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Abstract
1 - Coastal lagoons show great fragility and vulnerability to the anthropogenic pressure. The 

understanding of physical, chemical, geological characteristics and ecological dynamics of lagoons is 
fundamental for planning the implementation of coastal management strategies in these ecosystems. 
The intrinsically high variability of phytoplankton communities in transitional environments should 
be taken into account not only because of phytoplankton ecological importance, but also because of 
the implications for environmental management.

2 - The aim of this study is a general description of the phytoplankton community in three coastal 
lagoons situated in the Rio Grande do Norte region, at the Northeast of Brazil. 

3 - For the three lagoons, a total of 124 phytoplankton taxa were identified. In terms of species richness, 
diatoms were the largest group with 92 identified taxa belonging to 46 genera. At the class level, 
Bacillariophyceae recorded 39 taxa belonging to 18 genera; Coscinodiscophyceae recorded 39 taxa 
belonging to 21 genera and Fragilariophyceae recorded 14 taxa belonging to 7 genera. The group of 
the dinoflagellates recorded 15 taxa belonging to 6 genera and the Cyanophyceae was represented by 
8 taxa belonging to 5 genera, including Trichodesmium erythraeum, a taxon related to toxic blooms.
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Introduction 

The phytoplankton community, in the aquatic 
ecosystem, is self-sustainable since there 
are present heterotrophic and autotrophic 
organisms (Smetacek, 1988), which perform 
the function of primary producers and form 
the basis of the planktonic food web. The 
organization of the phytoplankton community 
is determined by physical and chemical 
characteristics of the environment, including 

temperature, salinity, light and nutrients 
availability, and also by loss processes 
such as grazing and sinking, among others 
(Margalef, 1963). In particular, in lagoon 
ecosystem the structure of phytoplankton is 
also determined by tidal flushing, freshwater 
input, competition with microphytobenthos 
and water turbidity among others (Nuccio et 
al., 2003; Pilkaityte and Razinkovas, 2007).
Competition for light and nutrients is a major 
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evolutionary forces inside the phytoplankton 
structure and determines the composition of 
the community with prominence of diatoms, 
dinoflagellates or other groups (Simon et al., 
2009). Therefore, the aquatic environment 
provides a hierarchy of characteristics forces, 
resulting in variability of planktonic ecosystem 
over time and space: at ecosystem level, any 
physical or biological disturbance, variable 
in the course of time, can create a potential 
variability in space (Pitcher et al., 1992). 
The species composition of the phytoplankton 
community changes over time periods, and the 
relative abundance of each species might be 
depend on different particular environmental 
and biological variables (Härnström et al., 
2009). The intrinsically high variability of 
phytoplankton communities in transitional 
environments should be taken into account 
not only because of phytoplankton ecological 
importance, but also because of the 
implications for environmental management. 
Some phytoplankton-related variables 
(composition, abundance, biomass, frequency 
and intensity of blooms) are essential for the 
definition and the classification of water 
quality (Bernardi Aubry et al., 2013).
Coastal lagoons occupy 13% of coastal 
areas worldwide, and are often impacted by 
both natural and anthropogenic influences 
(Kjerfve, 1994). These areas, as multiple 
ecotone ecosystems (Basset et al., 2013a), 
experience forcing from river input, wind 
stress, tides, precipitation to evaporation 
balance, surface heat balance and respond 
differently to these forcing functions 
(Kjerfve, 1994).
Along the Brazilian coast are remarkably 
diffuse coastal lagoons. This type of aquatic 
ecosystem proved to be highly productive due 
to the characteristics such as low water and 
continuous input of dissolved and particulate 
organic matter from the land. The shallowness 
of the water column and winds allow large 
variations in terms of materials influencing 
the movement of the water column and 

enhancing the interaction between that and 
benthic compartments (Esteves et al., 2008).
The coast of Rio Grande do Norte, located at 
the Northeastern part of Brazil is undergoing 
an accelerated process of urbanization 
(Santos Jr. et al., 2011) and, because of the 
favorable climatic conditions and the large 
areas suitable for marine shrimp farming, 
has become the leading producer and largest 
exporter in the country (Azevedo et al., 2009). 
Unfortunately, these environments show 
great fragility and vulnerability to the 
anthropic interventions, arising from the 
complexity of these areas as a result of 
the intervention earth-air-water (Santiago, 
2004). The understanding of characteristic 
properties and functioning of lagoons, as 
part of the ecological domain ‘transitional 
waters’ (Basset et al., 2013b), is important 
for planning and implementation of coastal 
management strategies in coastal lagoons 
(Kjerfve, 1994).
The aim of this study is the general 
description of the phytoplankton community 
in three lagoons of the Rio Grande do Norte, 
at the Northeast of Brazil, providing for new 
information about the changes occurring in 
species composition with environmental 
change.

