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Abstract

The  coastal  ecosystems  are  highly  sensitive  to  climate  change  and  are  usually  influenced  by  variations  in
phytoplankton  communities  and  water  physiochemical  factors.  In  the  present  study,  the  phytoplankton
community, chlorophyll a  (Chl a) and their relationships with environmental variables and dimethylsulfide
(DMS) and dimethylsulfoniopropionate (DMSP) were investigated in spring 2017 (March 24 to April 16) in the
East China Sea (26.0°–33.0°N, 120.0°–128.0°E) and southern Yellow Sea (31.0°–36.0°N, 120.0°–125.0°E). The spatial
distributions  of  phytoplankton  species  composition  and  cell  density  were  investigated  by  qualitative  and
quantitative methods and were compared with historical data to study phytoplankton species succession in the
survey area. The results showed that there were 275 phytoplankton species belonging to 90 genera and 6 phyla in
the survey area, of which 208 species belonged to 62 genera of Bacillariophyta and 56 species belonged to 20
genera of Pyrrophyta. The dominant phytoplankton species were Skeletonema dohrnii, Chaetoceros vanheurckii
and Prorocentrum donghaiense. The phytoplankton cell densities ranged from 0.06×104  cells/L to 418.73×104

cells/L, with an average value of 21.46×104 cells/L. In spring, the average ratio of Bacillariophyta/Pyrrophyta was
41.13 for the entire study area. The areas with high phytoplankton cell density were mainly distributed in the
northern South Yellow Sea and offshore waters of the East China Sea. According to a canonical correspondence
analysis among phytoplankton and environmental parameters, the water Chl a  concentrations were notably
consistent with phytoplankton cell density (P<0.001), and both showed significant negative correlations with
salinity and nitrite (P<0.05) and significant positive correlations with dissolved oxygen and pH (P<0.001). There
was a significant positive correlation between diatom (both in cell density and in dominant species) and DMS
(P<0.05), which indicated that diatoms play a greater role in DMS production in this investigated area.
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1  Introduction
Phytoplankton are the main primary producers of marine

ecosystems and account for nearly 95% of marine primary pro-
ductivity (Koblentz-Mishke et al., 1970; Reynolds, 1984; Sun,
2011; Zhou, 2014) due to photosynthesis and the energy supply to
other organisms (Falkowski et al., 1992; Noman et al., 2019),
which are the foundations of marine ecosystems and food webs
that sustain most oceanic life (Charlson et al., 1987; Sarmiento et
al., 1988) and play a key role in marine ecosystems (Jia et al.,
2014). Due to its short life cycle, phytoplankton is very sensitive

to changes in environmental stress conditions, and the com-
munity structure of phytoplankton can reflect the nutritional
status of marine ecosystems; therefore, phytoplankton are a crit-
ical indicator of changes in marine climates and environments
(Norse, 1993; Hays et al., 2005; Torrisi and Dell’Uomo, 2006). For
example, the eutrophication of seawater will lead to the mini-
aturization of phytoplankton, the different ratio of nitrogen to
phosphorus will lead to the change of phytoplankton particle size
structure, and the frequency of small-size diatom red tide will in-
crease (Chen et al., 2010; Ma, 2018); the acidification of seawater  
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and the decrease of pH will lead to the decrease of diatom spe-
cies (Ma, 2018); the inhibition of cryptophytes and diatoms was
more significant at high salinities (Van Meerssche and Pinckney,
2017). Especially, with changes in the global environment, the
structure of phytoplankton communities has changed markedly,
which has been indicated by the change of diatom predomin-
ance to dinoflagellates and cyanobacteria predominance, and
the proportion of toxic and harmful algal blooms (HAB) is in-
creasing (Anderson et al., 2002; Wu and Kow, 2002; Taylor et al.,
2007; Aubry et al., 2012).

