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Spatial and seasonal variation of microphytoplankton community and 
the correlation with environmental parameters in a hypereutrophic 
tropical estuary - Maranhão - Brazil

The Bacanga River Estuary has a hydrodynamic 
behavior and its tidal flow is limited by a dam. It 
is considered as a hypertrophic environment that 
receives daily high loads of domestic sewage 
without treatment. This study aimed to evaluate 
the spatial and temporal variation of phytoplankton 
community and its relationship with environmental 
parameters. Bi-monthly sampling campaigns were 
carried out at six fixed sites between 2012 and 2013. 
Physical-chemical and biological parameters were 
collected (chlorophyll a, phytoplankton composition 
and abundance) to perform the statistical 
correlations. The results indicate that phytoplankton 
community is mostly represented by diatoms, with 
Skeletonema costatum being the dominant species 
responsible for bloom in April and June of 2012. 
The dominance of this species is related to the high 
silicate concentrations, pH and turbidity. Other 
blooms events as well as the Euglena gracilis and 
Chlamydomonas sp. were recorded in February 
2013, when the total phosphorus concentrations 
were high and the dissolved oxygen concentrations 
were higher. Dinoflagellates, cyanobacteria and 
diatom Thallassiosira sp. were widely distributed 
in the dry period and highly correlated with salinity, 
water transparency and nutrients. Hence, the 
distribution of phytoplankton community is more 
defined seasonally, rather than spatially.

AbstrAct

Descriptors: Algal bloom, Microalgae, Nutrients.

O estuário do rio Bacanga apresenta um 
comportamento hidrodinâmico com fluxo de marés 
limitado por uma barragem. Ele é considerado como 
um ambiente hipereutrófico que recebe diariamente 
altas cargas de esgoto doméstico sem tratamento. 
Este trabalho teve como objetivo avaliar a variação 
espaço-sazonal da comunidade fitoplanctônica 
e suas relações com parâmetros ambientais. 
Amostragens bimestrais foram realizadas em seis 
pontos fixos entre 2012 e 2013, obtendo valores dos 
parâmetros físico-químicos e biológicos (clorofila 
a, composição e abundância do fitoplâncton) para 
realização das análises estatísticas. Os resultados 
indicam que a comunidade fitoplanctônica é 
representada por diatomáceas, sendo Skeletonema 
costatum a espécie dominante responsável por 
pulsos de florações em abril e junho de 2012. O 
predomínio dessa espécie está relacionado aos 
elevados teores de silicato, pH e turbidez da água. 
Outros eventos de florações como da Euglena 
gracilis e Chlamydomonas sp. foram registrados em 
fevereiro de 2013, quando os teores de fósforo total 
estiveram elevados e as taxas de oxigênio dissolvido 
foram superiores. Os dinoflagelados, cianobactérias 
e a diatomácea Thallassiosira sp. apresentaram 
ampla distribuição no período de estiagem e estão 
altamente correlacionados com a salinidade, 
transparência da água e nutrientes. Desta forma, a 
distribuição da comunidade fitoplanctônica é mais 
definida sazonalmente que espacialmente
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INTRODUCTION
Estuaries are hydrodynamic coastal environments, 

where the freshwater flow of rivers is mixed with the salt 
water from the oceans causing extensive environmental 
fluctuations (NASCIMENTO et al., 2003; MASUDA et al., 
2011). Those conditions create a biologically productive 
system, considered “hotspots” in the cycling and export 
of nutrients, increasing the rates of biological metabolism 
and the local primary production (GREGO et al., 2009; 
CALLAWAY et al., 2014; CLOERN et al., 2014).

Those environments are such good places for 
ecological studies, not only because of the spatial and 
temporal variations of biotic and abiotic processes, but 
also because they are considered as the most degraded 
environments due the coastal urban development, which 
leads to aquatic eutrophication (MATOS et al., 2011; 
CAREY et al., 2013; WILD-ALLEN et al., 2013).

The high load of nutrients in coastal habitats promotes an 
increase in the magnitude and frequency of phytoplankton 
blooms, affecting the biogeochemistry and structure of the 
trophic web being a challenge for the continued activity 
of these systems (PAERL et al., 2014; LU; GAN, 2015; 
SIN et al., 2015). Thus, the phytoplankton acts as an 
outstanding environmental indicator (GUENTHER et al., 
2015), once it is the transfer link and energy in estuarine 
trophodynamics. The phytoplankton community is capable 
of changing its composition and structure in response to 
different modifications of the environmental conditions 
caused by humans (REYNOLDS, 2006; GREGO et al., 
2009; SEGURO et al., 2015).

This study was conducted in a hypereutrophic 
tropical estuary (SILVA et al., 2014), located in a densely 
populated area of the São Luís Island. The area receives 
daily high loads of domestic sewage without treatment 
(Instituto da Cidade, Pesquisa e Planejamento Urbano e 
Rural - INCID). The estuary of the Bacanga River has 
a hydrodynamic behavior of raising and lowering of 
tides limited by a transverse dam installed in its mouth. 
The opening and closing of the dam gates is irregular, 
which hinders the water level control up to 4 meters 
(PITOMBEIRA; MORAIS, 1977). Studies about the 
microphytoplankton community are scarce, unlike the 
ones about the use and occupation of soil, degradation 
and availability of water resources, geomorphology and 
rehabilitation of degraded areas (CARVALHO et al., 2000; 
POTAZIO et al., 2004; RIBEIRO et al., 2005; COELHO; 
DAMÁZIO, 2006; ANDRADE; CASTRO, 2007; ROJAS 

et al., 2007; BEZERRA et al., 2009; SILVA et al., 2014). In 
this context, this study was established as the first record 
of the phytoplankton in that area, in order to evaluate the 
spatial and temporal variation of that community and 
its relationship with environmental parameters over an 
annual cycle.

