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Abstract: Aim: Our study aimed at analyzing the diatom community structure of the plankton,
periphyton, and surface sediments, and their relationship with the environmental variables of two
reservoirs, Tanque Grande and Cabugu, located in the city of Guarulhos, Metropolitan Region of
Sao Paulo. Methods: Three sampling stations were stablished in each reservoir. Samples of water
and periphyton were collected during the dry (August 2013) and the rainy periods (January 2014),
while the sediment was sampled only during the dry period. Water abiotic limnological variables were
determined and quantitative and qualitative analyses were performed after the oxidation of diatom
samples. Results: Both reservoirs presented low values of electrical conductivity, pH and nutrients.
The diatom community was represented by 30 taxa distributed in 20 genera. The diatom diversity
was higher in the plankton, with three exclusive species. All taxa collected from the surface sediments
also occurred in the plankton. The periphyton was represented by six taxa that were exclusive to this
habitat. Conclusion: Our results indicated that the environmental variables were responsible for
the limnological changes in the two reservoirs. In the studied reservoirs, the species composition of
diatoms differed slightly between the plankton and the surface sediments, while we found a different
community in the periphyton, with the presence of exclusive species. The two climatic periods showed
differences in the abundance of species, but no considerable differences in the species composition
between the two reservoirs were observed.

Keywords: diversity; periphyton; plankton; surface sediments.

Resumo: Objetivo: Nosso estudo teve como objetivo analisar a estrutura da comunidade de
diatomdceas do plancton, do perifiton e de sedimentos superficiais e sua relagio com as varidveis
ambientais de dois reservatérios, Tanque Grande e Cabugu, ambos localizados na cidade de Guarulhos,
Regido Metropolitana de Sio Paulo. Métodos: Trés estagoes de amostragem foram estabelecidas em
cada reservatério. Amostras d’dgua e perifiton foram amostrados durante os perfodos seco (agosto
de 2013) e chuvoso (janeiro de 2014), enquanto o sedimento foi amostrado apenas no periodo seco.
Varidveis limnoldgicas abi6ticas foram determinadas e andlises quantitativas e qualitativas foram
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realizadas apds a oxidagio das amostras de diatomdceas. Resultados: Os dois reservatdrios apresentaram
baixa condutividade elétrica, pH e concentracio de nutrientes. A comunidade taxonémica das
diatomdceas foi representada por 30 téxons distribuidos em 20 géneros. A diversidade de diatomdceas
foi maior no plancton, com trés espécies exclusivas. Todos os tdxons encontrados no sedimento
superficial também ocorreram no plancton. O perifiton apresentou seis tdxons exclusivos para esse
habitat. Conclusao:Nossos resultados indicaram que as varidveis ambientais foram responsdveis
pela varia¢io limnolégica nos dois reservatérios. Nos reservatérios estudados, a composicio de
espécies de diatomdceas variou muito pouco entre o plincton e os sedimentos superficiais, enquanto
uma comunidade diferenciada foi encontrada no perifiton, com a presenca de espécies exclusivas.
Os perfodos climdticos mostraram diferencas na abundéncia das espécies, mas, nao foram observadas
diferencas considerdveis na composicio de espécies entre os reservatérios.

Palavras-chave: diversidade; plancton; perifiton; sedimentos superficiais.

1. Introduction

Ecological modifications in reservoirs might
be detected by monitoring the water quality and
considering the information accumulated in
the sediments either superficial or deposited in
layers (Birks & Birks, 2006). Besides the water
and sediment compartments, the periphyton
community has an important role in the metabolism
of aquatic environments, not only as primary
producers but also as regulators of the nutrient fluxes
in these ecosystems (Pompéo & Moschini-Carlos,
2003). The analysis of water physical and chemical
characteristics and of the biological features
establishes the basis for monitoring the water quality
of the reservoir, allowing an integrated evaluation
of the instant and extended effects (Lobo et al.,
2002).Lacustrine sediments are a valuable source
of information of the organisms that are present in
the different compartments, and they also constitute
a spatial and temporal integrated sample of all the
events that occurred during the recent past time
(Bennion, 1995; Mozeto, 2004).

