8 N




TERERFERTHOEREZ RS 4H

b B R oK B OE

% N %
wow o]
W R W
ABR E &

PEHMFRMRAUFT IREARE
EXEARFELEARE
(EXeAMF£LZ R4 TEA¥ER BEEXBEEAT ¥E)




CONSILIO FLORARUM CRYPTOGAMARUM SINICARUM
ACADEMIAE SINICAE EDITA

FLORA ALGARUM SINICARUM
AQUAE DULCIS

TOMUS IX

CYANOPHYTA
HORMOGONOPHYCEAE

REDACTOR PRINCIPALIS
CHU HAOJAN

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



(REXKKES) FNE
I
g

¥ ®

U
em FRAK

4 & ECHEREENF)
ERER RER KEE AZP MK
FRE FRH AHSX BHE AFF
RET FEXL B74 ¥m

B %
HAS  FHHE ARK

REDACTOR PRINCIPALIS
Chu Haojan
VICEREDACTORES PRINCIPALES
Tseng Chaotsi Li Yaoying
REDACTORES
Wang Cezhen Chu Haojan Zhu Wanjia Zhuang Huire Liu Zhengqiu
Li Yaoying LiQimin Xiao Hongxing Chen Shugu Zhou Wanping
Zhao Xiongfei Liang Huiwen Cheng Zijun Tseng Chaotsi

ASSISTANT REDACTORES
Chen Shugu Li Xianglin Tang Xiaojing



HE T DS S ERE S

(1998 £ 4 B)
BLAF*ERIED

E w" gEx

EXEIER ik

B X & /AKF EmE R
] E HKEENF)

I4E G448 w45 A

EglE" Fdg FART ££XK
ZFHR  BAHE HHE ek
wARK  Fpk  HRIER ESE

#ZH  PAR PEF WEY

IXRL: HHE R B X



iz

FRBTHEYSRIERERATEDE, 4 (PEHERER) | CPEBKESL) | (F
HEED) . (FEHKF) Rk (FEEEE) 8. PERTEDSRERGEYF
BB 5 ka1 S T ERTHYSTER. WEMMRNRRR; REYYHS
HETANEENE; BUMRPNEERKE, MALRESSHRRZLRELELS
A4 FEIBR R

FEETEVERRERTFAYYRMEER. BARHE. SBEEMER, BB R
HS AR REHENSAELE; RBREEYHREFEZAM. SEEMRS8FNER
SE Mk, .

RESBEEMER, WEHSE, BAEE, BHIHE, REAKERTHEYERK
HET, PEARTFEOAETENRERFERTEYENREELE, DHEAREFR
F AR F SRR 2R R R R URIEA

BEREHARNSS, RERFEDSETALE ENRETEREERNLRE,
EEEEWERWFT ., BITHER.

TEMAFRTEARTHESEREER S
19844E 10 A dt&



PEHRTEDEER

PEATEYERS (FEEEE) (PERAEER (PEEES) (PEH
KE) & (FELEE) F4R. ETEFRAFRYESABAEETERTFEY S
ZH, BENCRECHEMA (FEHEYE) HUZA, BTEERREHA (PEE
YR HRIZ MR, . BXREERYAATEEMETRIZA, HE 1972
SERERERHR TSN RFEYE TSR SR PRAFEY EHBEZ RS
BB, BN EHENEEASMERE, “PEATFEVSHEBERES” WERTHE
BEZES, T 1973 4 MBFH (FEEYE) . CPEZYE) MTERTEY
ETHSW EFRBL, BFME, PEATEYS—EE “PERFEANEHEBER
&7 Gi—FHTHREHM.

