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Abstract
The hydrological periods drive the structure and organization of aquatic communities in semiarid regions. We hypothesize 
that a decrease of the precipitation during the dry period will favor the development of the periphytic algal community, 
leading to higher richness and density in this period. To test this hypothesis, we investigated the changes in the periphytic 
algal community structure in three shallow and eutrophic ecosystems of the Brazilian semiarid. The sampling was 
performed between 2007 and 2010 at two-mensal intervals. The sampling of periphytic algal was performed in aquatic 
macrophytes and rocks. The abiotic variables were analyzed simultaneously. Dominance in diatoms, cyanobacteria 
and chlorophytes, respectively, was observed in two periods. In the dry period, waters were alkaline and had high 
concentrations of nitrate and total phosphorus associated with the highest densities of Bacillariophyceae. In the rainy 
period the water was warmer, oxygenated and high concentrations of ammonia and soluble reactive phosphorus with 
diatoms remained dominant but with reduced density, while cyanobacteria and chlorophytes increased. Overall, periphytic 
algal community composition no responded to changes in the hydrological periods. However, the hydrological periods 
altered the dynamics of periphytic algal community, supported by the alternation of the most representative classes 
(diatoms and cyanobacteria) between the hydrologic periods. Our data suggest that the morphometric and chemical 
and physical characteristics of lentic aquatic ecosystems studied were more important in the dynamics of periphytic 
algal community than the hydrological periods and types of substrates.

Keywords: seasonality, reservoirs, lentic aquatic ecosystems, periphyton.

Estrutura da comunidade de algas perifíticas do semiárido brasileiro

Resumo
Os períodos hidrológicos impulsionam a estrutura e organização das comunidades aquáticas em regiões semiáridas. 
Nós hipotetizamos que uma diminuição da precipitação durante o período seco irá favorecer o desenvolvimento da 
comunidade de algas perifíticas, levando a uma maior riqueza e densidade nesse período. Para testar esta hipótese, nós 
investigamos as mudanças na estrutura da comunidade de algas perifíticas em três ecossistemas rasos e eutróficos do 
semiárido brasileiro. As amostragens foram realizadas entre 2007 e 2010 em intervalos de bimensais. A amostragem das 
algas perifíticas foi realizada em macrófitas aquáticas e rochas. As variáveis abióticas foram analisadas simultaneamente. 
A dominância de diatomáceas, cianobactérias e clorófitas, respectivamente, foi observada em todos os períodos. 
No período seco, as águas foram alcalinas com altas concentrações de nitrato e fósforo total associado às maiores 
densidades de Bacillariophyceae. Durante o período chuvoso as águas apresentaram-se mais quentes, oxigenadas e 
com altas concentrações de amônia e fósforo reativo solúvel. As diatomáceas permaneceram dominantes, mas com 
densidade reduzida, enquanto as cianobactérias e clorofíceas aumentaram. No geral, a composição da comunidade de 
algas perifíticas não respondeu as mudanças nos períodos hidrológicos. No entanto, os períodos hidrológicos alteraram 
a dinâmica da comunidade de algas perifíticas, apoiados pela alternância das classes mais representativas (diatomáceas 
e cianobactérias) entre os períodos hidrológicos. Nossos dados sugerem que as características morfométricas, químicas 
e físicas dos ecossistemas aquáticos lênticos estudados foram mais importantes na dinâmica da comunidade de algas 
perifíticas do que os períodos hidrológicos e tipos de substratos.

Palavras-chave: sazonalidade, reservatórios, ecossistemas aquáticos lênticos, perifíton.
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1. Introduction

The periphytic algal community is primarily autotrophic 
and plays an important role as primary producers in the 
littoral zone of aquatic ecosystems (Vadeboncoeur and 
Steinman, 2002; Nozaki et al., 2003). Periphyton structure 
changes affect the growth, development, survival and 
reproduction of many aquatic organisms (Campeau et al., 
1994). In addition, algal periphytic acts as excellent 
bioindicator of water quality and its trophic state (Lobo, 
2013). This aspect was emphasized by several researchers 
(Vercellino and Bicudo, 2006; Bere and Tundisi, 2010; 
Lobo et al., 2010).

The structure and spatial-temporal dynamics of 
periphytic algal communities in aquatic ecosystems are 
directly associated to climatic, hydrodynamic and abiotic 
conditions, as well as specific biological characteristics 
(Stevenson, 1996; Larned, 2010) and type and quality of 
the substrate (Rodrigues et al., 2005). In different scales, 
the type of substrate, hydrological regime (dry and rainy 
periods) and amplitude of inter-annual fluctuations in the 
volume of water have crucial roles in the composition of 
periphytic algal communities in semiarid aquatic ecosystems.