In environmental monitoring studies, diacoms
are among the main biological indicators, because
they quickly respond to the environment changes
and are generally abundant in different types of
aquatic systems (Dennys, 1991). Furthermore,
diatoms have some unique characteristics as for
instance ubiquity, specific environmental tolerance
spectrum, susceptibility to environmental changes
in the shortand long term, the presence of asiliceous
cell wall that enables the identification when they
are deposited in sediments, and high migration
rates (Round et al., 1990). Consequently, diatoms
have been used for the assessment of processes of
eutrophication, acidification, metal contamination,
and past climate change (Lobo et al., 2002; Wehr
& Sheath, 2003; Smol, 2008; Smol & Stoermer,
2010; Bennion et al., 2011).
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In view of the increasing degradation of aquatic
environments, ecological studies in water bodies
that still maintain good water quality conditions are
of utmost relevance. In public supply reservoirs, the
need for such studies is even more urgent in order
to contribute to the maintenance of the ecological
quality of these environments.

In Brazil, our knowledge of the diatom
diversity in oligotrophic systems still is very
scarce (Schneck et al., 2008; Bicudo et al., 2009).
Furthermore, most contributions are hitherto
restricted to lotic systems of the Southeast and the
Southern regions of the country (Salomoni et al.,
2006; Bere & Tundisi, 2010; Moresco et al.,
2011). In the state of Sao Paulo, the study of the
diatom composition is a relatively recent subject
that have started with Bicudo et al. (1993),
who surveyed the phytoplankton community
of Rosana hydroelectric power reservoir. A few
studies on the taxonomy of periphytic diatoms
(e.g. Tremarin etal., 2009, 2010; Faria et al., 2010)
and past diatoms (Costa-Boddeker et al., 2012;
Fontana et al., 2014) have been carried out and
some of them have analyzed ecological aspects of
water supply reservoirs (Almeida & Bicudo, 2014;
Zorzal-Almeida et al., 2017; Marquardt et al.,
2018). The studies of Wengrat et al. (2015),
Marquardt et al. (2016, 2017) have described new
species of diatoms from oligotrophic systems in the
state of Sao Paulo. The contributions of Fontana
& Bicudo (2009, 2012), Almeida & Bicudo
(2014), Faustino et al. (2016) and more recently
of Bartozek et al. (2018) assessed the diatoms from
the phytoplankton and surface sediments along a
trophic gradient of tropical reservoirs. In the case
of the water supply reservoirs of Guarulhos, studies
on the diatom community (Moutinho et al., 2007;
Barbosa, 2012), and that have assessed the water
quality of the reservoirs are scarce (Piasentin et al.,
2009; Lacava et al., 2009; Oliveira & Bicudo,
2017) while no studies have been carried out
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hitherto on the diatoms of the periphyton and
surface sediments. Therefore, the present study
aimed at characterizing the structure of the diatom
community of the plankton, periphyton and surface
sediments of two reservoirs of the Guarulhos water
supply system and their relationship with the
environmental variables, in order to understand
the influence of spatial and temporal scales on the
diatom distribution and contribute to future studies
focused on the understanding of the diatoms-
environment relationships.
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2. Material and Methods
2.1. Study area

The reservoirs Tanque Grande and Cabugu
are located in the city of Guarulhos, Sio Paulo
state, southeast Brazil (23°27°49”S, 46°32°01”W;
Figure 1). Tanque Grande is located in northern
Guarulhos (23°22°27”S, 46°27°36”W), and has
a basin area of 7.75 km?, a storage capacity of
77,401 m® and a retention time of 7.35 days
(Silva et al., 2011; CETESB, 2015). This reservoir
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Figure 1. Geographic location of Tiet¢ Upper River Basin and sampling stations in Cabugu and Tanque Grande

reservoirs, Sao Paulo state, Brazil.
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was built in 1958 and is responsible for 10% of
the water supply in Guarulhos. Cabugu is located
in “Parque Estadual da Cantareira”, southern
Guarulhos (22°24°067S, 46°31°56”W). It has
a basin area of 23.8 km?, a storage capacity of
1,767,000 m® and a retention time of 68.5 days
(Barbosa, 2012). The Cabucu reservoir was built in
1904 and has supplied with water the city Sdo Paulo
for more than 60 years when it was deactivated due
to the start of operations of the Cantareira system. In
2002, the reservoir was reactivated to contribute to
the water supply of Guarulhos (Lacava etal., 2009).

