. 1936: Shen and Fan. 1950.

Acanthophora muscoides (Linnaeus) Borv. 1828: 156.
Shen and Fan. 1950. .

Aeanthophora orientalis (Sonder)]. Agardh. 1863:820.
Ariga. I 92(); Chiang. 196201, 1973b: Chihard. 1975: .'an.
195301: Okamurd. 1931. 1936; Segawa, 1974: Shen and
Fan. 1950: Tokida. 1939: Yoshikawa and Yoshikawa.
1977.

.1eTorystis nana Zanardini. 1872:145.
Chiang. 1973b: Chihara, 1975; Okamura. 1931. 1936;
Seg-dwa. 1974: Shen and Fan. 1950: Tseng. 1983.

Amansia glomeTata C. Agardh. 1822:194.
Arig-d. 1920: Chiang. 1973b; Chihard. 1975; Okamura.
193(). 1931. 1936: Segawa. 1974; Shen and Fan. 1950;
Yoshikawa and Yoshikawa. 1977.

Bostryrhia tmella (Vahl) J. Agardh. 1863:869.
Ariga. 1920: Chiang. 1962a: Taniguti. 1976: Yoshikawa
and Yoshikawa. 197i.

Chondria armata (Kiilzing) Okamura. 1907:69.
Ariga. 1919. 1920; Chiang. I 962a. 1973b; Chihara.
1970. 1975: Fan. 195301: Horikawa. 1919: Okamura.
1930. 1931. 1936: Segawa. 1974; Shen and Fan. 1950;
Tokida. 1939: Tseng. 1983.

Chondria das.vphylla (Woodward) C. Agardh. 1822:350.
Ariga. 1920: De Toni. 1895; Yoshikawa and Yoshikawa.
1977. As "LauTentia dasyphylla": Martens. 1866.

Digmia 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. 196201: Okamura. 1931. 1936: Shen and Fan.
1950.

Herposiphonia sp.
Chiang. 1962b.

LauTen,ia brongniaTtii J. Agardh. 1841 :20.
Remarks: Specimens from lI:am.·an. Taiwan (collected
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by Ger Dzeng-Joung; 21 August 1979; #US-071851),
were identified byJ. Norris as L. brongniar/ii and establish
the presence of this taxon in southern Taiwan.

Laurmtia Jlexilis \·ar. /ropita (Yamada) Xia et Zhang.
1982:538.

Tseng, 1983.
Laurmtia forsleri (Mertens ex Turner) GreviIle, 1830:lii.

Ariga, 1920.
Laurmtia glandulifera Kiitzing, 1849:855.

Ariga, 1920.
Laurmcia 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. brongniar­
Iii J. Agardh.

Laurmtia ob/usa var. densa Yamada. 1931b:226.
Dawson, 1954c; Shen and Fan. 1950; Yamada, 1931b.
1936c.

Laurmtia palisada Yamada, 1931b:196.
Chiang. 1962a; Shen and Fan, 1950; Su et a\.. 1982;
Yamada, 1931b, 1936c.

Laurmtia papillosa (Forsskal) Greville, 1830:lii.
Ariga, 1920; Chihara. 1975; Cotton, 1915; Okamura,
1931; Shen and Fan, 1950; Tilden. 1929; Yamada.
1936c; Yoshikawa and Yoshikawa, 1977.

Laurmtia perfora/a (Montagne) J. Agardh, 1876:648.
Ariga, 1920; De Toni. 1895; Heydrich, 1894.

Laurentia pinna/ifida (Gmelin) Lamouroux, 1813:42.
As "L. pinna/ifida var. simplex": De Toni, 1895; Heydrich,
1894. .

Laurentia Iropita Yamada, 1931b:223.
Okamura, 1931; Shen and Fan, 1950; Taniguti, 1976;
Yamada, 1931b. 1936c.

Laurentia venuSla Yamada. 1931b:203.
Okamura, 1931; Shen and Fan, 1950; Yamada, 1936c.

Laurencia sp.
Ariga, 1919; Fan. 1953a; Horikawa. 1919; Taniguti,
1976; Tokida. 1939.

Leveillea jungermannioides (Martius et Hering) Harvey.
1854:539.

23

Ariga, 1920; De Toni. 1895; Chiang. 1962b; Heydrich,
1894; Okamura. 193\, 1936; Rho. 1958; Shen and Fan,
1950; Tseng, 1983; Yoshikawa and Yoshikawa, 1977. As
"Poly:oniajungermannioides": Okamura, 1897.

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

Murrayella squaryosa (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 Ilampsaxii B.prgesen, 1939:122.
Segi. 1951.

Polysiphonia pulvina/a J. Agardh. 1842:124.
Segi. 1951.

Symphyocladia marchan/ioides (Harvey) Falkenberg, 190I:
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
/ioides": Heydrich, 1894.

Vidalia ob/usiloba (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 a\.
(1979) have referred Wurdemannia to incertae sedis.

Wurdemannia se/atea Harvey. 1853:246.
Okamura, 1931, 1936; Shen and Fan, 1950.

Wurdemannia sp.
Okamura. 1931.
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Chnoospora

implexa.13
minima. 13
"pacifica; 13

Chondria
armata. 2. 22
dasyphylla. 22

Chondrococcus
homemannii. 17
'homemanni: 17

Chondrus
"afTinis,"21
cri'pus,21
ocellatus, 21
ocellatus f. canaliculatus. 21
"ocellatus f. typicus; 21

Chordariales. 11
Chroodactvlon omatum. 14
Chrysyme~ia procumbens, 21
Cladophora

aokii.8
fuliginosa. 8
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momagnei var. radicans. 8
palenliramea. 8
pellucida.8
"prolifera: 8
rugulosa.8
scilula.8
.ibogae.8
.p.• 8

Cladophoraceae. 8
Cladophorale•• 8
Cladophoropsi.

"fasciculalu,: 10
herpe'lica. 10
sundanensis. 10
zollingeri. 10

Claudea batanen.is. 22
Codiaceae. 8
Codium

adhaeren•• 8
arabicum.8
contractum, 8
cylindricum. 8
dicholomum. 8
formosanum. 8
fragile. 8
imricatum. 9
oomucronalum." 8
reediae.9
repen•. 9
tenue.9
oolomemosum," 9

Colpomenia sinuosa. 13
"Conchoceli.: 4
"Corallina"

"adhaerens: 18
"decu.salo-dicholoma: 18

Corallinaceae. 2. 18
"Corallop.i. opumia: 20
Corvnolhlaeacea. II
Cryillonemiaceae. 18
Cryplonemiales. 17
Cysloseira

prolifera. 13
.p.. 13

Cy'loseiraceae. 13

Da.ya .p.. 22
Dasvaceae. 22
Da.Ycladales. II
Deleoseriaceae. 22
Da.yphila plumarioides. 22
Delisea

fimbriata. 16
"japonica: 16

nerooia lamourouxii. 10
DerOOiaceae. 10
"Dermalolilhon lumidulum.· 18
Dermonema

frappieri. 15
gracile. 15
dicholoma. 2
"dicholomum: 15
pulvinata. 15

Dermonemataceae. 15
"Desmia hornemannii: 17

Diclyopleri.
delicalula. II
repens. II
undulata. II

Diclyosphaeria
bokolensis. 10
cavernosa. 10
"favulosa: 10

Diclyota
bartayresii. II
ceylanica vaT. anastomosans, 12
dicholoma.12
dilala. 12
divarieata. 12
hamifera. 12
lineari•. 12
palen•• 12
.pinulosa. 12

Diclyotaceae. II
Diclyotales. II
Digenia simplex. 22
Dilophus

okamurae. 12
'okamurai: 12
"marginalus: 12
radieans. 12

Dolyophycus yamadae. 15
Dudresnayajaponica. 17
Dumontiaceae. 17

Eclocarpaceae. II
Eclocarpales. II
EClocarpus

breviarticulalu,. II
"formosanu.: II
laurenciae. 11
"milchelliae: II
spinosus. II
vanboosea. II
van·boosea. I I
.p.. II

Endarachne binghamiae. 13
"Endocladia complanata: J8
Endocladiaceae. 18
EndophYlon ramo.um. 7
Enleromorpha

c1athrata. 7
clathrata var. crinita, 7
"crinita," 7
compressa. 7
intestinalis. 7
lioza.7
prolifera. 7
.p.• 7

Erylhrocolon podagriea. 21
Erylhropehidaceae. 14
Erylhrolrichia

biseriata. 14
carnea f. tcouis. 14

Eucheuma
arnoldii. 19
"audiolis: 19
cotlonii.19
"couanii," 19
crassum.19
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crustaeforme. 19
"cupressoideum: 19
gelatinae. 19
muricatum.19
OOmuricatum." 19
muricalUm f. depauperata. 19
okamurae. 19
'okamurai: 19
papulosa. 19
serra. 19
".pino.um: 19
spp.• 19

Feldmannia formosana. II
Fucales.13

Galaxaura. 2
arborea.15
canaliculata. 16
clavigern. 16
di.lenta. 16
elegans.16
elongata. 16
faleata. 16
fasciculata. 16
fasligiata. 16
filamenlosa. 16
Iapidescen•• 16
lapidescen. f. villosa. 16
Iatifolia. 16
marginata. 16
oblongata. 16
oblusa13. 16
pacifica. 16
robu.ta. 16
rudis.16
rugosa. 16
"Ienera: 16
veprecula. 16

Ganonema. 15
Gelidiaceae. 17
Gelidiella

acerosa, 17
Gelidiellaceae. J7
Gelidiopsis

hachijoen.is. 20
repen•• 20
"rigida: 17
variabilis. 20

Gelidium. 2. 3. 4
amansii.17
amansii f. elegan•• 17
amansii f. lalioris. 17
"cartilagineum: 17
"clavatum: 17
"corneum var. pinnatum." 17
crinale.17
"densum: 17
divaricatum. 17
japonicum. 17
kintaroi. 17
latiusculum. 17
pacificum.17
planiusculum. 17
pu.iIIum.17
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pusillum f. foliaceum. 17
subcosl3rum, 17
vamadae.I7
~p.. 17

Giffordia mitchelliae. II
Gigartina

intermedia. 21
ochOlensis. 21
tenella.21

Gigartinaceae. 21
Gig-Jrlinale,. 19
Gloiopellis

cervicornis. 18
complanata. 18
furcala. 18
tenax. 18

Goniotrichaceae. 14
Goniotrichales. 14
-Goniotrichum alsidii." 14
Grdcilaria. 4

arcuala,20
blodRellii. 20
bursapastoris. 20
canaliculata. 20
chorda. 20
"compressa." 20
"conren-oides," 20
coronopifolia. 20
crassa.20
den.iculala. 20
eduli,. 4. 20
eucheumioides. 20
giROs. 4. 20
jncun-am. 20
"Iichenoide,: 20
"Iichenoides f. coronopifolia: 20
punctata. 20
purpurascens. 20
"purpura,cens f. spinulosa: 20
salicornia. 20
spinulosa. 20
·\'errucosa," 4. 20
.p.• 21

Gracilariaceae.20
(;rateloupia

caTnosa. 19
filidna. 19
filidna f. filiformi•. I. 19
"/iliformi,: 19
okamurae. 19
-okamurai: 19
ramosissima. 19

Gymnogongrus
flabelliformi•• 21
-paradoxu,: 21

"Gvrnnosorus callaris.... 12
Gy;"nolhamnion degan•• 22

Halimeda
cuneata,9
discoidea. 9
incTassata \'aT. ovata. 9
macroloba. 9
opim.ia.9
"opuntia r. intermedia." 9

"opumia f. renschii." 9
renschii.9
velasquezii. 9

"Hali,eri. undulala: II
HalopleRma duperre\"i. 22
lIal\"menia

c~ylanica. 19
dUT\"iIIaei. 19
"dunillae; \'ar. formosa: 2. 19
"durvillaei vaT. ce)'lanica.- 19
"formosa: 19

Helmimhocladia australi•. 15
Herpo.iphonia

.ubdi,ticha. 22

.p.. 22
Holmesia neur~menioides. 22
"I-Iomoeostrichus'"

"flabellatu.: 12
"multifidu,: 12

Hormophysa lriquetra. 13
Hydroclalhru.

