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Abstract
The objective of this study was to evaluate variations in the composition and abundance of the phytoplankton community after
an exceptional harmful bloom of Akashiwo sanguinea that occurred in Todos os Santos Bay (BTS) in early March, 2007. Samples
were collected every ten days, between April, 2007 and March, 2008, from the estuarine gradient of the Paraguaçu River to BTS. The
physical and chemical variables were measured in situ using a multiparameter sensor. Water samples were collected for analysis
of the dissolved inorganic nutrient concentrations and for the study of composition and abundance of the microphytoplankton.
Overall, 135 taxa were identified, with a higher richness of diatoms. The total cell density ranged from 2.92 × 103 to 1.16 × 107
(5.47 × 105 ± 1.69 × 106) cells L−1, with higher values in the freshwater zone than in the marine area. Five species showed peaks of
abundance throughout the study, forming small blooms. Four of these blooms occurred in the rainy season, formed by the species
Guinardia striata (April, 2007), Scrippsiella cf. acuminata (August, 2007), Euglena gracilis (August, 2007), and Skeletonema cf. costatum
(September, 2007), while a new bloom of the species Akashiwo sanguinea occurred during the dry season (December, 2007). The
environment was typically oligotrophic, with low spatiotemporal variation in the concentrations of dissolved nutrients. Even so, we
observed short-term variations in the structure and composition of the phytoplankton community, demonstrated by rapid bloom
events, followed by an increase in the total abundance of microphytoplankton, especially during the rainy season. The blooms did
not cause any notable changes in the water column and did not present any harmful effects on the system.
Descriptors: Algal blooms, Brazilian coast, Marine phytoplankton, Paraguaçu river estuary.

INTRODUCTION
The composition and dynamics of phytoplankton
communities in estuarine systems are modulated by
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the variability of abiotic and ecological factors such
as gradients of salinity, nutrients, temperature, and
inter- and intraspecific interactions (Rabalais, 2002;
Cloern and Dufford, 2005; Litchman and Klausmeier,
2008; Córdoba-Mena et al., 2020). Algae are of significant ecological importance as indicators of ecosystem changes. The fluctuation of physical and
chemical variables under the influence of tidal cycles and rainfall events are reflected very rapidly by
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phytoplankton, presenting changes in composition,
diversity, and abundance of the community, thereby affecting ecosystem function (Morse et al., 2014;
Moser et al., 2017; Affe et al., 2018).
Qualitative and quantitative changes in phytoplankton community and primary productivity in
tropical environments are usually related to the increase in the input of dissolved nutrients in the system (Heisler et al., 2008). These changes are often
related to the formation of blooms, which are usually natural events, corresponding to a significant
increase in biomass in the organic production chain
(Smayda, 1997). On the other hand, blooms of harmful species can harm ecosystem services by compromising water quality, aesthetic characteristics, and
recreational activities, for example, and such blooms
appear to be increasing in frequency and magnitude
in different systems (Moore et al., 2008; Hallegraeff,
2010; Affe et al., 2016).
Because estuarine systems are highly hydrodynamic, the trigger responsible for iniciating a
bloom has yet to be identified, and short-term
monitoring is required to identify rapid changes
in water quality and algal biomass (Morse et al.,
2014). In general, the bloom is detected only
when it becomes visible, covering the water surface (Egerton et al., 2014) or due to its deleterious effects, such as the harmful algal bloom of the
species Akashiwo sanguinea (Hirasaka) G. Hansen
and Moestrup, which occurred in early March,
2007 in Todos os Santos Bay (BTS). This bloom
caused the death of more than 50 tons of fish due
to anoxic conditions in the water column and obstruction of the gills caused by the rapid increase
in the biomass of this dinoflagellate (Reis-Filho et
al., 2012).
This bloom event revealed an important
knowledge gap about phytoplankton in the
Paraguaçu River estuary, which had persisted until then, although this is one of the main coastal
aquatic systems of Northeastern Brazil. Thus, the
present study aimed to analyze short-term variations in the composition and abundance of the
phytoplankton community after the exceptional
harmful bloom of Akashiwo sanguinea, as the first
study on the dynamics of the community along
this estuarine gradient.

Phytoplankton community in a tropical estuary

METHODS
Study area
The Paraguaçu River estuarine system (12° 00’S and
13° S and 38° 30 ‘W and 39° 30’W) (Figure 1) is approximately 80 km² in area, with a volume of about 4,650,000
m³ (Genz et al., 2008). The climate of the region is hot
and humid, with an average annual temperature of 24ºC
(Genz et al., 2008). Throughout its course, the estuarine
system is affected by anthropogenic activities, which involve the artificial control of the hydrological regime by
the Pedra do Cavalo dam, domestic effluent discharges,
agriculture, and subsistence activities of the human populations, based on consumption and commercialization
of fish and shellfish (Hydros, 2005; Lessa et al., 2001).
The estuarine system is divided between the low
river course (freshwater zone), the Iguape Bay (transition zone), and the Paraguaçu channel, flowing into BTS
(12º50 S 38º38 W) as the main tributary of the same (Genz
et al., 2008). The BTS is about 1223 km² in length and
has an average depth of 9.8 m (Cirano and Lessa, 2007).
Internal circulation in the bay is forced by semi-diurnal
tides, which, in addition to the seasonal pattern of wind
circulation, the main forcing factor in the surface layers,
conditions a well-mixed water column with oceanic characteristics (Lessa et al., 2009; Santana et al., 2018).