2.2. Sampling and data analysis

The selection of sampling stations was based on
the size of reservoirs, inflows of tributaries, and the
depth of the system. Three stations were established
in each of the reservoirs (Figure 1). Samples of
water and periphyton were collected during the
dry (August 2013) and the rainy periods (January
2014). Because surface sediments constitute a
temporal and spatially integrated sample (Smol,
2008), they were collected only during the dry
period. For the determination of limnological
variables and the analysis of plankton, water samples
along a vertical profile (sub-surface, middle and 1 m
above the bottom) were collected using a van Dorn
bottle. At both sampling periods, the temperature,
pH and electric conductivity were measured 77 situ
with a Horiba U50 multiparameter portable probe;
and samples of water were collected for the analysis
of total nitrogen, total phosphorus (Valderrama,
1981) and soluble reactive silicon (Golterman et al.,
1978). For the determination of chlorophyll 4,
corrected for phaeophytin, a water sub-sample was
filtered through a glass-fiber filter (GF/F Whatman),
followed by a 24 h extraction with 90% ethanol
(Sartory & Grobbelaar, 1984). Whenever the
aquatic macrophyte Eichhornia crassipes (Mart)
Solms was present, periphyton samples were
obtained by scraping submersed parts of the plant.
Plankton and periphyton samples were fixed with
an acetic Lugol solution (Bicudo & Menezes, 20006).
Surface sediments were collected with a UWITEC
gravity corer, and the top 2 cm sections of the core
were used for analyses.

The trophic State Index (TSI) was calculated
according to CETESB (2015) using the data of
total phosphorus and chlorophyll 4.

The oxidation of the diatom organic matter
followed the process described in Battarbee (1986).
Permanent slides were prepared with Naphrax as
mounting medium (RI = 1.73). Diatoms were
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identified from a population sample using a Zeiss
Axioskop 2 plus equipped with phase-contrast
and an image capture system, at a magnification
of 1000x. Counting was conducted according
to Battarbee (1986) and for each sample, the
following criteria were considered to establish the
quantification limit: the species rarefaction curve,
a minimum counting of 400 valves per slide, and
a minimum sampling efficiency of 90% (Pappas
& Stoermer, 1996). These criteria allowed the
comparison between communities of different
habitats.

All taxa occurring with a relative abundance > 2%
for the plankton and periphyton, and > 1% for the
surface sediments were considered. Species richness
was defined as the number of species per sample, and
the Simpson’s dominance index was calculated using
density data. Canonical Correspondence Analysis
(CCA) was performed to evaluate the relationship
between biological and environmental data
matrices, using abiotic data previously transformed
by range [(x-x )/x -x  )]and biotic databylog
(x + 1). In the CCA, the Monte Carlo permutation
procedure (999 permutations) was used to test for
significance between species and environmental
variables (p < 0.05). Analyses were performed in
PC-ORD 6.0 (McCune & Mefford, 2011).

3. Results

The sampling periods followed the pattern
expected for a tropical region, with mild
temperatures during the dry period (18.7 °C) and
higher ones during the rainy period (26.8 °C).
Water temperature followed the same pattern in
both reservoirs, with averages during the dry and
the rainy periods respectively of 18.2 °C and 26 °C
in Tanque Grande and of 16 °C and 22.6 °C in
Cabucu (Table 1). Both reservoirs exhibited low
conductivity and pH, while Tanque Grande also
presented low nutrient concentration. In Tanque
Grande, total nitrogen concentrations ranged from
77.3 pg L' t0 254.2 pg L' and total phosphorus
from 8.3 pg L' to 18.0 pg L. Soluble reactive
silicon concentrations were similar between the two
climatic periods, with slightly higher values during
the rainy period (4.6 pg L' to 6.1 pug L), while
chlorophyll-a was higher during the dry period
(3.8 pg L' t0 10.1 pg L), as shown in Table 1.

In the Cabugu reservoir, total nitrogen ranged
from 218.5 pg L' to 861.8 pg L, with the
greatest values during the rainy period, while
total phosphorus values from 12.2 pg L' to
23.1 pg L. Soluble reactive silicon ranged
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Table 1. Water limnological variables of the reservoirs Tanque Grande (TG) and Cabugu (CB) during the dry and
rainy periods. Temp: Temperature; Cond: conductivity; TN: total nitrogen; TP: total phosphorous; SRS: soluble

reactive silicon; Chlo-a: chlorophyll 4.

