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Abstract

Environmental conditions favor the predominance of dense populations of cyanobacteria in reservoirs in northeastern 
Brazil. The aim of this study was to understand cyanobacterial population dynamics in the rainy and dry seasons at two 
depths in the Arcoverde reservoir. Microalgae and cyanobacteria samples were collected during 24 hours with intervals of 
4 hours (nycthemeral) at sub-surface and 10 m using a van Dorn bottle and a determined biomass. Physical and chemical 
variables were obtained and the data were analyzed using the principal component analysis (PCA). No nycthemeral 
variations in the taxonomic composition or distribution of the populations of cyanobacteria were found between the 
different times of day in either the rainy or dry season. In both seasons, the greatest biomass of the phytoplankton 
community was made up of cyanobacteria at two depths and all times of the day. Cylindrospermopsis raciborskii 
(Woloszynska) Seenayya et Subba Raju was dominant at all times of the day on both the surface and at the bottom. In 
the rainy season, the differences in cyanobacterial biomass between the surface and bottom were less significant than 
in the dry season. The differences in cyanobacterial biomass between surface and bottom were less pronounced than 
those found in the dry season. We concluded that a) physical variables better explain the alterations of species in the 
phytoplankton community in an environment dominated by cyanobacteria throughout the year; b) seasonal climatic 
factors associated to periods of stratification and de-stratification are important for alterations in the community 
and variations in biomass and, c) the turbidity caused by rainfall favored the emergence and establishment of other 
cyanobacteria, especially Planktothrix agardhii (Gomont) Anagnostidis & Komárek.

Keywords: cyanobacteria, northeast of Brazil, nycthemeral, phytoplankton, seasonal dynamics.

Dinâmica sazonal de cianobactérias em um reservatório eutrófico  
(Arcoverde) no semiárido brasileiro

Resumo

As condições ambientais favorecem a predominância de populações densas de cianobactérias no nordeste do Brasil. 
O objetivo deste estudo foi entender a dinâmica das populações de cianobactérias nas estações seca e chuvosa, em 
duas profundidades, no reservatório de Arcoverde. Amostras de microalgas e cianobactérias foram coletadas durante 
24 horas em intervalos de quatro horas (nictemerais) na subsuperfície e em 10 m, com uma garrafa de van Dorn, 
para a determinação da biomassa. Variáveis físicas e químicas foram obtidas, e os dados investigados por meio da 
Análise de Componentes Principais (ACP). Não foram encontradas variações nictemerais na composição taxonômica 
ou na distribuição das populações de cianobactérias entre os diferentes horários do dia, bem como entre as estações 
seca e chuvosa. Em ambas as estações, horários do dia e profundidades amostrais, a maior biomassa da comunidade 
fitoplanctônica foi constituída por cianobactérias. Cylindrospermopsis raciborskii (Woloszynska) Seenayya et Subba 
Raju foi dominante em todos os horários do dia, tanto na superfície como no fundo. Na estação chuvosa, as diferenças 
de biomassa de cianobactérias entre superfície e fundo foram menos pronunciadas do que na estação seca. Concluímos 
que: a) variáveis físicas explicam melhor as alterações das espécies na comunidade fitoplanctônica em um ambiente 
dominado por cianobactérias durante todo o ano; b) fatores climáticos sazonais associados a períodos de estratificação 
e desestratificação são importantes para as alterações na comunidade e as variações na biomassa, e c) a turbidez causada 
pela chuva favoreceu o aparecimento e o estabelecimento de outras cianobactérias, especialmente Planktothrix agardhii 
(Gomont) Anagnostidis & Komárek.

Palavras-chave: cianobactéria, nordeste do Brasil, nictemeral, fitoplâncton, dinâmica sazonal. 
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1. Introduction

Climatic changes and water degradation have provided 
ecological conditions for the development of cyanobacteria 
in a large number of Brazilian reservoirs. There are 
frequent reports of cyanobacterial blooms in reservoirs in 
northeastern Brazil (Bouvy et al., 1999, 2000; Chellappa 
and Costa, 2003; Panosso et al., 2007; Chellappa et al., 
2008a; Costa et al., 2006; Bittencourt-Oliveira et al., 
2011a; Dantas et al., 2011; Lira et al., 2011; Moura et al., 
2011). This country region has relatively uniform seasonal 
characteristics, such as a dry season (summer), with high 
temperatures and low rainfall index, and a rainy season 
(winter), with milder temperatures and a more intense 
rainfall regime.

