s
ettt mq

S P BN
Tt e it gt
Fatt et
et

ki

g e

LA

3 03 g B bl - Thad 1
it

Mk
Wit

il

?

_.' I35 e = xi fne et

T A T

b P e e S S

e et
R AR A o

e L

T it 1

Tt

=
s
e R




FEREEYERTEYEHEERS %5
b EH OB O &

FZE OEN
B SR ATER

BEARE % %

TEMFR B RAH TR EARE
EXARMFELEATE
(ERERAFELERL TEM¥E ERBEEAS %)




mE A A

ABRRG ST RS TRER AT RTEFERLE
ST, TR T 1826 B 117 (R aEZR), HbH 27 s
TR IR EERNEH WK ET. FEMTEATHURERRE
HAEMIE AR, A HERMISEE, SMHEATEATHRERER
W, ERIN, A ABIEMAER, NATEE 13118, B 13 @,
A B ENRESEHE RS AR TR T ERNEE,

APAHAEBER . FEA BN HYE. BRE M
BRI R E S SR ABE TR LRA LFRHRH. BEARSE,

HPERES E(CIP) MR

HEREEE. B2k T BT, UXE BEERR EHEE
fw, —ILE: BEHMARRE, 2011

{(TERTHEYE

ISBN 978-7-03-032447-4

L He 0L E- I OFE-EYE-1E QU 1-#yE-+TH
Ok B-HEE-FEH ONYER-HYHE-PE [v.Q949.208

o B AR A B 548 CIP $i#E 1% (2011)58 198110 5

FAEREE . HEW/FAEAT. BRE
FAEep 4] KB/ ER. BEY

# 3 x Kk & IR
At 53R E AL 165
HR B B #3:100717
http: // www. sciencep.com

w4 ® 4T
AR AL 42 TR ISR
R AR S S

3
2011 F10HE — R FFAs: 787X10921/16
2011 4E 10 ASB—IKENR)  EI%K: 15 #EW: 8
EN¥: 1-800 EH: 344 000
Efr: 95.00 5T

(AR BT hE fel 8L, At £ S0



CONSILIO FLORARUM CRYPTOGAMARUM SINICARUM
ACADEMIAE SINICAE EDITA

FLORA ALGARUM MARINARUM
SINICARUM

TOMUSII RHODOPHYTA

No. VII. CERAMIALES RHODOMELACEAE

REDACTOR PRINCIPALIS

Xia Bangmei

A Major Project of the Knowledge Innovation Program
of the Chinese Academy of Sciences
A Major Project of the National Natural Science Foundation of China
(Supported by the National Natural Science Foundation of China,
the Chinese Academy of Sciences, and the Ministry of Science and Technology of China)

Science Press
Beijing



FT-E OE
EEM WKR WHER

YnE
CEA ERE TZE IAE
R E R BT

R 34
HWLKF)

ot
CREIMTEA )

Auctores

Tseng, C. K. (Zeng Chengkui) Xia Bangmei Ding Lanping Wang Yonggiang
(Institute of Oceanology, Chinese Academy of Sciences)
Xiang Siduan
(Zhejiang University)

Zheng Yi
(Fujian Normal University)



R TR TR 2
(2007 4 5 A)

% ik
&/ OENRE

AT EXHA

F (UHKEEAF)

T2F
1) &
AR
#2ZF
WA E

I4E
| B #
P A 5,
We— 2
 EN5)

X M F2

SEE
F1HE
T
= L AE



FF

HEATEDERIFEERATEDE, 0 (FEEEEY. (PERKES). (F
EHERS). (FRMBKE) X (PHEHE) LHs. PERTEYEREREEY
FREETTENHRS TP EATHEWETEE. KRNI ROTARE: BEDYH
SHUEMANEEAR; ROMRFHOEEKE, SAREHESHREESLRENETE
A HIBIEER .

FEBETHYSERERTHYYREE. BSSE. SEAMMR, BB R
HEARKRETHANGAFERE: RREEYREFRFHE. BERRSHENEE
ZHE M.