"cancella.us: 13
c1adtralu,. 13
"orientalis•.. 13

Hypnea.2
boerResenii. 19
cenomycC'. 19
cervicornis. 19
charoide.. 19
chordaeea. 19
chordacea f.•impliciu.cula. 19
cornuta. 19
e.peri. 19
hamulosa. 19
japonica. 20
nidulaos. 20
pannosa.20
saidana.20
seticulosa. 2. 20
,pinella.20
.p.. 20

Hypneaceae. 19

"Ilea fascia: 12
l.hiRe

okamurae. 12
'okamuroli.· 12
sinicola. 12
"foliacea:' 12

I.higeaceae. 12

Jania
adhaerens. 18
"decussalo-c1icholoma." 18
radiata.18
tenella.18
undulala. 18

Laurentia. 2
brongnianii. ii. 22
"da,yphylla: 22
flexili, \'ar. tropica. 23
forslen. 23
glandulifera. 23
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we\'iIIeana. 23
ob.usa \'ar, densa. 23
palisada. 23
papillosa.23
perfora.a. 23
pinna.ifida. 23
"pinnatifida vOIr. simplex." 23
tropica.23
venusta.23
'p.. 2. 23

-Lellersledtia japonica: 8
Le\"eillea junRermannioide•• 23
Liagora. 2. 4

"annula.a: 15
boerge.enii. 15
"caenomyce," 15
ceranoides. 15
ceranoides vOIr. leprosa. 15
ceranoides \'ar. pulverulenta. 15
decussata. 15
farinosa. 15
"formosana," 15
"maxima,"' 15
orientalis. 15
"oriemalis." 15
rugosa. 15
sega...ai.15
se.chellii. 15
valida. 15

LiaRoraceae. 15
Liagorophila endophytica. 15
Liagorop,i. schrammi. 15
Lithoph\"lIum

perulalum. 18
spp.. 18

Lithothamnium
membranaceum. 18
.pp.. 18

Lobophora \'arieROla. 12

Martensia
demiculara. 22
nabelliformi,. 22

Ma.tophora
pygmaea. 18
rosea. 18
"maerocarpa: 18

Melobesia
farinosa. 18
oomembranaceae." 18
"pustulata: 18
.pp.. 18

Meristotheca
coaeta. 19
papulosa. 19

Microcladia degan•. 22
Microdict\'on
japonic~m. 10
niwescen•• 10
okamurae. 10

MonOSlroma.4
latissimum. 7
nitidum.8
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Munayella
perielados. 23
squalTosa. 23

Nemaliales. 15
"Nemalion pulvinatum; 2. 15
Neomeris.4

annulata. II
"Neurocarpus"

·repens; II
·undulata; II
"undulata f. pJana.· II

Neurymenia fraxinifolia. 23
Nitophyllum sp.• 22
NOSloc.3

Pachydictyon eoriaeeum. 12
Padina

arboresccns, 12
australis. 12
boryana.12
commcrsonii. 12
"commersonii: 12
crassa.12
durwillad. 12
japonica. 12
minor. 12
·pavonia; 12
tenuis.12

Petalonia fascia. 12
Peyssonnelia

caulifera. 18
distenta. 18
"involvens; 18
rubra.18

Peyssonndiaeeae. 18
Phacelocarpusjaponicus. 21
Phaeophyta. I. II
"Phyeo",ris"

·'anceolata var. angusta; 7
·lapathifoJia; 8

"Phvllitis fascia; 12
PhyiJophoraceae.21
"Plaeophora marchantioides; 23
Plocamiaceae.20
Plocamium

"abnorme; 20
-abnorme f. uncinatum; 20
·costatum; 20
oviforme. 20
senatuJum. 20
telfairiae. 20
telfairiae f. uncinatum. 20

"Plumaria ramosa; 22
Polyopes

polyideoides. 19
sp.• 19

Polysiphonia
harlandii. 23
kampsaxii. 23
pulvinata. 23

"Polyzoniajungermannioides; 23
Porphyra. 2. 4

angusta.14
crispata. 14

dentata. 15
suborbiculata. 15
sp.• 15

Pterocladia. 2. 3
"capillaceum; 17
nana.17
tenuis.17

Ptilothamnion c1adophorae. 22
Punctariaceae. 12

Rdnboldidla schmitziana. 22
"Rhipidiphyllon"

"reticulatum; 10
"nigrescens; 10

Rhizophyllidaceae. 17
Rhodoglossum affine. 21
Rhodomdaceae. 22
Rhodopdtis

borealis. 17
gracilis. 17
setehelliae. 17
'setchdii; 17

Rhodophyta. I. 14
Rhodymenia spinuJosa. 21
Rhodymeniaceae.21
Rhodymeniales. 21
Rosenvingea orientalis. 13

Sarcodiaceae.21
Sarcodia ceylanica. 21
Sargassaceae. 13
Sargassum. 2. 3.4

amabile.13
aquifolium. 13
baccularia. 13
berberifolium. 13
binderi.13
"bi"'lTUla; 13
carpophyllum. 13
coriifolium. 13
coriifolium f. duplicatum. 13
coriifolium f. prolongatum. 13
crassifolium. 13
crispifolium. 13
cristaefolium. 13
duplicatum. 4. 13
echinocarpum. 13
fulvdlum. 13
glauceseens. 13
hemiphyllum.13
henslowianum. 13
heterocystum. 13
homeri.13
ilicifolium. 13
ilicifolium var. conduplicatum. 13
wyoten",. 14
kuetzingii. 14
kushimotense, ]4
"microphyllum: 14
murineystum. 14
plagiophyllum. 14
poJycystum. 14
"prolongatum; 13
rOS1Jdlum. 14
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sandd.14
sandei f. heterophyllum. 14
",natifolium. 14
siliquosum. 14
swanzii.14
telephifolium. 14
tenuifolium. 14
vulgare. 14
sp.• 14

Scinaia
boergesenii.16
cotlonii. 16
moniliformis.16
p"'udojaponica. 16

Scytosiphon
lomentaria. 13
'Iomentarium,' 13
"Iomentarius; 13

Scytosiphonaceae. 13
Scytosiphonales. 12
Siphonocladaceae. 10
Siphonocladales. 10
Solieriaceae. 19
Spatoglossum pacificum. 12
"Spermothamnion"

"cladophorae; 22
"codicola; 22

Sphacelaria
furcigera var. tenuis. II
tribuJoides. II

Sphacelariaeeae. II
Sphacelariales. II
Sphaerococcaceae. 21
Spyridia filamentosa. 22
Struvea

anastomosans. 10
delicatula. 10

Symphyocladia marchantioides. 23

Tenarea tumidulum. 18
TilTanidla codicola. 22
Turbinaria

conoides, 14
filamentosa. 14
"filiformis; 14
omata. 14
trialata. 14
sp.• 14

Udoteaceae. 9
Ulothrix flaccida. 7
U1otrichaceae. 7
Ulotrichales. 7
U1va

angusta.8
conglobata. 8
fasciata.8
japonica.8
Iactuca.8
Iactuca f. Iapathifolia. I. 8
pertusa.8
reticulata. 8
rigida.8
'p.• 8

U1vaceae.7
Ulvales.7
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Valonia
aegagropila. II
-conren-oides," 11
faS!igiala. II
-forbesii.- 10
uuicularis. I 1
"·enicillal3.11

\'aloniaceae. 10
\'aloniopsis pachynema. II

Vidalia obrusiloba. 23

\\'eberella micans. 21
\\'ran~elia \'e!ulina. 22
\\·urdem.mllia

st'tacea.23
sp.. 23

\'"urdemanniaceae.23

Yamadaella cenomyce. 15
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Zonaria
coriacea. 12
diesingiana. 12
flabellala. 12
haneyana. 12
nig'rescens. 12
slipitata. 12
"\'arieg..u3.M 12
sp.. 12
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EVALUATING TAXONOMIC DATABASES FOR
BIOGEOGRAPHIC USE

Jane E. Lewis

ABSTRACT

Reliable biogeographic generalizations generally depend on a valid and useful scientific
literatun:. The problem in marine biology, and especially phycology, hBS been theBSSimiiation
oflarge bodies accumulated over time and published in various languages. This paper shows
how contemporary technologies can be used to bring some order to the analysis of such
information. An electronic database was used to evaiUBte historical and taxonomic database
characteristics. This analytic technique, combined with a detailed scientific background, has
shown that there may be some basic patternsagainst which specific biogeographic hypotheses
can be tested. A phycological database demonstrates these points. A substantial body of
literature describes the history ofcollection and taxonomic analysis of benthic marine algae
from the tropical and subtropical western Pacific. The haphazard natun: of these data and
size of the database has made this literatun: largely inaccessible to critical analysis. Over
11,000 citations to taxa were assembled for this study from the literatun: of the Philippines,
Australia. Taiwan and Malaysia. Biogeographic use of floristic ratios determined from the
reports of single papers is shown to be suspect. Historical trends in the total number of
citations and the occurrence of new introductions of taxa to the record led to generation of
a cumulative taxa curve. This history is the basis for an informed selection ofreliable data.
It can be combined with an evaluation of the degree ofrepetition and consistency in reports
and selection of taxonomic groups most thoroughly reported. This approach is expected to
have general applicability to any large taxonomic information base using data collected by
multiple investigators working with various perspectives at different times.

What tools can we use on our marine floristic or faunistic literatures to yield
biogeographically intelligent conclusions? Computerized database technology is
an obvious choice. This should produce more than simple repositories, de facto
electronic libraries. They should have in them the structure to acquire and retain
knowledge, to respond quickly and successfully to new situations, as well as be
amenable to the use of reason in solving problems effectively. They should, in
short, be structured for intelligence.

The basis for this intelligently-structured electronic database is the scientific
literature. Taxonomic reports on benthic marine algae exist for many areas ofthe
tropical and subtropical western Pacific, including the Ryukyus (Okamura, 1936;
Segawa and Kamura, 1960), Hong Kong (Tseng, 1940; Hodgkiss and Van, 1981),
South China (Tseng, 1983; Zhang and Xia; 1983), Vietnam (Dawson, 1954; Pham­
Hoang, 1969) and Indonesia (Weber van Bosse, 1913a; 1913b). These reports
have been written in several languages and published over a period ofalmost 170
years.

In phycology, one is faced with references oftantaIizing interest but which are
inaccessible or very difficult to assimilate by reason of language, differences in
theoretical approach or other barriers to comparison. The researcher assumes that
if one could intelligently compare these references, however preliminary that
assessment might be, patterns would almost certainly be revealed ofintense bio­
geographic interest.

The literature ofTaiwan exemplifies these difficulties and more. The literature
written in Chinese is published variously in simplified or traditional character
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bases. Japanese reports on this area use a combination ofphonetic alphabets and
Chinese-styl~characters [kanji]. Western authors add to this mix their complement
ofEuropean languages. Each group also has had a distinct approach to phycology
over time. Over this period both nomenclature and the phycological approach to
taxonomy have been in continual change.

The field of phycology is handicapped by the scant attention historically paid
to organizing the body of its literature, the basis for its scientific advancement.
The haphazard nature of the data and number of records from diverse sources
make the literature inaccessible to critical analysis.

In the last 5 years, authors frpm four areas within the warm-water western
Pacific region have tackled these problems and have published taxonomic sum­
maries which address these problems to varying degrees, With these four papers
as a foundation, it is now possible to develop methods to compare the literature
regionally, seeking biogeographically meaningful patterns at a larger scale.

METHOD

Summary papers for tropical and subtropical Australia (lewis, 1984; 1985; 1987), the Philippines
(Silva et aI., 1987), Malaysia (Phang. 1986) and Taiwan (lewis and Noms. 1987) provided the data
for this study. Each citation, or single repon ofan individual taxon, from the summary publications
was entered into an electronic, text-based database. All information was utilized as provided by the
authors of the respective papers, without funher nomenclatural or taxonomic judgment.

Each record included: genus and species; the country for which it was reponed; bibliographic source
for the repOn; and taxonomic position of the species (Division, Order and Family). Also included
where appropriate were synonymies and other comments. Collection localities were appended for each
citation from Australia and the Philippines.

Citations were entered into R:Base System 5, a commercial database program running under DOS
on an IBM-compatible personal computer. Information wasextraeted usingR:BASE CLOUT,a natural
language database tool.

REsULTS

Taxonomic Summary. - The four regions analyzed are summarized in Table I.
The total number of families, genera, species and citations published is given.
Components for the Divisions Rhodophyta, Phaeophyta and Chlorophyta are
also given.

Citations were most numerous for the Philippines. Comparing the number of
species to the number of citations, red algae are reported an average of almost
six times each, brown algae were over five each. Green species were reported, on
average, almost nine times. Total citations were less for Australia though the
numbers offamilies and genera are the greatest ofany ofthe countries examined.
The highest Australian ratio ofcitations to species was for green algae, but values
are all lower than those of the Philippines. Taiwan has lower numbers in all
taxonomic groups except brown genera, where it was only slightly greater than
for brown Philippine genera. Malaysian values were lowe~t in all categories. The
ratio of citations to species, less than two, indicates an incipient literature base.

