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Abstract

The limnological features and the phytoplankton community of the Cachoeira Dourada reservoir were analyzed in
December 2006, May 2007 and November 2007. Temporal changes in the taxonomic composition, density, diversity
and dominance of species were analyzed in relation to climatic factors and the physical and chemical characteristics of
the water. A positive correlation was found between some of the physical and chemical variables and the phytoplankton
community. According to the CCA, variables such as the extent of the euphotic zone, temperature, pH, nitrogen
and phosphorus concentrations directly affected the phytoplankton dynamics. Organisms belonging to the class
Cyanophyceae were the most representative in all the sampling periods, comprising the functional groups K, S1, M
and H. Hydrodynamics and seasonal fluctuations of environmental factors were the driving forces determining the
composition and abundance of the algal assemblages. Despite the prevalence of Cyanobacteria, the reservoir is still
oligotrophic. The absence of blooms and the relatively low population abundances indicated that the quality of the
reservoir’s water still lies within the limits required for its multiples uses.
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Estrutura da comunidade fitoplanctonica do
reservatorio de Cachoeira Dourada, GO/MG, Brasil

Resumo

As caracteristicas limnoldgicas e a comunidade fitoplanctdnica do reservatdrio de Cachoeira Dourada foram analisadas
nos meses de dezembro de 2006, maio de 2007 e novembro de 2007. As flutua¢des temporais na composi¢do taxondmica,
densidade, diversidade e dominéncia de espécies foram analisadas em rela¢@o aos fatores climdticos e as varidveis fisicas
e quimicas da dgua. Uma correlacdo positiva foi encontrada entre algumas das varidveis fisicas e quimicas analisadas
e a comunidade fitoplanctonica. De acordo com a CCA, varidveis como a extensdo da zona eufética, temperatura,
pH, nitrogénio e fésforo influenciaram diretamente na dindmica do fitoplancton. Organismos pertencentes a classe
Cyanophyceae foram as mais representativas em todos os periodos amostrais, abrangendo os grupos funcionais K,
S1, M e H. A hidrodinidmica e a variacdo sazonal dos fatores ambientais foram as forgas determinantes da composicéo
e abundancia das assembleias de algas. Apesar do predominio de cianobactérias, o ambiente do reservatdrio ainda €
oligotréfico. A auséncia de floracdes e as abundancias populacionais relativamente baixas indicaram que a qualidade
da dgua do reservatdrio continua se mantendo dentro dos limites estipulados para seus usos multiplos.

Palavras-chave: Cachoeira Dourada, ecologia de fitoplancton, reservatdrio tropical, comunidade algal.
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1. Introduction

River damming leads to modifications of the river’s
basic conditions and water dynamics. The hydrodynamic
conditions established after the formation of reservoirs,
allied to increased nutrient concentrations resulting from the
decomposition of submerged vegetation and allochthonous
input from upstream, favor algal development (Train et al.,
2005) and the biomass thus produced may be exported to
the stretch of river downstream (Silva et al., 2001).

Sediment and nutrient transport and river aeration
are altered when a river’s course is interrupted by a
dam. The morphology of reservoirs causes longitudinal
changes and modifies flow speeds, resulting in different
mixing zone depths and altering the availability of light
and nutrient concentrations, which, among other aspects,
lead to the occurrence of vertical and horizontal gradients
of abiotic factors and of the biotic communities of these
systems (Kimmel et al., 1990). The impacts caused by
dam construction, including public health problems due
to environmental deterioration, are mainly related to the
reservoir’s size, volume and retention time, its geographic
location, among other factors (Tundisi et al., 2002).

The phytoplankton community is one of the communities
widely used as a tool for the evaluation of water quality
(Costa et al., 1991; Prygiel, 1991). Phytoplankton comprises
a wide variety of algae with different life histories and
strategies to maximize productivity (Chellappa et al., 2009).

Studies of phytoplankton community ecology as an
indicator of the trophic state of aquatic systems have
been conducted in various Brazilian reservoirs. In 2001,
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Rodrigues et al. (2005) evaluated indicator species of the
trophic state and phytoplankton ecology in 30 reservoirs
in the states of Sao Paulo and Paranad, Brazil.

In the last decade, significant advances have been made
in understanding the ecology of phytoplankton communities
in tropical reservoirs, as shown by the work of Silva et al.
(2005), Fernandes et al. (2005) and Train et al. (2005).
Furthermore, studies of a taxonomic nature (Brassac and
Ludwig, 2003, 2005) and of the functional groups directly
linked to physiological adaptations were conducted,
allowing for a more effective prediction of environmental
conditions. In tropical and subtropical regions, this approach
has been applied by Kruk et al. (2002), Melo and Huszar
(2000), Huszar et al. (2003), Crossetti and Bicudo (2005),
Lopes et al. (2005), Borges et al. (2008), Gemelgo et al.
(2009), among others. Based on the above, the objective of
this work was to analyze the structure of the phytoplankton
community and its functional groups as one of the tools
to evaluate the environmental conditions of the Cachoeira
Dourada reservoir.

2. Material and Methods

2.1. Study area

The hydrographic basin that feeds the dam of the
Cachoeira Dourada GO/MG hydroelectric plant (HEP)
(Figure 1) is located on the border between the states of
Goids and Minas Gerais, delimited by the UTM (Universal
Transverse Mercator) coordinates 650,000 to 760,000 m
and 7,910,000 to 7,965,000 m on the Topographic Map of
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Figure 1. Map showing the location of the Cachoeira Dourada reservoir at the border between the states of Goids and Minas
Gerais (GO/MG), and map of the reservoir showing the 5 sampling sites of this study.
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Uberlandia on a scale of 1:250.000 (Cabral et al., 2005).
The hydroelectric plant, which began operating in 1959 with
the main purpose of generating electric power, is part of a
complex of dams situated along the Paranaiba River. The
reservoir has a capacity of 524,000.000 m? and an average
depth of 7.8 m. Its drainage basin, which covers an area
of 3,111 km?, generates 635 MW (Cabral et al., 2005) and
extends over 65 km? and is located predominantly in the
municipality of Cachoeira Dourada (Figure 1).

