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Abstract

Phytoplankton may function as a “sensor” of changes in aquatic environment and responds rapidly to such changes.
In freshwaters, coexistence of species that have similar ecological requirements and show the same environmental
requirements frequently occurs; such species groups are named functional groups. The use of phytoplankton func-
tional groups to evaluate these changes has proven to be very useful and effective. Thus, the aim of this study was
to evaluate the occurrence of functional groups of phytoplankton in two reservoirs (Billings and Guarapiranga) that
supply water to millions of people in Sdo Paulo city Metropolitan Area, southeastern Brazil. Surface water samples
were collected monthly and physical, chemical and biological (quantitative and qualitative analyses of the phyto-
plankton) were performed. The highest biovolume (mm?®.L™") of the descriptor species and functional groups were
represented respectively by Anabaena circinalis Rabenh. (H1), Microcystis aeruginosa (Kiitzing) Kiitzing (L, /M)
and Mougeotia sp. (T) in the Guarapiranga reservoir and Cylindrospermopsis raciborskii (Wolosz.) Seen. and Subba
Raju (S,), Microcystis aeruginosa and M. panniformis Komarek et al. (L,/M), Planktothrix agardhii (Gom.) Anagn.
and Komadrek and P. cf. clathrata (Skuja) Anagn. and Komadrek (S1) in the Billings reservoir. The environmental fac-
tors that most influenced the phytoplankton dynamics were water temperature, euphotic zone, turbidity, conductivity,
pH, dissolved oxygen, nitrate and total phosphorous.

Keywords: phytoplankton, descriptor species, functional groups, water supply.

Dinamica populacional: variacio sazonal dos grupos funcionais fitoplanctonicos
em reservatorios brasileiros (Billings e Guarapiranga, Sao Paulo)

Resumo

A comunidade fitoplanctonica pode funcionar como sensor das variagdes do ambiente aqudtico respondendo rapida-
mente as essas alteracdes. Em sistemas aqudticos continentais € comum a coexisténcia de espécies que possuem as
mesmas necessidades ecoldgicas e apresentam as mesmas tolerancias ambientais, tais grupos de espécies fitoplanc-
tonicas sdo denominados grupos funcionais. O uso de grupos funcionais fitoplanctonicos para avaliar tais altera-
¢des tem se mostrado muito util e eficaz. Assim, o objetivo do estudo foi avaliar a ocorréncia de grupos funcionais
fitoplanctonicos em dois reservatérios (Billings e Guarapiranga) que suprem de dgua milhdes de pessoas na Regido
Metropolitana de Sdo Paulo, Sudeste do Brasil. As amostras foram coletadas mensalmente na superficie da coluna
d’4gua e foram analisadas as varidveis fisicas, quimicas e bioldgicas (andlises qualitativa e quantitativa do fitoplanc-
ton). Os maiores valores de biovolume (mm?.L") das espécies descritoras e grupos funcionais foram representados
por Anabaena circinalis (H1), Microcystis aeruginosa (L, /M) e Mougeotia sp. (T) no Reservatério Guarapiranga e
por Cylindrospermopsis raciborskii (Sy), Microcystis aeruginosa e M. panniformis (L, /M), Planktothrix agardhii
e P. cf. clathrata (S1) no Reservatério Billings. Os principais fatores ambientais que interferiram na dinadmica do
fitoplancton foram: temperatura da dgua, zona eufética, turbidez, condutividade, pH, oxigénio dissolvido, nitrato e
fésforo total.

Palavras-chave: fitoplancton, espécies descritoras, grupos funcionais, reservatorios de abastecimento.
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1. Introduction

The phytoplankton community may function as
a “sensor” of changes in aquatic environments and re-
sponds rapidly to such changes. According to the fre-
quency and intensity of these changes, qualitative and
quantitative aspects of the biota can be modified, select-
ing species by means of competition mechanisms allow-
ing the survival of species favoured by their adaptive
strategies (Margalef, 1983; Reynolds, 1988).

High levels of nutrients — mainly phosphate and ni-
trogen compounds — in water, along with high light in-
tensity, water temperature above 20 °C and pH values
between 6 and 9 increase phytoplankton cell multiplica-
tion, leading to blooms (Zagatto et al., 1997).

