UNIHI-SEAGRANT-BB-86-01



The California Sea Grant College Program is a statewide multiuniversity program of marine
research, education, and advisory services, administered by the University of California Institute of
Marine Resources. Sea Grant-sponsored to the growing of knowledge
about our coastal and ocean resources-and, consequently, to the solution of many marine-related
problems facing our society. Through its Marine Extension Program, Sea Grant transfers information
and technology developed in research efforts to a wide community of interested parties and actual
users of marine information and technology, not only in California'but throughout the nation.

Grant also supports a broad range of educational university public school
teachers and students, and the general public so that our coastal and ocean resources can be
understood and used judiciously by this and future generations. )

Rosemary Amidei,
Communications Coordinator

Published by the California Sea Grant College Program, University of California,

arg
of California, A-032, La Jolla, California 92093-0232.

This work was sponsored in part by NOAA, National Sea Grant College Program, Department of
Commerce, under grant no. NAB5AA-D-SG140, Project # A/P-1 and by the California State.
Resources Agency. The U.S. Government is authorized to produce and-distribute reprints for
governmental purposes:



TAXONOMY OF
ECONOMIC SEAWEEDS

With reference to some
Pacific and Caribbean Species
Volume Il

Isabella A. Abbott, Editor

Results of an international workshop sponsored by the California Sea Grant
College Program and the Institute of Oceanology of the Academia Sinica

of the People’s Republic of China in cooperation with the Pacific Sea Grant
College Programs of Alaska, Hawaii, Oregon and Washington and hosted by the
Institute of Oceanology in Qingdao, September 22 to 25, 1986.

54‘)\ A
BN N\

W ﬂ‘»
NoOOXTT A

A
o~
N
)

A Publication of the
California Sea Grant College Program

Report No. T-CSGCP-018



UNIVERSITY OF HAWAII AT MANOA
SEA GRANT COLLEGE PROGRAM
2525 CORREA ROAD, HIG 238
HONOLULU, HAWAIl 96822

UNIHI-SEAGRANT-BB-86-01



Table of Contents

Preface
James J. Sullivan

Introduction
Isabella A. Abbott

Acknowledgments

Participants

Section I. Western Pacific Asiatic Species of Sargassum subgenus
Sargassum with Keys to the Species

Introduction
Tadao Yoshida

Japanese and Taiwanese Species of Sargassum Subgenus Sargassum
Tadao Yoshida

Studies on Chinese Species of Zygocarpic Sargassum
Tseng C. K. and Lu Baoren

Clarification of Some Subgeneric Nomenclature in Sargassum Subgenus
Sargassum

Isabella A. Abbott, Tseng C. K., and Lu Baoren

Sargassum from Micronesia
Roy T. Tsuda

Sargassum (Phaeophyta, Fucales, Sargassaceae) in the Hawaiian Islands
William H. Magruder

vii

Xi

xiii

23

55

59

65



Section ll. Gelidiales

Introduction
1SADEIIA A. ADDOLL ...ttt e e s seeeseeae s seaessenneeen 89

Taxonomic Studies on Chinese Gelidiales (Rhodophyta)
Bernabe SANLENICES ...........cuueeueeeeueeeeeereeieeeeseeseseesessesessesesssssssassesesesessesaneens 91

Chinese Species of Gelidium Lamouroux and other Gelidiales (Rhodophyta),
with Key, List, and Distribution to the Common Species

Zhang Junfu (C. F. Chang) and Xia Enzhan ................ccoceveeoinvenecnseenscnnuenne. 109

Separation of Gelidium and Pterocladia on Vegetative Characters
D. Rodriguez and B. SANElICES ............cueceeeeeeeeeeiesieieeseiessieesssssssnsanas 115

Section lll. The Red Algal Genera Gracilaria and Polycavernosa:
Additional Species from the Western Pacific

Introduction
1SADENA A. ADDOIRL ..........oveeeeeeeeeeeeee et ettt e stete e e e e e srsaae e e e sesesae e e s srnae e eeenans 127

On Two New Gracilaria (Gigartinales, Rhodophyta) from South China
Zhang Junfu (C. F. Chang) and Xia Bangmei ................ccccoucuecerceeecensenecenncn. 131

Some Species of Gracilaria and Polycavernosa from Thailand
IS@bella A. ADDOLL ............cooereiieeeeeeeee ettt et 137

Some Species of Gracilaria and Polycavernosa from the Siboga Expedition
1SADEIIA A. ADDOLE ..........ooeeeeiiieee ettt s 151

Section IV. Eucheuma (Rhodophyta, Solieriaceae)

Introduction
1SADEIIA A. ADDOLL ........ccoeeeeeeeeeeeceeeeeeieeeeee et eee s st st e sssne e e evnnese e e seeenene 1D T

Prodromus ad Systematica Eucheumatoideorum: A Tribe of Commercial
Seaweeds Related to Eucheuma (Solieriaceae, Gigartinales)

MAEXWEII S. DOLY ...ttt ettt sttt et ne s 159
The Genus Eucheuma J. Agardh in Florida and the Caribbean
DOoNald P. CRENEY .........ooeeeeiieeieeieeeteeeee ettt ettt et s e ne e 209
Section V. Laurencia (Rhodophyta, Rhodomelaceae)

Introduction
Karla J. MCDEImid ..............eeeeeeeueeeeeeiiciieieeeieecireeeeeesssseeeeeessssseseesesssnseessennns 221

Laurencia from the Hawaiian Islands: Key, Annotated List, and
Distribution of the Species

Karla J. MCDEIMUA ...t saareeeeeeeeessesesennnnns 231



Laurencia from China: Key, List and Distribution of the Species
Zhang Junfu (C. F. Chang) and Xia Bangmei .................ccccceeeeeeeeenseenscnsnenne

Agar from a Species of Laurencia, a Red Seaweed from the Hawaiian Islands
Earl K. Zablackis and Karla J. McDermid ..............cccccoovoenvcennnescenncnceneennns

Section VI. Taxonomic Index



Vi



James J. Sullivan
Director, California Sea Grant College Program

This is the second volume on the taxonomy of commercially important sub-tropical
and tropical seaweeds that California Sea Grant has published in cooperation with the
Pacific Sea Grant College Program. We are especially pleased to have co-sponsored the
workshop on which this book is based with the Academy of Science (Academia Sinica) of
the People’s Republic of China.

As | related in the first volume in this series, the need for these workshops was first
suggested to me by Roy Tsuda, vice president of Academic Affairs of the University of
Guam. According to Dr. Tsuda, confusion in the taxonomy of economically important
tropical and subtropical algae remains the single greatest obstacle to progress in Pacific
seaweed aquaculture and marine natural products chemistry—both topics of importance
to the programs that constitute Pacific Sea Grant.

As aresult of his observation, | asked Isabella Abbott of the University of Hawaii if
she would convene an international group of specialists. The result was a working
conference hosted by the University of Guam in June 1984, followed in 1985 by
publication of a proceedings of that workshop entitled, Taxonomy of Economic Seaweeds
(with Reference to Some Pacific and Caribbean Species), edited by Dr. Abbott and by Dr.
James N. Norris of the Smithsonian Institution in Washington, D.C. We were gratified that
this volume was awarded first place in the "Book for Technical Audience" category by the
National Association of Government Communicators.

That first meeting was tremendously productive, but it also served to highlight how
many problems of nomenclature and systematics remained in the groups selected. We
were all most pleased, therefore, when Dr. C. K. Tseng, director emeritus of the Institute of
Oceanology in Qingdao and a participant in the workshop, suggested that China’s
Academia Sinica would like to co-sponsor a second workshop on the topic with us.

That second conference was held in Qingdao in September 1986, with Isabella
Abbott and C. K. Tseng serving as co-convenors. The results appear in this volume. Our
Chinese hosts could not have been kinder. | wish especially to thank Dr. Tseng for his
hospitality and Xia Bangmei, who accompanied us for the two weeks that we were in
China, serving not only as friend and colleague, but also as interpreter and guide.

On behalf of the directors of the programs that constitute the Pacific Sea Grant
College Program, | also wish to thank all of the participants for their contributions to the
success of this workshop. | believe this volume attests to their enthusiasm and to their
hard work.
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Introduction

Isabella A. Abbott
Workshop Co-convener and Editor

Because the kind and quality of a seaweed product is announced with its correct
name, the taxonomic base on which the name rests furnishes the basis for proper
valuation of seaweed crops. Used as food staples in many nations, including China and
Japan, seaweeds are more commonly encountered in the West in food processing and
biomedical products.

At the first California-sponsored international workshop on economically important
algae, held in Guam in 1984, 12 taxonomists, representing the United States, Japan,
China, Chile, and Taiwan, decided to focus on the four economically important seaweeds
that have warm-water representatives because the useful temperate algae are fairly well
known and do not have taxonomic or nomenclatural problems that approach those in the
tropics. The groups we chose were Gracilaria, Polycavernosa, Eucheuma, Sargassum,
and the Gelidiales (including Gelidium, Pterocladia, Gelidiella, Yatabella, and
Acanthopeltis).

We had hoped to include even more taxonomists in our second workshop, but
several who had expressed interest were unable to attend. As a consequence, the
number of taxa we examined and the scope of our studies had to be reduced. We chose
to continue work on the groups selected at the first workshop, and to add Laurencia, in
which agar has recently been found to occur.

Sargassum subgenus Sargassum (containing the bulk of the species of the genus)
from the western Pacific was tackled by five of the participants, Gracilaria and
Polycavernosaby three, and Laurencia by two.

Subsequent to the workshop, Dr. Santelices from Chile came to Hawaii to work on
the Gelidiales of China, and Dr. Maxwell Doty contributed a paper that will help to clarify
some of the difficulties in the problem-full genus Eucheuma. At Dr. Doty’s instigation and
with his help, we are also including a paper by Donald P. Cheney on Eucheuma isiforme
from the western Atlantic and Florida; this will bring together information that will be
valuable later when the type species of the genus, E. denticulatum (Burm. f.) Coll. &
Hervey, is re-examined.

Visiting the herbarium at the Institute of Oceanology in Qingdao proved to be a real
bonanza for several of us. This was especially true for Tadao Yoshida, who had the
opportunity there to examine samples of species of Sargassum that have been reported



from both China and Japan; he was, as a consequence, able to determine that a few
species appear to be endemic to Japan. Karla McDermid found that a fairly common
Hawaiian species of Laurencia, to which the name Laurencia surculigera had been
applied, did not resemble specimens from the type locality, Hong Kong. (Indeed, on
comparing Hawaiian and Chinese species of Laurencia it was found that very few species
are in common.) | had brought with me specimens and a description of a "new species" of
Gracilaria from Thailand, only to find that my Chinese counterparts Zhang Junfu and Xia
Bangmei had decided that similar plants represented a new variety of a species that they
had previously described as G. tenuistipitata. Obviously, the benefits of traveling multiply
rapidly when one is able to share experiences with other specialists!

Most specimens studied in this workshop are deposited in the following herbaria:
Academia Sinica, Institute of Oceanology, Qingdao, People’s Republic of China (AST);
Department of Botany, B. P. Bishop Museum, Honolulu, Hawaii (BISH); Herbarium of
Faculty of Science, Department of Botany, Hokkaido University, Sapporo, Japan (SAP).
In addition to the Bishop Museum, some specimens of Thai Gracilaria and Polycavernosa
species will be shared with the algal collection of the U.S. National Herbarium,
Smithsonian Institution, Washington, D.C. (U.S.) and with Katsetsart University Herbarium,
Bangkok, Thailand. Other herbaria mentioned are those at Lund University (LD), Sweden;
British Museum, Natural History (BM); and the State Herbarium of the Netherlands at
Leiden (L). Abbreviations are from Index Herbariorum (Holmgren, P. K., Keuken, W. and
Schofield, E. K. 1981. 7th ed. vii + 452 pp. Utrecht: Bohn, Scheltema & Hoikkema).

In this second workshop, we have demonstrated once again that small groups of
specialists working together in a concentrated period can produce meaningful
contributions to the taxonomy of useful seaweeds. We look upon these studies as steps
along the road of systematics, in which the main progress has to do with getting regional
taxonomic information together. In this regard we are especially grateful to our Chinese
and Japanese colleagues, who furnished invaluable local literature on taxa; this is as
important for this kind of effort as is inventorying species found along a coastline.

Finally, if we may be permitted a "wish list" for the future, it would be for the
opportunity to continue to study some of the problems that exist in the taxonomy of the
economic algae of the tropics and subtropics. They would include other species of
Sargassum subgenus Sargassum, for we have just made a start on the western Pacific
species. Many species of Gracilaria and Polycavernosa in the Philippines and Indonesia
are in need of study before names can be applied. If other Laurencia species turn out to
have high quality agar, additional studies should be conducted on the numerous taxa.
(The advantage of working on Laurencia is that at least some species [see the paper by
Zablackis and McDermid] can be successfully cultured in the laboratory, and it may be
possible to outplant them to tanks.) The fact that we were able to apply Santelices’
taxonomic criteria at two workshops has helped us to straighten out the agar-producing
genera Gelidium and Pterocladia, but the Japanese species (of which there are many
reported) have not been critically examined recently with more than a narrow geographic
perspective. Other genera—Chondria, Halymenia, and Ahnfeltia among them—appear to
have potential industrial uses; their taxonomy is less difficult than the genera we have
studied only because there are fewer species in each of the genera.
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SECTION I. Western Pacific Asiatic Species of Sargassum
Subgenus Sargassum with Keys to the Species

INTRODUCTION
Tadao Yoshida

Nearly one-half of the approximately 400 species of the brown algal genus
Sargassum (Fig. 1) are placed in the common tropical and subtropical subgenus
Sargassum.! Members of the genus occupy similar positions on tropical shores that
Laminaria species do on temperate shores. The subgenus was originally characterized by
J. G. Agardh (1889): has axillary fronds that gradually become decompound, usually
bearing simple leaves, and with vesicles ("floats") arising within the uppermost part of the
leaf; vesicles are spherical to rarely elliptical, terminated by a sharp tip, or without a sharp
tip; receptacles, formed on modified axillary branches, are more or less compound, in
racemes, panicles, or cymes, sometimes somewhat terete, and tending to be smooth, or
sometimes angular and often armed with teeth.

The distinction of the subgenus from other subgenera (Bactrophycus, see Abbott and
Norris, 1985; Arthrophycus? Phyllotrichia, Schizophycus, Anthophycus) is not always
easily made. Among the features that are used to distinguish subgenus Sargassum, the
"leaf"® is considered to be a distinct appendage on the branch; however, such a leaf is
common also in the subgenera Bactrophycus and Arthrophycus. Expansion of the leaf in
the same plane as the branch is vertical or perpendicular to the branch, or in other words,
not horizontal, but this is not constant in the subgenus. Some of the species of this
subgenus have pinnately divided leaves instead of simple leaves, which characterize the
subgenus according to J. G. Agardh. Similar differences are found in some species of the
subgenus Phyllotrichia. Agardh’s description of receptacles as more or less compound for
this subgenus also matches the description of receptacles in subgenus Arthrophycus.

'Article 21.3 of the International Code of Botanical Nomenclature requires that names of subdivisions of a genus not
carry the prefix Eu-, such as Eusargassum, which is the name J. G. Agardh (1889) gave to this subgenus. We
substitute Sargassum as a subgeneric name. The type species of the genus Sargassumis S. bacciferum (Turner)
C. A. Agardh, now known as S. natans C. A. Agardh, and a member of this subgenus. Sargassum C. A. Agardh is
a conserved name.

2See Abbott, Tseng, and Lu (this volume).
3The use of the words "leaf" or "leaves” (without quotes) or stem is not meant to equate the foliar appendages of

Sargassum with leaves or stems of flowering plants, for of course they are not morphologically homologous. We
use these words in a rather loose and neutral way to refer to bladelike appendages and stemlike structures.



J. G. Agardh (1889) subdivided the sugbenus into two groups on the basis of
characters shown by the receptacles: Zygocarpicae (receptacles are mixed with vesicles
and leaves) and Cladocarpicae. Cladocarpicae are subdivided further into two series, the
Acanthocarpicae and Malacocarpicae, on the basis of whether the receptacles are
provided with spines. Grunow (1915, 1916), Setchell (1931), and Okamura (1936)
followed this scheme as a whole, with minor modifications. Because of lack of time and
the unavailability of large suites of specimens, we could not evaluate various features in
detail and are unable to provide additional information on the basic taxonomic features
that could serve to reorganize the subgenera.

Our initial discussion led to the construction of a list of morphological characters
relating to the holdfast, stem, branches, leaves, vesicles, and receptacles. During the
discussion and observation of the materials at hand, we noticed that the spinal processes
on the branches were developed from the elevation of cryptostomata, at least in S.
polyphyllum. This is a new observation and must be confirmed in other species in which
the branches have small spines or are muricate.

Knowledge of the changes in morphology during development is necessary for the
understanding of species limits, but this is lacking for the majority of species. The
development of conceptacles is completely unknown for the subgenera Arthrophycus and
Phyllotrichia, which are distributed in the Southern Hemisphere. The changing
morphology and evolution of the cauline leaf (leaf arising directly on the stem) are
recorded for only a few species. Ecological and phenological features also should be
used to supplement the biological characteristics of the species.

Comparison of the specimens brought together in Qingdao showed the uniqueness of
the Sargassum flora of the Hawaiian Islands. Species of Sargassum found in the
Hawaiian archipelago, S. echinocarpum J. G. Agardh, S. polyphyllum J. G. Agardh, S.
obtusifolium J. G. Agardh, and S. hawaiiense Doty et Newhouse, appear to be endemic.
The reports of S. echinocarpum from other areas of the Pacific (Tonga, by Grunow
1873-1874; Mailiti Island, Solomon Islands, by Setchell 1935; and Taiwan, by Yamada
1950) should be reexamined carefully. It may be that the Hawaiian species are not as
isolated as they would appear to be.

On the other hand, from Guam west and south to the mainland of Asia, and
southwest and southeast through the many islands of the Pacific, there are several
species in common, including S. polycystum C. A. Agardh and S. cristaefolium C. A.
Agardh, both also known from the Indian Ocean.

Finally, a comparison of the Sargassum flora between the China mainland, Taiwan,
and Japan is difficult to make at present. Until the whole range of variation within a given
species can be recognized, it will be impossible to know the geographical range of
distribution for each species. Indeed, it is difficult to apply with confidence the name of a
known species, even when a study of the type specimen has been made, because these
important specimens frequently are lacking crucial features necessary for the final
identification of the species. Therefore, we have decided to compile the Sargassum
species by using arbitrary separate geographical regions; we have agreed, for the most
part, on the species names for the taxa that are distributed in common. The regions are
divided as follows: (1) Mainland China, Hainan Island, and the Paracel (Xisha) Islands; (2)
Japan and Taiwan; (3) Guam and Micronesia; and (4) the Hawaiian Islands. The Chinese
material is being investigated by C. K. Tseng and Lu Baoren; the Japanese and
Taiwanese, by T. Yoshida; the Guamanian and Micronesian, by Roy Tsuda; and the
Hawaiian, by W. H. Magruder.



Fig. 1. Diagram of a Sargassum plant. A, Whole plant. b = secondary branch; ¢ = cauline
leaf; h = holdfast; | = leaf; m = main branch; r = receptacle; s = stem; v = vesicle. B, Muricate
branch. C, Receptacle with spines. D, Warty receptacle.
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JAPANESE AND TAIWANESE SPECIES
OF SARGASSUM SUBGENUS SARGASSUM

Tadao Yoshida

The Japanese and Taiwanese species have been studied and published on from the
beginning of this century by Yendo (1907) and Yamada (1925, 1942, 1944, 1950) and
were among the algae that Yamada studied until his death in 1975. Fortunately, the
specimens that they studied are kept in the herbaria of the University Museum, University
of Tokyo (Tl), and the Faculty of Science, Hokkaido University (SAP), and are annotated
by Yamada. The survey of Sargassum species was not completed by these authors.
Several species were represented by only a few specimens. In addition to these, those
Taiwanese species treated by Chou and Chiang (1981) were considered and compared
with material that Yamada (1925, 1950) and others had obtained from Taiwan. These
collections are housed in SAP. Unfortunately, Chiang could not attend the Qingdao
meetings and could not help to interpret differences between his identifications and those
of Yamada. | tried to follow Yamada'’s species concept as far as possible.

More than 50 species of Sargassum have been reported from the shores of Japan,
and | report 20 here in the subgenus Sargassum. As more time beomes available for the
study of this genus in Japanese waters, it is expected that this number in the subgenus
will be increased. In terms of quantity, there are more species from Japan of the
subgenus Bactrophycus, reported in the papers from the first Workshop on the Taxonomy
of Economic Seaweeds (Abbott and Norris 1985). Between 14 and 19 species of
Sargassum and their relatives (Hizikia, Coccophora, and Myagropsis) form beds of floating
seaweeds in nearshore waters around Japan on both the Japan Sea and Pacific Ocean
sides of Kyushu and Honshu. At their peak in May, these beds can attain a density up to
1.6 ton/km? or 5.6 ton per square nautical mile (Yoshida 1963). Yoshida also found that
the species occurring in floating beds were mainly from nearby shores. These floating
seaweeds are intimately related with spawning of several kinds of fishes and a certain
period of life history of fishes such as yellowtail.