Citations from the Philippines constitute over half of the total citations from
the four summary papers. By Division, citations for the Philippines are greater
than half the total for Rhodophyta (red algae) and Chlorophyta (green algae) but
considerably less than half of the total Phaeophyta citations.

Biogeographic Indices. -Although biogeographic statements in marine phycology
have traditionally been limited to presence/absence tables, a simple floristic index
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Table 1. Summary ofthe database. Taxonomic constitution ofthe benthic marine algae repons from
four areas of the tropical and subtropical western Pacific region. The number of families, genera,
speciesand individual.citationsare given for the Divisions Rhodophyta (red algae), Phaeophyta (brown
algae), Chlorophyta (green algae) and the total of the three groups

Family Genus speC.. Cilation CoUDlIy

Rhodophyta 37 131 506 2,936 Philippines
40 141 389 1,637 Australia
31 88 255 1,092 Taiwan
16 32 62 83 Malaysia

Phaeophyta 10 23 154 836 Philippines
19 50 150 689 Australia
9 24 95 428 Taiwan
8 12 33 49 Malaysia

Chlorophyta 14 36 251 2,162 Philippines
20 51 223 1,029 Australia
13 25 90 517 Taiwan
7 21 58 82 Malaysia

Total 61 190 911 5,934 Philippines
79 242 762 3,355 Australia
53 137 440 2,037 Taiwan
31 65 153 214 Malaysia

(Cheney, 1977) has recently been used biogeographically (South, 1983). The Che­
ney index is derived by adding the number of red algal species to those ofgreen
and dividing the sum by the number ofbrown (R + GIB). It has been applied to
Atlantic Ocean algal floras with the resulting inference that the higher the value,
th~ more tropical the flora. This index has not previously been reported for Pacific
Ocean localities.

Values of the Cheney index are plotted (Fig. I) according to latitudinal range
for Malaysia, the Philippines, Taiwan, Australia, California and several Atlantic
locations. The highest value is for Jamaica, the lowest for southern Greenland.
After incorporating Pacific Ocean locations, the general trend of high latitudes
being related to low index values continues to be maintained. The Pacific localities
are grouped, however, with somewhat lower values than for similar latitudes in
the Atlantic.

The Cheney index is intriguing, even seductive, in its simplicity. But this sim­
plicity may mask information which would help in its intelligent interpretation.
Often numbers are taken from a single taxonomic publication with no apparent
regard for its potential irregularities. In this way, only a small percent ofavailable
and useful information is, in fact, being utilized. For example, is the cause for the
low value for Malaysia under-reportage? Is the total number oftaxa for a location
an important variable? Because Australia and the Philippines have extensive
latitudinal ranges, and collection locations are published for each record, if their
ranges were divided into several sections would the latitudinal trend continue?
Can a single paper be assumed to be a good basis for this ratio? Does it matter
when the paper was published or who published it, or is the index stable through
time?

This illustrates the problem of taking numbers from a single report without
reference to the degree ofwork done. Differences undoubtedly exist in the applied
theory, the method used, and the degree to which each different area has been
reported.
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Figure 1. Latitudinal distributions offtoristic indices for: (a) Malaysia; (b) the Philippines; (c) tropical
and subtropical Australia; (d) Jamaica; (e) Taiwan; ({) Bennuda; (g) California; (h) Nonh Carolina; (i)
Ponugal; (j) Connecticut; (k) Rhode Island; 0) Newfoundland; (m) Great Britain; (0) southern Green­
land.

Data Over Time.-To the extent that floristic reportage changes over time, in­
dividual reports must be seen in an historical context. The analytical technique
proposed here illustrates the temporal framework in which the database has been
created. Because Philippine records are the most voluminous (5,934 citations),
extend back farthest historically (to 1820) and encompass the greatest number of
publications (296), it has been chosen as an example. Results ofthe floristic index
were generated from the sum ofall reports for the Philippines by decade, beginning
with the 1830's (Fig. 2A).

Clumping papers by decade dampens the bias caused by individual reports and
makes the Cheney index more representative of short historical periods. It was
anticipated that the index would fluctuate in the early history when few papers
were generated and then increasingly stabilize as a result both ofincreased number
of reports and, presumably, greater inclusiveness in these reports. A surprising
stability through the early period is followed by 60 years ofhigh fluctuation, and
several decades of relative stability with a gradual increase brings the graph to
1985. Higher values resulted in decades when red or green algae were predomi­
nantly reported, low values signaled those decades in which a relatively high
number of brown algae were reported.

The next step was to examine a graph ofcumulative Cheney index by decade
(Fig. 2B). One might have expected that the reports would result in an asymptotic
value for the index. However, this does not yet seem to have occurred, so there
is no clear indication from this whether or not the present cumulative number
may beregarded as representative. Largejumps in the index value, such as between
the 60's and the 70's represent a relatively large increase in taxa, with few brown
species. The swings of the 1890's to 1950's are moderated in this cumulative
view, and show here only as a steady increase.

Interpreted biogeographically, the Cheney index indicates that the marine algal
flora of the Philippines has changed in 150 years from one subarctic in nature,
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Figure 2. Marine algal floristic index (R+GIB) for the Philippines from all accumulated published
repons for each IO-yearperiod. (A) The index figured separately for each decade. (8) The index figured
from cumulative repons.

to one subtropical. Clearly a method resulting in such a conclusion should be
viewed with suspicion. Only after carefully characterizing the dynamics of the
history of reporting on floristic or taxonomic databases can useful biogeographic
conclusions be drawn.

History a/Reporting. -Figure 3 illustrates several factors ofthe history ofbenthic
marine algal reports, using the Philippines as an example. How prolific has the
literature been, and how has this changed through time? Beginning in 1960, and
then more notably from 1970 on, there has been a surge in the number ofreports.

A large increase in the number ofreports began in 1965, adding a large number
ofnew taxa to the Philippine flora (Fig. 3B). Whereas the total number ofcitations
has continually increased over the last few decades, this pattern is not reflected
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rJ8W'C 3. History of the repons of benthic marine algae from. the Philippines from 1820 to 1985
accumulated as 5-year totals. (A) The number of citations. (8) The number of taxa newly reported.
(C) The cumulative number of taxa reponed.
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in the number ofnew taxa being introduced. The peak for new taxa was the period
from 1975 to 1980, though the 1980 to 1985 value is still very high. This suggests
that, although the introduction of new taxa to the· record has slowed somewhat,
the record as a whole is still immature.

Ifreports of new taxa are declining, is the number of taxa being reported for
the Philippines beginning to stabilize'! A curve ofcumulative reported taxa (Fig.
3C) shows a period ofslow growth, which might be referred to as a kind of"grow­
out" phase, followed by more than two decades ofexponential growth. A plateau
would be expected to appear in what might be called a "maturely reported" flora,
but the total taxa do not yet show a tendency toward stabilization for the Phil­
ippines.

When a plateau is present in a cumulative taxa curve, it is then possible to ask
whether biogeographically useful statements can be made. Although at species
level the literature for the Philippines has not stabilized, following the same
technique it is possible that taxonomic subgroups (i.e., Orders, Families or Genera),
may be found which have. The researcher would attempt to identify such groups
in order to begin to draw biogeographically useful conClusions. When applied to
finer taxonomic levels, curves such as the last few shown are the kinds of tools
which may be employed to locate stable information from the literature.

Repeat Citations. -Another type of database analysis has been used to indicate
the validity ofa report, specifically in revealing the biases relative to the frequency
with which a' taxon is reported, The importance of this relates to the common
feeling, when reading taxonomic reports of seaweeds, that the name used in the
publication is not "correct." The result is that literature may be discounted when
there is no personal knowledge of the process used to generate it. There are ways .
to look at the literature and get an indication of its character, and perhaps it's
validity, ifnot on a taxon-by-taxon basis, at least for a region as a whole.

The approach is to look at the number of times that each taxon has been
reported. For example, ofall tropical and subtropical Australia's reported seaweed
taxa, almost 40% were reported only once; some 15% were reported eight or more
times (Fig. 4). One taxon was reported 32 times over the course ofthe history of
seaweed reports,

One should not necessarily discount all taxa only reported once, nor automat­
ically believe reports of that taxon reported 32 times, but on a case-by-case basis
a researcher familiar with seaweed taxonomy can evaluate the causes behind the
number of reports and use them in selecting reliable taxa for biogeographic com­
parison.

DISCUSSION

The body of taxonomic literature has 'been built over time from the work of
diverse groups of researchers. The degree to which this literature can be used to
draw floristic or biogeographic conclusions remains an open question. This paper
takes the view that taxonomic literature is an extremely rich source ofinformation
from which generalizations can be drawn. But to be ofuse it must firstbe evaluated
with great care.

Evaluation is necessary because the literature is the result of a series ofwidely
diverging viewpoints which can not be assumed to be readily comparable. It may
be biased by views predominating in the historical period within which it was
generated or by the singular perspectives of individual researchers. Thus, by first
considering how literature was generated and the motivation for its generation,
it can more intelligently be utilized.
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# total
citations taxa

1 36.6

2 16.4

3 12.2

4 6.7

5 6.5

6 3.3

7 2.8

more 15.5
Figure 4. The number of repeat citations for Australian seaweeds. Values at the base of bars is the
percent of total taxa.

Phycology provides an example of this situation. Historically the methodology
whereby names are published or cited, known as the "type method," has been
without significant change since the early I"SOO's. Beyond methodology, however,
the basic theory which sets criteria for comparing or distinguishing one alga from
another has changed several times in significant ways in the last 150 years. The­
oretical issues of evolution began to solidify only in the 1940's. Discussion of
what a species in fact is, continues to escalate with the application of molecular
biology techniques. In phycology, the ~etails of life histories, ecological infor­
mation on seasonality, and the relationship ofhabitat to morphological plasticity
are only now being worked out. This new information forces a rethinking of
taxonomically reliable characters. No published comprehensive index exists to
phycologicalliterature in general, or even to nomenclatural sources ofphycology
in particular. Voucher specimens are rarely kept to document how particular
investigators have made taxonomic determinations. AIl the evidence that usually
remains ofnaming decisions are Latin binomial in publications, but we are usually
left without any indication of the justification for that decision.

Because the origins of Linnaean or scientific phycology are European, Pacific
Ocean phycology is today in many ways still a phycology at remove. Early in­
vestigators were participants in European voyages who collected sporadically and
then sent specimens ofmany of the common Pacific algae to European herbaria.
There they are practically inaccessible to Pacific area researchers. Far from Eu­
ropean or American libraries, access to the old and standard taxonomy references
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is also difficult. When type specimens and original published descriptions are not
available for reference, Pacific area researchers must rely on the opinions, pub­
lications, descriptions and specimens that are.available. These are some of the
historic and geographic factors to consider when evaluating the benthic marine
algae literature from the tropical and subtropical western Pacific.

Other factors of evaluation are completeness and consensus. Is the taxonomic
breadth of literature published for an area close to the taxonomic breadth of the
actual flora? How close to taxonomic consensus are the researchers of a given
geographical area (i.e., Taiwan or Australia)? Has there been consensus among
the researchers in an area and those from adjacent areas, where floras are likely
to have many elements in common?

As information on the biota of an area increases, the degree to which that
information represents the actual biological situation should also increase. A point
is eventually reached where this information becomes a fair representation of the
actual flora. The challenge is to identify that point.

How can an assessment of the completeness of a floristic database be done?
One may first consider the intensity of investigative activity represented in the
literature. A curve can be generated to illustrate the growth of information. It
would be one beginning with a small number of citations and small number of
taxa recognized and, at some point the number of citations would continue to
increase, but the number ofnew taxa would stabilize. This curve could represent
the number ofrecognized taxa, but this becomes complicated by the presence (as
there is sure to be) of conflicting taxonomic opinions.

Phases ofinitiation, growout (with or without exponential sections) and plateau
are expected on these curves. The individual characteristics ofeach ofthe phases,
and the present location ofa country along the curve, marks their unique history.

As an extension to this cumulative taxa curve concept, taxonomic subsets could
be used to locate taxonomic differences in investigative efforts. This could be used
to address a taxonomic bias, answering questions ofwhich taxonomic groups are
more represented in different historical periods. When, then, is the taxonomic
horsepower sufficient to drive the biogeographic analyses?