In recent years, with frequent human activities and the in-
tensification of industrialization, global environmental and cli-
mate change have created unprecedented challenges (Lammers
et al., 2013; Hoegh-Guldberg et al., 2018; Sekerc and Ozarslan,
2020). These anthropogenically induced changes have altered
terrestrial and aquatic environments and ecosystems (Lammers
et al., 2013). Emissions of industrial waste gas, fossil fuel burning,
deforestation and wetland destruction have led to ocean acidific-
ation and global warming (Zeebe, 2012). Global warming dir-
ectly influences the increment of temperature at the ocean sur-
face, which not only causes increased water vapor in the atmo-
sphere (Schaffer et al., 2000), leading to a greenhouse effect, but
also causes glacial melting (Najjar et al., 2000, 2010) and sea level
rise (Nick et al., 2013), and thereby changing the marine environ-
ment. The change of marine environment has an important im-
pact on the marine ecosystem starting from phytoplankton,
which is mainly manifested in the succession of phytoplankton
community structure, physiological and ecological response,
primary productivity and biogeochemical cycle (Findlay et al.,
1999; Zhao et al., 2020).

On the other hand, phytoplankton produce an organic com-
pound, dimethylsulfoniopropionate (DMSP), which is important
for regulating the global climate and environment. DMSP is one
of the main carbon and sulfur sources in the ocean (Stefels and
van Leeuwe, 1998; Simó, 2001; Stefels et al., 2007). It also plays a
role in osmotic pressure regulation (Kirst, 1990) and resistance to
freezing (Nishiguchi and Somero, 1992; Karsten et al., 1996) of
phytoplankton. Acrylic acid, one of its degradation products, can
promote phytoplankton to resist predation (Wolfe and Steinke,
1996), while dimethylsulfide (DMS), another degradation
product, plays an important role in climate regulation. DMSP, as
the precursor of DMS, is decomposed by DMSP lyase (DLA) to
form DMS. DMS released from seawater accounts for 95% of nat-
ural marine sulfur emissions and plays an important role in the
global sulfur cycle. Charlson et al. (1987) proposed the CLAW hy-
pothesis, which states that DMS has the function of regulating
global climate. There may be a negative feedback process
between DMS emission and climate change. With global warm-
ing, the surface temperature of seawater increases, which pro-
motes phytoplankton productivity and thus accelerates DMS re-
lease. Recently, Deng et al. (2021) reported that DMS concentra-
tions were affected by the pH of phytoplankton photosynthetic
processes; when the pH exceeded 8.1, DMS degradation acceler-
ated, and its concentration decreased. Andreae and Crutzen
(1997) stated that if the DMS flux changes one time, the global av-
erage temperature will change by several degrees Celsius.

The East China Sea (ECS) and Yellow Sea (YS) are important
marginal seas in the Northwest Pacific Ocean (Chen, 2009). This
area is one of the most typical continental shelf shallow seas in
the world (Yu et al., 2017). The environmental status of this sea
area is not only affected by inputs of land-based materials, but
also is closely related to the water exchange process of the adja-
cent ocean. The main circulation system of the ECS is composed
of the Taiwan Warm Current in the Kuroshio shelf area and the

coastal current in the nearshore area (Guan, 1994; Chen, 2009).
At the same time, large amounts of fresh water are transported to
the ECS by runoff from of the Changjiang River, which has an im-
portant impact on the marine environment (Zhao et al., 2019a).
The YS is a semiclosed shelf shallow sea. The warm current in the
middle of the YS and the coastal currents on both sides are the
main circulations in the YS. There are cold, seasonal water
masses in the middle of the YS in summer (Guan, 1994; Zhang et
al., 1996). These complex ocean circulations and abundant land-
based material inputs affect the environment and ecosystem of
the ECS and YS (Liu and Xu, 1963; Zhou et al., 2008; Chen, 2009;
Chinese Society of Oceanography, 2015), which cause the mar-
ine environment to be eutrophic and have high primary pro-
ductivity to produce more DMS, leading to significant impacts on
global environmental change. Therefore, it is especially import-
ant to study phytoplankton in this sea area. After consulting the
literature, we found that research on marine phytoplankton in
the ECS and YS began in the late 1950s, and large volumes of data
have been gathered (Zhu and Guo, 1959; Guo, 1963; Chen et al.,
1980; Huang et al., 1984; Furuya et al., 1996; Chiang et al., 1999,
2004). To date, many studies by domestic and foreign scholars
have covered many aspects, such as phytoplankton taxonomy,
size fraction structure, floristic distribution, environmental ad-
aptability and HAB (Lu and Goebel, 2001; Zhou et al., 2008; Song,
2010; Guo et al., 2011). Former studies have shown that the spe-
cies composition and distribution of phytoplankton in the YS and
ECS are largely controlled by the marine environment and
oceanographic processes, such as the Yellow Sea Cold Water
Mass, distribution of Changjiang River Diluted Water and inva-
sion of Kuroshio into the ECS shelf area (Liu et al., 2012; Wang et
al., 2014; Song et al., 2017; do Rosario Gomes et al., 2018; Zhao et
al., 2018, 2019b). The community diversity of phytoplankton and
the response of biogenic active gases to phytoplankton are the
key areas of marine phytoplankton investigation in China.