RESRFMHER, WAHEE, WHEA, EECHE, BERUKAERT YR IER
H¥EE. PERTEDIRTAENERANT ERTEDSHHEHE, DEIREFE
A FAER R IR 2 2R R R R FERURAE A .

FEERFEARNELY, RERTEDIRTIALE BENRETEHEERNEE,
X EEE R AW BT AR

TEAFRTEATHESEILEELRS
1984 410 A - 4t



PEfR TSR

hEAFEYEED (PREES) . (PEKKES). (PEEHES). (PHE
WAREFY R (CPEEH#E) Tdk. ETEERRTHEYBRRERFEARFRETERATED
BZW, REAERECHEAA (FEHEDE) WHRIZH. ATHLERREHAN (PE
&Y HRIZAKER. AR K EESEEYAATREYEHRIZA, HE 1972
FEPEMERT N TAESUNRTHEYZ TAERUER FERATHEYSRERN R
KB, ZENLTEMEERSMHER, “THATHOSHBERS” WERTHE
BEZE30, HT 1973 S MAFH CPEESSY . (TEIIMME) AhERFEY
BTSSR EERARL. ARNE, PERTHYE -EHE “PERTHYSERERR
=7 f—EH FREHR.

BAEVERGEK L BRFFER—NARER, HE, XFAYBELESE 4
SAMRE T HITRTEDE RS LR,

BEERHERARK GERE, AMIRTHEENAREBEANS R, FES50®EOH
MERFF M, FRHARTERESVANEREYR. HE, KHUK, HTFEIM—
HH A EEE I EASREEKHITHA: TH £ “PERTHYEFESRES” K
M ERBESINEAATEATHEDSE K (FEEEE) 1TRI2Z MRS AR,
Fit, HHBRBHESWNEEAR CPEEER) I XARELEN.

H “PRATHYSHREZRSL” T 1973 FHOLUE, BN “=F” ARRKS,
F RSN GHTT T d T BRI ER R B 1982 i, BEXRHRAREELTRS
SHMS R H 1993 FLSKk, FAERBRAMEESBZALEATH, EERESS
BHT, TEMEREMERSSHSRE, PEATEYEOSE R TES RS
R

PEATHYERZCRRBRTHYYMIOLE. B5. £5. HELSHRHLSA
RRRFHHMABARIIENE, RRERFEYOHERENEENNNE ERER
THARFENSZEERE, BREEVEEFRAM ., BERRSHENEESE R,

REREHER, WY, BHEM, BHRILHE, MEEKERTEDYMS
PR EE. PEATEYESNESBE, CHNRERTEMBENFRFAE, X
REMTHYP LR RRIERRIER.

FTEMFRTARTHSEHELER S

iIHh ¥i24
20003 H db

<l -



Foreword of the Cryptogamic Flora of China

Cryptogamic Flora of China is composed of Flora Algarum Marinarum Sinicarum, Flora
Algarum Sinicarum Aquae Dulcis, Flora Fungorum Sinicorum, Flora Lichenum Sinicorum,
and Flora Bryophytorum Sinicorum, edited and published under the direction of the Editorial
Committee of the Cryptogamic Flora of China, Chinese Academy of Sciences(CAS). It also
serves as a comprehensive information bank of Chinese cryptogamic resources.

Cryptogams are not a single natural group from a phylogenetic point of view which,
however, does not present an obstacle to the editing and publication of the Cryptogamic Flora
of China by a coordinated, nationwide organization. The Cryptogamic Flora of China is
restricted to non-vascular cryptogams including the bryophytes, algae, fungi, and lichens. The
ferns, a group of vascular cryptogams, were earlier included in the plan of Flora of China,
and are not taken into consideration here. In order to bring the above groups into the plan of
Fauna and Flora of China, some leading scientists on cryptogams, who were attending a
working meeting of CAS in Beijing in July 1972, proposed to establish the Editorial
Committee of the Cryptogamic Flora of China. The proposal was approved later by the CAS.
The committee was formally established in the working conference of Fauna and Flora of
China, including cryptogams, held by CAS in Guangzhou in March 1973.