Sampling _ Depth Temp Cond H Secchi TN TP SRS Chlo-a
station (m) (°C) S cm’! P (m) pg L Hg L mg L Mg L
DRY PERIOD
TG1 2.3 18.3 52.5 6.7 1.5 77.3 8.2 4.7 6.5
TG2 2.6 19.7 50 6.2 1.7 122.4 7.5 4.6 10.1
TG3 3.0 16.5 58.5 5.9 1.6 227.7 14.0 4.7 9.8
CB1 3.1 15.8 39.3 6.1 3.1 218.4 12.9 5.3 4.0
CB2 9.0 15.8 38.6 5.8 2.7 269.5 15.6 5.4 3.9
CB3 10.0 16.3 38.7 6.2 3.1 586.9 12.2 4.9 4.8
RAINY PERIOD
TG1 2.1 26.1 65 7 0.7 2541 17.9 6.1 4.3
TG2 2.5 26.3 63 6.8 0.6 174.9 11.2 6.0 5.2
TG3 3.1 25.7 63.5 6.6 1.1 170.8 11.7 5.9 3.8
CB1 4.1 24.2 39.6 7.3 1.4 410.1 231 2.9 14.2
CB2 8.1 221 59 6.8 1.9 861.7 15.6 3.3 29.9
CB3 9.8 21.4 60.3 6.7 2.1 719.6 17.4 3.3 34.5

from 3.0 pg L' to 5.5 pg L, with the highest
values during the dry period. Chlorophyll-a
(3.9 pg L' t0 34.5 pg L") showed the greatest values
during the rainy period (Table 1). Based on the
annual average values of the Trophic State Index,
both reservoirs were classified as oligotrophic, and
their limnological features maintained as steady
according to CETESB monitoring.

The diatom community was represented by
30 species classified into 20 genera (Table 2).
The plankton showed the highest richness with
three exclusive taxa: Navicula cryptrocephala,
Navicula neomundana and Ulnaria ulna. All taxa
registered in the sediment were also present in the
plankton while there were no species exclusive to
this community. The surface sediments presented
the lowest richness of the three compartments
analyzed. In the case of the periphyton, six species,
Encyonema neogracile, Eunotia pseudosudetica,
Fragilaria tenera, Fragilaria capuccina,
Frustulia saxonica and Ulnaria acus were exclusive
of this compartment.

The highest diversity of plankton diatoms
(annual average = 0.7 1-D) and the least species
dominance (annual average = 0.2) were found in the
Tanque Grande reservoir during the two climatic
periods. Moreover, the highest species richness
(annual average = 23) was found in this reservoir,
mainly in the intermediate region and near the
dam. In the Cabugcu reservoir, we observed the least
species richness (annual average = 17) and diversity
(annual average = 0.5 1-D) and the greatest species
dominance (0.4).
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During the dry period, the community of
planktonic diatoms at Tanque Grande reservoir
was characterized by a high abundance of
Staurosira construens, Aulacoseira tenella,
Discostella stelligera, Brachysira brebissonii,
Aulacoseira ambigua and Pseudostaurosira parasitica,
being Staurosira construens the most abundant species.
During the rainy period, Staurosira construens,
Discostella stelligera, Achnanthidium tropicocatenatum,
Staurosirella pinnata, Brachysira brebissonii and
Aulacoseira tenella were the most abundant species
at this reservoir. Staurosira construens was the species
that contributed most to the total abundance in
the reservoir together with Aulacoseira tenella,
Discostella stelligera and Brachysira brebissonii, which
therefore confirmed that the community structure
of planktonic diatoms presented little variation in
the reservoir if both climatic periods are considered.

At the Cabugu reservoir, the community of
planktonic diatoms did not show significant
differences in the species composition between
climatic periods. Discostella stelligera and
Aulacoseira tenella presented high abundance at
this reservoir during both climatic periods.

According to the dominance-diversity curve
(Figure 2), a similar taxonomic structure was
observed between sampling stations. Tanque
Grande showed a greater number of rare species
during the dry period, mainly at the station next to
the tributary inflow (TG1), whereas the abundant
species presented a more homogeneous distribution
during the rainy period. Cabucu had a less number
of species than Tanque Grande and therefore, there
was a decrease in diversity. However, no considerable
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Table 2. Distribution of the diatoms with their respective codes and species richness (S) in the plankton, surface
sediments and periphyton of Tanque Grande (TG) and Cabugu (CB) reservoirs.