Interannual variability in rainfall associated to high 
evaporation rates (Crispim and Freitas, 2005) and low 
levels of rainfall are the main factors promoting changes 
in Brazilian semiarid aquatic ecosystems (Barbosa et al., 
2012). The hydrological regime in the Brazilian semiarid 
region drives the structure of biotic communities and plays 
a fundamental role in the organization of communities in 
relation to space (Barbosa et al., 2012). In this region, the 
hydrological regime acts as an indirect agent of disturbance 
with significant effects on the structure and function of the 
periphytic algal community (Peterson, 1996). However, 
the disturbances occur for periphytic algae when a 
process or external condition your physiology that result 
in mortality of community biomass in a shorter time than 
the accumulation of biomass (Huston, 1994).

In the semiarid region, especially in Brazil, there is 
little information about the effects of hydrological cycles 
and hydrological disturbance events on periphytic algal 
community. Thus, this community is not well studied and 
thus little understood. Therefore, assess this community 
is important to understand its structure and dynamics, 
particularly in semi-arid region where drought and rain are 
a key factor in the hydrological dynamics and ecological 
processes (Almeida et al., 2012; Eskinazi-Sant’Anna et al., 
2013).

In this context, the main purpose of this study was 
to analyze the structure and dynamics of the periphytic 
community under the effects of the hydrological periods 
(dry and rainy period) in three lentic aquatic ecosystems 
in semiarid region. According to the assumption that the 
hydrological regimes promote variation in the structure of 
the periphytic algae community, we tested the hypothesis 
that hydrological regimes affect the structure and dynamics 
this community. Thus, we expected that the periphytic algal 
community presenting the highest richness, and density in 

the dry period due to the decreased of precipitation during 
this period favoring the development of the community. 
Besides, we also analyzed the structure and dynamics of the 
periphytic community among the lentic aquatic ecosystems 
studied. Additionally, we investigate the composition of 
species present in epiphytic and epilithic substrates in 
the three lentic aquatic ecosystems. We expected that the 
periphytic algal community composition was different 
between substrates analyzed, and among the lentic aquatic 
ecosystems studied.

2. Material and Methods

2.1. Study area
The Taperoá River basin (6°51’31” and 8°26’21”S; 

34°48’35”W and 37°2’15”W) (Figure 1) occupies an area 
of 20,071.83 km2 in the semiarid region of Brazil (AESA, 
2015). The region has a hot semiarid climate (BSwh’) and 
a bioclimatic sub-desert hot zone with a tropical trend 
(Köppen, 1948). Mean annual temperature varies between 
25 °C and 30 °C, and rainfall varies between 200 mm and 
800 mm/year distributed mainly from January to June 
(Pedro et al., 2006).

Three aquatic ecosystems were studied: two reservoirs 
and a pond (Figure 1).

The reservoirs were chosen because are mostly 
used as water supply to urban areas, while the Panati 
pond to be a temporary environment with little studies 
about periphytic algal community. Taperoá II reservoir 
(7°11’44”S; 36°52’03”W) has a maximum depth of 
5.7 m (AESA, 2015), and its littoral zone houses aquatic 
macrophytes with prominent Eichhornia sp. Kunth and 
Egeria sp. Planchon. Soledade reservoir (7°2’14”S; 
36°22’38”W) has a maximum depth of 15 m and, differently 
from Taperoá II, it does not house aquatic macrophytes. 
Panati pond (7°11’14”S; 36°49’52”W) is a shallow and 
small ecosystem, with 100 m long, 25 m wide and 1.5 m 
of maximum depth in rainy periods (Crispim and Freitas, 
2005). This pond had aquatic macrophytes with prominent 
Eichhornia sp. e Nymphaea sp. Linnaeus.

2.2. Sampling and variables analyzed
Sampling was performed two-month intervals from 

October/2007 to December/2010 in the sub-surface in the 
littoral zone of the ecosystems. We performed 16 sampling 
in triplicates in each environment studied.

Rainfall data (mm) were obtained from the Executive 
Agency for Water Management in the State of Paraíba 
(AESA, 2015). Dry and rainy periods were determined 
using monthly average rainfall between August/2007 
and December/2010: rainy periods were considered from 
January to July and dry periods from August to December. 
These periods were determined from the average of rainfall 
recorded for 30 years. Monthly values of rainfall provided 
by meteorological stations located in the municipalities 
where ecosystems are inserted are shown in Figure 2.