MATERIAL AND METHODS
Study area

The Bacanga River Estuary is located in the northwest 
portion of the São Luís Island, Maranhão (2°32’26’ 
2°38’07”S and 44°16’00” and 44°19’16”W) and from its 
source to its mouth it is about 22 Km covering an area of 
11,030 hectares and then it flows into São Marcos Bay. It 
is featured as a shallow system formed by two tributaries 
(Bicas River and Gapara River), which together are part 
of an Environmental Protection Area called Bacanga State 
Park (Figure 1). The area has a tropical humid climate with 
high temperatures throughout the year, represented by two 
well-defined seasonal periods: rainy season (January to 
July) and dry season (August to December) (AZEVEDO 
et al., 2008).

Samples were collected at six sites (Figure 1) along 
the estuary, following the annual cycle between 2012 
and 2013. Six bimonthly samples were taken, three of 
which occurred in the rainy season (April/12, June/12 
and February/13) and three in the dry season (August/12, 
September/12 and December/12). The sampling followed 
the normal inflow of seawater (downstream-upstream) 
during the ebb tide in compliance with the lunar cycle.

Quality water and meteorological 
analysis

The evaluation of water quality was based on physical 
and chemical parameters, such as water temperature, pH, 
salinity and total dissolved solids (TDS) were obtained 
with the aid a multi-parameter probe (Hanna-9878). The 
water transparence was obtained using the Secchi disk 
and turbidity was measured using a turbidimeter (Lamotte 
2020), these parameters were analyzed in situ. For nutrient 
analysis 2 liters of water were collected at the surface layer 
(50 cm depth) using a Von Dorn bottle. Quantification of 
DIN (NH4

+ + NO2
- + NO3

-), DIP (PO4
-3), total phosphorus 

(TP) and inorganic silicate (SiO2
-3) followed the 

methodology described in “Standard Methods for Water 
and Wastewater” (APHA, 2012). Total phosphorus and 
nitrate were determined using the methodology described 
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Figure 1. Estuary of Bacanga River and sampling sites (B1, B2, B3, B4, B5 e B6).

by KOROLEFF (1983). Nitrite determination was based 
on the method of STRICKLAND and PARSONS (1972), 
silicate and orthophosphate (GRASSHOFF et al., 1983). 
Dissolved oxygen was determined by the chemical method 
of Winkler modified by GOLTERMAN et al. (1978). The 
historical mean (2003-2013) and total monthly rainfall 
were obtained by the Laboratory of Meteorology of the 
Maranhão State University (LabMet/UEMA).

Phytoplankton composition
For qualitative analysis of microphytoplankton, 

horizontal hauls were taken in the euphotic zone (20 cm 
depth). The samples were stored in plastic bottles and 
kept with buffered formalin 4%. In the laboratory, the 
identification was made through mounting of temporary 
and permanent slides (MÜLLER-MELCHERS; 
FERRANDO, 1956), using the recommended 
bibliography. For classification and updating of the taxa 
the website AlgaeBase was used (http://www.algaebase.
org).

The frequency of occurrence of taxa was calculated 
according to MATEUCCI and COLMA (1982), using 
the ratio between the numbers of samples in which each 
taxon occurred, and the total number of samples tested. 
The following categories were obtained: very frequent 
(≥75%), frequent (<75% and ≥50%) occasional (<50% 
and ≥25%) and rare (<25%).

Chlorophyll a and microphytoplankton 
density

To obtain the chlorophyll data, two liters of water 
were collected in the surface and placed in matte vials 
and then they were vacuum filtered through glass-fiber 
filters Whatman GF/C (0.48μm pore size and 24 mm 
diameter). Two total filtrations and two fractionated 
filtrations were performed resulting in the largest 
and in the smallest fraction of the phytoplankton, 
microphytoplankton (>20μm) and nano/pico 
phytoplankton (<20μm), respectively. For the samples 
fractioning, it was used a screen with a mesh aperture 
of 20μm. The filtrate volume ranged from 0.10 to 0.25 
liters. After drying, the filters were kept in a freezer 
(-18°C) until the extraction of the chlorophyll pigments 
using the method of spectrophotometry (UNESCO, 
1966) and it was used the calculation suggested by 
STRICKLAND and PARSONS (1972).