At present, studies of DMS in this area are mainly focused on
the concentration distribution, air sea flux estimation and rela-
tionship of phytoplankton with physical and chemical factors
(Yang et al., 2015a; Liu et al., 2016; Jian et al., 2019). However, the
contribution of phytoplankton community to DMS has been
rarely studied. Moreover, most studies in China have concen-
trated on the local waters of Qingdao (Hu et al., 1995, 1997; Ma,
2004; Ma et al., 2004), Xiamen (Du et al., 1998; Jin et al., 2004), the
Bohai Sea (Xu et al., 2019), the YS (Yang et al., 2015b; Liu et al.,
2016), and the ECS (Yang et al., 2011), which have space cover-
age limitations. Few studies have examined the relationship
between phytoplankton and DMS at the scale of the entire east
shelf sea area. In this study, which is based on an investigation of
the phytoplankton distributions in the ECS and the South YS
(SYS) from March to April 2017, the chlorophyll a (Chl a) concen-
tration and phytoplankton cell density, community structure and
species diversity are studied. The aim of this study is to reveal the
relationships between phytoplankton and environmental factors,
and the DMS and DMSP concentrations across the entire ECS
and SYS.

2  Materials and methods

2.1  Study area
From March 27 to April 15, 2017, the R/V Dongfanghong 2 sci-

entific research vessel established 10 sections in the ECS (26.0°–
33.0°N, 120.0°–128.0°E) and the SYS (31.0°–36.0°N, 120.0°–
125.0°E) to conduct a comprehensive hydrological, chemical and
biological survey at 58 stations (Fig. 1).
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2.2  Sample collection and phytoplankton species identification
Sample collection, processing and analysis of the phytoplank-

ton community and Chl a concentration were carried out in ac-
cordance with General Administration of Quality Supervision, In-
spection and Quarantine of the People’s Republic of China and
Standardization Administration (2008). In this survey, seawater
samples were collected by the R/V Dongfanghong 2 in the ECS
and SYS. Seawater was obtained at 58 stations using a series of 12 L
Niskin bottles attached to a Seabird 911 plus conductivity-tem-
perature-depth (CTD) sensor rosette (SEA-BIRD, America). Sa-
linity, temperature and water depth were measured using the
Seabird 911 CTD equipment. Chl a samples were filtered with a
Whatman GF/F glass fiber filter membrane (diameter 25 mm)
with a pore size of 0.70 μm under a pressure of less than 15 kPa.
To prevent Chl a decomposition, 1 mL of the MgCO3 suspension
was added to the seawater samples before filtration. After filtra-
tion was completed, the filter membrane was folded in half,
wrapped in aluminum foil and then frozen in liquid nitrogen.
The Chl a concentration was determined by the fluorescence
method (Parsons et al., 1984). The filters were extracted with 10 mL
90% acetone solution at low temperature (−20°C) for approxim-
ately 24 h and were then centrifuged at 4 500 r/min for 15 min,
and the supernatant was determined by the Trilogy laboratory-
type fluorescence analyzer 7200-000 (Turner Designs, America).
A series of standard concentration gradient solutions were pre-
pared with a pure Chl a product (Sigma, America) before sample
determination. Fluorescence signals were measured using the
Turner Designs system, and working curves were drawn accord-
ing to the concentration and fluorescence signals.

Phytoplankton water samples (1 000 mL) from each repres-
entative layer was collected and poured into sample bottles. The
samples were immediately fixed with Lugol’s iodine solution at a
ratio of 1.5%. All samples were statically deposited for 24 h, and
the supernatant was removed by a siphon. A 0.1 mL water sample
was placed into a counting box that was used for identification
(Round et al., 1990; Guo and Qian, 2003; Huang and Lin, 2012;
Cheng et al., 2013a, b; Yang et al., 2016a, b), and counting was
performed used an Olympus BH-2 microscope. Each sample was
counted twice, and the number of specimens per microscopic ex-
amination was more than 500 individuals. There were no signific-

ant differences between the two microscopic examinations of the
same sample.