The rainfall data were obtained from the National
Institute for Space Research (INPE), SP.

2.2. Sampling

Phytoplankton samples were collected in December
2006 and May and November 2007 at five sampling points,
four of them located in the reservoir at mean depths of
10.2 m (pt2), 7.03 m (pt3), 4.8 m (pt4) and 9.3 m (pt5)
and one downstream at a mean depth of 16.6 m (ptl).
Fifteen samples were analyzed in each sampling period,
corresponding to a total of three samples per sampling
point, collected in triplicate. For the quantitative analysis
of the phytoplankton, samples were collected using a Van
Dorn bottle, fixed with 1% Lugol’s acetic acid solution
and stored in amber glass jars. The qualitative samples
were collected by horizontal and vertical sweeps of a
plankton tow net with 20 um holes; these samples were
collected in triplicate to ensure the accuracy of the data.
The samples were fixed in 2% formaldehyde and stored
in polyethylene jars.

The variables of temperature, electrical conductivity,
pH, oxygen concentration, water transparency and depth
were determined with an YSI 650MDS multiparameter
probe. The extent of the euphotic zone was calculated
by multiplying the Secchi disk readings by 3.0 (Esteves,
1998). The nutrients: total phosphorus, soluble phosphorus
(Murphy and Riley, 1962), ammonia nitrogen (Koroleff,
1976); total nitrogen, nitrite and nitrate were determined
in the laboratory according to Mackereth et al. (1978).
Samples to evaluate physical and chemical variables were
collected monthly from December 2006 to November 2007.

2.3. Analysis of data

Phytoplankton density was estimated according to the
method described by Uthermohl (1958) and APHA (1995).
Individuals were counted in random fields and the specific
biomass was estimated by multiplying the population
density by the volume of individuals (Edler, 1979; Wetzel
and Likens, 2000). The size categories (nano and micro)
identified in the phytoplankton community followed the
classification of Sieburth (1978).

The analysis of occurrence frequency (F) (%) was based
on the classification proposed by Dajoz (1973). Diversity
(H”) was estimated by the Shannon-Wiener diversity index
(Shannon and Weaver, 1963), and richness was considered
the total number of taxa found per sample. Grouping of
the species into different functional groups was based on
the criteria suggested by Reynolds et al., (2002).
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The set of abiotic data and the phytoplankton community
were evaluated by canonical correspondence analysis
(CCA). The biological matrix was built considering
species abundance according to the criteria of Lobo
and Leighton (1986). The Monte Carlo test was applied
using the CANOCO 3.12 program to check the level of
significance of the environmental parameters in the CCA
(Ter Braak and Smilauer, 2002).

3. Results

The rainfall data indicated the existence of clearly distinct
periods in terms of rainfall, i.e., a rainy period extending
from November 2006 (spring) to March 2007, which was
also characterized by higher temperatures and decrease of
the extent of the euphotic zone. Sediment loaded into the
reservoir reduced the pH and increased the concentrations
of nitrogen and phosphorus compounds, making the water
slightly acid and nutrient-enriched. The dry period lasted
from April to October 2007 and was characterized by
low concentrations of dissolved oxygen and electrical
conductivity of the water (Figure 2 and Table 1).

During the period of this study, the concentrations of
the phosphorus and nitrogen compounds in the Cachoeira
Dourada reservoir were relatively low and did not exceed
the limits established by the National Environmental Agency
(CONAMA) for class 2 waters, despite the

increase in nitrogen that occurred in the rainy period
and dissolved phosphorus in March and April 2007 (dry
season).

3.1. Phytoplankton composition

In the three sampling periods, the total occurrence
of 109 taxa was recorded, distributed among the classes
Cyanophyceae (30), Zygnematophyceae (25), Chlorophyceae
(24), and Bacillariophyceae (18), which together represented
88.99% of the community. The classes with the lowest
representativeness were Euglenophyceae (4), Chrysophyceae
(4), Xantophyceae (2), Dinophyceae and Cryptophyceae
with 1 taxon each, jointly representing 11.01% of the
phytoplankton community (Table 2).

Regarding the frequency of occurrence of taxa (Table 2),
the phytoplankton consisted of 30 common taxa (10
Cyanophyceae, 05 Chlorophyceae, 04 Bacillariophyceae
and 09 Zygnematophyceae, 01 Chrysophyceae and 01
Dinophyceae); 11 frequent taxa (05 Cyanophyceae,
03 Bacillariophyceae, 02 Euglenophyceae and 01
Zygnematophyceae); 60 rare taxa (15 Chlorophyceae, 15
Zygnematophyceae, 13 Cyanophyceae, 09 Bacillariophyceae,
03 Chrysophyceae, 02 Euglenophyceae, 02 Xantophyceae and
01 Cryptophyceae) and 08 constant taxa (02 Cyanophyceae,
04 Chlorophyceae and 02 Bacillariophyceae), as indicated
in the data presented in Figure 3 and Table 2.

In terms of the size of phytoplankton organisms,
nanophytoplankton (2 to 20 um) represented on
average 50.84% of the phytoplankton community and
microphytoplankton (20 — 200 pm) 49.15%. With respect
to abundant taxa, there was a predominance of those
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Figure 2. Variations in rainfall and depth (bar)and Secchi Disk transparencies (line) for Cachoeira Dourada Reservoir, GO/
MG, in the period between December 2006 and November 2007.

Table 1. Mean values (n = 15) and standard deviation (SD) of the physical and chemical variables of the water recorded in
the sampling months in Cachoeira Dourada reservoir of GO/MG.

