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Abstract – The phytoplankton community in river estuaries is subject to complex physical and chemical
stresses. The construction of the Three Gorges Dam (TGD) has dramatically changed the hydroenvironmental conditions, including hydrological regimes and water quality in the Yangtze River estuary
(YRE), which could have a signiﬁcant impact on the estuarine ecosystem. To evaluate the eﬀects of hydroenvironmental alterations on the phytoplankton community in YRE, sampling campaigns were conducted in
the area during 2010–2011; meanwhile, historical data before TGD construction and during the TGD ﬁlling
period were collected. Seasonal variations showed that diatoms dominated the community throughout the
sampling period, and the most important environmental factors aﬀecting the phytoplankton community were
silicate, total suspended solids and phosphate. With respect to diﬀerences in the three phases (before TGD
construction, during TGD ﬁlling and after TGD ﬁling), the abundance of phytoplankton showed an increasing trend: the proportions of diatom species numbers declined, while the proportions of Dinophyta species
numbers increased. The position of phytoplankton abundance maximum moved inwards to the estuary of the
Yangtze River after the impoundment of the TGD.
Key words: Phytoplankton / anthropogenic inﬂuence / long-term changes / Yangtze River estuary / Three
Gorges Dam

Introduction
Phytoplankton is the link between the abiotic and the
biotic compartments of ecosystems (Büsing, 1998; Dı́azPardo et al., 1998; Klausmeier et al., 2008). As the basis of
the food chain and the pathways for carbon and energy
ﬂuxes, phytoplankton plays an important role in marine
ecosystems (Smayda, 1997; Fu et al., 2009). The short
lifespan and the ability to produce resting stages make
phytoplankton sensitive to hydro-climatic changes
(Guerrero and Rodriguez, 1998; McQuoid et al., 2002).
Phytoplankton are therefore often used as indicators of
environmental changes (Beaugrand, 2005). In recent
decades, algal blooms caused by human activities have
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become a global phenomenon that impacts many coastal
nations in the world (Hallegraeﬀ, 1993; Da Costa et al.,
2002, 2005; Verity, 2010).
Situated at the interface between the continental and
oceanic domains, estuaries are subject to frequent and
signiﬁcant environmental changes. In particular, the
chemical composition of estuarine waters is determined
by the highly variable ﬂuvial ﬂows (Lam-Hoai et al., 2006).
Over the past 50 years, ﬂuvial ﬂow patterns and sediment
have been highly modiﬁed by river dams (Dai and Liu,
2013; Dhivert et al., 2015). It is reported that more than
45 000 large dams have been constructed around the
world. China ranks ﬁrst with 22 265, with a percentage of
44.80% (Chen et al., 2011a). Consequently, around 70%
of the world’s rivers are intercepted by large reservoirs
(Kummu and Varis, 2007). These changes in the river ﬂow
regime can lead to alterations in the diversity of fauna
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and ﬂora, and aﬀect the downstream ecosystem (Li et al.,
2010; Chen et al., 2011b; Haghighi et al., 2014). For
instance, due to surplus of nutrients in the Egyptian
coastal waters before the impoundment of the Aswan
High Dam, algal blooms often burst out which supported
a rich ﬁshery (El Bastawesy et al., 2014). With over
90% decrease in freshwater runoﬀ, the phytoplankton
bloom disappeared and the ﬁsheries collapsed. Along
the Mississippi River, a large number of dams and bank
protection projects have led to a dramatic decrease in
ﬂooding and ﬂux of sediment to downstream areas
(Milliman, 1997), resulting in a rapid loss of coastal land
by the expansion of lagoons. In general, dam construction
usually slows water velocity, prolongs water residence time
(Friedl and Wüest, 2002), and ﬁnally inﬂuences the
structure of the aquatic ecosystem (Zhao et al., 2010).
The Three Gorges Dam (TGD) in the Yangtze River is
the world’s largest hydroelectric project. The TGD began
in 1993 and was completed in 2009 (CWRC, 1997). The
whole impoundment plan can be divided into three stages.
The TGD began to store water in June 2003, and the water
level reached 135 m above sea level. The second phase was
completed with the water level reaching 156 m in October
2006. The third phase was ﬁnished in 2008, when the water
level reached to 175 m. After impoundment, the TGD has
been operated in the mode of “storing clear and releasing
muddy”, which caused a great diﬀerence between the
water residence times within a year (Xu et al., 2009). The
dramatic change of the hydrological regime has caused
severe ecological problems in the estuary (Domingues
et al., 2014). Analysis of phytoplankton community
structural changes can be more insightful than merely
using geochemical parameters in detecting hydroenvironmental disturbance.
In this context, it was assumed that the phytoplankton
in the YRE and adjacent areas were spatially and
temporally altered in abundance and community composition during TGD construction. To test this hypothesis,
three ﬁeld surveys were conducted in 2010 and 2011, and
other investigations covering diﬀerent phases related to
TGD construction were collected. The data were analyzed
with speciﬁc objectives to: (1) understand the composition
and structure of the phytoplankton community over
space; (2) identify the most important hydro-environmental variables aﬀecting the distribution of phytoplankton
species; and (3) evaluate the eﬀects of the TGD on
phytoplankton community structure in the three phases
of TGD construction.