Surface

Taxa Code Plankton sediments Periphyton
TG CB TG CB TG CB

Achnanthidium tropicocatenatum G.C.Marquardt, C.E.Wetzel & ADTR - . . .
Ector
Aulacoseira ambigua (Grunow) Simonsen AAMB - .
A. tenella (Nygaard) Simonsen AUTL - . . . . .
Brachysira brebissonii Ross in Hartley BBRE - .
B. microcephala (Grunow) Compére BMIC . . .
B. neoexilis Lange-Bertalot BNEO - . . . . .
Discostella stelligera (Cleve & Grunov) Houk & Klee DSTE - . . . . .
Encyonema neogracile Krammer ENNG . .
E. neomesianum Krammer ENMS - . . . . .
E. silesiacum (Bleisch in Rabenhorst) D.G. Mann ELSE - . . .
E. subminuta Krammer & Reichardt ESUM - . . .
Eunotia sp1. Ehrenberg ECAM - . .
Eunotia desmogonioides Metzeltin & Lange-Bertalot EDMG - . . .
E. juettnerae Lange-Bertalot in Lange-Bertalot et al. EJUE - . . . .
E. pseudosudetica Metzeltin, Lange-Bertalot & Garcia-Rodriguez EPSD . .
Fragilaria capucina Desmaziéres FCAP .
F. tenera (W.Smith) Lange-Bertalot FTEN . .
Frustulia saxonica Rabenhorst FSAX . .
Gomphonema gracile Ehrenberg GGRA - . . . . .
Nitzschia amphibia Grunow NAMP - . . .
Navicula cryptocephala Kutzing NCRY - .
N. neomundana (Lange-Bertalot & Rumrich) Lange-Bertalot etal. NNEO - .
Pinnularia subanglica Krammer PSAG - . .
Planothidium sp1. Round & Bukhtiyarova PLTD - . .
Pseudostaurosira parasitica (W. Smith) Morales PPRS - . . .
Sellaphora ventraloconfusa (Lange-Bertalot) Metzeltin & SVTC - . .
Lange-Bertalot
Staurosira construens Ehrenberg SCON - . . . . .
Staurosirella pinnata (Ehrenberg) Williams & Round SPIN . . . .
Ulnaria acus (Kutzing) Aboal UACU . .
U. ulna (Nitzsch) Compére UULN -

S

23 17 14 14 19 17

differences in the diatom communities were
registered between the climatic periods.

The values of Simpson diversity index and
evenness wete higher at Tanque Grande reservoir,
although both reservoirs showed similar diversity
and evenness between the dry and the rainy periods
(Figure 3).

Canonic Correspondence Analysis in the
plankton summarized 50.7% of the total data
variation in the first two axes (Axis 1: 0.313;
Axis 2: 0.242). A high Pearson correlation
between species and environmental data for both
axes (r = 0.978 and r = 0.963) indicated that the
distribution of species was strongly related to the
environmental variables. Monte Carlo permutation
test was positive for both axes (p = 0.004 and
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» = 0.018). According to the canonic coefficients,
the main explanatory variables that contributed
to the ordination of samples were the electric
conductivity (axis 1) and total phosphorus (axis 2),
as shown in Figure 4.

On the positive side of axis 1, all sampling
units from Tanque Grande were associated with
a high conductivity (r = 0.7). Five species of
planktonic diatoms characterized Tanque Grande
reservoir (7 > 0.0), especially Encyonema silesiacum
(r = 0.8) and Staurosira construens (r = 0.8). On the
negative side of this axis, the sampling units of
Cabucu were related to a low conductivity and
high total nitrogen concentrations (» = -0.6).
Five species were associated with the Cabucu
reservoir, especially Aulacoseira tenella (r=-0.8) and
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Figure 2. Dominance-diversity curve of the plankton diatoms at Tanque Grande (T'G) and Cabugu (CB) reservoirs
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Discostella stelligera (r = -0.7). Consequently, axis 1
showed the differences between reservoirs regarding
the community structure of planktonic diatoms.
Axis 2 showed the influence of seasonal
variations on the planktonic diatoms of Tanque
Grande. On the negative side of this axis, sampling
units of the rainy period were highly associated with
a high total phosphorus (7 = -0.6) and characterized
by Achnanthidium tropicocatenatum (r = -0.6) and
Brachysira neoexilis (r = -0.6). The sampling units
of the dry period were grouped on the positive
side, associated with low total phosphorus, and
characterized mainly by Brachysira brebissonii
(r = 0.8). The CCA analysis evidenced that the
distribution of species was influenced by differences
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in nutrient concentrations between the sampling
stations, mainly of total nitrogen and conductivity.