The DMS determination method is described in Zhang et al.
(2014). DMSP determinations were carried out by pretreatment,
which converted 1:1 DMSP into DMS (Dacey and Blough, 1987;
Yang et al., 2011). Particulate DMSP (DMSPp) was calculated as
the difference between total DMSP and dissolved DMSP (DM-
SPd) (Xu et al., 2019). The DMSP determinations were carried out
by pretreatment, which converted 1:1 DMSOt and DMSOd into
DMS. The particulate dimethylsulfoxide (DMSOp) levels were
derived from the differences between DMSOt and dissolved
DMSO (DMSOd) (Kiene and Gerard, 1994; Spiese et al., 2009).
The determination of sulfide-related data was completed in the
Ocean University of China (unpublished), and they were used for
correlation analysis.

2.3  Data processing and statistical analysis
The Shannon-Wiener diversity index (H'), Pielou evenness in-

dex (J) and dominance index (Y) were used to analyze the phyto-
plankton community structure. The Shannon-Wiener diversity
index formula (Shannon, 1948; Shannon and Weaver, 1949) is as
follows:

H
′
= −

s∑
i=

PilogPi, (1)

in the formula, Pi is the ratio of the number of species i in the
sample to the total number of samples, and S is the number of
species in the sample.

The Pielou Uniformity Index Formula (Pielou, 1969) is as fol-
lows:

J =
H

′

logS
, (2)

where S is the number of species in the sample.
The dominance calculation formula (Lampitt et al., 1993) is as

follows:
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Fig. 1.   Map of the location of phytoplankton survey stations in the East China Sea and the southern Yellow Sea.
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Y =
ni

N
fi, (3)

where ni is the number of species i in all samples; N is the num-
ber of species; and fi is the frequency of occurrence of the species
at each survey station.

Statistical Product and Service Solutions 11.0 and Canoco 4.5
were used to analyze the correlations between dominant species
and environmental factors. Correlation analyses among phyto-
plankton density, diversity index, Bacillariophyta cell density/
Pyrrophyta cell density (B/P), DMSO and environmental factors
in the SYS and ECS in spring 2017 were performed using the R
Programming Language software. The relationships between the
phytoplankton community structure and the main environment-
al factors were analyzed with CANOCO software. As we con-
sidered dominant species, only those taxa that were observed in
>10% of all samples were included in the analyses (Chen, 2017;
Leira and Sabater, 2005). Species data and environmental para-
meters were transformed by log10(x+1) and were then analyzed to
obtain normal distributions. First, the species data were ana-
lyzed by detrended correspondence analysis to determine the
appropriate ranking model. Then, corresponding ranking analys-
is was carried out, and the correlation among different stations,
different species and environmental factors was analyzed by a
double sequence diagram.

3  Results

3.1  Characteristics of temperature and salinity in seawater
The surface seawater temperatures of the SYS and the ECS are

shown in Fig. 2a. The temperature range in this investigation is
6.91°C to 12.32°C for the SYS and 10.91°C to 23.17°C for the ECS,
with average values of 9.40°C for the SYS and 16.98°C for the ECS.
The average sea surface temperature of the entire investigated
sea area is 13.97°C. It can be clearly observed that the surface
temperature of this sea area is different from north to south and
gradually rises from north to south. The water temperature
gradually rises from northwest to southeast in the SYS and from
north to south in the ECS.

The average salinity of the whole eastern shelf sea area in this
investigation is 32.60 compared to 30.82 in the Changjiang River

Estuary and 34.38 in the open sea area. The salinity range in the
SYS is 25.81 to 33.84, with an average of 32.23, and that in the ECS
is 28.22 to 35.10, with an average of 32.84. The surface salinities of
the SYS and ECS fluctuate greatly from 28.81 to 35.10, and the
lowest value appears near the Changjiang River Estuary and
gradually increases (Fig. 2b).