Measurements of water temperature (ºC), pH and 
electrical conductivity were obtained with portable digital 



Braz. J. Biol., 2017,  vol. 77, no. 3, pp. 495-505 497

Periphytic algae of the Brazilian semiarid

497

potentiometers (COLE-PARMER, portable digital). Water 
transparency was measured with a Secchi disk (Cole, 1994). 
Water samples were collected in PVC bottles previously 
cleaned with distilled water, and stored in containers with 
ice for transportation to the laboratory where they were 
frozen and had their nitrite (N- NO2

-), nitrate (N-NO3
-), 

ammonium (N-NH4
+), soluble reactive phosphorus 

(P-PO4
3-), total phosphorous (TP) and silica concentrations 

determined according to APHA (1998). Dissolved oxygen 
concentration was determined through Winkler method 
(Golterman et al., 1978), and alkalinity was determined 
according to Mackereth et al. (1978). The Carlson’s Trophic 
State Index (TSI) (Carlson, 1997) adapted by Toledo 
Junior (1990) for tropical region was used to classify 

the ecosystems into oligotrophic (TSI <45), mesotrophic 
(TSI= 45-55) or eutrophic (TSI>55). The parameters used 
to the TSI were: dissolved phosphorus, total phosphorous, 
chlorophyll a, and transparency of water.

2.3. Periphytic algal community
For the analyses of species composition and density of 

periphytic algal community, we collected three samples from 
each ecosystem in each of the months evaluated. In each 
ecosystem were performed the scraping in rocky substrates 
and aquatic macrophyte petioles, as follows Taperoá II 
reservoir: seven samples in rocky substrates and nine 
samples in aquatic macrophyte petioles of Eichhornia sp.; 
Soledade reservoir: 16 samples in rocky substrates; and 

Figure 1. Taperoá River basin in the semiarid region of Paraíba (Brazil) and sampling reservoirs.

Figure 2. Monthly values of precipitation from August/2007 to December/2010, according to data provided by meteorological 
stations located in the towns of Taperoá, Soledade and São João do Cariri. (*) Sampling; (**) There was no sample; 
(***) Unusual rain.
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Panati pond: nine samples in rocky substrates and seven 
samples in aquatic macrophyte petioles of Eichhornia sp. 
The substrates were not standardized because in all sampled 
months they were not available for collection due to 
hydrologic periods.

Periphytic algal material was removed from the 
substratum (area= 1 cm2), and removed from the substrate 
with brushes and jets of distilled water, and fixed and 
preserved with 4% formalin for the qualitative analyses 
and in Lugol’s solution for the quantitative analyses. 
For taxonomic identification of diatoms, oxidization and 
preparation permanent slides were provided followed 
Hasle and Fryxell (1970) and Naphrax® (IR=1.7) was 
used as the inclusion medium.

The classification system adopted for level class was the 
Van-den-Hoek et al. (1995) and Bicudo and Menezes (2006) 
for genus. The periphytic community was identified using 
specialized literature for each group of algae: Prescott et al. 
(1982), Anagnostidis and Komárek (1988), Hegewald and 
Silva (1988), Komárek and Anagnostidis (1989), Sant’Anna 
(1984), Tell and Conforti (1986), Round et al. (1990) and 
Bicudo and Menezes (2006). For specific level was used 
specialist literature.

Algal quantifications were performed by the method 
of Utermöhl (1958) and organisms were quantified using 
an inverted microscope (Zeiss, AxioVert). Sedimentation 
time of samples and counting was conducted through of 
the transects according to Lund  et  al. (1958) until the 
most frequent species reached 100 individuals (percentage 
error less than 20% and assurance coefficient of 95%). 
Results were expressed in number of individuals per unit 
area (ind.cm-2).

2.4. Data analysis
Data was submitted to a basic descriptive statistical 

analysis. The structure and dynamics of the community 
was assessed from its main attributes such as taxa 
richness, density and dominant species, considered the 
total taxa with densities greater than 50% (Lobo and 
Leighton 1986).

Differences in composition of species of periphytic 
algae between the substrates, and between ecosystems, and 
between rainy and dry periods were identified by means 
of a PERMANOVA, utilizing 9,999 permutations, with 
Bray-Curtis as a measure of dissimilarity and p < 0.05 as 
the criterion of significance. This statistical analysis was 
performed in Primer 6 version 6.1.13 and PERMANOVA+ 
version 1.0.3.