Changes in phytoplankton composition and abun-
dance can be the result of environmental changes which
may occur with variable frequency and intensity, thus
causing changes in qualitative and quantitative aspects
of the biota, showing selected species through competi-
tion processes that favour them (Calijuri, 1999).

The process to optimise energy application by spe-
cies is named survival strategy (Grime, 1979; Reynolds,
1988). Survival strategies can be considered as groups
of morphological, physiological, reproductive and be-
havioural characteristics that evolved among species and
populations, leading to a more adequate response to dif-
ferent environmental conditions. (Grime, 1979).

The word association is used by terrestrial vegetation
ecologists to group species which have similar responses
to a set of environmental conditions. In freshwaters, co-
existence of species that have similar ecological require-
ments and show the same environmental requirements
frequently occurs and such species groups are named
functional groups (Reynolds, 1997; Reynolds et al.,
2002; Padisak et al., 2006).

The application of the concept of phytoplankton
functional groups in temperate regions has been used by
several authors (Arauzo and Cobelas, 1994; Reynolds,
1997; Huszar et al., 2003; Padisik et al., 2003). Reynolds
et al. (2002) proposed a list of functional groups, based
on their tolerances and sensitivities and on their occur-
rence in different environmental conditions. The authors
included 31 groups that gathered species belonging to dis-
tinct classes, but with similar strategies that allowed their
survival in specific environmental conditions. In tropical
and subtropical regions, Reynolds et al. (2002) approach
has been very seldom applied. Kruk et al. (2002) studied
phytoplankton functional groups of a small urban lake in
Montevideo, Uruguay and in Brazil, studies by Beyruth

(2000), Melo and Huszar (2000), Tucci (2002), Crossetti
and Bicudo (2005), Lopes et al. (2005) and Borges et al.
(2008) can be mentioned.

There is little research about the phytoplankton
dynamics of the studied reservoirs: Souza et al. (1998)
showed that,in a Billings reservoir branch, Chlorophyceae
and Cyanobacteria were dominant throughout the studied
period. Beyruth (2000) showed the relationship between
physical and chemical parameters and phytoplankton
associations in Guarapiranga reservoir, Chlorophyceae
biomass being the best represented. Carvalho (2003)
has studied the phytoplankton community of six water
supply reservoirs in Sao Paulo state, to identify indicator
species and biological indexes, among these reservoirs;
Billings had 154 taxa, Cyanobacteria being dominant
in all sampling seasons. Matsuzaki (2007) evaluated
the sanitary aspects of Guarapiranga reservoir after the
transposition of waters from the Taquecetuba branch of
Billings reservoir, showing the high trophic indexes and
dominance of Cyanobacteria in both reservoirs. Thus,
it was supposed that there were significant differences
between the phytoplankton of both reservoirs, due to en-
vironmental factors.

The use of phytoplankton functional groups to evalu-
ate these changes has proven to be very useful and ef-
fective. Thus, the aim of this study was to evaluate the
occurrence of functional groups in two reservoirs.

2. Material and Methods

The reservoirs studied herein, called Guarapiranga
and Billings located in the city of Sdo Paulo Metropolitan
Area, southeastern Brazil (Table 1) have been submitted
to intense human influence, especially in relation to the
discharge of domestic, industrial and agricultural wastes,
along with the removal of the surrounding vegetation
(Carvalho, 2003). These reservoirs are used for the pub-
lic water supply and recreation of three million people
and supply hundreds of industries with water.

The Trophic State Index (TSI) adopted was that of
Carlson (1977) adapted to tropical environments, as pro-
posed by Lamparelli (2004). In this work, the TSI was
calculated by simple arithmetic mean for the indexes
of total phosphorus and chlorophyll-a, according to the
equation:

TSI =[TSI (TP) + TSI(CL)] /2 ()

where:
TSI (TP) = 10.(6-(1.77 - 0.42.(In TP)/In 2))

Table 1. General characteristics of the Guarapiranga and Billings reservoirs.

Guarapiranga Billings
Coordinates 23°43’ S and 46° 32° W 23°47 S and 46° 40° W
Area 33 km? 120 km?
Maximum depth 13 m 18 m
Water retention time 185 days 720 days

Source: Beyruth et al. (1997); CETESB (1997, 2004)
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TSI (CL) = 10.(6-((0.92 - 0.34.(In CL)/In 2))

TP = total phosphorus concentration in surface water
(ng.L™h.

CL = total chlorophyll-a concentration in surface
water (ug.L™).