The sampling for phytoplankton density followed the 
same methodology used to obtain chlorophyll. However, 
250 mL aliquots in Lugol’s solution were kept until cell 
counting through the Utermöhl technique (FERRARIO et 
al., 1995). Based on the cell counts per liter, ecological 
diversity indexes were calculated (SHANNON; 
WIENNER, 1963) according to the classification to 
VALENTIN (2000), species richness (MARGALEF, 
1958) and species evenness (PIELOU, 1966).
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Statistical analysis
PERMANOVA and Two-way ANOVA were 

performed in order to determine the significant differences 
(p<0.05) of the physical-chemical factors among seasonal 
periods and sampled sites. Principal Component Analysis 
was applied to standardized data in order to obtain the 
correlation among the environmental variables. To see the 
correlation of environmental variables among dominant 
species groups in the counting of cell per liter, it was 
used the Canonical Correspondence Analysis not rectified 
(CCA). Pearson’s Correlation Analysis was performed to 
correlate the phytoplankton density in relation to different 
physical-chemical factors analyzed. SIMPER analysis 
was used to determine the contribution of taxa between 
seasonal periods. All statistical analyzes were performed 
with the aid of the software STATISTIC 10.0 and Past 
2.16.

RESULTS
Physical and chemical water parameters 
and meteorological characteristics

The characteristics of the estuarine waters of the 
Bacanga River are summarized in Table 1, with significant 
spatial and temporal differences of environmental variables 
according to the PERMANOVA analysis (F=6.51 and 
p=0.0001).

The pH (overall average 8.35±0.56; F=1.59, p>0.05) 
and the dissolved oxygen (6.06±0.56 mg L-1; F=0.65, 
p>0.05) showed no significant temporal and spatial 
differences. However, the salinity values (20.43±09.04; 
F=34.79, p<0.001) were significant regarding the seasonal 
and spatial variations, showing lower values in the 
rainy period and increasing in the downstream direction 
(Table 1).

Turbidity (10.99±4.79 NTU F=5.77, p<0.05) and TDS 
(19.00±6.26 mg L-1; F=5.51, p<0.05) were significant 
in the rainy season, whereas the water transparency 
(0.76±0.26 m; F=0.34; p>0.05) and depth (2.39±2.34 
m; F=0.99; p>0.05) were significant only spatially. The 
water temperature (29.99±1.03ºC; F=0.13; p>0.05) was 
significant in regard to the spatial variation with higher 
values in section 5 (Table 1).

The concentrations of NO3
- (0.13±0.81 µmol L-1; 

F=0.65, p>0.05) showed no significant spatio-temporal 
differences. However, the concentrations of NO2

- 
(0.47±0.36 µmol L-1; F=5.03, p<0.05) were significant 
considering the seasonal periods and the spatial variation, 

showing higher values in the dry season at site 3 (Table 1). 
The NH4

+ ion (84.92±100.44 µmol L-1; F=5.56, p<0.05) 
was significant considering both seasonal and spatial 
variations, showing higher values in the dry season, 
specifically at the sites 2 and 4. The DIN showed an overall 
average of 100.44±85.58 µmol L-1 (F=5.66, p<0.05) and 
had the NH4

+ as its main component, indicating a recent 
pollution of the environment.

TP rates (6.08±5.56 µmol L-1; F=1.08, p>0.05) were 
high all the year, and the concentrations of DIP (PO4

-3) 
had an average of 26.53±46.73 µmol L-1(F=3.19, p>0.05). 
The SIO2

- had an average of 66.24±86.37 µmol L-1 
(F=3.70, p>0.05) showing no significant difference with 
DIN: DIS ratio (02.04±1.29 µmol L-1; F=2.88, p<0.05). 
The DIN: DIP molar ratio was lower than 16:1 in both 
seasonal periods, showing nitrogen limitation. However, 
the months of February (at the sites 5 and 6) showed high 
Redfield ratio, having the phosphate as the limiting factor.

The historical mean rainfall (2003 - 2013) showed an 
average of 1790.43 mm, ranging from 995 mm in 2012 
to 2536.10 mm in 2011. It was observed a seasonal cycle 
well defined with an intensification of the rainy season 
from January to July and April as the month that presents 
the highest rainfall events, and a dry period from August 
to December, in which September is the driest month. The 
heaviest rainfall occurred in February/2013 (296 mm) and 
the lowest in October/2012 (2.8) (Figure 2).

Phytoplankton composition
With the qualitative analysis of phytoplankton 

composition at the investigated area of the estuary of 
the Bacanga River, 133 phytoplankton species have 
been distributed in five divisions: Bacillariophyta 
(64.66%), Dinophyta (12.03%), Cyanobacteria (28.11%), 
Euglenophyta (27.8%) and Chlorophyta (3.76%) 
(Figure 3).

Regard the seasonal distribution, diatoms 
predominated in the rainy season with a percentage of 
67.96% and in the dry season with 61.61%. Dinoflagellates 
were more representative in the dry season with 14.29% 
and cyanobacteria in the rainy season with 12.62% (Figure 
3). The most representative class was Mediophyceae with 
41 species, especially the Chaetocerotaceae family, in 
which Chaetoceros was the most expressive genus with 23 
species. Within the dinoflagellate group, eight species of 
the genus Protoperidinium were identified. For the spatial 
distribution, the diatoms (site 1, 78.31%), dinoflagellates 
(site 2, 3.93%), and cyanobacteria (site 2, 16.79%) showed 
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Figure 2. Historical mean (2003-2013) and total monthly rainfall during the study period (April 
2012 to February 2013).

Figure 3. Seasonal variation of phytoplankton distribution by representative group in the 
estuary of the River Bacanga.

higher contribution at the sites closer to the dam; however, 
euglenophytes (site 4, 13.74%) and chlorophytes (site 5, 
2.27%) at the sites further from the dam (Table 2).