In order to detect significant differences in periphytic 
algae density between the substrates, and among ecosystems, 
and between rainy and dry periods, one-way Analysis 
of Variance (ANOVA) was performed. Assumptions of 
normality and homoscedasticity required by this analysis 
were previously tested. For this analysis, periphyton density 
were log-transformed [Log (x+1)]. This statistical analysis 
was performed in Statistica 10.0 Statsoft (2011).

3. Results

3.1. Physical and chemical characteristics
Annual average rainfall was lower than 300 mm 

(Table 1). Average water temperature was generally high 
(higher than 25 °C), with the highest value registered 
during the rainy period (higher than 28 °C).

The pH values ranged from 7.2 to 9.0 during all the 
period analysed, and highest values of pH were found 
in the dry period. High electrical conductivity was 
registered in all reservoirs with higher values during the 
dry period (6,630 µS.cm-1, n=16), with the exception of 
Panati pond that showed higher values in the rainy period 
(622.5 µS.cm-1, n=16). All reservoirs showed moderate 
concentrations of dissolved oxygen (3.2-6.4 mg-1L, n=16), 
with more oxygenated waters during the rainy period. 
Silica concentrations were low (mean values between 
1.1 and 20 µg.L-1), with higher values during the rainy 
period (mean values between 2-20 µg. L -1) (Table 1).

High N-NH4
+ concentrations were recorded, with the 

highest nitrate concentrations were registered during the 
dry period (107-1,175.7 µg. L-1), exception of Taperoá 
II reservoir. The highest concentrations of ammonium 
and soluble reactive phosphorus (mean values between 
14.9 and 1,006.4 µg.L-1) were observed in the rainy period. 
In this study, the trophic status index ranged from mesotrophic 
to eutrophic during all the period analysed, Taperoá II and 
Soledade reservoirs showed mesotrophic status during the 
rainy period and eutrophic status during the dry period 
while Panati pond was classified as eutrophic (Table 1).

3.2. Periphytic algal community
In total, we found 204 taxa of periphytic algae, 

distributed in the following classes: Bacillariophyceae (67), 
Chlorophyceae (55), Cyanobacteria (47), Euglenophyceae 
(12), Zygnemaphyceae (12), Chlamydophyceae (5), 
Oedogoniophyceae (5) and Dinophyceae (1). In relation to 
ecosystems analysed, Panati pond recorded higher number 
of taxa (158), followed to Taperoá II reservoir (106), and 
Soledade reservoir (99) (Figure 3A). In this study, the 
results of the PERMANOVA analysis showed difference 
between the algae composition in the three ecosystems 
studied (p= 0.0033). However, in relation to rainy and 
dry periods, was found no difference between the algae 
composition (p=0.4661). In rainy period, the highest species 
richness was recorded in Panati pond (114 taxa), followed 
by Taperoá II reservoir (80), and Soledade reservoir (69). 
While, in the dry period, species richness found in Panati 
pond (108) was higher than the reservoirs (75 and 71 for 
Taperoá and Soledade, respectively) (Figure 3B).

In relation the substrate types, the results of PERMANOVA 
analysis showed no difference in the algae composition 
found in Taperoá II reservoir (p=0.6564) and Panati Pond 
(p=0.1546). In Panati pond, we found 102 taxa in rocky 
substrates. These taxa were represented for Chlorophyceae 
(32), Cyanobacteria (27), Bacillariophyceae (26) and others 
(17). Whereas, in the vegetable substrates, were found 73 
taxa in which were distributed in Bacillariophyceae (24), 



Braz. J. Biol., 2017,  vol. 77, no. 3, pp. 495-505 499

Periphytic algae of the Brazilian semiarid

499

Ta
bl

e 
1.

 M
ea

n 
va

lu
e 

an
d 

st
an

da
rd

 d
ev

ia
tio

n 
of

 a
bi

ot
ic

 v
ar

ia
bl

es
 in

 th
re

e 
aq

ua
tic

 e
co

sy
st

em
s 

of
 T

ap
er

oá
 R

iv
er

 b
as

in
 fr

om
 O

ct
ob

er
/2

00
7 

to
 D

ec
em

be
r/2

01
0.

 (D
P=

 d
ry

 p
er

io
d;

 R
P=

 ra
in

y 
pe

rio
d)

.