Materials and methods

Fig. 1. Study area and sampling stations in the YRE and adjacent
sea areas. Each dot represents a survey station. The survey was
conducted in August 2010, November 2010 and May 2011.
YSCC, Yellow Sea Coastal Current; YRDW, Yangtze River
Diluted Water; ECSCC, East China Sea Coastal Current; TWC,
Taiwan Warm Current.

ECSCC; Yellow Sea Coast Current, YSCC), the Taiwan
Warm Current (TWC) from the Taiwan Strait, and a
branch of the Kuroshio Current extending into the area
from Northeast Taiwan (Lü et al., 2006; Zhou et al., 2008;
Jiang et al., 2015). The outﬂow of the Yangtze River
provides high levels of nutrients (e.g., N, P and Si) and
other biogenic elements to the YRE and adjacent coastal
waters (Jiang et al., 2015). The annual discharge of the
Yangtze River showed little variation from 1959 with an
average of 2.8 r 104 m3.sx1 (Fig. 2). Sediment discharge
and concentration decreased signiﬁcantly in past decades
(Feng et al., 2014). The Yangtze River basin, especially the
lower reaches and the estuarine area, is characterized by
high industrialization and urbanization. The nitrogen and
phosphorus load in the YRE has increased approximately
seven- to eightfolds since 1960 (Shen, 2001; Chen et al.,
2011a, b); however, the dissolved Si concentration decreased gradually after TGD impoundment (Chai et al.,
2009).

Study area

The YRE and adjacent sea areas (Fig. 1) are located in
the center of the Chinese eastern coast. The estuary and
adjacent coastal waters are mainly aﬀected by freshwater
runoﬀ from the Yangtze River, the coastal currents along
Mainland China (East China Sea Coastal Current,

Sampling and laboratory procedures

Phytoplankton and environmental data were collected
from 24 stations in August 2010 (high-ﬂow in summer),
November 2010 (low-ﬂow in autumn) and May 2011
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Field sampling and laboratory analysis of phytoplankton were conducted according to the Speciﬁcations
for Oceanographic Survey (State Oceanic Administration,
1991). The sedimentation method was used for individual
counting and species identiﬁcation (Utermöhl, 1958).
Samples for phytoplankton analysis were ﬁxed with
buﬀered formaldehyde to obtain a ﬁnal concentration of
2.5% and stored in the 1-L dark bottles. In the laboratory,
phytoplankton was identiﬁed to the species level when
possible, and abundance enumerated using an inverted
microscope (Nikon TS100). Taxonomic identiﬁcation of
phytoplankton species was done according to Tomas
(1997) and Priddle and Fryxell (1985). At least 400 units
(individual cells) for each sample were counted.
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Fig. 2. Variation of annual and monthly runoﬀ at the Datong
station before and after the impoundment of the TGD.
Percentage is the value that each months’ runoﬀ accounts for in
water discharge throughout the year. (Data source: http://
www.cjw.gov.cn)

