— i P
—— | PSR
;
Lt 2
e
i I ;
| il
Gl iy




FENSEEERTENSEES RS G ]2

boE R oK wE ol
o=k

S

FHEZERE (D

FRE FRE EH

FEA T R R H TEE AT E
E X B AR FELERIE
(EXEARFEEZ RS BERLER RFERH #3))

L X



moAEE N

A (PERKEEL) CERED AR 1, 1 4 AR R L. iz
RG0 ML — FERA AT B IO R, 53 % H o
TRk S 1 e ANHESL 18 J&, SLepofy 12 B R AR IR o e g
HOBE, 4 JBRRIEMNATE, 1|8 KB EEE 23 2 0 @ g 1
BIE. 317 AL, Horb 37 PRI A AN, 32 AMEEIEA BRI K
3IANEBICA AR R T RRIE R B 2 2 A AT 30 F, 27 AFPAD
3ARTY . XA Ao S A DUIR [ (R bR AT T A AE AR A, I
AACTILERE, PR A A, B AT AR IR TR ] (b A 2 1 A LA
BRI A, AR AE Rz B T R AN R . [ I R AT 23 Sk
GRS B R R R 2R .

B ANEEN G A RN )T 173 288 007 (B 5B A5 Fp
AR AR H AT i R S R 2, W= RSN,

AT EA Y Y. B A SRR R
EEE S R I PR IES E YNGR =

BHEmmE (CIP) i

R KR, 523 4, WESTD. AEERL U1/ 2R, FiEE
. —dbai: R, 2018.9

(h E &)

ISBN 978-7-03-058812-8

I. @ T @F @ . OFE-RE—bE O -
H-E V. 00949.2

W [E A AR E CIP £l d% 7 (2018) &8 212745 5

WAEG S, #HFEY I F I/ wERs: Ac4a
FrAEEP A . F OB/ H®makit. w4

4t F & g & LR
JE AR BRI 16 )
BB 100717
http://www.sciencep.com

ka@MERR B L

Bl et %1 25 Mol te 31 204
%
201849 HEE — A 787x1092  1/16

2018 1F 9 B8 — el EDSk: 1512 v 24
TG 368 000
EMr: 198.00 &

AN e ik ) sl et 7 57 i )



CONSILIO FLORARUM CRYPTOGAMARUM SINICARUM
ACADEMIAE SINICAE EDITA

FLORA ALGARUM SINICARUM
AQUAE DULCIS

TOMUS XXIII
BACILLARIOPHYTA

Naviculaceae(I11)

REDACTORES PRINCIPALES
LIJIAYING QI YUZAO

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



(RERXRKERY EZ1+=%5

it B[]
FHEREER (111)

£ &
FRE FRE
WmEE

(UK ZEE N F)
X E k&L FEE FRE
KT% MEKE REX KER
WZAT HEA OMHRE AR

REDACTORES PRINCIPALIS
LiJiaying Qi Yuzao

AUCTORES
Bao Wenmei Zhu Huizhong Qi1 Yuzao
Li Jiaying Zhang Zian Chen Jiayou
Fan Yawen Lin Bigin Shi Zhixin
Gao Shuzhen Xie Fengjun Xie Shugqi



IR TR S TUmsn & #

(201745 H)

* R 3

B £ & EXLH HME EmA
BT R AR - T

(U KLE X F)

TZF X5 EIHF
EAl=  xF x| EAF
WA RKRF  [RER
®OA HILE IO
BER IS

WA
a0

PAEF

Rl
BA-AF
384
HhEE

14
bzl
Vo

B
o
=¥

Bk

\
i A

284



fr

i T AR AR WA TS, (P EEERED) . CREBOK#EE) . (h
HAEFEE) . (PEBKE) & (hEEHE) Ly, HEMFEDERERTEN Y
JREL S ik S X E A R AT B SRR R TR R AR X
FEEERF AR LN RF RS 1) SRR, WA sh 5P & e B A A
AT oy FAER AR

hE AR R EE TEYY AR ESRHE. R, E A K
HE5ANERXREZFHTHMLZERELE: REREAMEEIT A, et SHsmEE
2% k.

