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Abstract: Aim: To determine the composition and biomass of functional groups 
around the vertical and temporal gradient correlated with environmental conditions and 
apply the index Q in a water-supply reservoir. Methods: Water samples were collected 
monthly (n = 92) between 2009 and 2011 in two points of the dam for physicochemical 
and biological analysis. Results: The pH, dissolved oxygen and water temperature showed 
significant differences between the photic and aphotic zones (p<0.05). The vertical 
variation of dissolved oxygen and water temperature, showed a profile of stratification. 
The phytoplankton community was represented by 11 functional groups: S1, M, H1, Lo, 
P, F, SN, J, W2, MP and R. Conclusions: The vertical variations were less pronounced 
than the temporal variations in the phytoplankton community. The Q index pointed out 
poor water quality, corresponding to the current state of eutrophication in the reservoir 
and it was sensitive to responsive to environmental and hydrodynamic changes in these 
systems, demonstrating to be an appropriate tool for monitoring and evaluating the 
quality of water in tropical semi-arid reservoirs. 

Keywords: phytoplankton functional groups; stratification; Q index; reservoir; 
Cyanobactaria. 

Resumo: Objetivo: determinar a composição e a biomassa dos grupos funcionais nos 
gradientes vertical e temporal, correlacionando com as condições ambientais e aplicar o 
índice Q num reservatório usado para abastecimento humano. Métodos: Amostras de água 
foram coletadas mensalmente (n=92) entre 2009 e 2011, em dois pontos do reservatório 
para análises físicoquímicas e biológicas. Resultados: O pH, oxigênio dissolvido e 
temperatura da água apresentaram diferenças significativas entre as zonas eufótica e afótica 
(p<0.05). A variação vertical do de oxigênio dissolvido e temperatura da água, mostrou 
um perfil de micro-estratificação. A comunidade fitoplanctônica foi representada por 
11 grupos funcionais: S1, M, H1, Lo, P, F, SN, J, W2, MP e R. Conclusões: Variações 
verticais foram menos pronunciadas do que as variações temporais na comunidade 
fitoplanctonica. O índice Q apontou má qualidade da água, que corresponde ao estado 
atual da eutrofização no reservatório e foi sensível a capacidade de resposta às mudanças 
ambientais e hidrodinâmicas do reservatório, mostrando ser um instrumento adequado 
para monitoramento de reservatórios em região tropical semi-árido. 

Palavras-chave: grupos funcionais do fitoplâncton; estratificação; índice Q; 
reservatório; cianobactéria.
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Many reservois in the semi-arid region in 
northeastern Brazil are eutrophic and eventually 
hypereutrophic (Bouvy  et  al.,  1999, 2000; 
Eskinazi-Sant´Anna et al., 2006; Panosso et al., 2007; 
Sousa et al., 2008; Costa et al., 2009). An important 
morphometric characteristic of reservoirs in 
semi-arid regions is the high ratio between the 
drainage basin and the area of the reservoir itself 
(Thornton & Rast, 1993), together with a negative 
balance between precipitation and evaporation rates, 
these factors affect several ecological processes in 
these ecosystems (Sousa et al., 2008). This means that 
they tend to have high concentrations of nutrients, 
suspended solids and salts, favoring eutrophication, 
siltation and salinization (Sousa et al., 2008).

This condition is favorable and affects the structure 
of the phytoplankton and zooplankton communities 
in this region (Eskinazi-Sant´Anna  et  al.,  2013; 
Dantas  et  al . ,   2012; Costa  et  al . ,  2009; 
Sousa  et  al.,  2008). The occurrence of different 
phytoplankton populations with pronounced 
vertical variation in biomass and dominance of 
cyanobacteria, are generally influenced by the synergy 
between the mixing regime and nutrients, especially 
nitrate, as well as hydrology, temperature, and light 
(Huszar et al., 2000; Bouvy et al., 1999, 2000, 2001, 
2003; Moura  et  al.,  2007; Costa  et  al.,  2006b; 
2009).

Historical data on the reservoir Armando 
Ribeiro Gonçalves revealed increasing eutrophic 
conditions (Costa  et  al., 1998, 2006a, b; 2009; 
Vieira  et  al.,  2011; Sousa  et  al., 2008), constant 
occurrences of hepatotoxic cyanobacteria 
as Microcystis aeruginosa (Kützing) Kützing, 
Planktothrix agardhii (Gomont) Anagnostidis 
& Komárek, Cylindrospermopsis raciborskii 
(Woloszynska) Seenayya & Subba Raju and, 
Anabaena circinalis Rabenhorst ex Bornet & 
Flahault (Costa et al., 1998, 2006a, b, 2009) and 
zooplankton community dominated by rotifers 
and copepods (Eskinazi-Sant’Anna  et  al., 2007, 
2013). However, studies on temporal and vertical 
scales of the of phytoplanktonic functional groups 
and Q index to assess the quality of water bodies 
using these groups have not yet been carried 
out in this reservoir. We hypothesized that the 
trophic state, rainy and dry seasons, affect the 
phytoplankton dynamics, because of the availability 
of light and nutrients, turbidity, precipitation 
and water retention. It was also hypothesized 
that phytoplankton is a good bioindicator of 
the ecological status in a semi-arid water-supply 
reservoir.