Materials and Methods

In order to determine the composition 
of phytoplankton community, 3 lagoon 
ecosystems were sampled: Galinhos, Diogo 
Lopes and Guaraíras (Rio Grande do Norte, 
Brazil) (Fig.1).

Study Area
The state of Rio Grande do Norte in the 
Brazilian Northeast has some typical 
morphological features such as dunes, cliffs, 
salt pans, riverine-marine plains and coastal 
ponds. The coastal region is long 410 km 
(11.888 km2). In this area there are many tidal 
channels, forming hypersaline environments 
(Santiago et al., 2005). The regional climate 
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is classified as humid tropical, and annually 
received a rainfall of 1,400 to 1,700 mm, with 
two distinct seasonal periods of precipitation: 
a dry season that normally extends between 
September and February, and a rainy season 
from March to August. The coast is formed by 
cliffs and extensive dune fields. Beside this, 
the area is undergoing an accelerated process 
of urbanization (Santos Jr. et al., 2011).

Galinhos Lagoon
Galinhos is an estuarine lagoon (Pisa Sal 
river), with a maximum length of 6.9 km 
and depth reaching 6 m at high tide. The 
water is very salt, with a salinity of 38. The 
dominant climate in this area is dry with 
summer rain and scarce rainfall, from March 
to April. The average annual rainfall is 600 
mm because the Intertropical Convergence 
Zone, defined by the convergence of the 
winds from north and south hemispheres. 
The air temperature has an annual average of 

26.8°C. The daily relative humidity is around 
70%, being lower in the months from June to 
November, coinciding with the season of low 
rainfall (Santiago et al., 2005).

Diogo Lopes Lagoon
This estuarine lagoon is formed at the mouth 
of the Piranhas-Açu river when it converges 
to the Atlantic Ocean. The depth reaches 5 
m at the high tide and the maximum length 
is 13 km. The area is characterized by a 
high incidence of light energy, uniform 
thermal regime, high temperatures and mild 
variations throughout the year, because of 
the low latitude, local altitude and strong 
oceanic influence (Santos, 2003).
Diogo Lopes is part of the “Reserva de 
Desenvolvimento Sustentável Estadual Ponta 
do Tubarão”, a sustainable development 
reserve, with projects aimed at sustainable 
development, the ecotourism and the 
sustainable fisheries. This way, the local 

Figure 1. Localization of sampling points in the three Brazilian lagoons.
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Ti-S) connected to a video interactive image 
analysis system (L.U.C.I.A, Version 4.8, 
Laboratory Imaging Ltd., Prague) with a 
lower detection limit of 5 µm following 
Utermöhl’s method (Utermöhl, 1958). For 
more detailed identification was used an 
inverted microscope Nikon Eclipse Ti-E 
coupled with an image analysis system (NIS–
Elements AR Nikon Instruments software, 
version 3.06).
Taxonomic identification of the nano-
microphytoplankton was done using specific 
manuals and appropriate monographs: Van 
Heurck, 1880-1885; Rattray, 1888; Wolle, 
1894; Boyer, 1926; Cupp, 1943; Graham and 
Bronikovsky, 1944; Crosby and Wood, 1958, 
1959; Wood et al. 1959; Wood, 1963; Balech, 
1964, 1973; Gopinathan, 1975; Rampi and 
Bernhard, 1978, 1980; Dodge, 1982; Ricard, 
1987; Sournia, 1986, 1987; Balech, 1988; 
Chrétiennot-Dinet, 1990; Round et al. 1990; 
Tomas, 1997; Bérard-Therriault et al., 1999; 
Faust and Gulledge, 2002; Cortés-Altamirano 
and Sierra-Beltrán 2003; Hallegraeff et 
al., 2003; Tenenbaum et al., 2004; Cox, 
2006; Ferrari et al., 2007; Sar et al., 2007; 
Okolodkov, 2008; Haraguchi and Odebrecht, 
2010; Lee and Lee, 2011.
The “cf.” qualifier was used to indicate 
specimens that were similar to (or many 
actually be) the nominate species. Taxa which 
contain “undet.” (undetermined) identifier 
were likely to be algal entities, but could not 
be identified as any knows genus. In some 
cases, species were broken out into separate 
taxa based on size (e.g., Dinophyceae undet 
.> 20 µm).
During phytoplankton identification, 
sometimes is not possible to identify the 
organism to the species level, though 
recognizing common characteristics within a 
group of cells belonging to the same genus. 
In this case, to identify that organism in the 
phytoplankton list is reported the name of 
the genus followed by numbered “sp.” (e.g. 
Chaetoceros sp.11, Chaetoceros sp.12, etc). 

population can learn methods for a better 
use of terrestrial and marine ecosystems 
(Instituto de Desenvolvimento Sustentável e 
Meio Ambiente, IDEMA, 2003).