Sampling and analyses
Six stations along the course of the estuarine
system (Figure 1) were sampled every ten days, over
twelve months (April, 2007 to March, 2008). The
physical and chemical variables (i.e., temperature,
salinity, dissolved oxygen, and pH) were measured in
situ, in the subsurface (~ 0.5 m depth), using a multiparameter sensor. To analyze the dissolved inorganic nutrients (i.e., nitrite, nitrate, and phosphate),
1L water samples were collected at each point using
a Van Dorn bottle. The samples were immediately
filtered after each collection through fiberglass filters (Whatman GF/F - 0.7 µm pore), using a vacuum
pump. Aliquots of 250 mL of the filtrated volume of
each sample were kept frozen until the respective
analyses were carried out by the classic colorimetric method, adapted from Strickland and Parsons
(1972). The rainfall data were obtained by consulting
the database from the Weather Forecast and Climate
Studies Center (https://www.cptec.inpe.br/).
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Figure 1. Paraguaçu estuarine gradient - Todos os Santos Bay, with the locations of sampling stations in the freshwater zone (P1), transitional
zone (P2, P3, and P4) and marine zone (P5 and P6). *The distribution of points was defined to cover the entire estuarine gradient in the sample
design. The delimitation of the estuarine zones was defined posteriorly, based on an analysis of salinity (refer to Results section).
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For phytoplankton analyses, water samples (250
mL at each collection point) were collected using a
plankton net (20 µm) in horizontal tows. Subsurface
(~ 0.5 m depth) water samples (1L) were collected
at each station using a Van Dorn bottle. Each water
sample was stored in dark bottles and fixed with 1%
lugol. In the laboratory, samples were analyzed on
slides under a light microscope (Olympus CX31), with
200x or 400x magnification, to identify the microphytoplankton taxa. Samples were analyzed according
to the Utermöhl method (1958), counting the entire
bottom of the chamber (50 or 100 mL), under an inverted microscope (Olympus IX50) to determine microphytoplankton cell densities (cell L-1).
To characterize the microphytoplankton composition and structure along the estuarine gradient,
species richness (S), Shannon diversity index (H’),
Pielou’s uniformity index (J’), and abundance (cell
density) were estimated. The data normality of the
community abundance and environmental variables
was verified using the Kolmogorov-Smirnov test; homogeneity of variance was tested using Levene’s test.
The Kruskal-Wallis analysis of variance, followed by
the p-values multiple comparison test, was used to
assess the occurrence of significant differences (p <
0.05) in the community abundance, as well as the differences in abiotic variables in the estuarine gradient,
between the dry and rainy seasons.
Spearman’s correlation tests were performed to
analyze possible correlations of rainfall with salinity and of these factors with the abundance of the
phytoplankton community in the estuarine gradient. Non-metric multidimensional scaling (NMDS)
analysis was carried out based on distance matrices,
calculated from the Bray–Curtis index, to observe the
ranking of the samples as functions of the dissimilarity in species composition and abundance along the
estuarine gradient, between the dry and rainy seasons. Variance partition analysis (Borcard et al., 1992;
Peres-Neto et al., 2006; Oksanen et al., 2019) was used
to verify the relative contribution of physical and
chemical variables, dissolved inorganic nutrients, and
rain in the microphytoplankton abundance along the
estuarine gradient, in the dry and rainy seasons. All
statistical analyses were performed using R statistical
software (R Core Team, 2020).

Phytoplankton community in a tropical estuary

RESULTS
Abiotic variables
Based on the variations in rainfall (Figure 2), we
characterized rainy season as the months with average precipitation greater than 100 mm, with a monthly average of 151.18 (± 44.43) mm, while the monthly
average in the dry period was 44.33 (± 31.68) mm.
The estuarine gradient was characterized by a wide
variation in salinity (Figure 2), based on which, three
estuarine zones were characterized, with significant
variation in salinity in both pluviometric seasons (p
< 0.001): (1) freshwater zone, represented by P1 site;
(2) transitional zone, represented by P2 to P4 sites;
and (3) marine zone represented by P5 and P6 sites
(Figure 1). We observed that in the freshwater zone,
there was a clear pattern of variation in salinity as
a function of rainfall (Figure 2). The Spearman test
showed a negative correlation between these variables (ρ = -0.68) in this zone, with lower correlation in
the transition (ρ = -0.23) and marine (ρ = -0.46) zones.
The other physical and chemical variables analyzed did not show significant variations along the
estuarine gradient (between the zones) or between
the dry and rainy seasons (p > 0.05). The water temperature presented a low average monthly variation,
with the greatest amplitude of variation (7°C) occurring in the transition zone between the dry and rainy
seasons. The concentrations of dissolved oxygen
(OD) were occasionally below 6 mg L-1 (with > 6 being
the reference value for estuaries), and the pH values
showed the typical alkalinity characteristic of estuarine waters (i. e., > 7 and < 8.5) (Table 1).
The dissolved inorganic nutrients showed concentration patterns that were characteristic of oligotrophic environments, along the estuarine gradient.
Nitrite was the nutrient with the greatest variation
between the two rainfall stations (Table 1), with concentrations below the detection limit of the method,
at all sampling points in January (dry season). In the
rainy season, significant increases in nitrite concentration were recorded in the three estuarine zones
(FZ, p = 0.023; TZ, p = 0.027; MZ, p = 0.024). For nitrate,
the lowest concentrations were always recorded in
the marine zone (Table 1), but without significant differences (p > 0.05) with the other estuarine zones, or
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Figure 2. Monthly rainfall variability (line), and monthly and spatial salinity variability (bars) between April, 2007 and March, 2008 in the
Paraguaçu estuarine gradient. FZ = freshwater zone; TZ = transitional zone; MZ = marine zone.

between the dry and rainy seasons. The same pattern
of low spatio-temporal variation was recorded for
phosphate (Table 1).