In = natural logarithmic

According to Lamparelli (2004), another trophic
class was introduced between the eutrophic and hypereu-
trophic, this being named supereutrophic. Table 2 shows
the new criteria for the evaluation of the trophic state of
waters.

Surface water samples were collected monthly from
February/2002 to January/2003. In each reservoir sam-
ples were taken from the catchment point of water for
public supply. The variables studied were: water tem-
perature, transparency (Secchi disk), euphotic zone -
evaluated by three times the depth where the Secchi disk
disappears (Cole, 1994), turbidity (turbidimeter), dis-
solved oxygen (Oxygen meter OXI-197 WTW), pH, am-
monium (NBR 10560, ABNT, 1988), nitrate (4500NO,,
APHA, 1998), Nitrite (4500NO,, APHA, 1998) total
phosphorous (4500P, APHA, 1998) and chlorophyll-a
(CETESB, 1990).

Samples for the qualitative analyses of the phyto-
plankton were filtered with 20 um mesh plankton net,
fixed with 4% formalin. The material was analysed un-
der a binocular microscope the optical train of which was
fitted with a light chamber, a measuring eyepiece and an
epifluorescence device.

Cyanobacteria were identified according to Koméarek
and Anagnostidis (1989; 1999; 2005) and the other
classes were classified according to Van den Hoek et al.
(1995). The functional groups were evaluated according
to the criteria established by Reynolds et al. (2002).

Samples for the quantitative analyses of the phy-
toplankton were collected with a Van Dorn bottle and
preserved in a 1% acetic lugol solution. Counting was
performed according to the Utermohl method (1958),
under a Carl Zeiss® inverted microscope with a magni-
fication of 400 times. Counting was performed horizon-
tally and vertically, and the minimum number of fields to
be counted was determined by the curve of the species
stabilisation graph, which was obtained from the new
species added in each counted field.

Descriptor species were selected based on the den-
sity (org.mL™). Those species that contributed with more

Table 2. Classification and TSI values for Sdo Paulo State
reservoirs.

Trophic level Classes TSI
Ultraoligotrophic 0.5 <47
Oligotrophic 1 47 <TSI<52
Mesotrophic 2 52 <TSI<59
Eutrophic 3 59 <TSI<63
Supereutrophic 4 63 <TSI<67
Hypereutrophic 5 > 67

Source: Lamparelli (2004)
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than 1% of the annual total density of the community
were considered as descriptors. For these taxa, the re-
spective biovolumes were calculated.

The biovolume (mm3.L™") was estimated by multi-
plying the density of each species by the mean volume
of their cells. Biovolume was calculated based on geo-
metric models, according to Edler (1979) and Hillebrand
et al. (1999).

The results were statistically analysed by means of
the Principal Component Analyses (PCA) and Canonical
Correspondence Analyses (CCA). In these analyses the
data matrix were transformed by ranging and log (x + 1)
respectively. To transform the results and perform the
analyses, FITOPAC (Shepherd, 1986) and PC-ORD ver-
sion 3.1 for Windows (McCune and Mefford, 1997) soft-
ware were used.

In the text, tables and graphs, the environmental vari-
ables were abbreviated as follows: Water temperature
(WT), transparency (Transp), euphotic zone (Euphz),
turbidity (Turb), Dissolved Oxygen (DO), conductivity
(Cond), ammonia (NH,), nitrate (NO,), nitrite (NO,) and
total phosphorous (TP).

3. Results

The Trophic State Index applied was calculated
through the simple arithmetic mean of the total phos-
phorus and chlorophyll-a indexes. The results (Table 3
and Figure 1) showed the Billings reservoir as supereu-
trophic in February/2002 and hypereutrophic in the oth-
er months; furthermore, Guarapiranga reservoir ranged
from eutrophic to hypereutrophic.

3.1. Abiotic variables

The mean water temperature values in both reservoirs
were almost the same, ranging from 19 to 29 °C. Rainfall
monthly values were lower than 270 mm in both reser-
voirs. Transparency showed little variation, ranging from
0.4 min Billings to 1.6 m in Guarapiranga. Turbidity and
conductivity showed higher values in Billings; pH and

Table 3. Trophic State Index (TSI) of Billings and
Guarapiranga reservoirs.