Key to the Japanese and Taiwanese Species ofthe Subgenus Sargassum

1. Branches erect, and several main branches transformed into haptera, becoming secondarily
attached ............ (16) S. polycystum

1. All main branches erect, of similar morphology . ........... 2
2. Leaves broad, ovate, elliptical, or spatulate with obtuse apices and coriaceous
texture............ 3
2. Leaves narrow, lanceolate tolinear............ 9
3. Leafmarginentire............ (15) S. plagiophyllum
3. Leaf margin serrate or double serrate (duplicated) .. .......... 4
4. Holdfast scutellate (platter-shaped) ............ 5
4. Holdfast discoid with smooth surface . .. ......... 7
5. Leaf often with dentation arranged intworows ............ 6
5. Leaf often duplicated (doubled or folded), forming a slightly concave, circular lobe standing
perpendiculartoblade . ........... (13) S. ilicifolium
6. Main branches compressed, vesicles often provided with
wings............ (6) S. coriifolium
6. Main branches very slightly compressed, vesicles with two or more sharp points at
apices . ........... (18) S. sandei

7. Leaves with symmetrical base, horizontal in expansion, curving
upwards . . .......... (9) S. cristaefolium



7. Leaves with asymmetrical base, vertical in expansion ............ 8

8. Leaveslongerandlanceolate ............ (10) S. echinocarpum
8. Leaves elliptical to narrow elliptical . . .......... (7) S. crassifolium
9. Leavesfurcated............ 10
9. Leavessimple............ 11
10. Leaf margin serrate, receptacles with spines . ........... (1) S. alternato-pinnatum
10. Leaf margin entire or irregularly serrulate, receptacles
warty ............ (17) S. salicifolioides
11. Main branches flat, leaves and laterals issued alternately noneplane............ 12
11. Main branches terete or slightly compressed . ........... 14
12. Vesicle stalk longer than vesicleitself . .. ......... 13
12. Vesicle stalk shorter than vesicle itself . . ... ....... (20) S. swartzii
13. Vesicles with round apices, leaf midrib conspicuous . ........... (11) S. henslowianum
13. Vesicles with sharp tips or with small crown of leaves, leaf midrib
immersed............ (5) S. binderi
14. Leaf margin strongly crispate . . .......... (8) S. crispifolium
14. Leaf margin plane, notundulate .. .......... 15
15. Main branches with short, hard excrescences (muricate) ............ 16
15. Main branches with smooth surface . ........... 17
16. Receptacles filamentous and very slender .. .......... (14) S. kasyotense
16. Receptacles terete and tapering towards apices .. .......... (12) S. hyugaense
17. Receptacles spinous . ........... (2) S. amabile
17. Receptacles with warty surface, without spines . ........... 18
18. Leaves narrow linear, 2-3mmwide . ........... (3) S. angustifolium
18. Leaves lanceolate, upto1 cmwide............ 19
19. Receptacles racemose to paniculate . ........... (19) S. siliquosum
19. Receptacles several times furcate, cymose to paniculate . . .......... (4) S. assimile

List of Species and Their Distribution
(1) Sargassum alternato-pinnatum Yamada (Fig. 1)
Yamada 1942, p. 599, figs. 28, 29.
Distribution: Honshu, Kyushu; not known elsewhere.
(2) S. amabile Yamada (Fig. 2)
Yamada 1942, p. 515, figs. 18, 19.
Distribution: Taiwan; not known since its first collection.
(3) S. angustifolium C. Agardh (Fig. 3)
Yamada 1942, p. 507, figs. 12, 13.
Distribution: Shikoku; also reported from Indian Ocean (Srinivasan 1967).
(4) S. assimile Harvey (Fig. 4)
Okamura 1936. p. 347.
Distribution: Honshu, Shikoku, Kyushu, Okinawa (type locality: Hong Kong).
(5) S. binderi Sonder (in J. G. Agardh)
Yamada 1925, p. 245, fig. 2; Chou and Chiang 1981, p. 143.
Distribution: Taiwan; also reported from Pakistan (Hindustan), the type locality; India (Srinivasan
1967); Sri Lanka (Misra 1966, p. 178); Malaysia and Indonesia (Reinbold 1913).
(6) S. coriifolium J. Agardh (Fig 5.)
Yamada 1950, p. 192, fig. 9
Distribution: Taiwan; also reported from the Solomon Islands (Womersley and Bailey 1970),
Western Australia (Gazelle), and Pakistan (Hindustan, possibly the type locality).
(7) S. crassifolium J. Agardh (Fig. 6)
Yamada 1942, p. 511, figs. 14, 15; Chou and Chiang 1981, p. 135., pl. 1, figs. 1, 2, pl. 2, fig. 4.
Distribution: Taiwan; also reported from vicinity of New Zealand and East Africa, Sri Lanka
(Durairatnam 1961), India (Srinivasan 1967), and Malaysia (Reinbold 1913).



(8) S. crispifolium Yamada (Fig. 7)
Yamada 1931, p. 72, pl. 20.
Distribution: Honshu, Shikoku, and Kyushu; not known elsewhere.
(9) S. cristaefolium C. Agardh (Fig. 8)
Okamura 1936, p. 349; Chou and Chiang 1981, p. 136, pl. 1, figs. 3, 4.
Distribution: Kyushu, Okinawa, and Taiwan; widely distributed through the islands of Indonesia;
Sri Lanka (Durairatnam 1961); India (Misra 1966); Kermadec Island (Nelson and Adams
1984).
(10) S. echinocarpum J. Agardh (Fig- 9)
Yamada 1950, p. 190, fig. 9.
Distribution: Taiwan, Hawaiian Islands (type locality); also reported from Tonga, Timor,
Sumatra, and Solomon Islands (Reinbold 1913).
(11) S. henslowianum var. condensatum Yamada (Fig. 10)
Yamada 1942, p. 372, fig. 2.
Distribution: Kyushu; not reported since its first collection.
(12) S. hyugaense Yamada (Fig. 11)
Yamada 1942, p. 379, figs. 7, 8.
Distribution: Kyushu; not known elsewhere.
(13) S. ilicifolium (Turner) C. Agardh (Fig. 12)
Yamada 1942, p. 556, fig. 27; Chou and Chiang 1981, p. 137.
Distribution: Shikoku and Taiwan; also reported from India (Srinivasan 1967).
(14) S. kasyotense Yamada
Yamada 1942, p. 553, figs. 22, 23.
Distribution: Taiwan; not known elsewhere.
(15) S. plagiophyllum C. Agardh (Fig. 13)
Yamada 1942, p. 516, figs. 20, 21.
Distribution: Taiwan; known elsewhere from India (Misra 1966), Indonesia (Reinbold 1913), and
Australia.
(16) S. polycystum C. Agardh (Fig. 14)
Yamada 1942, p. 376, figs. 5, 6; Chou and Chiang 1981, p. 137, pl. 1, fig. 6, pl. 2, fig. 5.
Distribution: Okinawa and Taiwan; also widely distributed from Guam west and south
(Durairatnam 1961; Misra 1966; Reinbold 1913).
(17) S. salicifolioides Yamada (Fig. 15)
Yamada 1942, p. 555, figs. 24-26.
Distribution: Shikoku, the only known locality.
(18) S. sandei Reinbold (in Weber-van Bosse) (Fig. 16)
Yamada 1950, p. 191, fig. 8 Chou and Chiang 1981, p. 139, pl. 2, fig. 5.
Distribution: Kyushu, Taiwan, and Flores Island (type locality).
(19) S. siliquosum J. Agardh (Fig. 17)
Yamada 1942, p. 503, fig. 9; Chou and Chiang 1981, p. 139, pl. 1, fig. 7, pl. 3, fig. 1.
Distribution: Okinawa and Taiwan; also reported from New Guinea through islands of Indonesia
(Reinbold 1913) and Singapore.
(20) S. swartzii (Turner) C. Agardh (Fig. 18)
Yamada 1942, p. 371, fig. 1.
Distribution: Taiwan; widely distributed in the Indian and Pacific Oceans (Durairatnam 1961;
Misra 1966; Reinbold 1913).

Description of the Species

(1) Sargassum alternato-pinnatum Yamada (Fig. 1)

Yamada 1942, pp. 559-561, figs. 28-29; Yamada 1944, p. 2.

Holdfast small, discoid, about 1 cm in diameter; stem very short, terete, scarcely
reaching 5 mm in height; main branches up to 50 cm long, angulate, often quadrangular in
cross section, about 2 mm in diameter, with short spines on the surface, giving off spirally
arranged secondary branches at intervals of about 1-2 cm (appearing pinnate in dried
specimens), the laterals up to 25 cm long, more densely muriculate (with short, hard,
tubercular excrescences) than the main branches; leaves linear to linear—lanceolate,



LaFese

mmans

Fig. 1. Sargassum alternato-pinnatum Yamada. .
Fig. 2. Sargassum amabile Yamada.

Fig. 3. Sargassum angustifolium C. Agardh.
Fig.4. Sargassum assimile Harvey.



alternate-pinnately furcated or simple; base asymmetrical, 1-3 cm long and 1.5-3 mm
wide, margins dentate with sharp teeth, midrib reaching the apex; cryptostomata small,
disposed incompletely in one row on both sides of the midrib; vesicles subspherical or
ovate, up to 6 mm long, usually smooth at apices, rarely with a sharp tip, without
cryptostomata; stalks slightly compressed or rarely flattened, slightly longer than the
vesicle when young, but short in larger ones, often provided with short spines near the
base of the stalk.

Androgynous receptacles terete, 2-2.5 mm long, often forked, warty, provided with
sharp spines here and there, cymosely to racemosely arranged.

Remarks: S. asymmetricum Yamada is difficult to distinguish from S. alternato-
pinnatum.

(2) Sargassum amabile Yamada (Fig. 2)

Yamada 1942, p. 515, figs. 16, 17; Yamada 1944, p. 1.

Thallus up to 50 cm high; holdfast a small conical disc; stem short, less than 1 cm
long, terete, 1-2 mm in diameter, with smooth or somewhat warty surface; main branch
terete, about 1 mm in diameter, smooth surface usually without cryptostomata; secondary
branches issued at about 3—cm intervals spirally, up to 15 cm long, rarely with
cryptostomata; leaves on the lower part of main branch linear-lanceolate, 4—7 cm long and
6-8 mm wide, cuneate at the base, acute at apices, margins toothed with teeth pointing
upward from a broadened base (serrato-dentata), or the teeth with narrow base,
broadening slightly upward (obsolate-dentate), cryptostomata few in number, scattered
over the surface; midrib percurrent; leaves on the upper part of the thallus becoming
smaller and narrower; vesicles spherical in larger ones, becoming obovate or elliptical in
those of the upper part of the plant, and fusiform in the distal ones, obtuse or apiculate at
apices, 3-5 mm long with few cryptostomata; vesicle stalk terete, usually shorter than
vesicles.

Androgynous receptacles 5-10 mm long, simple or furcate, two-edged to flattened, or
triquetrous, spiny to dentate at margin, racemosely or nearly cymosely arranged on the
ultimate branchlets.

Remarks: This species is known only from the type collection.

(3) Sargassum angustifolium C. A. Agardh (Fig. 3)

C. A. Agardh 1820, p. 32.

Application of this name: Yamada 1942, p. 507, figs. 12, 13.

Synonyms: Fucus angustifolius Turner (Turner 1819, p. 34, pl. 212); S. vulgare var.

linearifolium Yendo (Yendo 1907, p. 145, pl. 17, fig. 5).

Basal part unknown in Japanese specimens; branches filiform with smooth surfaces,
cryptostomata not recognizable; leaves thin membranaceous, linear to linear-lanceolate,
up to 4 cm long, 2 mm wide, with obtuse apices, margins partially dentate, midrib indistinct
and nearly absent in smaller leaves, cryptostomata on leaves small, scattered; vesicles
spherical, up to 5 mm long, with round apices; vesicle stalk slender, terete, shorter than
vesicle, cryptostomata very few on vesicles.

Androgynous receptacles terete, 5-10 mm long, warty surface without spines, simple
or dichotomously branched, often mixed with leaves or vesicles (zygocarpic).

Remarks: This name must be attributed to C. A. Agardh because the name Fucus
angustifolius Turner (Turner 1819) is a later homonym of that of Gmelin (1768).

(4) Sargassum assimile Harvey (Fig. 4)
Harvey 1859, p. 328.
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Application of this name: Okamura 1936, p. 347.

Holdfast discoid, 1 cm in diameter, stem short, 0.5—1 cm high, terete, 1.5-2 mm in
diameter; main branches terete to compressed, a few cryptostomata scattered as elevated
spots, with secondary branches alternately placed at intervals of 2-4 cm; leaves on main
branch thin and membranous, lanceolate to linear-lanceolate, base asymmetrical, apex
blunt, midrib immersed, reaching close to the apex or disappearing near the apex; margin
sparingly and shallowly dentate, cryptostomata scattered; vesicles spherical, round at
apex, up to 5 mm long, vesicle stalk dilated above, shorter than vesicles in larger ones,
nearly equal in length to smaller ones, cryptostomata rare on vesicles.

Female receptacles terete, 2—3 mm long, furcated several times, without spines,
cymosely or paniculately disposed.

Remarks: The type locality was originally described as "Loo Choo." Dawson (1959)
pointed out that this was an error and that the correct locality was Lemma Island, near
Hong Kong. According to Grunow (1916), this species was androgynous and receptacles
were spinulose, both features different from the Japanese specimens.

(5) Sargassum binderi SonderinJ. G. Agardh

J. G. Agardh 1848, p. 328 (pro parte).

Applications of this name: Yamada 1925, p. 245; Chou and Chiang 1981, p. 143.

Holdfast small, discoid; stem terete, very short, about 5 mm high; main branches flat,
3-4 mm wide, usually up to 30 cm long, with smooth surface; leaves alternate with a
phyllotaxis of % at intervals of 1—1.5 cm; leaves linear-lanceolate to linear, sessile, with
cuneate base, with apices obtuse or acute, midrib immersed, percurrent, and distinct,
sometimes vanishing just below the apex, margin serrate, cryptostomata in two rows, each
on either side of the midrib; vesicles elliptical, slightly compressed, 9 mm long, 5 mm wide,
with a sharp point at apices or with small coronal leaf continuous to wings, cryptostomata
present on vesicles; stalk flat and leafy with serrate margin, longer than vesicle itself.

Receptacles terete, 3-5 mm long, warty, dichotomously branched, arranged in three
to five racemose clusters.

Remarks: S. kushimotense, reported from Taiwan by Chou and Chiang (1981),
seems to be similar to this species. As reported from Vietnam (Pham-hoang 1969), S.
binderi is thought by Chou and Chiang to be a different species.

(6) Sargassum coriifolium J. G. Agardh (Fig. 5)

J. G. Agardh 1889, p. 96.

Application of this name: Yamada 1950, p. 192; Womersley and Bailey 1970, p. 295.

Holdfast a platelike disc, 1.5-2 cm in diameter; stem terete with smooth surface, less
than 1 cm high and 1-2 mm in diameter; main branch 60+ cm long, 1-2 mm wide,
compressed, with smooth surface, with secondary branches alternate at intervals of 2-3
cm, secondary branches less than 10 cm long; leaves on the main branches elliptical to
long-elliptical, with round apex and cuneate base, 2.5-3 cm long and 1 cm wide,
coriaceous, midrib evanescent, margin serrate, cryptostomata in two rows each on either
side of midrib; leaves on secondary branches slenderer, often oblanceolate and with acute
apex, margin often provided with double rows of sharp teeth; vesicles elliptical when
young, becoming obovoid in more mature ones, up to 5 mm long, apex with a sharp tip, or
with small teeth extending to clear wings, cryptostomata present on vesicle; vesicle stalk
flat, not longer than vesicle.

Receptacles compressed, 3 mm long, with acute spines; vesicles once or twice
branched, cymosely arranged.

Remarks; Yamada (1950) distinguished two forms in this species: f. duplicatum



Fig. 5. Sargassum coriifolium J. Agardh.
Fig. 6. Sargassum crassifolium J. Agardh.
Fig. 7. Sargassum crispifolium Yamada.
Fig. 8. Sargassum cristaefolium C. Agardh.
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Yamada and f. prolongatum (Okamura) Yamada. S. berberifolium as recognized by
Yendo (1907) and Okamura (1936) is probably the same as this species, S. coriifolium.

(7) Sargassum crassifolium J. G. Agardh (Fig. 6)
J. G. Agardh 1848, p. 326.
Applications of this name: Yamada 1942, p. 511; figs. 14, 15; Chou and Chiang
1981, p. 135, pl. 1, figs. 1, 2, pl. 2, fig. 4.

Holdfast small, discoid, 1 cm in diameter; stem terete with smooth surface, rarely
attaining 1 cm high, 2.5 mm in diameter; main branches 30—-50 cm long, compressed with
smooth surface, secondary laterals 5-8 cm long, alternate at intervals of 1-1.5 cm; leaves
elliptical to narrow-elliptical, up to 3.5 cm long and 2 cm wide, with blunt apex and slightly
asymmetrical cuneate base, shortly stipitiate or sessile, thick coriaceous, midribs
disappear midway to the apex, margin frequently dentate, cryptostomata scattered;
vesicles elliptical up to 10 mm long with pointed apices or rarely with small coronal leaves
extending to form a spiny fringe, stalk flat, often leafy, as long as or shorter than the
vesicle, cryptostomata present on vesicles.

Androgynous receptacles compressed, 2—3 mm long, forked several times, spiny on
the margin, forming a condensed cyme.

Remarks: According to Chou and Chiang (1981), the specimens they examined were
all female. Grunow (1916) and Yamada (1942) stated that the species was androgynous.

(8) Sargassum crispifolium Yamada (Fig. 7)

Yamada 1931, p. 72, pl. 20.

Holdfast a small round disc, about 5 mm in diameter; stem terete, up to 1 cm high;
main branches terete, filiform, smooth on surface; leaves shortly petiolate or nearly
sessile, linear spatulate, 3—5 cm long and 5-10 mm wide, membranous, obtuse or
somewhat acute at the apex, finely and sharply dentate at the margin, usually strongly
crispate, midrib clear except near the apex, cryptostomata clear, scattered sparingly all
over the surface; vesicles spherical, rarely elliptical, 5-8 mm in diameter, shortly petiolate,
smooth with few cryptostomata.

Receptacles terete, one to four times forked, warty, rarely spinous.

(9) Sargassum cristaefolium C. A. Agardh (Fig. 8)

C. A. Agardh 1820, p. 13; C. A. Agardh 1824, p. 297.

Applications of this name: J. G. Agardh 1848, p. 325; Sonder 1871, p. 42 (as var.
condensatum); Grunow 1915, p. 398; J. G. Agardh 1889, p. 91; Reinbold 1913,
p. 157; Setchell 1935, p. 265; Bérgesen 1936, p. 79; Levring 1960, p. 122;
Durairatnam 1961, p. 45, pl. 10, figs. 3-5; Misra 1966, p. 179; Womersley and
Bailey 1970, p. 196, fig. 7; Chou and Chiang 1981, p. 136, pl. 1, figs. 3, 4.

Synonyms: S. duplicatum Bory (Bory 1828, p. 127; J. G. Agardh 1889, p. 90; Grunow
1915, p. 392; Okamura 1923, p. 10, pl. 205; Pham-hoang, 1969, p. 302, fig. 18;
Reinbold 1915, p. 157) and S. ilicifolium (Turner) C. Agardh var. duplicatum
(Bory) (J. G. Agardh 1848, p. 319).

Holdfast discoidal, 1-2 cm in diameter; stem terete, less than 1 cm long, 2-4 mm in
diameter, usually without branching; main branches slightly flattened to compressed, with
or without ridges at the basal parts, with smooth surface, 10-40 cm long and 2-4 mm
wide; leaves spatulate, oblong to lanceolate, 1-2 cm long and 0.5-1.2 cm wide, shortly
stipitate with symmetrical base and obtuse to acute apices, midrib vanishing midway to
apex; margins irregularly serrate or simple-bifid dentate; cryptostomata raised from the
surface, scattered; vesicles elliptical, with or without small appendages, 3-10 mm in



Fig. 9. Sargassum echinocarpum J. Agardh.
Fig. 10. Sargassum henslowianum var. condensatum Yamada.
Fig. 11. Sargassum hyugaense Yamada.

Fig. 12. Sargassum ilicifolium (Turner) C. Agardh.
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diameter, with slightly rounded to sharp tips; vesicle stalk terete to flattened, one-half to
one-third the length of the vesicles.

Androgynous receptacles compressed with small spines, irregularly forked, 5-10 mm
long and 0.5-1 mm wide, with a short sterile stipe, cymosely arranged.

Remarks: U. Soe-Htun and Yoshida (1986) reported the range of variation in branch,
leaf, and vesicle morphology. In the opinion of Womersley and Bailey (1970), many taxa
such as S. crassifolium J. G. Agardh, as interpreted by Reinbold in Weber-van Bosse
(1913), Grunow (1915), Dawson (1954), Durairatnam (1961), and Pham-hoang (1969),
and S. coriifolium f. duplicatum Yamada (1950) are possible synonyms of S. cristaefolium.

(10) Sargassum echinocarpumJ.G. Agardh (Fig. 9)

J. G. Agardh 1848, p. 327.

Application of this name: Yamada 1950, p. 190, fig. 9.

Holdfast an elevated disc, 1.5-2 cm in diameter; stem terete, surface nearly smooth,
very short, scarcely reaching 1 cm; main branches up to 1 m long, compressed, about 3
mm wide, with smooth surface; secondary branches up to 13 cm long, alternate; leaves
distichous in % phyllotaxis, oblong or elliptical, 3-4 cm long, 1.2 cm wide, with obtuse
apex and cuneate base, shortly stipitate, midrib evanescent but conspicuous when
present, margin serrate, sometimes serrate in two series, especially in lower parts of main
branch, cryptostomata irregularly scattered, leaves on secondary branch or upper part of
main branch becoming slender to lanceolate or broadly linear with acute apex; vesicles
ovate or elliptical in shape, up to 1.5 cm long, slightly compressed, with minute spine-like
protuberances at margin, coming to a short and sharp point, or a small crown of small
leaflike appendages; cryptostomata few on vesicles; stalk shorter than vesicles.

Androgynous receptacles forming dense cluster, 5-8 mm long, branching several
times, with a few spines.

Remarks: Yamada (1950) attributed Taiwanese specimens to this species. Careful
comparison is needed with specimens from "Sandwich Islands" or Hawaii (type locality).

(11) Sargassum henslowianum var. condensatum Yamada (Fig. 10)

Yamada 1942, p. 372, fig. 2; Yamada 1944, p. 4.

Basal part unknown. Main branch complanate, 2 mm wide, with smooth surface,
secondary branches alternate at intervals of 1.5-2 cm; leaves linear to linear-lanceolate,
up to 8 cm long, 8 mm wide, with cuneate base and acute apex, midrib percurrent, margin
with sharp and shallow dentation, cryptostomata arranged in rows on both sides of the
midrib; vesicles obovoid to spherical, up to 8 mm long, with round apex, stalk flat, often
three times longer than vesicle itslf, cryptostomata present on the vesicle.

Female receptacle terete, often conical, 3—4 mm long, with a warty surface, simple or
once branched at apices, racemosely arranged, or often paniculately so, especially in
lower parts of the receptacular branches.

Remarks: The plant body of this variety is much stouter than the typical S.
henslowianum from the southern coasts of China. As known in China (Setchell 1931, fig.
6), the species shows exceptionally elongate receptacles among the other taxa in the
western Pacific.

(12) Sargassum hyugaense Yamada (Fig. 11)

Yamada 1942, p. 379, fig. 7; Yamada 1944, p. 5.