Structure and composition of the phytoplankton
community

A total of 135 taxa were identified (Table 2).
Diatoms were the most representative group (60%
of taxa), followed by dinoﬂagellates (16%), cyanobacteria (9%), chlorophytes (5%), desmids (5%), and
euglenophytes (5%). The transition zone was the area
with the highest species richness, both in the dry and
rainy seasons, always followed by the marine zone.
The species diversity index varied between 2.91 to
4.05 bits ind-1, with an increase in the average diversity along the estuarine gradient, highest in the marine
zone, as well as having a discrete increase during the
dry season in the three estuarine zones (Figure 3). The
same pattern was also registered for the evenness index; there was no dominance of any taxon (J’ ranged
between 0.82 and 0.96) in the estuarine zones in any
of the pluviometric stations.
The total phytoplankton density varied between
2.92 × 103 and 1.16 × 107 (5.47 × 105 ± 1.69 × 106) cells
L-1. The transitional zone showed the highest average

densities in both the dry and rainy seasons, except in
June and July (Figure 3). Blooms of five species were
identified during the study period. In the rainy season, Guinardia striata (Stolterfoth) Hasle (1.39 × 106
cell L-1), Euglena gracilis G.A.Klebs (2.71 × 106 cell L-1),
and Skeletonema cf. costatum (Greville) Cleve (1.16 ×
106 cell L-1), formed blooms in the transitional zone in
the months of April, August and September, 2007, respectively, and Scrippsiella cf. acuminata (Ehrenberg)
Kretschmann, Elbrächter, Zinssmeister, S.Soehner,
Kirsch, Kusber & Gottschling (7.23 × 106 cell L-1)
formed a bloom (August, 2007) in the freshwater
zone. In the dry season (December, 2007), a bloom
of Akashiwo sanguinea (K. Hirasaka) Gert Hansen &
Moestrup (1.03 × 106 cells L-1) occurred in the transitional zone (Figure 3). Unlike the exceptional harmful bloom of this species recorded in 2007, which
covered an extensive area in BTS, this new bloom
occurred in a punctual area, restricted to the P3 site.
All five blooms recorded showed a fast development
cycle (< 10 days), and were not detected in the collections made immediately after their registries. Because
they were relatively small blooms, no changes in water characteristics that could characterize potential
harmful effects were detected.
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Table 1. Minimum - maximum (average ± standard deviation) of environmental variables: salinity, temperature (°C),
dissolved oxygen (mg L-1), pH, concentration of dissolved inorganic nutrients: nitrite, nitrate, and phosphate (µM) in the
rainy (April–September, 2007, and March, 2008) and dry (October–December, 2007, and January and February, 2008)
seasons in the Paraguaçu estuarine gradient. FZ = freshwater zone; TZ = transitional zone; MZ = marine zone.
Season

Month

Rainy

April

May

June

July

August

September

Dry

October

November

Zone

Salinity

Temperature

Dissolved
oxygen

pH

Nitrite

Nitrate

Phosphate

FZ

0 - 0.20
(0.13±0.12)

27.0 - 27.4
(27.2±0.21)

6.6 - 6.7
(6.6±0.02)

7.9 -8.0
(7.9±0.01)

0.60 - 0.70
(0.67±0.06)

0.05

0.03 - 0.38
(0.11±0.14)

TZ

7.0 - 22.5
(14.5±6.6)

26.7 - 27.4
(26.9±0.21)

5.2 - 6.9
(6.2±0.79)

7.9 - 8.0
(7.9±0.02)

0.40 - 0.70
(0.60±0.11)

0.04 - 0.09
(0.07±0.02)

0.03 - 0.09
(0.09±0.09)

MZ

27.8 - 32.9
(30.3±2.76)

27.6 - 27.9
(27.7±0.10)

6.0 - 6.2
(6.1±0.12)

7.8 - 7.9
(7.9±0.03)

0.30 - 1.20
(0.78±0.46)

0.05 - 0.09
(0.08±0.02)

0.03

FZ

0 - 0.20
(0.13±0.12)

27.6 - 27.7
(27.6±0.06)

5.0 - 5.2
(5.1±0.10)

7.4 -7.5
(7.5±0.01)

1.00

0.05

0.13

TZ

7.1 - 22.2
(14.5±6.47)

27.5 - 29.5
(28.3±0.76)

5.0 - 5.7
(5.3±0.31)

7.1 - 7.5
(7.3±0.15)

0.30 - 0.70
(0.53±0.14)

0.05 - 0.09
(0.07±0.02)

0.10 - 0.16
(0.13±0.02)

MZ

27.7 - 33.2
(30.5±2.92)

27.8 - 28.4
(28.1±0.25)

6.2 - 6.6
(6.4±0.22)

7.7 - 7.9
(7.8±0.12)

0.30 - 0.60
(0.47±0.12)

0.07 - 0.09
(0.08±0.01)

0.06 - 0.09
(0.08±0.02)

FZ

0.30 - 0.40
(0.33±0.06)

27.7 - 27.9
(27.8±0.10)

7.80

8.00

0.70

0.05

0.03

TZ

8.0 - 22.5
(14.9±6.26)

27.4 - 28.3
(27.7±0.34)

6.3 - 7.9
(6.9±0.69)

7.9 - 8.0
(8.0±0.02)

0.30 - 0.70
(0.58±0.16)

0.05 - 0.09
(0.07±0.02)

0.03

MZ

28 - 33.3
(30.6±2.85)

27.0 - 27.5
(27.2±0.23)

7.2 - 7.3
(7.2±0.05)

8.00

0.40 - 1.20
(0.78±0.42)

0.07 - 0.09
(0.08±0.01)

0.02 - 0.03
(0.03±0.01)

0.40

27.5 - 27.6
(27.5±0.06)

8.20

8.00

0.50

0.05

0.03

TZ

8.2 - 24
(15.8±6.83)

25 - 27.1
(26.2±0.92)

7.2 - 8.1
(7.6±0.42)

7.0 - 8.0
(7.4±0.48)

0.30 - 0.50
(0.43±0.10)

0.05 - 0.09
(0.07±0.02)

0.03 - 0.08
(0.04±0.03)

MZ

28 - 33.5
(31.0±2.62)

25.8 - 26.6
(26.2±0.43)

6.8 - 7.6
(7.2±0.47)

7.1 - 7.7
(7.4±0.25)

0.30 - 0.50
(0.40±0.11)

0.05 - 0.09
(0.08±0.02)

0.05 - 0.09
(0.07±0.01)

0.70

26.30

4.60

7.3 - 7.4
(7.3±0.06)

0.60 - 0.70
(0.65±0.06)

0.05

0.09 - 0.10
(0.09±0.01)