RPHEYERG L EBRFER N AREE, BR, XHAGBELESE—4
SR T TR TFAEY S5 E FH AR

BEEREH AR KERE, AMIXTEENTRESFANSE, FESHECH
MEBERPHE, HAERTEESVRAANESEEYR, HE, KHELK, dTEli—
B R R EA AR RSTHR, ME, & “PERFEVEREERS” R
TR EHHESREAAFERTEYEZ M (PEEES) HRIZREREHE,
Eilt, AR SREEAN CPEEES) I XEHREALEN,

B “hERTHEYEFEERS” T 93 ERIUE, X “=K7 AR,
oh B T R A H R T A h BRI EBe R B 1982 8, BERARBIS¥EEERAS
BEWAYEE; E 1993 FELE, EAERARNEESERLEATE, AEXELE
W, PEMEREAERS 5EARE, PERTEYENREHETE RS
BEEH#R,

HEATHEYERIIARERFEYYIRNES., BY. &5, BEMEES
AKEREFTHABEFIEE, EREAFHYYHEEENEENERE, BR
ERFHEYBRRNGEEEE, RREAYREFEAR. BEMASHENEES
=50

RESBEEMEZ, WAHE, WHES, BRINE, MESKERTHEYYNS
HUREEE., PERTFHYENEEEER, SEIRERFEYEENITEFM, X
R FEYEER R R RIEFRIER

PEAMAFETERTHSEISEEL S
¥Es I
200043 A dtE

- i »



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
Natural 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
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China is a comprehensive information bank concerning morphology, anatomy, physiology,
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 Commiittee of the Cryptogamic Flora of China
Chinese Academy of Sciences

March, 2000 in Beijing
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itk & BTG REEZE 5000 K L&+ A G2 E SR 25.9%G Pt R
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4EF01927—1933 4EA], JLRBIREHE. Fig. HN . FEAIRE, HAEHE251d
Wille(1900, 1922), Borge(1934) Hustedt(1922, 1927)BfR &K, 1913—1914 4, HRifh
FIEHE Y2 K Handel-Mazzatti SR AKE =R, SM. W), #E. IF. B 64,
BB %3 H. Skuja F 1937 EFERER. BIARKEEHMEEHE Gee T V194K
BT HRANATEERNE, EEH Skvortzow H 1925 FRNEF/EE, HI
20 42 60 F, MREMARSRERICHEWEL, EHSBMNFZERXHRTIA
DH P ERA,

FERBERTERNE—HYOKELERI, £ 1916—1921 FEETHER “RE
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ZE R R(1900—1952), 4R 1E(1900—1998). KI5 HR(1904—1999)FN%E i FE(1917—1993),
2 1949 4E, BREH. TH. RS WIDI, Frkingkk LER&kEEE& M. T
AR, IRNEABTERERE., %, 4%, B, RELE. REASE. FRIE
RS T B &P (Coelodiscaceae 1941), B4 B Rl (Jaoaceae 1947); X KT M
FR B NI BB IE1941): BIRA K HE (Lithoderma zonata) F1 7] A BT 3 (Sphacelaria
Sluviatilis),

1949 /5, PEEBERERBRRR, HRALEM, FRGAEBEREE, HIRHE
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PRSI, 1979 FEF4KIE M (PEREESE) PicR TEPERESN 2 & 301
Fp, 81ZFFPA 33 45K, Hepi 96 Fh, 38 AHM 32 BRIMEARAE=THE D,

1964 ERERERS (PEBELE) . 1973 F, RETHEERXTFE. Hi5 (hE%E
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HE—E, UTEH, MREL, U EETREEE, NER—BMSZTHSR
HTH, RREBMS

1988 4F, MK FHM (PEBKEERY F—8 “NEHFL” (Zygnemataceae)t;
M, WBICFARIIER 9 R 347 B, KA 219 HHORSRE=THE, 211999 £, B
SRR 6 B, X 6 B, FIANMRMME, BRRAOBHES, JLEERRESENE
KEHE, ARG EAEET2EYE. 1. BIAXEH 80%F| 100%. R, KR
BIIMAILRRELD T ERBIT. GEHEELER, FREHEHEEH P, PEICR
KRB R, %4AZ5H 52 E DM 40%L E, MERERL YRS BT 80%.
¥§74 F(endemic species)ZEF ZRHTWR B E, W HFOE BRI P ESE#HILF
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BEH, £%817. BRIET. FEITEEFEMLEANYERBITHRH,
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FLORA ALGARUM SINICARUM AQUAE DULCIS
FOREWORD