1. Introduction

The phytoplankton community is the focus of 
biological data when it comes to eutrophication 
effects for multiple reasons such as the rapid 
response along the increase in nutrients availability 
and the strong influence that this community 
composition has on the quality of water (Reynolds, 
1998, 2006). The physical structure of the 
environment and the availability of nutrients are 
the most important variables likely to influence 
phytoplankton communities (Reynolds, 1980). 
During its annual dynamics, phytoplankton 
undergoes various successional stages, and its 
composition can reach the equilibrium at shorter 
or longer periods (Padisák et al., 2003). According 
to Salmaso (2003), temporal changes in the 
composition of phytoplankton may represent 
a complex environmental gradient of annual 
succession. Studies have shown how the environment 
and the increase or decrease of a number of 
different factors, culminating in the dominance of 
cyanobacteria (Reynolds, 2006; Bonilla et al., 2012; 
Bouvy  et  al.,  2003), influences the spatial and 
temporal distribution of phytoplankton and its 
patterns. Several studies have attempted to explain 
the success of cyanobacteria in freshwater ecosystems, 
with different environmental characteristics 
(Kosten  et  al., 2012; Romo  et  al.,  2012; 
Costa  et  al.,  2009; Molica & Azevedo, 2009; 
Fernandes et al., 2009).

Reynolds  et  al. (2002) used environmental 
factors to establish a functional classification able 
to reflect these species ecology. However, in a 
review by Padisák et al. (2009), the phytoplankton 
species were grouped into 38 assemblies, designated 
by alphanumeric codes, based on their survival 
strategies, tolerances and sensitivities.

In the current approach, an index to assess 
the quality of water bodies using phytoplankton 
f u n c t i o n a l  g r o u p s  w a s  d e v e l o p e d  b y 
Padisák et al. (2006). The Q index has 5 qualification 
levels of the water body and takes into account the 
functional groups relative weight in total biomass 
and a numerical factor assigned to each assembly, 
and it is a promising tool in assessing the ecological 
of aquatic ecosystems irrespective of the geographic 
region (Padisák et al., 2006). Crossetti & Bicudo 
(2008) have successfully applied this index in an 
urban reservoir as well as Becker et al. (2009) in a 
subtropical one used for water supply, coming to 
the conclusion that it is a promising tool for the 
assessment of aquatic ecosystems ecological status, 
regardless of geographic region.
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In these terms, we attempted to investigate 
how environmental conditions during the dry and 
rainy seasons affect the dynamics of functional 
groups between the photic and aphotic zones, and 
applied the Q index for water quality evaluation. 
We believe in the potential of the assemblage 
Index (Q) as a promising tool in assessing the 
ecological status of the reservoirs in the semi-arid 
regions, offering an important contribution to 
understanding the ecology of the phytoplankton 
and to demand environmental monitoring programs 
for bioindicators in this region.

2. Material and Methods

2.1. Study area

The present study was carried out in the 
Armando Ribeiro Gonçalves (ARG) Dam, 
(05° 14’ 30” S and 36° 43’ 00” W) located in 
the Brazilian Northeast, of in the state of Rio 
Grande do Norte, fully inserted in the semi-arid 
region and intensely subjected to constant water 
deficits with average annual rainfall ranging from 
400 to 800mm (Figure 1). It is the largest reservoir 
for irrigation in Latin America (19,200ha) and 
supplies up to 79.6% of the total volume of water 
in the state, enabling human consumption for 
more than 400 000 inhabitants. It has maximum 
storage capacity of 2.4 million m3, average depth of 
12.3 meters, maximum depth of 40 meters, and it 
is surrounded by agricultural and urban areas. This 
system was warm water and eutrophic polymictic 
standard as well as high mean water retention 
(3.6 years) (Costa et al., 2009). This system is an 
important water supply for human consumption, 
and also for irrigation, since it is used for agrocivil, 
aquaculture, recreational and industrial activities 
and domestic supply.

2.2. Sampling and abiotic variables

Water samples (n = 92) were collected monthly 
from April 2009 to October 2011, covering both 
the dry and rainy seasons, at two points along 
the longitudinal axis of the reservoir (Figure  1): 
P1 (lentic and deeper region), located in the city 
of Itajá and P2 (region of semi-lentic transition), 
located in the city of São Rafael. The samples 
were collected at each point at six different depths 
throughout the water column; three of them were 
collected in the euphotic zone while the other three 
were collected in the aphotic zone. Subsequently, 
the water samples were integrated to form a single 
representative rate for each compartment aphotic 
and euphotic from each point.

In each sampling, the transparency of the 
water column was estimated by the Secchi disk 
depth extinction. Vertical profiles of turbidity, 
temperature, hydrogen potential (pH), dissolved 
oxygen concentration and electric conductivity 
were performed with multiparameter probe. The 
photic zone (Zeuf ) was calculated as three times 
the water transparency measured by Secchi disc 
(Cole, 1994) and the Zeuf/Zmax ratio was used as 
an index of light availability in the water column 
(Jensen et al., 1994).

Concentrations of total nitrogen and total 
phosphorus in the water were obtained by 
spectrophotometry according to APHA (2000) 
recommendations. The determination of total 
phosphorus was reached   by the method of ascorbic 
acid after the samples digestion with potassium 
persulphate and total nitrogen by oxidation of 
nitrogen compounds to nitrate, according to 
Valderrama (1981).

For chlorophyll-a determination, 250ml 
samples were filtered on filter Whatman 934-AH 
25 mm diameter, with the aid of a filtration ramp 

Figure 1. Geographical location of Armando Ribeiro Gonçalves Reservoir, Northeast Brazil (P1: Itajá and P2: São Rafael).
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and a vacuum pump. Extraction was carried out 
with 10 ml of 100% ethanol overnight (Lorenzen, 
1967). The concentrations were determined 
spectrophotometrically (665 and 750nm) according 
to the method of Christoffersen & Jespersen (1987). 
The reservoirs’ trophic state was obtained using 
the index proposed by Carlson trophic modified 
(Toledo Junior, 1990) for tropical environments.