Guaraíras Lagoon
Guaraíras is a shallow lagoon subject to 
intense human impacts, including shrimp 
aquaculture, urban expansion and agricultural 
activities, and is therefore vulnerable to 
eutrophication. Guaraíras is part of a lagoon 
complex called the "Complexo Lagunar 
Estuarino Nísia Floresta-Papeba-Guaraíras", 
consisting of three interconnected lagoons of 
which Guaraíras is the largest. The lagoon is 
about 7 km long, and is a shallow estuarine 
lagoon with depths ranging from 0.5 to 2 m 
and up to 11 m in the narrow channels. The 
lagoon is part of the Rio Jacú hydrographic 
basin, and this river supplies the main inflow 
of fresh water, in the innermost part of the 
lagoon (Almeida et al., 2012).   

Sampling design and identification
Sampling has followed a hierarchical 
design according to the criteria adopted for 
a large scale survey, which is currently in 
progress in various worldwide eco-regions 
(POR Strategic Project) (see, Durante et 
al., 2013; Roselli et al., 2013; Stanca et al., 
2013b; 2013c; for other world eco-regions) 
(for further information see the web site: 
http:/ /phytobioimaging.unisalento.i t /en-us/
studysites/samplingdesign.aspx).
The study was carried out during four days 
of November 2012. Three sampling stations 
were set up for each site inside in each 
lagoon. At each station, three samples for the 
phytoplankton study were collected using a 
6µm net. 
The water samples were fixed with Lugol’s 
solution. Phytoplankton analysis was carried 
out on preserved subsamples. Taxonomic 
identification was performed on a sub-
sample of 400 cells at 400× magnification 
under an inverted microscope (Nikon Eclipse 
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Next, the classes Dinophyceae appear with 
10 taxa belonging to 3 genera. The genus 
Prorocentrum was the most representative, 
with 4 taxa. Fragilariophyceae recorded 7 
taxa and 5 genera. Inside the last class, the 
most representative species Thalassionema 
nitzschioides (Grunow) Mereschkowsky 
responds for almost 50% of all phytoplankton 
community of Galinhos lagoon. For the 
other classes: 2 taxa were found for 
Dictyochophyceae, both belonging to the 
same genus; Cryptophyceae, Cyanophyceae 
and phytoflagellates identification was not 
achieved to the genus level. These last three 
classes represent 10% of the community, in 
terms of numerical abundance.

Diogo Lopes Lagoon
Among the three lagoons studied, Diogo 
Lopes lagoon shows the highest species 
richness, with 81 taxa identified. The most 
representative class was Bacillariophyceae 
with 25 taxa belonging to 15 genera. The 
most representative genus was Nitzschia, 
with 3 taxa recorded. In terms of numerical 
abundance, however, the taxon Navicula spp. 
was the most numerous, representing 21% 
of the phytoplankton community found in 
this lagoon. The second most representative 
class was Coscinodiscophyceae with 23 
taxa belonging to 12 genera. The most 
representative genus was Chaetoceros, with 7 
taxa identified. However, the most numerous 
taxon was Cyclotella sp.3, responding for 
12% of the total phytoplankton, in terms of 
cells numerical abundance. 11 taxa (4 genera) 
were identified for Dinophyceae and the most 
representative genus was Prorocentrum, with 
4 taxa identified. Fragilariophyceae recorded 
10 taxa (7 genera). The genus Thalassionema 
was the most representative, with 3 taxa 
identified. On the other hand, Ceratoneis 
closterium was the most representative taxon, 
contributing to 27% of total cells numerical 
abundance. For this lagoon, the class 

The complete list, including all numbered 
species, is available on the website www.
phytobioimaging.unisalento.it.