(normal-ﬂow in spring). The sampling sites are illustrated
in Figure 1.
At each site, three water samples were collected from
the surface (0.2 m below water surface), middle and
bottom (0.2 m above sea bed) of the water column. Water
temperature, salinity and pH were measured in situ
with a CTD instrument (CTD 90 M, Germany). Water
samples were collected using 5.0 L Nisk water samplers,
and were stored in a portable refrigerator at < 4 xC. Water
samples for dissolved inorganic nitrogen (DIN = nitrate
(NO3-N) + nitrite (NO2-N) + ammonium (NH4-N)),
phosphate (PO4-P) and silicate (SiO3-Si) analyses
were ﬁltered through a 0.45 mm cellulose acetate ﬁlter.
Nutrient concentration analyses were performed by a
continuous-ﬂow analyzer (Skalar San + + , Netherlands)
with colorimetric methods described by Grasshoﬀ et al.
(1999) and Zhang et al. (1997). To determine total
suspended solids (TSS), a known volume of the wellmixed sample was ﬁltered through a dried and preweighed
membrane ﬁlter with a pore size of 0.45 mm. The dry mass
of the particulate materials captured in each ﬁlter was
calculated by subtracting the ﬁlter mass from the dried
mass.

The historical data of phytoplankton corresponding
to the three phases of the TGD were collected from the
First Institute of Oceanography, Qingdao, China. The
data in 1959 were considered as the conditions of
reference. The Three Gorges ﬂoodgates were closed in
2003 and the dam attained its maximum level by the end
of 2008; the data in 2006 thus correspond to the damﬁlling phase. The water level reached up to 175 m, so
the data during 2010–2011 represent the post-ﬁlling
situation. The sampling sites in 1959 and in 2006 are
shown in Figure 3.

Date analysis method

Relations between phytoplankton and hydro-environmental factors: Biota-Environment (BIOENV, Primer 5)
was used to investigate the relationship between the
phytoplankton assemblage and hydro-environmental
factors, and their Spearman correlation coeﬃcients were
calculated. BIOENV selects environmental variables
that can best explain the phytoplankton assemblage
patterns, by maximizing the rank correlation with the
phytoplankton assemblage similarity matrices. The population abundance data were transformed into log(x + 1) to
balance the contributions from the few “very abundant
species” with the many “rare species” (Clarke and
Warwick, 2001).
To test for diﬀerences in the species composition of
phytoplankton communities in the diﬀerent phases of
TGD construction, a one-way analysis of similarities
(ANOSIM, Primer 5) was performed across 1959, 2006
and 2010. A distance matrix was obtained based on Bray–
Curtis dissimilarities (Bray and Curtis 1957) and tested for
diﬀerences between groups. In this study, R-values higher
than 0.5 were considered as clear diﬀerences between
groups, and the signiﬁcance level was set to 0.01. The
population abundance data were also transformed into
log(x + 1) to balance the contributions from the few “very
abundant species” with the many “rare species” (Clarke
and Warwick, 2001).
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Fig. 3. Study area and sampling stations in the YRE. Each dot represents a survey station. The surveys were conducted in 1959 (left)
and in 2006 (right).

Table 1. Dominant species and dominance index of phytoplankton in YRE.
Season
Spring

Summer

Autumn

Number
1
2
3
4
1
2
3
4
5
1
2
3

Dominant species
Skeletonema costatum
Noctiluca scintillans
Coscinodiscus asteromphalus
Coscinodiscus spinosus
Skeletonema costatum
Chaetoceros aﬃnis
Pseudo-nitzschia sp.
Chaetoceros sp.
Rhizosolenia alata f. indica
Thalassionema frauenfeldii
Skeletonema costatum
Bacteriastrum hyalinum

Abundance (104 cell.mx3)
8.36
1.64
11.53
0.72
2400.02
359.75
3878.98
277.07
39.38
846.33
461.7
194.11

Dominance
0.4931
0.0886
0.0425
0.0103
1.7802
0.2379
0.1475
0.0320
0.0277
0.1843
0.0555
0.0269

The value of population abundance is the average of the study area.