In relation to the occurrence frequency, 81.20% of 
the species were classified as rare, 10.53% as occasional, 
2.06% as frequent and only 2.26% as very frequent. 
Within this group, Gyrosigma balticum, Navicula sp. 
and Nitzschia sigma occur in 100% of the samples. As 
for seasonal variation, Oscillatoria principes occurred in 
100% of the samples collected in the rainy season, whereas 
Coscinodiscus rothii and Protoperidinium sp1 occurred in 
100% of the dry season samples.

Chlorophyll a and microphytoplankton 
density
Chlorophyll a

Chlorophyll a concentrations ranged from 10.06±5.44 
µg L-1 (dry season - site 5) to 73.29±61.42 µg L-1 (rainy 
season - site 1) and it was more significant in the rainy 
season (F=5.99 and p<0.05) (Figure 4).

The microphytoplankton was the main contributor 
to the photosynthetic process in 47.22% of the samples, 
ranging from 1.69±0.16 at site 3 during the dry season, 
to 54.97±54.71 µg L-1 at site 1 during the rainy season 
with a higher level of significance (F=4.35 and p<0.05). 
However, the nano/pico phytoplankton (< 20μm) was 
not significant between seasonal periods and the sampled 
sites. It was considered the most representative portion of 
the sample 52.78%, with the lowest value of 7.67±5.40 µg 
L-1 in the dry season and the higher value of 41.60±51.18 
µg L-1 (F=3.54 and p>0.05) in the rainy season, both at site 
5 (Figure 5).

Density of microphytoplankton
The phytoplankton density was lower during the dry 

season (369.024±203.786 cell L-1) at site 3 and higher in 
the rainy season (15,671,680±27,039,949 cell L-1) at site 
6 (F=1.47; p>0.05) (Figure 6), and in the rainy season 
occurred the major algal blooms.

Some algal bloom events were recorded over the study 
period. The increase in algae recorded at sites 1 and 2 was 
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TAXON RAINY DRY TAXON RAINY DRY

CYANOBACTERIA Protoperidinium sp1 1, 2, 3, 4 e 5 ALL

Chroococcus turgidus 1,3,4,5 Protoperidinium sp2 2, 3, 4 e 6 1 e 2

Lyngbya sp. 2,3,5 e 6 ALL Protoperidinium sp3 1, 3, e 5 1, 4 e 5

Oscillatoria limosa 2, 3, 4 e 5 2, 3, 4 e 5 Protoperidinium sp4 1, 2 e 3

Oscillatoria princeps ALL ALL Protoperidinium sp5 1

Oscillatoria sp1 2, 4, e 6 1,2 e 4 Protoperidinium sp6 1, 5 e 6

Oscillatoria sp2 3 2 e 3 Pyrophacus steinii 4 e 5

Spirulina sp. 2 e 6 Tripos lineatus 1 1

Planktothrix agardhii 2 e 5 Tripos macroceros 3

Geitlerinema amphibium 1, 2, 3 e 6 2 e 6 BACILLARIOPHYTA

Microcystis botrys 5 Achnanthes brevipes 1

Microcystis viridis 2 5 Amphora proteus 2 e 3 6

Thricodesmium sp1 3 2, 3 e 6 Amphora sp. ALL 1, 3, 4, 5 e 6

Limnococcus limneticus 5 Bellerochea malleus 1, 2, 3 e 4 4

Limnococcus limneticus 5 Chaetoceros affinis 1, 3, 4, 5 e 6 1, 3 e 4

Merismopedia elegans 2,4 e 5 2,3 e 5 Chaetoceros atlanticus 
f. audax 1 e 3

Leptolyngbya tenuis 5 1, 2, 3, 5, e 6 Chaetoceros brevis 1 e 3 2

DINOPHYTA Chaetoceros compressus 1

Dinophysis sp. 1 e 3 1, 2, 3, 5 e 6 Chaetoceros constrictus 3 e 4 1, 2 e 3

Gonyaulax sp. 5 Chaetoceros curvisetus 1, 2, 3 e 4 1, 2 e 4

Gymnodinium sp. 1 e 3 2, 3, 4 e 5 Chaetoceros danicus 1 e 3

Oxytoxum sp. 1 e 3 1, 4 e 5 Chaetoceros debilis 3

Prorocentrum micans 4 Chaetoceros decipiens 1 e 3 1 e 2

Protoperidinium divergens 1 e 3 1, 2, 3 e 5 Chaetoceros densus 6

Protoperidinium steinii 2 ALL Chaetoceros didymus 1, 4 e 6 1, 3 e 4

Chaetoceros diversus 3 Entomoneis alata ALL ALL

Chaetoceros gracilis 1 Gyrosigma balticum ALL ALL

Chaetoceros holsaticus ALL 3 Hantzschia amphioxys 5 5

Chaetoceros lorenzianus 1, 2, 3 e 6 1, 2, 3 e 4 Helicotheca tamesis 3 1, 2, 3, 4 e 5