Results and Discussion 

For the three lagoons, a total of 124 taxa were 
identified, among which 44 to the species 
level and 64 to the genus level (Appendix 1). 
For 16 taxa, the identification to the genus 
level was not achieved. 
The phytoplankton community of the all 
lagoons shows the same structure, with a 
predominance of diatoms (96% of the total 
number of cells). For this group, 92 taxa were 
identified belonging to 46 genera. The most 
numerous class was Bacillariophyceae, with 
39 taxa identified belonging to 18 genera; 
Coscinodiscophyceae recorded 39 taxa 
belonging to 21 genera and Fragilariophyceae 
recorded 14 taxa belonging to 7 genera. The 
class Dinophyceae (dinoflagellates) was 
represented by 15 taxa belonging to 6 genera 
and the Cyanophyceae was represented 
by 8 taxa belonging to 5 genera, including 
Trichodesmium erythraeum Ehrenberg, 
related to toxic blooms when in large scale 
(Krishnan et al., 2007). For the other classes, 
Dictyochophyceae and Chlorophyceae 
were represented by 2 taxa, in both cases, 
belonging to a single genus. Only one taxon 
was recorded for both Euglenophyceae 
and Prasinophyceae, respectively. The 
identification was not achieved to the genus 
level for Cryptophyceae and phytoflagellates.

Galinhos Lagoon
A total of 61 taxa were identified in the 
Galinhos lagoon. The most representative 
class was Bacillariophyceae with 20 taxa, 
belonging to 10 genera. Within these, most 
numerous genus was Pseudo-nitzschia with 
4 taxa identified. Coscinodiscophyceae was 
second dominant class, with 19 taxa belonging 
to 13 genera. The genus Cyclotella was the 
most representative, with 3 taxa identified. 
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eutrophication and suspension of nutrients 
accumulated on the bottom (Tenenbaum et 
al., 2007). 
For a Brazilian coastal area, particularly 
for a shallow area, Masuda (2009) found 
the predominance of elongated and chain-
form diatoms. According to the author, these 
“shapes” have a better response to unstable 
environments when compared to others cells 
shapes; on the other hand selective effects 
of phytoplankton cell shape and size have 
already been observed (Stanca et al., 2013a). 
In two of the three lagoons here studied, the 
elongated forms are present in large numbers 
and represent, in one of them, 50% of the 
whole community.
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Appendix 1 - List of taxa identified during sampling period in the three Brazilian lagoons.

Lagoon Galinhos Diogo Lopes Guaraíras 
Bacillariophyta 

   Bacillariophyceae 
   Achnanthes cf. longipes  x  

Achnanthes spp.  x  
Amphiprora spp.  x x 
Amphora spp.  x  
Bacillaria paxillifera (O.F. Müller) T. Marsson 1901 x x x 
cf. Achnanthes sp.  x  
Cocconeis scutellum Ehrenberg 1838 x x x 
Cocconeis spp. x x x 
Diploneis crabro (Ehrenberg) Ehrenberg 1854 x x  
Diploneis spp. x x x 
Entomoneis alata (Ehrenberg) Ehrenberg 1845 x x x 
Eunotia cf. depressa   x 
Fragilariopsis sp.   x 
Fragilariopsis sp.1 x x x 
Fragilariopsis sp.2 x x x 
Membraneis cf. challengeri  x  
Meuniera membranacea (Cleve) P.C.Silva in Hasle & 
Svertsen 1996   x 
Navicula transitans Cleve 1883 x x x 
Navicula spp. x x x 
Nitzschia cf. sigma  x x 
Nitzschia sigmoidea (Nitzsch) W.Smith  x x 
Nitzschia spp. x x x 
Pinnularia spp.  x  
Plagiotropis cf. lepidoptera x   
Plagiotropis spp.   x 
Pleurosigma angulatum W.Smith 1852 x   
Pleurosigma sp.1 x   
Pleurosigma spp. x x x 
Pseudo-nitzschia seriata (Cleve) H.Peragallo in H.Peragallo 
& M.Peragallo 1899 x   
Pseudo-nitzschia sp.3 x   
Pseudo-nitzschia sp.4 x x  
Pseudo-nitzschia spp. x x x 
Surirella spp.  x x 
Bacillariophyceae centrales undet.   x 
Bacillariophyceae pennales undet. x x  
Bacillariophyceae undet. 1   x 
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Appendix 1 - Continued.