Although myxomycetes and oomycetes do not belong to the Kingdom of Fungi in
modern treatments, they have long been studied by mycologists. Flora Fungorum Sinicorum
volumes including myxomycetes and oomycetes have been published, retaining for Flora
Fungorum Sinicorum the traditional meaning of the term fungi.

Since the establishment of the editorial committee in 1973, compilation of Cryptogamic
Flora of China and related studies have been supported financially by the CAS. The National
Natura] Science Foundation of China has taken an important part of the financial support since
1982. Under the direction of the committee, progress has been made in compilation and study
of Cryptogamic Flora of China by organizing and coordinating the main research institutions
and universities all over the country. Since 1993, study and compilation of the Chinese fauna,
flora, and cryptogamic flora have become one of the key state projects of the National Natural
Science Foundation with the combined support of the CAS and the National Science and
Technology Ministry.

Cryptogamic Flora of China derives its results from the investigations, collections, and
classification of Chinese cryptogams by using theories and methods of systematic and
evolutionary biology as its guide. It is the summary of study on species diversity of
cryptogams and provides important data for species protection. It is closely connected with
human activities, environmental changes and even global changes. Cryptogamic Flora of
China is a comprehensive information bank concerning morphology, anatomy, physiology,
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biochemistry, ecology. and phytogeographical distribution. It includes a series of special
monographs for using the biological resources in China, for scientific research, and for
teaching.

China has complicated weather conditions, with a crisscross network of mountains and
rivers, lakes of all sizes, and an extensive sea area. China is rich in terrestrial and aquatic
cryptogamic resources. The development of taxonomic studies of cryptogams and the
publication of Cryptogamic Flora of China in concert will play an active role in exploration
and utilization of the cryptogamic resources of China and in promoting the development of
cryptogamic studies in China.

C. K. Tseng

Editor-in-Chief

The Editorial Committee of the Cryptogamic Flora of China
Chinese Academy of Sciences

March, 2000 in Beijing
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Flora Algarum Marinarum Sinicarum

Preface

China has a long coastline of more than 18,000 kilometers, coastline of the islands of
more than 14, 200 kilometers and 3 million square kilometers of blue territory, in which are
found 3 to 4 thousand species of macroscopic, benthic marine algae, including blue-green
algae, red algae, brown algae and green algae, and microscopic planktonic algae including
diatoms, dinoflagellate and other microalgae occurring in three climatic zones, warm
temperate, subtropical and tropical zones, and two biogeographic regions, the Indo-west
Pacific region and the Northwest Pacific region; there are very few cold temperate species and
even arctic species. '