Chaetoceros pendulus 1 Lithodesmium undulatum 1

Chaetoceros peruvianus 3 Lyrella lyra 3 e 5

Chaetoceros pseudocurvisetus 1 e 4 1, 2, 3 e 4 Melosira nummuloides 1, 3 e 4

Chaetoceros rostratus 1 e 2 Navicula sp. ALL ALL

Chaetoceros simplex ALL ALL Navicula pennata 3, 4 e 5 1 e 3

Chaetoceros subtilis 1, 2 e 4 6 Nitzschia fasciculata 1 e 5 3, 5 e 6

Chaetoceros subtilis var. 
abnormis

1, 3, 4 e 5 1 e 3 Neostreptotheca 
subindica

2 e 3

Chaetoceros teres Cleve 1, 3, 4 e 5 ALL Pleurosigma normanii 5 2

Coscinodiscus curvatulus 1, 2, 3 e 4 ALL Pleurosigma sp1 ALL ALL

Coscinodiscus centralis 1, 3, 4 e 5 Pleurosigma sp2 1, 2, 3 e 4 ALL

Coscinodiscus granii 1 e 2 Pseudo-nitzschia pungens 1 1 e 2

Coscinodiscus radiatus 4 e 6 2 Paralia sulcata 3

Coscinodiscus rothii ALL ALL Pleurosigma angulatum 2, 3 e 6

Table 2. Composition, taxonomic classification and occurrence of microphytoplankton identified in the estuary of the 
Bacanga River (1, 2, 3, 4, 5 and 6 sites).
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Cyclotella stelligera 1 e 5 Pleurosigma elongatum 5

Cyclotella striata 3 5 e 6 Pleurosigma formosum 1, 2, 3 e 5

Cyclotella meneghiniana ALL 3, 5 e 6 Pseudo-nitzschia sp. 2 1, 3 e 5

Cylindrotheca closterium 1, 3, 4, 5 e 6 2, 3, 5 e 6 Rhizosolenia setigera 3

Cymbella sp. 3, 4 e 6 1, 2, 4 e 6 Skeletonema costatum ALL ALL

Diploneis gruendleri 3 Skeletonema tropicum 1, 2, 3, 4 e 5 2 e 6

Diploneis ovalis 3, 5 e 6 Synedra sp. 1

Diploneis weissflogii 2 Tabularia fasciculata 1 6

Ditylum brightwellii 2 Thalassiosira eccentrica ALL 1, 3 e 6

Thalassiosira leptopus 1, 2, 4 e 5 1, 2 e 6 EUGLENOPHYTA

Thalassiosira nanolineata 4 4 Euglena gracilis 4, 5 e 6 5

Thalassionema nitzschioides 1 1 Euglenaformis proxima 4, 5 e 6 3

Triceratium favus 1, 2 e 4 2 Euglena sp1 4, 5 e 6 1, 4, 5 e 6

Trieres mobiliensis 1 Euglena sp2 4 6

Trieres regia 1, 2, 4 e 5 1, 2, 3 e 4 Lepocinclis acus 3

Tryblionella granulata 4 e 5 3 Lepocinclis oxyuris 2, 3 e 4 1, 2 e 6

Tryblionella punctata 4 5 e 6 Peranema sp. 2

Tryblioptychus cocconeiformis 5 Phacus longicauda 1 e 2

Ulnaria ulna 1 e 3 2 e 5 Phacus sp. 3 4

CHLOROPHYTA Trachelomonas armata 4 e 5 5 e 6

Chlamydomonas sp. 3 6 Trachelomonas sp. 3

Desmodesmus quadricaudatus 5 2

Pediastrum duplex 3

Mougeotia sp. 5 1

Spirogyra sp. 5

Continued Table 2.

Figure 4. Spatial-temporal variation of the total chlorophyll concentrations in the estuary of 
the River Bacanga.

due to the specie Skeletonema costatum (814,775±1,968,950 
cells L-1) in April and June 2012. While the proliferation 
of Euglena gracilis (19,144,334±7,523,378 cells L-1) and 
Chlamydomonas sp. (731,154±310,224 cells L-1) occurred 
at site 6 in February 2013. In the rainy season, the number of 
Thalassiosira sp. (F=5.12 and p=0.03) and dinoflagellates 
(F=4.10 and p=0.005) decreased significantly (Table 3).

Regarding ecological indexes, the Bacanga River 
estuary showed a low species diversity (H’) with values 
ranging from 0.90±0.58 bits. cell-1 at site 6 during the dry 
season to 1.87±0.56 bits. cell-1 at site 5 in the rainy season. 
The richness was very low throughout the year, with the 
lowest value of 1.33±0.58 in the rainy season at site 6 and 
the highest value of 2.60±0.35 in the dry season at site 
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Figure 5. Spatial-temporal variation of chlorophyll concentrations (μg L-1) of 
microphytoplankton and nanopikophytoplankton in the estuary of the River Bacanga.

Figure 6. Variation spatial-temporal density of phytoplankton and ecological index in the 
estuary of the River Bacanga.

Table 3. Mean values of phytoplankton density (103 cells L- 1) in the estuary of the Bacanga River. (-) absent.