3.2  Distribution of Chl a concentration
The mean Chl a concentration in the investigated sea area is

1.097 μg/L and ranges from 0.028 μg/L to 8.805 μg/L. The high-
value areas mainly occur in the southern Shandong Peninsula of
the YS and offshore areas of the ECS. The Chl a concentration at
the Stations E3 (8.805 μg/L), A2 (7.691 μg/L) and S2 (7.416 μg/L)
are relatively high. The lowest Chl a concentration is 0.028 μg/L
at the Station E7. The Chl a concentration decreases from along-
shore to offshore (Fig. 3a). The peak Chl a values are relatively
higher in the southern waters of the Shandong Peninsula of the
YS and offshore waters of Zhejiang and Fujian in the ECS
(35.0°–37.0°N, 27.0°–31.0°N, 121.0°–124.0°E) (Fig. 3a).

3.3  Species composition in phytoplankton
In total, 275 species of phytoplankton belonging to 90 genera

and 6 phyla of algae were identified in this study, including 208
species belonging to 62 genera of Bacillariophyta, accounting for
75.636% of the total number of species; 56 species, 20 genera, and
20.364% for Pyrophyta; 4 species, 4 genera, and 1.455% for Cyan-
ophyta; 4 species, 2 genera, and 1.455% for Prymnesiophyta; 2
species, 1 genus, and 0.727% for Chlorophyta; and 1 species, 1
genus, and 0.363% for Cryptophyta (Fig. 4).

Bacillariophyta and Pyrrophyta were the main phylum of
phytoplankton species in the survey area. The areas with high
B/P ratios were generally consistent with the phytoplankton cell
densities and distributions of the dominant population (Figs 3b,
c). In spring, the average B/P ratio was 41.13 in the entire study
area, of which the average for the SYS was 16.31, with the lowest
value at Station B5 (0.71) and highest value (231.00) at Station
D5; the average value in the ECS was 57.44, of which the highest
was 550.86 (Station E3) and the lowest was 0.10 (Station E5).

3.4  Phytoplankton cell density
The phytoplankton cell densities ranged from 0.06×104 cells/L
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Fig. 2.   Distributions of sea surface temperature (°C, a) and salinity (b) in the investigated areas of the East China Sea and southern
Yellow Sea.
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to 418.73×104 cells/L, with an average value of 21.46×104 cell/L.
The highest cell density was 418.73×104 cells/L at Station E3, and
the lowest cell density was 0.06 ×104 cells/L at Station F3. The
phytoplankton cell density in the northern SYS and offshore wa-
ters of the ECS were high (Fig. 3c). The average diatom cell dens-
ity was 18.52×104 cells/L, while the highest cell density was
417.96×104 cells/L (Station E3), and the lowest cell density was
0.02×104 cells/L (Station F3).

3.5  Dominant species of phytoplankton
Skeletonema dohrnii was the dominant species in spring

2017. Its average cell density was 8.05×104 cells/L, which accoun-
ted for 37.51% of the total phytoplankton cell density. The max-
imum cell  density was 262.50×10 4  cells/L at  Station E3

(Fig. 5a); Chaetoceros vanheurckii had an average cell density of
1.94×104 cells/L, which accounted for 9.04% of the total density,
and the maximum cell density was 70.50×104 cells/L at Station E3
(Fig. 5b); Prorocentrum donghaiense had an average cell density
of 0.68 ×104 cells/L (3.17%) and a maximum of 6.60×104 cells/L at
Station B6 (Fig. 5c). The distributions of the dominant phyto-
plankton species during this voyage were generally consistent
with the overall cell density distribution, which was mainly con-
centrated in the northern part of the SYS and offshore areas of the
ECS. The high-value areas for S. dohrnii and C. vanheurckii were
mainly distributed in the offshore areas of Zhejiang and Fujian in
the ECS (Stations E3 and S2), and the high-value areas for P.
donghaiense were distributed in the eastern part of the SYS
(Figs 5a–c). The frequency and dominance of the dominant spe-
cies are shown in Table 1.

3.6  Community structure of phytoplankton
The average Shannon-Wiener index for the phytoplankton

community in spring in the SYS and ECS was 2.965, and the aver-
age Pielou’s index was 0.668. The species number in the SYS
ranged from 20 to 25, and the species number in the ECS coastal
waters was much higher (35 to 45). In the ECS, the phytoplank-
ton Shannon-Wiener and Pielou’s indexes both showed a trend
of being low in coastal areas and high in offshore areas (Fig. 6).