Results
Phytoplankton community at present

A total of 96 phytoplankton species belonging to
four phyla were collected during the three sampling
seasons in 2010–2011, including Bacillariophyta,
Dinophyta, Cyanophyta and Chrysophyta. The phytoplankton consisted mainly of two groups: Diatoms
and Dinoﬂagellates. Diatoms represented the dominant
group in all the three sampling seasons. In spring,
43 species were identiﬁed, including 27 Bacillariophyta,
15 Dinophyta and one other taxonomic species. In
summer, there were 44 species of Bacillariophyta and
16 species of Dinophyta. In autumn, 60 species were
identiﬁed, including 41 species of Bacillariophyta, 16 species
of Dinophyta and three other taxonomic species. The
dominant phytoplankton species changed over time
(Table 1). Four dominant species in spring, ﬁve in summer
and three in autumn were identiﬁed. The three seasons

shared no common dominant species except Skeletonema
costatum.
Evident variations of phytoplankton abundance were
observed both in seasons and in space (Fig. 4). The
average abundance of phytoplankton was 12.72 r 104,
3755.67 r 104 and 1578.93 r 104 cell.mx3 in spring, summer and autumn, respectively. In spring, the maximum
abundance appeared at A5 and C3, which were outside of
the mouth (Fig. 4). In summer, the abundance was higher
in the north of the estuary than in the south. In autumn,
the area near Zhoushan Island had the highest abundance
(Fig. 4).

Phytoplankton distribution in relation to
hydro-environmental features

BIOENV (Table 2) showed that the combination of
surface layer SiO3-Si and surface layer PO4-P could
explain the highest percentage of phytoplankton variation
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Fig. 4. Spatial distribution of phytoplankton abundance in the YRE in spring of 2011, summer and autumn of 2010 (Abundance:
104 cell.mx3).
Table 2. Relationships between phytoplankton abundance and
environmental variables.
Season
Spring

Summer

Autumn

Governing factor
SiO3-Si (s*)/ PO4-P (s*)
SiO3-Si (s)/PO4-P (m)
SiO3-Si (m)/PO4-P (m*)/DIN(s)
TSS(s)/SiO3-Si(s)/SiO3-Si(m)
TSS(m)/SiO3-Si(b)
TSS(s)/SiO3-Si (b)/Temp(m)
TSS(s)
TSS(m)/Sal(b)
TSS(s)/TSS(m)

Correlation
coeﬃcient
0.922
0.922
0.921
0.648
0.641
0.639
0.532
0.522
0.510

*: s = surface layer; m = middle layer; b = bottom layer. SiO3-Si,
PO4-P, DIN, TSS, Temp and Sal represent silicate, phosphate,
dissolved inorganic nitrogen, total suspended solids, temperature
and salinity, respectively.

in spring. In summer, phytoplankton assemblages were
best associated with the surface layer TSS, surface layer
SiO3-Si and middle layer SiO3-Si, with a maximum
correlation coeﬃcient of 0.648. In autumn, the surface
layer TSS could explain 53.2% of phytoplankton
variations.
According to the above result, it was obvious that the
distribution of surface layer TSS, SiO3-Si and PO4-P were
crucial to phytoplankton assemblages. To this end, their
spatial variations were shown in Figure 5. For the surface
layer TSS, it could be up to 400 NTU in the inshore region
and was quickly reduced to < 10 NTU along 123xE
(Fig. 5) with the same distribution pattern among the
three seasons. The average value of TSS in summer was
highest (69.03 ¡ 105.71 NTU) in comparison with spring
(40.54 ¡ 59.32 NTU) and autumn (42.05 ¡ 55.64 NTU).
With respect to nutrients, surface PO4-P in spring, summer
and autumn in the whole investigation averaged
1.27 ¡ 0.68, 1.75 ¡ 0.76 and 1.45 ¡ 0.63 mM, and SiO3
was 13.87 ¡ 8.97, 19.74 ¡ 17.2 and 14.58 ¡ 13.1 mM,
respectively. Surface PO4-P and SiO3 generally decreased
seawards, following the pattern of Yangtze River diluted
water (Fig. 5).