SPATIAL SEASONAL

Species 1 2 3 4 5 6 RAINY DRY

Skeletonema costatum 1178±2558 1201±2371 51±83 11±19 16±20 10±18 815±1969 7±13

Dinoflagellates 292±504 66±115 40±88 69±169 42±90 4±8 12±36 159±313

Euglena gracilis 50±88 247±590 25±39 68±151 413±893 5341±13054 1914±7523 134±343

Chlamydomonas sp. - - - - - 2193±5373 731±3102 -

Cyanobacteria 12±14 41±69 7±15 2±4 5±9 2±4 4±9 20±42

Group Chaetoceros 153±127 37±35 37±35 35±32 56±97 219±533 130±301 49±92

Group Thallassiosira 93±202 93±192 146±151 93±101 128±164 141±178 55±85 176±190

TOTAL 1178±2558 1201±2371 51±83 11±19 16±20 10±18 815±1969 7±13

3. The evenness (J’) ranged from 0.37±0.31 (site 2) to 
0.78±0.16 (site 5), both in the dry season (Figure 6). The 
moderate evenness is common to both seasonal periods, 
with no significant difference between rain and drought.

Statistical analysis
The PCA explained 55.46% of the total variance 

(Factor 1=21.15%, Factor 2=18.99% and Factor 3=15.31%) 

(Table 4) showing a seasonal scenario well defined in 
relation to environmental variables in factor 1, where the 
phytoplankton density (-0.68) and chlorophyll a (-0.69) 
were directly correlated with turbidity (-0.76) and dissolved 
oxygen (-0.60). Rainfall (0.67) was directly correlated with 
SiO2

- (0.81) and inversely correlated with salinity (-0.62) 
in the factor 2. The NH4

+ (-0.92) and NID (-0.92) showed 
strong correlation in factor 3 (Figure 7).
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Table 4. Principal taxon contributing to the mean dissimilarities between rainy and dry seasons, as determined by the 
SIMPER analysis.

Taxon Av. dissim Contrib. % Cumulative % Mean abund. 1 Mean abund. 2

Skeletonema costatum 21.48 25.96 25.96 8.15E+05 7.49E+03

Thalassiosira sp. 19.12 23.10 49.07 5.50E+04 1.76E+05

Euglena gracilis 15.98 19.31 68.38 1.91E+06 1.34E+05

Dinoflagellates 13.16 15.90 84.28 1.23E+04 1.59E+05

Chaetoceros sp. 8.726 10.54 94.82 1.30E+05 4.85E+04

Cyanobacteria 2.731 3.30 98.12 3.61E+03 1.95E+04

Chlamydomonas sp. 1.556 1.88 100 7.31E+05 0.01

Figure 7. Principal components analysis performed on environmental parameters, where: 
Secchi - water transparence; TDS - total dissolved solids; Pluv - pluviosity; DO - dissolved 
oxygen concentrations; Den - density; TºC - water temperature; NO-3 - nitrate concentrations; 
NO-2 - nitrite concentrations; NH4

+ - amnion concentrations; DIN - dissolved inorganic 
nitrogen concentrations; DIP - dissolved inorganic phosphorus concentrations; SiO2 - silicate 
concentrations; TP - total phosphorus concentrations; Chl-a - chlorophyll a concentrations.

The Canonical Correspondence Analysis (CCA) 
explained 80.72% of the relationships between species 
and environmental variables. The first axis (54.96%) 
showed that rain favors blooms of Skeletonema costatum 
at sites 1 and 2 and it was directly related to silicate 
concentrations, pH, and turbidity, causing an increase 
of chlorophyll concentrations. Also in the first axis, the 
proliferation of Euglena gracilis and Chlamydomonas sp. 
in February/2013 at sites 5 and 6, was strongly influenced 
by the high levels of total phosphorus that contributed to 
an increase in dissolved oxygen rates. The second axis 2 
(26.45%) showed that the dinoflagellates, cyanobacteria 
and Thallassiosira sp. have a wide distribution in the dry 
season and are highly correlated with salinity, transparency 
of water and nutrients (DIP and DIN) (Figure 8).

The SIMPER analysis showed dissimilarity of 82.74% 
in the distribution of dominant groups of phytoplankton 
between rainy season and dry season. The species 
Skeletonema costatum (25.96%), Euglena gracilis 
(19.31%), Chaetoceros sp. (10.54%) and Chlamydomonas 
sp. (1.88%) were dominant in the rainy season. Whereas 
the dry season had Thalassiosira sp. (23.10%), the 
dinoflagellates group (15.90%) and cyanobacteria (3.30%) 
as the most representative (Table 5).

Regarding the linear correlations, the phytoplankton 
density showed a strong positive correlation with NH4

+ 
(0.80), rain (0.80), DIN (0.81) and NO3

- (0.86), and the 
DIP showed strong correlation with the rain (0.98). 
The blooms of Skeletonema costatum (0.86), Euglena 
gracilis (0.83) and Chlamydomonas sp. (0.86) showed 
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Figure 8. Canonical correspondence analysis performed with environmental parameters and phytoplankton groups, where: Secchi - 
water transparence; Turb - Turbidity, Pluv - pluviosity, DO - Dissolved oxygen concentrations, DIN - dissolved inorganic nitrogen 
concentrations, DIP - dissolved inorganic phosphorus concentrations, SiO2 - silicate concentrations, TP - total phosphorus concentrations, 
Chl-a - chlorophyll a concentration, Sal - salinity, Dino - Dinoflagellates, Ciano - Cyanobacteria, Euglena - Euglena gracilis, Chlam - 
Chlamydomonas sp., S.costatum - Skeletonema costatum, Chaetoceros - Chaetoceros group and Thallsp - Thallassiosira sp.

Table 5. Eigenvalues, proportion of variation explained 
by each factor and variable loads of Principal Component 
Analysis (PCA).