4  Discussion

4.1  Distribution characteristics of Chl a
In spring 2017, the Chl a concentration in the investigated sea
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Fig. 3.   Distributions of Chl a concentration (a), Bacillariophyta cell density/Pyrrophyta cell density (B/P) (b) and phytoplankton cell
density (c) in the East China Sea and the southern Yellow Sea.
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Fig. 4.   Phytoplankton community structure in the investigated
sea area.
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Fig. 5.   Distributions of phytoplankton dominant species in the East China Sea and the southern Yellow Sea. a. Skeletonema dohrnii; b.
Chaetoceros vanheurckii; and c. Prorocentrum donghaiense.
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area was characterized by high alongshore values and low off-
shore values (Fig. 3a). Compared with historical data from the
same season, the Chl a concentrations in the YS and the ECS
were different (Table 2). The Chl a concentrations in spring 2017
were significantly higher than those in 2000–2001 (Huang et al.,
2006), similar to those in 2006–2007 (Wang, 2011) and lower than
those in 2011 (Wen et al., 2012). These results may be attributed
to the hydrological differences among the investigated sea areas.
In spring, the cold water mass of the YS has not yet formed (Li et
al., 2012). Because of the mixing action, large amounts of nutri-
ents are carried to the upper and middle seawater and phyto-
plankton multiply in large numbers, leading to the occurrence of
areas with high Chl a concentrations in the SYS. This result is
consistent with that of Cho et al. (1994). Due to the influence of
the Kuroshio subsurface water and Taiwan Warm Current on the
eastern and southern parts of the ECS (Wen et al., 2012), the con-
centration of Chl a is low in the open sea. In spring, the coastal
areas of the ECS are controlled by fresh water with low transpar-
ency and high nutrient levels (Li and Luan, 1998), as well as by
the influence of coastal upwelling, which forms a high-value area
in the southern part of the Changjiang River Estuary near the
Zhoushan Islands and Minjiang River Estuary.

4.2  Phytoplankton community structure, interannual variations
and their relationship with environmental factors
The investigation of phytoplankton in the eastern shelf area

shows that phytoplankton are mostly concentrated in the
Changjiang River Estuary and adjacent sea areas (Table 3). The
number of phytoplankton species in this survey area increased
from 2002 to 2011. Diatoms and dinoflagellates are the most im-
portant groups in the investigated sea area. In spring, the up-
welling of the ECS coast leads to increased water temperatures
and nutrients, and the rapid growth of phytoplankton near the
coast, which forms a high-density phytoplankton accumulation
area.

The dominant species in previous surveys were mainly
Pseudo-nitzschia sp., Thalassiosira sp., Skeletonema costatum,
Prorocentrum dentatum and Chaetoceros sp. (Table 3). The dom-
inant species of phytoplankton obtained in this survey were dif-
ferent from those shown in the historical data. It is suspected
that, in this investigation of P. donghaiense, this species is the
same as the P. dentatum mentioned in past studies because
many scholars have mistakenly identified P. donghaiense as P.
dentatum in the past (Chen et al., 2015; Qi and Wang, 2003). Skel-
etonema dohrnii and C. vanheurckii exhibit greater dominance in
coastal areas and form dominant populations (Fig. 5), which may
be due to the increased temperatures and nutrient levels in
spring that are affected by upwelling along the Fujian (Jiang and
Wang, 2018; Wang et al., 2016) and Zhejiang (Duan et al., 2014)
coasts.

Correlation analyses among phytoplankton cell density, di-
versity index, B/P and sulfide and environmental factors in the
SYS and the ECS in the spring of 2017 were performed using the R
Programming Language software. There was a significant negat-
ive correlation between phytoplankton density and salinity
(P<0.05), and phytoplankton density decreased with increasing
salinity (Fig. 7a). There was a significant correlation between
phytoplankton density and nitrite (P<0.05); generally, nutrients
affect the distribution and community structure of phytoplank-
ton (Fig. 7a). There were significant correlations between phyto-
plankton density and dissolved oxygen, and pH and Chl a con-
centration (P<0.001) (Fig. 7a). In this study, the correlation
between phosphate, nitrate and phytoplankton density is not sig-
nificant, because the nutrients in the coastal waters in spring in-
crease and the upwelling is significant. Nutrients are not the
main factor limiting the growth and reproduction of phytoplank-
ton. When the environmental conditions are suitable, phyto-
plankton grow and reproduce in large quantities. The ratio of Si,
N and P will affect the phytoplankton community structure. Ac-
cording to the historical data over the years (Luan, 2007; Tan et
al., 2009; Tian et al., 2010), when the environmental conditions
are suitable in spring, the growth and reproduction of diatoms
will be promoted first. Skeletonema and Chaetoceros will often
become the dominant species or red tide species in the sea area,
which may increase the production of DMSPp.