Comparisons of phytoplankton variation in
the three phases

Diatoms dominated the community in the three phases
of TGD construction (Table 3), accounting for 83% in
1959, 61% in 2006 and 73% in 2010, respectively.
However, the proportions of diatom species numbers
declined, while the proportions of Dinoﬂagellates species
numbers increased. In terms of spatial distribution of
phytoplankton abundance, it exhibited the same pattern
during the three phases. Two obvious peaks were
identiﬁed in the three phases: the ﬁrst appeared in the
north of the estuary, and the second appeared in the west
of Zhoushan Island (Fig. 6). Mean phytoplankton
abundance in the study area reached a maximum in the
ﬁlling period, with a value of 7.3 ¡ 0.7 r 107 cell.mx3
(Table 3).
The ANOSIM results of statistical dissimilarity in three
phases showed that there was no signiﬁcant composition
dissimilarity in the global comparison across 1959, 2006
and 2010 (global R = 0.042, P > 0.01, ANOSIM).
However, phytoplankton community structure in 1959
was signiﬁcantly diﬀerent from that in 2010 (R = 0.503,
P < 0.01, ANOSIM). Little diﬀerence in community
structure was observed between 2006 and 1959
(R = x 0.021, P > 0.01, ANOSIM), and a slight diﬀerence
was conﬁrmed between 2006 and 2010 (R = 0.148,
P > 0.01, ANOSIM).

Discussion
Dominant species of phytoplankton and their spatial
distribution

S. costatum and Noctiluca scintillans in spring and
S. costatum in summer were the absolute dominant
species. They were the species that were reported to be
the main red tide causative agents in the vicinity of the
YRE in recent years (Zhao et al., 2009; Li et al., 2014).
It was reported that S. costatum blooms often occurred
following N. scintillans blooms in the YRE (Shen and
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Fig. 5. Spatial distribution of surface layer TSS, SiO3-Si and PO4-P in the YRE in spring of 2011, summer and autumn of 2010 (TSS:
NTU; SiO3-Si: mM; PO4-P: mM).

Table 3. Number of species of phytoplankton groups and
average population abundance in the three phases (1959:
preﬁlling; 2006: ﬁlling; 2010: post-ﬁling).
The landmark phase
Bacillariophyta
Dinophyta
Other groups
Sample site
Sample time
Population abundance
(104 cell.mx3)*

1959
24
3
2
30
1959.08
2023.32

2006
148
60
34
73
2006.08
7336.39

2010
44
16
0
24
2010.08
3755.67

*The value of population abundance is the average of the
investigated area in the three phases.

Hong, 1994). Harmful algal blooms (HABs) frequently
occur in a region bounded by 28.0x–31.5xN and
121.5x–123.5xE in April–August (Liu et al., 2013). In this

study, the abundance of S. costatum reached a maximum
of 58.33 r 104 cell.mx3 in spring and 2.09 r 108 cell.mx3
in summer. It was observed that, in summer, the
abundance of S. costatum in some locations exceeded the
standard of HAB formation (5 r 106 cell.mx3) (Wang,
2002). The peak value of N. scintillans appeared in spring,
which was 11.12 r 104 cell.mx3.
With respect to the spatial distribution of phytoplankton, it was observed that the high abundance area of
phytoplankton overlapped with the location of Yangtze
River dilution water. The region aﬀected by freshwater
discharge is generally conﬁned to the area west of 123xE,
bordered by the TWC in the oﬀshore area, where the
maximum abundance of phytoplankton often appeared.
This phenomenon could be explained by the fact that
diatom distribution determined the spatial distribution
of phytoplankton due to their absolute dominance in the
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Fig. 6. Distribution of phytoplankton abundance in the three phases (1959: preﬁlling; 2006: ﬁlling; 2010: post-ﬁling). The data for all
three phases were collected in summer (Abundance: 104 cell.mx3).

phytoplankton community structure, and diatoms were
signiﬁcantly aﬀected by the freshwater from the Yangtze
River (Zhou et al., 2008). The maximum abundance area
of diatoms appeared in salinity ranging from 14 to 23, and
temperature ranging from 20 to 28 xC, which agreed with
the tongue region of Yangtze diluted water.