HEAEFAE S, AR, WIVEEAT, EEEGLRE, B AR AT R B R AR
HEE. PEAEFEY LR TERR M EA S0 HR, DR AREIT A
HF 7 LI AR it B R R R A AR AR A

B ERHEROR R A, RE AT 202 TARAES B AR BE 7 1K A 3 KRR R
R FIXEE(F s AR 72 AT A&

PEAFR PR TFHDELFELTS
1984 4£ 10 H -« dbxs



':I:] .}@%ﬁ%awuﬂr

FEMA TSRS CPEEERS) . CPEZKEES) . (PEREEZ) . (hE
m&i>&<¢lAﬁi>%ﬂm T Y R T YRS R B ELASE P E T
SN, ZERNERECEMN (PEEDE) tRIZ2R. ATH ERREMN (HE
R THRlZ WSS HUR L SR S BRI P ARSI A, B 1972
Eop [ AL B T DA 2R T s TR IR b E M T S mERE RS
MBI ZEWEPEB RS RS, “PREATEMEREERS” NERETE
B s, IFF 1973 SAE M AT ChEEYE) . (PEmE) M EETEY
S LFEW EEASEGr. AR, HEATHEYE - BE “PEAETEDEREE R
27 i LR N

il FEYE ARG EEMOFER - p HARERE, R, RIFAIRAEEES 4
AR B REAT A A 2 S R H R

BiE RHERORE Rl R R, AR T B RIRR H SRR AR, B 5 90 i C 8
M SR, A TR A RS BAEM R . B, KD, HTFeEll—
BB FRE hE AR E A5G TR, TMH, £ “PEATEYEREZ RS R
LI R R R B AN A T E A YIS R CPEEREE) TRz A IERSE R
@%,W%@%%%%Wiﬁmm<¢@E%i»fkﬁﬁmﬁgm

“RE A ERBE ST T 1973 EROLEL S, BN Y= ARG
@Iﬁfﬁ%ﬁmﬁﬁl¢m$lﬂ%ﬁﬁ% H 1982 FFild, MEARPAREERAS
Z 55 A 1993 FLCR, FARRAARAEERNEERIH, FERXEEE
RENT, PEBER A S S B, b AT A R O g A R A A T
.

hE Y SR IR R T REAE S L S B R E A
KR RGBT R 55 AR, 2R E TR 2 R TR, R E
THMEIRAEREE S, ZREEVTBIT AR BT S #E 0 E E S 0.

WEAMRFAR A, (LITARE, Wn AT, I, B S KER T EY R 2
FEMERRCH RS . R A TR SRS R, R R E T SRR A, 8
[ A AR 2 R R R AR A T

PEAAFIRFEIETHAD ERFERTS
% WEhE
2000 4 3 b3t

- i -



Preface to 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 China is a comprehensive
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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 Committee of the Cryptogamic Flora of China

Chinese Academy of Sciences
March, 2000 in Beijing
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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 5,000 m,
and then successively from the west to the east, 7% at 2,000 to 3,000 m, 25% at 1,000 to
2,000 m, 16.9% at 500 to 1,000 m, and 25.2% in the eastern, north-eastern and coastal
regions below 500 m. 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 1 km” 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
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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, Lithodera 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

1) Liu Guoxiang and Bi Liejue reported Oedocladium prescortii 1slam from Wuhan in 1993, so all the 3 genera of the
Oedogoniales (-aceae) have been reported in China since then.
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results about it. 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 Aquadulcis “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 1s 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
vears, 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
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urgent. It is universally hope that more improvements could be achieved in the following
volumes.
For the flaws and mistakes in both of the volumes ever published and those to follow, any

suggestions and corrections are welcomed by the authors.

Bi Liejue (Hubei University, Wuhan, 430062)
Hu Zhengyu (Institute of Hydrobiology, CAS, Wuhan, 430072)
August 18, 1997
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