Variables December 2006 May 2007 November 2007
n=15 n=15 n=15
Water temperature (°C) 25.58 (SD =0.18) 25.78 (SD = 0.25) 26.23 (SD =0.44)
(25.9 £25.3) (26.2-25.4) (28.08-25.71)
Electrical conductivity 0.042 (SD = 0.057) 0.027 (SD = 0.05) 0.030 (SD = 0.001)
(uS cm/L) (0.29 +0.028) (0.03-0.016) (0.031-0.016)
OD (mg.L™") 5.52(SD=0.95) 6.62 (SD =1.76) 7.34 (SD = 0.95)
(6.68-5.19) (9.8-4.0) (11.78-6.32)
pH 4.96 (SD = 0.56) 7.06 (SD =0.82) 7.07 (SD =0.08)
(4.1-5.83) (8-5.36) (7.31-6.94)
Euphotic zone 2.16 (SD = 1.33) 1.23 (SD =2.89) 11.79 (SD = 3.08)
(3.9-0.6) (12.3-6.75) (3-17.85)
Ammonia (ug.L™") 6.52 (SD =2.89) 0.63 (SD=0.53) 2.83 (SD = 1.35)
(10.0-0.0) (1.47-0.0) (5.0-1.46)
Nitrate (ug.L™") 15.11 (SD = 1.67) 7.69 (SD =0.33) 8.37 (SD =0.49)
(18.85-13.65) (8.29-7.28) (8.94-7.46)
Nitrite (ug.L™") 0.13 (SD =.10) 0.26 (SD =0.23) 0.16 (SD=0.013)
(0.30-0.03) (0.29-0.21) (0.18-0.14)
Ntotal (ug.L™") 640.74 (SD = 134.65) 50.92 (SD = 8.25) 1003.70 (SD = 134.82)
(766.67-433.34) (61.66-40.0) (1100.0-833.34)
Pdissol (ug.L™") 0. 08 (SD =0.051) 0.11 (SD=0.13) 0.30 (SD =0.007)
(0.14-0.0) (0.47-0.06) (0.32-.029)
Ptotal (ug.L™") 0.47 (SD =0.24) 0.35(SD=0.19) 0.062 (SD = 0.021)
(0.98-0.19) (0.78-0.21) (0.1-0.05)

belonging to nanophytoplankton (75%) with higher records
in the dry period — May 2007 (100%).

The analysis of the spatial distribution of phytoplankton
revealed the occurrence of 64 taxa at sampling point 1; 51
at point 2; 62 at point 3; 57 at point 4 and 65 at point 5.
A higher number of taxa occurred at points 1 and 5 when
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compared with the other sampling points. Cyanophyceae
constituted the group with the highest richness of taxa.
With respect to density, the highest values were also
recorded at point 5 (960 ind.mL") and point 1 (602 ind.
mL™"). Both points showed an increase in density starting
from the first sampling campaign in December 2006 up
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Figure 3. Relative density (%) of the phytoplankton taxa
grouped in the different taxonomic classes recorded at the
five points distributed along the Cachoeira Dourada reser-
voir, GO/MG, in December 2006, May 2007 and November
2007.

to November 2007 (spring), showing evidence of the
occurrence of interannual variability. A differentiated
behavior was observed at point 2, which corresponds to
the most lacustrine stretch closest to the dam. The lowest
density in this stretch was recorded during the dry period
(May 2007) and the highest in spring (November 2007).

Phytoplankton density was also higher in spring in the
central part of the reservoir, corresponding to sampling
points 3 and 4.

A well marked seasonal variation in the composition
of the phytoplankton groups was found at point 1. In the
rainy period (December 2006), Cryptophyceae (51 ind.mL")

Braz. J. Biol., 2011, vol. 71, no. 3, p. 587-600

occurred in higher density, followed by Chlorophyceae
(38 ind.mL") and Cyanophyceae (25 ind.mL™"). A
predominance of Cyanophyceae occurred in the dry
period (May 2007) and in spring (November 2007), with
Cryptophyceae reappearing as the second most abundant
group (Figure 3).

Point 2 was represented by a predominance of
Cyanophyceae in the rainy period (December 2006) and
in the dry period (May 2007), and by Bacillariophyceae
and Euglenophyceae in November (spring) (Figure 3).

At point 3, Cyanophyceae (24 ind.mL™") occurred in
densities very similar to those of Cryptophyceae (25 ind.
mL™) in the rainy period (December 2006), representing
55.06% of the total density in the period under study.
Chlorophyceae were predominant in the dry period and
Cyanophyceae in spring (Figure 3).

Point 4 showed a predominance of Euglenophyceae and
Bacillariophyceae in the rainy period, while Cyanophyceae,
Chlorophyceae and Bacillariophyceae predominated in
the dry period (May 2007) and Cyanophyceae in spring
(November 2007), similarly to what was observed at points
1, 5 and 3 (Figure 3). Point 5 showed a predominance of
Cyanophyceae, Euglenophyceae and Bacillariophyceae
in the rainy period, while Cyanophyceae predominated
in the dry period and in spring (Figure 3).

In general, it was found that the predominance of
Cyanophyceae at the sampling points of this study showed
a distinct seasonality. Moreover, when Cyanophyceae were
not predominant, they were substituted by representatives of
the classes Cryptophyceae, Chlorophyceae, Euglenophyceae
and Bacillariophyceae.

There was no predominance of taxa (genera or species)
at any of the sampling points. The representativeness of
the species according to the criteria of Lobo and Leighton
(1986) was at the level of abundant species, without
reaching the criterion of dominant. The same classification
indicated that, with respect to the dominance of higher
taxonomic categories, there was group dominance, with
Cyanophyceae predominating in the dry period (May
2007) and in spring (November 2007).