Besides higher temperatures and luminosity intensities, 
the reservoirs of northeastern Brazil are often eutrophicated 
or hyper-eutrophicated by high concentrations of dissolved 
phosphorus (Bouvy et al., 2003; Chellappa et al., 2009; 
Dantas et al., 2011). The floristic composition of cyanobacteria 
in Pernambuco state is sometimes similar among reservoirs 
which have been studied so far as the following can 
often be found: C. raciborskii (sometimes identified as 
Raphidiopsis spp.), Geitlerinema amphibium (Agardh 
ex Gomont) Anagnostidis and species of Planktothrix, 
Microcystis and Aphanizomenon (sometimes identified as 
Anabaena). C. raciborskii may dominate some reservoirs for 
long periods of time (Bouvy et al., 1999, 2000; Bittencourt-
Oliveira et al., 2011a; Dantas et al., 2011).

The dynamics of phytoplankton populations or, more 
specifically, cyanobacteria, have been studied in a number 
of different reservoirs in Pernambuco state and other parts 
of northeastern Brazil. Studies carried out thus far have used 
different working strategies concerning sampling frequency, 
sites and depth (Bouvy et al., 1999, 2000, 2003; Chellappa 
and Costa, 2003; Chellappa et al., 2008a; Costa et al., 2009; 
Molisani et al., 2010; Bittencourt-Oliveira et al., 2011a; 
Dantas et al., 2011; Lira et al., 2011; Moura et al., 2011). 
Variations observed at short time intervals over 24-hour 
(nycthemeral) periods may provide important information 
regarding the behavior of phytoplankton populations 
throughout the day (Wood et al., 1976).

Dantas et al. (2011) report that when thermal stratification 
occurs in the dry season the populations of cyanobacteria 
from the Arcoverde reservoir show high biomass on the 
surface and a drastic reduction in biomass at the bottom 
of the reservoir. As de-stratified waters are common in 
the rainy season, there is a reduction in the cyanobacteria 
density, which is distributed both on the surface and at 
the bottom of the reservoir, but with no replacement by 
other groups of microalgae. In this same reservoir, the 
presence of cylindrospermopsin (33.3 ng.g–1 freeze-dried 
cells) was recorded for the first time in a sample in which 
C. raciborskii represented 77.5% of the cyanobacterial 
population, followed by G. amphibium (19.6%) (Bittencourt-
Oliveira et al., 2011b).

Random and occasional samplings taken at the same 
time of the day could hide the structural dynamics of these 

populations throughout the day, leading to a mistaken 
appraisal of the reservoir. The question therefore arises as 
to whether the changes on distribution of cyanobacterial 
populations are maintained throughout a 24-hour period.

The aim of the present study was to understand 
cyanobacterial population dynamics in the rainy and dry 
seasons at two depths in the Arcoverde reservoir.

2. Material and Methods

2.1. Study area and sampling procedure

The Arcoverde reservoir (08° 33’ 33” S and 36° 59’ 07” 
W) is located in the municipality of Pedra in Pernambuco 
state, Brazil. This reservoir is used for the public water 
supply of approximately 100 thousand inhabitants in the 
semiarid region of the state, and has a full capacity of 
16,800,000 m3 and maximum depth of 20 m (Pernambuco, 
2000) (Figure 1).

Water samples were collected at four-hour intervals 
over a 24-hour period from the sub-surface and bottom 
(10 m, with 0% light penetration) in the dry (August 14 and 
15, 2007) and rainy season (November 13 and 14, 2007). 
Daylight sampling was carried out at 1:30 PM, 5:30 PM, 
5:30 AM, 9:30 AM and 1:30 PM and nighttime sampling 
at 9:30 PM and 1:30 AM.