Only mth the kinds of computer hardware and software available during the
last few years has it been possible to provide timely evaluations oflarge databases.
Database software allows for one to easily determine the degree of repetition in
reports from more circumscribed taxonomic levels (i.e., Order, Family, Genus or
Species). Combined with specialists' information in individual biological fields,
they allow a characterization of the history ofreports and establish how far along
the flora is to being well-reported.

CoNCLUSION

This paper presents an approach to the evaluation of taxonomic data empha­
sizing the consolidation of the published record. Unavailability of information,
inconsistency of technique, taxonomic and nomenclatural confusion and the lack
of a way to access the degree of confidence in reports impede investigation, but
powerful and flexible computer tools available can simplify synthesis.
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Appendix c.
Database Summary

Appendix C. is a set of three tables which present the original data from the field collections

as compared with the published record for the South China Sea and the remainder of the

warm waterwestern Pacific. The first three columns are summaries of the field species (FLD),

the South China Sea citations (SCS) and the warm water western Pacific (WP) citations.

Following these columns are details of the South China Sea: Hong Kong (HK), Hainan Island

(HN), the Xisha Archipelago (XS) and Vietnam (VN). The last columns are details of the

warm water western Pacific: the Ryukyu Islands (Ryu), Taiwan (1W), the Philippines (Phil)

and the tropical and subtropical areas of Australia (Aust). Three tables are presented: green,

brown and red species. Within each table all taxa are listed alphabetically.
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Table C.1. ComJ)arison of field with publication records (Chlorophyta) from the
warm water western Pacific. -

Summary South China Sea WWWP
Green FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phil Aust

Acetabularia cal X X X X X X
Acetabularia cla X X X X
Acetabularia ere X X X X X
Acetabularia den X X
Acetabularia exi X X X
Acetabularia gig X X
Acetabularia kil X X
Acetabularia maj X X X X X X
Acetabularia med X X
Acetabularia min X X
Acetabularia moe X X
Acetabularia par X X X X
Acetabularia pus X X
Acetabularia ryu X X
Acetabularia sp X X
Acetabularia sp. X X X X
Acetabularia vel X X
Anadyomene brown X X X
Anadyomene esept X X
Anadyomene lecla X X
Anadyomene plica X X X X X
Anadyomene sp X X
Anadyomene stell X X X X
Anadyomene wrigh X X X X X X
Avrainvillea cal X X
Avrainvillea corn X X
Avrainvillea ere X X X X X X X X
Avrainvillea lac X X X X X X X
Avrainvillea Ion X X
Avrainvillea nig X X
Avrainvillea obs X X
Avrainvillea pap X X
Avrainvillea rid X X
Avrainvillea sp. X
Blastophysa rhiz X X
Blidingia minima X X
Boergesenia forb X X X X X X X X
Boergesenia sp X X
Boodlea coacta X X X X X
Boodlea composit X X X X X X X X
Boodlea montagne X X X X
Boodlea siamensi X X X X
Boodleasp. X X X
Boodlea struveoi X X X X
Boodlea vanbosse X X X
Boodleopsis pusi X X X
Boodleopsis sp X
Boodleopsis vert X X
Bometel1a capit X X
Bometel1a nitid X X X X X X
Bometel1a oligo X X X X X X
Bometella ovali X X
Bometel1a sp. X X X
Bometel1a sphae X X X X X X X
Btyopsis corticu X X
Btyopsis foliosa X X
Btyopsis harveya X X X X
Btyopsis hypnoid X X
Bryopsis indica X X X X X X
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Summary South China Sea WWWP
Green FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phil Aust
Bryopsis mucosa X X
Bryopsis muscosa X X X X
Bryopsis myura X X
Bryopsis pennata X X X X X X
Bryopsis plurnosa X X X X X X X X
Bryopsis sp X X X
Caulexpa arnbigua X X X X X X
Caulerpa arenico X X
Caulerpa biserru X X
Caulerpa brachyp X X X X X
Caulerpa brownii X X
Caulerpa byssoid X X
Caulerpa cactoid X X
Caulerpa chemnit X X
Caulerpa clavife X X X
Caulerpa erassif X X X X
Caulerpa erassurn X X
Caulerpa cupress X X X X X X X X X X X
Caulerpa e10ngat X X
Caulerpa falcifo X X
Caulerpa fastigi X X X X X
Caulerpa ferguso X X X X
Caulerpa filicoi X X
Caulerpa flexili X X
Caulerpa freycin X X X X
Caulerpa gerninat X X
Caulerpa lentill X X X X X X
Caulexpa lessoni X X
Caulerpa rnacrodi X X
Caulexpa mexican X X X X
Caulerpa mieroph X X X X
Caulerpa numrnula X X X
Caulerpa papillo X X
Caulerpa parvifo X X
Caulerpa pe1tata X X X X X X X X X
Caulerpa prolife X X X X
Caulerpa racemos X X X X X X X X X X
Caulerpa reyesii X X
Caulerpa scalpel X X
Caulerpa selago X X X
Caulerpa serrula X X X X X X X X X X
Caulerpa sertula X X X X X X X X X X
Caulerpa sertulo X X X
Caulerpa simplic X X
Caulerpasp X X
Caulexpa sp. X X X X
Caulexpa subserr X X
Caulexpa taxifol X X X X X X X X X X X X
Caulerpa urville X X
Caulerpa urvilli X X
Caulerpa vertici X X X X X X X X
Caulexpa vesicul X X
Caulerpa vickers X X X X
Caulerpa webbian X X X X X X
Chaetomorpha aer X X X X X
Chaetomorpha ant X X X X X X X X X
Chaetomorpha bas X X
Chaetomorpha bra X X X X X X
Chaetomorpha cap X X
Chaetomorpha col X X
Chaetomorpha era X X X X X X
Chaetomorpha exp X X
Chaetomorpha gra X X X X
Chaetomorpha ind X X X X
Chaetomorpha inf X X
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Summary South China Sea WWWP
Green FLD SCS WP HK HN XS VN Mly LZ Ryu 1W Phil Aust
Chaetomorpha jap X X
Chaetomorpha jav X X
Chaetomorpha kel X X
Chaetomorpha lig X X
Chaetomorpha lin X X X X X X X
Chaetomorpha sp X X
Chaetomorpha sp. X
Chaetomorpha spi X X X X X X X X
Chaetomorpha tor X X
Charnaedoris orie X X X
Chlorocladus aus X X X
Chloroc1adus phi X X
Chlorodesrnis cae X X X X
Chlorodesmis corn X X
Chlorodesrnis fas X X X X
Chlorodesrnis hi1 X X X X X X
Chlorodesrnis rnaj X X X
Chlorodesrnis sin X X
Chlorodesrnis sp. X
Chroodactylon or X X
Cladophora Xaete X X
Cladophora aegic X X
Cladophora albid X X X X
Cladophora aniso X X·
Cladophora aokii X X X X X X X
Cladophora eaten X X
Cladophora coe1o X X X X
Cladophora confe X X
Cladophora crlna X X
Cladophora crisp X X X X
Cladophora cruci X X
Cladophora cryst X X
Cladophora cymop X X
Cladophora dalrna X X X
Cladophora delic X X
Cladophora diver X X
Cladophora fasci X X X
Cladophora ferti X X
Cladophora filip X X
Cladophora fract X X
Cladophora fulig X X X X X X
Cladophora fusca X X
Cladophora glauc X X
Cladophora glome X X X X
Cladophora gower X X
Cladophora graci X X
Cladophora herpe X X
Cladophora inser X X X X X
Cladophora japon X X
Cladophora kilne X X
Cladophora laete X X X X
Cladophora liebe X X X
Cladophora roauri X X
Cladophora merid X X
Cladophora monta X X
Cladophora papen X X
Cladophora parvu X X
Cladophora paten X X X X X
Cladophora pe11u X X X
Cladophora perpu X X X X
Cladophora proli X X X
Cladophora quisu X X
Derbesia marina X X
Derbesia ryukyue X X X
Derbesia tenuiss X X
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Summary South China Sea WWWP
Green FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phil Aus
Dictyosphaeria b X X
Dictyosphaeria c X X X X X X X
Dictyosphaeria f X X X X
Dictyosphaeria i X X X
Dictyosphaeria 0 X X
Dictyosphaeria s X X X X X X X
Dictyosphaeria v X X X X X X
Endophyton ramos X X
Enteromorpha ara X X
Enteromorpha cha X X X X
Enteromorpha cIa X X X X X X X
Enteromorpha com X X X X X X X
Enteromorpha fas X X
Enteromorpha fie . X X X X X X X
Enteromorpha gun X X
Enteromorpha int X X X X X X X X
Enteromorpha kyl X X X X X
Enteromorpha lin X X X X X X
Enteromorpha pro X X X X X X
Enteromorpha ral X X X X
Enteromorpha ram X X
Enteromorpha sp X X X
Enteromorpha sp. X X X
Enteromorpha tub X X X X
EntocIadia virid X X
Emodesmis verti X X
Erytyrotrichia c X X
Gepella prolifer X X
Gomontia arrhiza X X
Goniotrichum als X X
Goniotrichum cor X X
Halicoryne spica X X
Halicoryne wrigh X X
Halicystis pyrif X X
Halimeda batanen X X
Halimeda bikinen X X
Halimeda copiosa X X X
Halimeda cunea.ta X X X X X X
Halimeda cylindr X X X
Halimeda discoid X X X X X X X X
Halimeda distort X X
Halimeda dura X X
Halimeda fragili X X X
Halimeda gigas X X X
Halimeda gracili X X X X X
Halimeda incrass X X X X X X X X
Halimeda lacunal X X X
Halimeda macrolo X X X X X X X X
Halimeda macroph X X X
Halimeda magnidi X X
Halimeda melanes X X
Halimeda microne X X X X X
Halimeda minima X X
Halimeda opuntia X X X X X X X X X
Halimeda papyrac X X
Halimeda renschi X X X X X
Halimeda simulan X X X
Halimedasp X X
Halimeda stuposa X X X
Halimeda taenico X X X X X
Halimeda tuna X X X X X X
Halimeda velasqu X X X X X X
Halimeda xishaen X
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Summary South China Sea WWWP
Green FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phil Aus
Hormidiurn subtil X X
Microdictyon aga X X
Microdictyon boe X X
Microdictyon cla X X
Microdictyon cur X X
Microdictyon jap X X X X
Microdictyon mon X X
Microdictyon nig X X X
Microdictyon obs X X
Microdictyon oka X X X X X X
Microdictyon pse X
Microdictyon sp X X
Monostroma latis X X X
Monostroma nitid X X X X X X X
Monostroma sp X X
Monostroma sp. X
Neomeris annulat X X X X X X X X X
Neomeris bilimba X X X
Neomeris sp. X
Neomeris vanboss X X X X X X
Ochlochaete hyst X X
Ostreobiurn reine X X X X
Palmophyllurn cra X X
Pedobesia clavae X X
Penicillus nodul X X
Penicillus sibog X X X X
Percursaria perc X X
Phaeophila dendr X X X
Polyphysa clavat X X
Polyphysa parvul X X
Pseudobryopsis h X X
Pseudobryopsis m X X X X
Pseudobryopsis p X X
Pseudobryopsis s X X X
Pseudochlorodesm X X X X
Pseudoendocloniu X X
Rhipilia orienta X X
Rhipiliella vert X X
Rhipiliopsis ech X X
Rhipiliopsis gra X X
Rhipiliopsis how X X
Rhipiliopsis mil X X
Rhipiliopsis pel X X
Rhizocloniurn afr X X X
Rhizocloniurn cap X X
Rhizocloniurn era X X
Rhizocloniurn gra X X X X X
Rhizocloniurn hie X X
Rhizocloniurn imp X X
Rhizocloniurn ker X X X X
Rhizocloniurn koc X X X X
Rhizocloniurn rip X X X X X
Rhizoclonium set X X
Rudicularia peni X X
Siphonocladus tr X X
Siphonocladus xi X
Spongocladia pau X X
Spongocladia vau X X
Spongomorpha sp X X
Struvea anastomo X X X X X X X X X X X
Struvea delicatu X X X X X
Struvea intermed X X
Struvea ramosa X X
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Summary South China Sea WWWP
Green FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phil Aus
Struveasp. X
Trichosolen parv X X
Tydemania expedi X X X X x
Udotea argentea X X X X X
Udotea flabellum X X X X X
Udotea fragiligo X X
Udotea geppii X X
Udotea glaucesce X X X
Udotea halimeda X X
Udotea indica X X
Udotea javensis X X X X X X X X X X
Udotea occidenta X X
Udotea orientali X X X
Udotea palrnetta X X
Udotea reniforrni X X
Udotea tenax X X
Udotea tenuifoli X X
Udotea velutina X X
Udotea xishaensi X X
Ulothrix flaccid X X
Ulothrix subflac X X X X
Ulva angusta X X
Ulva conglobata X X X X X X
Ulva fasciata X X X X X X X
Ulva japonica X X
Ulva lactuca X X X X X X X X X
Ulva latissirna X X X X
Ulva papenfussii X X
Ulvapertusa X X X X X
Ulva reticulata X X X X X X X X X X
Ulvarigida . X X X X
Ulvasp X X X
Ulvasp. X
Ulvaria oxysperrn X X
Ulvella lens X X
Valonia aegagrop X X X X X X X X
Valonia confervo X X X
Valonia fastigia X X X X X X
Valonia rnacrophy X X X
Valonia ragtigia X X
Valoniasp. X
Valonia utricula X X X X X X X
Valonia ventrico X X X X X X X
Valonia verticil X X
Valoniopsis pach X X X X X X X X X X
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Table C.2. Comparison of field with publication records (Phaeophyta) from the
warm water western Pacific.