There are more than 1000 species of benthic marine algae in China. One of the earliest
reported species is Fucus tenax published by Dawson Turner in 1809, a red algal species, now
known under the name Gloiopeltis tenax (Turn.) Decaisne, collected from Fujian and Zhejiang
provinces. A year earlier, Turner reported F. microceratium Mert., collected from somewhere
near the Korean Strait between China and Korea. This is now known as Sargassum
microceratium (Mert.) C. Agardh, currently regarded by us as synonymous with S. confusum
C. Agardh. After Tumner, there are quite a few foreigners reporting marine algae from China,
such as C. Agardh (1820) C. Montagne (1842), J. Agardh (1848, 1889), R. K. Greville (1849),
G. V. Martens (1866), T. Debeaux (1875), B. S. Gepp (1904), A. D. Cotton (1915), A.
Grunow (1915, 1916), M. A. Howe (1924, 1934), W. A. Setchell (1931a, 1931b, 1933, 1935,
1936), V. M. Grubb (1932) and the Japanese K. Ariga (1919), Y. Yamada (1925, 1942, 1950),
K. Okamura (1931, 1936) and M. Noda (1966). The first Chinese who collected algal
specimens is Prof. H. S. Chung at Amoy (now Xiamen) University in the early 1920s. Prof.
Chung, a plant taxonomist, while a student at Harvard University was already interested in
algae, although he was a taxonomist of seed plants. As a botanical professor, he had to collect
plants from Fujian province for his teaching work; he collected also various kinds of algae,
both freshwater and marine. He was unable to determine the species of the algae and had to
send the specimens abroad to Prof. N. L. Gardner of U. S. for determining the species names.
The first Chinese who collected and studied the seaweeds is Prof, C. K. Tseng, a student of
Prof. Chung. He started collecting seaweeds in 1930 when he served as an assistant in the
Botany Department. Amoy (Xiamen) University. He published his first paper “Gloiopeltis and
the Other Economic Seaweeds of Amoy™ in 1933, the first paper on Chinese seaweeds by a
Chinese, when he was a graduate student at Lingnan University, Guangzhou (Canton). The
second Chinese studying Chinese seaweeds was Prof. C. Y. Chiao of Jinling University,
Nanking. Chiao came to Amoy in the summer of 1932 and studied the algal specimens
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deposited at the herbarium of Amoy University, including specimens collected by the Japanese
K. Ariga and identified by Okamura. He studied these specimens and published a paper, “The
Marine Algae of Amoy”, in late 1933. This was the second paper on Chinese seaweeds by a
Chinese. Unfortunately Chiao did not continue his work on seaweeds and turned to become a
plant physiologist. The third Chinese who was involved in studies on Chinese seaweeds was
Prof. L. C. Li who collected seaweeds in Qingdao and Chefoo in 1933~1934 and cooperated
with Tseng on an article “Some Marine Algae of Tsingtao and Chefoo, Shantung” (1935). Prof.
Li continued his work on taxonomy of China freshwater algae, and gave up his study of
Chinese seaweeds. Thus in the 1930s and 1940s, only a single Chinese, C. K. Tseng,
consistantly stuck to the study of Chinese seaweeds. In the late 1940s, when C. K. Tseng
returned to China and took up the professorship and chairmanship of the Botany Department at
the National Shandong University in Qingdao, two assistants, Zhang Jun-fu and Zheng Bai-lin
took up seaweed taxonomy as their research topic. In the 1950s, Zheng Bai-lin remained in
Shandong University, now Qingdao Ocean University and Zhang Jun-fu moved to the Institute
of Oceanology with C. K. Tseng. Since the early 1950s, both Zheng Bai-lin and Zhang Jun-fu
continued their research work on seaweed taxonomy. Professor Chu (Zhu) Hao-ran,
participated in the taxonomy of cyanophyta and Prof. R. C. Y. Chou (Zhou) kept on her work
on Rhodophyta. Both returned from the U. S. to China. There are two phycologists from
Taiwan, Chiang Young Meng and Fan Kang Chu, both students of the American phycologist,
George Papenfuss. Later, Fan Kang Chu returned to the mainland. There are, therefore, seven
phycologists in the early 1950s working on taxonomy of seaweeds. In, the late 1950s there are
a few more workers on marine phycology, such as N. S. Zhou, D. R. Zhang, E. Z. Xia, B. M.
Xia, 8. J. Wang, S. D. Xiang, M. L. Dong and B. F. Zheng who eventually turned to
taxonomic research. In and after the 1960s, a few more phycological workers are involved in
taxonomic studies of seaweeds such as B. R. Lu, M. S. Hua, J. H. Zhou, W. X. Li, S. B. Wang,
Z.H. Chen, Y. C. Wang, G. Y. Pan, F. K. Jiang, J. X. Hang, J. Z. Sun, J. H. Liu, R. X. Luan, L.
P. Ding and Y. Zheng. Dr. Su-fang Huang is also active in phycological work in Taiwan,
There are altogether more than thirty persons involved in the collecting and research on
Chinese benthic marine algae.