The species composition of diatoms was similar
between the surface sediments and the plankton,
since most taxa were shared by both compartments.
The dominance-diversity curve showed that the
diatom community from the surface sediments
was different between reservoirs, since Tanque
Grande presented a larger number of rare species
than Cabugu (Figure 5). Simpson’s diversity
index revealed a low diversity and evenness and
showed a low abundance of species, indicating a
low differentiation of the community due to the
abundance of a few species (Figure 6).

Staurosira construens, Aulacoseira tenella,
Staurosirella pinnata and Discostella stelligera were
the species that contributed most to the total
abundance at Tanque Grande. The latter species was
also highly abundant in the plankton. At Cabugu,
Staurosira construens, Aulacoseira tenella and
Discostella stelligera showed the greatest abundance.
The community composition of diatoms of the
surface sediments was practically the same in both
reservoirs. The greatest difference was found in the
abundance percentage of species at each sampling
station.

The Canonic Correspondence Analysis
performed with 14 diatom species from surface
sediment and five limnological variables (Figure 7)
explained 67.2% of total data variation, resulting
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in eigenvalues of 0.698 for axis 1 and of 0.309 for
axis 2. The high Pearson correlation between
species and environmental variables for the two first
axes (r = 0.998 and 7 = 0.997) indicated a strong
relationship between the distribution of species and
environmental variables. Monte Carlo permutation
test was significant for both axes (p = 0.02).
The main explanatory variables that contributed
to the ordination of samples along axis 1 were total
phosphorus and water transparency. On the positive
side of axis 1, all sampling units of Tanque Grande
were highly correlated with the least values of water
transparency (r = -0.9), total phosphorus (r=-0.8),
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Figure 7. CCA ordination of the sampling stations of Tanque Grande (TG) and Cabugu (CB) reservoirs based
on four water abiotic variables (total nitrogen: TN; total phosphorus: TP; soluble reactive silicon: SSR; and water
transparency: SECCHI) and 14 species from surface sediment (species codes are shown in Table 2).

soluble reactive silicon (r=-0.7), and total nitrogen
(r=-0.7). Two species, Staurosira construens (r=0.9)
and Planothidium sp. (r = 0.9), characterized this
reservoir. On the negative side of axis 1, all sampling
units of Cabugu reservoir were highly correlated
with the limnological variables mentioned above
and characterized by Aulacoseira tenella (r = 0.9)
and Discostella stelligera (r = 0.7). Axis 2 showed the
differences between sampling stations. The sampling
stations located near the dam were grouped on the
positive side of axis 1, while the sampling stations
located near to the main tributary were grouped on
the negative side.

Although the composition of periphytic diatoms
differed between Tanque Grande and Cabucu
reservoirs, a comparison regarding the species
richness could not be performed because aquatic
macrophytes were found only in one sampling
station in each climatic period at Cabugu reservoir.
However, a greater number of species was observed
during the dry period in the two reservoirs.
The descriptive species at Tanque Grande during the
dry period were Achnanthidium tropicocatenatum,
Encyonopis subminuta and Brachysira neoexilis,
being the last species the most common of
these three regarding the total abundance in
all sampling stations. During the rainy period,
Brachysira neoexilis, Encyonema silesiacum,
Staurosira construens, and Eunotia pseudosudetica were
the most abundant. At stations TG01 and TGO02,
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Brachysira neoexilis contributed most to the total
abundance, whereas at TG03 Encyonema silesiacum
was the most abundant. At Cabucu reservoir,
Achnanthidium tropicocatenatum was the most
abundant species during the two studied periods,
contributing significantly to the total abundance
during the rainy period while Fragilaria tenera and
Discostella stelligera had a significant contribution
during the dry period.

Brachysira neoexilis showed an expressive
abundance at Tanque Grande, while Achnanthidium
tropicocatenatum was the most abundant species
at the Cabucu, together with Encyonema
silesiacum, Encyonopis subminuta, Fragilaria tenera,
Discostella stelligera, Staurosira construens and
Eunotia pseudosudetica.