Factor 1 Factor 2 Factor 3

Eigenvalue 3.59 3.22 2.60

% Total variance 21.15 18.99 15.31

DO -0.60 -0.35 0.42

pH -0.07 -0.10 0.19

Sal 0.45 -0.62 -0.18

Turbidity -0.76 0.27 -0.01

Secchi 0.58 -0.07 0.11

Depth -0.20 -0.48 -0.59

DIS -0.29 0.81 -0.12

NO-3 -0.12 0.40 0.16

NO-2 -0.33 -0.30 0.02

NH4 -0.23 0.01 -0.92

DIN -0.23 0.02 -0.92

DIP -0.43 -0.59 -0.13

TP -0.56 -0.13 -0.05

Chl-a -0.69 -0.23 0.36

TDS -0.01 -0.68 -0.03

Pluv -0.51 0.67 -0.11

Density -0.68 -0.34 0.25

high correlation with NO3
- concentrations. Thalassiosira 

sp. showed a strong relationship with water transparency 
(0.98), dinoflagellates (0.97) and cyanobacteria (0.82) 
groups were correlated with pH (Table 6).

DISCUSSION
These results show that environmental variations 

in the Bacanga River estuary are strongly affected by 
rainfall, which during the study showed a seasonal cycle 
well defined. However, it was atypical, according to the 
historical series (AZEVEDO et al., 2008). That is a typical 
scenario for the Amazon regimes (MONTEIRO et al., 
2016). The following diagram shows the interrelationships 
among those variables involved and the phytoplankton 
community, in which the rain was the enhancing agent of 
nutrient concentrations and the increase in local blooms.

These rainfall variations cause changes in the dynamics 
of the estuary such as reduced water transparency and 
salinity (GREGO et al., 2004; MOSER et al., 2005; LEÃO 
et al., 2008; SANTIAGO et al., 2010). The Bacanga River 
Estuary was characterized as a shallow system, low water 
transparency and high turbidity. According to CONLEY 
et al. (1993) and CLOERN (2001), the increasing of 
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phytoplankton biomass contributes to reduce water 
transparency and decreased availability of light energy.

The average concentrations of dissolved oxygen, 
classifies the estuary area as a low saturation zone, 
according to MACÊDO and COSTA (1978). However, 
in February/2013 oxygen super saturation zones were 
recorded at sites 5 and 6. These high concentrations of 
dissolved oxygen are related to the high chlorophyll 
rates (LU; GAN, 2015). According to GUENTHER et al. 
(2015), this scenario is common to restricted circulation 
environments and to the high primary production rates, 
exceeding the depletion of oxygen by heterotrophic 
organisms.

The pH is alkaline, showing a reduction in the water 
quality. However, it is within the limits for marine life 
(NASCIMENTO et al., 2003). The renewal time of 
Bacanga River Estuary waters depends on the seasonality. 
During the dry season, the gates remain closed most of 
the time. This residence time of freshwater in estuaries 
generates stabilization of the water column, and it is 
essential to add nutrients and allow faster growth of 
phytoplankton (ODEBRECHT et al., 2015).

The water temperature is stable in both seasons, 
which is common in tropical estuaries (MOSER et al., 
2005; AZEVEDO et al., 2008; RODRIGUES; CUTRIM, 
2010). The rain influences directly the salinity, which 
showed values significantly lower during the months of 
April and June, and it causes an increased salinity gradient 
toward the downstream, similar to that registered by 
PAMPLONA et al. (2013) in the Amazon estuary. The 
blooms of Skeletonema costatum, Euglena gracilis and 
Chlamydomonas sp occur when there is an intensification 
of the rainfall (LEÃO et al., 2008; BAZIN et al., 2014; 
JENDYK et al., 2014).

The combination of high nutrient concentrations may 
limit the growth of phytoplankton on a short time scale 
(WU; CHU, 2003) and the N: P ratio has been related to 
the occurrence of algal blooms in coastal waters (SOUZA 
et al., 2014). Based on that, the nitrogen was shown to be a 
limiting factor for the diatoms blooms and the phosphorus 
was a limiting factor for the proliferation of green algae and 
euglenoids. According to SIN et al. (2015) and SEGURO et 
al. (2015) it is common the nitrogen being the main limiting 
factor for marine phytoplankton and the phosphorus for 
continental phytoplankton. According to RODRIGUES and 
CUTRIM (2010), phosphorus is usually the main nutrient 
for microphytoplankton in the estuaries of Maranhão, 

suggesting that this community is physiologically well 
adapted to the conditions of nutrients mixing.

This scenario shows a distribution of the phytoplankton 
community well-defined seasonally. However, it does not 
happen spatially, once the algal bloom was potentiated by 
high concentrations of nutrients. The entry of nutrients can 
occur naturally through runoff, or through the discharge 
of domestic sewage (THOMAS et al., 2005; PAERL 
et al., 2010; SOUZA et al., 2014), and when dominants 
(ammonium and phosphorus) the N:P ratio is less than the 
Redfield ratio 16:1 (COELHO et al., 2015; SILVA et al., 
2015).

Based on that, the seasonal rainfall in tropical areas 
produce fluctuations in salinity, nutrient concentrations, 
turbidity and biological productivity (SANTIAGO et al., 
2010) and the ammonium was the main inorganic form of 
DIN in the Bacanga River Estuary, corroborating with the 
data of MOSER et al. (2005); PAMPLONA et al. (2013) 
and SILVA et al. (2015).