There are more than 2 thousand species of planktonic marine algae in China. It was
started by Professor Wang Chia-Chi, the famous Chinese Protozoologist and his student Prof.
Ni Da-Su; they studied the marine protozoas of Amoy and published in 1932 a paper,
including many species of dinoflagellates which they treated as protozoas. Prof. Ni Da-Su
published a series of papers on Hainan dinoflagellates beginning with 1936. Taxonomic
studies of the diatoms was initiated by Professor T. S. Chin (Jin) who started the research in
1935 and published his first paper in 1936. In the 1950s, Prof, S. P. Chu (Zhu) and his student,
Y. C. Guo started their research on diatoms. In the sixties and afterwards, participating in the

collecting and research on diatoms are Z. D. Zheng, Y. H. Gao, J. M. Lin, S. C. Liu, S. B. Qian
and H. Q. Zhou, and on dinophyceous algae are G. W. Chen, Y. S. Lin, J. M. Lin and X. Q.
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Wang. Altogether, there are more than 10 persons involved in research on the taxonomy of
planktonic algae.

In the five floras of the Cryptogamic Flora of China, the Marine Algal Flora was initiated
the latest, and progress the slowest, because collecting of the algal specimens involves lots of
difficulties. Collections of benthic seaweeds will have to wait until low tides when the rocks
on which the seaweeds attach are exposed or by diving to a depth of 5~10 meters for these
seaweeds. For planktonic algae, one needs a boat and the necessary equipment for the coastal
collection and for collecting planktonic algae in far seas and oceans, one has to employ ocean
going expeditional ships. The cost is enormous.

China has initiated oceanographic research on the China seas in the late 1950s and early
1960s, which provide opportunity for phytoplankton workers to obtain samples from the
various seas of China. Collection of benthic seaweeds extended from Dalian, Chefoo and
Qingdao in the Yellow Sea in the north to Jiangsu, Zhejiang and Fujian coastal cities in the
East China Sea and Guandong, Gongxi, Hainan provinces, including Xisha (Paracel) Islands
and Nansha (Spratley) Islands in the South China Sea in the south. For the last fifty years, the
staff members of the Institute of Oceanology, CAS, collected more than one hundred twenty
thousand numbers of dry specimens, and sixty thousand number of preserved specimens.

From more than 2000 years ago to recent time China has already quite a few records of
seaweeds and their economic values in herbals and district records, for instance, the purple
laver or Zicai (Porphyra) for food, Zhegucai (Caloglossa) as an anthelmintic drug, Shihuacai
(Geldium) for making agar, Hailuo (Gloiopeltis) for industrial uses etc. In recent years,
microalgae are found to contain good quantities of valuable substances, such as EPA, DHA.
For the last seventy something years, Chinese phycologists have been devoted to study their
own algae and have published hundreds of scientific papers on algal taxonomy dealing with
the Chinese marine algae. We believe now is the time for them to publish Marine Algal Fiora.
Therefore when we have decided to publish Cryptogamic Flora of China, we insist that we
should include our Marine Algal Flora. We have decided to publish the Marine Algal Flora in
7 volumes, 4 volumes on benthic macroscopic marine algae, or seaweeds, and 3 volumes on
microscopic planktonic marine algae, namely, Vol. 1. Cyanophyta, Vol. 2. Rhodphyta, Vol. 3.
Phaeophyta, Vol 4. Chlorophyta, Vol. 5. Baccilariophyta, Vol 6. Dinophyta and Vol. 7.
Cryptophyta, Xanthophyta, Chryeophyta and other microalgae. On the basis of the number of
species in the group, the volumes may be divided into a few numbers, when necessary and
each number will deal with about 100 or more macroscopic species and 200 or more
microscopic species. There is no question that after the publication of a group, more species
will be reported in the group.

Knowledge is always in the course of increasing and science also in the course of
growing. Today, our study on microalgae is very limited, with the exception of the diatoms
and to a less extent, the dinoflagellates. With the increase of microalgae investigations, and the
improvement of the collecting methods, discovery of more microalgae, especially the
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piccoplanktonic algae, such as Prochlorella discovered by Jiao Nian-zhi in China, will be
made. New benthic seaweeds will also be reported. Our knowledge of the taxonomy of marine

algae will keep on increasing. We hope in the next 10 or 20 years, the second edition of Flora
Algarum Marinarum Sinicarum will appear.

C. K. Tseng in Qingdao
March 1, 2000
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