TZ

9.8 - 30
(18.9±8.76)

26 - 26.2
(26.0±0.10)

3.5 - 4.6
(4.1±0.47)

7.6 - 7.9
(7.8±0.17)

0.30 - 0.80
(0.57±0.17)

0.05 - 0.09
(0.07±0.02)

0.04 - 0.09
(0.07±0.02)

MZ

31 - 35
(33.1±2.04)

26.5 - 26.8
(26.6±0.13)

4.50

7.2 - 7.5
(7.4±0.20)

0.40 - 1.20
(0.77±0.40)

0.07 - 0.09
(0.08±0.01)

0.03

FZ

FZ

FZ

2.00

25.50

7.11

7.70

0.01

0.05

0.03

TZ

10.0 - 30
(19.4±8.48)

25.3 - 25.8
(25.5±0.19)

4.4 - 7.2
(6.1±1.30)

7.8 - 8.0
(7.9±0.08)

0.01

0.05 - 0.09
(0.07±0.02)

0.03

MZ

31 - 35
(33.3±1.86)

25.00

7.2 - 7.4
(7.3±0.09)

8.00

0.01

0.07 - 0.09
(0.08±0.01)

0.09 - 0.10
(0.09±0.01)

FZ

2.3 - 2.4
(2.3±0.06)

25.1 - 25.2
(25.1±0.06)

8.00

8.00

0.40

0.05

0.04 - 0.41
(0.23±0.21)

TZ

10.5 - 30.2
(19.6±8.51)

25.0 - 26.5
(25.5±0.70)

5.5 - 8.2
(7.2±1.27)

7.6 - 8.0
(7.9±0.18)

0.04 - 0.60
(0.36±0.24)

0.05 - 0.09
(0.07±0.02)

0.04 - 0.28
(0.15±0.11)

MZ

32.1 - 35.3
(33.7±1.68)

26.1 - 26.7
(25.3±0.23)

6.8 - 7.1
(6.9±1.15)

8.00

0.40

0.07 - 0.09
(0.08±0.01)

0.06 - 0.10
(0.08±0.02)

FZ

4.4 - 4.5
(4.4±0.06)

25.7 - 25.8
(25.7±0.06)

7.40

8.00

1.00

0.07

0.03

TZ

11.2 - 30.8
(20.7±8.48)

22.6 - 25.6
(24.3±1.29)

7.5 - 7.9
(7.6±0.19)

7.7 - 8.0
(7.9±0.12)

0.04 - 0.90
(0.39±0.41)

0.05 - 0.09
(0.07±0.02)

0.03 - 0.04
(0.03±0.01)

MZ

34.0 - 36.1
(35.0±1.10)

26.0 - 27.6
(26.7±0.82)

7.6 - 7.7
(7.6±0.05)

7.5 - 7.8
(7.6±0.15)

0.80 - 0.90
(0.87±0.05)

0.06 - 0.09
(0.08±0.01)

0.03 - 0.06
(0.04±0.01)
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Continued table 1.
December

January

FZ

4.00

25.9 - 26.0
(25.9±0.06)

7.62

7.60

0.60

0.02

0.13

TZ

4.0 - 30.4
(16.3±10.34)

25.2 - 27.0
(26.0±0.61)

7.2 - 7.7
(7.5±0.18)

7.6 - 8.0
(7.9±0.18)

0.50 - 0.60
(0.59±0.03)

0.02 - 0.04
(0.03±0.01)

0.03 - 0.13
(0.06±0.04)

MZ

32.4 - 35.7
(34.0±1.74)

25.4 - 25.6
(25.5±0.08)

7.30

7.4 - 7.5
(7.4±0.03)

0.60 - 0.70
(0.64±0.05)

0.04 - 0.07
(0.05±0.01)

0.03 - 0.04
(0.03±0.01)

FZ

5.00

25.1 - 25.2
(25.1±0.06)

7.80

8.00

0.69 - 0.70
(0.69±0.01)

0.03

0.03

TZ

12.0 - 30.0
(21.4±7.31)

24.9 - 25.2
(25.0±0.11)

7.7 - 7.9
(7.8±0.08)

7.9 - 8.0
(8.0±0.03)

0.50 - 0.90
(0.73±0.18)

0.02

0.01 - 0.06
(0.03±0.02)

34.0 - 36.5
(35.2±1.35)

23.0 - 25.7
(24.0±1.14)

7.9 - 8.1
(8.0±0.10)

7.2 - 7.4
(7.3±0.08)

0.80 - 0.81
(0.81±0.01)

0.01

0.03 - 0.10
(0.06±0.04)

0.50

26.4 - 26.6
(26.5±0.10)

7.4 - 7.5
(7.4±0.01)

7.2 - 7.3
(7.3±0.01)

0.60 - 0.61
(0.61±0.01)

0.05

0.10

TZ

8.9 - 24.7
(16.52±6.80)

25.4 - 27.5
(26.7±0.97)

6.9 - 7.7
(7.2±0.39)

7.5 - 8.0
(7.8±0.26)

0.29 - 0.51
(0.44±0.10)

0.05 - 0.09
(0.07±0.02)

0.03 - 0.07
(0.05±0.02)

MZ

29.5 - 33.5
(31.5±2.13)

26.5 - 27.1
(26.7±0.27)

7.00

7.9 - 8.0
(7.9±0.06)

0.80 - 0.90
(0.85±0.05)

0.07 - 0.09
(0.08±0.01)

0.05 - 0.09
(0.07±0.02)

0.60

24.5 - 24.6
(24.5±0.06)

7.50

8.00

0.60

0.05

0.06 - 0.07
(0.06±0.01)

TZ

9.0 - 24.8
(16.7±6.82)

24.5 - 25.7
(24.9±0.53)

8.0 - 8.1
(8.0±0.04)

8.00

0.39 - 0.50
(0.43±0.05)

0.05 - 0.09
(0.07±0.02)

0.05 - 0.07
(0.06±0.01)

MZ

29.6 - 33.6
(31.6±2.14)