Sampling date Billings Guarapiranga
February/2002 66.04 66.91
March/2002 69.26 61.77
April/2002 67.76 64.60
May/2002 67.46 64.44
June/2002 68.76 64.19
July/2002 68.54 64.15
August/2002 69.50 62.65
September/2002 68.56 63.30
October/2002 69.40 61.65
November/2002 69.40 67.17
December/2002 70.14 63.02
January/2003 70.49 63.57
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Figure 1. Monthly variation of Trophic State Index in Bill-
ings and Guarapiranga reservoirs.

dissolved oxygen were almost the same in both reser-
voirs, being higher in June and October/2002 in Billings.
Nutrients (N-NH,*, N-NO,", N-NO," e TP) showed high
values in both reservoirs. Monthly changes of the physi-
cal and chemical variables in Guarapiranga and Billings
reservoirs can be seen in Figures 2 and 3.

Principal Components Analysis (PCA) showed that
the most significant environmental variables were: wa-
ter temperature, transparency, euphotic zone, turbidity,
conductivity, pH, dissolved oxygen, nitrate, nitrite and
total phosphorous. PCA, when applied to both reservoirs
studies herein, showed the two aquatic environments as
two different units, grouping 67% of the total variability
in the two first axes, thus accounting for a significant per-
centage of total variance of the data (Table 4, Figure 4).
Axis 1 summarised the variability for both systems,
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Figure 2. Monthly variation of physical and chemical parameters of Guarapiranga reservoir. Months are represented from
February (Feb.) through December (Dec.) 2002 and January (Jan.) 2003.
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Figure 3. Monthly variation of physical and chemical parameters of Billings reservoir. Months are represented from February
(Feb.) through December (Dec.) 2002 and January (Jan.) 2003.

Table 4. Pearson and Kendall correlation between environmental variables on the two first axes of the PCA ordination, as
observed in the two reservoirs, during the period covered by the study (n = 24). In boldface they are the considered values,

statistics, significant (n > 0.5).

Environmental Abbreviations Principal components
variables Axis 1 Axis 2
Water temperature WT 0.141 -0.957
Transparency Transp -0.921 —-0.098
Euphotic zone Euphz -0.915 -0.112
Turbidity Turb 0.785 0.113
Conductivity Cond 0.873 0.218
pH pH 0.866 -0.178
Dissolved oxygen DO 0.686 0.013
Ammonium NH,* -0.391 0.374
Nitrate NO,” —0.788 0.130
Nitrite NO, —-0.588 —-0.031
Total phosphorus TP 0.595 —0.065

Braz. J. Biol., 69(4): 1001-1013, 2009
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Figure 4. Biplot ordination resulting from the PCA applied to the sampling units (months) with the physical and chemical
variables, in the Guarapiranga and Billings reservoirs. The initial G and B in the designation of sampling units stands for
Guarapiranga and Billings reservoirs. Months are represented from February (G2/B2) throughout December (G12/B12)
2002, and January (G1/B1) 2003. Abbreviations for environmental variables are presented in Table 2.

separating the reservoirs, according to the environmental
variables, as well as in a seasonal gradient tracking the
axis 2: on the positive side the units referring to samples
from Billings reservoir are shown, associated with the
highest values of turbidity, conductivity, pH, dissolved
oxygen and total phosphorous. On the negative side ap-
peared the sample units from Guarapiranga reservoir
(except February/2002) associated with the highest val-
ues of transparency, euphotic zone, nitrate and nitrite.
Axis 2 represented the seasonal changes, grouping on
the positive side, the samples collected from winter and
spring (June to November) and on the positive side, the
samples collected from summer and autumn (December
to April).

3.2. Biological variables

The number of taxa identified in Guarapiranga res-
ervoir was 178 and in the Billings reservoir 156. Among
them, 15 were selected as descriptors. The seasonal
changes of the descriptor species is presented in Figure 5.
Five functional groups were observed and in some cases
co-dominance of species belonging to different groups
at the same period was also observed. In Guarapiranga
reservoir, L, /M, H1 and T groups were observed, in
Billings reservoir, L /M, H1, S1 and S groups were ob-
served (Table 6).