2.3. Phytoplankton analysis and Assemblage Index 
(Q)

Samples for phytoplankton composition 
determination were collected in vertical and 
horizontal hauls with a plankton net (20 µM) 
and fixed with 4% formaldehyde. Aiming species 
quantification, samples were collected with Van 
Dorn bottles and preserved with Lugol solution. 
The quantification followed Utermöhl (1958) 
and the count of individuals (cells, colonies and 
filaments) occurred in random fields, with error 
lower than 20%, confidence coefficient of 95% as 
Lund et al.  (1958) criteria. The number of fields 
varied among samples and count completion was 
considered when the 100th individual from the 
dominant species was count. For samples with 
phytoplankton bloom, the count continued until 
the 400th, following the same criterion, for a 
10% environment error (Chorus & Bartram, 1999).

The biovolume was obtained by geometric 
approximation, multiplying each species density 
by its mean cell volume, considering, whenever 
possible, the average size of 30 individual samples 
of each species (Hillebrand et al., 1999).

Phytoplankton functional groups were 
defined according to Reynolds  et  al. (2002) and 
Padisák et al.  (2009) for species that contributed 
to at least 5% of biovolume on at least one sample. 
These species were considered as dominant.

The index assembly (Q) developed by 
Padisák  et  al. (2006) was used to assess the 
environmental status of the reservoir, considering 
the following 5 degrees classification: 0-1: bad; 
1-2 tolerable; 2-3; medium; 3-4: good and 4-5: 
excellent.

2.4. Statistical analyses

A Principal Component Analysis (PCA) was 
used to ordinate the 92 sample units and 12 abiotic 
variables (volume, output, water retention, TP, 
TN, TN/TP, pH, conductivity, dissolved oxygen, 
temperature, water transparency and precipitation) 
with the purpose of reducing the dimensionality of 
the data and describing the relationship between 

these variables. From the PCA, a linear correlation 
matrix was performed of the abiotic variables to 
determine spatial and temporal conditions of the 
abiotic variables.

A Canonical Correspondence Analysis (CCA) 
was performed in order to evaluate the relationship 
between the functional groups phytoplankton 
and abiotic variables analyzed. Abiotic data and 
chlorophyll-a were standardized to exclude the 
effects of measuring units and prepare them to 
be used in PCA and CCA. For that purpose, data 
was transformed (ln x+1) to adjust the criteria 
of normality and homogeneity of variance. To 
eliminate variables we used the results of PCA and 
Spearman correlation between abiotic variables.

A covariance analysis (ANCOVA) was 
performed, using the rain index as the co-variable, 
to detect if the differences among abiotic variables 
and chlorophyll-a between both aphotic and photic 
zone were influenced by the preciptation. In order to 
compare the differences between these variables, the 
ANOVA bi-fatorial was conducted. We permormed 
a logistic regression model (similar to the linear 
regression model, but the response variable is 
binary) with the purpose of reducing effects of zeros 
in the data of the biomass of functional groups. The 
logistic regression was used to identify significant 
variations these groups according to rainfall data 
and both aphotic and photic zone, and to adjust 
the criteria of homogeneity of variance. Therefore, 
the biovolume data is processed on presence and 
absence and applied regression. Calculations of the 
probability occurrence were carried out using the 
follwing Equation 1:

∑
= − β + β+ 0 i i

1P(X) ( X )1 e
 (1)

Where P (X) is the probability of occurrence of 
the functional group to the X event, β0 and βi are 
parameters to be estimated from sample data. From 
this, all zeros are excluded and held a generalized 
linear model (GLM), with Gamma function, for 
relations that were significant. All analysis were 
performed in R (1.15.0) software.

3. Results

3.1. Abiotic variables

According to the modified Carlson’s index 
(Figure 2), regarding transparency, phosphorus and 
chlorophyll-a, point 1(Itajá, lentic and deeper region) 
showed values   for eutrophic environments. At point 
2 (São Rafael, region of semi-lentic transition), the 
reservoir was considered eutrophic according to 
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transparency, and hypereutrophic considering the 
values   of phosphorus and chlorophyll-a.

High concentrations of total phosphorus 
and total nitrogen, chlorophyll-a, total biomass 
phytoplankton and low water transparency also high 
temperature were observed in the two points in the 

reservoir (Table 1). The hottest months occurred 
during the rainy season, which always happened in 
the first half of the studied years. Average monthly 
precipitation ranged from 0.0 mm to 253.2 mm. 
The pH, dissolved oxygen and water temperature 
were significantly different between the photic and 
aphotic zone and were higher in the photic zone. 
The thermal pattern of the water column showed 
seasonal microstratification with differences below 
1 °C from 5 meters deep on, during the rainy season 
(May-June).

The vertical variation of the water temperature 
ranged at about 1 °C between the photic and 
aphotic zones. Temporal variation reached 4 °C, 
with minimum of 27 °C and maximum of 31 °C. 
The distribution pattern was the type profile 
clinograde with oxygen deficit at the bottom of 
the reservoir. Oxycline from 10 meters depth was 
observed during the rainy season (May-June) in the 
two years of study (Figure 3). The highest dissolved 
oxygen concentrations were measured in July 2009, 
when a Microcystis aeruginosa bloom occurred. The 
reservoir’s chemical characteristics were directly 
influenced by high algal productivity during the 
bloom, which coincided with the highest values   of 
total phosphorus, and one of the lowest values   of 
water transparency (Table 1).