25.6 - 25.8
(25.6±0.08)

7.5 - 8.0
(7.8±0.24)

8.00

0.50 - 0.61
(0.55±0.06)

0.07 - 0.09
(0.08±0.01)

0.03 - 0.20
(0.11±0.09)

MZ
February

Rainy

March

FZ

FZ

In the freshwater zone, salinity was the variable
that was most strongly correlated with the abundance of the species present (ρ = -0.405), and in the
transitional and marine zones, in addition to salinity (ρ = -0.380 and -0.477, respectively), the species
abundance was correlated with the nitrate concentrations (ρ = 0.389 and 0.463, respectively). Despite
the variations recorded in the total phytoplankton
abundance, with higher abundance in the rainy season (8.36 × 105 ± 2.17 × 106 cells L-1) than in the dry
season (1.42 × 105 ± 2.95 × 105 cells L-1), the variance
partition analysis demonstrated a low explanation of
the environmental variables for community abundance (Table 3). In the rainy season, environmental
variables explained 41% of the variance in the freshwater zone (residuals = 0.59%), 24% in the transition
zone (residuals = 0.76%), and 16% in the marine zone
(residuals = 0.84%). In the dry season, these factors
explained 42% of the variance in the freshwater zone
(residuals = 0.58%), 14% in the transition zone (residuals = 0.86%), and 17% in the marine zone (residuals
= 0.83%). We observed that the environmental factor
rain better explained community abundance in the