Lagoon Galinhos Diogo Lopes Guaraíras 
Bacillariophyta 

   Bacillariophyceae    
Bacillariophyceae undet. 2   x 
Bacillariophyceae undet. 3   x 
Coscinodiscophyceae    
Auliscus sculptus (W.Smith) Brightwell   x 
Bellerochea horologicalis Stosch 1980  x  
Bellerochea spp. x   
Biddulphia spp. x x x 
Cerataulina pelagica (Cleve) Hendey 1937 x   
Chaetoceros didymus Ehrenberg 1845  x  
Chaetoceros laevis G.Leuduger-Fortmorel 1892  x x 
Chaetoceros simplex Ostenfeld in Ostenfeld & Schmidt 1901 x x  
Chaetoceros wighamii Brightwell 1856  x  
Chaetoceros sp.11  x x 
Chaetoceros sp.12  x x 
Chaetoceros spp. x x x 
Coscinodiscus spp.   x 
Cyclotella cf. litoralis x  x 
Cyclotella sp.1 x x x 
Cyclotella sp.3 x x x 
Cymatosira spp. x   
Dactyliosolen fragilissimus (Bergon) Hasle in Hasle & 
Syvertsen 1996 x   
Guinardia delicatula (Cleve) Hasle in Hasle & Syvertsen 1997 x x x 
Guinardia striata (Stolterfoth) Hasle in Hasle & Syvertsen 
1996   x 
Lithodesmium undulatum Ehrenberg 1839   x 
Melosira nummuloides C.Agardh 1824  x  
Melosira spp.  x  
Odontella cf. longicornis  x  
Odontella sinensis (Greville) Grunow 1884  x  
Odontella spp. x x x 
Paralia spp. x x x 
Paralia sulcata (Ehrenberg) Cleve 1873 x x x 
Pleurosira laevis (Ehrenberg) Compère   x 
Rhizosolenia setigera Brightwell 1858 x x x 
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Appendix 1 - Continued.

Lagoon Galinhos Diogo Lopes Guaraíras 
Bacillariophyta 

   Coscinodiscophyceae    
Rhizosolenia spp. x   
Skeletonema costatum (Greville) Cleve 1873  x  
Terpsinoë musica Ehrenberg   x 
Terpsinoë sp.   x 
Thalassiosira sp.4   x 
Thalassiosira spp. x x x 
Thalassiosiraceae undet. x   
Triceratium cf. favus x   
Tropidoneis spp.  x x 
Fragilariophyceae    
Asterionellopsis glacialis (Castracane) Round in Round, 
R.M.Crawford & D.G.Mann 1990 x x x 
Ceratoneis closterium Ehrenberg 1839 x x x 
Climacosphenia sp.  x x 
Grammatophora cf. serpentina   x 
Grammatophora marina (Lyngbye) Kützing 1844 x x x 
Grammatophora oceanica Ehrenberg 1840   x 
Grammatophora spp. x x x 
Licmophora flabellate (Grev.) C.Agardh 1831  x  
Licmophora spp. x x x 
Podocystis spp.   x 
Thalassionema nitzschioides (Grunow) Mereschkowsky 
1902 x x x 
Thalassionema pseudonitzschioides (G.Schuette & 
H.Schrader) G.R.Hasle  x x 
Thalassionema synedriforme (Greville) G.R.Hasle x x x 
Thalassionema spp.   x 
Chlorophyta 

   Chlorophyceae    
Scenedesmus sp.3  x  
Scenedesmus sp.8  x  
Prasinophyceae    
Pyramimonas spp.  x x 
Cryptophyta    
Cryptophyceae    
Cryptophyceae undet.2  x x 
Cryptophyceae undet. x   
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Appendix 1 - Continued.

	  

Lagoon Galinhos Diogo Lopes Guaraíras 
Cyanobacteria 

   Cyanophyceae    
Anabaena spp.  x  
Gomphosphaeria aponina Kützing  x  
Merismopedia spp.  x  
Spirulina cf. tenerrima  x  
Trichodesmium erythraeum Ehrenberg  x x 
Cyanophyceae undet.1  x  
Cyanophyceae undet.2  x  
Cyanophyceae undet.3 x x x 
Dinophyta 

   Dinophyceae    
Ceratium teres Kofoid 1907   x 
Gymnodinium spp.   x 
Oxytoxum spp.  x  
Prorocentrum micans Ehrenberg 1834 x x x 
Prorocentrum rhatymum Loeblich, Sherley & Schmidt, 
1979 x x  
Prorocentrum scutellum Schröder 1900 x   
Prorocentrum sp.1  x  
Prorocentrum spp. x x x 
Protoperidinium sp.4 x   
Protoperidinium spp. x x x 
Scrippsiella trochoidea (Stein) Balech ex Loeblich III 1965  x  
Scrippsiella spp. x x x 
Dinophyceae athecate undet.1 (>20µm) x x x 
Dinophyceae thecate undet.1 (>20µm) x x x 
Dinophyceae thecate undet.2 (<20µm) x x x 
Euglenophyta    
Euglenophyceae    
Euglena spp.   x 
Ochrophyta    
Dictyochophyceae    
Dictyocha fibula Ehrenberg 1839 x   
Dictyocha spp. x   
Other    
Phytoplagellates undet. x x x 
    