2.2. Climatologic and biotic/abiotic hydrologic 
variables

Air temperature (°C) and precipitation (mm3) were 
obtained from the Instituto Nacional de Pesquisas Espaciais 
(INPE, 2008), taken by a meteorological station in the 
municipality of Arcoverde approximately 15 km far from 
the sampling site. Dissolved oxygen (mg.L–1) and the water 
temperature (°C) were accessed using a field oximeter 
(Schott, Handylab OX1); while water turbidity (NTU) 
was measured using a turbidimeter (Hanna Instruments 
HI 93703). In order to establish water transparency (m) a 
Secchi disk was used; and the pH was determined using a 
potentiometer (Ação científica mPA-210). Total nitrogen 
(TN), total phosphorus (TP) and orthophosphate were 
analysed according to Valderrama (1981) and Strickland 
and Parsons (1965), respectively. The trophic state index 
was calculated (TSI) based on phosphorus concentrations 
according to Toledo Junior et al. (1983). Molar TN:TP ratio 
(Downing and McCauley, 1992) was used for assessing 
nutrient limitations, considering TN:TP < 20 a limitation 
by nitrogen and TN:TP > 38 by phosphorus (Kosten et al., 
2009).

Phytoplankton samples were collected using a van 
Dorn bottle and preserved in 4% acetic Lugol’s solution 
for subsequent determination of taxonomic composition 
and quantitative analysis. Species were identified using 
the relevant literature (Komárek and Anagnostidis, 1989, 
1999, 2005; Krammer and Lange-Bertalot, 1991a, b; 
Komárek and Cronberg, 2001).The quantification of 
cyanobacteria and microalgae was determined from the 
density of cells (org.mL–1) of each taxon using the method 
proposed by Utermöhl (1958) and converted into biomass 
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values (mm3.L–1) based on the calculation of cell volume 
(Hillebrand et al., 1999). Whenever possible, mean values 
(n = 10) of the cell dimensions of each taxon were used.

The classification of dominant and abundant species was 
based on criteria proposed by Lobo and Leighton (1986), 
for which a dominant species accounts for more than 50% 
of the total sample (mm3.L–1) and an abundant species 
has a density value above the mean value for the sample.

Variances between seasons, depths and sampling times, 
as well as in biotic and abiotic variables were calculated in 
order to determine significant differences (p < 0.05), using 
the BioEstat 3.0 program (Ayres et al., 2003). Principal 
component analysis (PCA) was performed to determine 
associations between environmental variables and biotic 
data, using the CANOCO 4.5 program (Ter Braak and 
Smilauer, 1998).

3. Results

Air temperature and precipitation data confirmed the 
occurrence of two distinct seasons in the region where the 
Arcoverde reservoir is located. The rainy and dry seasons 
were characterized by mean temperatures of 19.73 °C 

and 23.75 °C, respectively. The total rainfall was higher 
in the rainy season (1.374.65 mm) in comparison to the 
dry season (136.13 mm).

In the rainy season, the reservoir was characterized 
by oxygenated waters at both depths and all times of the 
day, as well as thermal de-stratification and pH ranging 
from neutral to slightly alkaline (Table 1). Significant 
differences between depths were found with regards to 
water temperature (F = 325.88; p < 0.00), dissolved oxygen 
(F = 9.26; p < 0.02), total nitrogen (F = 5.85; p < 0.02) and 
total dissolved phosphorus (F = 6.94; p < 0.01). However, 
significant differences between depths at different times 
of the day were only detected for dissolved oxygen 
(F = 9.42; p < 0.03).

In the dry season, the reservoir was characterized by 
thermally stratified water, higher temperatures in comparison 
to the rainy season, alkaline pH and low oxygen values, 
reaching anoxia at the bottom (Table 1). Significant 
differences between depths were found with regards to 
water temperature (F = 117.07; p < 0.00), dissolved oxygen 
(F = 8.59; p < 0.02), turbidity (F = 169.13; p < 0.00), pH 
(F = 626.33; p < 0.00), total dissolved phosphorus (F = 6.28; 
p < 0.04) and total phosphorus (F = 9.40; p < 0.02). No 

Figure 1. Geographic location of Arcoverde reservoir in northeastern Brazil. Sampling location = S.
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significant differences were found between the different 
times of the day for any of the abiotic variables.