ANCOVA analysis, using the pecipitation as 
covariable, was conducted to detect the differences 

Figure 2. The Modified Carlson’s Trophic State Index 
(Toledo Junior, 1990), showing the temporal variation 
of transparency (Secchi), chlorophyll-a (CHL) and Total  
phosphorus (TP) for points 1 (a) and 2 (b) at Armando 
Ribeiro Gonçalves reservoir between 2009 and 2011.

Table 1. Mean and standard deviaton of the abiotic and biotic variables in the Armando Ribeiro reservoir between 
2099 and 2011.

Itajá São Rafael
Photic Zone Aphotic Zone Photic Zone Aphotic Zone
Med (± dp) Med (±dp) Med (±dp) Med (±dp)

Volume (m3) 2.105.855.048
(236.827.824) - 2.105.855.048

(236.827.824) -

Output (m3 s–1) 18.8 (2.9) - 18.8 (2.9) -
Water retention (years) 3.6 (0.4) - 3.6 (0.4) -
Zm (m) - 25 (2.4) - 19 (3.2)
Transparency (m) 0.9 (0.4) - 0.9 (0.2) -
Preciptation (mm) 139.7 - 85.1 -
Conductivity (µS.cm–1) 119.7 (45.2) 14.1 (3.8) 123 (45.5) 14.4 (3.6)
pH 8.6 (0.7) 7.8 (0.6) 8.5 (0.7) 7.9 (0.5)
Water temperature (°C) 30.9 (7.7) 28.2 (0.9) 29.2 (1.2) 28.5 (1)
TN (µg.L–1) 577.1 (251.6) 669.3 (222) 771.4 (349.3) 783.7 (329.2)
TP (µg.L–1) 92.8 (47.7) 87.1 (36.3) 103.3 (30.2) 100.7 (20.7)
TN/TP (µg.L–1) 7.6 (4.4) 9.2 (6.3) 8.1 (3.8) 8.2 (4.2)
D i s s o l v e d  O x y g e n 
(mg.L–1)

4.6 (2.3) 3.0 (1.6) 5.1 (2.6) 3.6 (1.9)

Chlorophyll a (µg.l–1) 48.0 (36.7) 41.5 (26) 47.2 (22.5) 35.5 (17.3)
Q Index 0.2 (0.5) 0.2 (0.5) 0.5 (1.0) 0.1 (0.3)
Tota l  phy top lank ton 
biomass (mm3.l–1)

38.4 (31.0) 22.1 (22.1) 30.3 (31.5) 22.1 (15.8)

(TN= Total Nitrogen; TP= Total Phosphorus; TN/TP= ratio of Total Nitrogen and Total Phosphorus; Zm=Maximum depth.)
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among abiotic variables and chlorophyll-a between 
both aphotic and photic zone showed that the 
temperature varied between both aphotic and photic 
zone and their difference was greater with increased 
by the rainfall (Table 2).

The availability of light in the water column, 
expressed by transparency in the Zeu:Zmax ratio, 
showed, at point 1, an average transparency of 
0.9 m, ranging between 0.5 m and 2 m during 
the sample period, indicating high turbidity. The 
photic zone (Zeuf ) reached a maximum of 6 m 
deep, not reaching the bottom of the reservoir in 
any of the samplings. The Zeu:Zmax ratio was also 
reduced ranging from 6 to 27%. The largest value 
was recorded in November 2009. At point 2, the 
transparency values   ranged between 0.6 and 1.5m, a 

Figure 3. Diagram of depth and time isoclines of dis-
solved oxygen (mg.L¯¹), water temperature (°C) and 
pH at point 1 at Armando Ribeiro Gonçalves Reservoir.

Table 2. ANCOVA synthesis to detect if the differ-
ences among abiotic variables and chlorophyll-a between 
both aphotic and photic zones were influenced by the 
preciptation.

Preciptation Zone
Variável F P F P

TP 0.031 ns 0.274 ns
TN 0.725 ns 0.597 ns

TN/TP 1.435 ns 0.135 ns
pH 1.775 ns 20.76 *

Conductivity 0.534 ns 0.951 ns
Dissolved Oxygen 1.035 ns 9.304 *
Water temperature 5.34 * 15.6 *

Chlorophyll a 0.018 ns 2.56 ns
*Significant values (TN= Total Nitrogen; TP= Total 
Phosphorus; TN/TP= ratio of Total Nitrogen e Total 
Phosphorus)

similar pattern as found in point 1, average values   of 
0.9 m. The photic zone (Zeuf ) reached a maximum 
at 4.5m depth, also not reaching the bottom of the 
reservoir in any of the samplings. The Zeu:Zmax 
ratio was reduced as well, ranging between 8 and 
23%.The highest value was recorded in August 
2009 (Table 1).

In the PCA analysis, the two first axis together 
explained 72, 9% of the total variance of the abiotic 
variables data. The first axis explained 51, 5% of 
the variance of the data, whereas the second axis 
explained 21, 4% of this variance. The correlation 
of the abiotic variables were calculated and showed 
that most significant negative correlation with the 
first axis were the concentrations TN, TN/TP ratio, 
whereas the highest positive correlations were the 
concentrations dissolved oxygen and TP, water 
volume and output. The second axis showed a 
strong positive correlation with the concentration 
dissolved oxygen, followed by the ratio TN/TP and 
conductivity (Table 3). It can be observed in the 
ordination diagram that the sample did not show 
zone grouping patterns (photic and aphotic) or 
collection point (Itajá and San Rafael), only a few 
grouping of months (Figure 4).