4.3  The relationship of DMS with the phytoplankton community
structure
In a review of previous findings, it was found that little atten-

tion has been paid to the relationship between the phytoplank-

Table 1.   Dominant species of phytoplankton in the East China
Sea and the southern Yellow Sea

Dominant species
Cell density

/(104 cells·L-1)
Frequency

(fi)
Dominance

(Y)

Skeletonema dohrnii 8.05 0.34 0.03

Chaetoceros vanheurckii 1.94 0.38 0.14

Prorocentrum donghaiense 0.68 0.77 0.02
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Fig. 6.   Phytoplankton species diversity in the East China Sea and the southern Yellow Sea. a. Shannon-Wiener index; b. Pielou’s
index; and c. species number.
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ton community structure and DMS in the entire sea area during
the same season (Yang et al., 2016; Jian et al., 2018, 2019). The re-
lationship of DMS with the phytoplankton community structure
in the investigated sea areas was analyzed in the present study.
Our results showed that there was a significant correlation
between phytoplankton density and DMS (P<0.05), a significant
positive correlation with DMSPp and DMSOp (P<0.001), and a
significant positive correlation between B/P ratio and DMS and
DMSPp (P<0.05) (Fig. 7b). Pearson correlation analysis found
that diatom cells density showed significant positive correlations
with DMS (P<0.05) and DMSPp (P<0.01). At the same time,
through Canonical correspondence analysis, we found that the
dominant species of phytoplankton (C. curvisetus, C. debilis, C.
diadema, C. muelleri, C. vanheurckii, Leptocylindrus danicus, and
S. dohrnii) with high DMSP contents were positively correlated
with dimethyl sulfur compounds (Fig. 8), indicating that diatoms
may play an important role in DMS production in the investig-
ated sea area. These results can be attributed to the fact that
phytoplankton are the main contributors to marine DMS and
that DMSPp is mainly derived from phytoplankton cells (Archer
et al., 2013; Thariath et al., 2019). DMSPd is produced through
natural secretion, cytolysis during virus lysis, grazing by zo-
oplankton or cell rupture (Jian et al., 2019; Stefels et al., 2007;
Wolfe et al., 2000; Zubkov et al., 2002). DMSP is decomposed by

DMSP lyase or bacteria after entering seawater to produce DMS
(Alcolombri et al., 2014, 2015; Caruana and Malin, 2014). Accord-
ing to the available references, it is known that diatom is not
main DMSP producer at individual species level, compared with
other phytoplankton groups such as Pyrrophyta and Haptophyta
(Jian et al., 2019). In previous investigations of this area, re-
searchers have paid more attention to the correlations between
Chl a concentration, dinoflagellates, environmental factors and
DMS (Yang et al., 2000; Wu et al., 2017; Xu et al., 2019; Qu et al.,
2020), while the relationships between the phytoplankton com-
munity structure (especially diatoms) and DMSP have received
little attention, which may have ignored the contribution of diat-
oms to dimethylsulfide in the sea area. Many studies have shown
that diatoms dominate phytoplankton communities in the YS
and ECS in spring (Guo, 2012; Tian et al., 2010; Xiao et al., 2013;
Zhou et al., 2015). In this study, we found that the concentration
of DMSPp was higher in the stations with higher diatom density,
for example, the density of S. dornii in Station S2 accounts for
80.71% of the total density, and its DMSPp concentration is the
highest in the investigated sea area; the density of S. dornii and C.
vanheurckii in Station E3 accounted for 79.53% of the total dens-
ity, and the DMSPp concentration in Station E3 ranking only
second to in Station S2. Some stations with higher dinoflagellate
density had lower DMSP concentration, for example, the concen-
tration of DMSPp in stations (Stations B5 and FJ3) with lower B/P
ratio was at lower level. This indicates that the DMSP production
of some diatoms is not lower than that of dinoflagellates. It also
states that diatoms can also make great contributions to the over-
all production of dimethylsulfide in waters when the diatom cell
density is very high in seawater, and these results are consistent
with those of Jiao et al. (2003).