Va
ri

ab
le

Ta
pe

ro
á 

II
 R

es
er

vo
ir

So
le

da
de

 R
es

er
vo

ir
Pa

na
ti 

Po
nd

D
P

R
P

D
P

R
P

D
P

R
P

Pr
ec

ip
ita

tio
n 

(m
m

)
0-

76
.4

(1
5.

3 
± 

26
)

12
.6

-3
04

.1
(9

4 
± 

98
.5

)
0-

72
(1

6 
± 

24
)

19
.4

-6
0

(3
6.

5 
± 

15
.3

)
0-

76
.4

(1
5.

3 
± 

26
)

94
-3

04
.1

(1
65

.5
 ±

 1
20

.1
)

W
at

er
 T

ra
ns

pa
re

nc
y 

(m
)

0-
1.

2
(0

.8
 ±

 0
.4

)
0.

4-
1.

0
(0

.7
 ±

 0
.2

)
0-

0.
6

(0
.4

 ±
 0

2)
0.

15
-1

.3
(0

.6
 ±

 0
.4

)
0.

1-
0.

6
(0

.3
 ±

 0
.2

)
0.

2-
1

(0
.6

 ±
 0

.4
)

W
at

er
 te

m
p.

 (°
C

)
23

-2
5.

8
(2

5 
± 

1)
25

.1
-2

8.
6

(2
7.

5 
± 

1.
1)

24
.6

-2
8

(2
7 

± 
2)

25
-2

8.
6

(2
7.

6 
± 

1.
2)

24
.9

-2
8.

2
(2

6.
2 

± 
1.

6)
1.

1-
28

.6
(1

9.
1 

± 
15

.5
)

pH
7.

8-
10

(8
.5

 ±
 0

.7
)

7.
5-

8.
7

(7
.9

 ±
 0

.4
)

7.
6-

10
(9

 ±
 1

)
7.

8-
8.

8
(8

.4
 ±

 0
.4

)
7.

8-
9.

3
(8

.5
 ±

 0
.6

)
0.

4-
8.

7
(5

.7
 ±

 4
.6

)

El
ec

tri
ca

l c
on

du
ct

iv
ity

 (µ
S.

cm
-1
)

49
7.

2-
78

4.
2

(6
37

.5
 ±

 1
06

.2
)

31
1.

9-
10

15
(5

98
.2

 ±
 2

54
.1

)
77

48
-9

97
.3

(3
46

5 
± 

30
44

)
20

7-
10

61
0

(2
27

9.
5 

± 
33

97
)

0-
64

7.
4

(2
61

.3
 ±

 2
04

.1
)

25
4.

2-
10

15
(6

22
.5

 ±
 3

81
)

D
is

so
lv

ed
 o

xy
ge

n 
(m

g.
L-1

)
2-

6.
6

(5
 ±

 1
.8

)
2.

7-
8

(4
.1

 ±
 1

.6
)

2-
7

(5
 ±

 2
)

3.
8-

7.
4

(5
.9

 ±
 1

.3
)

1.
6-

4.
8

(3
.3

 ±
 1

.3
)

1.
6-

8
(4

.6
 ±

 3
.2

)

A
lk

al
in

ity
12

-4
2

(2
5 

± 
9)

18
-2

3
(2

0.
8 

± 
1.

9)
12

-8
2

(3
8 

± 
28

)
11

-4
1

(2
5.

8 
± 

9.
6)

13
-3

8
(2

8.
3 

± 
8.

5)
1.

9-
23

(1
5.

2 
± 

11
.6

)

Si
 (µ

g.
L-1

)
0-

4.
2 

(2
.3

 ±
 1

.8
)

0-
40

 (5
.9

 ±
 1

3.
8)

0-
10

 (2
 ±

 3
)

0-
3.

7 
(2

.3
 ±

 1
.6

)
0-

5.
8 

(2
.3

 ±
 2

.6
)

6-
40

 (2
0 

± 
18

)

N
-N

H
4+  (

µg
.L

-1
)

0-
99

(1
9 

± 
34

)
2.

3-
24

8.
8

(5
9.

4 
± 

79
.7

)
2.

28
-4

36
(1

06
 ±

 1
75

)
2.

3-
26

1.
3

(5
2.

3 
± 

85
.7

)
0-

11
1.

3
(2

2.
2 

± 
37

.0
)

59
.4

-2
48

.8
(1

29
.3

 ±
 1

04
)

N
-N

O
2-  (

µg
.L

-1
)

0.
7-

4.
8

(1
.5

 ±
 1

.4
)

0.
7-

24
.5

(8
.2

 ±
 9

.1
)

1-
10

(4
 ±

 3
)

0.
7-

8
(3

.5
 ±

 2
.4

)
0.