Plant about 50 cm high; holdfast a small disc, 1.5 cm in diameter; stem very short,
scarcely reaching 1 cm long, terete, about 3 mm in diameter, surface somewhat warty;
main branches compressed, longitudinally angular, about 3 mm wide, spinulose,



secondary branches alternate at intervals of about 1.5-2.5 cm; leaves on lower part of
main branch arranged in phyllotaxis of 1%, long elliptical, 2-2.5 cm long, 7-8 mm wide, with
obtuse apex, midrib distinct, reaching apex, leaves of middle part of the main branches
linear-lanceolate, 3-8 cm long, 2-2.5 mm wide, rarely furcate, small cryptostomata in two
rows along the midrib; vesicles subobovoid or spherical, up to 6 mm long, with round
apex, stalk slightly shorter than vesicle, compressed with dentate margin, cryptostomata
present on the vesicle.

Androgynous receptacles terete, tapering to the apex, often furcate dichotomously,
about 6 mm long, with warty surface and no spines, arranged in a condensed raceme.

(13) Sargassum ilicifolium (Turner) C. A. Agardh (Fig. 12)

C. A. Agardh 1820, p. 11.

Basionym: Fucus ilicifolius Turner (Turner 1808, p. 113, pl. 51.)

Application of this name: Yamada 1942, p. 5586, fig. 27.

Holdfast a platelike disc; stem terete, up to 5 mm high, with smooth surface; main
branches more than 1 m long, compressed with smooth surface, secondary branches up
to 20 cm long, alternate at intervals of 3-4 cm; leaves cuneate to long-elliptical, up to 3 cm
long and 1.2 cm wide, with round apex and asymmetrical base, thick papyraceous, midrib
evanescent in the middle part, margin with small, acute teeth, some leaves duplicated,
forming a slightly concave, circular lobe perpendicular to the blade, cryptostomata
irregularly scattered; vesicles spherical or nearly so, 7 mm in diameter in large ones,
smaller ones often obovoid with round apex, often provided with wings, stalk short and
compressed.

Male receptacles compressed to flattened, with small spines, cymosely or
paniculately arranged.

Remarks: Yamada (1942) recognized a variety conduplicatum Grunow for the
Japanese flora. Womersley and Bailey (1970) suggested that this variety might be a
synonym of S. cristaefolium. The specimens identified as S. duplicatum J. Agardh (non-
Bory) or S. brevifolium Kuetzing by Japanese authors are very similar to those identified
here as S. ilicifolium.

(14) Sargassum kasyotense Yamada

Yamada 1942, p. 553, figs. 22, 23; Yamada 1944, p. 6.

Holdfast an elevated conical disc about 1 cm in diameter; stem terete, 2 cm high and
3 mm in diameter, with warty surface; main branches about 40 cm long, terete, angulate,
remotely spinulose; secondary branches up to 10 cm long, spirally arranged; leaves linear
or linear-lanceolate, nearly sessile, up to 4 cm long and 6 mm wide, obtuse at apices,
finely serrate at margin, provided with a percurrent midrib and very small inconspicuous
cryptostomata; vesicles obovoid or pyriform, blunt at apex or with small, sharp point; stalk
flat, with a marginal wing often dentate. Female receptacles very thin, linear, slightly
compressed, repeatedly furcate, bluntly and distantly spined in the upper parts, the
surface warty because of elevated conceptacles.

Remarks: This species differs from S. hyugaense, which also has stems with warts
(verrucose) or hard excrescences (muricate) on their branch surfaces, by being a more
slender plant with limited, short laterals. The laterals of S. hyugaense are numerous and

conspicuously elongate, densely divided again into branches of the third and fourth orders.

(15) Sargassum plagiophyllum C. A. Agardh (Fig. 13)
C. A Agardh 1824, p. 304.
Application of this name: Yamada 1942, p. 516, figs. 20, 21.
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Fig. 13. Sargassum plagiophyllum C. Agardh.
Fig. 14. Sargassum polycystum C. Agardh.
Fig. 15. Sargassum salicifolioides Yamada.
Fig. 16. Sargassum sandei Reinbold



Basal part unknown in our specimens; main branch terete without spines; secondary
branches in a loose spiral at intervals of 1.5-2 cm; leaves up to 3 cm long and 0.5 cm
wide, linear, long-elliptical to oblanceolate, apex obtuse or pointed, the base stipitate to
wedge-shaped, margin entire and wavy, slightly serrulate near the apex, midrib discernible
only near the base, cryptostomata arranged in two rows; vesicles elliptical to obovoid, up
to 7 mm long, with apex rounded or coming to a point; stalk flat, longer than the vesicle,
cryptostomata present on the vesicle.

Male receptacles terete, 1 cm long, without spines, rarely once branched, disposed
racemosely or paniculately; female plant unknown.

Remarks: Yamada (1942) identified the Taiwanese specimens as this species with
hesitation. It was not listed again by Chou and Chiang (1981) from Taiwan.

(16) Sargassum polycystum C. A. Agardh (Fig. 14)
C. A Agardh 1824, p. 304.
Synonym: S. microphyllum (Yendo 1907, p. 137; Okamura 1931, p. 108; Yamada
1925, p. 247).
Applications of this name: Yamada 1942, p. 376, fig. 5, 6; Chou and Chiang 1981, p.
137, pl. 1, fig. 6, pl. 2, fig. 5.

Thallus up to 60 cm tall; holdfast a conical disc, 7-15 mm in diameter; stem terete,
7-11 mm long, 2 mm in diameter; main branches arranged spirally on the terminal part of
the stem, nearly terete, with many cryptostomata that are elevated to form spines; several
main branches formed late in season are transformed into stolons with alternately
pinnately arranged branches, terminal part of stolons forming secondary attachment discs;
leaves on the main branch simple, up to 2.5 cm long and 3-5 mm wide, base
asymmetrical, apex obtuse or somewhat acute, midrib reaching the apex, margin
irregularly dentate, cryptostomata arranged in two rows along the midrib, slightly raised
from the surface; vesicles spherical, small, 2-3 mm in diameter, formed on secondary and
tertiary branches; stalk shorter than vesicle, terete; cryptostomata present on the vesicles,
raised from the surface.

Dioecious; male receptacle terete, up to 1 cm long, less than 1 mm in diameter,
surface smooth, usually unbranched, formed on ultimate branchlet, paniculate or
racemose; female receptacle compressed, 2-3 mm long, 1 mm wide, spiny on the margin,
usually unbranched, racemose; receptacles carpophyllous (mixed receptacles, leaves,
and vesicles).

Remarks: Specimens identified by Yendo (1907, p. 135) as S. heterocystum seem to
be identical with this species.

(17) Sargassum salicifolioides Yamada (Fig. 15)

Yamada 1942, p. 555, figs. 24-26; Yamada 1944, p. 8.

Holdfast a small conical disc; stem terete, up to 5 mm long and 2.5 mm in diameter,
with a warty surface; main branches reaching 45 cm, compressed, 2-3 mm wide, very
sparingly muriculate (with short, hard excrescences); secondary branches distichously
arranged at intervals of about 1-2 cm, the branches 15 cm or less in length, more strongly
muriculate than the main branches; leaves on the main axes alternate, with a phyllotaxis
of 4, alternate pinnately forked, subdichotomously divided, or simple, up to 6 cm long and
6 mm wide, margins nearly entire or with teeth pointed at the base, becoming broader at
their tops; leaf apices obtuse or nearly acute, provided with a percurrent midrib and one
incomplete row of cryptostomata on each side of the midrib; vesicles spherical or very
slightly elongated up to 6 mm long, pointed at apices, without cryptostomata; stalk terete,
shorter than the vesicles themselves.
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Androgynous receptacles terete, forked several times, with warty surface, cymosely
or subracemosely arranged.

Remarks: Both S. salicifolioides and S. alternato-pinnatum, from central Japan, have
irregularly shaped or divided leaves. They are the only species in the flora that show this
character, even though leaf shape, their margins, and the tendency for duplication of
margins vary greatly in the genus. On detailed features, the two may be separated on the
degree of irregularities of the surface of receptacles: the surface of S. salicifolioides is
warty, the surface of S. alternato-pinnatum has a few spines as well. When the plants are
compared, however, the branches of S. salicifolioides are leading branches, the
secondarily produced ones becoming as long as the first-formed (the main branch),
whereas the main branch of S. alternato-pinnatum remains dominant, and secondary
branches are much shorter than the main branch. The latter species appearstobea
much larger, more freely growing plant. Although changes in vegetative form through the
life history, or at different ecological conditions, are not known for these taxa, as presently
understood from available material, these are observations that can be made.

(18) Sargassum sandei Reinbold (Fig. 16)
Reinbold 1913, p. 158, fig. 47.
Application of this name: Yamada 1950, p. 191, fig. 8; Chou and Chiang 1981, p.
139, pl. 1, fig. 7, pl. 3, fig. 1.

Holdfast discoid, about 2 cm in diameter; stem terete, scarcely exceeding 1 cm high,
2-3 mm in diameter; main branches terete or slightly compressed, without spines,
secondary branches alternate; leaves cuneate-oblong to linear oblong or broadly linear in
shape, up to 4 cm long, very shortly stipitate, asymmetrical cuneate at the base, obtuse
and sometimes duplicated at apices, midrib soon disappearing, margin crisply dentate,
cryptostomata irregularly arranged; vesicles obovate, up to 8 mm long, sharply pointed or
toothed at apices, cryptostomata present on vesicle; vesicle stalk compressed or flattened,
shorter than the vesicle itself.

Dioecious; male receptacle terete or compressed or three-sided, less than 5 mm long,
once or twice furcated, with few spines or teeth; female receptacles three-sided, dentate to
winged with large teeth at the margin, cymosely to racemosely arranged.

Remarks: Specimens in SAP identified by Yamada have larger leaves when
compared with the type specimen in the Leiden herbarium (L).

(19) Sargassum siliquosum J. G. Agardh (Fig. 17)
J. G. Agardh 1848, p. 316.
Applications of this name: Yamada 1942, p. 503, fig. 9; Chou and Chiang 1981, p.
139, pl. 1, fig. 7, pl. 3, fig. 1.

Holdfast platelike; stem 1.5 cm high, terete, nearly smooth on surface; main branch
slightly compressed, about 2 mm wide, with a smooth surface; secondary branches
alternate at intervals of 2-3 cm; leaves long-elliptical, coarse dentation on the margin,
apex obtuse, base asymmetrical, midrib becoming inconspicuous and not reaching the
apex, cryptostomata scattered irregularly, leaves on basal part of branch measuring 4.5
cm long and 1 cm wide, smaller leaves on the secondary laterals 1.5-3 cm long and
0.5-1.2 cm wide; vesicles obovoid to nearly spherical, up to 7 mm long, with round apex,
cryptostomata rarely present on the vesicle; vesicle stalk flattened, shorter than the
vesicle.

Dioecious; male receptacles terete, filamentous, up to 1.6 cm long, without spines,
racemosely or paniculately branched, often with vesicles.



Remarks: S. siliquosum is included in one of the "subtribes" of J. G. Agardh that
includes S. henslowianum. Both taxa are characterized by elongate receptacles; those of
S. siliquosum, however, are shorter than those of S. henslowianum.

(20) Sargassum swartzii (Turner) C. A. Agardh (Fig. 18)

C. A. Agardh 1820, p. 11.

Basionym: Fucus swartzii Turner (Turner 1819, p. 110, pl. 248.)

Application of thisname: Yamada 1942, p. 371, fig. 1.

Basal part not known in Taiwanese specimen, reported elsewhere to have a disc-
shaped holdfast; main branch flat, 3 mm wide, without spines, secondary laterals alternate
at intervals of 2-3 cm; leaves thick, lanceolate to linear-lanceolate, apex acute, base
broad cuneate, up to 4 cm long and 6 mm wide, phyllotaxis 2, midrib inconspicuous,
reaching the apex, margin with acute teeth or irregular small teeth, cryptostomata forming
two rows on both sides of midrib; vesicles spherical, about 9 mm long in larger ones and
obovoid or ellipsoid in smaller ones, apex round or with a sharp point; stalk flat and leafy,
similar in length to the vesicle, cryptostomata few on the vesicles.

Androgynous receptacles terete or compressed, about 5 mm long, with small spines
on apical part, often forked, cymosely arranged.

Remarks: This species is known from the Persian Gulf through the Indian Ocean and
in various locations in the western Pacific. The variations shown by the geographical
populations are not known.

420485

Fig. 17. Sargassum siliquosum J. Agardh.
Fig. 18. Sargassum swarizii (Turner) C. Agardh.
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STUDIES ON CHINESE SPECIES OF ZYGOCARPIC SARGASSUM
Tseng C. K. and Lu Baoren

Abstract

The Chinese species of Sargassum subgenus Sargassum that bear fertile older branchlets
having receptacles intermixed with leaves or with vesicles (section Zygocarpicae) are reviewed. Of a
total of 16 known species in that group, Setchell earlier accepted 11 in his treatment of the Hong
Kong seaweeds. Since then, S. polycystum has been transferred to the Zygocarpicae, and five new
species have been described. Altogether, this group recorded from China now has 17 species. This
paper presents a systematic arrangement that includes a new series, Cinerea, and a new species
group, "Longifructa" that contains two new species, S. nozhouense Tseng et Lu and S. longifructum
Tseng et Lu.

Introduction

The genus Sargassum was established by C. A. Agardh in 1820 (C. A. Agardh,
1820), when he began to lay the foundation of a new system of classification of the algae.
J. G. Agardh revised the system of C. A. Agardh on the classification of Sargassum and
published a new arrangement of the species in 1848 (J. G. Agardh 1848), and again in
1889 (J. G. Agardh 1889), according to his particular idea of evolution within the genus.
This was followed by systems by Grunow (1915, 1916) and Setchell (1931, 1935a, 1936).
J. G. Agardh’s system is in need of revision, but as Setchell mentioned, to date there is
"no more satisfactory arrangement of the species of Sargassum than that of J. G. Agardh
and it seems best to follow that at least, as somewhat changed and adopted by Grunow in
his ‘Additamenta’." We shall, therefore, follow the J. Agardhian system of 1889, as
modified by Grunow (1915) and Setchell (1935a). In this system five subgenera are
recognized; the last one is Eusargassum, which, according to the present International
Botanical Code, (Article 21.3, ICBN), should be subgenus Sargassum. This subgenus is
divided again into two or more sections. This chapter is devoted to a discussion of the
Chinese species of zygocarpic Sargassum (section Zygocarpicae).

The zygocarpic Sargassum are characterized by plants typically slender, with the
fructiferous branches forming what J. G. Agardh called a "heteroclite cyme," in which the
receptacles of the inflorescences are intimately joined with the leaf and vesicle structures,
in typical forms at least, so that the vesicles seem to spring directly from the leaves. In the
treatment of the Zygocarpicae by J. G. Agardh (1889), 10 species were mentioned;
whereas Grunow (1915) listed 16, including three species belonging to "Carpophylleae
dubiae." Setchell (1935a) divided the Zygocarpicae into two sections that are now the
subsections Holozygocarpicae with five species in two species groups, and
Pseudozygocarpicae with six species in three species groups. The Pseudozygocarpicae
take the place of Grunow’s "Carpophylleae dubiae." They are apparently closely related to
such typical holozygocarpic species as S. angustifolium and have inflorescences with a
slightly greater differentiation of the axes, not showing leaf and vesicle structures
immediately arising from the receptacles. Altogether, 11 species of zygocarpic
Sargassum have been accepted for China by Setchell (1935a).

Some Remarks on Setchell’s Treatment of Zygocarpic Sargassum

In his study of Chinese Sargassum, W. A. Setchell had access to many authentic
specimens, including some type specimens, and his points of view have been quite
authoritative. He expressed doubts on four determinations, namely, S. angustifolium
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(Turner) C. A. Agardh, S. carpophyllum J. G. Agardh, S. aemulum Sonder, and S. tenue J.
G. Agardh. Allof these require clarification from our point of view.

The first species group of the subsection Holozygocarpicae are the Carpophylleae J.
G. Agardh, lim. mut., characterized by the possession of malacocarpic androgynous
fusiform receptacles,' and S. carpophyllum J. G. Agardh, both of which are followed by a
question mark. Setchell studied the type specimen of Fucus angustifolius Turner, gave an
elaborate discussion of its complexities, and was inclined to agree with J. G. Agardh’s
interpretation of the Turnerian F. angustifolius: "After carefully considering all phases of
the situation, it seems best to regard the later (?) conception of J. G. Agardh as to the
nature of S. angustifolium as the more plausible and to refer certain Hong Kong plants to
it" (Setchell 1935a). We agree with and are following Setchell's interpretation and are
referring to this species some slender plants with narrow percurrent leaves having small
distinct cryptostomata scattered in a single line along each side of the midrib and with
androgynous receptacles rounded in section, forked one to three times with surfaces
irregularly tumid, acute at their summits, and usually, at least the upper ones, bearing both
leaflets and minute, stalked vesicles.

The S. carpophyllum J. G. Agardh also carries a question mark. This species was
credited to the Hong Kong region by its author on the basis of a specimen in Areschoug'’s
Herbarium, which was identified as S. carpophyllum var. compressa by Grunow (1915).
According to the original description of S. carpophyllum by J. G. Agardh (1848), the
receptacles are supraaxillary, lanceolate-cylindrical, forked with the outer fork prolonged
into a leaflet, the interior into a receptacular branch. This is Setchell's interpretation of J.
G. Agardh’s species of 1848 and probably also that of 1889. The technical type is from
Ceylon, and the next specimen comes from Hong Kong. We have compared drawings of
the receptacles of this species by Durairatnam (1961) from Ceylon and those by Setchell
(1935a) from Hong Kong with our specimens and found that they agree with each other
quite well. We therefore are removing the question mark from the species.

Another zygocarpic Sargassum with a question mark is S. aemulum Sonder, which is
placed in the species group Tenerrima with flattened, two-edged, dentate receptacles.
This species appears in J. G. Agardh’s monograph as a synonymn under S. flavicans
(Mert.) C. A. Agardh, but Grunow (1915) separated it on account of its flattened,
androgynous receptacles, and listed S. cristatum J. G. Agardh as a synonym of it.
Setchell (1935a) found a scrap of a specimen, which he identified with S. aemulum
Sonder var. carpophylloides Grunow, characterized by the receptaculis androgynis
subclavitis subfastigiata-paniculatis, spinulosis, androgynis.2 This variety does appear to
be quite different from the species, characterized by "receptaculis solitaris, ramis
subfurcatis.” Because we have not found this variety ourselves, we have followed
Grunow’s and Setchell's interpretations of the species.

The fourth species in this group with a question mark is S. tenue J. G. Agardh, for
which Setchell established a species group Tenuia. Both J. G. Agardh (1889) and
Grunow (1915) listed S. gracile Greville (Greville 1849) as a synonym for this species,
whereas they put S. flexile Greville (Greville 1849) as a synonym under S. angustifolium.

'Malacocarpic androgynous fusiform receptacles means that these species have receptacles that are smooth to a
little rough on the surface, forming a compoundly branched fertile structure, the fertile branches thick, bearing
sperms and eggs on the same receptacles that taper at both ends. In general, malacocarpic means with smooth
receptacles. (Editor)

2Receptaculis androgynis subclavatis subfastigiata-paniculatis, spinulosis, androgynis means hermaphroditic
receptacle nearly club-shaped, the branches bearing the receptacles fan-shaped or having branchlets in a tufted,
loose cluster, with many small spines. (Editor)



Setchell (1935a), however, was of the opinion that both S. gracile Greville and S. flexile
Greville are synonyms of S. tenue J. G. Agardh. We have studied a specimen under the
collecting number Herklots 192 (studied and distributed by Setchell and now deposited at
the Herbarium, British Museum [BM]) and have found both the male and the female
elements in the same specimen. The latter have supraaxillary compressed female forked
receptacles, dentate at the apices with leaf and vesicle structures, typically
holozygocarpic, and the former have cylindrical, forked male receptacles with a few spines
and pseudozygocarpic. Apparently J. G. Agardh and Grunow were correct in placing only
S. gracile in synonymy with S. tenue J. G. Agardh. S. flexile with sharply dentate leaves
appears to be more related to S. angustifolium. Setchell has only found the
pseudozygocarpic male receptacles, which are not provided with spines, however, and on
which basis he has placed the species group in the Pseudozygocarpicae. Having found
typically holozygocarpic female receptacles, we have transferred the species group
Tenuiaback to the Holozygocarpicae.

Thus, 11 species of zygocarpic Sargassum have been accepted by Setchell.
Although they are old species, clarification of their nature is difficult. Setchell has gone
through the history of these species and classified their nature. We have been able to
remove question marks from these species, namely S. angustifolium (Turner) C. A.
Agardh, S. carpophyllum J. G. Agardh, and S. tenue J. G. Agardh. However, we must
keep the question mark for S. aemulum Sonder because we are unable, so far, to see
adequate collections of the species.

Studies on Chinese Zygocarpic Sargassum Since Setchell

Tseng and Lu (1978) published a zygocarpic Sargassum from Lingyangjiao of the
Xisha Islands, namely, S. tenerrimum J. G. Agardh but with smaller leaves with
conspicuous cryptostomata and distinct midrib, smaller vesicles and smaller receptacles
toothed at the edges and apices. They also reported on the carpophyllous® nature of the
receptacles of S. polycystum, which consequently is transferred to the Zygocarpicae.
Later, Tseng and Lu (1979) published another carpophyllous Sargassum, namely S.
parvivesiculosum, characterized by small vesicles with variously shaped earlike wings, by
the prominently raised dark brown cryptostomata, and by the presence of carpophyllous
toothed receptacles. In Common Seaweeds of China (Tseng 1983), Lu and Tseng (1983)
illustrated 8 of the 11 zygocarpic species accepted by Setchell from Hong Kong and the
three aforementioned species. Recently, Tseng and Lu (1987) have published three more
new species of Sargassum namely S. laxifolium, S. longifructum, and S. nozhouense, all

belonging to the Zygocarpicae. Thus, there are, at present, 17 species of Sargassum in
China belonging to Zygocarpicae.