Summary South ChinaSea WWWP
Brown FLD SCS WP HK HN XS VN Mly QW LZ Ryu TW Phil Aust
Bachelotia antil X X
Bellotia eriopho X X
carpomitra scopa X X
Caulocystis uvif X X
Chilionema ocell X X
Chlanidophora re X X
Chnoospora imple X X X X
Chnoospora minim X X X X X X
Chnoospora panno X X
Cladostephus ver X X
Colpomenia pereg X X
Colpomenia sinou X X
Colpomenia sinuo X X X X
Colpomenia sp X X
Cutleria adspers X X
Cutleria cylindr X X
Cutleria sp X X
Cylindrocarpus r X X
Cystoseira hakod X X
Cystoseira proli X X X X
Cystoseira sp X X X
Cystoseira trino X X
Dictyopteris acr X X
Dictyopteris aus X X X
Dictyopteris cam X X
Dictyopteris era X X
Dictyopteris del X X X X X X
Dictyopteris div X X
Dictyopteris jam X X
Dictyopteris lat X X
Dictyopteris mem X X X
Dictyopteris mu~ X X
Dictyopteris pIa X X·
Dictyopteris pol X X
Dictyopteris rep X X X - X X X
Dictyopteris sp X X X X
Dictyopteris und X X X X
Dictyopteris woo X X X X
Dictyota acutilo X X
Dictyota adnata X X
Dictyota alterni X X
Dictyota apicula X X
Dictyota atomari X X
Dictyota bartayr X X X X X X X X
Dictyota beaccar X X
Dictyota beccari X X
Dictyota bidenta X X
Dictyota bifurca X X
Dictyota cervico X X X X X X X
Dictyota ceylani X X X X X
Dictyota ciliola X X X
Dictyota dentata X X
Dictyota dichoto X X X X X X X X X
Dictyota dilata X X
Dictyota divaric X X X X X X
Dictyota friabil X X X X X X
Dictyota furcell X X
Dictyota hamifer X X
Dictyota indica X X X X X X
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Summary South ChinaSea WWWP
Brown FLO SCS WP HK HN XS VN Mly QW LZ Ryu 1W Phil Aust
Dictyota lata X X X
Dictyota lineari X X X X X X X X
Dictyota major X X
Dictyota mertens X X
Dictyota pardali X X X X
Dktyota patens X X X X X X
Dictyota prolife X X
Dictyota sandwic X X
Dictyota sp X X
Dictyota sp. X
Dictyota spinulo X X X
Dictyota submari X X
Dictyota volubil X X
Dictyotopsis pro X X
Dilophus fastigi X X
Dilophus interme X X
Dilophus margina X X
Dilophus okamura X X X
Dilophus radican X X
Distromium didym X X
Durvillaea potat X X
Ecklonia radiata X X
Ectocarpus brevi X X X X X
Ectocarpus confe X X
Ectocarpus elach X X
Ectocarpus formo X X
Ectocarpus indic X X
Ectocarpus irreg X X X X
Ectocarpus laure X X
Ectocarpus mitch X X
Ectocarpus rhodo X X
Ectocarpus silic X X X X
Ectocarpus sp X X X X X
Ectocarpus sp. X
Ectocarpus spino X X
Ectocarpus tamar X X
Ectocarpus vanbo X X
Ectocarpus varia X X
Ectocarpus vungt X X
Endarachne bingh X X X
Eudesne harveyan X X
Fe1dmannia brevi X X
Fe1dmannia colum X X
Feldmannia e1ach X X
Feldmannia enhal X X
Fe1dmannia filif X X
Fe1dmannia formo X X
Fe1dmannia globi X X
Fe1dmannia indic X X
Fe1dmannia irreg X X
Fe1dmannia sp X X
Fucus fungiformi X X
Fucus vesiculosu X X
Giffordia irregu X X
Giffordia mitche X X X X X
Giffordia sordid X X
Giffordia sp. X
Glossophora kunt X X
Glossophora nigr X X
Haliseris polypo X X
Haliseris sp. X X
Halopteris graci X X
Hincksia breviar X X
Hincksia mitche1 X X
Hincksia rallsia X X

144



Summary South ChinaSea WWWP
Brown FLD SCS WP HK HN XS VN Mly QW LZ Ryu TW Phil Aust
Hizikia fusifonn X X
Homeostrichus mu X X
Honnophysa artic X X X X
Honnophysa cunei X X
Honnophysa sp X X
Honnophysa triqu X X X X X
Honnosira articu X X X
Honnosira banksi X X
Hydroclathrus ca X X
Hydroclathrus cl X X X X
Hydroclathrus sp X X
Ishige foliacea X X
Ishige okamurae X X X X
Ishige sinicola X X X
Leathesia diffor X X X X X
Lobophora sp. X
Lobophora varieg X X X X X X X X X
Macrocystis angu X X
Mesopora schmidt X X
Mesospora schmid X X
Myagropsis myagr X X
Myrionema strang X X
Nemacystus decip X X
Pachydictyon aeg X X
Pachydictyon cor X X X X
Pachydictyon sp. X
Padina arboresce X X X X X
Padina australis X X X X X X X X
Padina boergesen X X
Padina boryana X X X X X
Padina commerson X X X X
Padina crassa X X X X X
Padina distromat X X
Padina durvillae X X
Padina durvillei X X
Padina fraseri X X X
Padina gymnospor X X X X X
Padina japonica X X X
Padina jonesii X X
Padina minor X X X X X
Padina pavonia X X
Padina pavonica X X
Padina sanctae-c X X
Padinasp X X
Padinasp. X
Padina tenuis X X X X X
Padina tetrastro X X X X X X X
Perithalia cauda X X
Petalonia fascia X X X
Petrodenna vietn X X
Pockockiella pap X X
Pocockiella vari X X X
Punctaria sp X X
Pylaiella littor X X
Ralfsia expansa X X X X
Ralfsiasp X X
Ralfsia sp. X X
Rosenvingea intr X X X
Rosenvingea orie X X X X
Sargassum acicul X X
Sargassum acinar X X
Sargassum aemulu X X X X X X
Sargassum agardh X X
Sargassum amabil X X
Sargassum amalIa X X
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Summary South ChinaSea WWWP
Brown FLD SCS WP HK HN XS VN Mly QW LZ Ryu TW Phil Aust
Sargassum angust X X X X X X
Sargassum aquifo X X X
Sargassum armatu X X
Sargassum assimi X X X X X
Sargassum baccif X X X X
Sargassum baccul X X X X X X
Sargassum belang X X
Sargassum berber X X X X
Sargassum bicorn X X
Sargassum bifonn X X
Sargassum binder X X X X X
Sargassum biserr X X
Sargassum brachy X X
Sargassum brevif X X
Sargassum carpop X X X X X X X X X
Sargassum cervic X X X
Sargassum cinctu X X X
Sargassum cinere X X X X X X
Sargassum clavif X X
Sargassum confus X X v X.n.
Sargassum congki X X
Sargassum coriif X X X X
Sargassum crassi X X X X X X
Sargassum crispi X X X
Sargassum crista X X X X X X X X
Sargassum cystoc X X X
Sargassum cystop X X
Sargassum dasyph X X
Sargassum decurr X X
Sargassum desvau X X
Sargassum droser X X
Sargassum duplic X X X X X X X X
Sargassum echino X X
Sargassum e10nga X X
Sargassum emargi X X
Sargassum enerve X X
Sargassum esperi X X
Sargassum fallax X X
Sargassum fe1dma X X
Sargassum filici X X
Sargassum filifo X X X
Sargassum filipe X X
Sargassum fissif X X
Sargassum flavic X X X X
Sargassum fluita X X
Sargassum fragil X X
Sargassum fulvel X X X
Sargassum furcat X X
Sargassum fusifo X X X
Sargassum gaudic X X
Sargassum gigant X X
Sargassum glauce X X X X X X X X
Sargassum godeff X X
Sargassum graci1 X X X X X X X X
Sargassum gramin X X
Sargassum granul X X X X X
Sargassum grevil X X
Sargassum hemiph X X X X X X X
Sargassum henslo X X X X X X
Sargassum herlda X
Sargassum herldo X X X X
Sargassum hetero X X X X X
Sargassum hombro X X
Sargassum horner X X X X X X
Sargassum howean X X
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Summary South China Sea WWWP
Brown FLO SCS WP HK HN XS VN Mly QW LZ Ryu TW Phi Aus
Sargassum ilicif X X X X X X X X X X
Sargassum incanu X X X
Sargassum kasyot X X
Sargassum kjellm X X X
Sargassum kuetzi X X X X X X
Sargassum kushim X X
Sargassum lanceo X X
Sargassumlatifo X X X
Sargassum laxifo X X
Sargassum leptop X X
Sargassum linear X X
Sargassum longif X X X
Sargassum lophoc X X
Sargassum rnaclur X X X X X
Sargassum macrop X X
Sargassum mangar X X
Sargassum merrif X X
Sargassum microc X X X X X
Sargassum microp X X
Sargassum miyabe X X
Sargassum myrioc X X X X X X X
Sargassum natans X X
Sargassum nigrif X X X
Sargassum nippon X X
Sargassum nozhou X X
Sargassum oligoc X X X X X X X
Sargassum oocyst X X
Sargassum opacum X X
Sargassum panicll X X
Sargassum parvif X X X X X
Sargassum parviv X X
Sargassum patens X X X X
Sargassum peroni X X
Sargassum philip X X
Sargassum phyllo X X X
Sargassum piluli X X X X
Sargassum pinati X X
Sargassum plagio X X X X
Sargassum polyce X X
Sargassum polycy X X X X X X X X X X X
Sargassum pterop X X
Sargassum rostra X X
Sargassum sagami X X
Sargassum sandei X X X X X X
Sargassum serrat X X X
Sargassum siliqu X X X X X X X X
Sargassum sp X X X
Sargassum sp. X X X
Sargassum spinif X X X
Sargassum spinul X X
Sargassum stenop X X
Sargassum subspa X X
Sargassumsubtil X X
Sargassum swartz X X X X X X X
Sargassum teleph X X
Sargassum teneri X X
Sargassum tenerr X X X X X X X X
Sargassum tenue X X
Sargassum tenuif X X
Sargassum thunbe X
Sargassum tortiI X X
Sargassum torvum X X
Sargassum tosaen X X
Sargassum turbin X X X
Sargassum vachel X X X
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Summary South China Sea WWWP
Brown FLO SCS WP HK HN XS VN Mly QW LZ Ryu TW Phi Aus
Sargassum vauchi X
Sargassum virgat X X
Sargassum vulgar X X X
Sargassum wighti X X
Sargassum xishae X X
Sargassum yendoi X X
Scytosiphon lome X X X
Spatoglossum asp X X X
Spatoglossum die X X
Spatoglossum mae X X
Spatoglossum pae X X X X X
Spatoglossum shr X X
Spatoglossum sp X X
Spatoglossum var X X
Spatoglossum vie X X
Sphaeelaria bira X X
Sphacelaria ceyl X X
Sphacelaria diva X X
Sphacelaria fure X X X X X
Sphacelaria fuse X
Sphacelaria muci X X
Sphacelaria nova X X X X X
Sphacelaria rigi X X X
Sphacelaria sp X X
Sphacelaria sp. X
Sphacelaria trib X X X X X X
Sporochnus comos X X
Stilophora rhizo X X
Stypopodium aust X X
Stypopodium flab X X X
Stypopodium loba X X
Stypopodium zona X X X X
Taonia austtalas X X
Tomaculopsis her X X
Turbinaria conde X X
Turbinaria conoi X X X X X X X X X
Turbinaria deeur X X X X X
Turbinaria denud X X
Turbinaria filam X X X
Turbinaria graci X X
Turbinaria luzon X X
Turbinaria murra X X X
Turbinaria omat X X X X X X X X X X X
Turbinaria parvi X X
Turbinaria sp X X
Turbinaria sp. X X X X
Turbinaria trial X X
Turbinaria turbi X X
Turbinaria vulga X X
Zonaria coriacea X X
Zonaria crenata X X
Zonaria diesingi X X X X X
Zonaria flabella X X X
Zonaria harveyan X X
Zonaria nigresce X X
Zonariasp X X
Zonariasp. X
Zonaria stipitat X X X X
binghamiae
bullosa
clathratus X
implexa X
intricata
lomentarius
minima
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Summary South China Sea WWWP
Brown FLD SCS WP HK HN XS VN Mly QW LZ Ryu TW Phi Aus
nhatrangense X X
orientalis X X X X X X X X
pacifica X X
sinuosa X X X X X X
sp. X
tenuis X X
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Table C.3. Comparison of field with publication records (Rhodophyta) from the
warm water western Pacific.