7-
12

.5
(5

.9
 ±

 4
.0

)
8.

2-
24

.5
(1

4 
± 

9.
2)

N
-N

O
3-  (

µg
.L

-1
)

0-
36

0
(5

8 
± 

12
3)

0-
26

1.
8

(8
5.

1 
± 

10
0.

2)
0-

43
6

(1
07

 ±
 1

69
)

9.
7-

17
9.

5
(7

0.
9 

± 
62

.5
)

0-
92

60
.0

(1
17

5.
7 

± 
32

66
.3

)
85

.1
-2

61
.8

(1
50

 ±
 9

8)

P-
PO

4 3-
 (µ

g.
L-1

)
0.

5-
64

(3
7.

3 
± 

23
.6

)
0.

9-
16

2.
8

(5
6.

5 
± 

67
.6

)
0-

49
(1

3 
± 

18
)

1.
9-

29
(1

4.
9 

± 
9.

3)
0-

39
(1

3.
9 

± 
18

.1
)

56
.4

-1
62

.8
(9

5.
6 

± 
58

.4
)

TP
 (µ

g.
L-1

)
2.

2-
55

0
(2

23
.5

 ±
 2

05
.4

)
37

.4
-1

70
(9

0 
± 

43
.7

)
11

-1
00

0
(3

58
 ±

 3
51

)
43

.4
-3

69
.9

(1
07

.2
 ±

 1
08

.8
)

29
.4

-6
40

.0
(2

76
.4

 ±
 2

24
.2

)
43

.7
-1

70
(1

01
.2

 ±
 6

4)

Tr
op

hi
c 

St
at

e 
In

de
x

62
55

70
54

71
68



Braz. J. Biol., 2017,  vol. 77, no. 3, pp. 495-505500

Cordeiro, R.S. et al.

500

Chlorophyceae (17), Cyanobacteria (12), and others (20) 
(Figure 3C). On the other hand, the Taperoá II reservoir was 
recorded higher species richness in the vegetable substrate 
(64) than rocky substrate (54). In both types of substrates, 
the classes Bacillariophyceae (28 and 26, respectively) and 
Cyanobacteria (20 and 14, respectively) were the most 
representative (Figure 3C). Unlike these ecosystems, in 
the Soledade reservoir did not were realized collects in 
vegetable substrate due to absent these substrates in this 
ecosystem. Therefore, were recorded 99 taxa, distributed 
in Bacillariophyceae (36) and Cyanobacteria (25) and 
Chlorophyceae (23), and others (15) (Figure 3C).

In relation to total algal density, in the dry period, the 
highest values were recorded in Panati pond (136,195 ind.cm-2), 

Taperoá II (27,285 ind.cm-2) and Soledade reservoirs 
(24,965 ind.cm-2) (Figure 4A). During the rainy period, 
the highest densities were recorded in Panati pond 
(244,685 ind.cm-2) (Figure 4). As seen in Figure 4A, the 
total density of periphytic algae tended to increase in the 
rainy period. However, no significant differences in the 
total density between hydrological periods and the substrate 
types were recorded.

In general, Bacillariophyceae was predominant in all 
ecosystems and between the hydrological periods throughout 
the study (Figure 4B). Cyanobacteria were present in all 
environments, with higher density in the rainy season. In the 
Panati pond, unlike other environments, Chlorophyceae 
was the second most representative, with values exceeding 
Cyanobacteria density in both hydrological periods, especially 
during the rainy season. Oedogoniophyceae was recorded 
in both periods, and had its highest densities in the rainy 
period in Taperoá II and Soledade reservoirs (Figure 4B). 
Zygnemaphyceae, Chlamydophyceae and Dinophyceae 
were considered little representative throughout the study 
in each ecosystem studied (Figure 4B).

In relation to dominant taxa, during the dry period 
the dominant taxa in the periphytic community structure 
were: Fragilaria capucina Desmazière, Gloeotrichia sp., 
Oedogonium sp. and Rhopalodia sp. in Soledade reservoir; 
Aulacoseira granulata (Ehrenberg) Simonsen, Epithemia 
adnata (Kützing) Brébisson and Oedogonium sp. in 

Figure 3. Richness of algae classes in the Bacillariophyceaeree 
aquatic ecosystems of Taperoá River basin from October/2007 
to December/2010 (A); Richness of algae classes in the 
different hydrological periods in three aquatic ecosystems of 
Taperoá River basin from October/2007 to December/2010 
(B); Richness of algae classes in two types of substrates 
collected in each aquatic ecosystems studied (C).