rainy season and dissolved inorganic nutrients better
explained abundance in the dry season (Table 3).
The NMDS analysis (stress = 0.16) suggested that
habitat differentiation was a predominant factor for
community structure in the estuarine gradient. The
analysis indicated a typical pattern of ordering of
samples according to the composition of freshwater
species in the freshwater zone, and the overlapping of
samples from the transition and marine zones (Figure
4). The freshwater species Aulacoseira sp., A. granulata
(Ehrenberg) Simonsen, Dictyosphaerium sp., Euglena
gracilis, Geitlerinema sp., Phacus acutus Pochmann, P.
longicauda (Ehrenberg) Dujardin and Scenedesmus
acuminatus (Lagerheim) Chodat, predominated in
the freshwater zone. The exception was a Scrippsiella
cf. acuminata bloom in the freshwater zone, which is
a typical marine species but had a wide distribution in
the Paraguaçu estuarine gradient. Further, Nitzschia
sp. and Peridinium sp., whose genera are found in
marine and freshwater habitats also predominated
in the freshwater zone. The maximum abundance of
these species occurred during the rainy season. In
the dry season, in addition to S. cf. acuminata species,
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Table 2. Phytoplankton community composition of the Paraguaçu estuarine gradient.
Taxa
Bacillariophyta
Bacillariophytina
Bacillariophyceae
Bacillariophycidae
Bacillariales
Bacillariaceae
Bacillaria paxillifera (O.F.Müller) T.Marsson
Cylindrotheca closterium (Ehrenberg) Reimann & J.C.Lewin
Fragilariopsis sp.
Nitzschia incerta (Grunow) M. Peragallo
Nitzschia incurva var. lorenziana R. Ross
Nitzschia sp.
Psammodictyon panduriforme (W.Gregory) D.G.Mann
Pseudo-nitzschia complex delicatissima
Pseudo-nitzschia complex seriata
Cocconeidales
Cocconeidaceae
Cocconeis sp.
Mastogloiales
Achnanthaceae
Achnanthes brevipes H. Peragallo & M. Peragallo
Naviculales
Diploneidineae
Diploneidaceae
Diploneis cf. ovalis (Hilse) Cleve
Diploneis sp.
Naviculineae
Naviculaceae
Haslea cf. wawrikae (Husedt) Simonsen
Gyrosigma fasciola (Ehrenberg) J.W.Griffith & Henfrey
Gyrosigma littorale (W.Smith) J.W.Griffith & Henfrey
Gyrosigma scalproides (Rabenhorst) Cleve
Gyrosigma sp.
Navicula sp.
Plagiotropidaceae
Meuniera membranacea (Cleve) P.C.Silva
Plagiotropis lepidoptera (W.Gregory) Kuntze
Plagiotropis sp.
Pleurosigmataceae
Pleurosigma angulatum (J.T.Quekett) W.Smith
Pleurosigma normanii Ralfs
Pleurosigma sp.
Sellaphorineae
Pinnulariaceae
Ocean and Coastal Research 2021, v69:e21008
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Continued table 2.
Pinnularia sp.
Surirellales
Entomoneidaceae
Entomoneis alata (Ehrenberg) Ehrenberg
Entomoneis gigantea (Grunow) Nizamuddin
Surirellaceae
Campylodiscus neofastuosus Ruck & Nakov
Petrodictyon gemma (Ehrenberg) D.G.Mann
Thalassiophysales
Catenulaceae
Amphora sp.
Fragilariophycidae
Fragilariales
Fragilariaceae
Podocystis sp.
Licmophorales
Licmophoraceae
Licmophora sp.
Rhabdonematales
Grammatophoraceae
Grammatophora marina (Lyngbye) Kützing
Thalassionematales
Thalassionemataceae
Lioloma pacificum (Cupp) Hasle
Thalassionema frauenfeldii (Grunow) Tempère & Peragallo
Thalassionema nitzschioides (Grunow) Mereschkowsky
Urneidophycidae
Rhaphoneidales
Asterionellopsidaceae
Asterionellopsis glacialis (Castracane) Round
Coscinodiscophytina
Coscinodiscophyceae
Aulacoseirales
Aulacoseiraceae
Aulacoseira granulata (Ehrenberg) Simonsen
Aulacoseira sp.
Rhizosoleniales
Rhizosoleniaceae
Dactyliosolen fragilissimus (Bergon) Hasle
Guinardia delicatula (Cleve) Hasle
Guinardia flaccida (Castracane) H.Peragallo
Guinardia striata (Stolterfoth) Hasle
Neocalyptrella robusta (G.Norman ex Ralfs) Hernández-Becerril & Meave del Castillo
Rhizosolenia imbricata Brightwell
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Rhizosolenia setigera Brightwell
Triceratiales
Triceratiaceae
Triceratium favus Ehrenberg
Corethrophycidae
Corethrales
Corethraceae
Corethron criophilum Castracane
Coscinodiscophycidae
Coscinodiscales
Coscinodiscaceae
Coscinodiscus concinnus W. Smith
Coscinodiscus radiatus Ehrenberg
Coscinodiscus wailesii Gran & Angst
Heliopeltaceae
Actinoptychus senarius (Ehrenberg) Ehrenberg
Hemidiscaceae
Hemidiscus cuneiformis Wallich
Melosirophycidae
Melosirales
Melosiraceae
Melosira sp.
Paraliophycidae
Paraliales
Paraliaceae
Paralia sulcata (Ehrenberg) Cleve
Mediophyceae
Biddulphiophycidae
Biddulphiales
Bellerocheaceae
Bellerochea
Bellerochea malleus (Brightwell) Van Heurck
Chaetocerotophycidae
Anaulales
Anaulaceae
Terpsinoë musica Ehrenberg
Chaetocerotales
Chaetocerotaceae
Bacteriastrum delicatulum Cleve
Chaetoceros aequatorialis Cleve
Chaetoceros affinis Lauder
Chaetoceros coarctatus Lauder
Chaetoceros costatus Pavillard
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Chaetoceros curvisetus Cleve
Chaetoceros danicus Cleve
Chaetoceros debilis Cleve
Chaetoceros didymus Ehrenberg
Chaetoceros lorenzianus Grunow
Chaetoceros peruvianus Brightwell
Chaetoceros radicans F.Schütt
Chaetoceros subtilis Cleve
Leptocylindraceae
Leptocylindrus danicus Cleve
Leptocylindrus minimus Gran
Hemiaulales
Hemiaulaceae
Cerataulina pelagica (Cleve) Hendey
Thalassiosirophycidae
Eupodiscales
Parodontellaceae
Trieres chinensis (Greville) Ashworth & E.C.Theriot
Stephanodiscales
Stephanodiscaceae
Cyclotella meneghiniana Kützing
Cyclotella sp.
Thalassiosirales
Skeletonemataceae
Skeletonema cf. costatum (Greville) Cleve
Thalassiosiraceae
Thalassiosira cf. leptopus (Grunow) Hasle & G.Fryxell
Thalassiosira subtilis (Ostenfeld) Gran
Charophyta
Zygnematophyceae
Zygnematophycidae
Desmidiales
Closteriaceae
Closterium leibleinii Kützing ex Ralfs
Closterium setaceum Ehrenberg ex Ralfs
Closterium sp.
Desmidiaceae
Cosmarium sp.
Staurastrum sp.
Zygnematales
Zygnemataceae
Spirogyra sp.
Chlorophyta
Chlorophytina
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Chlorophyceae
Chlamydomonadales
Volvocaceae
Pleodorina sp.
Sphaeropleales
Radiococcaceae
Gloeocystis sp.
Selenastraceae
Monoraphidium sp.
Scenedesmaceae
Tetradesmus lagerheimii M.J.Wynne & Guiry
Coelastroideae
Coelastrum sp.
Desmodesmoideae
Desmodesmus communis (E.Hegewald) E.Hegewald
Trebouxiophyceae
Chlorellales
Chlorellaceae
Dictyosphaerium sp.
Cyanobacteria
Cyanophyceae
Nostocophycidae
Nostocales
Aphanizomenonaceae
Aphanizomenon sp.
Oscillatoriophycidae
Chroococcales
Chroococcaceae
Chroococcus sp.
Cyanothrichaceae
Johannesbaptistia sp.
Oscillatoriales
Coleofasciculaceae
Geitlerinema sp.
Microcoleaceae
Planktothrix isothrix (Skuja) Komárek & Komárková
Planktothrix sp.
Trichodesmium erythraeum Ehrenberg ex Gomont
Oscillatoriaceae
Lyngbya confervoides C. Agardh ex Gomont
Lyngbya sp.
Spirulinales
Spirulinaceae
Spirulina sp.
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Synechococcophycidae
Synechococcales
Merismopediaceae
Merismopedia sp.
Pseudanabaenaceae
Pseudanabaena sp.
Euglenozoa
Dipilida
Euglenophyceae
Euglenophycidae
Euglenida
Euglenidae
Eugleninae
Euglena gracilis G.A.Klebs
Euglena sp.
Phacidae
Lepocinclis sp.
Phacus acuminatus A.Stokes
Phacus acutus Pochmann
Phacus longicauda (Ehrenberg) Dujardin
Eutreptiiida
Eutreptiidae
Eutreptiella sp.
Miozoa
Myzozoa
Dinozoa
Dinoflagellata
Dinophyceae
Dinophysales
Dinophysaceae
Metadinophysis sinensis Nie & Wang
Gonyaulacales
Ceratiaceae
Tripos furca (Ehrenberg) F.Gómez
Tripos fusus (Ehrenberg) F.Gómez
Tripos hircus (Schröder) F.Gómez
Tripos muelleri Bory
Tripos trichoceros (Ehrenberg) Gómez
Gymnodiniales
Gymnodiniaceae
Akashiwo sanguinea (K.Hirasaka) Gert Hansen & Moestrup
Margalefidinium polykrikoides (Margalef ) F.Gómez, Richlen & D.M.Anderson
Gyrodiniaceae
Gyrodinium sp.
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Peridiniales
Peridiniaceae
Peridinium quadridentatum (F.Stein) Gert Hansen
Peridinium sp.
Protoperidiniaceae
Protoperidinium brevipes (Paulsen) Balech
Protoperidinium leonis (Pavillard) Balech
Protoperidinium steinii (Jørgensen) Balech
Protoperidinium sp.
Prorocentrales
Prorocentraceae
Prorocentrum compressum (Bailey) T.H.Abé ex J.D.Dodge
Prorocentrum cordatum (Ostenfeld) J.D.Dodge
Prorocentrum gracile F.Schütt
Prorocentrum lima (Ehrenberg) F.Stein
Prorocentrum micans Ehrenberg
Prorocentrumw cf. rhathymum A.R.Loeblich III, Sherley & R.J.Schmidt
Thoracosphaerales
Thoracosphaeraceae
Scrippsiella cf. acuminata (Ehrenberg) Kretschmann, Elbrächter, Zinssmeister, S.Soehner, Kirsch, Kusber & Gottschling
Noctilucophyceae
Noctilucales
Noctilucaceae
Noctiluca scintillans (Macartney) Kofoid & Swezy