Relations to hydro-environmental factors

TSS was found to be an important factor aﬀecting
phytoplankton distribution in the YRE. Estuarine phytoplankton growth is basically regulated by nutrient and
light availability, which in turn depends on freshwater
ﬂow. Reduced river discharges usually boost phytoplankton growth by allowing an increase in water residence time
and a decrease in turbidity, which leads to increased light
availability (Butrón et al., 2009; Morais et al., 2009). The
study area was in the location of maximum turbidity, so
the phytoplankton in the YRE suﬀered from severe light
limitation. After the impoundment of the TGD, the
annual sediment inﬂow into the estuary decreased by
almost 70% (Dai et al., 2014). Consequently, turbidity was
reduced and light penetration enhanced, thus promoting
primary production in the YRE (Jiang et al., 2014).
In particular, the TGD changed the discharge pattern
of the Yangtze River, such that the ﬂow downstream of
the TGD increased in spring and decreased in autumn
(Chai et al., 2009). The decrease of salinity in spring
facilitated the growth of low-salt species (e.g., S. costatum
and N. scintillans). It was reported that red tides occurred
frequently in the YRE and nearby areas, and most of them
appeared in spring (Gao and Song, 2005; Zhou et al.,
2008).
Nutrients were found to be another important factor in
the distribution of phytoplankton in the YRE. The
variability of nutrient inputs to estuaries and coastal zones
after river impoundment is somewhat unpredictable and
depends not only on changes in river ﬂow, but also on
human activities that may be enhanced due to damming
(Domingues et al., 2014). The result showed that there was
high correlation between silicate and the distribution of
phytoplankton in spring and summer. This was easy to

understand because diatoms dominated the phytoplankton community in spring and summer. Another nutrient
factor based on BIOENV was phosphorus, as phosphorus
limitation was observed in the YRE (Zhou et al., 2008;
Chai et al., 2009). Therefore, the interception of silicate
and phosphorus by the TGD had already and would
further change the nutrient structure (nitrogen/silicate and
nitrogen/phosphorus ratios) and thus aﬀect the phytoplankton community in the YRE.

Variation of phytoplankton during the three phases

The shift of phytoplankton community composition
toward non-siliceous species is typical after river impoundment and has been observed in many rivers, estuaries and
adjacent coastal zones, such as the Danube River and the
Black Sea (Humborg et al., 1997), the Nile River and
the Eastern Mediterranean Sea (Turley, 1999). After the
construction of the TGD, proportions of Bacillariophyta
species decreased from 82.76% in the preﬁlling phase to
73.33% after dam ﬁlling, mainly due to the decline of
dissolved Si concentrations. Diatoms are considered
“healthy” for the ecosystem, and beneﬁt a diatom–
zooplankton–ﬁsh food web. The decline of diatom
biomass can thus pose serious consequences for upper
trophic levels (Beaugrand and Kirby, 2010). According to
the results of ANOSIM, signiﬁcant alterations in phytoplankton community structure were observed between
1959 and 2010. These suggest that the construction of the
TGD had eﬀects on the phytoplankton community
structure.
Another response of the phytoplankton community to
the construction of the dam in this region was the change
in the position of the phytoplankton abundance maximum. Figure 6 shows that phytoplankton abundance
increased during the ﬁlling (2006) and post-ﬁlling (2010)
periods. It was found that the position of the phytoplankton biomass maximum moved inwards to the estuary of
the Yangtze River after the impoundment of the TGD.
Many studies indicate that the limitation of phosphorus
and light are common characteristics of estuaries (Pu et al.,
2001; Ning et al., 2004). The ecosystems of the Yangtze
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River estuary (YRE) and adjacent coastal waters were
driven by the nutrient-rich freshwater from the Yangtze
River. The concentration of nutrients, such as phosphate,
decreased from inside to outside of the YRE (Chai et al.,
2009). In addition, light attenuation in coastal ecosystems
was strongly dependent on the concentration of suspended
particulate matter (Feng et al., 2014), and consequently
sediment trapping promoted an increase in light availability. Therefore, the maximum of phytoplankton moved
inwards to the estuary due to the interception of sediment
after TGD impoundment.