Figure 4. Total density of periphytic algae (ind.cm-2 x 103) 
in different hydrological periods (A); Relative abundance 
(%) of algal classes in the different hydrological periods (B). 
(DP= dry period; RP= rainy period).
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Taperoá II reservoir and Amphora copulata (Kützing) 
Schoeman and Archibald, Chroococcus minor (Kützing) 
Nägeli and Pediastrum simplex Meyen in Panati pond 
(Figure 5), amounting to nine species. During the rainy 
period, the number of species reduced to seven, with 
four in Soledade reservoir (Calothrix sp., Microcrocis 
sp., Oedogonium sp. and Stauroneis sp.), two in Taperoá 
II reservoir (Anabaena sp. and Oedogonium sp.), and 
two in Panati pond (Amphora copulata and Fragilaria 
capucina) (Figure 5).

4. Discussion

Our hypothesis that the hydrological period may 
affect the structure and dynamics in the periphytic algae 
community was not supported by the data in this study. 
In addition, our hypothesis that different types of substrates 

had different algal composition also was not supported by 
the data in this study. Our results suggest that morphometric, 
chemical, and physical characteristics of lentic aquatic 
ecosystems studied had more importance in the structure 
and dynamics in the periphytic algae community than the 
substrates and hydrological periods in this study.

The seasonal dynamics in tropical aquatic ecosystems 
can be controlled by rainfall (e.g. Felisberto and Rodrigues, 
2005), especially in the semiarid region, where two seasons 
are well characterized (dry and rainy). These act strongly 
in the level of water, in the nutrient concentration and, 
consequently, in the hydrochemical state of the ecosystem 
(Miretzky et al., 2002). In this study, in the rainy period 
was recorded warmer waters, oxygenates and with high 
concentrations of ammonia, orthophosphate and silica 
which can be favored the coexistence of species and 
consequently increasing the periphytic algal density due 

Figure 5. Contribution of dominant taxa of periphytic algal community in different hydrological periods (DP= dry period; 
RP= rainy period).
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to highest diversity of resources available in this period. 
In contrast, the dry period was characterized by lower water 
transparency, high electrical conductivity, more alkaline 
waters and increase in the water trophic state. Results 
similar were found by Brasil et al. (2015) analyzing the 
physical and chemical variables of 40 man-made lakes 
in semiarid northeastern Brazil at the end of the rainy 
and dry periods.

In general, the ecosystems presented polymictic regimes 
with warm, alkaline, well-oxygenated and eutrophic waters 
during the entire study period. These characteristics, 
acting synergistically in all periods, together with high 
concentrations of phosphorus probably favored the species 
richness, especially in the Panati pond. The eutrophic 
condition and high electrical conductivity values in the 
studied ecosystems, probably favored the development of 
some species of diatoms tolerant to organic load. In the 
ecosystems with highest nutrients concentration were 
registered highest densities of diatoms. Among these 
Nitzschia palea, which was related with species that are 
highly tolerant of pollution in rivers (Lobo et al., 2010), 
Rhopalodia gibberula and Stauroneis sp. were related to 
low water temperatures in the dry period (approximately 
20 °C) in the studied ecosystems. According to Fonseca 
and Rodrigues (2005a) this temperature can be optimum 
for the development of these species in wetland ecosystem.

Diatoms are typical algal classes of the periphytic 
algae community. In this study, this class had greater 
representation in all ecosystems and between the periods 
studied. The individuals of this class are usually found 
well represented in a wide range of environments and 
periods (Cavati and Fernandes 2008; Taniwaki  et  al., 
2013). According to Murakami et al. (2009), the diatom 
predominance is associated to its characteristic morphological 
and physiological of secrete mucilage which enable the 
attachment and adhesion to substrates. Besides, Dunck et al. 
(2013) reported that this characteristic provides a competitive 
advantage in less favorable environmental conditions 
imposed by volume reduction and current. Similarly, in 
this study, we observed an increasing in algal density this 
group in the reservoirs in the dry periods probably due to 
the increased environmental stability during this period.