Dictyosphaerium sp. and Pleodorina sp., both freshwater species, predominated.
In the transitional zone, in addition to the species that formed blooms during the rainy season, the
most abundant species were from marine habitats,
with a predominance of diatoms, followed by dinoflagellates. In the dry season, besides the bloom of A.
sanguinea, there was also a greater abundance of the
dinoflagellate S. cf. acuminata. However, marine diatoms were predominant, with a greater abundance
of the following species: Cerataulina pelagica (Cleve)
Hendey, Cyclotella meneghiniana Kützing, Gyrosigma
sp., Paralia sulcata (Ehrenberg) Cleve, Pseudo-nitzschia
spp., Skeletonema cf. costatum, and Thalassiosira cf.
leptopus (Grunow) Hasle & G.Fryxell, besides, Euglena
sp. and Eutreptiella sp., both Euglenophyceans. The
marine zone presented a predominance of marine
diatom species, together with the marine dinoflagellate Metadinophysis sinensis Nie & Wang and the
marine cyanobacteria Johannesbaptistia sp., in the

rainy season. In the dry season, marine diatoms predominated: Cylindrotheca closterium (Ehrenberg)
Reimann & J.C.Lewin, Guinardia delicatula (Cleve)
Hasle, Pseudo-nitzschia sp., and Leptocylindrus minimus Gran.

DISCUSSION
The historical average rainfall in the region of
Paraguaçu River Estuary - Todos os Santos Bay is
2,100 mm per year, with the highest rainfall recorded
between April and September, and a dry season from
October to March (Cirano and Lessa, 2007; Hatje and
Andrade, 2009). This pattern was verified throughout
the study, with the exception of March, which presented greater precipitation (161.15 mm) than the
typical average of the dry season (44.33 ± 31.68 mm).
In general, during the rainy season, greater continental drainage influences water quality standards,
increasing the concentration of dissolved inorganic
nutrients in estuaries, for example, due to increased
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Figure 3. Average variation of the microphytoplankton abundance/cell density (cell L-1) (bars) and Shannon–Weaver Index (H’) (lines) in the
rainy (April–September, 2007, and March, 2008) and dry seasons (October–December, 2007, and January and February, 2008) , and indication
of the months of occurrence of the blooms of: Guinardia striata (TZ; April), Scrippsiella cf. acuminata (FZ; August), Euglena gracilis (TZ; August),
Skeletonema cf. costatum (TZ; September) and Akashiwo sanguinea (TZ; December) in the Paraguaçu estuarine gradient. FZ = freshwater zone;
TZ = transitional zone; MZ = marine zone.

Table 3. Relative contribution (%) of environmental variables (physicochemical, nutrients and rain) to the microphytoplankton abundance in the rainy (April–September, 2007, and March, 2008) and dry (October–December, 2007, and
January and February, 2008) seasons in the Paraguaçu estuarine gradient. FZ = freshwater zone; TZ = transitional zone;
MZ = marine zone.
Variance partition variables

Rainy

Dry

FZ

TZ

MZ

FZ

TZ

MZ

Physicochemical

16%

19%

11%

18%

4%

11%

Nutrients

9%

2%

2%

11%

5%

4%

Rain

6%

2%

2%

-

1%

1%

Physicochemical + rain

5%

-

1%

-

-

-

Nutrients + rain

11%

1%

-

2%

4%

-

-

-

-

11%

-

1%

Physicochemical + nutrients

inputs from rivers (Noriega et al., 2019). In the case
of the Paraguaçu River estuary, the influence of the
Pedra do Cavalo dam that controls the flow of freshwater in the estuarine gradient must be considered,
which ats as a physical barrier, retaining the material
in the river channel. However, during our study period, the dam flow data was not available.

Thus, even with the variation recorded for the
volume of rainfall throughout the study, discrete
variations were recorded in the pattern of dissolved
nutrients in the estuarine system, which maintained
oligotrophic characteristics along the estuarine gradient, in the two pluviometric seasons. In the monitoring carried out between 2013 and 2014 in Todos
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Figure 4. Non-metric multidimensional scaling (NMDS) analysis of the taxa identified in the three estuarine zones of the Paraguaçu estuarine
gradient. FZ = freshwater zone; TZ = transitional zone; MZ = marine zone.

os Santos Bay, with points distributed from the marine zone (coinciding with the delimitation that we
used in the present study), an increase in the concentrations of dissolved nutrients during the period of
greatest rainfall was registered. However, Lessa et al.
(2018) identified dilution effects that maintained low
nutrient concentrations in BTS, even under conditions of greater discharges into the Paraguaçu River.
We observed the typical species composition
pattern from the tropical coastal environments (e.g.
Rochelle-Newall et al., 2011; Chowdhury et al., 2017;
Saifullah et al., 2019), with greater richness of the
groups Charophyta, Chlorophyta and Euglenozoa
in the zone under the most direct influence of the
river input, and the greater richness of diatoms, followed by dinoflagellates, in the transition and marine
zones. In the rainy season, species of Cyanophyta and
Chlorophyta showed a greater spatial distribution in
the estuarine gradient, certainly influenced by the
greater river input in the system.
The algal blooms, in principle, represent a major
source of food at the base of the aquatic food chain
(Smayda, 1997). In this sense, the blooms recorded