Key to Chinese Species of Zygocarpic Sargassum

1. Basal parts of main axes with elongated branched stolons ... ......... S. polycystum

1. Basal parts of main axes without stolons . .. ......... 2
2. Carpophyllous,® some receptacles giving rise to leaf or vesicle structures . .. ......... 3
2. Pseudocarpophyllous,* receptacles intimately intermingled with leaf or vesicle
structures . ........... 13

3Carpophylleae, a series defined (as a tribe) by J. G. Agardh as meaning receptacles finally compound cymes, the
cyme heteromorphic (of mixed branchlets), the receptacles often intermixed with leaves or with vesicles; single
branches either rather terete, verrucose (lumpy) and with often without spines, or two-edged to angular, and
dentate-serrate at the apex. (A cyme is formed by a broad cluster of branchlets, flattened across the top.) (Editor)
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3. Receptacles malacocarpic’ . ........... 4

3. Receptacles acanthocarpic®............ 6
4. Receptacles of two kinds, male and female
separate . ........... S. nozhouense
4. Receptacles of one kind, androgynous . ........... 5
5. Leaves linear-lanceolate, to5 cmlong, 2 mmbroad ............ S. angustifolium
5. Leaves lanceolate, to5 cm long, 6 mmbroad............ S. carpophyllum
6. Receptacles one of a kind, androgynous ... ......... 7
6. Receptacles of two kinds, male and female separate . .. ......... 11
7. Receptacles cylindrical, toothed . . ... ....... S. parvivesiculosum
7. Receptacles compressed, two-edged or three-sided .. . ......... 8
8. Leaves smallerto1cmlongand2 mmbroad............ S. subtilissimum
8. Leaves larger, morethan1.5cmlong............ 9
9. Leaves acute at the apices .. .......... S. aemulum
9. Leaves obtuse to rounded at the apices . ........... 10
10. Leaves coarser, partially or completely lacking midribs . . .. ........ S. assimile
10. Leaves thinner, with midrib disappearing below apices . ........... S. tenerrimum
11. Male receptacles very long,to3-4cm............ S. longifructum
11. Male receptacles much shorter .. .......... 12
12. Leaves narrowly linear to lanceolate, to 5cmlong............ S. tenue
12. Leaves elliptic or obovate, to2-3cmilong............ S. laxifolium
13. Receptacles malacocarpic' ............ 14
13. Female receptacles acanthocarpic®............ 16
14. Mature receptacles in short cymose or racemose inflorescence . ........... S. incanum
14. Mature receptacles in long paniculate inflorescence ............ 15
15. Leaves thicker, with cryptostomata . ........... S. vachellianum
15. Leaves thinner without cryptostomata .. .......... S. graminifolium
16. Upper leaves almost without vein, lower leaves with vein vanishing below the
middle............ C. cinereum

16. Leaves with vein midway to well above the middle . ... ........ S. glaucescens

Description of the Species

Sargassum aemulum Sonder (Fig. 1)

Sonder 1852, p. 672; Grunow 1915, p. 376; Setchell 19353, p. 10, pl. 9, figs. 1-3;
Pham-Hoang 1967, p. 287, fig. 10.

Synonym: Sargassum cristatum J. G. Agardh (J. G. Agardh 1889, p. 84, table 25).

This species was described by Sonder (1852) and was collected from Holdfast Bay,
Australia, presumably by Ferdinand von Mueller. According to Sonder’s description, the
frond is 30 cm or more long, main axis short, cylindrical, about 2.5 cm long, and 2 mm
thick. Primary branches compressed or flattened below, about 2 mm broad, slender and
subangular above with cylindrical branches, branchlets 5-10 cm long. Leaves greenish-
yellow, membranous, lanceolate, 3 cm long, 4 mm broad, acute at the apex, narrow at the
base, slightly spiny, serrated on the margins, and with a double series of cryptostomata on

‘Pseudozygocarpicae, a subsection of the section Zygocarpicae in which pedicels of receptacles are usually
constant (present), whereas they may be absent in the subsection Holozygocarpicae; and in which receptacles are
paired with leaves, or receptacles paired with vesicles, whereas in subsection Holozygocarpicae, compound
receptacles may be paired with leaves only, or with both leaves and vesicles.

SAcanthocarpic (after section Acanthocarpicae) in which (usually) branched receptacles are borne in the axils of
vesicles or leaves and receptacles are usually spiny or dentate.



Fig. 1. Sargassum aemulum Sonder.

Fig. 2. Sargassum angustifolium (Turner) C. Agardh.

Fig. 3. Sargassum assimile Harvey.

Sargassum carpophyllum J. Agardh.

Fig. 4.
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each side of the midrib. Vesicles spherical, to about 4 mm in diameter, shortly pointed at
the apex, and with a flattened pedicel about equal to its diameter in length.

Receptacles elliptical or oblong, pedicellate, flattened or rarely three-sided above,
solitary or nearly forked, 4-5 mm long, 2 mm broad or more, with winged margins, the
wings mostly duplicate dentate with the teeth acuminate, slightly spiny (After Setchell
1935a).

Although no plant of the Hong Kong assemblage seems to agree very closely with S.
aemulum Sonder (in strictly typical form), one scrappy specimen, intermingled with other
zygocarpic forms, collected at West Point, Victoria, Hong Kong Island, by G. A. C.
Herklots in March 1930, seems to stand apart and to answer fairly well to the description
of the "var.? carpophylloides Grun." of his S. aemulum (see Grunow 1915, p. 376). The
axis, however, is smooth, but not always "zygocarpic" (Setchell 1935).

Distribution: Holdfast Bay, Australia (type locality), and China (Hong Kong).

Remarks: Aswe have stated before, we have not found this species ourselves, and
we follow Grunow and Setchell in interpretation of this species.

Sargassum angustifolium (Turner) C. A. Agardh (Figs. 2, 18)

C. A. Agardh 1820, p. 32, 1824, p. 305; J. G. Agardh 1848, p. 309, 1889, p. 81, pl. 25,
fig. 1; Kutzing 1861, pl. 17, fig. 1; Grunow 1915, p. 365; Setchell 19354, p. 3, pl. 1, figs.
1-4; Yamada 1942b, p. 19, pls. 12-13; Lu and Tseng 1983, p. 22, pl. 112, fig. 3.

Basionym: Fucus angustifolius Turner (Turner 1819, p. 35, pl. 212);

Synonyms: Sargassum flexile Greville (Greville 1849, p. 29, pl. 11, fig. 3); Sargassum
vulgare var. linearifolium non J. Agardh (Yendo 1907, p. 145, pl. 17, fig. 5).

Fronds yellow-brown, about 50-80 cm high, slender with irregular branches. Main
axes cylindrical, about 3-5 mm high, arising from discoid holdfasts and stout, giving rise to
several primary branches. Primary branches cylindrical, smooth, slender, about 1 mm in
diameter, giving off much more slender secondary branches, beset with branchlets. Basal
leaves thickened, 3 cm long, 3—-4 mm broad, with conspicuous percurrent midribs. Leaves
of the branches linear-lanceolate, 4-5 cm long, 1.5-2 mm broad, shallowly dentate at the
margins, midribs percurrent, cryptostomata very small, scattered on both sides of the
midrib (vein). Leaves of the branchlets somewhat shorter and narrower, 3—4 cm long,
1-1.5 mm broad, or much narrower, with irregular short teeth at the margins. Vesicles
nearly spherical, 2-3 mm in diameter, rounded at apices, pedicellate.

Plant androgynous. Receptacles cylindrical to fusiform, malacocarpic, usually forked
two to three times, characteristically carpophyllous, the upper portion of the receptacles
bearing leaflets or minute vesicles, solitary or two to three arranged in a short zigzag
raceme.

Habitat: Drifted ashore, Hong Kong in January to March (Tseng 2613, McClure 21,
71a); on the lower intertidal and subtidal rocks, Hainan Island in June (Tseng 396); Nanao
Island, Guangdong (AST 59-4234); Weizhou Island, Guangxi, in April (AST 55-1893).

Distribution: India (probable type locality; China (Hong Kong), and Japan.

Remarks: The type of F. angustifolius Turner has been examined by Setchell
(1935a). We agree with his opinion (1935a, p. 5) that S. angustifolium is androgynous.

As J. G. Agardh (1889) and Grunow (1915) have done, S. flexile is accepted as a
synonym of the present species. We also agree with the monograph of Yendo (1907, p.
145, pl. 17, figs. 5a and 5b) that it may be identical with S. angustifolium (Turner) J.
Agardh. The species may be readily recognized by its linear leaves and carpophyllous
malacocarpic receptacles.



g. 5. Sargassum cinereum J. Agardh.

g.6. Sargassum glaucescens J. Agardh.

g.7. Sargassum graminifolium (Turner) J. Agardh.
g. 8. Sargassum incanum Grunow.



30

Sargassum assimile Harvey (Figs. 3, 21)

Harvey 1859, p. 328; De Toni 1895a, p. 39; Yendo 1905, p. 159, 1907, p. 141, pl. 17,
figs 2 and 3; Grunow 1915, p. 371; Setchell 1935a, p. 9, pl. 7; Okamura 1936, p. 347;
Pham-Hoang 1967, p. 290; Lu and Tseng 1983, p. 224, pl. 13, fig. 1.

Synonym: Sargassum linifolium (non Turner) (Cotton 1915, p. 110 [fide Setchell])

Fronds yellow-brown, about 70-80 cm in height, arising from small discs. Main axes
terete, very short, bearing several primary branches, cylindrical, smooth, giving rise to
several secondary branches in the leaf axils. Leaves on the primary branches oblong with
strongly oblique cuneate bases, obtuse at the apices, sharply dentate at the margins,
about 2-3 cm long, 4-5 mm broad, midrib delicate, vanishing below apices; leaves on the
secondary branches oblong to slightly lanceolate, 1-2 cm long, 3—4 mm broad, midrib
obscure, with short teeth at the margins, obtuse or rounded at the apices; cryptostomata
small, scattered all over the leaves. Vesicles spherical, mucronate at apices, about 2-3
mm in diameter, on petioles compressed above.

Plants androgynous, receptacles foliiferous, two-sided to irregularly three-sided, 7-9
mm long, 0.8—1 mm broad, often several times furcate, dentate at margins, giving rise to
small leaf or vesicle structures.

Habitat: Drifted ashore, Hong Kong in April to May (Tseng 2710, Tseng 2774, Tseng
H-153).

Distribution: Japan (Ryukyus, type locality), China (Hong Kong), and Viet Nam.

Remarks: S. assimile is an Indo-west Pacific species so far distributed between
perhaps Nagasaki, Japan, through the Ryukyu Islands and extending to the Hong Kong
region and finally to Ceylon in the west. It is characterized by oblong leaves from a
strongly cuneate base, partially without midrib above, and very obscure midrib vanishing
below the apex on the lower leaves, and receptacles elongated and foliiferous, often
forked, remotely dentate. Grunow divided it into seven varieties, all with a question mark.
With the scanty amount of materials on hand, we are unable to set the limits of the so-
called varieties.

Sargassum carpophyllum J. Agardh (Figs. 4, 19, 20)

J. G. Agardh 1848, p. 304, 1889, p. 82, pl. 25, fig. 2; Grunow 1888, p. 24, pl. 6, fig. 1,
1915, p. 366; Setchell 19353, p. 7, pls. 3, 4, and 9, figs. 5-8; Durairatnam 1961, p. 41, pl.
8, figs. 4-7; Misra 1966, p. 173, fig. 91; Lu and Tseng 1983, p. 224, pl. 112, fig. 2.

Fronds yellow-brown, reaching a height of 80 cm and arising from discoid holdfasts.
Main axis cylindrical, very short, 2-3 mm in height, and about 1 mm in diameter, bearing
several smooth cylindrical, erect primary branches. Secondary branches beset with
branchlets, cryptostomata on the branches and branchlets conspicuous but not projecting.
Leaves of the primary and secondary branches lanceolate, acuminate, 2-5 cm long, 4-6
mm broad, shallowly toothed at the margins, midrib vanishing below the apices, and
cryptostomata scattered on both sides of the midrib. Leaves of the branchlets with
unequal bases and short stipes, narrowly linear-lanceolate, 1-2 cm long, 1-2 mm broad,
irregularly dentate at the margins and with midribs. Vesicles spherical, 3-4 mm in
diameter, rounded at the apices, on short cylindrical pedicels.

Receptacles subcylindrical or fusiform, malacocarpic, acute at the apices, usually
forked two to three times, carpophyllous, solitary or two to three arranged in a short
raceme. Androgynous with both oogonia and antheridia in the same conceptacle of the
receptacle.

Habitat: Growing on subtidal rocks, Nozhou Island, Guangdong Province in May
(AST 55-1753).



Fig. 9. Sargassum laxifolium Tseng et Lu.

Fig. 10. Sargassum longifructum Tseng et Lu.

Fig. 11. Sargassum nozhouense Tseng et Lu.

Fig. 12. Sargassum parvivesiculosum Tseng et Lu.
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Fig. 13. Sargassum polycystum C. Agardh.
Fig. 14. Sargassum subtilissimum Tseng et Lu.
Fig. 15. Sargassum tenerrimum J. Agardh.

Fig. 16. Sargassum tenue J. Agardh.



Fig. 17. Sargassum vachellianum Greville.

Distribution: Ceylon (type locality), China (Hong Kong, Nozhou Island), Taiwan, and
India.

Remarks: Our specimen is coarser than those referred to as S. angustifolium
(Turner) C. A. Agardh, with broader leaves, 2-5 cm long, 4-6 mm broad. This species
can be recognized by its lanceolate leaves with carpophyllous malacocarpic receptacles.
The plant assigned to it by Pham-Hoang (1967) definitely is not S. carpophyllum and is
most probably S. parvivesiculosum Tseng et Lu (Tseng and Lu 1979) on the basis of the
small vesicles with variously shaped earlike wings, without midrib or faintly veined leaves
and the toothed receptacles (cf. fig. 9 of Pham-Hoang with fig. 4 of Tseng and Lu). Chou
and Chiang (1981) reported S. carpophyllum J. G. Agardh from Taiwan; however, they
mentioned that the plant is dioecious and the female plant has complanate receptacle with
spines, which is not the case with S. carpophyllum. We are not sure, however, as to the
identity of their plant.

Sargassum cinereum J. G. Agardh (Figs. 5, 33)

J. G. Agardh 1848, p. 305, 1889, p. 84; Grunow 1915, p. 378; Setchell 19353, p. 14,
pls. 10, 11; Durairatnam 1961, p. 141, pl. 8, figs. 1-3; Lu and Tseng 1983, p. 226, pl. 114,
fig. 1.

Fronds slender, covered by an ashy-grey tinge. Main axes very short, bearing terete,
smooth, primary branches at their upper parts. Secondary branches and branchlets
similar to primary branches in habit. Basal leaves membranous, oblong, about 2.5-3 cm
long, 7-8 mm broad, rounded at the apices, with midribs vanishing above the middle of
the leaves, dentate at the margins. Leaves of the branchlets lanceolate, 2-2.5 cm long,
3-4 mm broad, cuneate at the base, somewhat truncate at the tips, midrib vanishing
below apices of the leaves, margins wavy or entire, sometimes with a few coarse teeth,
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Fig. 18. Sargassum angustifolium (Turner) C. Agardh. A, B, Upper portion of branch with leaf
bearing androgynous receptacles with a leaf. C, Upper leaves.

cryptostomata scattered along both sides of the vein. Vesicles spherical, about 4 mm in
diameter, obovate, rounded, usually with a sharp tip, with pedicels foliaceous above,
subcylindrical below.

Male receptacles cylindrical, with a few minute teeth, 8—10 mm long, 1 mm in
diameter, single or two to three together in short, leafy, and vesiculiferous racemes.



Female receptacles are short, three-sided, coarsely dentate, single or two to three
together in a short, leafy, and vesiculiferous raceme.

Habitat: Drifted ashore, Hong Kong in January (McClure 84, sterile), in March
(Herklots 5, female young), in April (Tseng HK 154a, male); on rocks in lower intertidal
region, Nozhou Island, Guangdong (AST 82-65 female).

Distribution: China (Hong Kong, type locality), Ceylon, and Australia.

Remarks: S. cinereum is a characteristically ashy-grey (cinerascent) plant and
dioecious, with both male and female plants. Its oblong cuneate leaves have veins
vanishing below the middle and upper leaves. It is principally a Chinese plant but is now
also found in Ceylon and Australia.

Sargassum glaucescens J. G. Agardh (Figs. 6, 34)

J. G. Agardh 1848, p. 306, 1889, p. 84; Cotton 1915, p. 110; Grunow 1915, p. 379;
Setchell 19354, p. 16, pls. 13-15; Pham-Hoang 1967, p. 291, fig. 12; Tseng and Lu 1979,
p. 3, pl. 2, fig. 2; Chou and Chiang 1981, p. 145; Lu and Tseng 1983, p. 228, pl. 115, fig.
2.

Synonyms: Sargassum debile Greville (Greville 1849, p. 276, pl. 5); and Sargassum
ornatum Greville (Greville 1848, p. 205, pl. 4).

Fronds glaucescent, reaching a height of 50 cm or more, arising from discoid
holdfasts. Main axes very short, cylindrical, smooth, about 4 mm long, 2.5 mm in
diameter, giving rise to several primary branches, subcylindrical or compressed, about 2
mm in diameter. Secondary branches beset with short and slender branchlets. Leaves
elongated-ellipsoid or elongated-lanceolate, to 18 mm long, 7 mm broad, apices blunt,
bases cuneate with short stalks, conspicuously dentate at the margins, midrib vanishing
below the apices, cryptostomata prominent on both sides of the midrib. Vesicles
spherical, apices often with a sharp tip, 2-2.5 mm in diameter with cylindrical pedicels
about 1 mm long.

Dioecious. Male receptacles cylindrical, smooth, unequally forked, apices acute.
Female receptacles single or aggregated, about 3-5 mm long, flattened to three-sided,
with sharp teeth at the margins and apices, both male and female receptacles often
arranged in racemes, strictly pseudozygocarpic, receptacles often with leaf or vesicle
structures intermingled below.

Habitat: Growing on subtidal rocks, Hainan Island in February to April (AST 73-505,
AST 73-531, AST 76-156) and drifted ashore, Hong Kong in May (Tseng H 0636), and
Xisha Islands in June (AST 75-1282).

Distribution: China (Macao, type locality; Hainan, Hong Kong, Xisha Islands), Taiwan,
Viet Nam, and Singapore.

Remarks: In the discussion of the present species, four different names are to be
considered: S. glaucescens J. G. Agardh (J. G. Agardh 1848), S. debile Greville and S.
ornatum Greville (Greville 1849), and Sargassum ivanii Montagne (Kutzing 1849). All the
specimens come from Macao, and S. glaucescens has the priority. Grunow (1915) has
differentiated three varieties. How different the varieties are from one another remains to
be determined. For instance, the variety ivanii (Montagne) Grunow has typically
elongated-lanceolate leaves, but the female plants have leaves of the typical form (var.
glaucescens), whereas the male plants of the variety ivanii do not. S. glaucescens is
distributed between Taiwan on the east to Viet Nam and Singapore on the west. Evidently
sex and age may play an important role in the variation.

Sargassum graminifolium (Turner) J. G. Agardh (Figs. 7, 31)
J. G. Agardh 1848, p. 303, 1889, p. 81; Kutzing 1849, p. 615, 1860, pl. 28, fig. 1; De
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Figs. 19, 20. Fig. 19, Sargassum carpophyllum J. Agardh. A fertile branchlet bearing leaf,
vesicles, and androgynous receptacles with a vesicle. Fig. 20, Sargassum tenerrimum J.
Agardh. A fertile branchlet bearing leaf, vesicles, and androgynous receptacles with a
vesicle.

Toni 18954, p. 38; Grunow 1915, p. 365; Tseng 1933, p. 59; Setchell 19353, p. 17, pl. 12,
fig. 2, pl. 17; Okamura 1936, p. 346; Lu and Tseng 1983, p. 230, pl. 236, fig. 1.

Basionym: Fucus graminifolius Turner (Turner 1819, p. 32, pl. 210).

Fronds greenish or brown, 50 cm or more in height, attached to discoid holdfast.
Main axes very short, terete, bearing several flattened, primary branches, about 40-50 cm
high, 1-1.5 mm broad. Secondary branches irregularly and alternately arranged, bearing
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Fig. 21. Sargassum assimile Harvey. A two-sided androgynous receptacle with the vesicle
and leaves.

short branchlets with membranous leaves without cryptostomata. Lower leaves
lanceolate, 7-8 cm long or more, 8—-11 mm broad with narrower cuneate bases and short
pedicels, shallowly coarsely dentate at the margin, apices blunt, midrib distinct, upper
leaves about similar length but much narrower, only 4-5 mm broad. Vesicles elliptical or
obovate, 3—4 mm in diameter, on pedicels compressed above and subcylindrical below,
sometimes arranged in pairs and with forked pedicels.

Plants dioecious, but of similar kind, all malacocarpic, terete, 8-10 mm long, 0.5-1
mm broad, variously branched, wartlike, fairly closely arranged in panicles, frequently
intermingled with leaf or vesicle. Generally speaking, the male receptacles are very much
elongated, whereas the female ones are much shorter.

Habitat: Growing on lower intertidal and subtidal rocks, Zhoushan Island in May to
June (Tseng 1443, AST 56-1634, AST 63-4115), Xiangshan in June (AST 63-4312),
Nanjidao in July (AST 63-4498), and Zhejiang and Taishan (Guangdong Province) in
spring (AST 54-4402).

Distribution: Endemic in China (Zhejiang, Fujian, Guangdong, and Macao).

Remarks: The source of the type of F. graminifolius is unknown. It was, however,
quite striking, with a color and substance like dried tea leaves that led Turner to describe it
as a new species in spite of the fact that only a sterile fragment was available. The
second specimen of this plant was that collected by G. von Martens in 1861; a photograph
of that specimen was made by Setchell (Setchell 1935a, pl. 17) and for the first time an
enlarged part of the receptacles was given (Setchell 19354, pl. 12, fig. 2). That is all the
information we have had on this plant. In fact, Yendo (1907) listed this plant in his
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Fig. 22. Sargassum subtilissimum Tseng et Lu. A, Three-sided androgynous receptacles with
aleaf. B, Fertile branchlet bearing leaves, vesicle, and androgynous receptacles with leaf.
(After Tseng and Lu 1978)

monograph, and said he had several specimens in accord with the descriptions and
figures of the aforenamed species but that he had not seen any reproductive organs. He
did illustrate a fragment showing the receptacles, leaves, and vesicles. The illustration
does not belong, however, to S. graminifolium, which is pseudozygocarpic instead of
holozygocarpic as was shown. The inflorescence is definitely not that of S. graminifolium.
The specimen of Martens, with only portions of branches, "has the compressed axes, the
distant short branchlets of few leaves each, the occasional twin vesicles with forked
pedicels, the leaves of proper shape, margins, petiole and costa, and devoid of
cryptostomata” (Setchell 1935a, p. 18). Because of the scarcity of this species, the more
common S. vachellianum has been taken by many authors to be synonymous with S.
graminifolium. It was Setchell who visualized the difference between the two closely
related but different species. He emphasized two factors: the twin vesicles and the leaves
devoid of cryptostomata. We do have specimens with twin vesicles; these, however, are
found also in S. vachellianum. The leaf characteristics are, however, quite constant (i.e.,
membranous, tea-leaf-colored leaves, devoid of cryptostomata) and may be relied upon
for differentiating these two closely related species.