Significant differences between seasons were found 
concerning dissolved oxygen (F = 11.50; p < 0.00), pH 
(F = 52.81; p < 0.00), turbidity (F = 64.32; p < 0.00), 
total nitrogen (F = 7.21; p < 0.02) and total dissolved 
oxygen (F = 11.11; p < 0.00). Nitrogen limitations and 
high concentrations of phosphorus were found in both 
seasons, thereby classifying the Arcoverde reservoir as 
eutrophic, regardless of the season. The water was more 
turbid in the rainy season. Turbidity in the dry season was 
greater on the surface (Table 1).

No nycthemeral variations in the taxonomic composition 
or distribution of the populations of cyanobacteria were 
found between the different times of the day in either the 
rainy or dry seasons. Variations were only encountered in 
the seasonal analysis.

In both seasons, the greatest biomass of the phytoplankton 
community was constituted by cyanobacteria at both 
depths and all times of the day (Figure 2a, b). In the dry 
season, the cyanobacterial biomass at the surface ranged 
from 71.13 to 79.45 mm3.L–1, which was 2.5-fold (at 
5:30 PM) to 17-fold (1:30 PM on August 15) greater than 
that found at the bottom (4.47 to 12.99 mm3.L–1) (Table 2). 
Cylindrospermopsis  raciborskii represented up to 94.61% 
of the phytoplankton biomass at the surface. C. raciborskii 

(coiled and straight trichomes) was dominant at all times 
of the day at both the surface and the bottom (Figure 2c). 
Geitlerinema amphibium and the Bacillariophyceae 
Aulacoseira granulata (Ehrenberg) Simonsen and 
Ulnaria ulna (Nitzsch) P. Compère in Jahn et al. were 
abundant (with a biomass value above the mean) at some 
times of the day, usually at the bottom.

In the rainy season, on the other hand, the differences 
in cyanobacterial biomass between surface and bottom 
were less significant than those found in the dry season. At 
times, greater biomasses were found at the bottom at some 
times of the day: 1:30 PM on August 14 (3.68 mm3.L–1), 
5:30 PM (3.84 mm3.L–1) and 1:30 AM (5.72 mm3.L–1) 
(Figure 2d). With the de-stratification of the water in this 
season, the cyanobacterial biomass dropped substantially, 
ranging from 3.14 to 6.49 mm3.L–1 at the surface and 
2.97 to 5.72 mm3.L–1 (79.55%) at the bottom (Table 2). 
Greater biomasses of Planktothrix agardhii, G. amphibium, 
Merismopedia punctata Meyen were found competing 
with C. raciborskii (Figure 2d). Only P. agardhii was 
dominant in the rainy season at 1:30 PM (at the bottom 
on August 14).

The first two axes of the PCA explained 98.4% of the 
total variability in the biotic data and, together environmental 
variables, 99.4% of the biotic data. Environmental variables 
were highly correlated with the cyanobacterial community 

a b

c d

Figure  2. Total biomass (mm3.L–1) of cyanobacteria, microalgae and the most representative species of cyanobacteria 
at surface (S) and bottom (B) of Arcoverde reservoir during nycthemeral sampling; a)  cyanobacteria and microalgae in 
dry season in August 2007, (*) = second day of sampling - August 15; b) cyanobacteria and microalgae rainy season in 
November 2007, (*) = second day of sampling - November 14; c) The most representative cyanobacteria in dry season, 
(*) = second day of sampling - August 15; d) The most representative cyanobacteria in rainy season, (*) = second day of 
sampling - November 14.
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on both axes (Table 3). Axis 1 of PCA, representing the 
seasonal gradient in temperature and pH, separated the species 
in relation to season and Axis 2, the species in relation to 
light availability (Secchi disk) (Figure 3). The PCA analysis 
revealed a strong correlation between cyanobacteria and 
environmental variables. C. raciborskii was highly correlated 
with pH, followed by water temperature. P. agardhii was 
strongly correlated with turbidity. G. amphibium and 
M. punctata were correlated with total nitrogen availability, 
the TN:TP ratio and orthophosphate.