3.2. Phytoplankton functional groups

The phytoplankton community was represented 
by 63 taxonomic categories and identified 
11  functional groups: S1, M, H1, Lo, P, F, SN, 
J, W2, MP and R, with mean values of total 
Phytoplankton functional groups biomass ranging 
between 22  mm3.l–1 and 38 mm3.l–1 during the 
sample period (Table  1). Figure  5 shows the 
relative contribution (%) of functional groups 
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phytoplankton in both samples from the two 
points. Cyanobacteria were represented by six 
functional groups (S1, H1, Lo, SN and M and R) 
(Table 4). Among the groups, the S1, represented 
by cyanobacteria Planktothrix agardhii, was the most 

Table 3. Correlation coefficients between abiotic variables 
and the three PCA first axes.

Axis 1 Axis 2 Axis 3
Volume -0.65* -0.10 -0.05
Output 0.45* -0.15 -0.14

Water retention 0.04 0.11 0.14
TP 0.67* 0.22* 0.65*
TN -0.45* -0.21* 0.58*

TN/TP -0.86* -0.46* 0.19
pH 0.04 -0.08 0.39*

Conductivity -0.15 0.31* 0.48*
Dissolved Oxygen 0.76* -0.63* 0.00
Water temperature 0.22* -0.17 -0.04

*Significant values (TN= Total Nitrogen; TP= Total 
Phosphorus; TN/TP= ratio of Total Nitrogen e Total 
Phosphorus)

Figure 4. Principal Components Analysis (PCA) of abiotic variables (Cond. = conductivity; NT= total nitrogen; 
pH= hydrogen potential; PT= total phosphorus; Runoff = Output; Water retention= residence time; Vol. = volume; 
O2= dissolved oxygen; NT.PT= ratio of Total Nitrogen e Total Phosphorus) at Armando Ribeiro Gonçalves Reservoir 
from April 2009 to October 2011. (figure codes follow the order: month, year, point (I= Itajá; S= San Rafael), Zone 
(A for aphotic and F for photic).

Figure 5. Relative contribution (%) of functional groups 
at Armando Ribeiro Gonçalves Reservoir in a) P1 and b) 
P2 of April 2009 to October/2011.
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adapted to the environmental conditions of the 
reservoir, and represented more than 90% of total 
biovolume in the first month of the study (Apr/09). 
From May 2009 on, its relative contribution 
decreases sharply, reaching 0% between June to 
August 2009. After that, this biovolume went 
through some oscillations rising to achieve stability 
from June 2010 through the end of the study 
(Oct/11), reaching 97.5% of the total biovolume. 
The Spearman test (p<0.05) conducted on the 
biovolume of the S1 group and abiotic variables 
showed a significant negative correlation with 
volume (r=-0.35) and dissolvid oxigen (r=-0.40), 
and a positive correlation with TN/TP (r=0.46). The 
M Group, formed by the cyanobacteria Microcystis 
aeruginosa and Sphaerocavum brasiliense Azevedo 
& C.L.Sant’Anna, was also very representative 
in the reservoir. Its highest biovolume values   
occurred while S1 group was less representative 
in the phytoplankton – from June to September 
2009. The S1 group showed the opposite from 
the functional group M, which demonstrated 
significant positive correlation with the volume 
of the reservoir (r = 0.26), TP (r = 0.44), dissolvid 
oxigen O2 (r = 0.53) and negative correlation with 
TN (r = -0.21), TN/TP (r = -0.22), pH (r = -0.24) 
and conductivity (r = -0.28).

The H1 group was represented by Anabaena 
circinalis and Aphanizomenon gracile (Lemmermann) 
Lemmermann species, which were presented 
only in March and April 2010. This group 
showed correlation with TN/TP and dissolvid 
oxigen (r = -0.20 and r = 0.20, respectively). 

The group SN, which was represented only by 
Cylindrospermopsis raciborskii was present from 
September 2009  to February 2011, notably in 
March 2010, when it was dominant and contributed 
to 42% to the total biovolume in phytoplankton. 
It showed highest negative correlation with 
volume, output, TP and dissolvid oxigen, and 
was positive correlated with TN and TN/TP. 
Coelosphaerium evidentermarginatum P. Azevedo 
& C. L. Sant’Anna was the most representative of 
the Lo group, and its contribution was relatively 
higher in December 2009  (42%  of biovolume). 
The R group (represented by Planktothrix mougeotii, 
Anagnostidis & Komárek) was unrepresentative, 
with quantitative data only in the first month of the 
study (Apr/09). Lo, J and R revealed no significant 
correlation with any variable studied.

The J, P and F groups were not very prominent 
and were represented by one species each (Coelastrum 
microporum, Nägeli in A. Braun, Closterium 
kuetzingii var.  onychosporum West & G.S.West 
and Botryococcus braunii Kütz, respectively) all 
chlorophytes. The group P revealed positive 
correlation with volume and output and was 
negative correlated with TN and pH. The funcional 
group F revealed similar pattern to group P.

The euglenophytes were represented by 
W2 Group, formed by Trachelomonas Ehrenberg. 
Its representation increased in May 2009, and was a 
negative correlated with total nitrogen, TN/TP ratio 
and pH. The MP Group, formed by the diatom 
Cocconeis sp. Ehrenberg, contributed little to the 

Table 4. Main Phytoplankton species with their taxonomic biomass and functional groups, and respective F for the 
Armando Ribeiro Gonçalves reservoir between 2009 and 2011.