The most abundant phytoplankton taxa were grouped
in 12 functional groups (FG), according to Reynolds’
functional-group classification (1997 and 2002). Among these
groups, 41.66% are common to mesotrophic environments
(M, H2, W2, N and X2) and 48% are found in nutrient-
rich environments (K, S1, D, and J), as indicated in the
classification presented in Table 3.

Variations in the equitability index were low, with the
lowest value of this index (0.7) obtained for the phytoplankton
community at point 5 in the dry period, and the highest
value (0.97) at point 4 in November 2007 in spring.

The fluctuations in richness and equitability were
reflected directly in the variation in diversity at the various
sampling sites. Higher indices were obtained at points 3
and 4 in November (beginning of the rainy season), with
indices of 3.9 bits.ind™" and 4.1 bits.ind™', respectively.
The lowest diversity (2.7) was obtained at point 5 in May.
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Table 2. List of taxa recorded in Cachoeira Dourada reservoir, GO/MG, with their respective classification regarding the oc-
currence frequency (F) (where: C = constant, * = frequent and R = rare) and Ta = average size (um) of species in December

2006 (n = 15), May 2007 (n = 15) and November 2007 (n = 15).

Taxa

Taxa

% Ta Clas — % Ta  Clas
Cyanophyceae Bacillariophyceae
Anabaena sp. 26.66 3,8 +  Aulacoseira ambigua 20 23,0 R
(Grunow) Simonsen
Aphanocapsa cf. koordersii 6.66 1,5 R Aulacoseira ambigua var. 6.66 25,0 R
(Strom). Komarek spiralis (Muller) Simon
Aphanocapsa sp. 53,33 6,2 *  Aulacoseira granulata 80 21,5 C
(Ehrenberg) Simonsen.
Aphanothece sp. 80 4,2 C  Cyclotella sp. 3333 6,3 +
Células livres de Microcysis sp. 66.66 4 *  Cymatopleura sp. 6.66 50,0 R
Chroococcus cf. minutus (Kiitzing) 26.66 4,3 C  Cymbella sp. 60 30 *
Nigeli
Chroococcus cf. minimus 5333 40 *  Diploneis sp. 6.66 322 R
(Kiitzing.) Lemmermann.
Coelomoron sp. 13.33 3,0 R Eunotia sp. 33.33 18,2 +
Fragilaria sp. 20 443 R
Geitlerinema unigranulatum 7333 45 *  Fragillaria sp.1 53.33 44,6 *
(Singh) Komarek. & Azevedo
Gomphosphaeria sp. 13,33 34 R Fragillaria sp.2 6.66 45 R
Limnothrix sp. 20 6,2 R Gomphonema sp. 3333 60 +
Lyngbya sp. 6.66 4,1 R Gyrosigma sp. 13.33 30,0 R
Mastigocladus laminosus Nach 33,33 42,0 +  Navicula sp. 80 32,1 C
Sidler
Merismopedia glauca Kiitzing 6.66 3,1 R Nitzschia sp. 13.33 130,15 R
Microcystis aeruginosa (Kiitzing) 33,33 24 +  Pinnularia sp. 3333 428 +
Kiitzing.
Microcystis panniformis Komdrek 40 3,0 +  Surirella sp. 53.33 1755 *
Microcystis sp. 13.33 4,0 Tabellaria sp. 6.66  100,0 R
Oscillatoria cf. proboscidea 33,33 5,0 +  Euglenophyceae
Gomont
Oscillatoria sp. 33.33 49 +  Euglena sp. 13.33 45,1 R
Phormidium sp.1 20 3,0 R Trachelomonas cf. verrucosa 6.66 11,2 R
Stokes
Phormidium sp.2 26.66 3,0 +  Trachelomonas sp. 7333 264 *
Phormidium sp.3 6.66 3,0 R Trachelomonas volvocina 73.33 17,1 *
Ehrenberg
Planktothrix sp. 40 5,0 +  Chrysophyceae
Pseudanabaena 26.66 2,8 +  Dinobryon bavaricum 6.66 30 R
mucicola(Naumann et Hiiber.- Coldwater Lake
Pelatozzit.) Schwabe.
Pseudanabaena sp.1 7333 59 *  Dinobryon sp. 1333 32
Pseudanabaena sp.2 40 7,0 +  Mallomonas sp. 33.33 16,7 +
Pseudanabaena sp.3 20 6,0 R Synura uvella Ehr. 20 30,0 R
Spirulina sp. 1333 63,0 R  Cryptophyceae
Westiella sp. 6.66 9,5 R Cryptomonas sp. 20 19.9 R
Wolskyella sp. 1333 20,0 R
592 Braz. J. Biol., 2011, vol. 71, no. 3, p. 587-600
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Table 2. Continued...