4. Discussion

The Arcoverde reservoir is located in the semiarid 
region of Pernambuco state. It has typical characteristics 
of a eutrophic environment throughout the year, such 
as high water temperature and light intensities, high 
concentrations of phosphates and low nitrogen/phosphorus 
ratio (Bouvy et al., 1999, 2001; Moura et al., 2011).

Dominance alternation in the Arcoverde reservoir 
was seen during the two different seasons. In the dry 
season, C. raciborskii dominated the phytoplankton at 
both depths and all times of the day, with biomass values 
ranging from 2.48 to 75.17 mm3.L–1. The largest biomass 
was concentrated at the surface (Figure 2a). The principal 
component analysis (PCA) indicated that the cyanobacterial 

community in this season was mainly influenced by water 
temperature and pH.

In the rainy season, P. agardhii behaved as the dominant 
species. G. amphibium also took part in the phytoplankton 
composition, but with lower biomass values (Figure 2d, 
Table 2 and 3) than those of C. raciborskii, which maintained 
stable populations, although on a smaller scale. PCA 
revealed that G. amphibium was mainly favored by the 
increase in turbidity in this season, which improved its 
competition with C. raciborskii. Moreover, the reduction 
in the biomass of C. raciborskii made the development of 
other species of cyanobacteria possible, which were favored 
by the competition. Kokocisnki et al. (2010) reported 
greater development of P. agardhii associated to a high 
degree of turbidity in hyper-trophic lakes in Poland, as 
was seen in the Arcoverde reservoir. In the rainy season, 
the input of allochthonous matter from agriculture and 
sewage residue brought by rain and the water mixing up 
to sediment bottom increase turbidity, thereby favoring 
succession processes among phytoplankton (Figueredo 
and Giani, 2001; Chellappa et al., 2008b).

C. raciborskii in the Francs-Pêucheurs lake in France 
was correlated with high TN/TP ratios (Briand et al., 
2002). Studying lakes in the Scharmützelsee region in 
Germany, Rücker et al. (1997) suggest that P. agardhii is 
favored by low TN/TP ratios. Huszar et al. (2000) studying 
five reservoirs in Brazil found that non-heterocystous 
cyanobacteria were also correlated with low TN/TP ratios.

In the Arcoverde reservoir, the highest TN/TP ratios 
were found in the dry season (at seven different times of 
the day), together with the dominance of C. raciborskii. 
Although the TN/TP ratio is not considered the most 
important factor to the development of C. raciborskii, 
PCA also showed this ratio to be correlated with the dry 
season. In the present study, C. raciborskii and P. agardhii 
alternated in terms of the dominance of the biomass in 
the two seasons investigated, similarly with findings 
reported by Rücker et al. (1997), Huszar et al. (2000) and 
Briand et al. (2002).

C. raciborskii and P. agardhii are widely distributed 
in the tropics. However, C. raciborskii has become an 
invading species in recent decades, with broad distribution 
throughout the world and easily dominating the phytoplankton 
community under adequate conditions (Padisák, 1997; 
Saker et al., 2003; Mack et al., 2000; Burford and Davis, 
2011). Both species are potential toxin producers and 
therefore constitute a concern for authorities that monitor 
the quality of public drinking water (Lagos et al., 1999; 
Pomati et al., 2000; Kokocinski et al., 2010).

The ecological success of C. raciborskii in freshwater 
environments may be related to migration capacity in the 
water column, tolerance to variations in light availability, 
and its ability to fix inorganic carbon at high pH values 
or the direct use of bicarbonates as a source of carbon 
(Golterman et al., 1978; Chellappa et al., 2008b). This 
species also has the ability to fix atmospheric N2, which 
gives it an adaptive advantage in environments with low 
nitrogen availability (Dokulil and Teubner, 2000).

Table  3. Statistical summary and correlation coefficients 
between phytoplankton associations and abiotic variables 
on first two PCA axes in Arcoverde reservoir, Brazil.