In the study, greater representability of cyanobacteria 
in the rainy periods possibly was favored by limnological 
condition, such as highest temperature, and highest 
concentrations of nitrate, ammonium and soluble reactive 
phosphorus recorded in this period. According to Fonseca 
and Rodrigues (2005b) greater presence of cyanobacteria 
in the rainy season is related to different levels of features 
present in this period, as higher concentrations of nitrate and 
ammonium. In addition, Fernandes et al. (2009) reported 
that the toleration of cyanobacteria to high temperatures 
associated to its ability to utilize nitrogen forms make them 
extremely competitive compared to other groups of algae 
favoring its prevalence.

The greatest contribution of Chlorophyceae, both in 
species richness and density, was in Panati pond. Unlike 
other environments studied, this ecosystem had extensive 

macrophyte beds which are important substrates for the 
development of these algae. Macrophytes provide different 
habitat types for community development, e.g. metaphytic 
and periphytic, and also contributes to increased nutrient 
availability in the littoral zones (Taniguchi et al., 2005). 
In the Panati pond, was recorded dominance of Pediastrum 
simplex in the dry period. According to Padisák et al. (2009), 
this species is very common in waters rich in nutrients or 
eutrophic environments and are abundant in small lakes 
permanents or temporary.

Limnological conditions reported in Panati Pond such 
as nutrient availability, and high electric conductivity, and 
shallow lakes, and extensive bed of macrophyte promoting 
the development of species of the genus Euglenophyceae 
(Wetzel, 2001; Reynolds  et  al., 2002). According to 
Alves-da-Silva and Fortuna (2006), this algal class are 
well developed in shallow habitats covered by aquatic 
macrophytes that when we decompose favor the increase 
of organic matter in the environment.

The class Oedogoniophyceae, although poorly 
representative during the study, had greater participation in 
total density during rainy periods in all ecosystems studied. 
According to Cavati and Fernandes (2008), individuals of 
this class have a periphytic habit and are common during 
rainy periods. In addition, most species of this class are 
resistant to disturbance because they attach firmly to the 
substrate (Peterson, 1996). Therefore, probably these 
conditions have provided its predominance in the rainy 
period as recorded in this study.

In relation to hydrological periods, diatoms and 
cyanobacteria dominated the periphytic community. 
We observed highest densities of Bacillariophyceae in the 
dry period, whereas in the rainy period the cyanobacteria 
and chlorophytes increased. Result similar to found by 
Borduqui and Ferragut (2012) evaluating periphytic 
algal succession in a tropical hypereutrophic reservoir. 
The authors recorded higher dominance of diatoms in the 
dry period, while in the rainy period the cyanobacteria and 
Bacillariophyceae were the most representative groups.

According to Fernandes et al. (2009) almost all dominant 
Cyanobacteria can form filaments and are found typically 
associated with periphyton. In this study, two filamentous 
cyanobacteria dominated the algal periphytic community in 
the rainy period, while only one in the dry period. Results 
similar, has been documented by several authors in tropical 
in tropical reservoirs (e.g. Cavati and Fernandes, 2008; 
Fernandes et al., 2009; França et al., 2011).

The shallow lakes in the semiarid regions, such as the 
pond Panati, have high sensitivity to fluctuations of the 
water level being associated with drought periods at higher 
temperature, higher nutrient concentration (especially 
phosphorous), and resuspension nutrient factors associated 
one of the most catastrophic (Beklioglu  et  al., 2007). 
In this context, studies about these types of ecosystems 
are fundamental to the understanding of the aquatic 
community in semiarid regions which are unique and so 
variable habitats (Crispim and Freitas, 2005).
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In summary, periphytic algal community composition 
not responded to changes in hydrological periods (dry and 
rainy periods). However, the hydrological periods altered 
the dynamics of periphytic algal community that was 
dominated by diatoms, cyanobacteria and chlorophytes 
in the dry period, with greater dominance of species of 
the diatoms. In the rainy period, the pattern remained, 
but diatoms density was reduced and cyanobacteria and 
chlorophytes densities increased. In relation to type of 
substrates analysed, the algal composition was not different 
in each ecosystem studied. Our data suggest that the 
morphometric and chemical and physical characteristics 
of lentic aquatic ecosystems studied were more important 
in the dynamics of periphytic algal community than the 
hydrological periods. Once the natural pond (Panati pond) 
was recorded a distinct algal periphytic composition of the 
reservoirs. On the other hand, the physical and chemical 
conditions of these environments are directly associated the 
hydrologic periods. Thus, we observed that the limnological 
conditions favoured the structure and dynamics in the 
periphytic algae community, supported by the change of 
the most representative classes (diatoms and cyanobacteria) 
between the hydrologic periods.
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