Funcional 
group Phytoplankton species Taxonomic Group F

(Factor)
Biomass (mm3.l–1) 
funcional groups*

M
Microcystis aeruginosa Cyanobacteria 0 3.1

Sphaerocavum brasiliense Cyanobacteria 0
H1 Aphanizomenongracile Cyanobacteria 1 0.5

Anabaena circinalis Cyanobacteria 1
S1 Planktothrix agardhii Cyanobacteria 0 19.4
Lo Coelosphaerium 

evidentermarginatum
Cyanobacteria 5 0.13

SN Cylindrospermopsis raciborskii Cyanobacteria 0 1.3
R Planktothrix mougeotii Cyanobacteria - 0.10
P Closterium kuetzingii Chlorophyceae 5 0.18
J Coelastrum microporum Chlorophyceae 1 0.01
F Botryococcus braunii Chlorophyceae 5 0.18

MP Cocconeis sp. Bacillarophyceae 5 0.01
W2 Trachelomonas sp. Euglenophyceae 0 0.02

Descriptor species (>5% of the total biomass); *Since there was no significant differences between the values biomass 
from aphotic and photic zone (p<0.05), we used median values from both sampling points and zones.
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total biovolume throughout the study and pH was 
the only variable correlated with it (r = -0.24).

The functional groups did not show significant 
variation of the occurrence and biovolume between 
the photic and aphotic zones, according to the 
results of model logistic regression. However, the 
functional groups S1 and SN showed significant 
variation with precipitation (p = 0.035 and 
p = 0.004, respectively). The functional group 
S1 occurred in both periods of rain and drought. 
The functional group SN increased the occurrence 
probability (74%) with reduced rainfall. The 
generalized linear model (GLM) results indicated 
that although the groups S1 and SN have shown 
significant variation with rainfall data regarding 
its presence and absence, the biovolume was not 
significantly associated with rainfall (p = 0.203 and 
p = 0.373, respectively) (Table 5).

The results of the CCA indicate that the first 
two axes of the ordination explained 95.2% of the 
total variance effect on functional groups. The most 
significant variables on the first axis were dissolved 
oxygen, total nitrogen and conductivity. The pH, 
water retention, output and total phosphorus 
were the strongest significant on the second axis 
(Figure 6). The functional groups M, H1, M, W2, 
R, P, Lo, J and MP showed stronger correlation 
on the first axis and were positively correlated with 
dissolved oxygen, total phosphorus and output. 
Negative correlation was observed to total nitrogen 
and conductivity. The group SN was associated to 
increased water retention and reduced pH and TP. 
Table 6 shows that all the relationships on both axes 
were considered significant by the permutation test 
in the first two axes (F=44.2; p<0.01 and F=5. 23; 
p<0.02, respectively).

3.3. The assemblage index (Q)

The results of the system’s ecological state 
evaluation by the Q index showed poor water 
quality for the two investigated points (Figure 7). 
The factor F weights for each functional group 
identified appear in Table 4. The evaluation of point 
1 ranged between tolerable and bad ratings, being 
tolerable in June 2009, which was characterized by 

a more equitable distribution of biovolume among 
S1, M, H1, Lo, P, J and SN groups. From June 
2010 on, the Q index application revealed bad 
rates, influenced by the dominance of the functional 
group S1, represented by Planktothrix agardhii. 
Point 2 showed results ranging from average rates   
to poor. The average stage occurred at the beginning 

Table 5. Results of Model Logistics Regression (GLM) to identify variations between zones (aphotic and photic) 
and precipitation (season rain) in the presence and absence of functional groups. Only significant values are shown.

Season rain
(precipitation)

Zone
(photic and aphotic)

Phytoplakton funcional group β Std. Error p-value β Std. Error p-value
S1 0.295 0.140 0.035 0.164 0.573 0.774
SN -0.324 0.115 0.004 -0.200 0.448 0.654

Figure 6. Canonical Correspondence Analysis (CCA) ap-
plied to abiotic (Cond.= condutivity; TN= total nitrogen; 
pH= hydrogen potential; TP= total phosphorus, Output; 
O2= dissolved oxygen; Water retention=residence time 
and functional groups (S1, M, H1, Lo, P, F, SN, J, W2, 
MP e R) at Armando Ribeiro Gonçalves Reservoir from 
April 2009 to October 2011.

Figure 7. Variation of Q index in points 1 and 2 at 
Armando Ribeiro Gonçalves Reservoir from April 2009 
to October 2
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of the study period (May/09), which is explained by 
the presence of different functional groups (M, H1, 
Lo, F, SN and P). Followed by a phase that oscillated 
between tolerable and bad (June - Dec/09). In 
2010 and 2011, Point 2 was rated as poor due to 
higher biomass of SN, and especially S1 group.

4. Discussion

Tropical aquatic ecosystems are subject to 
seasonal variations that induce physical and chemical 
changes (Fonseca & Bicudo, 2008). A similar 
pattern was described by Costa et al. (2006b, 2009) 
and Chellappa  et  al. (2009) studies in this same 
reservoir. As expected, the rain affected the thermal 
pattern of the water, and temperature was higher 
in the photic zone during this period. As shown in 
other studies, meteorological phenomena like wind 
and rain, play an important role in the ecology of 
phytoplankton in reservoirs (Calijuri et al., 2002), 
changing the thermal pattern (Dantas et al., 2011). 
The rain raises the level of water systems, causes 
sediment resuspension reducing the availability 
of light and algal biomass, generating changes in 
the composition of the different algae associations 

in tropical systems (Dantas et al., 2008). On the 
other hand, higher algal biomass levels occur when 
the reservoirs’ volume is low and these algae are 
favored by the thermal movement of nutrients and 
resuspension (Arfi, 2005).