3.3. Guarapiranga reservoir

The seasonal change was marked by two distinct
periods. Period I: The month of February, character-

ised by the highest biovolumes of Anabaena circinalis,
Mycrocystis aeruginosa and Mougeotia sp., being this
the period that showed the highest number of descrip-
tor species, when the depth of the euphotic zone was
below 1.8 m and nitrogen levels were zero. During
period I, Mougeotia sp. was dominant from March to
June (euphotic zone between 3.3 and 4.8 m and nitrate
between 280 and 1,350 ug.L") with a sudden decrease
in July, due to factors that could not be detected in the
present study. Period III: Mougeotia sp. was again domi-
nant, from August to January (euphotic zone between
1.8 and 4.2 m and nitrate between 360 and 900 pug.L™")
(Figures 2 and 5a).

3.4. Billings reservoir

Descriptor species of the class Cyanobacteria were
dominant throughout the period of study, but showed
seasonal changes marked by three distinct periods:
Period I from February through April, characterised
by the highest biovolumes of Mycrocystis aeruginosa
and M. panniformis and also by the highest values for
the euphotic zone (1.8 to 3.0 m). Period II (from April
through September) was marked by the highest amount
of descriptor species and high concentration of nitrogen.
Period III: slow increase and dominance of Planktothrix
agardhii, from period II to period III (euphotic zone be-
tween 1.2 and 1.8 m). In the three periods high values
of total phosphorous were observed (90 and 190 pug.L™")
(Figures 3 and 5b).

Braz. J. Biol., 69(4): 1001-1013, 2009
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Figure 5. a) Biomass of the descriptor species in the Guarapiranga reservoir; other species: Golenkinia radiata, Limnothrix
planctonica, Nitzschia gracilis, Scenedesmus quadricauda, Trachelomonas volvocina and b) Biomass of the descriptor
species in the Billings reservoir; other species: Cyclotella meneghiniana, Geitlerinema unigranulatum, Trachelomonas
volvocina. Months are represented from February (Feb.) through to December (Dec.) 2002 and January (Jan.) 2003.

To ordinate the sampling units between the reser-
voirs by means of the canonical correspondence analyses
(CCA), fifteen species (those that contributed with more
than 1% of the total biomass in the community) and
eight environmental variables were selected (Tables 6
and 7). The autovalues for axes 1 and 2 were 0.459 and
0.125, respectively, with 46.7% explicability of species
variance for the two first axes (Table 5). Pearson’s cor-
relation for environment-species was high on both axes
(0.917 and 0.972), indicating a high correlation between
the abiotic variables and species distribution. The Monte
Carlo test (99 permutations; p < 0.05) was used to deter-
mine the canonic significance level, showing statistically
significant and not random ordination of axes 1 and 2
(p £0.05) (Table 5).

Canonic coefficient, that represents the importance
of each environmental variable contribution, was used to

Braz. J. Biol., 69(4): 1001-1013, 2009

ordinate and separate the two reservoirs. Intra-set cor-
relation was also used to represent possible correlations
between abiotic variables and their ordination with the
axes, but retaining the dependency relation between the
biotic and abiotic variables.

Canonic coefficient and intra-set correlation
(Table 7) showed that turbidity, conductivity, pH, dis-
solved oxygen and total phosphorous were the envi-
ronmental variables best represented on axis 1 (posi-
tive side). The descriptor species that best correlated
with this axis were: Cylindrospermopsis raciborskii,
Microcystis aeruginosa, M. panniformis, Planktothrix
agardhii and P. cf. clathrata. Axis 1 separated the sam-
pling units according to the two reservoirs. The positive
side of axis 1 contained the sampling units from Billings
reservoir. These units are associated with the highest val-
ues of turbidity, conductivity, pH, dissolved oxygen and
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Table S. Synthesis of the Canonical Correspondence Analysis between the two reservoirs and the appraised months.

Axis 1 Axis 2
Eigenvalue 0.459 0.125
% of variance explained 36.7 10.0
Cumulative % explained 36.7 46.7
Pearson Correlation (species-environment) 0.917 0.972
Monte Carlo test (p) eigenvalues 0.01 0.03
Correlation species-environment 0.01 0.01

Table 6. Descriptor species of the phytoplanktonic community, based on the contribution of percentage in biovolume (FG:
Functional Groups; TB: Total Biovolume, in accordance with Reynolds et al., 2002).