Summary South China Sea WWWP
Red FLO SCS WP HK HN XS VN Mly LZ Ryu TW Phil Aust

Acanthophora aok X X X
Acanthophora den X X
Acanthophora mus X X X X X X
Acanthophora ori X X X X X X
Acanthophora sp X X
Acanthophora spi X X X X X X X X X
Acrochaetium arc X X
Acrochaetium cat X X
Acrochaetium col X X
Acrochaetium era X X X
Acrochaetium eff X X
Acrochaetium gra X X X X
Acrochaetium han X X
Acrochaetium nit X X
Acrochaetium occ X X
Acrochaetium pap X X
Acrochaetium phu X X
Acrochaetium pse X X
Acrochaetium pul X X X X
Acrochaetium rob X X X X X
Acrochaetium san X X
Acrochaetium sar X X
Acrochaetium ser X X X X
Acrochaetium sin X X
Acrochaetium sp X X X X
Acrochaetium sub X X X X
Acrochaetium tri X X
Acrochaetium vir X X
Acrocystis nana X X X X X X X X
Acrosorium sp. X
Acrosorium uncin X X
Acrosorium yendo X X
Acrosyrnphyton ta X X
Actinotrichia fr X X X X X X X X X
Actinotrichia ri X X X
Actinotrichia ro X X
Agardhiel1a sp X X
Agardhiella tene X X
Aglaothamnion co X X
Ahnfeltia concin X X
Ahnfeltia furcel X X X
Ahnfeltia parado X X
Ahnfeltia sp X X
Alsidium pusillu X X
Amansia daemelii X X
Amansia dietrich X X
Amansia glomerat X X X X X X X X X
Amansia pumila X X
Amansiasp X X
Amphiroa anastom X X X X X
Amphiroa anceps X X X
Amphiroa annulat X X
Amphiroa beauvoi X X X
Amphiroa bowerba X X
Amphiroa erassa X X
Amphiroa cumingi X X
Amphiroa dilatat X X X
Amphiroa ephedra X X X X X
Amphiroa foliace X X X X X X X
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Summary South China Sea WWWP
Red FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phil Aust
Amphiroa fragili X X X X X X X X
Amphiroa fragill X X X X
Amphiroa gracili X X
Amphiroa hancock X X
Amphiroa howensi X X
Amphiroa multifi X X
Amphiroa pacific X X
Amphiroa pusilla X X
Amphiroa rigida X X
Amphiroa sp. X X X X X X X
Amphiroa subcyli X X X
Amphiroa ttibulu X X
Amphiroa Valonio X X X X
Amphiroa zonata X X X
Anotrichium tenu X X X X X X
Antithamnion ant X X X
Antithamnion bas X X
Antithamnion lhe X X X
Antithamnion neg X X
Antithamnion per X X
Antithamnion sp X X
Antithamnion sp. X X X
Antithamnion spi X X
Antrocentrum nig X X
Archaeolithotham X X
Areschougia cong X X
Asparagopsis arm X X
Asparagopsis san X X X X
Asparagopsis tax X X X X X X X X X
Asterocystis om X X X
Asterocytis sp X X
Audouinella dasy X X
Audouinella davi X X
Audouinella euge X X
Audouinella micr X X
Audouinella sapi X X
Audouinella secu X X
Balliella amphig X X
Balliella grandi X X
Balliella repens X X
Balliella subcor X X
Bangia atropurpu X X X X
Bangia breviarti X X
Bangia fuscopurp X X X
Bangia simplex X X
Bangiasp X X
Bangia tanakai X X
Bangia yamadae X X X
Bangiopsis humph X X
Beckerella scala X X
Bertholdia japon X X
BostIychia binde X X X X X X X
BostIychia calli X X
BostIychia flage X X
BostIychia hongk X X X X
BostIychia intri X X X X X
BostIychia kelan X X X X X
BostJychia morit X X X
BostIychia radic X X X X X X
BostIychia simpl X X X X X
BostIychia sp. X
BostIychia tenel X X X X X X X X
BotIyocarpa prol X X
Botryocladia bot X X
Botryocladia kuc X X
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Summary South China Sea WWWP
Red FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phil Aust
Botryocladia lep X X X X
Botryocladia pyr X X
Botryocladia sko X X
Botryocladia uva X X
Bryocladia cervi X X
Calliarthron sp X X
Callithamnion by X X
Callithamnion co X - X
Callithamnion sp X X X X
Callophycus serr X X
Callophycus trld X X
Callophyllis adh X X
Callophyllis adn X X
Callophyllis oka X X
Callophyllis sp X X
Callothamnion sp X
Caloglossa adnat X X X X X X
Caloglossa bomba X X X
Caloglossa lepri X X X X X X
Caloglossa ogasa X X X X X X
Caloglossa saigo X X
Caloglossa sp. X
Caloglossa stipi X X
Campylaephora cr X X
Carpoblepharis s X X
Carpoblepharis w X X
Carpopeltis affi X X
Carpope1tis angu X X X
Carpopeltis arti X X
Carpope1tis capi X X X
Carpope1tis com X X
Carpope1tis cris X X
Carpope1tis diva X X
Carpope1tis flab X X X
Carpope1tis form X X X X X
Carpope1tis mail X X X
Carpopeltis phyl X X
Carpopeltis rigi X X X
Carpopeltis sp X X
Carpopeltis sp. X
Catanella nipae X X
Catanella subumb X X
Catenella caespi X X
Catenella impudi X X X X X
Catenella nipae X X X X X X
Catenella sp. X
Catenella subumb X X
Caulacanthus hor X X
Caulacanthus ind X X
Caulacanthus oka X X X X X
Caulacanthus sal X X
Caulacanthus sp. X X X
Caulacanthus spi X X
Caulacanthus ust X X X
Centroceras apic X X X
Centroceras clay X X X X X X X X X X
Centroceras iner X X
Centroceras mini X X
Centroceras minu X X X X
Centroceras sp X X X X
Centroceras sp. X
Ceramiella procu X X
Ceramium aduncum X X
Ceramium affine X X
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Summary South China Sea WWWP
Red FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phil Aust
Ceramium carnouii X X
Ceramium ciliatu X X
Ceramium ciIwlla X X
Ceramium clarion X X X X
Ceramium clifton X X
Ceramium cOOii X X
Ceramium cruciat X X
Ceramium equiset X X
Ceramium fastigi X X
Ceramium fimbria X X
Ceramium flaccid X X X X
Ceramium gracill X X X X X
Ceramium howei X X
Ceramium huysman X X X X
Ceramium loureir X X
Ceramium luetzel X X
Ceramium marshal X X
Ceramium maryae X X X X X
Ceramium mazatla X X X X X
Ceramium multiju X X
Ceramium nakamur X X
Ceramium panicul X X
Ceramium persona X X
Ceramium procumb X X X X·
Ceramium punctif X X
Ceramium rubrum X X
Ceramium serpens X X
Ceramium setchel X X
Ceramium sinicol X X
Ceramiumsp X X X X
Ceramium sp. X X X
Ceramium taylori X X X X
Ceramium tenerri X X X X
Ceramium tenuiss X X X X X X
Ceramium vagabun X X
Ceramium vagans X X
Ceramium vietnam X X
Ceramium zacae X X
Ceratodictyon sp X X X X X X X X X X
Champia bifida X X X
Champia caespito X X
Champia compress X X
Champia disticha X X
Champiajaponica X X
Champia parvula X X X X X X X X X
Champia salicom X X X X
Champiasp X X
Champiasp. X
Champia spathula X X
Champia vieillar X X X X
Cheilosporum anc X X
Cheilosporum cul X X
Cheilosporumjun X X X X X X
Cheilosporum sag X X X
Cheilosporum spe X X X X
Cheilosporum war X X
Chondria armata X X X X X X X X
Chondria baileya X X
Chondria erassic X X X
Chondria curvili X X
Chondria dangear X X X X
Chondria dasyphy X X X X
Chondria haptero X X
Chondria lancifo X X X X
Chondria minutul X X
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Summary South China Sea WWWP
Red FLD SCS WP HK HN XS VN Mly LZ Ryu 1W Phil Aust
Chondria polyrhi X X
Chondria rainfor X X
Chondria repens X X X X X
Chondria sedifol X X
Chondria seticu1 X X
Chondria sibogae X X
Chondriasp X X
Chondria sp. X
Chondrococcus ho X X X X X
Chondrus crispus X X
Chondrus ocellat X X
Chondrussp X X
Chromastnun Hag X X
Chromastnun tuti· X X
Chroodactylon or X X X
Chrysymenia kaer X X
Chrysyrnenia proc X X
Chrysyrnenia sp X X X X
Claudea batanens X X X X X
Claudea multifid X X
Coelarthrum boer X X X
Coelarthrum coac X X
Coelothrix irreg X X X
Coelothrix sp. X
Conferva fastigi X X
Corallina fronde X X
Corallina granif X X
Corallina offici X X X
Corallina piluli X X
Corallina sessil X X
Corallina sp X X X X
Corallopsis cere X X
Corallopsis eras X X
Corallopsis sali X X
Corallopsis urvi X X
Coriophyllum set X X
Corynec1adia umb X X
Corynomorpha i'ri X X
Cottonie11a fila X X
Crouania attenua X X
Crouania caprico X X
Crouania minutis X X
Crouania sp. X
Cruoriella armor X X
Cryptarachne oka X X
Cryptarachne pro X X
Cryptonemia bail X X
Cryptonemia cali X X
Cryptonemia cren X X
Cryptonemia luxu X X
Cryptonemia schm X X
Cryptonemia sp X X
Cryptonemia undo X X
Cryptopleura sp. X
Cubicu1osporum k X X
Cyrtymenia spars X X
Dasyaadhaerens X X
Dasya baillouvia X X X
Dasya canubica X X
Dasya cuspidifer X X
Dasya e10ngata X X
Dasya fruticu10s X X
Dasya iyengarii X X
Dasya mollis X X
Dasya oce11ata X X
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Summary South China Sea WWWP
Red FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phil Aust
Dasya pacifica X X
Dasya pedicellat X X
Dasya pilosa X X
Dasya punicea X X
Dasya scoparia X
Dasya sessilis X X
Dasyasp X X
Dasyasp. X
Dasycionium flac X X
Dasyopsis pilosa X X
Dasyphila plumar X X X
Delesseria lepri X X
Delesseria sp. X
Delisea fimbriat X X X
Dermatolithon pu X X X X
Dennonema frappi X X X
Dennonema gracil X X
Dennonema pulvin X X
Desmia homemann X X X X
Desmia pulvinata X X
Dicranema rosali X X
Dicranema sp X X
Dictymenia sonde X X
Dictymenia tride X X
Dictyurus purpur X X X
Digenea simplex X X X X
Dotyophycus yama X X
Dudresnaya japon X X
Echinothamnion h X X
Enantiocladia ok X X
Enantiocladia ro X X
Endosiphonia cia X X
Endosiphonia spi X X X
Epymenia cuneata X X
Erythrocladia ir X X
Erythrocladia pi X X
Erythroclonium m X X
Erythroclonium s X X
Erythrocolon pod X X X X X
Erythrotrichia b X X X
Erythrotrichia c X X X X
Erythrotrichia p X X X X
Erythrotrichia s X X X X
Eucheuma alvarez X X
Eucheuma amakusa X X X
Eucheuma amoldi X X X X X
Eucheuma audioli X X
Eucheuma cervico X . X
Eucheuma cottoni X X X
Eucheuma crassum X X X X
Eucheuma crustae X X X
Eucheuma cupress X X
Eucheuma defonna X X
Eucheuma denticu X X X X X
Eucheuma edule X X
Eucheuma gelatin X X X X X X X
Eucheuma horridu X X X X
Eucheuma isifonn X X
Eucheuma leeuwen X X
Eucheuma muricat X X X X X
Eucheuma okamura X X X
Eucheuma papulos X X
Eucheuma procrus X X
Eucheuma serra X X X X X X
Eucheuma sanderi X X
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Summary South China Sea WWWP
Red FLO SCS WP HK HN XS VN Mly LZ Ryu TW Phil Aust
Eueheurna sp X X X X X
Eueheurna sp. X X X
Eucheurna specios X X
Eueheurna spinosu X X
Eucheurna striatu X X
Eupogodon antill X X
Eupogodon pilosu X X
Eupogodon sp X X
Euptilota artieu X X
Euptilota formos X X
Exophyllurn wenti X X X X
Fauehea leptophy X X
Faucheasp X X
Fernandosiphonia X X
Fosliella farino X X X X X
Fosliella lejoli X X
Galaxaura apicul X X X X
Galaxaura arbore X X X X X X X
Galaxaura eanali X X
Galaxaura clavig X X X X
Galaxaura eontig X X
Galaxaura eylidr X X
Galaxaura disten X X
Galaxaura elegan X X
Galaxaura elonga X X X X
Galaxaura faleat X X X
Galaxaura fascie X X X X X X X
Galaxaura fastig X X X X
Galaxaura marne X X X X X X X
Galaxaura frutes X X
Galaxaura glaber X X
Galaxaura glabri X X X X
Galaxaura kjellm X X
Galaxaura lapide X X
Galaxaura latifo X X
Galaxaura margin X X X X
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51ary SbiR1:z WWW
Red FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phi Aus
Galaxaura oblong X X X X X X X X X X X
Galaxaura obtusa X X X X X X
Galaxaura pacifi X X X X X X
Galaxaura robust X X X X X
Galaxaura rudis X X X X
Galaxaura rugosa X X X X
Galaxaura sp X X X X
Galaxaura sp. X X X X
Galaxaura squali X X X
Galaxaura striat X X
Galaxaura subfru X X X X X
Galaxaura subver X X
Galaxaura tenera X X
Galaxaura umbell X X
Galaxaura ventri X X X
Galaxaura veprec X X X X
Galaxaura vietna X X
Gastroclonium xi X X
Gelidiella acero X X X X X X X X X X
Gelidiella adnat X X X X X
Gelidiella borne X X
Gelidiella lubri X X
Gelidiella myrio X X
Gelidiella panno X X
Gelidiella sp X X
Gelidiella taylo X X
Gelidiella tenni X X
Gelidiopsis aero X X
Gelidiopsis grac X X
Gelidiopsis hach X X
Gelidiopsis intr X X X X X X
Gelidiopsis repe X X X X X
Gelidiopsis rigi X X
Gelidiopsis seop X X X X
Gelidiopsis sp X X
Gelidiopsis sp. X
Gelidiopsis vari X X X X X X
Gelidium amansii X X X X X X
Gelidium austral X X
Gelidium cartila X X
Gelidium corneum X X X
Gelidium coulter X X
Gelidium crinale X X X X X X X
Gelidium divaric X X X X X X X
Gelidium heterop X X
Gelidium isabela X X
Gelidium japonic X X
Gelidium johnsto X X X X
Gelidium kintaro X X X
Gelidium latifol X X X X
Gelidium latiusc X X
Gelidium maideni X X
Gelidium pacific X X
Gelidium planius X X
Gelidium pulchel X X X X
Gelidium pusillu X X X X X X X X X
Gelidium rigens X X
Gelidiumsp X X X
Gelidium sp. X
Gelidium spathul X X
Gelidium subcost X X
Gelidium tsengii X X
Gelidium vagum X X
Gelidium vietnam X X
Gelidium yamadae X X
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Gigartina adcul x X
Gigartina brachi X X
Gigartina intenn X X X X
Gigartina ochote X X
Gigartina sp. X
Gigartina tenell X X X X
Gloiocladia rame X X
Gloiopeltis comp X X X
Gloiope1tis furc X X X X
Gloiope1tis minu X X
Gloiopeltis tena X X X X X
Gloiophloea chin X X
Goniotrichum als X X X X
Goniotrichum hum X X
Gordoniella yona X X
Gracilaria arcua X X X X X X X X X X
Gracilaria artie X X
Gracilaria asiat X
Gracilaria blodg X X X X X X X X X
Gracilaria bursa X X X X X
Gracilaria cacal X X
Gracilaria canal X X X X
Gracilaria chord X X X X
Gracilaria confe X X X
Gracilaria coron X X X X X X X
Gracilaria crass X X X X X X X
Gracilaria cylin X X X X
Gracilaria damae X X
Gracilaria denti X X
Gracilaria disti X X
Gracilaria dura X X
Gracilaria eduli X X X X
Gracilaria euche X X X X X X X X X X
Gracilaria firma X
Gracilaria folii X X
Gracilaria furce X X
Gracilaria gigas X X X
Gracilaria haina X X
Gracilaria heter X
Gracilaria howen X X
Gracilaria incur X X X
Gracilaria liche X X
Gracilaria minor X X
Gracilaria papen X X
Gracilaria preis X X
Gracilaria punct X X
Gracilaria purpu X X X X
Gracilaria rhodo X X
Gracilaria rubra X X
Gracilaria salic X X X X X X X
Gracilaria secon X X
Gracilaria sp X X X X X
Gracilaria sp. X X X X X
Gracilaria spini X X
Gracilaria spinu X X X X X
Gracilaria taeni X X
Gracilaria tenui X X X X X
Gracilaria texto X X X X
Gracilaria turgi X X
Gracilaria venez X X
Gracilaria verru X X X X X X X
Gracilaria vieil X X
Gracilariopsis n X X
Gracilariopsis p X X
Gracilariopsis r X X
Gracilariopsis s X X
Gracllaria coron X X
Gracllaria salic X X
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Grateloupia cam X X
Grateloupia coni X X