Taxa Taxa
% Ta Clas % Ta  Clas
Chlorophyceae Zygnematophyceae
Ankistrodesmus falcatus (Corda) 20 44.4 R Actinotaenium globosum 6.66 29,2 R
Ralfs (Bulnheim) Krug Gerl
Ankistrodesmus sp. 6.66 478 Closterium sp. 26.66 62,3 +
Botryococcus sp. 3333 9,7 +  Cosmarium cf. decussiferum 20 18
Croasdale
Chlamydomonas sp. 86,66 17,1 C  Cosmarium cf. quadrum 13.33 52 R
Lundell
Coelastrum microporum Négeli 13.33 11,2 R Cosmarium sp.1 33.33 62,5 +
Coelastrum reticulatum 100 5,7 C  Desmidium cf. cylindricum 20 33,5
(P.A.Dangeard) Senn Greville
Dictyosphaerium pulchellum 40 5,8 +  Desmidium sp. 20 13,6 +
Wood.
Dimorphococcus lunatus A. Braun  6.66 7,6 R Hyaloteca dissiliens (Smith) 26.66 20,0 +
Brebisson
Elakatothrix cf. gelatinosa Wille ~ 33.33 15,6 +  Hyaloteca sp. 20 25,0 R
Eutetramorus fottii (Hindak.) 9333 75 C  Mougeotia sp.1 60 32,6 *
Komarek.
Golenkiniospsis sp. 6.66 83 R Mougeotia sp.2 33.33 30,0 +
Kirchneriella cf. lunaris (Kirchner) 20 18,8 R Mougeotia sp 3 20 35
Moebius
Kirchneriella obesa (West. West)  6.66 7,5 R Sphaerozosma laeve 20 18,5 R
Schmidle (Nordsted) Thomasson
Micractinium sp. 6.66 45 R Sphaerozosma sp. 26.66 234 +
Monoraphidium cf. griffthii(M.J. 13.33 36,1 R Spondilosium cf. panduriforme 6.66 39,0
Berkeley.) Komarkova.-Legn. (Weste. & G. S. West). Teiling
Monoraphidium circinale 6.66 10,0 R Staurastrum laeve Ralfs 6.66 20,0 R
(Nygaard) Nygaard.
Nephrocytium sp. 26.66 13,5 +  Staurastrum leptocladum 46.66 40,5 +
Nordstedt
Qocystis sp. 20 8,8 R Staurastrum leptocladum var. 20 60,0 R
cornutum Nordstedt
Scenedesmus cf. ecornis 13.33 20,0 R Staurastrum margaritaceum 6.66 222 R
(Ehrenberg) Chodat Nano (Ehrenberg.) Ralfs
Scenedesmus opoliensis Richter 13.33 12,8 R Staurastrum muticum (Bréb.) 6.66 459 R
Ralfs
Scenedesmus sp. 20 17,3 R Staurastrum rotula Nordstedt 6.66 37,1 R
Schroederia sp 6.66 85,5 R Staurastrum sp. 26.66 324 +
Sphaerocystis sp. 80 20,0 C  Staurodesmus cf. triangularis ~ 6.66 20,0
(Lagerheim.) Teiling
Volvox sp. 26.66 5,0 +  Staurodesmus sp. 26.66 18,8 +
Dinophyceae Tetmemorus sp. 6.66 204
Peridinium sp. 46.66 234 +  Xanthophyceae
Isthmochloron lobulatum 13.33 10,0 R
(Négeli.) Skuja
Tetraplektron sp. 6.66 18,0 R
Braz. J. Biol., 2011, vol. 71, no. 3, p. 587-600 593
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Table 3. Main Functional Groups (FG) and taxa with highest relative contribution (%) to the density of the phytoplankton
community of Cachoeira Dourada reservoir, GO/MG, in December 2006, May 2007 and November 2007.

FG

Characteristics of the Functional Groups
(Reynolds, 1997; Reynolds et al., 2002).

Main taxa representative of each
functional group (FG)

K Occur in nutrient-rich epilimnion; sensitive to deep mixing and

tolerant to high light intensity.

S1  Occur in turbid and mixed waters; tolerant to light deficiency;

sensitive to high flows.

M Occur in mesotrophic environments with mixed water column;

Aphanocapsa sp., and
Aphanothece sp.

Pseudanabaenamucicola;
Pseudanabaena sp., e Limnothrix sp.

Microcystis sp.

tolerant to strong sunlight; sensitive to flooding and low

transparency.

H2 Nitrogen-fixing Nostocales in large mesotrophic lakes; tolerant to

Anabaena sp.

low nitrogen concentrations, mixing and low light availability.

W2 Occur in mesotrophic lakes

J  Occur in rivers and shallow, nutrient-rich lakes; sensitive to

sedimentation in aphotic layers.

N Occur in mesotrophic epilimnion; tolerant to nutrient deficiency;

sensitive to stratification and high pH.

D Occur in shallow, turbid and eutrophic environments, including

Trachelomonas volvocina and
Trachelomonas sp.
Coelastrum reticulatum

Pinullaria sp.

Cyclotella sp.

rivers; tolerant to high flows; sensitive to nutrient depletion.

X2  Occur in lakes with mixed water column, transparent and

mesotrophic; tolerant to stratification.

P Occur in meroplankton, tolerant to constant wind turbulence;

Chlamydomonas sp.

Aulocoseira granulata

sensitive to stratification. The include periphytic diatoms with

occasional occurrence of lake plankton.

E  Usually occur in small oligotrophic or mesotrophic lakes; tolerant

to low nutrient concentrations (mixotrophy).

Y  Usually occur in small nutrient-rich lakes; tolerant to light

Dinobryon sp.

Cryptomonas sp.

deficiency; sensitive to nutrient deficiency and to herbivory.

Canonical correspondence analysis (CCA) was used
to correlate the abundant species (descriptors) with the
physical and chemical variables recorded in the period
of this study. Axisl of the CCA (F1) provided 88.53%
of explanation of the variability and axis 2 (F2) 9.56%,
while the two axes together presented a total explainability
of 98.09% (Figure 4). The results of the Monte Carlo
test indicated that the variables of dissolved phosphorus
(0.001). TIN (0.001) and Secchi (0.033) were significantly
correlated with the community.

The analysis revealed three large groups classified
according to the dynamics of the variables. The first
group was related to the elements of dissolved phosphorus
and water column transparency (Secchi), which were
correlated with Cyanophyceae as Limnothrix sp.
(sp.10), Chroococcus minimus (sp.12), Aphanothece sp.
(sp.15) and Aphanocapsa sp. (sp.2), Euglenophyceae as
Trachelomonas sp. (sp.18), Chlorophyceae as Coelastrum
reticulatum (sp.8) and Scenedesmus sp. (sp.20), and
Bacillariophyceae as Navicula sp. (sp.16) and Cyclotella sp.
(sp.9), all of which were numerically more significant in
November (spring) (Figure 4).
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The second group was represented by the temperature
factor, which was correlated with the following taxa:
Microcystis sp. (free cells) (sp.3), Microcystis sp. (sp.4),
Anabaena sp. (sp.1) and Pseudanabaena muscicola (sp.7),
all belonging to the class Cyanophyceae, with higher
representativeness in the dry period (May 2007) at points
1, 3,4 and 5 (Figure 4).