China is a big country with an area of 9,600,000 km’, covering not only land and ocean,
but also 5 thousand islands, with a territory across the cold, temperate, subtropical and
tropical belts of the northern Hemisphere. The topography of China is very complicated. In
the main, the land runs from high to low gradually along the direction from the west to the
east. Of the whole area of the country, 25.9% in the western part are at an altitude of
5,000m(including the top mountain of the world Qomolangma in 8848m), and then
successively from the west to the east, 7% at 2,000 to 3,000m, 25% at 1,000 to 2,000m,
16.9% at 500 to 1,000m, and 25.2% in the eastern, north-eastern and coastal regions below
500m. There are countless rises and falls of the land to make the various topographical
reliefs into mountains, plateaus, basins, plains and mounts. China is a country full of rivers
and rivulets too. There are over 50,000 rivers with their basins of 100 km>. The principal
rivers overflow from the west to the eastern or southern seas of the country. The lakes and
ponds are also numerous. The number of ever-known natural lakes of an area more than
1km? is no less than 2,800, and the artificial reservoirs are believed to be 86,000. And the
ponds, pools, streams, ditches, swamps and springs are uncountable. All the above
fundamental characteristics comprehensively lead to a very complicated variation of the
sunshine, temperature and precipitation in different localities in China, and thus produce a
very rich flora of higher plants, including the bryophytes, ferns and seed plants of more than
30,000 species. In addition, there are innumerable pits of different size marshes, grasslands
and rocks, roads and buildings with more or less moisture or soil, all of which forms quite a
big number of niches for the freshwater algae inhabitants.

Chinese freshwater algae was collected and studied by foreign experts in the earlier
years. The first paper published was written by Russian scientist(J. Istvanffy) in 1884 and
the specimens were collected by Russian Military Officer N. M. Przewalski from Mongolia
and studied by K. Maximovicz. Later two Germany phycologists, H.Schauinsland and
E.Lemmermann, collected and studied the algae of the middle and lower reaches of Yangtze
River(1903,1907). Sven-Hedin, a Swedish scholar and explorer, traveled through Xinjiang,
Qinghai, Gansu, Xizang(Tibet), and Beijing for several times in 1893—1901 and 1927—
1933. The specimens he obtained were studied and published separately by N. Wille (1900,
1922), O. Borge(1934), and F. Hustedt(1922, 1927). In 1913—1914, the famous Austrian
botanist H. Handel-Mazzatti collected Chinese plants thoroughly in his journey in Yunnan,



. Guizhou, Sichuan, Hunan, Jiangxi and Fujian Provinces. Among those, the algal material
were published formally by the phycologist, H. Skuja(1937). About the same period, N. Gee,
an American teacher of the Soochou University, Suzhou, Jiangsu province published his
paper about the freshwater algae from Suzhou and Ningbo, Zhejiang province. And B. V.
Skvortzow, a Russian naturalist, settled from Russia to China in 1925 till the 1960s of the
20th century. He collected and studied tremendous algal materials both collected from the
NE-provinces from China and those presented by a number of experts from various
localities of China.

The first paper of Chinese freshwater algae titled as “ Algae from Changhu Lake,
Wuchang, Hubei” by Bi Zugao, was published in Journal of Natural History separately in 4
volumes in 1916—1921. From then on, Wang Chichia (1893—1981), Li Liangching (1900—
1952), Jao Chinchih (1900—1998), Zhu Haoran (1904—1999) and Li Shanghao(1917—1993)
were the successors. Up to 1949, specimens were collected almost over all the provinces,
municipalities and autonomous regions of China with few exceptions as Xizang(Tibet) and
Ningxia. The groups were examined carefully concerning the cyanophytes, chlorophytes,
rhodophytes, diatoms; and at the same time some attention has been given to charophytes,
xanthophytes and chrysophytes too. By C. C. Jao, a new family, the Coelodiscaceae(1941),
now the Jaoaceae(1947) was established, and two very rare freshwater brown algae, Lithoderma
zonata and Sphacelaria fluviatilis were discovered(1941).