Grateloupia dich X X

Grateloupia diva X X X X X

Grateloupia dory X X

Grateloupia fili X X X X X X

Grateloupia frut X X
Grateloupia fuqu X
Grateloupia ligu X X
Grateloupia livi X
Grateloupia okam X X
Grateloupia phuq X X
Grateloupia ramo X X X X X X
Grateloupia sp X X X X

Grateloupia sp. X X X
Grateloupia subs X X

Griffithsia coac X X
Griffithsia hete X X

Griffithsia japo X X
Griffithsia mete X X X
Griffithsia oval X X

Griffithsia rhiz X X
Griffithsia sp X X

Griffithsia subc X X X X

Griffithsia tenu X X
Grifflthsia eras X X

Gyrnnogongrus ass X X

Gyrnnogongrus chn X X
Gyrnnogongrus dil X X

Gyrnnogongrus div X X X X

Gyrnnogongrus fla X X X X X X

Gyrnnogongrus gri X X X X

Gyrnnogongrus irr X X

Gyrnnogongrus jap X X
Gyrnnogongrus met X X
Gyrnnogongrus pli X X
Gyrnnogongrus pyg X X X X X
Gymnogongrus qui X X
Gymnogongrus ser X X
Gyrnnogongrus sp X X

Gymnogongrus sp. X
Gymnophycus haps X X

Gymnophycus hypi X X

Gymnothamnion el X X X X X

Halichrysis mica X X

Haliptilon cuben X X

Haliptilon cupie X X

Haliptilon graci X X

Haliptilon rosea X X

Haloplegma duper X X X X X X

Haloplegma polys X X
Halymenia acumin X X

Halymenia ceylan X X

Halymenia dilata X X X X
Halymenia durvil X X X X X X X

Halymenia fimbri X X

Halymenia flores X X X

Halymenia formos X X

Halymenia harvey X X

Halymenia japoni X X

Halymenia lacera X X

Halymenia macula X X X X

Halymenia mieroc X X

Halymenia multif X X

Halymenia sp X X X X

Halymenia sp. X
Halymenia ulvoid X X X X

Helminthocladia X X X X
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Herposiphonia cr X X

Herposiphonia de X X

Herposiphonia in X X X X

Herposiphonia nu X X

Herposiphonia ob X X X

Herposiphonia pa X X X

Herposiphonia pe X X
Herposiphonia pi X X

Herposiphonia se X X
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Summary South China Sea WWWP

Red FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phi Aus

Herposiphonia sp X X X X X X

Herposiphonia su X X X X

Herposiphonia te X X X X

Herposiphonia tr X X

Herposiphonia vi X X
Heterodenna minu X X
Heterodenna sp X X

Heterosiphonia m X X X

Heterosiphonia s X
Heterosiphonia w X X X

Hildenbrandia pr X X X X

Hildenbrandia ru X X

Holmesia neuryme X X

Hydrolithon rein X X X X X X

Hymenocladia dac X X

Hymenocladia gra X X

Hypnea boergesen X X X X X X

Hypnea cenomyce X X X X X X

Hypnea cervicom X X X X X X X X

Hypnea charoides X X X X

Hypnea chordacea X X

Hypnea coenomyce X X
Hypnea comuta X X X X X X

Hypnea divaricat X X X

Hypnea esperi X X X X
Hypnea hamulosa X X
Hypnea japonica X X X X X X

Hypnea muscifonn X X X X X
Hypnea nidifica X X X

Hypnea nidulans X X X X X
Hypnea pannosa X X X X X X X X
Hypnea rugulosa X X

Hypnea saidana X X X
Hypnea seticulos X X
Hypneasp X X X X X
Hypneasp. X
Hypnea spinella X X X X X X
Hypnea valentiae X X X X X
Hypoglossum atte X X X X X

Hypoglossum barb X X

Hypoglossum hypo X X

Hypoglossum serr X X
Hypoglossum spat X X
Implicaria retic X X
Jania adhaerens X X X X X X X

Jania capillacea X X X X

Jania crassa X X X X X

Jania decussato- X X X X

Jania fastigiata X X
Jania longiarthr X X X X X
Jania mexicana X X
Jania micrarthro X X X

Jania pacifica X X

Jania pumila X X X X

Jania radiata X X

Jania rosea X X

Jania rubens X X X X X X

Jania sp X X X X

Jania sp. X
Jania tenella X X X

Jania undulata X X
Jania ungulata X X X X X X X
Jeannerettia lob X X

Jeannerettia ped X X

Kallymenia callo X X
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Summary South China Sea WWWP
Red FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phi Aus
Kallymenia pacif X X
Kallymenia sessi X X
Kallymenia sp X X
Kappaphycus alva X X X X
Kappaphycus cott X X X X
Kappaphycus proc X X
Kappaphycus stri X X X X
Laurencia articu X X X X
Laurencia botryo X X X X
Laurencia brachy X X
Laurencia brongn X X X X
Laurencia capitu X X
Laurencia caraib X X
Laurencia caroli X X X
Laurencia cartil X X X X X X
Laurencia ceylan X X
Laurencia chinen X X X X
Laurencia chondr X X
Laurencia clavat X X
Laurencia colume X X
Laurencia compos X X
Laurencia concin X X
Laurencia concre X X
Laurencia coran X X
Laurencia corymb X X
Laurencia crucia X X
Laurencia decumb X X X X
Laurencia distic X X
Laurencia dotyi X X
Laurencia fascic X X
Laurencia filifo X X
Laurencia flexil X X X X X
Laurencia forste X X X X
Laurencia galtso X X
Laurencia glandu X X X X X
Laurencia gracil X X
Laurencia grevil X X
Laurencia hetero X X
Laurencia hongko X X
Laurencia humili X X
Laurencia implic X X
Laurencia interm X X X
Laurencia intric X X
Laurencia japoni X X X X
Laurencia jejuna X X
Laurencia longic X X
Laurencia majusc X X X X X X X X
Laurencia marian X X X X X
Laurencia microc X X
Laurencia moreto X X
Laurencia nidifi X X X X X
Laurencia obtusa X X X X X X X X
Laurencia okamur X X X
Laurencia palisa X X X
Laurencia panicu X X X X X
Laurencia pannos X X
Laurencia papill X X X X X X
Laurencia parvip X X X X X X X X
Laurencia patent X X
Laurencia pedicu X X
Laurencia penust X X
Laurencia perfor X X X X X
Laurencia pinnat X X X X X X X
Laurencia poitea X X
Laurencia poitii X X
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Summary South China Sea WWWP

