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2 1 ( , 2002b)
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49 2, 1 3 3) 21 2 ( ) 1
52 5 | 1, 2013) 40
49 (1 , , 20
’ 90
( 5a) , 90
(Alexandrium catenella)
(Karenia mikimotoi)
( 5b, 5¢)
52 125 (Zhou et al, 2008)
Fz 1 KIOFRAERRFHHEF(EDREET 49)
Tab.1 Red tide species identified in the expeditions over the last 40 years (Only the top 49 most abundant speciese were listed)
(Ning et al, 1988; , 1992, , 1995a, b, c; , 1999;
, 2000; , 2002b; , 2003; , 2003; , 2004,
, 2005, 2008; ,2005; Gao et al, 2005; ,2006; Luan et al,
| Skeletonema 4 2006; , 2007; , 2007; , 2007, 2009; , 2007;
costatum , 2008; , 2009; , 2009; , 2009; , 2010;
, 2010b; ,2010; ,2011; ,2013; ,2013;
,2013; , 2015; , 2015; Kong et al, 2016; ,2017; s
2018; ,2018; ,2019; ,2019; ,2020)
(Ning et al, 1988; , 1995¢; , 2002b; , 2003; R
) 2003; , 2004; Luan et al, 2006; , 2007, 2009; , 2007,
2 Thalassionema , 2008; , 2009; , 2009; , 2009; , 2010;
nitzschioides
, 2010a, b; , 2010; , 2011; , 2013; , 2015;
,2015; ,2018; ,2018)
( , 1984; Ning et al, 1988; , 1992; , 1995¢; R
2002a; , 2003; Luan et al, 2006; , 2007; , 2007;
3 / Ceratium fusus 21 , 2008; , 2009; , 2009; ,2010; ,2010a, b;
, 2011; , 2013; , 2013; , 2018; , 2018;
,2019)
(Ning et al, 1988; , 1995a, b, c; , 1999; ,2000; s
4 / Chaetoceros 91 2002a; , 2004; Luan et al, 2006; , 2007; , 2008;
/ lorenzianus , 2008; , 2009; , 2010; , 2010a; , 2010;
,2013; ,2014; ,2015; ,2018; ,2018)
( , 1992; , 2002b; , 2003; , 2003; R
Coscinodi 2004; Luan et al, 2006; , 2007, , 2008; ,2008; s
5 OSCIOAISCUS 9 2009; , 2009; , 2010; , 2010b; , 2010; ,
Jjonesianus
2011; , 2013; , 2015; Kong et al, 2016; , 2018; s
2018)
( , 1992; , 2002a; , 2003; , 2003; s
p / Coscinodiscus 18 2004; Luan et al, 2006; ,2007; ,2007; ,2007; s
/ radiatus 2008; , 2009; , 2010; , 2010b; , 2011; R
2013; ,2015; ,2015; ,2018)
( , 1984; , 1992; , 2002b; , 2003; R
7 Ceratium 17 2004; Luan et al, 2006; ,2007; , 2008; ,2009; s
tripos 2009; , 2010; , 2010; , 2011; , 2014; ,
2018; ,2018; ,2019)
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( , 1995a; , 2000; , 2004; Luan et al, 2006; s
8 Chaetoceros 17 2007; , 2008; , 2008; , 2009; , 2009; s
curvisetus 2009, 2010; , 2010; , 2010; , 2013; , 2015;
,2018; ,2018)
( , 1992; , 19950, c; , 1999; , 2002b;
: Ditylum 17 , 2003; , 2003; Luan et al, 2006; , 2007, , 2008;
brightwellii , 2009; , 2010; , 2010; , 2013; , 2015;
,2018; ,2018)
( , 1992; , 2000; , 2002b; , 2003; s
Noctiluca 2005; Luan et al, 2006; , 2007, , 2009; , 2009; N
10 scintillans 17 2009; , 2010; , 2013; , 2013; , 2014; s
2018; ,2018; , 2020)
( , 2003; , 2003; , 2004; Luan et al, 2006; R
Pseudo-nitzschia 2007, 2009; , 2008; , 2008; , 2009; , 2009;
1 pungens 17 , 2010a; . 2013; . 2013; , 2014; , 2015;
,2018; ,2018)
PVOVOC@"U”W” ( , 2002b; , 2003; , 2004; Gao et al, 2005; s
b dg’ffi"ég’gf s 2006; Luan et al, 2006; , 2008; , 2008; , 2009; :
(Prorocentrum 2009; , 2013; Kong et al, 2016; , 2017; , 2018; :
dentatum) 2019)
( , 1995a; , 2002a; , 2004; Luan et al, 2006, s
13 Ch‘;;gicifros 14 2007; , 2008; , 2008; , 2009; , 2009;
,2010; ,2013; ,2015; ,2018; ,2018)
( , 2003; Luan et al, 2006; , 2007; , 2008; , 2009,
14 Pseudo-nitzschia 5 2010, 2013; , 2009; , 2010a; , 2013; , 2014;
delicatissma
L2015, ,2018)
. _ ( , 1995, c; , 1999; , 2002b; , 2003;