5  Conclusions
In the spring survey of 2017, 275 species of phytoplankton

were identified in the SYS and ECS, and both phytoplankton taxa
and abundances were dominated by diatoms followed by dino-

Table 2.   Comparisons of the average Chl a concentration in this
study and other investigations in the Yellow Sea (YS) and the East
China Sea (ECS)

Investigation
area

Investiga-
tion time

Average Chl a concentra-
tion/(μg·L−1)

References

SYS, ECS 2017 1.10 this study
SYS, northern

of ECS
2011 1.43 Wen et al.

(2012)
YS, ECS 2006–2007 1.17 Wang (2011)

SYS, ECS 2000–2001 0.75 Huang et al.
(2006)

     Note: SYS is the abbreviation of the South Yellow Sea.

Table 3.   Comparison of species number, cell density and dominant species of the same survey area in this study and other studies
Sampling

time
Survey area

Species
number

 Cell density/
 (104 cells·L−1)

Dominant species References

April, 2017 26°–36°N,
120°–128°E

275 21.46 Skeletonema dohrnii, Chaetoceros vanheurckii, Prorocentrum donghaiense this study

May, 2011 25°00'–33°30'N,
120°00'–127°30'E

193 6.69 Prorocentrum dentatum, Pseudo-nitzschia delicatissim, Skeletonema sp.,
Paralia sulcata, Prorocentrum minimum, Gymnodinium lohmanni,

Coscinodiscus sp., Chaetoceros curvisetus

Zhao et al.
(2015)

April, 2009 30°30'–32°00'N,
121°00'–123°30'E

64 58.22 Skeletonema dohrnii, Paralia sulcata, Thalassionema nitzschioides, Pseudo-
nitzschia pungens

Sun and Tian
(2011)

May, 2008 26°50'–34°07'N,
120°50'–123°59'E

155 26.63 Prorocentrum dentatum, Skeletonema costatum, Scrippsiella trochoidea,
Paralia sulcata

Tian et al.
(2010)

May, 2007 26°50'–34°00'N,
120°50'–124°00'E

144 7.89 Pseudo-nitzschia delicatissim, Prorocentrum dentatum, Skeletonema
costatum, Thalassiosira rotula

Tan et al.
(2009)

June–July,
2006

25°00'–39°00'N,
118°00'–129°00'E

136 0.84 Thalassiosira scrotiformis, Pseudo-nitzschia pungens Zhou (2014);
Zhou et al.

(2015)
June, 2006 26°00'–34°00'N,

121°00'–126°00'E
130 14.70 Prorocentrum dentatum, Karenia mikimotoi, Pseudo-nitzschia pungens,

Pseudo-nitzschia. delicatissima
Wang et al.

(2008)
May, 2005 30°30'–32°30'N,

121°00'–123°30'E
92 36.18 Karenia mikimotoi, Skeletonema costatum, Prorocentrum dentatum Luan (2007)

May,
2002–June,

2005 (Spring)

27°00'–32°00'N,
122°00'–123°30'E

162 – Paralia sulcate, Nitzschia spp., Pseudo-nitzschia spp., Pseudo-nitzschia
 delicatissima, Pseudo-nitzschia pungens, Thalassiosira spp., Thalassiosira

rotula, Skeletonema costatum, Coscinodiscus spp., Chaetoceros spp.

Xie (2007)

April, 1998 23°30'–33°00'N,
118°30'–128°00'E

– 0.002 Chaetoceros lorenzianus, Noctiluca scintillans Luo et al.
(2007)

1960, 1971 27°–34°N,
the west of 127°E

– – Rhizosolenia styliformis, Guinardia cylindrus, Climacodium biconcavum Chen et al.
(1980)

     Note: – represents no data.
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flagellates. The high phytoplankton abundances were mainly
present in the coastal waters of Fujian and Zhejiang, which were
affected by upwelling of Fujian and Zhejiang coastal waters and
were rich in nutrients.

Phytoplankton play an important role in DMS production and
are the main source of dimethylsulfide compounds in the ocean.
In particular, the correlations between the cell density and dom-
inant species of diatom and dimethylsulfide species were signi-
ficantly positive (P<0.05). Although some studies have shown
that the DMS yield from diatom cells is not high, the contribu-
tion to DMS by diatoms cannot be ignored under the high cell
density conditions of the sea. Our results demonstrated that diat-
oms play a greater role in the production of dimethylsulfide in
the ESC and SYS.
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