Sargassum incanum Grunow (Figs. 8, 30)

Grunow 1915, p. 379; Setchell 19354, p. 15, pl. 1, figs. 5-9, pl. 2.

Fronds yellow-brown, cinereous (ashy), to about 20 cm long, main axes very short,
cylindrical, about 3 mm long, arising from a discoid holdfast, and giving rise to several
primary branches from its distal part. Primary branches compressed below, cylindrical
above, smooth, 16-19 cm long, 1.5-2 mm in diameter; secondary branches shorter,



Fig. 23. Sargassum parvivesiculosum Tseng et Lu. A, Vesicles. B, Leaves. C, D, Fertile
branchlets bearing leaves, vesicles, and androgynous receptacles. (After Tseng and Lu 1979)

cylindrical, smooth, beset with branchlets with dense leaves, vesicles, and receptacles.
Lower leaves oblong-lanceolate 3-4.5 cm long, 8—10 mm broad, obtuse or acuminate at
apex, wavy at the margin, midrib conspicuous; cryptostomata scattered in both sides of
the midrib, base cuneate with subsessile or very short stipe. Upper leaves linear, 2.5-3
cm long, 1.5-2 mm broad, with coarse teeth at margin, obtuse or acute at apex, midrib
conspicuous, percurrent, cryptostomata irregularly scattered in both sides of the vein.
Vesicle spherical, 3-4 mm in diameter, smooth, rounded at apex, with a filiform stipe, 4-5
mm long.

Plants androgynous, receptacle fusiform, smooth, 2-3 mm long, 0.6-1 mm in
diameter, usually branched in its upper part, solitary or two to three receptacles arranged
in short raceme, the whole inflorescence often intermingled with leaf or vesicle below.

Habitat: Drifted ashore, Hong Kong in February (McClure 73, 83c) and June (Tseng
2639); on rocks in the lower intertidal region, Xuwen, Guangdong in March (AST 55-143,
AST 55-1433a); Weizhou Island, Guangxi in November (AST 54-4412); Fungcheng,
Guangxi in May (AST 55-2181).
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Fig. 24. Sargassum nozhouense Tseng et Lu. A, Basal leaves. B, Fertile branchlet bearing
female receptacles with vesicles. C, Fertile branchlet bearing male receptacles with vesicle.
(After Tseng and Lu 1987)

Distribution: Endemic in China (Shanhai, Guangzhou, Hong Kong (type locality),
Guangdong Province, and Guangxi Province).

Grunow (1915) separated this species from J. G. Agardh’s S. cinereum because the
upper leaves are less evidently cuneate, less oblique, and not larger toothed at the apex.
Besides, the leaves are dentate with percurrent midrib. There seems to be no difficulty in
separating these two species. Grunow (1915, p. 379) separated this from S. cinereum J.
Agardh, apparently in the belief that the sexes were separate, since the ones seen were
male. He concurrently reported a "var.? ketelsii Grun.," also from China, with small spiny
female receptacles and slightly longer, spineless male receptacles. Although Setchell
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Figs. 25, 26. Fig. 25, Sargassum longifructum Tseng et Lu. A fertile branchlet bearing leaf
and forked male receptacles with vesicles. (After Tseng and Lu 1987). Fig. 26, Sargassum
polycystum, male receptacles.

(1935a) correctly interpreted the nature of S. incanum, he stated, "The receptacles of S.
incanum, however, are usually simple, less flattened, and are dioecious." As illustrated,
(Setchell, 1935, pl. 1, figs. 5-9) the receptacles of Setchell's plant are malacocarpic,
fusiform, sometimes forked, and arranged in short racemes. Undoubtedly Setchell also
was influenced by Grunow’s statement that it is dioecious. We have sectioned many
receptacles of the various aforementioned members and found only one kind of
receptacle, which is androgynous. If S. incanum Grunow is androgynous, how can we
explain the variety ketelsii with spiny receptacles? The only explanation is that ketelsii is
not S. incanum but perhaps a form of S. cinereum or an undescribed species.
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Fig. 27. Sargassum polycystum C. Agardh. A, Fertile branchlet with leaf, vesicles, and female
receptacle. B, Vesicle and female receptacle with leaf. (After Tseng and Lu 1978) (See Fig. 8
for male receptacles.)

Sargassum laxifolium Tseng et Lu (Figs. 9, 29)

Tseng and Lu 1987 (in press).

Fronds slender, yellowish brown. Primary branches smooth, cylindrical, to about
70-75 cm high, 1 mm in diameter. Secondary branches similar to the primary branches in
habit, to about 15-25 cm high, less than 1 mm in diameter, with fructiferous glanduliferous
branchlets. Leaves on primary and secondary branches elliptic or obovate, to about 2-3
cm long, 10-15 mm broad, obtuse at the apex and oblique and asymmetrical at the base,
dentate at the margin, with short stipe, indistinct midrib, usually vanishing below the
middle parts or one-third of the leaves, and conspicuous cryptostomata scattered on the
leaves. Leaves on the branchlets very similar to the ones on the primary branches in
habit, elliptic, about 1.5-2 cm long, 5-10 mm broad, rounded at apex, dentate at margin,
with a very oblique, asymmetrical base, without a midrib or faintly veined and with
conspicuous cryptostomata scattered on the leaves. Vesicles spherical or ovate, 4-5 mm
in diameter, with sharp tip, some with wings at margin on short stipes.

Plant dioecious. Female receptacles two- to three-sided, 2-3 mm long, 1-1.5 mm
broad, usually branched once or twice with sharp teeth at the margin and apices, two or
three arranged in short racemes on the basal part of foliar stipe or vesicle. Typically
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Fig. 28. Sargassum tenue J. Agardh. A, Fertile branch with leaves and flattened female
receptacle. B, Male receptacles.

holozygocarpic, and with small leaves or vesicles immeditely arising from the female
receptacles. Male receptacles not seen.

Habitat: Drifted ashore, Saiwan, Hong Kong in May (Tseng 2782).

Distribution: Endemic in China (Hong Kong, type locality).

Remarks: The present species is closely related to S. assimile Harvey, differing in its

elliptic or obovate leaves, its midrib vanishing below the middle part, and its vesicle with
cylindrical stipe.

Sargassum longifructum Tseng et Lu (Figs. 10, 25)

Tseng and Lu 1987 (in press).

Fronds of medium size, yellow-brown. Main axis short, cylindrical, smooth, to about 6
mm high, 1.5 mm in diameter. Primary branches arising from the distal part of the axis,
cylindrical, smooth, to 39 cm high, about 1 mm in diameter. Secondary branches slender
and short, to about 10 cm high, beset with small filiform fructiferous branchlets with dense
leaves, vesicles, and receptacles. Basal leaves membranous, lanceolate, with entire or
somewhat undulate margin, to 6 cm long, 7 mm broad, acuminate at the apex, with
obliqgue asymmetric base, percurrent vein, and obscure cryptostomata. Leaves on
branches and branchlets thinner, narrow lanceolate, with denticulate margin 2—3 cm long,
1-2 mm broad, acuminate at the apex, oblique cuneate at the base, with a filiform short
stipe, midrib percurrent vanishing below the apex, cryptostomata scattered on both sides
of the costa. Vesicle spherical or ovate, 1-2 mm in diameter, rounded or apiculate at the
apex, with cryptostomata and a filiform stipe, 3—4 mm long, a few vesicles with flat
foliaceous stipes.

Plant dioecious. Male receptacles slender, malacocarpic, giving rise to leaf or vesicle
structures, usually branching once or twice, about 3—4 cm long, 1 mm in diameter, solitary
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Fig. 29. Sargassum laxifolium Tseng et Lu. A fertile branchlet bearing leaf, vesicle, and
female receptacle with aleaf. (After Tseng and Lu 1987)

or in short racemes of two or three in axil of the leaflets. Female plant not found. Holdfast
lacking.

Habitat: Drifted ashore, Nozhou Island, Guangdong in April (AST 55-1767, male).

Distribution: Endemic in China (Nozhou Island, type locality).

Remarks: The present species is characterized by its slender, branched, and
elongated male receptacle, 3—4 cm long and 1 mm in diameter. Such an elongated
receptacle is rather unique in the section Zygocarpicae. The female plant has yet to be
discovered; it may be malacocarpic like Sargassum nozhouense or acanthocarpic like
Sargassum tenue.

Sargassum nozhouense Tseng et Lu (Figs. 11, 24)

Tseng and Lu 1987 (in press).

Fronds slender, medium size, to about 60 cm high, arising from a discoid holdfast.
Main axis short, cylindrical, smooth, about 5 mm high, 2 mm in diameter. Primary
branches cylindrical, smooth, about 60 cm high, 1-1.5 mm in diameter. Secondary
branches with dense leaves, vesicles, and receptacles. Some dark glandular dots on
branches and branchlets, easily visible in fresh specimens. Basal leaves membranous,
narrow-lanceolate, margin entire, obtuse at apices, to 2-3 cm long, 2-3 mm broad, base
of the leaf cuneate with a cylindrical stipe and obscure midrib vanishing below the middle
of the leaf. Cryptostomata rare, irregularly scattered on surface of the leaves. Leaves on
both branches and branchlets linear, margin entire, without midrib, to 10-15 mm long, to
1-2 mm broad, with a filiform short stipe, and a few scattered cryptostomata, with a
cylindrical stipe to about 1 mm long.
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Fig. 30, 31. Fig. 30, Sargassum incanum Grunow (upper and lower figures to the right). A, B,
Fertile branchlets with leaf, vesicle and androgynous receptacles. Fig. 31, Sargassum

graminifolium (Turner) J. Agardh (figure on left). A fertile branchlet with leaf, vesicle, and
androgynous receptacles.

Plants dioecious. Female and male receptacles terete, with short stipes tapering
towards the apices, single or branched once or twice, solitary or in short racemes of two or
three in axils of leaves, male receptacles 4-5 mm long, 0.2-0.4 mm in diameter, female
ones 3—4 mm long, 0.3-0.5 mm in diameter. Carpophyllous, the leaflets or vesicle
immediately arising from the receptacles (this characteristic is more common in the female
plant than in the male plant).

Habitat: Growing on the lower intertidal and subtidal rocks, Nozhou Island,
Guangdong in May (AST 73-536).
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Fig. 32. Sargassum vachellianum Greville. A, A fertile branchlet with leaves, vesicle, and
male receptacle. B, Female receptacles.

Distribution: Endemic in China (Nozhou Island, Guangdong Province, type locality).

Remarks: This species is related to S. carpophyllum J. Agardh, which is
androgynous, differing, besides its separated sexes, also in its thicker, smaller narrow-
lanceolate leaves with entire margin, without midribs except for some of the basal leaves,
obtuse at the apices and in its vesicles rounded at apices. It is, so far, the only
malacocarpic Sargassum within the Holozygocarpicae.

Sargassum parvivesiculosum Tseng et Lu (Figs. 12, 23)
Tseng and Lu 1979, p. 5, pl. 5, fig. 4.

Synonym: Sargassum carpophyllum (non J. Agardh) (Pham-Hoang 1967, p. 284, fig.
9).
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Fronds yellow-brown, holdfasts scutate, discoid, attaining a height of 30-50 cm or
more. Main axes terete, smooth, very short, about 2-4 mm long, 1.5-2 mm in diameter,
several primary branches arising alternately from their upper parts. Primary branches
cylindrical to slightly compressed with prominent, dark cryptostomata, irregularly scattered
on the surface. Secondary branches alternately arranged, beset with branchlets with
dense leaves, vesicles, and receptacles. Basal leaves usually elongated, elliptic, 1-1.5
cm long, 2-3 mm broad, with toothed margins and cuneated bases, obtuse at the apices,
midrib very inconspicuous. Middle and upper leaves asymmetrical, 6—10 mm long,
0.5-1.5 mm broad, usually eight to 10 times as broad as long, with irregular sharp serate
margins, unequal base, without midribs. Cryptostomata conspicuously raised, dark,
scattered all over the surface of the leaves. Vesicles very small, ovate, with a sharp tip
when young, but obovate, rounded at the apices, with earlike wings on both sides of the
vesicles and short pedicels when older.

Monoecious, with compressed, wartlike structures, about 1-2 mm long, 0.2-0.3 mm
broad, with very short pedicels. Receptacles androgynous, with antheridia aggregated in
the upper parts and oogonia in the lower ones.

Habitat: Drifted ashore, Zhongjiandao in May (AST 75-1300) and Guangjindao in
May (AST 75-1305c), Xisha Islands, China.

Distribution: Endemic in China (Xisha Islands).

Remarks: In the Agardhian system, this species is a member of Tenerrima group of
the series Carpophylleae, characterized by its small vesicles with variously shaped earlike
wings, by its prominently raised, dark-brown cryptostomata, and by the receptacles
compressed with teeth or spine usually immediately growing out to form a small leaf or
vesicle. This is quite unique in the Tenerrima group.

Sargassum polycystum C. Agardh (Figs. 13, 26, 27)

C. A. Agardh 1824, p. 304; J. G. Agardh 1848, p. 310, 1889, p. 119; Grunow 1915, p.
444; Reinbold 1913, p. 169; Setchell 1935b, p. 266; Yamada 1942a, p. 376, figs. 5, 6,
1950, p. 193; Tseng et al. 1962, p. 92, pl. 5, fig. 36; Pham-Hoang 1967, p. 306, fig. 21;
Tseng and Lu 1978, p. 6, pl. 4, fig. 6; Chou and Chiang 1981, p. 134, pl. 2, figs. 1-2; Lu
and Tseng 1983, p. 236, pl. 119, fig. 1.

Synonyms: Sargassum brevifolium Greville (Greville 1849, p. 108, pl. 4; Sargassum
pygmaeum (Kutzing) 1861, pl. 15; Sargassum microphyllum (non C. Agardh) (Yendo
1907, p. 137; Okamura 1931, p. 108; Yamada 1925, p. 247); Sargassum ambiguum
Sonder (Sonder 1871, p. 41).

Fronds yellow-brown, about 60-100 cm high. Main axes cylindrical 5-11 mm high, 2
mm in diameter, with wartlike processes, giving rise to several erect primary branches and
descending to several elongated branched stolons. Primary branches terete, 1.5-2 mm in
diameter, 40—60 cm long. Secondary branches beset with small fructiferous branchlets.
Both primary and secondary branches and branchlets conspicuously provided with many
dark short processes. Leaves on primary branches ovate, oblong, midribs often
percurrent, 2—-4 cm Jong, 8-12 mm broad, dentate at the margins. Leaves of branchlets
smaller, narrow-lanceolate, 10-12 mm long, 2-3 mm wide, dentate at margins, midrib
usually vanishing below the apices of leaves, which are rounded at the tips.
Cryptostomata prominently raised, irregularly scattered on both sides of the veins.
Vesicles small, ovate, 1.5-2 mm in diameter, usually crowned with a leaflet or a sharp tip,
with raised processes scattered on the surface of the vesicles.

Dioecious; male receptacle cylindrical, malacocarpic, branched one or two times, 3-5
mm long, 0.5-0.6 mm in diameter. Female receptacle fusiform, compressed, often forked,
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toothed at apex, 1-2.5 mm long, 0.2-0.4 mm in diameter, sometimes bearing small
leaflets or vesicles, solitary or arranged in racemes.

Habitat: Growing on the lower intertidal and subtidal rocks. Hainan Island in
February to June (AST 55-668, AST 55-726, AST 58-5020, AST 73-368, AST 76-301,
AST 80-2032, AST 82-73) and Xisha Islands in January to June (AST 57-5001, AST 57-
5482, AST 58-4063, AST 76-422, AST 76-118, AST 80-699).

Distribution: Indonesia (Sunda Island, type locality), Micronesia, Philippines,
Singapore, Australia, Japan, China, Sri Lanka, and India.

Remarks: The present species is easily recognized by the presence of stolons from
the lower parts of the main axis, which is quite unique among the Sargassum. This is the
first time that the carpophyllous nature of the female receptacles of this plant has been
noted. It is placed within the Holozygocarpicae with smooth receptacles.

Sargassum subtilissimum Tseng et Lu (Figs. 14, 22)

Tseng and Lu 1978, p. 2, pl. 1, figs. 1-2.

Fronds yellow-brown, slender about 70-80 cm high. Main axes very short and small,
cylindrical, about 4-5 mm long, 1-2 mm in diameter, giving rise to several smooth primary
branches, more or less compressed below, about 1 mm broad, cylindrical upwards, with
alternately arranged secondary branches. Branchlets short, copiously provided with
leaves, vesicles, and receptacles. Leaves membranous, thin, lanceolate, 2 mm broad,
10-15 mm long, slightly acute or blunt at the apices, midrib conspicuous, often percurrent,
cryptostomata conspicuous, in series arranged on both sides of the vein, their margins
shallowly dentate. Vesicles spherical, subspherical, or ovate, 1-2 mm or more in
diameter, usually rounded at the apices, but sometimes with wings on both sides, petioles
cylindrical, somewhat flattened above.

Receptacles androgynous, bearing small leaflets or vesicles, compressed, or three-
sided, toothed at the edges, teeth sometimes becoming broadly winglike, simple or forked,
1-1.5 mm long with short stipe, solitary or arranged in racemes.

Habitat: Drifted ashore, Lingyangjiao, Xisha Islands in May (AST 75-1189).

Distribution: Endemic in China (Xisha Islands).

Remarks: Sargassum subtilissimum Tseng et Lu is a very slender species,
apparently closely related to S. tenerrimum J. G. Agardh originally described from
Bombay, India, and later reported from Hong Kong on the South China coast. This
species is characterized by the slender frond with thin leaves and by the frequent
occurrence of the carpophyllous receptacles, as in the case of the Bombay plant. It differs
from the Bombay plant, S. tenerrimum J. G. Agardh, by having (1) smaller leaves,
generally about 1 cm long and 2 mm broad, with conspicuous cryptostomata, and distinct
midrib, some even percurrent; (2) smaller vesicles, generally 1-2 mm in diameter, with
cryptostomata and blunt at the apices; and (3) smaller receptacles, 1-2.5 mm long, more
often three-sided, sometimes compressed, and toothed at the edges and the apices, the
teeth sometimes becoming broadly winglike.

Sargassum tenerrimum J. G. Agardh (Figs. 15, 20)

J. G. Agardh 1848, p. 305, 1889, p. 83; Kutzing 1849, p. 626; Grunow 1915, p. 370;
Bdrgesen 1933, p. 10, pl. 2, fig. 6, 1935, p. 40; Setchell 19353, p. 8, figs. 5-6;
Durairatnam 1961, p. 42, figs. 8—10; Misra 1966, p. 174, fig. 92; Pham-Hoang 1967, p.
288, fig. 11; Lu and Tseng 1983, p. 238, pl. 120, fig. 2.

Synonym: Sargassum campbellianum Greville (Greville 1848, p. 274, pl. 5).

Fronds greenish-brown, slender and soft, about 30-50 cm high, arising from small
conical discs. Main axes terete, very short, 5 mm high, about 1 mm in diameter, with



irregularly and alternately branched primary branches. Primary branches cylindrical, very
smooth, beset with similar branches and branchlets. Lower leaves oblong-lanceolate,
about 6-7 cm long, 12-15 mm broad, upper ones gradually smaller upwards, linear-
lanceolate, each with narrow rounded apex, elongated cuneate base, and short stipe,
irregularly sinuate-dentate at the margins, very thin, translucent, midrib very delicate,
disappearing below apex, cryptostomata scattered about, 3-4 mm in diameter, on short
pedicels, often possessing a sharp point, or crowned with a leaf.

Plants androgynous, receptacles verrucose, two-edged to three-sided, 2-3 mm long,
usually bearing small leaflets or vesicles, with teeth at the apices, repeatedly forked and
becoming racemes.

~ Habitat: Growing on subtidal rocks, Hainan Island in March (AST 76-171, 79-189),
Weizhou Island, Guangxi, in May (AST 78-018), and Hong 'Kong in May (Tseng H-063c).

Distribution: India (Bombay, type locality), Ceylon, China (Hong Kong, Hainan Island,
and Guangxi), and Viet Nam.

Remarks: We have carefully compared our plants with a specimen of S. tenerrimum
J. G. Agardh collected from its type locality—Bombay, India—by the late F. Bdrgesen; the
plants agree with each other fairly well, except that our specimens are younger with
smaller receptacles. This seaweed may be recognized by its slender, soft leaves with
two- to three-sided receptacles with teeth at the apices.

'

Sargassum tenue J. G. Agardh (Figs. 16, 28)

J. G. Agardh 1848, p. 303, 1889, p. 84; Grunow 1915, p. 372; Setchell 193543, p. 12,
pl. 9, figs. 4, 6, 7.

Synonym: Sargassum gracile Greville (Greville 1849, p. 504, pl. 11).

Fronds yellow-brown, 30-40 cm high. Primary branches filiform, cylindrical, and
slender, about 30 cm or more long, alternately branched throughout their entire length,
giving a pyramidal outline. Upper leaves narrowly linear to lanceolate, entire or distinctly
dentate, 2-3.5 cm long, about 1 mm broad, sharply attenuate at both ends, midrib not very
distinct, vanishing below the apices, cryptostomata uniseriate on both sides of the
indistinct vein. Stipe slender. Vesicle spherical with cryptostomata, 2-2.5 mm in
diameter, apiculate, sometimes with a leaf at apices.

Plant dioecious. Male receptacle cylindrical, 9-10 mm long, 0.4-0.5 mm in diameter,
branched once or twice, with a few spinnules above. Female receptacle two-sided when
mature, dentate at the apices, branched once or twice, often forked at the tip, 5-7 mm
long, 1-2 mm wide, solitary or two to five arranged in short racemes, giving rise directly to
leaf or vesicle structures. Main axes and holdfast lacking.

Habitat: Drifted ashore, Hong Kong in May (Herklots 192).

Distribution: India (type locality) and China (Hong Kong).

Remarks: Sargassum tenue J. G. Agardh is a species credited with seven varieties
by Grunow (1915). With the small amount of materials available, it is difficult to make any
comment, but we do doubt very much whether all these varieties belong to the same
species. For instance, we cannot see the reason for recognizing S. tenue var. gobonensis
Grunow (S. tenue Kutzing, as illustrated in Tab. Phyc. vol. X, pl. 7, fig. 2), and S. tenue
var.? capillaris (Kutzing) Grunow (S. capillaris Kutzing in Tab. Phyc. vol. xvi, pl. 2). S.
gracile Greville is characterized by very narrow linear leaves with female receptacles
shortly cuneate with apices conspicuously dentate. The difficulty in interpreting this
species is that the only illustration of the female by Greville (1849) is definitely too
exaggerated, and the only illustration of the male receptacle by Setchell (1935a) is too
young. We have made a careful study of "Herklots 192," which was determined by
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Fig. 33. Sargassum cinereum J. Agardh. A, Fertile branchlet with leaf, vesicle, and male
receptacle. B, Female receptacles.