 Axis 1 Axis 2
Eigenvalues 0.937 0.048
Accumulated variance in 
biotic data (%)

93.7 98.4

Accumulated variance in 
association-environment 
relation (%)

95.9 99.4

Association-environment 
correlation

0.985 0.830

Intra-set correlation
Axis 1 Axis 2

Temperature (Temp) 0.211 -0.062

Secchi (Sec) -0.013 -0.294

pH 0.966 -0.053

Turbidity (Turb) -0.690 -0.499

Orthophosphate (PO4) 0.087 0.314
Total nitrogen (TN) 0.396 0.390
Total phosphorus (TP) -0.206 0.169
Dissolved oxygen (DO) -0.368 -0.230

Total dissolved Phosphorus 
(TDP)

-0.566 -0.282

Nitrogen-phosphorus ratio 
(TN/TP)

0.373 0.197

Trophic state index (TSI) 0.106 0.174
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Bittencourt-Oliveira et al. (2011a) studying the behavior 
of C. raciborskii (straight and coiled morphotypes) at 
different depths under different temperature and light 
intensity conditions (characteristics of the dry and rainy 
seasons), observed that both morphotypes demonstrated 
adaptability to these environmental variables, but preferred 
a lesser light intensity and milder temperatures, which are 
characteristics of the rainy season in the semi-arid region.

Some studies also suggest that C. raciborskii would 
benefit from low light intensities (Padisák and Reynolds, 
1998; Reynolds et al., 2002; Bittencourt-Oliveira et al., 
2011a; Burford and Davis, 2011). In laboratory experiments, 
Briand et al. (2004) found no statistically significant 
differences in the growth rate of different strains of 
C. raciborskii. In batch cultures, Bittencourt-Oliveira et al. 
(2012) analyzed the effects of the combination of two different 

light intensities and temperatures on the growth rate of the 
straight and coiled trichomes of C. raciborskii strains and 
found that both morphtypes showed faster growth rates 
when submitted to higher light intensity and temperature, 
whereas the condition of a lower temperature and higher light 
intensity had a negative effect on the development of both 
morphotypes. Unlike the strains analyzed by Briand et al. 
(2004), the Brazilian strains (coiled and straight) responded 
differently to the temperatures and light intensities tested. 
These apparently contradictory data lead us to hypothesize 
that there are no generalizations regarding the behavior 
of C. raciborskii populations in different regions. There 
are indications that C. raciborskii populations exhibit 
differentiated physiologic behavior, which should be taken 
into consideration in the interpretation of data.

Figure 3. PCA ordination diagram showing seasonal periods, environmental variables and species with most representative 
biomass in Arcoverde reservoir; C.rac. = C. raciborskii; G.amp. = G. amphibium; M.pun. = M. punctata; P.aga. = P. agardhii; 
TP = total phosphorus; TN = total nitrogen; Turb. = turbidity; Temp. = water temperature; DO = dissolved oxygen; TDP = total 
dissolved phosphorus; Sec. = Secchi disk; PO4 = orthophosphate; TN/TP = nitrogen/phosphorus ratio; TSI = trophic state 
index; 1 = 1:30 PM dry surface; 2 = 1:30 PM dry bottom; 3 = 5:30 PM dry surface; 4 = 5:30 PM dry bottom; 5 = 9:30 PM 
dry surface; 6 = 9:30 PM dry bottom; 7 = 1:30 AM dry surface; 8 =1:30 AM dry bottom; 9 = 5:30 AM dry surface; 
10 = 5:30 AM dry bottom; 11 = 9:30 AM dry surface; 12 = 9:30 AM dry bottom; 13 = 13:30 PM dry surface; 14 = 13:30 PM 
dry bottom; 15 = 1:30 PM rainy surface; 16 = 1:30 PM rainy bottom; 17 = 5:30 PM rainy surface; 18 = 5:30 PM rainy 
bottom; 19 = 9:30 PM rainy surface; 20 = 9:30 PM rainy bottom; 21 = 1:30 AM rainy surface; 22 = 1:30 AM rainy bottom; 
23  =  5:30  AM rainy surface; 24 = 5:30 AM rainy bottom; 25 = 9:30 AM rainy surface; 26 = 9:30 AM rainy bottom; 
27 = 1:30 PM rainy surface; 28 = 1:30 PM rainy bottom; (*) = second day of sampling.
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C. raciborskii can be dominant throughout the year 
(Padisák, 1997), but is generally more restricted to dry 
periods with low rainfall (Chellappa and Costa, 2003) and 
high temperatures (Bouvy et al., 2006). The stability of the 
water column (Berger et al., 2006) and the long period of 
water retention during dry periods in the reservoirs provide 
excellent conditions of temperature and irradiation for the 
dominance of this species (Bouvy et al., 2000). A vertical 
variation in temperature also affects the availability of 
nutrients and is a determining factor in the seasonal dynamics 
of phytoplankton (Becker et al., 2009). Dantas et al. (2011) 
previously reported an increase in C. raciborskii populations 
in stratified waters in the Arcoverde and Pedra reservoirs.