The development of phycology in China was more rapid than ever from 1949 on. The
faculties were enlarged, specimens were obtained over all the country and the group’s studies
were increased. In 1979, Jao published his monograph Monographia Oedogoniales Sinicae. In
his big volume Jao described 301 species, 81 varieties and 33 forms belonging to 2 of the 3 of
the world genera from China. Among them, the types of 96 species, 38 varieties and 32 forms
are inhabited in this country”).

In 1964 a resolution of editing the Flora of Chinese Algae was made by the Chinese
phycologists. The work was actually put into being since 1973. It was decided in 1978 that
the system published by Academician Tseng Chenkui would be adopted in the FLORA.
Accordingly, the algae are to be divided into 12 Divisions: (1) Cyanophyta, (2) Rhodophyta,
(3) Cryptophyta, (4) Dinophyta, (5) Xanthophyta, (6) Chrysophyta, (7) Bacillariophyta,
(8) Phaeophyta, (9) Prochlorophyta, (10)Euglenophyta, (11) Chlorophyta and (12) Charophyta.
In 1984, for the convenience in practical work, phycologists agreed that the FLORA could be
written separately into two parts, the FLORA of Marine Algae and that of the freshwater forms.
Because the achievements of researches of the different algal groups are not at the same level,
so the work could not be done according to the taxonomic sequence of the algal groups. We
may try to publish first the group we have gotten more information and better results about it.

1) Liu Guoxiang and Bi Liejue reported Oedocladium prescottii Islam from Wuhan in 1993, so all the 3 genera of the
Oedogoniales(-aceae) have been reported in China since then.
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And, at the same time, the numbers of the sequence of the volumes of the FLORA are also
arranged not basing upon the taxonomic series but upon the priority of publications. Thus one
volume may be separated into two or more parts if necessary.

In 1988, the first volume of the Flora Algarum Sinicarum Aquaduicis “Zygnemataceae”
edited by Jao Chinchih was published. In it, 347 species of 9 genera were described, and the
types of 219 species were all collected from China. Up to 1999, six volumes of the FLORA
had been published, from those we may know it may be concluded that the specimens
collected and used are at least 80% and at most 100% from the provinces, municipalities and
autonomous regions in China. The descriptions and drawings with very few exceptions are all
based on Chinese materials. The taxonomic systems of Chroococophyceae, Charophyta and
Euglenophyta had been more or less modified by the editors. The percentage of the number of
species in each volume, including the Oedogoniales, to that of the world records is remarkably
as large as over 40%. The extreme one is 80% in Chroococophyceae. The number of endemic
species is also distinct, for example, in Oedogoniales and Zygnemataceae, they are both over
50%.

The flora of Chinese freshwater algae are plentiful, and the floral composition is
evidently peculiar. However, there were still quite a lot of problems to be solved in the editing
of the FLORA.

First, in some examples the record of provincial distribution of the country is insufficient.
It is unreasonable for a big province to have recorded only a single species. In a number of old
literatures, the species description is usually either too simple or lacking, and the drawings are
also wanting. For many species, it is very hard to check up with more information because it
was reported only once for a very long time. And, an unconquerable difficulty is that the
majority of the types, especially in the earlier publications, could not hope some improvements
can be made in the successive volumes.

Second, except the Prochlorophyta, freshwater algae could be found in each of the 12
Divisions of algae. Unfortunately, there are a number of subgroups under the Divisions which
have not yet been studied especially in the Xanthophyta, Chrysophyta and Cryptophyta. Many
dinophytes are investigated by zoologists. In addition, some genera with reputation as “big”
taxa, such as the Navicula, Cosmarium, and Scenedesmus, etc., have yet not been collected and
studied enough in China.