15 Rshtlyzl(l);;rl;'za 13 , 2007; , 2008; , 2009; , 2010; , 2014;
L2015, ,2018; ,2018)
( , 2002b; , 2003; Luan et al, 2006; , 2007; , 2009;
16 Thalassiosira | 4 , 2010; , 2010, 2013; , 2010a, b; , 2015; ,
rotula
2018; ,2018)
( , 1992; , 1995a, c; , 1999; , 2003;
17 Thalassiothrix , 2007; , 2008; , 2009; , 2010; , 2010;
frauenfeldii
,2014; ,2015; ,2018)
( , 1984; , 2002b; , 2003; Luan et al, 2006; s
18 Ceratium furca 12 2007; , 2009; ,2010; ,2010a; L2011 ,2018;
,2018; ,2019)
( , 1992; , 2003; , 2003; , 2005; ,
19 Coscinodiscus 12 2006: . 2007; , 2007; , 2008; , 2009; ,
asteromphalus
2009; ,2015; ,2018)
(Luan et al, 2006; , 2007, 2009; , 2008; , 2010, 2013;
20 Paralia sulcata 12 ,2010b; , 2014; Kong et al, 2016; ,2017; ,2018;
,2020)
( , 2002a, b; , 2003; Luan et al, 2006; , 2008; N
21 Serippsiella ., 2009; , 2013; , 2013; Kong ef al, 2016; , 2018; ,
trochoidea
2018; ,2019)
Coscinodiscus ( , 1992; , 2002a; , 2003; , 2003; ,
22 centralis 10 2007; ,2008; ,2009; ,2010; ,2015; ,2018)
Trichodesmium ( , 2002b; Luan et al, 2006; , 2009; , 2009, 2010; ,
23 thiebautii 10 2010; ,2010a, b; ,2014; ,2018)
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”4 Dinophysis ( , 2002b; , 2005; Luan et al, 2006; , 2007; s
caudata 2009; ,2010; ,2018; ,2018; ,2019)
- Eucampia ( , 1995a, b, c; , 1999; , 2002b; , 2007,
zoodiacus ,2015; ,2018; ,2018)
Guinardia ( , 1995¢; , 2002b; , 2004; Luan et al, 2006; R
26 flaccida 2007; ,2009; ,2010; ,2015; ,2018)
- Leptocylindrus ( , 2002b; , 2004; Luan et al, 2006; , 2007; s
danicus 2009; ,2013; ,2015; ,2018; ,2018)
Rhizosolenia ( , 1995b; , 1999; , 2002b; , 2003; Luan et al,
28 setigera 2006 12007 2013: 2018 ,2018)
Alexandrium ( , 2003; , 2009; , 2010a, b; , 2013; ,
29 tamarense 2018; ,2019)
Chaetoceros ( , 2002b; , 2004; Luan et al, 2006; , 2007; s
30 debilis 2009; L2015, ,2018)
31 Gyrodinium ( , 2006; Luan et al, 2006; ,2009; ,2013; Kong et al, 2016;
spirale ,2018; ,2019)
Karenia ( , 2008; , 2009; ,2009; , 2013; Kong et al, 2016;
32 mikimotoi ,2018; ,2019)
Nitzschia ( , 2003; , 2007; , 2009; , 2009; , 2010;
33 closterium ,2015; ,2015)
Thalassiosira ( , 2002b; , 2003; , 2008; , 2013; , 2015;
34 pacifica ,2015; ,2018)
Alexandrium ( , 2002b; , 2003; , 2009; , 2013; , 2018;
ke catenella ,2019)
Ceratium ( , 1984; , 2004; , 2009; ,2010; , 2018;
36 trichoceros ,2018)
Chaetoceros ( , 1995¢; , 2002b; , 2004; , 2007, ,
37 compressus 2014; ,2018)
18 Chae_toceros ( ,1995a, b, c; , 1999; ,2007; ,2018)
denticulatus
Coscinodiscus ( , 2002b; Luan et al, 2006; ,2007; ,2015; ,2018;
39 wailesii , 2020)
40 Proracentrum ( , 2002b; , 2006; Luan et al, 2006; ,2018; ,2019)
micans
i Pyrophacus ( , 2002b; , 2003; Luan et al, 2006; , 2009; , 2010;
steinii ,2018)
Thalassiosira ( , 2002b; Luan et al, 2006; , 2009; ,2010; , 2015;
42 nordenskioeldii ,2018)
Thalassiosira ( , 2003; , 2009; , 2009; , 2010; , 2015;
43 subtilis ,2018)
Trichodesmium ( , 2007; ,2009; ,2013; ,2013; ,2018;
44 erythraeum ,2020)
45 Gonyaulax ( , 2002b; Luan et al, 2006; ,2007; ,2018; ,2019)
polygramma
46 Prorocentrum ( ,2002b; Luan et al, 2006; Kong et al, 2016; ,2018; ,2019)
minimum
47 Prorocentrum ( ,2002b; ,2003; Luan et al, 2006; , 2009; ,2018)
triestinum
Rhizosolenia ( , 1995c; , 2002b; , 2005; , 2008; :
48 alata f.
gracillima 2018)
49 Rhizosolenia ( ,2002b; ,2007; ,2009; ,2013; ,2015)