Thermal stratification and pH between the surface and 
bottom in the dry season seems to favor C. raciborskii at 
all depths and times of the day. Thermal stratification in 
the dry season (summer) and de-stratification in the rainy 
season (winter) have also been demonstrated in other 
studies carried out in semiarid regions of northeastern 
Brazil (Bouvy et al., 1999, 2000; Chellappa and Costa, 
2003; Bittencourt-Oliveira et al., 2011a; Dantas et al., 
2011). According to Bouvy et al. (2000), the development 
of this species is frequent in reservoirs in the semiarid 
region of Brazil, as most are shallow bodies of water with 
considerable stability in the water column, as well as high 
pH and temperature values.

The favoring of C. raciborskii by stratification cannot 
be considered a rule. Bittencourt-Oliveira et al. (2011a) 
in the Mundaú reservoir in northeastern Brazil reported 
that populations of C. raciborskii (coiled and straight 
morphotypes) increased in density under conditions of thermal 
de-stratification in comparison to the stratification found in 
the dry season. The period of de-stratification was associated 
to lower light intensities and temperatures than in the period 
of stratification, providing more adequate conditions for 
growth. Moreover, the species dominated throughout the 
year, without the presence of other cyanobacteria. Similar 
results, with C. raciborskii dominating under conditions 
of de-stratification are reported in shallow polymictic 
ecosystems or with a constant isothermal water column in 
tropical reservoirs (Bouvy et al., 2003; Dantas et al., 2011).

P. agardhii can grow at low temperatures in temperate 
(Dokulil and Teubner, 2000; Kokocinski et al., 2010) and 
eutrophic lakes even in winter (Poulickova et al., 2004). 
This species is associated to turbid waters with a high 
disturbance frequency (Scheffer et al., 1997; Nixdorf et al., 
2003). According to Kokocinski et al. (2010), the abundance 
of Planktothrix is negatively related to that of C. raciborskii 
and favored by conditions of greater turbidity and higher 
concentrations of phosphorus, whereas C. raciborskii 
is related to ammonium nitrogen, with a preference for 
warm, less turbid waters. In the Arcoverde reservoir the 
greater development of P. agardhii was related to an 
increase in turbidity and concentrations of total dissolved 
phosphorus. Populations of P. agardhii and C. raciborskii 
were negatively related, with the prevalence of one or the 
other species in one of the seasonal periods favored by the 
established physical and chemical conditions.

According to PCA, physical variables were more 
significant to determine the greater biomasses and success 
of C. raciborskii and P. agardhii in each period in relation 
to the availability of nutrients. Naselli-Flores et al. (2000) 
studying 21 oligotrophic to hypertrophic reservoirs reported 
that the availability of nutrients tends to exert a greater 
influence over the composition of phytoplankton species 
in environments in which this availability is limiting, as in 
the case of oligotrophic reservoirs. In eutrophic reservoirs, 
such as the Arcoverde reservoir, physical factors induced 
by trophic and seasonal gradients are more important and 
affect the normal patterns of variability.

5. Conclusions

In the Arcoverde reservoir: a) physical variables better 
explain the alterations of species in the phytoplankton 
community in an environment dominated by cyanobacteria 
throughout the year; b) seasonal climatic factors associated 
to periods of stratification and de-stratification are important 
for alterations in the community and variations in biomass; 
c) the turbidity caused by rainfall favored the emergence 
and establishment of other cyanobacteria, especially 
P.  agardhii and d) phytoplankton variations in biomass 
and composition are tenuous throughout the day, with 
some exceptions, but do not differ substantially from the 
values found with spot sampling performed at the same 
time of the day in the Arcoverde reservoir.
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