FG Descriptor species Guarapiranga  Billings
TB (%) TB (%)
H1 Anabaena circinalis Rabenh. 10.0 -
H1 (?) Anabaena sp. - 2.0
A Cyclotella meneghiniana Kiitzing 2.0 1.0
Sy Cylindrospermopsis raciborskii (Wolosz.) Seen. and Subba Raju 1.0 7.0
S1(?) Geitlerinema unigranulatum (Singh) Komadrek and - 1.0
M.T.P. Azevedo
J Golenkinia radiata Chodat 1.0 -
S1(?7) Limnothrix planctonica (Wolosz.) Meffert 1.0 -
L /M (7) Microcystis aeruginosa (Kiitzing) Kiitzing 5.0 12.0
L /M (7) M. panniformis Komarek et al. - 13.0
T Mougeotia sp. 73.0 4.0
D Nitzschia gracilis Hantz. 1.0 -
S1 Planktothrix agardhii (Gom.) Anagn. and Komdarek - 49.0
S1(?7) P. cf. clathrata (Skuja) Anagn. and Komarek - 9.0
J( Scenedesmus quadricauda (Turp.) Bréb. 1.0 -
W2 Trachelomonas volvocina Ehr. 1.0 1.0

(7) Species that are not included in the codes of functional groups, only referred to the genus.

Table 7. Canonical coefficient and intra-set correlation of environmental variables for axis 1 and 2 for ten abiotic variables
in both reservoirs. In boldface they are the considered values, statistics, significant (n > 0.5).

Variable Canonical coefficient Correlation coefficient (intra-set)

Axis 1 Axis 2 Axis 1 Axis 2
WT -0.295 -0.875 0.047 -0.569
Euphz 0.021 1.077 -0.825 0.172
Turb -0.127 -0.534 0.690 -0.265
Cond 0.249 -0.708 0.790 0.066
pH 1.075 2.610 0.855 0.099
DO -0.565 -1.605 0.612 0.199
N NO, -0.462 0.283 —0.802 0.137
TP 0.501 -0.164 0.625 -0.285

total phosphorous. The negative side of axis 1 contained
the sampling units of Guarapiranga reservoir, associated
with the highest nitrate and euphotic zone values. The
best represented species in those sampling units were:

Limnothrix planktonica, Desmodesmus communis and
Mougeotia sp. Axis 1 has isolated only the sampling
units of Billings reservoir, on the negative side. These
units are associated with the highest values of water tem-
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Figure 6. Biplot ordination resulting from the CCA to mean values of eight abiotic variables and fifteen biological variables
in both reservoirs. The initial G and B in the designation of sampling units stands for Guarapiranga and Billings reservoirs.
Months are represented from February (G2/B2) through to December (G12/B12) 2002, and January (G1/B1). Abbreviations:
Anabaena circinalis (Acirc); Anabaena sp. (Anasp); Cyclotella meneghiniana (Cmene); Cylindrospermopsis raciborskii
(Craci); Geitlerinema unigranulatum (Gunig); Golenkinia radiata (Gradi); Limnothrix planctonica (Lplan); Microcystis
aeruginosa (Maeru); M. panniformis (Mpann); Mougeotia sp. (Mousp); Nitzschia gracilis (Ngrac); Planktothrix agardhii
(Pagar); P. cf. clathrata (Pclat); Scenedesmus quadricauda (Squa) and Trachelomonas volvocina (Tvolv).

perature, and the best represented species were Anabaena
circinalis and Anabaena sp. (Figure 6).

4. Discussion

The Principal Component Analysis (PCA) showed
that the physical and chemical variables that interfered
in the temporal reservoir dynamics were: water tem-
perature, euphotic zone, turbidity, conductivity, pH
and dissolved oxygen. Moreover, high nitrate and total
phosphorus were available, allowing ideal conditions for
phytoplankton blooms on both reservoirs. The PCA also
confirmed the difference between the reservoirs, showed
by their separation through axis 1, also by a seasonal gra-
dient through axis 2.