Setchell to be S. tenue J. Agardh. We agree with Setchell’s interpretation of the species,
but Setchell dealt only with a very young specimen of the male plant and had no female
ones. We are fortunate to have found both male and female plants in the same specimen
and have illustrated the characteristic of the species. S. tenue J. G. Agardh is easily
recognized by its leaves, which are generally very narrow, similar to those of S.
angustifolium; by its female receptacles, which are typically holozygocarpic and dentate at
the apices; and by its rather elongated and cylindrical male receptacle with a few spines.

Sargassum flexile Greville has been considered a synonym of the present species by
Setchell (1935a), whereas J. G. Agardh and others prefer to treat it as a synonym of S.
angustifolium (Turner) C. Agardh. We agree with the latter opinion because the leaves in
S. flexile are too closely dentate, and the receptacles are somewhat different in shape.

Sargassum vachellianum Greville (Figs. 16, 32)

Greville 1848, p. 204, pl. 4; Setchell 19353, p. 19, pl. 16; Tseng et al. 1962, p. 91, pl.
5; Lu and Tseng 1983, p. 240, pl. 121, fig. 1.

Fronds dark-brown, coarse, attaining a height of 80 cm or more. Main axes arising
from the scutate, conical discoid holdfast. Main axes very short, about 1.5-2 cm long,
cylindrical, with many scars, giving rise to several primary branches from their upper
portions. Primary branches flattened, 50-80 cm or more long, 1.5-2 mm wide.
Secondary branches from both sides of the primary branches and beset with many
branchlets. Lower leaves elongatedly lanceolate, 6—8 cm long, about 6—8 mm broad,
entire or with a few shallow teeth at the margins. Leaves on secondary branches
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Fig.34. Sargassum glaucescens J. Agardh. A, A fertile branchlet with leaves, vesicles, and
male receptacles. B, C, Three-sided female receptacles, vesicle, and leaf. (B and C after
Tseng and Lu 1987)

acuminate with oblique bases, about 4-6 cm long, 3-6 mm wide, with teeth at the
margins, midrib distinct, percurrent, cryptostomata very abundant, scattered in several
series over two sides of the midrib. Vesicles usually spherical, about 5 mm in diameter,
on cylindrical, sometimes foliaceous pedicels.

Plants dioecious. There is no morphological difference between male and female
plants. The inflorescences are typically paniculate, but the male receptacles are larger
and longer, and the female receptacles smaller and shorter and also much darker in color.
They are all cylindrical, bifurcate, 0.5-1 mm in diameter, often with short leaves and
vesicles intermingled below.

Habitat: Growing on lower intertidal and subtidal regions, Nanjidao and Beijidao,
Zhejiang, in July (AST 63-4325, AST 59-3374), Pingtan and Huian, Fujian, in June (AST
82-490, AST 64-410), Nozhou, Guangdong in May (AST 73-590, AST 82-87, AST 86-
1235), and Shangchuandao, Guangdong in January to February (AST 55-1027, AST 60-
3592); drifted ashore, Hong Kong in November (McClure A 626, Tseng 2794).
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Distribution: Endemic to China (Macao, type locality, Zhejiang, Fujian, Guangdong,
and Hong Kong).

Remarks: Sargassum vachellianum Greville is a common plant on the China coast
between Zhejiang in the north and Guangxi in the west, and to date, its distribution has
been confined to China. It has been many years since S. vachellianum Greville was made
synonym of the earlier published S. graminifolium (Turner) J. Agardh. It was not until
Setchell (1935a) pointed out the differences between the two species that S. vachellianum
finally came out of its fate as a synonym, and it is now enjoying an independent status.
Sargassum vachellianum is, in general, a more ample plant with thicker leaves and
abundant cryptostomata on the leaves and more ample receptacular structures.

Systematic Arrangement for the Chinese Species of Zygocarpicae

Altogether 17 species of zygocarpic Sargassum have been reported so far from
China. For the systematic arrangement of the section Zygocarpicae, Setchell (1936)
divided it into two subsections: Holozygocarpicae and Pseudozygocarpicae. Although
Setchell has differentiated two subsections, he still kept a single tribe for both subsections,
namely Carpophylleae J. Agardh, which is divided into five species groups. We are
making a small modification of Setchell’s system for the arrangement of the species with
the following changes:

1. Establish a species group Longifructa to take care of S. nozhouense and S.
longifructum, which are dioecious with malacocarpic male receptacles and probably also
malacocarpic female receptacles.

2. Move the Tenuiato Holozygocarpicae.

3. Move S. incanum Grunow from Cinereato Vachelliana, WhICh is placed at the
beginning of the Pseudozygocarpicae instead of at the end.

4. Establish a new series Cinerea to receive the members of the
Pseudozygocarpicae.

With the aforementioned changes, the systematic arrangement of Chinese species of
section Zygocarpicae is as follows:
1. Subsection Holozygocarpicae Setchell
Series 1. Carpophylleae J. G. Agardh
Species group 1. Carpophylleae J. G. Agardh
1. Sargassum angustifolium (Turner) C. A. Agardh
2. S. carpophyllum J. G. Agardh
Species group 2. Tenerrima Setchell
3. S. tenerrimum J. G. Agardh
4. S. assimile Harvey
5. S. subtilissimum Tseng et Lu
6. S. aemulum Sonder
7. S. parvivesiculosum Tseng et Lu
Species group 3. Longifructa Tseng et Lu
8. S. nozhouense Tseng et Lu
9. S. longifructum Tseng et Lu
Species group 4. Tenuia Setchell
10. S. polycystum C. A. Agardh
11. S. tenue J. G. Agardh
12. S. laxifolium Tseng et Lu



2. Subsection Pseudozygocarpicae Setchell
Series 2. Cinerea Tseng et Lu

Species group 5. Vachelliana Setchell
13. S. incanum Grunow
14. S. graminifolium (Turner) J. G. Agardh
15. S. vachellianum Greville

Species group 6. Cinerea Setchell
16. S. cinereumJ. G. Agardh
17. S. glaucescens J. G. Agardh
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CLARIFICATION OF SOME SUBGENERIC NOMENCLATURE IN
SARGASSUM SUBGENUS SARGASSUM

Isabella A. Abbott, Tseng C. K., and Lu Baoren

Abstract

A few of the subgeneric ranks for Sargassum subgenus Sargassum are recognized for species
that occur in China and neighboring areas. Several subgeneric ranks are brought into line with the
recommendations of the International Code of Botanical Nomenclature. Owing to information from
new species assigned to the Sargassum subsection Pseudozygocarpicae, the Sargassum series
Carpophylleae is recognized, and a new series is established for the taxa included by Grunow in his
"Tribe I-b Carpophylleae dubiae": Sargassum series Cinerea Tseng et Lu under the subsection
Pseudozygocarpicae, section Zygocarpicae of the subgenus Sargassum.

Introduction

Although many algal genera are subdivided into subgenera, few contain enough
species to make further division useful for the sake of taxonomy. In the genus Sargassum
C. Agardh, J. G. Agardh (1848, 1889) recognized taxonomic categories or groups below
the subgeneric level as useful to the taxonomist dealing with tens to hundreds of species
within a subgenus. Although it may be possible to include species of Sargassum within a
flora without referring to subgeneric classification of the numerous species, changes in
taxonomy can be achieved only by making clear the options of either strengthening the
classification or abandoning it and starting over. No one, or no group of scholars, is
presently in a position to do the latter. Upon examining literature on the Sargassum
subgenera Bactrophycus (Tseng et al. 1985) and Sargassum, the first author of this paper
noted that there were conflicts in the nomenclatural status of ranks that are used in these
subgenera. This paper clarifies the status of the categories that apply to the Chinese and
some other Asiatic species included in the subgenus Sargassum (=Eusargassum of J. G.
Agardh 1898; Grunow 1915, 1916a, 1916b; and Setchell 1931, 1935, 1936).

The groups or taxa used by J. G. Agardh (1889), Grunow (1915, 1916a, 1916b), and
Setchell (1931, 1935, 1936) are presented in Table 1. In the case of Setchell, the taxon
name in the last paper was used when there was a question.

Table 1. Sargassum subgenus Sargassum

Taxon Name Ranks

J. G. Agardh Grunow Setchell

(1889) (1915, 1916a, 1916b) (1931, 1935, 1936)

Zygocarpicae Series Series Section
Carpophylleae Tribe Tribe la Species group
Carpophylleae dubiae — Tribe Ib Subsection
Holozygocarpicae —_ — Subsection
Pseudozygocarpicae — — Subsection
Cladocarpicae Series Series Section
Acanthocarpicae Series Series Series
Malacococarpicae Series Series Series
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According to Article 4.1 of the International Code of Botanical Nomenclature (Voss et
al. 1983), the following categories are permitted for ranks within a genus: genus,
subgenus, sectio (section), subsectio (subsection), series, subseries, and species.
Because the category tribe cannot be used for this subgeneric level (being restricted to the
level of family) according to the Code (Article 34.4), replacing it with another term is
required, and similar ordering of the ranks within a portion of the subgenus Sargassum is
called for.

Sargassum C. A. Agardh (C. A. Agardh 1820, p. 1) nomen conservandum

Sargassum subgenus Sargassum

Synonym: Section Ill, Eusargassum J. G. Agardh (J. G. Agardh 1848, p. 303)
(Article 22.1 and Tseng et al. 1985, p. 2).
Synonym: Subgenus Eusargassum J. G. Agardh (J. G. Agardh 1889, p. 36).

Sargassum section Zygocarpicae (J. G. Agardh) Setchell (Setchell 1935, p. 2).

Basionym: Series |: Zygocarpicae J. G. Agardh (J. G. Agardh 1889, p. 36).
Subsection Holozygocarpicae Setchell (Setchell 1935, p. 3).
Series Carpophylleae (J. Agardh ex Setchell) Abbott, Tseng et Lu, stat. nov.
Basionym: Sargassum species group Carpophylla Setchell (Setchell
1935, p. 3).
Sargassumtribe Carpophylleae J. G. Agardh (J. G. Agardh 1848, p. 303,
nom. invalid). [misplaced rank, see Art. 33.4].
Type: Sargassum carpophyllum J. G. Agardh (J. G. Agardh 1848,
p. 304). (Art. 22.4).
Sargassum subsection Pseudozygocarpicae Setchell (Setchell 1935, p. 12).
Sargassum series Cinerea Tseng et Lu, series nov. (Fig. 5 in Tseng and Lu,
this volume).
Capiens species quae sunt dioeciae et plerumque cinereae.
Type: Sargassum cinereum J. G. Agardh, 1848: 305.
Containing species that are dioecious and frequently cinerescent
(ashy-grey in color).

Other ranks that are referred to in Tseng and Lu (this volume, "Studies on Chinese

Species of Zygocarpic Sargassum") include the following:

Sargassum section Cladocarpicae (J. G. Agardh) Setchell (Setchell 1936) was
published validly by J. G. Agardh (1889, p. 34) as Sargassum series Cladocarpicae,
although it was not earlier used by J. G. Agardh (1848), or by Grunow (1915, 19163,
1916b). It seems best to omit it from further consideration as its taxonomic status is
uncertain (i.e., its species appear to contain a mixture of receptacle types [Setchell 1936]).
Nomenclaturally, its name must be lectotypified, which will clarify its taxonomic status.

Sargassum section Acanthocarpicae (J. G. Agardh) Abbott, Tseng, et Lu, stat. nov.
Basionym: Sargassum tribe IX, Acanthocarpicae J. G. Agardh (J. G. Agardh 1848,
p. 321), nom. invalid. [misplaced rank, Art. 33.4]
Synonym: Sargassum series Il. Acanthocarpicae J. G. Agardh (J. G. Agardh 1889,
p. 85).
Synonym: Sargassum series Il. Acanthocarpicae Grunow (Grunow 1915, p. 381).
Synonym: Sargassum series Acanthocarpicae Setchell (Setchell 1936, p. 2).
Sargassum section Malacocarpicae (J. G. Agardh) Abbott, Tseng et Lu, stat. nov.
Basionym: Sargassum series |l. Malacocarpicae J. G. Agardh, (J. G. Agardh 1889,
p. 101).
Synonym: Sargassum series Malacocarpicae Grunow (Grunow 1916a, p. 19).
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Synonym: Sargassum series lll. Malacocarpicae Setchell (Setchell 1931, p. 249;
1936, p. 10).

Note: Sargassum tribe V Carpophylleae J. Agardh (J. G. Agardh 1848, p. 303),
although given a prominent place in Agardh’s classification (i.e., the first category under
his Sargassum subgenus Eusargassum), was used (by implication of suffix) under
Setchell’s (section) Zygocarpicae as (subsection) Carpophylleae (Setchell 1931, p. 248).
However, in his later study of Hong Kong Sargassaceae, Setchell (1935) used this name
for "species group," a category without recognized standing at this time. In following Art.
4.2, however, it can be interpreted as a supplementary rank. In 1935, also, Setchell used
Grunow’s earlier proposed tribe I-b Carpophylleae dubiae in the same rank as
Carpophylleae, here interpreted as a series. Grunow’s tribe (an invalid rank for a genus)
is reconstituted here as Sargassum series Cinerea Tseng et Lu.
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SARGASSUM FROM MICRONESIA
Roy T. Tsuda

Abstract

The description and distribution of the four species of Sargassum recognized in Micronesia are
presented. The species are S. crassifolium J. Agardh, S. cristaefolium C. Agardh, S. obtusifolium J.
Agardh, and S. polycystum C. Agardh.

Introduction

The genus Sargassum (Phaeophyta, Fucales) is, by far, the largest and most
conspicuous benthic alga, when present, on the reef flats of Micronesian islands. This
genus can be found growing profusely in selected tidal pools on wave-washed benches;
only at one site off the windward side of Guam has Sargassum been found beyond the
reef margin on the deeper reef terrace in water 7 m deep.

Few papers (Tsuda 1972a, 1972b; De Wreede 1973; Soe-Htun and Yoshida 1986)
have addressed the taxonomy of Sargassum in Micronesian waters. Most have listed
species of Sargassum in reference to floristic studies (Okamura 1916; Glassman 1952;
Taylor 1966; Tsuda 1972c, 1981) or floristic compilations (Reinbold 1901, Schmidt 1928,
Tsuda and Wray 1977). The remaining papers have mentioned species of Sargassum in
terms of ecological studies, (i.e., algal zonation [Kanda 1944, Tsuda 1977]), algal
seasonality (Tsuda 1974), algal productivity (March 1974), herbivorous fish (Bryan 1975),
algal phytogeography (Tsuda 1976), and geological studies (Cloud 1954).

The aforementioned studies have attributed nine species of Sargassumto
Micronesian waters: S. crassifolium J. Agardh, S. cristaefolium C. Agardh, S. duplicatum
J. Agardh, S. granuliferum C. Agardh, S. ilicifolium (Turner) J. Agardh, S. microphyllum C.
Agardh, S. oligocystum Montagne, S. polycystum C. Agardh, and S. tenerrimum J.
Agardh. On the basis of personal collections and examination of specimens, as well as
studies by other workers in the Pacific (Pham-Hoang 1967, Chou and Chiang 1981, Tseng
1983), it appears that only four species can be recognized from Micronesian waters: S.
crassifolium, S. cristaefolium (= S. duplicatum and S. ilicifolium), S. obtusifolium (= S.
tenerrimum as reported by Tsuda 1972b) and S. polycystum (= S. microphyllum, and S.
granuliferum as reported by De Wreede 1973). The fifth species, reported by De Wreede
(1973) as S. oligocystum (= S. echinocarpum J. Agardh), from Palau, has not appeared in
any of my collections made in this island group within the past 18 years.

Vegetative Key to the Micronesian Species

1. Branches with short spines; lower branches forming rhizoidal
system............ S. polycystum
1. Branches smooth; lower branches not forming rhizoidal system ............ 2

2. Leaves lanceolate forming dense whorls around secondary branches; leaves never
turbinarioid . . .. ........ S. obtusifolium

2. Leaves turbinarioid or flattened; never forming dense whorls around secondary
branches ............ 3

3. Secondary branches clearly compressed ............ S. cristaefolium
3. Secondary branches terete . ........... S. crassifolium
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Description and Micronesian Distribution

Sargassum crassifolium J. G. Agardh (Fig. 1)

J. G. Agardh 1848, p. 326.

Thallus up to 20 cm high, attached to substratum by a single discoid holdfast.
Secondary branches terete and smooth. Leaves ovate, about 2 cm long, and weakly or
strongly turbinarioid. Vesicles spherical and smooth, occasionally with "leaflet," up to 4
mm in diameter.

Receptacles slightly moniliform, with few spines, forming loose or compact clusters
about 6 mm long.

Specimens Examined: RT 2148 (fertile), reef margin, Eoet Islet, Ulithi Atoll, 19 June
1968; RDW 46b (fertile), reef margin, Eoet Islet, Ulithi Atoll, 13 July 1968; RT 4773
(sterile), outer reef flat near reef margin, between Ngajangel and Ngariungs Islets,
Kayangel Atoll, 17 January 1976.

Distribution: Mariana Islands: Guam (Taylor 1966, p. 357; not found on Guam since
report of 1918 collection). Caroline Islands: Kayangel Atoll, Palau (Tsuda 1976, p. 279,
1981, p. 46); Ulithi Atoll, Yap (De Wreede 1973, p. 79, as S. cristaefolium; Tsuda 1976, p.
279).

Remarks: S. crassifolium is very similar to the turbinarioid-leaf form of S.
cristaefolium. The secondary branches, however, are conspicupously terete as opposed
to the distinct compressed branches of S. cristaefolium.

Sargassum cristaefolium C. A. Agardh (Fig. 2)

C. A. Agardh 1823, p. 13.

Synonyms: Sargassum duplicatum J. G. Agardh (J. G. Agardh 1889, p. 90;
Sargassum ilicifolium (Turn.) J. G. Agardh (J. G. Agardh 1848, p. 318).

Thallus up to 30 cm high, attached to substratum by a single discoid holdfast.
Secondary branches compressed and smooth. Leaves narrow and straplike, about 4-5
cm long in younger plants; successive leaves during maturation becoming shorter, about
1-3 cm long, and thickened to form the characteristic turbinarioid feature. Vesicles
spherical and smooth, up to 15 mm in diameter.

Receptacles slightly moniliform, with few spines, forming loose or compact clusters
about 5 mm long.

Specimens Examined: RT2221a, reef margin, Asanite Bay, Guam, 13 July 1968;
RT3048, outer reef flat, Tanguisson, Guam, 7 May 1970; RT5352, reef terrace, at 4 m,
Hawaiian Rock, Guam, 17 May 1977; RT3302b, wave-washed bench, Bird Island, Saipan,
20 May 1970; RT2640, tide pool, Songsong, Rota, 3 March 1969; WJT128, Degusa
Beach, Pagan, 14 January 1975; RT5016, tide pool, East Island, Maug, 9 July 1975;
WJT291, Uracas, 20 January 1975; PL61, Rock Island, Palau, 13 July 1968; RHR368c,
outer reef flat, Herit Island, Truk, 18 July 1969; RT2361, outer reef flat, Madolenihm,
Pohnpei, 22 August 1968.

Distribution: Mariana Islands: Guam (Taylor 1966, p. 357 and Tsuda 19723, p. 41,
both as S. duplicatum; Tsuda 1972b, p. 102); Saipan (Okamura 1916, p. 7); Rota;
Anatahan, Pagan, Maug, and Uracas (Tsuda and Tobias 1977, p. 71). Caroline Islands:
Palau (Okamura 1916, p. 7); Yap; Truk (Tsuda 1972c, p. 8, as S. duplicatum); Pohnpei
(Okamura 1916, p. 7).

Remarks: | had reported previously (Tsuda 1972b) that two morphologically distinct
thalli were evident on the reef margins of Guam and attributed them to represent the male
and female thalli. During the past years, the morphological differences within the same
population first observed during 1967 to 1969 do not seem as conspicuous now.
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Fig. 1. Sargassum crassifolium J. Agardh.
Fig. 2. Sargassum cristaefolium C. Agardh.
Fig. 3. Sargassum obtusifolium J. Agardh.
Fig. 4. Sargassum polycystum C. Agardh.
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Sargassum obtusifolium J. G. Agardh (Fig. 3)

J. G. Agardh 1848, p. 339.

Thallus golden-brown, up to 40 cm high, and attached to substratum by a single
discoid holdfast. Secondary branches primarily arise from the base, smooth, and mostly
terete but occasionally slightly flattened. Leaves narrow-lanceolate, serrated on edges,
1-2 mm wide and up to 6 cm long, forming dense whorls around the secondary branches.
Vesicles spherical, rare, or absent.

Receptacles branched forming small clusters.

Specimens Examined: RT2267a, tide pool on wave-washed benches, Janum Point,
Guam, 15 August 1968; RT2296, tide pool on Porolithon reef margin, Pati Point, Guam, 16
August 1968; RT3658, wave-washed bench, Aguijan, 13 August 1970; RT3702, tide pool,
Laderan Cliffs, Tinian, 18 August 1970.

Distribution: Mariana Islands; Guam (Tsuda 1972b, p. 103, as S. tenerrimum),
Tinian, Aguijan.

Remarks: The Mariana specimens seem to resemble closely the bushy whorled
forms of this species found in Hawaii. The Hawaiian specimens, however, have distinctly
compressed secondary branches. S. obtusifolium seems restricted to wave-washed
benches on the windward coast of the islands.

Sargassum polycystum C. A. Agardh  (Fig. 4)

C. A. Agardh 1824, p. 303.

Synonym: Sargassum microphyllum C. A. Agardh (C. A. Agardh 1823, p. 33).

Thallus up to 2 m long, attached to substratum by a discoid holdfast as well as a
dense rhizoidal basal system, which gives rise to several erect branches. Secondary
branches terete, with numerous Y-shaped spines. Leaves thin, with frilled serrated
margins, up to 5 cm long and 1 cm wide on immature thalli, decreasing in size to about 1
cm long and 4 mm wide on more mature terminal branches. In some cases, the terminal
portion of mature thalli consists of leafless secondary branches bearing numerous
receptacles and minute spherical vesicles about 2 mm in diameter.