The third group consisted of phytoflagellates, comprising
the taxa Trachelomonas volvocina (sp.19), Cryptomonas sp.
(sp.22) and Chlamydomonas sp. (sp.17). The increased
density of these species was correlated with the increase
in the concentrations of nitrogen compounds that occurred
in December (summer/rainy) (Figure 4).

The taxon Dinobryon sp. (sp.24) (Chrysophyceae)
occurred only in December. It is believed that the increase in
inorganic dissolved nitrogen, which occurred in this period,
may have contributed to the development of this alga. In
addition to the aforementioned environmental factors,
aspects such as cell morphology and locomotor structures
such as sheaths or flagella were found to be determining
factors in the selection of the group of species (Figure 4).
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Figure 4. Canonical Component Analysis (CCA) at the different points in Cachoeira Dourada reservoir, correlating chemi-
cal, physical and biological variables. TIN = Total inorganic nitrogen; P dissov = dissolved phosphorus; Temp = temperature;
and Secchi = water transparency. The sampling points are identified as ptl = point 1 and so on successively; months appear
as Dec = December, May = May and Nov = November. Taxa are identified as sp.1 = Anabaena sp., sp.2 = Aphanocapsa sp.,
sp.3 = free cells of Microcystis sp., sp.4 = Microcystis sp., sp.5 = Pseudanabaena sp.1, sp.7 = Pseudanabaena mucicola,
sp.8 = Coelastrum reticulatum, sp.9 = Cyclotella sp., sp.10 = Limnothrix sp., sp.12 = Chroococcus cf. minimus, sp.13 =
Aulacoseira granulata, sp.14 = Pinnularia sp., sp.15 = Aphanothece sp., spl6 = Navicula sp., sp.17 = Chlamydomonas sp.,
sp.18 = Trachelomonas sp., sp.19 = Trachelomonas volvocina, sp.20 = Scenedesmus sp., sp.22 = Cryptomonas sp. and

sp.24 = Dinobryon sp.

4. Discussion

The Cachoeira Dourada reservoir stands out from the
others in the cascade of reservoirs of the Paranaiba River
for its narrow elongated configuration, relatively low depth
and short residence time. It is the only reservoir in this
basin that operates on “a trickle of water”, i.e., without
being a reservoir in the strictest sense of the word.

Short residence times cause loss of biomass by hydraulic
washout and mechanical shock in phytoplankton cells
(Kimmel et al., 1990; Straskraba et al., 1993). In the
Cachoeira Dourada reservoir, the average water residence
time of 3 days, allied to the low light penetration (low
water transparency) in the rainy period, may have been
limiting factors for the development of phytoplankton
and the resulting lower density observed in this period.
Pivato et al. (2006) found a similar situation in the Corumba
reservoir. The author points out that the short water residence
time, which was only 10 days in April, allied to the low
availability of light, acted negatively on the phytoplankton
assemblages, contributing to the low density and biomass
observed in the period.
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Henry et al. (1985) state that an appreciable phytoplankton
development requires retention times of at least 2 to 3
weeks to allow for significant growths of phytoplankton
organisms. In their study of reservoirs, Zalewski et al.
(2000) concluded that retention time is one of the best
tools for the control of toxic algal blooms.

The average density of the phytoplankton community
in the Cachoeira Dourada reservoir was lower than that
recorded by Pinto-Coelho (2004) in the Sdo Simao reservoir
and by Figueiredo (2007) in the Manso reservoir. However,
in 2008 and 2009, the average density of phytoplankton in
the Uberabinha River (SUPRAM, 2010), belonging to the
same hydrographic basin, was lower than that recorded in
Cachoeira Dourada, which should be influenced, at least
to some extent, by the different water residence times of
these systems.

As for temporal variations, the density values were
higher in spring, which is a period of low rainfall. As the
rainy period advanced, the density of the phytoplankton
community decreased in response to the increasing
water flow. This pattern of temporal variation has been
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observed regularly in several reservoirs and lacustrine
systems in southeastern Brazil (Nogueira, 2000; Souza
and Fernandes, 2009).

In terms of richness, an increase was found in the
number of taxa as the rains intensified. Cyanophyceae
occurred with the highest number of taxa in the three periods
studied. A relevant aspect is the fact that in this reservoir,
unlike what was observed in the Sdo Simao reservoir
located in the same hydrographic basin (Pinto-Coelho,
2004), free-living cells of Microcystis are predominant
rather than colonial cell forms. This may be explained by
the fast-flowing current and high turbulence prevailing in
Cachoeira Dourada.

Knowledge of the diversity, equitability and richness
of phytoplankton communities is a very useful instrument
for the characterization of an aquatic ecosystem. Estimates
of diversity can be used as indicators of the situation of
ecological systems (Magurram, 1988) serving as a measure
of the stability of a community and its resistance to several
types of disturbances (Barnese and Schelske, 1994).

The mean value of phytoplankton diversity in Cachoeira
Dourada was 3.4 bits.ind™, with the highest value recorded
in spring (4.11 bits.ind™"), probably due to the hydrological
instability caused by the strong rains characteristic of the
onset of the rainy season in tropical regions, which carry
dissolved phosphorus from surrounding terrestrial areas.
In a study of the Barra Bonita reservoir, Padisak et al.
(2000), found values of up to 3.18 bits.ind™!. Reservoirs
with different characteristics from those of Cachoeira
Dourada and with high residence times (Beyruth, 2000;
Calijuri et al., 2002) may favor a state close to equilibrium,
which is characterized by low plankton diversity and
frequent cyanobacterial blooms.