4.1. Guarapiranga reservoir

The results confirmed high phytoplankton biomass,
showing differences among months of the year, in rela-
tion to biomass and environmental parameters. The func-
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tional groups were grouped according to their monthly
distribution, in the following periods:

I) The highest biovolume was represented by
Anabaena circinalis (H1), Microcystis aeruginosa
(L,/M) and Mougeotia sp. (T), when the lowest
values for euphotic zone (1.8 m), low nitrate
(280 pg.L™") and high total phosphorus (60 pug.L™)
concentrations were recorded. The co-dominance
of Microcystis and Mougeotia showed the opposite
situation: in the first week of February the highest
biovolume was shown by M. aeruginosa and in the
fourth week, by Mougeotia sp. A. circinalis, the
dominant species concerning biomass, also reduced
its biovolume from the first to the last week of
period 1. These results show that the environmental
conditions changed from the first to the fourth
week, thus promoting the growth of Mougeotia sp.
instead of the Cyanobacteria: gradual increase of
transparency and euphotic zone, decrease of pH
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values, which may have supported higher CO,
than CO, concentrations and increase in N-NO,
availability;
A period where the complete dominance of
Mougeotia sp. (T) began, lasting for about
16 weeks, combined with water temperature
between 20-25 °C, high euphotic zone (3.3-4.8 m)
and high nitrate availability. In period II (July)
there was a remarkable decrease of biovolume for
all descriptor species, including Mougeotia sp.,
probably due to the decrease of nitrate concentration
(from 1,350 to 580 pg.L'), and management
actions in the reservoir, that include the use of an
algicide to prevent algal growth (Matsuzaki, 2007).
However, the environmental conditions (water
temperature, euphotic zone, conductivity, pH and
total phosphorus) were much the same as in the
former weeks, which allowed the restoring of the
Mougeotia sp. population in period III; and
III) Continuity of Mougeotia sp. (T) dominance when
the environmental conditions remained similar to
those described for period II.

Beyruth (2000), studying the phytoplankton of
Guarapiranga reservoir, has also found dominance of
Mougeotia sp., correlating high biomass of the species
to high rainfall, showing that this species, commonly
peryphitic, has been detached from the littoral zone, thus
appearing in the water column. Comparing these results
to the present work, the rainfall was lower than that
found by Beyruth (2000). However, higher biomass of
Mougeotia sp. were found in period III (spring and sum-
mer), when the highest values for rainfall were found
during the study. The research year period (2002) was
atypical concerning rainfall, presenting monthly values
below those found by Beyruth (2000), so it was assumed
that, more than rainfall, the physical and chemical water
characteristics were important, such as high nitrate con-
centration and high euphotic zone values (1.8-4.8 m).

According to Reynolds et al. (2002), Mougeotia sp.
belongs to functional group T, being sensitive to nutrient
deficit and tolerant to low luminosity, which was dem-
onstrated in the present study. Thus, it was concluded
that Mougeotia sp. was considered as a meroplanktonic
species, i.e., that has two ways (planktonic and pery-
phytic), so it is not an accidental species in this reser-
voir. Margalef (1983) mentions that when there are high
numbers of small primary producers such as algae and
Cyanobacteria that can be planktonic and also occur on
some kind of substratum, or that occur in some unde-
fined habitat between plankton and other, adhered, com-
munities, they are ruled by light intensity and nutrient
availability.

1)

4.2. Billings reservoir

Cyanobacteria were dominant in this reservoir
throughout the period of study. According to the dynam-
ics of the functional groups, the period of study was di-
vided into the following periods:

I) Period distinguished by the highest biovolume

values of  Microcystis  aeruginosa  and
M.  panniformis (L, /M), water temperature
between 25-29 °C and total phosphorus

concentration between 60-120 pg.L-'. Dominance
was maintained by these two species throughout
the period (eight weeks);
Period that lasted 20 weeks, when the water
temperature varied from 20 to 25 °C, total phosphorus
concentration between 80-120 pg.L!, showing also
the highest nitrate values, reaching 520 pg.L™.
During this period, there was the occurrence of the
filamentous functional groups: Cylindrospermopsis
raciborskii (S), Planktothrix agardhii and P. cf
clathrata (S1) and Mougeotia sp. (T), together
with the species Microcystis aeruginosa and
M. panniformis (L, /M). The species that showed the
highest biovolume was P. agardhii that increased in
biovolume from the beginning to the end of period
I1, in a total of five months (20 weeks).
IIT) Gradual increase and dominance of P. agardhii,
from period II to period III, water temperature from
20 to 29 °C and total phosphorus between 90 and
190 ug.L.

The species of the functional groups HI
(Anabaena), S, (C. raciborskii), L, /M (Microcystis) and
T (Mougeotia) were poorly represented in relation to
species S1 (P. agardhii). The species belonging to func-
tional groups S1, HI and S are often competing and in
seasonal succession, due to their similar strategies. The
occurrence of this succession depends mostly on inor-
ganic nitrogen supply, disturbance pattern and sudden
temperature change (Padisdk et al., 2003).