Specimens Examined: RT2097, inner reef flat, Tumon Bay, Guam, 10 February
1968; RT2265, inner reef flat, Pago Bay, Guam, 11 August 1968; RT1967, inner reef flat,
Laulau Beach, Saipan, 24 February 1968; RT2709, inner reef, Tatachog Point, Rota, 13
March 1969; P-67-A1-46-20, causeway to Arakaosen Island, Palau, 2 August 1967;
RT2368, lagoon, Sokehs, Pohnpei, 4 September 1968; RT5371, reef flat, south of Mil
Entrance, Yap, 20 July 1977.

Distribution: Mariana Islands: Guam (Taylor 1966, p. 357; Tsuda 19723, p. 41,
1972b, p. 103), Saipan, Rota, Pagan (Tsuda and Tobias 1977, p. 71). Caroline islands:
Palau (Kanda 1944, p. 741, as S. microphyllum); Yap, Pohnpei. Micronesia: (De Wreede
1973, p. 40, as S. granuliferum).

Remarks: This species, a perennial, is abundant on the inner reef flats.
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SARGASSUM (PHAEOPHYTA, FUCALES, SARGASSACEAE)
IN THE HAWAIIAN ISLANDS

William H. Magruder

Abstract

Although 14 or more species names have been applied to specimens of Sargassum from
Hawaii, only five species are recognized as occurring there: S. echinocarpum J. G. Agardh, S.
hawaiiensis Doty et Newhouse, S. obtusifolium J. G. Agardh, S. polyphyllum J. G. Agardh, and an
unidentified species. A key for identification is provided, and a description with the range of
character variation in Hawaiian populations is given for each species.

Introduction

As elsewhere in many subtropical and tropical areas, species of Sargassum in Hawaii
are the largest and among the most common and conspicuous seaweeds. They are
usually encountered in midintertidal to shallow subtidal areas of rocky coasts that have at
least moderate wave action and on reef flats, but they can be found from supratidal pools
to depths of more than 200 m. Dense stands of one or more species are often present on
low intertidal benches and on reef flats, and dense stands are also known from deeper
water (Doty et al. 1974, Fig. 2), although they are not commonly encountered.

At least 14 different species names and a number of varieties and forms have been
applied to specimens of Sargassum from Hawaii; however, in this paper, only five species
are recognized as occurring there. This opinion is based on my own extensive
observations of herbarium specimens and populations in nature and the observations of
several others, notably Maxwell Doty, Robert De Wreede, and Jan Newhouse. Of the five,
one cannot be identified to species because of the limited amount of material, and the
other four were originally described from the Hawaiian Islands. Only three species are
commonly encountered: S. echinocarpum J. G. Agardh, S. obtusifolium J. G. Agardh, and
S. polyphyllum J. G. Agardh. Sargassum hawaiiensis Doty et Newhouse is known only
from deep water, and the unidentified species is known only from Pearl and Hermes Atoll
in the northwest Hawaiian Islands. All previous subspecific names applied to Hawaiian
specimens are not recognized in this paper because the characters used to distinguish
them are insignificant when compared with the range of characters found in populations in
nature.

Sargassum has many systematic problems. Most of them are related to its
widespread distribution in the tropics and subtropics, the presence of many highly variable
characters, the lack of assessment of these characters, and the large amount of work
done in the 1800s and early 1900s by taxonomists who had little or no experience with
Sargassum in nature. This led to a great many species names, many of which will likely
prove to be synonyms. Indeed, if the criteria for establishing and distinguishing species
used by most earlier workers were followed, it would be possible to recognize many more
species of Sargassum in Hawaii.

The purpose of this paper is not only to allow for the identification of Sargassum
species in Hawaii but also to document the range of variation in character found in
Hawaiian populations. It is hoped that this will be useful in establishing the range of
variation for species in other areas and, ultimately, in reducing the number of species
names around the world. Some of the names based on Hawaiian specimens may
eventually prove to be synonyms of species described earlier from other areas. Reports
of the species originally described from Hawaii in other areas of the Pacific and Indian
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Oceans certainly indicate fewer species with a much wider range than the currently
accepted names and ranges do.

Key to Hawaiian Species of Sargassum

1. Primary branch axes without spines above fourth leaf . ........... 2
1. Primary branch axes with few to many spines above fourth leaf
(Figs.21,49,58) ............ 3

2. Primary branch axes usually flattened or compressed above fourth leaf; primary branch
leaves length to width ratio usually less than 6 to 1; receptacles with spines (Fig. 14); most
vesicles with apical appendage or widely ovate inoutline . ........... S. echinocarpum

2. Primary branch axes terete or slightly compressed above fourth leaf; primary branch leaves
length to width ratio usually greater than 6 to 1; receptacles without spines (Fig. 41); most
vesicles without apical appendage and not widely ovate in

outline . ........... S. obtusifolium
3. Primary branch leaves usually more than 5 cm long and more than 0.6 cm wide; primary branch
axes usually with a few simple or slightly branched spines ............ S. hawaiiensis
3. Primary branch leaves usually less than 5 cm long and less than 0.6 cm wide; primary branch
axes uaually with highly branched spines ............ 4
4. Primary branch leaves usually more than 2 mm wide; receptacles in tight clusters; vesicle
petioles usually flattened, with wings and/or spines (Fig. 53) ............ S. polyphyllum
4. Primary branch leaves usually less than 2 mm wide; receptacles in loose clusters; vesicle
petioles terete, without wings or spines (Fig. 60) .. .......... Sargassum sp.

Description of the Species

Sargassum echinocarpum J. G. Agardh (Figs. 1-14)

J. G. Agardh 1848, p 327.

NonSargassum echinocarpum (Greville 1848, p. 87).

Type Locality: Hawaiian Islands (as Sandwich Islands).

Type Specimen: Lund. A lectotype needs to be selected from J. G. Agardh’s
specimens (Yoshida 1986, pers. comm.).

Representative Hawaiian Specimens: BISH 507095, 508767, 508855, 509001,
509002, 509013.

Hawaiian References: Gaudichaud 1826-1830, pp. 90, 150 [as S. aquifolium
(Turner) C. A. Agardh]; Martens 1868, p. 78 (as Carpacanthus turneri Kutzing and
Carpacanthus echinocarpus J. G. Agardh); Chamberlain 1880, p. 33; Kuntze 1881, p. 222;
J. G. Agardh 1889, p. 87; De Toni 1895, p. 46; Tilden 1901, p. 108; Lemmermann 1905, p.
659; Setchell 1905, p. 101; Reed 1907, p. 88; Grunow 1915, p. 383; MacCaughey 1918,
p. 141; Neal 1930, p. 58, fig. 15c; Howe 1934, p. 33; Tsuda 1965, p. 14, 1966, p. 6; Doty
1971, p. 104; De Wreede 1973, p. 45, figs. 43-47, 50, 60, and 63 (as S. oligocystum
Montagne), 1976, p. 178, 1978, p. 23; Abbott and Williamson 1974, p. 14, fig. 7; Littler and
Doty 1975, p. 125; Fortner 1978, p. 22; Magruder and Hunt 1979, p. 51, fig. on p. 50; St.
John and Titcomb 1983, p. 4; Abbott 1984, p. 23, fig. 7.

References from Other Areas: S. echinocarpum var. vitiensis from Ovalau Island, Fiji,
Grunow 1874, p. 6; from New Caledonia, Grunow 1915, p. 383. S. echinocarpum from
Samoa, Reinbold 1897, p. 270. S. echinocarpum from Atapupu, Timor Island, and
Padang, Sumatra Island, Indonesia, Reinbold 1913, p. 155. S. echinocarpum var.
phyllocysta from Tonga, Grunow 1915, p. 383. S. echinocarpum var. ambigua from
Jiddah, Saudi Arabia; Mitsiwa, Ethiopia; and Mombasa, Kenya, Grunow 1915, p. 383. S.
echinocarpum from Fiji, MacCaughey 1918, p. 141. S. echinocarpum var. phyllocysta
from Malita Island, Solomon Islands, Setchell 1935, p. 265; Womersley and Bailey (1970,



Figs. 1-4. Sargassum echinocarpum, dried specimens. Fig. 1, BISH 509001. Fig. 2, BISH
508767. Fig. 3, BISH 507095. Fig. 4, BISH 509002.

p. 300) comment that the two fragmentary specimens are inadequate for determination.
S. echinocarpum from Taiwan, Yamada 1950, p. 190, fig. 7. S. echinocarpum from
Taiwan, Yoshida 1987, this volume.
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Figs. 5-8. Sargassum echinocarpum, liquid-preserved specimens. Figs. 5 and 6, Holdfasts
(H), main axes (MA), and lower parts of primary branches. Figs. 7 and 8, Young primary
branches.

Thalli (Figs. 1-4) 0.5-1.75 m tall when reproductive; light golden-brown to dark olive-
brown. Holdfasts (Figs. 5, 6) conical to discoid; smooth or rarely slightly furrowed; 0.5-3.5
cm in diameter, 0.5-2 cm high. Main axes (Figs. 5, 6) terete, 2-6 mm in diameter, to 20
mm high; one to four per holdfast; rarely branched. Cauline leaves narrowly oblong or
narrowly elliptic, branched zero to six times; to 7 cm long, 0.5-1.5 cm wide; margin entire,
serrate, or dentate. Primary branch axes (Figs. 7-10) erect; nearly always flattened,
compressed, or leaflike (Figs. 7, 8) below first to fourth leaf; usually flattened or
compressed above, but occasionally terete; 2—4 mm in diameter or to 8 mm wide. Without
spines, except when axes are flattened, small wings or a few lateral spines may be
present below first to fourth leaf; with or without cryptostomata. Primary branch leaves
(Figs. 9-11) sessile or with short petiole. Usually obovate, elliptic, or narrowly elliptic, but
sometimes oblanceolate, lanceolate, narrowly oblong, or otherwise; vertically or
horizontally oriented; flat or curved towards axis; 2—-8 (12) cm long, 0.3-2 cm wide,
0.03-0.3 cm thick; length to width ratio usually 1.5:1 to 6:1, but up to 17:1. Branched
leaves on primary and higher order branches have not been observed in more than 500
specimens examined, except that damaged leaves may proliferate. Margins often
aculeate, but also dentate, serrate, double serrate, slightly incised, or nearly entire;
straight or wavy in lateral view; occasionally duplicated. Midrib slightly or not raised above
leaf surface; 0.5-1 mm wide; usually running to near apex. Cryptostomata prominent,
slightly raised above leaf surface; opening circular to narrowly elliptic; 0.4—1.5 mm in



Figs. 9-11. Sargassum echinocarpum, liquid-preserved specimens. Figs. 9 and 10, Upper
parts of primary branches. Fig. 11, Primary branch leaves from six thalli showing
morphological variations.

diameter or length; in one to two regular or three to four irregular rows on each side of
midrib. Phyllotaxis often 1/2, but also 1/3, 1/4, 2/5, or otherwise. Secondary branches
usually remaining short compared with primary branch, occasionally one to three nearly as
long as primary branch. Vesicles (Fig. 12) often present on subtidal thalli, often lacking on
intertidal thalli, usually replacing leaves on secondary and higher order branches.
Morphology variable on individual thalli and highly variable on different thalli. Vesicle
shape from elliptic in outline on otherwise little modified leaf to widely ovate in outline
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Figs. 12-14. Sargassum echinocarpum, liquid-preserved specimens. Fig. 12, Vesicles from
five thalli showing morphological variations. Figs. 13 and 14, Receptacle clusters showing
characteristic spines.

(rarely circular) without apical appendages; however, most usually with apical appendage;
2-12 mm in largest dimension; most with cryptostomata. Vesicle petiole 0.5-3 cm long,
0.1-1to 1 cm wide; flattened and leaflike with serrulate or aculeate margin to terete and
smooth; with cryptostomata.

Receptacles (Figs. 13, 14) usually in tight, highly branched clusters; with few to many
spines; terete to compressed; 0.5-2.0 mm in diameter or wide, 3—15 mm long.
Receptacle clusters initially replacing secondary or higher order branches, or leaves on
these branches, eventually terminating primary and higher order branches. Leaves on
older fertile primary and higher order branches deciduous, leaving only receptacle clusters
and vesicles (if present).

Habitat: Common in almost all midintertidal and low rocky intertidal and shallow
subtidal areas with at least moderate wave action and on reef flats. Rarely encountered
below 5 m, but one specimen (BISH 50834 1) dredged from 225 m off Molokai. Dense
populations of large thalli often found in areas where fresh water mixes with ocean water.
Populations frequently winter seasonal, especially on north- and west-facing shores
exposed to large winter storm waves from the north Pacific Ocean. In these areas, dense
winter populations often present only as holdfasts during summer months.

Distribution: Hawaiian collections from Laysan, Necker, Nihoa, Kauai, Oahu, Molokai,
Maui, Lanai, and Hawaii.



Remarks: Sargassum echinocarpum J. Agardh is the most commonly encountered
and most variable Sargassum in Hawaii. Intertidal thalli are usually less than 30 cm tall,
often with flattened primary branch axes and wide, thick spiny leaves. Reef flat
populations are usually larger, often similar in morphology to intertidal thalli or with slightly
compressed or terete primary branch axes and long, narrow, thin leaves without spines,
especially when growing in sandy areas. Sargassum echinocarpum is often found
growing with S. obtusifolium and, in general, has shorter, wider leaves with more spiny
margins. However, unless foliose vesicles or the characteristic spiny receptacles are
present, the long, narrow leaf forms can be extremely difficult to distinguish from S.
obtusifolium.

Sargassum hawaiiensis Doty et Newhouse (Figs. 15-27)

Doty and Newhouse 1966, p. 144, fig. 4.

Type Locality: Off Kaneohe Bay, Oahu, Hawaii.

Type Specimen: BISH 499798 (Doty No. 19134).

Representative Specimens: BISH 508765, 508846, 508847.

Hawaiian References: De Wreede 1973, p. 49, figs. 78, 79; De Wreede and Jones
1973, p. 60, figs. 1, 2; Doty et al. 1974, p. 352; Balazs 1979, p. 110.

Thalli (Figs. 15, 16) 6-65 cm tall when reproductive; golden-brown to brown.
Holdfasts (Figs. 17, 18) discoid to conical; smooth to occasionally slightly furrowed; 0.5-3
cm in diameter, 0.3-2 cm high. Main axes (Figs. 17, 18) terete; 3-8 mm in diameter, to 60
mm long; one to five per holdfast; with obvious large scars from cauline leaves and
primary branches; one specimen with branched main axis. Cauline leaves narrowly
elliptic; branched zero to two times; to 9 cm long and 1.5 cm wide; margins entire to
dentate. Primary branch axes (Figs. 18-21) erect; terete or slightly compressed below
first leaf (Figs. 18, 19), rarely with wings (Fig. 20) or leaflike; terete or slightly compressed
above (Fig. 21); 2.5-4 mm in diameter. Usually with at least a few simple or slightly
branched spines (Fig. 21), rarely without; usually with a few cryptostomata. Primary
branch leaves (Figs. 22—-24) sessile or with terete pedicel to 1 cm long. Narrowly elliptic,
narrowly oblong, or linear; flat; usually simple, occasionally branched once; 4-15 cm long,
0.7-2 cm wide, 0.01-0.04 cm thick; length to width ratio 4 to 1 or greater; leaf margin
entire, crenulate, dentate, or serrate; straight or slightly wavy in lateral view. Midrib
conspicuous; 0.3—-1.0 mm wide; slightly raised above leaf surface; extending to near apex
of leaf. Many irregularly arranged small cryptostomata on each side of midrib; very slightly
or not raised above leaf surface; opening circular, 0.1-0.2 mm in diameter. Phyllotaxis 2/5
on the three thalli examined. Secondary branches usually short compared with primary
branch. Vesicles (Fig. 25) present only on fertile secondary branches on the two
specimens with vesicles examined. Circular in outline; smooth; without appendages; 3-7
mm in diameter. Petiole terete, delicate; 5-15 mm long, 0.3—1.0 mm in diameter.

Receptacles (Figs. 26, 27) usually in loose, open clusters; terete; smooth but with
conspicuous lumps from conceptacles; unbranched or branched several times;
occasionally with short nonfertile sections; 0.5-1.5 mm in diameter, to 2.5 cm long.
Receptacle clusters initially replacing secondary or higher order branches or leaves on
these branches, eventually terminating primary and secondary branches, rarely just
terminating primary branch. Leaves deciduous on older fertile branches, leaving only
receptacles and vesicles. What appeared to be leaves growing directly from several
receptacles proved to be young plants attached to the receptacle.

Habitat: Known only from dredged and SCUBA collections in deep water (14—-200 m).
Growing on a variety of substrata, including mollusk shells, coralline algae, and coral
rubble.
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Figs. 15-18. Sargassum hawaiiensis. Fig. 15, Holotype, BISH 499798, dried specimen. Fig.
16, Liquid-preserved isotype, BISH 509291. Figs. 17 and 18, Holdfasts (H), main axes (MA),
and lower parts of primary branches and cauline leaves, liquid-preserved specimens.

Distribution: Known only from the Hawaiian Islands; collections from Oahu, Molokai,
and Maui. A record from Kure Atoll (Balazs 1979) is not documented by a specimen.

Remarks: Species that are known only from deep water should always be examined
closely as they may be only thalli of shallow-water species with morphological variations
induced by deep-water conditions. With regard to the two other Hawaiian Sargassum
species with spines on the primary branch axes, S. hawaiiensis appears distinct from
deep-water (75 m) S. polyphyllum, which, in turn, is very similar to shallow-water
specimens. It is possible that S. hawaiiensis and the Sargassum sp. from Pearl and
Hermes Atoll are the same species, but this is not possible to determine without obtaining
more specimens of both for comparison.



Figs. 19-24. Sargassum hawaiiensis, liquid-preserved specimens. Fig. 19, Young primary
branch. Fig. 20, Young primary branch (PBA), cauline leaf (C), and main axis (MA). Fig. 21,
Enlargement of Fig. 19, showing simple or slightly branched spines on primary branch axis.
This axis had the most branched spines of any observed. Figs. 22—-24, Primary branch leaves.

Sargassum obtusifolium J. G. Agardh (Figs. 28-41)

J. G. Agardh 1848, p. 339.

Synonyms: S. obtusifolium forma chamberlainii (Grunow 1916, p. 29); S. obtusifolium
forma lendigersides (Grunow 1916, p. 29).
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Figs. 25-27. Sargassum hawaiiensis, liquid-preserved specimens. Fig. 25, Vesicle. Figs. 26
and 27, Receptacle clusters.

Type Locality: Hawaiian Islands (as Sandwich Islands).

Type Specimen: Lund. A lectotype needs to be selected from J. G. Agardh’s
specimens (Yoshida 1986, pers. comm.).

Representative Hawaiian Specimens: BISH 508766, 509003, 509016, 509290.

Hawaiian References: Gaudichaud 1826-1830, pp. 90, 150 (as S. cuneifolium J. G.
Agardh); Martens 1868, p. 74; Dickie 1877, p. 453; Chamberlain 1880, p. 33 (as S.
cymosum J. G. Agardh); Kuntze 1881, p. 225; De Toni 1895, p. 79; J. G. Agardh 1889, p.
103; Tilden 1901, p. 108 (as S. cymosum); Lemmermann 1905, p. 659; Reed 1907, p. 88
(as S. cymosum); Grunow 1916, p. 29; MacCaughey 1918, p. 140 (as S. cymosum); Neal
1930, p. 60, fig. 15b (as S. echinocarpum variety?); Howe 1934, p. 39 (as S. vulgare var.
linearifolium J. Agardh); Tsuda 1965, p. 15 (as S. obtusifolia), 1966, p. 6; De Wreede
1973, p. 177, figs. 64—77, 1976, p. 178, 1978, p. 23; Littler and Doty 1975, p. 125;
Magruder and Hunt 1979, p. 51, fig. on p. 50; St. John and Titcomb, 1983, p. 4.



Figs. 28-31. Sargassum obtusifolium, dried specimens. Fig. 28, BISH 508766. Fig. 29, BISH
509016. Fig. 30, BISH 509290. Fig. 31, BISH 509003.

References from Other Areas: S. obtusifolium from Tahiti, Society Islands, Grunow
1867, p. 57; considered doubtful by Setchell (1926, p. 97). S. obtusifolium var. reichelii
from Singapore, Grunow 1916, p. 29. S. obtusifolium var. boraborense from Bora Bora,
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Figs. 32-35. Sargassum obtusifolium, liquid-preserved specimens. Figs. 32 and 33,
Holdfasts, main axes, and lower parts of primary branches. Figs. 34 and 35, Young primary
branches.

Society Islands, Grunow 1916, p. 30; elevated to S. boraborense (Grunow) by Setchell
(1926, p. 94). S. obtusifolium from Guam, Tsuda 1987, this volume.

Thalli (Figs. 28-31) 4-100 cm tall when reproductive; light golden-brown to dark
olive-brown. Holdfasts (Figs. 32, 33) conical to discoid; usually smooth, rarely slightly
furrowed; 0.5-2.5 cm wide, to 1.5 cm high. Main axes (Figs. 32, 33) terete, 2-4 mm in
diameter, to 40 mm tall; one to 12 per holdfast; rarely branched. Cauline leaves narrowly
oblong or narrowly elliptic; flat; branched zero to six times; 3-12 cm long, 0.3—1 cm. wide;
margin entire, slightly dentate, or serrate. Primary branch axes (Figs. 34-37) erect; terete
or slightly compressed (Figs. 34, 35) below first or second leaf, rarely leaflike; nearly
always terete above, rarely slightly compressed; 1-4 mm in diameter; without spines
except small wings or a few spines may occur below first or second leaf, and one or two
simple spines may be present on each side of leaf attachment. With or without a few
cryptostomata. Primary branch leaves (Figs. 36—38) sessile or with petiole to 1 cm,
lanceolate, narrowly elliptic, linear, or filiform; usually flat; 2-12 cm long, 0.1—1 cm wide,
0.02-0.1 cm thick; length to width ratio usually 6:1 to 20:1, but up to 60:1; many but not all
thalli with at least one branched leaf (one to six times). Leaves vertically or horizontally
oriented. Margin usually dentate, serrate, entire, or aculeate; usually straight or slightly
wavy in lateral view. Midrib slightly raised above leaf surface; 0.2—-0.8 mm wide; running



Figs. 36-38. Sargassum obtusifolium, liquid-preserved specimens. Figs. 36 and 37, Upper

parts of primary branches. Fig. 38, Primary branch leaves from six thalli showing
morphological variations.

to near apex, rarely absent. Cryptostomata mostly in one regular row on each side of
midrib, occasionally in two to three irregular rows; opening circular to elliptic; 0.2-0.5 mm
in diameter or length; slightly or not raised above leaf surface. Phyllotaxis often 1/3 or 2/5,
but also 1/2, 1/4, 1/5, or otherwise. Secondary branches usually remaining short
compared with primary branch, occasionally one to three nearly as long as primary
branch. Vesicles (Figs. 39, 40) often present on subtidal thalli, often lacking on intertidal
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Figs. 39-41. Sargassum obtusifolium, liquid-preserved specimens. Fig. 39, Vesicles from six
thalli showing morphological variations. Figs. 40 and 41, Receptacle clusters.

thalli; usually replacing leaves on secondary and higher order branches. Vesicles circular,
widely obovate, or elliptic in outline, rarely widely ovate; 2—8 mm in largest dimension;
wings never on distal half; most without, but occasionally a few with, a simple apical
appendage; sometimes with a few cryptostomata. Petiole 4-15 (30) mm long, 1-3 mm
wide; usually flattened, occasionally terete; rarely with one or two spines or small wings.