Third, the taxonomy of algae is a science both old and young. In the past hundreds of
years, numerous and valuable information was accumulated. New conceptions in taxonomy
and systematics are arising in proceedings of the additions of new taxa, and particularly new
facts and ideas are appearing from the new means such as the electron microscopy, culture and
molecular biology. The suitable way may be making comprehensive studies in these fields.
Unfortunately, this is at present nearly a blank in the phycology research of freshwater algae in
China. The combination of traditional and modern methodology is of course necessary and
urgent. It is universally hope that more improvements could be achieved in the following
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volumes.
For the flaws and mistakes in both of the volumes ever published and those to follow, any
suggestions and corrections are welcome by the authors.

Bi Liejue (Hubei University, Wuhan, 430062)

Hu Zhengyu (Institute of Hydrobiology,CAS, Wuhan, 430072)
August 18, 1997
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A HiDR T E M R (Hormogonophyceae)i] 4 4~H: 1h#i ¥k H(Scytonematales). B
753 H(Rivulariales). W3 H(Oscillatoriales). :&Ek3E H(Nostocales),

X 4 MEHBRERSHMEESCREREBRRHE I, AT LE(filament)F1 ¥
% (trichome), 3£ MM HAE RFEMSE: BHMHAARLENMA, BIEH(heterocyst)
B B FRTE AL in T MR B B i bt 2. AR E RS 40 HIBE 1)
WE, EIARRE, MYFEEEE, VEEFIME, X—£0 EHERNTR
YR “ ELRE F T (akinetes)” o A B JLAN ML REMIRE “ 35 B (hormogonium)”
X e[ PR FE A (hormospores) & AR L AR BENA TR AHH 2, EEMHEA ML
BESE ., NEAS2 EERER TRASSMME, RMAR—-THENR, FER
BBE:, 1973 4E N. G. Carr 71 B. A. Whitton 4 (IEBAEYE) Bl 1982 F3UR (i
WEEWE) , TUBIEEARHNEASEE., BRENMHEREENRER(ESR)
FRitASE, HPaFEEEN—22E, MRAIERELARERL, FEERES
oy NE: R

XFWSRNMERRN, Hit, AREFRRABHEX—LF,

ERERTAR=EREIET, 2BEREARTMANRERE THEYEE, BE.
BRGR . MRAFE. BANEREAREW. EBHNA6F, HH—M T #k.

FE A 4o ¥ 3% ) B 7 (reproduction) FIf£ 4% (propagation) F R 5 RIE B X 51, 7E3EAK
FER L SERBHARNR, BTHAKRE, &8 FBREEMEHE(mucilage envelope
and gelatinous sheath), #f%5 Jd/Fl5% £ (pitconnection), A RILM, HEFEFEHIT &
#i(branch), 7E4>HE 7 T X A& H 4 (true branch). 4345 (lateral branches). =X 5H
(dichotomous branch)Fl—MEBRAIE “V” FBEI L i (reverse “V” shape branch) K £h
Ki(false branchyZ 5. AMER SRS, MXELEHRLTEE.

HTANEARE X ERFES, BRESANER L RB LR, MBERHEHN,
RHTANRANEKERIBHE “BHR" WEHR. BEBOAANIER—FR
f{) 3% 74 #d(pseudohormogonia), B{AH X4 F 37 fd(horomocystis).

EEFIBPRBHE “HF(spore)” o MHF X A]4 KK AF(endospore). M T
(nannospore), #h#-F(exospore) A J EEBEHI F(akinete) % ,

MEFEFRERE, XRGEEN, FERERAR, FAREE—MEY L, W
F I I 7% U Y M AR (planktonic forms); A UL RZEARE L, UG FA (epilithic
form); A BI7E A, WA A 4 (endolithic form); 78 4 78 TR R HP B9FR K1 57 15 3 (thermal
cyanophyte); A MHAEFETIKEKF, AIH I KE (cold water form), 7 & 30T LA
SHAMMYHE, KR B (symbiotic cyanophyte),

BRATAT A — BB R S E R WE XA EIE, [Faf i Tl TARMK
MRS TP, ENEAEES EMERIMAEL, SREPH Nostoc flagelliforme, B KK
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