Red FLO SCS WP HK HN XS VN Mly LZ Ryu TW Phi Aus

Laurencia ptycho X X

Laurencia pygmae X X X X

Laurencia rigida X X

Laurencia silvai X X
Laurencia sp X X X X X
Laurencia sp. X
Laurencia subsim X X X X
Laurencia succis X X
Laurencia surcul X X X X
Laurencia tenera X X X X X

Laurencia thuyoi X X

Laurencia tristi X X
Laurencia tronoi X X
Laurencia tropic X X x x X
Laurencia undula X X X X X X
Laurencia venust X X X
Laurencia vertic X X
Laurencia yamada X X
Lenonnandia spec X X

Lenonnandiopsis X X
Leptofauchea sp X X
Leveillea junger X X X X X X X X X X

Liagora boergese X X X
Liagora canarien X X
Liagora ceranoid X X X X

Liagora c1adonio X X
Liagora decussat X X
Liagora divarica X X
Liagora farinosa X X X X

Liagora hawaiian X X X

Liagora howensis X X
Liagora japonica X X
Liagora oriental X X X
Liagora pinnata X X
Liagora robusta X X
Liagora rugosa X X X
Liagora segawae X X
Liagora segawai X X
Liagora setchell X X X X

Liagorasp X X
Liagora tenuis X X
Liagora valida X X X X
Liagorophila end X X
Liagoropsis schr X X X
Litholepis indic X X
Lithophyllum bys X X
Lithophyllum kot X X X X

Lithophyllum mol X X X X X
Lithophyllum oka X X
Lithophyllum pal X X X
Lithophyllum per X X
Lithophyllum sam X X
Lithophyllum sp X X X
Lithophyllum tri X X
Lithoporella mel X X X X X X
Lithoporella pac X X X X
Lithothamnion au X X
Lithothamnion er X X X
Lithothamnion gl X X
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Summary Sout China Sea WWWP

Red FLD SCS WP HK HN XS VN Mly LZ Ryu TW phil Aust

Lithothamnion in X X

Lithothamnion mo X X

Lithothamnion si X X X X

Lithothamnium me X X

Lithothamnium sp X X

Lomentaria artic X X

Lomentaria baile X X

Lomentaria coral X X

Lomentaria hakod X X

Lomentaria pinna X X

Lomentaria sp X X

Lophocladia harv X X

Lophocladia laIl X X

Lophosiphonia cr X X X

Lophosiphonia ob X X
Lophosiphonia pr X X

Lophosiphonia re X X
Lophosiphonia sp X X

Lophosiphonia su X X

Lophosiphonia vi X X
Martensia dentic X X

Martensia elegan X X

Martensia flabe1 X X X

Martensia sp X X

Martensia specio X X X

Mastophora affin X X X X X X

Mastophora macro X X

Mastophora pygma X X

Mastophora rosea X X X X X X

Mastophora sp. X
Melobesia confer X X
Melobesia corona X X

Melobesia farino X X X X

Melobesia membra X X

Melobesia sp X X X X X

Meristotheca coa X X

Meristotheca pap X X X X

Meristotheca pro X X

Mesophyllum erub X X X

MesophyIlum imbr X X

MesophyIlum lich X X

MesophyIlum meso X X X

MesophyIlum pule X X

MesophyIlum siam X X

MesophyIlum simu X X X X X

Mesothamnion ear X X
Metagoniolithon X X X X

Mierocladia eleg X X X

Mierociadia glan X X

Microciadia sp X X

Monosporus a~tr X X

Monosporus indic X X

MurrayeIla perlc X X X X

Murraye11a sp X X

MurrayeIla squar X X

Mychodea zanardi X X
Myriogramme bomb X X

Myriogramme earn X X

Nemalion helmint X
Nemalion pulvina X
Neogoniolithon f X X X X X
Neogoniolithon 1 X X
Neogoniolithon m X X X X X
Neogoniolithon 0 X X
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Summary Sout China Sea WWWP

Red FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phil Aust

Neogoniolithon p X X X X

Neogoniolithon t X
Neogoniolithon v X X X
Neomonospora ped X X
Neurymenia fraxi X X X X X X X

Nitophyllum sp X X

Nitophyllum tong X X

Opephyllum marte X X

Palmaria palmata X X

Peleroa elongata X X

Peysonnelia calc X X
Peysonnelia caul X X

Peysonnelia dist X X

Peysonnelia gunn X X
Peysonnelia rubr X X X X X X

Peyssonelia atto X X

Peyssonelia calc X X

Peyssonelia cape X X

peyssonelia cocc X X

Peyssonelia conc X X

Peyssonelia evae X X

Peyssonelia hari X X

Peyssonelia inam X X

Peyssonelia marl X X

Peyssonelia rubr X X

Peyssonnelia cal X X

Peyssonnelia cau X X

Peyssonnelia con X X

Peyssonnelia dis X X X

Peyssonnelia eva X X

Peyssonnelia fov X X

Peyssonnelia ind X X

Peyssonnelia luz X X

Peyssonnelia mar X X

Peyssonnelia obs X X

Peyssonnelia rub X X

Peyssonnelia sp X X

Peyssonnelia squ X X

Phacelocarpus ja X X

Phyllophora subm X X

Phymatolithon ca X X

Phymatolithon po X X

Pilophora sp. X
Platysiphonia rna X X

Platysiphonia mi X X

Pleonosporium gl X X

Pleonosporum bor X X
Plecamium angust X X

Plocamium botryo X X

Plocamium cartil X X

Plocamium costat X X

Plocamium hamatu X X

Plocamium merten X X

Plocamium patens X X

Plocamium preiss X X

Plocamium serrat X X

Plocamium serrul X X

Plocamium telfai X X X X X

Polycavernosa de X X

Polycavemosa fa X X X X X X X

Polycavernosa ra X X
Polycavernosa ur X X
Polyopes ligulat X X
Polyopes polyide X X
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Summary Sout China Sea WWWP

Red FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phil Aust
Polyopessp X X
Polyopes sp. X
Polysiphonia amp X X
Polysiphonia api X X
Polysiphonia bax X X
Polysiphonia bea X X
Polysiphonia bla X X
Polysiphonia coa X X X X
Polysiphonia exi X X
Polysiphonia fer X X X
Polysiphonia fla X X
Polysiphonia for X X
Polysiphonia fra X X X X X
Polysiphonia gor X X
Polysiphonia gra X X
Polysiphonia har X X X X X X
Polysiphonia haw X X X
Polysiphonia her X X
Polysiphonia how X X X
Polysiphonia inf X X
Polysiphonia iso X X
Polysiphonia kam X X
Polysiphonia mac X X
Polysiphonia mol X X
Polysiphonia nha X X
Polysiphonia opa X X
Polysiphonia pac X X
Polysiphonia pIa X X
Polysiphonia pok X X
Polysiphonia pul X X
Polysiphonia pur X X
Polysiphonia say X X
Polysiphonia sco X X X X X
Polysiphonia ser X X
Polysiphonia set X X
Polysiphonia sp X X X X
Polysiphonia sp. X X X
Polysiphonia spa X X
Polysiphonia sph X X X
Polysiphonia sub X X X X X
Polysiphonia tep X X
Polysiphonia ton X X X X
Polysiphonia tri X X
Polysiphonia tsu X X
Polysiphonia upo X X X
Polysiphonia var X X
Polystrata dura X X
Porolithon gardi X X
Porolithon onkod X X X X X X
Porphyra angusta X X
Porphyra atropur X X
Porphyra crispat X X X X X
Porphyra dentata X X X X
Porphyra denticu X X X
Porphyra guangdo X
Porphyra marcosi X X
Porphyrasp X X X
Porphyra sp. X X X X X
Porphyra suborbi X X X X X
Porphyra variega X X
Porphyra vietnam X X
Portieria homem X X
Portieria japoni X X
Predaea incraspe X X
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Summary South China Sea WWWP

Red FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phil Aust

Predaea lacinios X X

Predaea weldii X X
Prionitis cornea X X
Prionitis elata X X
Prionitis obtusa X X
Prionitis sp_ X
Prionitis vietna X X
Pseudolithophyll X
Pterocladia caer X X

Pterocladia calo X X X X X X

Pterocladia capi X X X X X
Pterocladia cerr X
Pterocladia dens X X
Pterocladia luci X X
Pterocladia nana X X X
Pterocladia parv X X
Pterocladia pinn X X
Pteroc1adia sp X X
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Summary South China Sea WWWP
Red FLD SCS WP HK HN XS VN Mly LZ Ryu 1W Phil Aust
Pterocladia tenu X X X
Ptilocladia aust X X
Ptilothamnion cl X X X
Ramicrusta nanha X X
Reinboldiella sc X X
Reptataxis rhizo X X
Rhodoglossum aff X X
Rhodopeltis bore X X X
Rhodopeltis grac X X X
Rhodopeltis setc X X
Rhodopeltis sp X X
Rhodophyllis pel X X
Rhodymenia anast X X X X
Rhodymenia calif . X X
Rhodymenia coact X X
Rhodymenia decum X X
Rhodymenia intri X X X X X
Rhodymenia lepto X X
Rhodymenia palme X X
Rhodymenia sp X X
Rhodymenia sp. X
Rhodymenia spinu X X
Rodriguezella ho X X
Sarcodia ceylani X X
Sarcodia ciliata X X
Sarcodia montagn X X X
Sarcodiasp X X X X
Sarconerna filifo X X X X
Sarconema graci1 X X
Scinaia boergese X X X X
Scinaia cottonii X X X X
Scinaia hormoide X X
Scinaia latifron X X
Scinaia monilifo X X X X
Scinaia moretone X X
Scinaia pseudoja X X
Scinaia sp X X X
Scinaia tsenglan X X X
Sebdenia ceylani X X
Sebdenia limensi X X
Sebdenia maculat X X
Sebdenia yarnadae X X
Seirospora occid X X
Sinocladia sp. X
Soliera mollis X X
Solieria anastom X X
Solieria dura X X
Solieria robusra X X
Solieria robusta X X X X
Solieria sp. X
Solieriatenuis X
Sonderopelta cor X X
Spermothamnion s X X X
Sphaerococcus de X X
Sporolithon ezyt X X
Sporolithon schm X X
Sporolithon sibo X X
Sporolithon timo X X
Spyridia filamen X X X X X X X
Spyridia sp. X
Spyridia ve1asqu X X
Stylonema alsidi X X
Symphiocladia rna X X X
Symphiocladia sp X
Taeniorna nanum X X
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Summary South China Sea WWWP
Red FLD SCS WP HK HN XS VN Mly LZ Ryu 1W Phil Aust
Taenioma perpusi X X X X X
Tapeinodasya bor X X
Tenarea tumidulu X X
Thamnoclonium pr X X
Thamnoclonium se X X
Thamnoclonium ti X X
Thamnoclonium tr X X
Thuretia austral X X
Tiffaniella cedi X X
Titanophora iner X X
Titanophora pule X X
Titanophora sp X X X X
Titanophora webe X X
Tolypiocladia ca X X X X
Tolypiocladia co X X
Tolypiocladia gl X X X X X X X X
Tolypiocladia sp X X
Trematocarpus py X X
Trichogloea regu X X
Trichogloea requ X X X
Trichogloea sp X X
Tylotus lichenoi X X
Tylotus obtusatu X X
Vanvoorstia ecce X X
Vanvoorstia spec X v X...
Vidalia fimbriat X X
Vidalia obtusilo X X X
Vidalia spiralis X X
Weberella mieans X X X X
Wrange1ia argus X X X X X X
Wrangelia bicusp X X
Wrangelia hainan X X
Wrangelia penici X X X
Wrangelia plumos X X
Wrangelia sp. X
Wrangelia tagoi X X
Wrangelia veluti X X
Wurdemannia mini X X X X X
Wurdemannia seta X X
Wurdemannia sp X X
Yarnadaella caeno X X
Yamadaella cenom X X X
Zellera tawallin X X
abbottiae
amplectens
australis
boergesenii
eapricorniea
eeranoides X
chaetomorphae X
cheyneana
divaricata X
farinasa X
filaformis
fragilis
frappierii
hainanensis
hawaiiana
!n'egU;1aris
Japomca
orientalis
pinnata X X X
pulvinata X X X
pulvinaturn X X
robusta X X
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Summary South China Sea WWWP
Red FLD SCS WP HK HN XS VN Mly LZ Ryu TW Phil Aust
mbra
samoensis X
segawai
setchellii x X
sinensis X X
sp. X X X X X
subintegra X X
valida X X X
viscida X X
yamadae X X
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