Change in water temperature and dissolved 
oxygen allowed the definition of a vertical profile 
based on the mixing conditions of the reservoir. 
The high temperatures recorded contributed to 
microstratifications occurrence, condition in 
which small differences in temperature (<0.5°C) 
provide significant variations in the density of water 
(Payne, 1986). It is assumed that the stratification 
period for dissolved oxygen is due to the low flow 
and little mixing of water masses in the limnetic 
region. It is also assumed that the destratification of 
dissolved oxygen is due to the high flow, promoting 
homogenization along the water column. The same 
explanation applies to the temperature behavior 
along the depth. In places with frequent changes in 
wind direction, a permanent destratification occurs, 
especially in shallow water bodies (Von Sperling, 
1999), changing the daily standard stratification.

Temperature is a key parameter for understanding 
the dynamics of aquatic systems to be determinant 
in ecological maintenance, its variation with depth 
(occurrence of thermal stratification), for example, 
can be used to characterize the structure of the 
physical characteristics of the reservoirs (Alcântara 
& Stech, 2011). Temperature has a vertical behavior 
that affects the availability of light and nutrients, 
and is determinant to phytoplankton seasonal 
dynamics (Becker  et  al., 2009). Von Sperling 
(1999) points out that the study of the reservoir’s 
circulation and stratification dynamics, as well 
as its connection with the morphometric and 
hydrological characteristics of a lake or reservoir 
is essential for a basic understanding of the water 
body structure and a better understanding of the 
way morphometric parameters act on the aquatic 
ecosystem functioning.

Cyanobacteria dominated the phytoplankton 
community in the Armando Ribeiro reservoir. The 
predominance of one particular group is generally 
related to environmental conditions such as nutrient 
concentration, geographic location and morphology 
of ecosystems (Moura et al., 2007). Many factors, 
such as temperature, light, the ability to regulate 
position in the water column, reduced tolerance 
to underwater light and high pH, affinity for 
phosphorus, low affinity for nitrogen, dominating 
in systems with reduced ratio of total phosphorus 
and nitrogen, as well as the ability to fix molecular 

Table 6. CCA synthesis for 7 abiotic variables and func-
tional groups of the first two axes and their respective 
cumulative proportions of the variance explained.

Axis 1 Axis 2
Proportion Explained 0.851 0.108
Cumulative proportion 0. 851 0.952
Biplot scores for constraining variables
pH -0.360 -0.745
Water retention 0.095 0.288
TN -0.569 -0.117
TP 0.510 -0.580
Dissolved Oxygen 0.762 -0.352
Condutivity -0.495 0.089
Output 0.382 -0.440
Functional Groups Scores
S1 -0.364 -0.072
M 1.082 -0.240
H1 0.336 0.085
Lo 0.279 0.177
J 0.239 0.210
P 0.506 0.324
F 0.460 0.065
SN -0.015 0.388
R 0.311 0.142
W2 0.266 0.224
MP 0.233 0.208
Permutation test (F; DF; p) 44.2; 1; <0.01 5.23; 1; <0.02
Significant values (TN= Total Nitrogen; TP= Total 
Phosphorus).
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nitrogen, resistance to predation and microbiological 
interactions may be involved in the ecological 
success of cyanobacteria (Bouvy  et  al.,  2001; 
Becker et al., 2009; Bittencourt-Oliveira et al, 2010; 
Dantas  et  al.,  2011; Dolman  et  al., 2012; 
Kosten et al., 2012).

The temporal variation of phytoplankton 
was, as a whole, characterized by the replacement 
of cyanobacterial species. From April/09 to 
May/09  there was a dominance of Planktothrix 
agardhii (group S1). From June to September 
2009  species from group M were highlighted 
(Microcystis aeruginosa and Sphaerocavum brasiliense). 
These two species are morphologically close because 
they form large colonies, differing from each 
other due to the characteristics of hollow colonies 
presented by S.  brasiliense. M.  aeruginosa as one 
of the most cited species in eutrophic reservoirs 
in northeastern Brazil (Dantas et al., 2008, 2011; 
Bittencourt-Oliveira et al., 2010; Moura et al., 2011) 
and one of the most important species of the 
phytoplankton community in this reservoir 
(Costa et al., 2006b, 2009; Chellappa et al., 2009; 
Câmara et al., 2009). Although S. brasiliense has not 
appeared in the same proportion as M. aeruginosa, 
it was also among the descriptors species of the 
community. The two taxa have similar ecological 
requirements, since they were accommodated in the 
same functional group M by Reynolds et al. (2002) 
and Padisák  et  al. (2006), by having buoyancy 
control that enables migration in the water column, 
causing tolerance to the fluctuations in stratification 
and mixing in low-latitude environments.

From October/09 Microcystis aeruginosa density 
was gradually diminished and a more diverse 
population was established with some cyanobacterial 
species co-existence (groups S1, SN, M, Lo, and 
H1), this period lasted until May/10. Crossetti 
& Bicudo (2008) have reported that destratification 
is related to a change in algal structure, with other 
cyanobacteria replacement of the same group. In 
research conducted by Dantas  et  al. (2011), the 
destratification hindered the formation of algal 
blooms and increased competition between species.

The next phase was characterized by the 
Planktothrix agardhii dominance and codominance 
of Cylindrospermopsis raciborskii and occurred in 
the end of 2010. These filamentous cyanobacteria 
species commonly form blooms in eutrophic 
freshwaters reservoirs and share certain physiological 
characteristics that allow them to flourish in similar 
environmental conditions (Bonilla  et  al., 2012). 
Although C. raciborskii have not appeared in the 

same abundance as P. agardhii, it was also among 
the descriptor species of the community and the 
two taxa, although belonging to different functional 
groups present some similar ecological attributes 
such as sensitivity to flow, and are typical in mixed 
environments tolerant to lack of light conditions.