According to Nixdorf et al. (2003), low light environ-
ments with high phosphorus values enhance the growth
of species S1 (P. agardhii) due to the species ability to
maintain itself in the water column that has high phos-
phorus concentration and high turbidity, often being
permanent over the year as a monoculture. This fact
can be observed in the present work, when P. agardhii
was dominant throughout almost all the study period,
showing that these environmental key factors favoured
the dominance of these filamentous Cyanobacteria. The
dominance of Oscillatoriales in temperate lakes, induced
by the eutrophication process, has been noticed since the
1930s (Nixdorf et al., 2003).

An important factor to be considered in the Billings
reservoir is the high water retention time (Table 1), en-
hancing the dominance of Cyanobacteria during the
study period. The environmental stability explains the
continuous dominance of one or few descriptor species,
independently of its relation to one of these species to a
particular physical condition (Huszar et al., 2003).

Considering both reservoirs, the species to one
of the functional groups HI (Anabaena) and S
(Cylindrospermopsis) tolerate environments with low
nitrogen values, showing similar strategies and abil-
ity to atmospheric nitrogen fixation. In both reservoirs,

1))
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the strategy of nitrogen fixation by heterocyted spe-
cies seems not to have occurred, since no heterocyte
was found in the sampled tricomae in the Guarapiranga
reservoir. In the Billings reservoir, heterocytes were re-
corded only in 1.4% of C. raciborskii tricomae. The fact
of few tricomae bearing heterocytes can be explained
by high nitrogen concentration in the water bodies stud-
ied. Reynolds (1997), Padisdk (1997) and Padisdk and
Reynolds (1998) explain that nitrogen fixing species H1
and S (Anabaena and Cylindrospermopsis) can behave
as non-fixing species due to a high nitrogen environ-
ment, this being also observed by Huszar et al. (2000) in
eight Brazilian reservoirs. Thus, according to the results
obtained in this study, it can be confirmed that the domi-
nance of the functional groups H1, S Ly/M, T and Sl
are typical of different trophic levels (eutrophic to hyper-
eutrophic) and can be used as environmental indicators
in tropical regions. However species of the functional
groups L, and H1 have also been reported as dominant
in oligotrophic systems, this dominance being affected
by seasonal variation of temperature, when thermal
stratification occurs between the periods (Borges et al.,
2008).

Besides, the Billings reservoir has also been exposed
continuously to environmental degradation, due to nutri-
ent input through waters pumped from the river Pinheiros
and also to disordered occupation on the hydrological ba-
sin margins (Carvalho and Navas-Pereira, 2008). Thus,
the results considered in the present study together with
those of Carvalho and Navas-Pereira (2008) showed a
situation of high trophic level state, identified not only
by the presence of potentially toxic species but also by
the trophic level, represented by the TSI. Considering
the monthly biovolume values (from 15 to 140 mm?*.L™")
and total phosphorus (from 15 to 190 ug.L™"), the present
study also revealed that both reservoirs can be classi-
fied as hypereutrophic (Brasil, 2004; Conama, 2005).
In addition, the results for TSI, according to Lamparelli
(2004) also corroborated the high trophic level for both
reservoirs, since her proposal is specifically established
for reservoirs of Sdo Paulo state.

The poor condition of water quality could convert
the Billings reservoir as inadequate to domestic supply,
enhancing the costs of its treatment and the risks of its
water consumption if the treatment was unsatisfactory
(Carvalho and Navas-Pereira, 2008).

At present, the waters of a branch of Billings,
called Taquacetuba, are pumped to Guarapiranga, as
an additional contribution to the water supply for the
Metropolitan Region of Sao Paulo, with high treatment
costs, due to their poor quality (Carvalho and Navas-
Pereira, 2008).

The results obtained herein showed that the optimal
conditions for the development of the functional groups
in Brazilian tropical conditions are: pH ranging between
7 and 9, temperature between 20 and 30 °C and high
levels of nutrients. The different strategies allowed the
survival of these organisms leading to their rapid devel-
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opment, preventing the less fit species from growing.
The physical and chemical factors frequently determine
which species will prevail and dominate specific ecosys-
tems (Matsuzaki et al., 2004).
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