As a group, Cyanophyceae predominated in the dry
period but showed reduced density in spring with the onset
of the rains, when they ceased to be dominant but still
continued to show the highest numerical density. With the
decline of cyanobacteria in the rainy period, there was an
increase in the phytoflagellate species, which was favored
by augmented allochthonous input of organic matter.

The first peak of cyanobacteria was dominated
by Microcystis sp. and filamentous cyanobacteria
(Pseudanabaena muscicola, Anabaena sp.) and the
second peak by colonial cyanobacteria (Aphanocapsa sp.
and Aphanothece sp.). The decline in the reservoir’s water
volume in the dry period and in spring seems to favor the
prevalence and increase of the biomass of cyanobacterial
species. Fonseca and Rodrigues (2005) found that oscillations
of the water level in the floodplain of the upper Parand
River promoted by the rainfall regimes determined the
seasonalness of limnological factors and explained the
temporal variation of cyanobacteria.

The pH was higher when the algal density was greater,
this augmented pH may have been a consequence of the
increase in photosynthesis.

In the Cachoeira Dourada reservoir, Cyanophyceae
were represented by the functional groups K, S1, M and
H. The M-associated cyanobacteria consisted essentially
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of Microcystis spp. with higher densities in the dry period.
In this period, Microcystis sp. were found to coexist with
filamentous species of the S1 (Pseudanabaena muscicola)
and H (Anabaena spp.) groups. The H group species
are nitrogen fixers, tolerating low concentrations of this
element in water. These findings are contrary to those
recorded by Huszar et al. (2000) in a reservoir not deficient
in nitrogen, which showed a dominance of heterocytic
cyanobacteria in northeastern Brazil. From the various
sources of information in the literature and from the field
observations of the present study, it can be inferred that
the occurrence of these groups is never the result of only
one factor acting alone.

Based on a canonical correspondence analysis (CCA),
the species Microcystis sp., Pseudanabaena muscicola
and Anabaena sp. were associated to the variable of
temperature (dry period), which was on average 25.8 °C.
Johnk et al. (2008) compared the growth rate of populations
of Microcystis, green algae and diatoms and found that at
low temperatures (below 23 °C), Microcystis presented
a lower growth rate than the other algae. However, the
growth rate of Microcystis showed a direct correlation with
temperatures, i.e., higher growth with increased temperature
and a higher optimal temperature (above 23 °C) than that of
green algae and diatoms. These findings demonstrate that
Microcystis is a strong competitor at high temperatures,
as are the other Cyanobacteria (Fernandes et al., 2009).

On the other hand, the colonial coccoid species of
functional group K (Aphanothece spp. and Aphanocapsa spp.)
present similar morphological traits (coccoidal colonies)
and the same nutritional demand (Reynolds et al., 2002),
which undoubtedly facilitates their coexistence in spring,
associated with the availability of dissolved phosphorus
(CCA) and higher water transparency. Species of the
functional group K, which commonly occur in shallow
and enriched lakes, though sensitive to deep-mixing
(Reynolds et al., 2002), presented constancy on the
temporal scale (in the three periods analyzed). However,
its density showed significant variability in spring with
the onset of the first rains.

Pivato et al. (2000) attribute the distribution of
Aphanothece sp. to the presence of their mucilaginous
sheath, an important structure for their suspension in the
water column in periods of turbulence, which probably
favored the permanence of this taxon in the plankton of
Cachoeira Dourada.

Chlorophyceae, which constituted the group with
the second highest representativeness in the Cachoeira
Dourada reservoir, are commonly recorded as the most
important in terms of the number of plankton species in
freshwater environments. They are favored by their high
morphometric variability and their ability to develop
in a variety of habitats (Train et al., 2006). Among the
Chlorophyceae, Chlorococcales stand out because their
representatives are common in any type of environment
(Bicudo and Menezes, 2006; Fonseca et al., 2009) and
they are also among the first to colonize the environment
(Bicudo and Menezes, 20006).
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These algae were represented principally by small
colonial species, with Coelastrum reticulatum standing
out in spring (sampling point 5) and flagellates such as
Chlamydomonas sp. (point 1) in the rainy period, when
they were a common occurrence in the nanophytoplankton.
In his limnological characterization of the hydropower
plant of Ipueiras, Reis-Pereira (2002) points out the high
contribution of Chlorophyceae to the phytoplankton
community, with relative abundances varying from 34%
to 74% of the total abundance. This group is also well
represented in other Brazilian environments, indicating
the good adaptation of these species to tropical eutrophic
aquatic environments (Sant’ Anna and Azevedo, 2000;
Padisak et al., 2000).

In Cachoeira Dourada, the CCA analysis associated
the taxon Coelastrum reticulatum to the variables of
dissolved phosphorus and water transparency (spring).
According to Reynolds et al. (2002), this species belongs
to the functional group J, and its occurrence is common
in shallow enriched lakes. On the other hand, the taxon
Chlamydomonas sp. was associated with nitrogen compounds
(TIN), particularly ammonia. According to Reynolds et al.
(2002), Chlamydomonas sp., belongs to functional group
X2, which is characteristic of transparent and mesotrophic
environments. These algae species have short life cycles
and they are opportunists, reaching rapid growth rates
when nutrient availability is adjusted (Happey-Wood,
1988), generally related with the process of eutrophication
(Biggs, 1996).

Small diatoms (Cyclotella spp.) appeared as an abundant
taxon in spring, coexisting with colonial cyanobacteria such
as Aphanocapsa spp., Aphanothece spp. and chlorophytes
such as Coelastrum reticulatum. Cyclotella sp. diatoms
are grouped by Reynolds et al. (2002) in functional group
D, which is common in shallow well-mixed enriched
lakes. In the Cachoeira Dourada reservoir, this group was
correlated (CCA) with water transparency and dissolved
phosphorus, with higher importance at points 3 and 4, the
central region of the reservoir, corroborating the finding
of Reynolds et al. (2002), who associate the species to
turbulent habitats with lotic influence.