Conclusions
After the TGD impoundment, the phytoplankton
community structure and spatial distribution in the YRE
showed obvious changes, due to the interception of
sediment and alteration of discharge by the TGD. The
environmental indicative variables for the TGD impoundment eﬀects on YRE phytoplankton community were TSS
and the silicate/phosphorus/nitrogen ratio. The changes in
the salinity proﬁle due to alteration of river discharge
aﬀected the temporal variations of the phytoplankton
community.
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Appendix 1. Phytoplankton species found in the YRE and adjacent sea areas in 2010–2011.
Species
Bacillariophyta
Coscinodiscus centralis
Odontella sinensis
Stephanopyxis palmeriana
Thalassiothrix longissima
Coscinodiscus concinnus
Skeletonema costatum
Chaetoceros aﬃnis
Chaetoceros distans
Pinnularia sp.
Coscinodiscus sp.
Coscinodiscus bipartitus
Coscinodiscus spinosus
Rhizosolenia alata f. indica
Chaetoceros curvisetus
Coscinodiscus asteromphalus
Cyclotella sp.
Pleurosigma sp.
Chaetoceros siamense
Coscinodiscus subtilis
Guinardia ﬂaccida
Bacteriastrum hyalinum
Coscinodiscus thorii
Chaetoceros didymus f. protuberans
Chaetoceros didymus
Chaetoceros dipyrenops
Coscinodiscus argus
Pseudo-nitzschia delicatissima
Chaetoceros debilis
Guinardia delicatula
Coscinodiscus jonesianus
Thalassiosira nordenskioldi
Streptotheca thamesis

Species
Chaetoceros paradoxus
Coscinodiscus excentricus
Pseudo-nitzschia sp.
Chaetoceros pseudocurvisetus
Melosira nummuloides
Planktoniella formosa
Chaetoceros lorenzianus
Thalassionema nitzschioides
Nitzschia sp.
Chaetoceros castracanei
Paralia sulcata
Melosira sulcata
Chaetoceros sp.
Pseudo-nitzschia pungens
Odontella mobiliensis
Coscinodiscus oculus-iridis
Thalassiosira sp.
Rhizosolenia setigera
Actinocyclus sp.
Eucampia zoodiacus
Thalassionema frauenfeldii
Triceratium favus
Fragilariopsis sp.
Ditylum brightwellii
Chaetoceros decipiens
Chaetoceros compressus
Rhizosolenia styliformis
Chaetoceros peruvianus
Pseudosolenia calcar-avis
Rhizosolenia stolterforthii
Coscinodiscus gigas
Chaetoceros subtilis
Dinophyta

Species
Protoperidinium conicum
Ceratium sp.
Prorocentrium sp.
Heterocapsa sp.
Noctiluca scintillans
Pyrocystis noctiluca
Cochlodinium sp.
Alexandrium sp.
Ceratium lineatum
Pyrophacus steinii
Ornithocercus steinii
Ceratium tripos
Ceratium trichoceros
Protoperidinium subinerme
Karenia mikimotoi
Gymnodinium sp.
Dinophysis caudata
Prorocentrum dentatum
Dinophysis acuminata
Protoperidinium pallidum
Protoperidinium oceanicum
Ceratium fusus
Protoceratium sp.
Ceratium breve
Ceratium furca
Protoperidinium depressum
Pyrophacus sp.
Ceratium schmidti
Cyanophyta
Lyngbya sp.
Oscillatoria sp.
Chrysophyta
Dictyocha ﬁbula