According to WU and CHOU (2003) and SIN et al. 
(2015), high concentrations of nitrogen in the environment 
may reduce productivity in eutrophic estuaries due to the 
increase of urban pollution.

Regarding the microphytoplankton composition, 
diatoms were the most representative group, followed 
by dinoflagellates (SEGURO et al., 2015), which are 
transported by tidal currents, and are more frequent 
in the dry season (PAIVA et al., 2006). The dominance 
of diatoms is common in estuarine systems due to their 
euryhaline nature (SENA et al., 2015) and it is correlated 
directly with the silicate content, since the major source 
of silica is from the continent and the diatoms frustules 
have silica in their composition. In estuaries of Maranhão, 
the predominance of that group occurs in over 80% of 
the phytoplankton composition (FERREIRA-CORREIA 
et al., 2004; RODRIGUES; CUTRIM, 2010) and when 
eutrophication happens, blooms of diatoms become more 
frequent due to the wide availability of nutrients and high 
salinity (MATOS et al., 2011). Under these conditions, the 
local phytoplankton community consists mostly of centric 
taxa classified as rare and occasional. That is due to the 
high hydrodynamic environment that can reach areas far 
from the mouth, that are considered lentic zones (PAIVA 
et al., 2006; SOUSA et al., 2008; REZENDE et al., 2015; 
SENA et al., 2015).

Thalassiosira sp. was the most representative species 
in the dry season, and it is related to the marine influence. 
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In estuarine ecosystems it is common the events of biomass 
production by the microphytoplankton, specifically 
diatoms, which are highly adapted to rapid population 
growth opportunities in shallow, turbulent, turbid waters 
and in waters enriched by nutrients (CARSTENSEN et al., 
2015).

Among the main representatives of phytoplankton 
blooms, the Skeletonema costatum is evident. It is a 
cosmopolitan and euryhaline species, one of the most 
abundant in estuaries, considered opportunistic in eutrophic 
environments (VILLAC; TENEBAUM, 2010; MASUDA 
et al., 2011; REZENDE et al., 2015; BARRERA-ALBA et 
al., 2016). Skeletonema costatum is classified as a harmful 
species and it is associated with toxic microorganisms 
in some cases, causing economic losses for aquaculture 
(KHAN et al., 1998; UNESCO, 2004).

The euglenoids occurred in low salinity and high 
total phosphorus concentrations during the rainy season 
(LEÃO et al., 2008; HONORATO DA SILVA et al., 2009). 
Chlamydomonas sp. became dominant also on these same 
conditions (BAZIN et al., 2014; JENDYK et al., 2014.). 
This species tolerates a wide range of salinity. However, 
the highest numbers occur in low salinities, showing that 
there are other factors influencing the presence of this 
genus (NCHE-FAMBO et al., 2015).

Coastal estuarine waters are mainly composed of high 
density of diatoms and dinoflagellates, and green algae 
and cyanobacteria blooms are restricted to low salinity 
habitats. These blooms generate important ecological and 
biochemical implications for the food web and nutrient 
cycling (CARSTENSEN et al., 2015).

Based on the chlorophyll concentrations the estuary 
was classified as hypereutrophic, corroborating with 
SANTOS et al. (2009), SILVA et al. (2014), COTOVICZ 
JR. et al. (2012) in which the higher values of the pigment 
were associated with the period of highest rainfall events, 
unlike TEIXEIRA et al. (1988) and AZEVEDO et al. 
(2008) in their studies in other estuaries.

Thus, the Bacanga River estuary showed a rapid 
growth of microphytoplankton due to the discharge 
of domestic sewage and consequently affected the 
environmental changes, which conducted to ecological 
instability scenarios especially in the rainy season, defined 
by low diversity and species richness. According to 
VALENTIN et al. (1999), that is a response to the intense 
eutrophication process in large and sporadic nutrients 
pulsing favoring the dominance of larger cells. However, 
when the photosynthetic efficiencies are compared, the 

nano/pico phytoplankton are superior and the synthesis 
is always of large scale (RODRIGUES; CUTRIM, 2010; 
GUENTHER et al., 2012).

CONCLUSION
The results confirm that the distribution of 

phytoplankton community is more defined seasonally, 
rather than spatially. Therefore, the rain is the factor that 
intensifies the concentrations of nitrogen compounds 
and phosphate, which favors blooms at different 
periods. During the rainy season, the Skeletonema 
costatum proliferates using nitrogen, whereas Euglena 
gracilis and Chlamydomonas sp. proliferates using 
phosphate. The Thalassiosira sp. is the dominant 
species in the dry season, which is the period when the 
residence time in the estuary is higher and domestic 
effluents are concentrated in the form of ammonium. 
The environmental impact on the community is 
evidenced by the low diversity, species evenness and 
species richness with high chlorophyll concentrations 
determined by the microphytoplankton. Thus, the 
eutrophication process promotes algal blooms events 
that affect the quality of the water and show ecological 
instability scenarios. This study contributes to a better 
understanding of the microphytoplankton and suggests 
the control of the local eutrophication as a mitigation 
measure for these blooms pulsing. In addition, this 
study can be used as a model for the characterization 
and monitoring of the Bacanga River Estuary.
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