The Euglenophyceae algae, abundant in the rainy
period, were represented by Trachelomonas volvocina.
The increment in the density of this taxon was correlated
(CCA) with nitrogen compounds, especially ammonia.
Probably, the input of organic matter resulting from the
rains in December intensified the process of decomposition,
increasing turbidity and reducing the pH, thus creating
favorable conditions that would undoubtedly benefit
the growth of this species. The species Trachelomonas
volvocina is classified by Reynolds et al. (2002) in functional
group W2, occurring in mesotrophic lakes. Authors such
as Alves-da-Silva and Bridi (2004) associate the class
Euglenophyceae to environments rich in organic matter,
which may have been the case in the Cachoeira Dourada
reservoir, at least in stretches under the influence of
organic effluents.
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In a study of the phytoplankton community in a sport
fishing pond in Sdo Paulo, Matsuzaki et al. (2004) observed
that Euglenophyceae were favored in environments of
low transparency because they possess flagella, enabling
them to move to layers with higher light intensity in the
water column.

Cryptophyceae were represented in the Cachoeira
Dourada reservoir by the taxon Cryptomonas sp., associated
(CCA) with nitrogen compounds (TIN) and especially
ammonia in the rainy period, when an average density
of 51 ind.L~! was recorded at point 1 and of 25 ind. L' at
point 3. These algae were more abundant in the rainy period
(December 2006) in the central part of the reservoir. A
similar situation was observed in the Sdo Simdo reservoir
with phytoflagellate cryptophyte algae, mainly Cryptomonas
erosa and C. brasiliensis, which were abundant in January
2002 (rainy period), particularly in the central portion
close to the dam, where they reached densities exceeding
2000 ind.mL" (Pinto-Coelho, 2004).

In the Cachoeira Dourada reservoir, dinoflagellates
represented by the taxon Peridinium sp. were not numerically
significant and were classified as constant in the dry period
(May), with records at all the collection points. Indications
are that this taxon was favored by the conditions of higher
availability of dissolved oxygen (9.8 mg.L™") at point 1.
The decline of this element in the water caused the density
of this taxon to diminish at the other sampling points.

The Zygnematophyceae class represented 22.9% of
the species richness found in the plankton of the reservoir,
but it occurred in low densities. These algae constitute
a representative group of the periphyton, and are found
mainly in environments of nutrient-poor acidic water
with low electrical conductivity and high transparency
(Felisberto and Rodrigues, 2005). In Cachoeira Dourada, a
positive correlation was found between the Chlorophyceae
(Scenedesmus sp.) density and water transparency. This
correlation is consistent with the findings of Felisberto
and Rodrigues (2005), Martins and Fernandes (2007),
Cavati and Fernandes (2008) for lakes and reservoirs in
southeastern Brazil.

A joint analysis of the abundant species indicated
the process of substitution of species occurring in the
phytoplankton community between the collection
periods. There were signs that the species’ morphological,
morphometric, physical and nutritional traits were determining
factors in the process of selection.

Therefore, phytoflagellates (Cryptomonas sp. and
Trachelomonas volvocina) were abundant in summer
(rainy), together with colonial cyanobacteria of the order
Chroococcales (Aphanothece sp.), alternating to free-living
cells of Microcystis sp., Anabaena spp., and Microcystis sp.,
coexisting, respectively, with small green colonial algae and
flagellates in the dry period (Coelastrum reticulatum and
Chlamydomonas sp.). In spring an abundance of colonial
cyanobacteria (Aphanocapsa sp. and Aphanothece sp.)
and green colonial algae of the order Chlorococcales
(Coelastrum reticulatum) was observed coexisting with
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species such as Cyclotella spp., Cryptomonas sp., and
Chroococcus minimus.

However, it should be noted that phytoplankton
presented two density peaks, one in spring (November) and
the other in the dry period (May). The increase of species
in spring was associated with the first rains, which were
responsible for a slight increase in phosphate compounds in
the water. The rains facilitated the process of removal from
the bottom of the reservoir, bringing nutrients essential to
phytoplankton development to the surface. Another important
factor is light availability, which remained high in the dry
period and in spring. The occurrence of nitrogen-fixing
cyanobacteria in the dry period was attributed to their
ability to stock phosphorus and to tolerate environments
poor in phosphorus compounds.

According to the functional group analysis, the
phytoplankton community was represented by species
typical of turbulent and enriched environments. The
temporal variability of the chemical and hydrodynamic
characteristic of the reservoir was reflected in the density
of each group in the different periods. Some species
such as Anabaena sp. and Microcystis sp. are indicators
of eutrophicated environments and can be considered
potentially toxic. However, it is important to point out that
these species did not occur in high densities, suggesting
that the current state of the Cachoeira Dourada reservoir,
albeit not one of eutrophication according to the criteria
adopted by the CONAMA resolution, shows a strong
tendency for the establishment of this trophic state. The
system’s hydrodynamics seems to operate as a continual
regenerator of habitat conditions, preventing the community
from maturing and thus reaching a state of equilibrium
(Sommer et al., 1993). This fact explains the lack of
dominance and the low density of phytoplankton species
recorded in the Cachoeira Dourada reservoir.

Another important factor was the predominance of C
— strategist species that make up the nanophytoplankton,
which were abundant throughout the period of this study.
Despite the weak spatial pattern (among sampling points),
hydrodynamics and seasonal variation were important in
constituting the composition of the phytoplankton community.
Notwithstanding the predominance of cyanobacteria, the
reservoir presented the characteristics of an oligotrophic
environment, albeit with a certain tendency for eutrophication.
The absence of blooms and its moderate phytoplankton
densities lead to the conclusion that the quality of the
reservoir’s water still remains within the limits established
for its multiple uses.
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