throughout the present study can be considered as
a positive increase in the abundance and biomass of
primary producers in the estuarine gradient, since
they did not present any detectable harmful effects.
However, it is important to consider that, among
the five species that formed blooms, Skeletonema
cf. costatum, Scrippsiella cf. acuminata, and Akashiwo
sanguinea are classified as potentially harmful species (Castro and Moser, 2012), already registered as
causing deleterious effects in some systems.
Skeletonema cf. costatum is a cosmopolitan, neritic species (Cupp, 1943; Hasle and Syvertsen, 1997),
commonly recorded as forming summer blooms, under conditions of high temperatures, high irradiance,
little mixing in the water column, higher concentrations of phosphate, and nitrate-limited (Shikata et al.,
2008; Liu et al., 2005; Hu et al., 2011). We observed
similar conditions: rainy season, very low concentrations of nitrite (<0.01) and nitrate (0.05 µM) and
higher phosphate concentration (0.13 µM) during
the bloom of S. cf. costatum in the Paraguaçu estuarine system. Along the Brazilian coast, it has also
been recorded at high densities in the Paranaguá
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Bay, influenced by the greater fluvial input, periods of
high rainfall (Fernandes and Brandini, 2004) and associated with higher concentrations of ammonia in
the water on the coast of Rio de Janeiro (Silva et al.,
1988). This diatom is classified as a potentially harmful species since it can cause the death of fish and invertebrates when forming blooms with high biomass
(e.g., Hallegraeff et al., 1995; Moestrup et al., 2009;
Proença et al., 2011). This is therefore a potential risk,
considering that one of the main ecosystem services
of the estuarine system of the Paraguaçu River is the
provision of fish for riverside families.
A prominent ecological characteristic of
Scrippsiella cf. acuminata is its efficiency in forming
temporary cysts, as a form of resistance, which can
remain in benthic reservoirs and return to plankton,
forming blooms under favorable conditions (Cloern
and Dufford, 2005; Wang et al., 2007). These conditions generally include a high incidence of sunlight,
high temperature, and high nutrient concentrations
(Gárate-Lizárraga et al., 2009; Okolodkov et al., 2014;
Kumar et al., 2018). However, even in an oligotrophic
system such as the Paraguaçu River estuary, this species can be favored by small nutrient inputs in periods
of higher rainfall. Records of blooms causing changes
in water color and the death of fish and invertebrates,
due to the depletion of dissolved oxygen, have been
reported even under conditions of low nutrient availability (Hallegraef, 2003; Yin et al., 2008).
Guinardia striata and Euglena gracilis are species
that are considered non-harmful, the first a marine
species and the second, a species typical of freshwater. These species are often reported as forming blooms in their respective habitats. Although
Whichard et al. (2008) point to possible deleterious
effects of G. striata, leading to a reduction in the
incubation success of eggs and an increase in the
incidence of larval deformity of copepods, no ecological impacts were registered due to blooms of
this species in the coastal waters of Cabo Frio - Rio de
Janeiro, Ubatuba - São Paulo, and the Paranaguá Bay
– Paraná. These are sites associated with conditions
of high temperature, low nutrient concentration, and
increased rainfall (Silva et al., 1988; Sassi and Kutner,
1982; Fernandes and Brandini, 2004), conditions similar to those recorded during the bloom period of the
species in the Paraguaçu estuary.

Phytoplankton community in a tropical estuary

The Euglena gracilis bloom is notable because
this is an indicator species of organic pollutants (Li
et al., 2014). Although we have shown oligotrophic
characteristics in the estuarine gradient, it must be
considered that the entire region surrounding the estuary and BTS has problems with basic sanitation infrastructure, with domestic sewage discharging into
the water bodies. Further, an additional potential risk
of water contamination could be due to the industrial activities developed in BTS (Hatje and Andrade,
2009).
Harmful blooms of Akashiwo sanguinea can
mainly cause conditions of anoxia in the water column, or the clogging of gills of fish and invertebrates
(Hallegraeff, 2003; Jessup et al., 2009). In BTS, the
bloom of this species, which motivated the present
study, was favored by conditions such as low wind intensity and high temperature, after a period of heavy
rains in the region of the head of the river, which
caused a high intake of freshwater into the estuarine
system. This is evident from the reduction of salinity
to below 30, whereas the normal range varies between 32 and 39 (Lessa et al., 2018). Increased rainfall
can result in the opening of the gates of the Pedra do
Cavalo dam. This process promotes greater freshwater fluxes and consequently large dissolved nutrients
input, which are carried along the estuary up to BTS.
It is suggested that the establishment of these
favorable environmental conditions provided the
breakdown of resistance cysts deposited in the system, thus forming an enormous bloom of A. sanguinea, as evidenced by Badylak et al. (2017) in the
Caloosahatchee estuary in Florida. According to the
authors, the deposit of cysts subsidized the formation of a bloom, under conditions of low salinity, high
temperature, and increase in the total concentrations
of phosphorus and nitrogen. In estuaries subject to
large freshwater inflows, A. sanguinea presents cell
densities around 7.4 x 105 cells L-1, in a great range of
salinities (Badylak et al., 2014), forming blooms (1.5
x 106 cells L-1) in conditions of warm surface waters
and near the end of the upwelling phase (White et al.,
2014). This species has a wide distribution in the estuarine systems of Northeast Brazil, presenting shortterm variations in abundance under tidal effects (e.g.
Affe et al., 2018; Santos et al., 2020). Besides, its density increases during the rainy seasons, in low tide
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periods, especially under conditions of increasing
concentrations of organic and inorganic phosphorus
(Koening et al., 2014).
Although blooms did not cause any notable
changes in the water column, it is important to consider that a possible establishment of favorable environmental conditions can provide the formation of
a more expressive bloom, which can trigger harmful
effects on the system. The existence of the anthropogenic pressures and the occurrence of potentially
harmful species need to be considered to better understand the dynamics of the phytoplankton community in the estuarine system, as well as to guide
initiatives to mitigate possible new harmful algal
blooms.
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