The biomass of the species and community 
composition varies in terms of stratification 
and destratification (Dantas  et  al., 2008; 
Bittencourt-Oliveira et al., 2011). In these studies, 
Cylindrospermopsis raciborskii dominated during 
stratification, and was replaced by Planktothrix 
agardhii during destratification. Borics et al. (2000) 
reported the replacement of C.  raciborskii by 
P. agardhii with the disappearance of C. raciborskii 
followed by reductions in water temperature. In 
this work, the presence of SN group represented by 
C.  raciborskii, was negatively associated with the 
volume, output, and total phosphorus and dissolved 
oxygen, and positively linked with total nitrogen 
and TN/TP ratio. This codon is adapted to hot 
mixed environments, being tolerant to conditions 
of light and nutrients deficit, and it is sensitive to 
flow. This may explain the negative relationship with 
output, volume and total phosphorus.

On February 2011, there was a strong 
predominance of Planktothrix agardhii, which 
persisted until the end of the study. Thus, the 
study indicated P.  agardhii as a phytoplankton 
keystone species in Armando Ribeiro reservoir 
during the two and a half years of study. It was 
among the most frequent species, reaching greater 
dominance and superseding other taxa throughout 
the year 2011, and influenced the patterns of 
diversity throughout the study period. The negative 
correlation in group S1 with the volume and 
dissolved oxygen can be explained by the fact that 
this codon only includes cyanobacteria adapted 
to mixed turbid environments, low light, and 
when the water volume of the reservoir increases, 
turbidity decreases. In turbid environments, oxygen 
is generally low explaining the inverse relationship.

Planktothrix agardhii was considered dominant in 
several other studies that reported a predominance of 
phytoplankton in environments with high availability 
of total phosphorus and low light conditions 
(Bonilla et al., 2012; Gemelgo et al., 2009). Also, 
a biomass decreasing trend significantly related to 
a decrease in phosphate (Catherine et al., 2008), 
peak biomass demonstrated by high concentration 
of chlorophyll-a (Câmara et al., 2009), highlighted 
in the dry season (Chellappa  et  al., 2009) and 
decreased depth of Secchi water partially due to 
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increased densities of P.  agardhii (Moura  et  al., 
2007).

The P group showed positive correlation 
with the volume and output and a negative 
correlation with total nitrogen and pH. This 
group is found in continuous or semi-continuous 
mixed layer of 2–3 m in thickness habitats, and 
higher trophic states (Padisák  et  al., 2009). The 
F group showed similar correlation pattern to the 
P group, except for one factor that had a positive 
correlation with this codon, the dissolved oxygen. 
It is typical of deeply bright mixed mesotrophic 
environments (Padisák  et  al., 2009), tolerating 
low nutrient concentrations and high turbidity 
(Reynolds  et  al.,  2002). Dantas  et  al. (2011) 
studying two reservoirs in Pernambucano semiarid, 
found that during periods of destratification, other 
divisions of algae coexisted with cyanobacteria, 
especially during periods of thermal instability.

Some phytoplankton groups such as euglenoids, 
were present throughout the study period, though 
in small proportions. The W2 Group had negative 
correlation with total nitrogen, TN/TP ratio 
and pH. This codon is found in meso-eutrophic 
ponds, even temporary (Padisák  et  al., 2009; 
Reynolds et al., 2002), maybe this could explain 
the negative relationships found. The pH was 
the only variable correlated with MP group, the 
individuals in this group are often found in turbid 
shallow lakes frequently stirred up, inorganic 
(Padisák et al., 2006, 2009).

Similarly to that reported by Crossetti & Bicudo 
(2008), the Q index satisfactorily reflected the 
changes in phytoplankton composition, presenting 
inversely proportional values to the dominance of 
functional groups M, SN, S1. Padisák et al. (2006), 
demonstrating that the Q index does not give 
preference to any particular human impact which 
greatly increases the application fields. These authors 
discussing the use of the Q index applied to a 
shallow lake in Hungary with assessment categories 
based on algal biomass published by Mischke 
(2003) concluded that the answers provided by the 
Q index were more realistic than the biomass and 
chlorophyll-a.

In this study, as in Crosseti & Bicudo (2008), 
the Q index presented good results as a trophic 
index, indicating that phytoplankton can be 
successfully used as an indicator of ecological 
status in monitoring processes of the reservoirs 
in the semi-arid regions. The perfect functioning 
of the Q index in water quality determination 
through phytoplankton groups in Armando Ribeiro 

Gonçalves Reservoir, which is an impacted deep 
tropical system, suggests the need for studies in 
other tropical systems with characteristic functional 
groups in order to improve their evaluation.

The phytoplankton functional groups approach 
was important to complement information on 
characteristic taxa adaptation and tolerance of 
semiarid reservoirs and represented the first 
application of the Assemblage Index to northeastern 
Brazil. In this study, it reaveled dominance of 
species adapted to turbid, warm and eutrophic 
environments as functional groups S1 and SN. 
The tendencies proclaimed in this study indicated 
in general that the vertical variations were less 
pronounced than the temporal variations in the 
populations of cyanobacteria and phytoplankton 
community.

In summary, the Q index pointed bad ecological 
conditions, corresponding to the current state 
of eutrophication in the Armando Ribeiro 
Gonçalves reservoir and it was sensitive and 
responded adequately to the environmental and 
hydrodynamic changes in these systems, indicating 
its appropriateness as a tool for monitoring and 
evaluating the quality of tropical semi-arid water 
reservoirs.
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