Receptacles (Figs. 40, 41) usually in tight clusters; most terete, rarely slightly
compressed; nearly always without spines, very rarely with one or two spines, and young
branches on highly branched receptacles can resemble spines; conceptacles producing
noticeable bumps on surface; unbranched or more commonly with one to four (many)
branches; 3—12 mm long, 0.5-1.5 mm in diameter. Receptacle clusters initially replacing
secondary and higher order branches or leaves on these branches, eventually terminating
primary and higher order branches. Leaves deciduous on older fertile primary and higher
order branches, leaving only receptacle clusters and vesicles (if present).

Habitat: Common in most rocky midintertidal and low intertidal (including tide pools)
and shallow subtidal areas with at least moderate wave action and on reef flats. Rarely
encountered below 3 m, deepest known specimen from 10 m. Populations frequently
winter seasonal, especially on north- and west-facing shores exposed to large winter
storm waves. In these areas, dense winter populations present only as holdfasts in
summer months.



Figs. 42-45. Sargassum polyphyllum. Fig. 42, BISH 507155, dried specimen. Fig. 43, BISH
504510, dried specimen. Fig. 44, BISH 504511, dried specimen. Fig. 45, Holdfast, main axes,
and lower parts of primary branches, liquid-preserved specimen.

Distribution: Hawaiian collections from Pearl and Hermes Atoll, Laysan, Necker,
Nihoa, Kauai, Oahu, Molokai, Maui, Lanai, and Hawaii.

Remarks: Sargassum obtusifolium is the second most common Sargassum in
Hawaii. Intertidal thalli are usually less than 30 cm tall; reef flat thalli are usually larger. It
is often found growing with S. echinocarpum. In general, S. obtusifolium has longer,
narrower leaves with smoother margins than S. echinocarpum. However, it can be difficult
to distinguish from S. echinocarpum thalli with long, narrow leaves unless its characteristic
smooth, spineless receptacles are present.
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Figs. 46-49. Sargassum polyphyllum, liquid-preserved specimens. Fig. 46, Holdfast, main
axes, and lower parts of primary branches. Two main axes and most primary branches have
been cut away for viewing. Figs. 47 and 48, Young primary branches. Fig. 49, Primary branch
axes with spines. Leaves and secondary branches have been cut away for viewing.
Sargassum polyphyllum J. G. Agardh (Figs. 42-55)

J. G. Agardh 1848, p. 308.

Synonyms: Sargassum polyphyllum var. fissifolium (Grunow 1886, p. 44);
Sargassum densum (Dickie 1877, p. 453); Sargassum incisum (Dickie 1877, p. 453);
Sargassum polyphyllum var. densa (Dickie) (Grunow 1916, p. 39).

NonSargassum polyphyllum (Mertens 1849, p. 609).

Type Locality: Hawaiian Islands (as Sandwich Islands).

Type Specimen: Lund. A lectotype needs to be selected from J. G. Agardh'’s
specimens (Yoshida 1986, pers. comm.).

Representative Hawaiian Specimens: BISH 504507, 504510, 504511, 507155.

Hawaiian References: Martens 1868, p. 72 (as S. polyphyllum Mertens); Dickie 1877,
p. 453 (as S. densum and S. incisum); Chamberlain 1880, p. 33; Kuntze 1881, p. 222 (as
S. densum), p. 224 (as S. incisum), p. 227; De Toni 1895, p. 85; J. G. Agardh 1889, p.
108; Reinbold 1899, p. 290; Tilden 1901, p. 108; Lemmermann 1905, p. 659; Reed 1907,
p. 88; Grunow 1916, p. 38; MacCaughey 1918, p. 140; Neal 1930, p. 57, fig. 15a; Howe
1934, p. 33 (as S. polyphyllum var. fissifolium); Tsuda 1965, p. 15; De Wreede 1973, p.
40, figs. 17-28, 1976, p. 179, 1978, p. 23; Doty et al. 1974, p. 356; Balazs 1979, p. 111;
Magruder and Hunt 1979, p. 53, fig. on p. 52.



Figs. 50-52. Sargassum polyphyllum, liquid-preserved specimens. Figs. 50 and 51, Upper
parts of primary branches. Fig. 52, Primary branch leaves from six thalli showing
morphological variations.

References from Other Areas: S. polyphyllum var. horridula (Grunow) from Ovalau
Island, Fiji, and New Caledonia, Grunow 1916, p. 38. S. polyphyllum var. gaertneri from
South China, Grunow 1916, p. 39.

Thalli (Figs. 42—-44) 4-70 cm tall when reproductive, light golden-brown to dark-
brown. Holdfasts (Figs. 45, 46) conical to discoid; smooth or slightly furrowed; to 2.5 cm in
diameter and 1.5 cm tall. Main axes (Figs. 45, 46) terete; 2-5 mm in diameter, to 90 mm
long; one to 12 main axes per holdfast; with obvious large scars from cauline leaves and
primary branches; rarely branched. Cauline leaves narrowly elliptic or narrowly oblong;
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Figs. 53-55. Sargassum polyphyllum, liquid-preserved specimens. Fig. 53, Vesicles from six
thalli showing morphological variations. Figs. 54 and 55, Receptacle clusters.

usually branched one to two times; 1-5 cm long, 0.2-0.8 cm wide; margin entire to
serrulate. Primary branch axes (Figs. 47-51) erect; terete or slightly compressed below
first or second leaf, occasionally with wings or leaflike (Figs. 47, 48); terete or slightly
compressed above; 0.5-4 mm in diameter; always with spines, usually with many highly
branched or peltate spines (Fig. 49), rarely with only a few simple spines. Branched or
peltate spines usually formed by growth of the area around cryptostomata, elevating it up
to 4 mm above the axis surface. Primary branch leaves (Figs. 50-52) sessile or with
short, flattened petiole, petiole usually with spines. Narrowly oblong, narrowly elliptic,
lanceolate, or linear; flat to spirally twisted; horizontally oriented; 1-6 cm long, 0.1-0.8 cm
wide, 0.02-0.05 cm thick; length to width ratio 2.5:1 to 30:1. Most, but not all, thalli with at
least one branched leaf (one to six times). Margin aculeate, slightly incised, denticulate,
serrate, serrulate, or nearly entire; wavy or straight in lateral view. Midribs slightly raised
above leaf surface, usually running to near apex. Wings and/or spines sometimes
developing on upper and/or lower surface or midrib. Cryptostomata in one or two rows on
each side of midrib; opening circular; 0.1-0.25 mm in diameter; often noticeably raised
above leaf surface. Phyllotaxis 1/3, 1/4, 2/5, or otherwise. Secondary branches variable,
remaining short compared with primary branch on some thalli, several nearly as long as
primary branch on others; inconspicuous on some thalli, but others with very closely
spaced leaves and higher order branching that completely obscure the main axes (Fig.



43). Vesicles (Figs. 51, 53) common on subtidal thalli, rare on intertidal thalli; usually
replacing leaves on secondary or higher order branches. Circular, widely elliptic, widely
ovate or widely obovate in outline without apical appendages; occasionally with a few
lateral spines or wings on lower half; with a few cryptostomata, occasionally elevated
above vesicle surface. Vesicle petiole usually flattened or compressed, with spines or
wings with dentate, aculeate, or incised margins, occasionally smooth and terete; 4-15
mm long, 1-5 mm in diameter or wide.

Receptacles (Figs. 54, 55) in tight to open clusters; terete; mostly smooth, but
occasionally with a few spines on lower parts; simple to branched several times;
conceptacles forming noticeable lumps on surface; 4-10 mm long, 0.8-1.5 mm in
diameter. Receptacle clusters initially replacing secondary or higher order branches or
leaves on these branches, eventually terminating primary and higher order branches.
Leaves deciduous on older fertile branches, leaving only receptacle clusters and vesicles
(if present) on axes.

Habitat: From high intertidal pools and water-filled cracks to a depth of 75 m, often
forming dense stands in large tide pools and on reef flats.

Distribution: Hawaiian collections from Midway Atoll, Laysan, Maro Reef, Necker,
Kauai, Oahu, Molokai, Maui, Lanai, and Hawaii.

Remarks: When growing in intertidal areas, thalli are usually in pools and not
exposed to air at low tide. Thalli from high intertidal and midintertidal areas are usually
less than 20 cm tall, with lanceolate leaves and entire to dentate margins; thalli from
deeper water and reef flats are usually larger, often with narrowly elliptic or narrowly
oblong leaves with aculeate to slightly incised margins. It is sometimes found growing
with S. echinocarpum and/or S. obtusifolium. The spiny primary branch axes of S.
polyphyllum usually allow it to be distinguished easily from either of these species.

Sargassum sp. (Figs. 56-61)

Representative Hawaiian Specimens: BISH 489264, 508764.

Hawaiian references: Howe 1934, p. 39 (as S. piluliferum (Turner) C. Agardh); Tsuda
1966, p. 6 (as S. piluliferum); De Wreede 1973, p. 50.

Thalli (Figs. 56, 57) 20—-40 cm tall; golden-brown. Holdfasts unknown. Main axes
unknown. Cauline leaves unknown. Primary branch axes terete; 1-3 mm in diameter;
with simple to highly branched or peltate spines (Fig. 58), branched or peltate spines with
elevated cryptostomata at apex. Primary branch leaves sessile, lanceolate or linear on
vegetative areas of thallus, filiform on reproductive areas (Fig. 59); flat; simple or with one
to four branches; 2—-6 cm long, 0.05-0.2 cm wide, 0.02-0.1 cm thick; length to width ratio
12 to 1 or greater. Leaf margin entire or serrate. Leaves in vegetative areas with midrib,
slightly raised above leaf surface; in reproductive areas without midrib (or only consisting
of the midrib?) with cryptostomata. Phyllotaxis unknown. Secondary branches up to one-
half the length of primary branches. Vesicles (Fig. 60) present on the two specimens
examined, replacing leaves on primary and higher order branches. Spherical to widely
obovate; without wings or appendages; 3—-6 mm in diameter; with cryptostomata. Vesicle
petiole terete, delicate; 4-12 mm long, 0.3-0.5 mm in diameter.

Receptacles (Figs. 58, 61) forming loose, open clusters; terete; smooth; branched
zero to five times; 5-30 mm long, 0.4—-1 mm in diameter. Clusters replacing secondary
and higher order branches or leaves on these branches, not terminating primary branches
on the two specimens examined.

Habitat: Reef lagoon.

Distribution: Partial thalli collected only three times from Pearl and Hermes Atoll in
the northwest Hawaiian Islands.

83



84

L Mﬂt Omh 86»!09;&5 &:fvey me§7
m"ﬁ@?“‘gmmmwmx ISLA

Figs. 56 and 57. Sargassum sp., dried specimens. Fig. 56, BISH 489264. Fig. 57, BISH
508764.

Remarks: Although identified as S. piluliferum by Howe (1934) and Tsuda (1966), the
specimens are fragmentary and without the distinguishing holdfasts. Until specimens with
holdfasts are obtained, it is not possible to determine this species. At present, all that can
be said is that the narrow leaves, loose receptacle clusters, and long, thin, terete vesicle
petioles of these specimens appear to distinguish it from the other Hawaiian species with
highly branched spines on the branch axes, S. polyphyllum. (See also discussion of S.
hawaiiensis.)
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SECTION II. Gelidiales

INTRODUCTION
Isabella A. Abbott

Unfortunately, illness prevented Dr. Santelices from joining the workshop in Qingdao
to study the Chinese Gelidiales, and work in the south of China prevented Xia Enzhan
from being present. So the two contributions that follow were done independently, without
benefit of discussions with one another. The keys provided by the two groups of workers
give two ways of arriving at species; in the cases of Gelidium divaricatum and G. pusillum,
they are "key pairs," which would indicate that to these workers they have some features
in common.

About 150 specimens of Chinese Gelidiales were brought for Dr. Santelices to study
when he came to Honolulu 3 months after the workshop. Comparisons were made with a
certain number of Japanese specimens of Gelidiales previously given to him by Professor
T. Yoshida at the first workshop.

The contribution of Zhang and Xia Enzhan is valuable because it refers to Chinese
literature, much of which is unavailable in the West or written in Chinese, and for which it
is difficult to obtain a translator with a technical vocabulary.
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TAXONOMIC STUDIES ON CHINESE GELIDIALES (RHODOPHYTA)

Bernabé Santelices

Abstract

The taxonomic status of eight species of Gelidiales from China and two other species reported
for Taiwan is reviewed. The genus Gelidiella is represented here by G. acerosa (Forsskal) Feldmann
et Hamel, whereas the genus Pterocladia includes P. capillacea (Gmelin) Bornet et Thuret. The
genus Gelidium is represented by G. amansii (Lamouroux) Lamouroux, G. crinale (Turner)
Lamouroux, G. divaricatum Martens, G. japonicum (Harvey) Okamura, Gelidium planiusculum
Okamura, G. pusillum (Stackhouse) Le Jolis, and G. vagum Okamura. The validity of G. pacificum
Okamura is discussed, and the need for a new genus for G. japonicum Okamura is questioned.
Discrepancies among the type illustrations of G. amansii and the materials now included in that
species are reported. Bispores and zonate tetrasporangia were found in G. divaricatum.

Introduction

Eight species of Gelidium have been reported for the coast of China (Tseng 1983),
and five additional species have been described for the coast of Taiwan (Fan 1951). As is
common in temperate and warm waters, several of these species are conspicuous
members of intertidal and subtidal communities, and in many areas they are said to be
locally preponderant in density, cover, and biomass. In such areas, these species are
ecologically and economically important. Several are food for invertebrates and fishes,
some are consumed directly by indigenous people as food suplements, and many are
gathered from wild beds to be used as raw materials for industrially or domestically
produced agar. About 150 metric tons of dry Gelidium and Pterocladia are known to be
gathered in China, and an additional 50-60 tons are collected in Taiwan (Yamada 1976,
Santelices 1988). Moreover, many of these species are also productive in geographically
related areas, such as Japan and Korea, where the combined annual crop is said to be
close to 6000 metric tons of dry matter (Yamada 1976). All together, therefore, several of
these species form the basis for close to 30% of the world production of Gelidium and
Pterocladia, which is estimated to range annually from 16,000 to 19,000 metric tons of dry
matter (Santelices 1988).

As is common in the taxonomic studies of Gelidium and Pterocladia, many
descriptions of the species have been based on external morphology only, which is
extremely variable. Some of the names have been based on only a few herbarium
specimens, barely representing the range of variation expressed in field populations of
each species. Therefore, it is often difficult to outline sharp specific limits for these
species unless patterns of external morphological variation can be established, and these
must be evaluated as to their stability if they are to be used as taxonomic characters.
Furthermore, the morphological variation must be compared with the one or, at most,
several specimens that represent the nomenclatural types. In all the areas in which these
studies have been undertaken, they have resulted in a reduction in the number of names
for the species distinguished in a given area (Dixon 1966; Stewart 1968, 1974, 1976;
Santelices 1976a, 1977; Stewart and Norris 1981; Santelices and Montalva 1983). Often
a sharper boundary between species has revealed the existence of common,
economically and ecologically important, yet undescribed, species (e.g., Santelices and
Abbott 1985). Studies on morphological variation of some Japanese species of Gelidium
have been pursued (Akatsuka 1982), but most of the species of the Sino-Japanese
subregion of the Indo-West Pacific Floristic Region remain to be critically examined. This
review is a first step towards testing the species concepts and the specific limits of the

91



92

Chinese entities now included in the genera Gelidium, Gelidiella, and Pterocladia.

The present study reviews the taxonomic status of eight species of Gelidiales
common in China (Gelidiella acerosa, Gelidium amansii, G. crinale, G. divaricatum, G.
pacificum, G. pusillum, G. vagum, and Pterocladia capillacea) and two of the five other
species reported for Taiwan (G. japonicum and G. planiusculum). Although three other
species have been reported for Taiwan (G. kintaroi, G. latiusculum and G. yamadae), no
representative specimens of them were available for this study.

Materials and Methods

Herbarium specimens used in this study were brought from the Institute of
Oceanology (AST) by Dr. Abbott for my use in Honolulu. | understand that these
specimens were chosen as representative of the species and that many more are
available in China. Sections were cut from the specimens by hand, hydrated, stained with
1% aqueous aniline blue, acidified, and mounted in glucose syrup. | have retained this set
of slides (Santiago).

Key to the Common Chinese Species of Gelidiales

1. Internal rhizoidal filaments (hyphae) absent .. .......... Gelidiella (G. acerosa)
1. Internal rhizoidal filaments (hyphae) present . ........... 2
2. Cystocarps unilocular, with one or more ostioles on only one surface. Carposporangia
usually in short chains . ........... Pterocladia (P. capillacea)
2. Cystocarps bilocular, with one or more ostioles on each surface. Carposporangia notin
shortchains ............ 3 (Gelidium)
3. Thalluslessthan5cmhigh............ 4
3. Thallus morethan5cmhigh............ 6
4. Axes filiform, cylindrical, or slightly compressed, sparsely branched . ........... G. crinale
4. Axes cylindrical at the base, compressed above, irregularly branched, frequently less than
3cmhigh............ 5
5. Erect branches arising at regular intervals from creeping axes, invested with bipinnate, divaricate
branches ............ G. divaricatum

5. Erect branches cylindrical atthe base, lanceolate or compressed above, single or with small
proliferations, some branches incurved downwardly becoming creeping

axes............ G. pusillum
6. Erect axes very compressed, to 4 mm broad, sparsely branched, with a
midrib............ G. japonicum
6. Erect axes cylindrical atthe base, compressed above, less than 3 mm broad, variously
branched, withoutamidrib............ 7
7. Erect axes and primary branches lanceolate, branches many, of various lengths, often regularly
arranged, terminal pinnae with acute apices . ........... G. amansii
7. Erect axes and primary branches invested with or ending in filiform branchlets ... ......... 8

8. Erect axes and primary branches often forming broad, blunt apices continuing into narrow,
filiform projections. Filiform branchlets often abundant, investing margins and tips of erect
axes and branchlets . ........... G. planiusculum

8. Axes strap-shaped, widened and compressed at the branching points, and invested with
two types of branches: one type narrow and elongate, with acute apex and invested with
higher order, spinous branches; second type strap-shaped, similar to the percurrent axes.
Branches incurved atthebase . ........... G. vagum



Descriptions of Chinese and Taiwanese Species of Gelidiales
GELIDIELLA

Gelidiella acerosa (Forsskél) Feldmann et Hamel (Fig. 1)

Feldmann and Hamel 1934, p. 533.

Synonym: Fucus acerosus Forsskal (Forssk§I 1775, p. 190).

The Chinese materials studied (Fig. 1) fit fairly well with the general description of this
species. Thalli are up to 5 cm high, with several tufted, entangled, cylindrical, erect axes
rising from creeping axes that are decumbent and arcuate, attached to the substratum by
stoloniferous rhizoids. Erect axes are cylindrical or very slightly compressed, normally
opposite or subopposite pinnae, up to 15 mm long, generally shorter apically and
frequently incurved abaxially.

As is commonly found in this species, the tetrasporangia are oblong, cruciately
divided, and sparsely and irregularly disposed on the apical portion of vegetative pinnae,
which have been modified into swollen branches of conical shape.

Distribution and Remarks: According to Tseng (1983), in China this is an
economically important seaweed used as raw material for agar production. It occurs
mainly in Guangdong Province, especially around Hainan and the Xisha Islands. The
materials examined for this study included 10 specimens collected between 1957 and
1960 around Hainan. The species was originally described from the Red Sea, and later
reports have confirmed a basically tropical distribution (see Santelices 1977 for a review).

1cm

Fig. 1. Morphological variation in Gelidiella acerosa from Hainan, China. The well-branched

specimen on the left (No. 594268) was collected June 7, 1959; the specimen on the right (No.
594291) was collected August 21, 1960.

GELIDIUM

Gelidium amansii (Lamouroux) Lamouroux (Figs. 2-4)

Lamouroux 1813, p. 129.

Synonym: Fucus amansii Lamouroux (Lamouroux 1805, p. 48, pl. 26, figs. 2-5).

This species is abundantly represented among the Chinese materials examined (36
specimens). Plants are attached by a rhizomatous holdfast that produces many upright
axes of up to 16 cm long and up to 15 mm broad (Fig. 2). Erect axes are invested with
few or many, oppositely or alternately arranged, lateral branches similar in shape and
appearance to the erect axes. Primary branches are of three orders with regularly or
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irregularly disposed, alternate or opposite branches. Terminal pinnae characteristically
have acute apices (Fig. 3). In transection the cortical cells are rounded, up to 7.5 um in
diameter, increasing in size inwardly. Medullary cells are rounded, with thick walls, up to
30 um in diameter.

Tetrasporangial sori are on elongate-ovate or oblong branchlets. Seemingly apical
growth continues after spore production; therefore, in these materials, tetrasporangial sori
frequently are found beneath the branch apices (Fig. 3). Tetrasporangia are arranged
without order in the sori. They are rounded, cruciately divided, and up to 25 um in
diameter. In surface view, cystocarps are spherical or slightly elongated, up to 0.4-0.6
mm, often subterminal beneath a simple (infrequently branched) lanceolate apex.
Cystocarps often have a 50-55 um broad sterile margin.

Distribution: The species is said to be abundant on the Yellow Sea coast and along
the western East China Sea. It is also abundant in Japan, Korea, and the Pacific coast of
the Soviet Union (Tseng 1983).

Remarks: The range of morphological variations found in G. amansii among the
Chinese specimens, as well as among specimens from elsewhere (Okamura 1934, Fan