delicatula
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ADVANCES IN THE STUDY OF BIODIVERSITY OF PHYTOPLANKTON AND RED
TIDE SPECIES IN CHINA ( ): THE CHANGJIANG ESTUARY

CHEN Nan-Sheng" %73, CUI Zong-Mei"***, XU Qing"*?°>

(1. CAS Key Laboratory of Marine Ecology and Environmental Science, Institute of Oceanology, Chinese Academy of Sciences, Qingdao
266071, China; 2. Functional Laboratory for Marine Ecology and Environmental Science, Pilot National Laboratory for Marine Science
and Technology (Qingdao), Qingdao 266237, China; 3. Center for Ocean Mega-Science, Chinese Academy of Sciences, Qingdao 266071,
China; 4. University of Chinese Academy of Sciences, Beijing 100049, China; 5. Huazhong Agricultural University, Wuhan 430070,
China)

Abstract The Changjiang (Yangtze) River estuary is a special marine region in China. It has a high phytoplankton
diversity, including a variety of red tide species, with frequent red-tide outbreaks in recent years. In this review, the
compositions of phytoplankton identified in 52 reported expeditions in the Changjiang Estuary were examined and
compared, with a focus on red tide species. Of the 657 phytoplankton described in these expeditions (including 571 species
and 86 unidentified species), diatoms (368 species and 55 unidentified species), and dinoflagellates (149 species and 15
unidentified species) were the dominant phyla. Among these phytoplankton, 125 species were identified as red tide species
in the Changjiang Estuary, including 69 diatoms, 49 dinoflagellates, 2 chrysophytes, 3 cyanobacteria, and 1 cryptophyta.
The frequently-seen red-species in the estuary included Skeletonema costatum, Prorocentrum donghaiense, Chaetoceros
curvisetus, Noctiluca scintillans, Karenia mikimotoi, and Pseudo-nitzschia pungens. This review shall provide a reference
for studying biodiversity of phytoplankton and HAB (harmful algae bloom) species in different sea areas, discussing the
origin and evolution of biodiversity, and facilitating the interpretation of metagenomics and macrobarcoding results.

Key words Changjiang Estuary; biodiversity; expedition; red tide species; phytoplankton
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