Regarding the Simpson’s index (Figure 8), the
greatest diversity and high evenness were observed
at Tanque Grande reservoir during the rainy period,
indicating that this reservoir exhibited a high
uniformity in the distribution of species’ densities.
In the case of Cabucu, a low density of species was
found during the two sampling periods.

The CCA of periphyton species and
environmental variables (Figure 9) explained 65.5%
of total data variation, resulting in eigenvalues
of 0.289 for axis 1 and of 0.103 for axis 2.
A high Pearson correlation between species and
limnological variables for the two first axes
(r=0.993 and 7= 0.103, respectively) also indicated
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a strong correlation between the distribution of
species and the limnological variables. Monte
Carlo permutation test was significant for the two
axes (p = 0.02). The main explanatory variables
that contributed to the ordination of samples
were chlorophyll-z and soluble reactive silicon.
The sampling units of Tanque Grande were grouped
on the positive side of axis 1 and exhibited a high
correlation with the least values of total phosphorus
(r=-0.5) and total nitrogen (r = -0.6).

Brachysira neoexilis, Encyonema neogracile,
Encyonopsis subminuta and Eunotia desmogonioides
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Figure 8. Simpson’s diversity and evenness of Tanque
Grande (TG) and Cabucu (CB) reservoirs for the
periphytic diatoms during the dry (d) and rainy (r)
periods.
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characterized the reservoir Tanque Grande (7> 0.6).
The sampling units of Cabugu were grouped on the
negative side of axis 1, showing a high association
with the concentrations of total phosphorus
(r = -0.5) and total nitrogen (r = -0.6) and
characterized by Brachysira microcephala, Fragilaria
tenera and Aulacoseira tenella (r 2 0.7).

Along Axis 2, the reservoirs were differentiated by
the climatic period. The sampling stations of Tanque
Grande related to the dry period were grouped on
the positive side of this axis, together with the only
Cabugu station of the rainy period, characterized
by the concentrations of chlorophyll-z (= 0.9) and
the presence of Achnanthidium tropicocatenatum
(r > 0.6). The negative side of axis 2 grouped all
sampling units of the rainy period of Tanque Grande
as well as the only sampling unit of the dry period
of Cabucu, associated with the concentrations of
reactive soluble silicon (7 = -0.9) and the presence
of Staurosira construens (r > 0.6). Thus, according
to the CCA, the periphytic community of diatoms
was influenced by the contrasting climatic periods
and concentration of nutrients.

4. Discussion

The reservoirs of Tanque Grande and Cabugu
constitute the Guarulhos Producing System and
provide autonomy to the municipality in relation
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Figure 9. CCA ordination of the sampling units of Tanque Grande (TG) and Cabugu (CB) reservoirs during the dry
(d) and rainy (r) periods, based on three water abiotic variables (TN: total nitrogen; TP: total phosphorus; SSR: soluble
reactive silicon), Chlorophyll-a (Chlo-a) and 17 periphyton species (species codes are shown in the Table 2).
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to the public water supply. The limnological
characteristics showed that both reservoirs are still
relatively preserved and have a low anthropogenic
impact, because they are located in “Parque Estadual
da Cantareira” (PEC), an important reserve that
protects a fragment of the Atlantic Forest and its
water resources.

Our study showed that the reservoirs and the
different studied compartments shared species, and
that the abiotic variables influenced the structure
of the planktonic and periphytic communities
of diatoms. The sharing of species between
compartments might be associated with the fact
that the reservoirs are shallow, hence favored the
interaction between the diatoms from different
compartments. We found a greater diatom
biodiversity in the plankton, in contrast to Almeida
& Bicudo (2014) who found a greater biodiversity
in the surface sediments. In agreement with
Rosini et al. (2016), who reported changes in the
structure of the phytoplankton in an oligotrophic
reservoir, we found that the distribution of species
in the reservoirs varied according to environmental
factors.

Our results indicated that Tanque Grande and
Cabugu reservoirs can be classified as oligotrophic,
corroborating the previous classification by
CETESB (2013). Comparing the results obtained in
the present study with previous studies (Arcifa etal.,
1981), both reservoirs can still be considered within
the expected standards for oligo-mesotrophic
reservoirs. Although the two reservoirs have the
same trophic status, our CCA analysis separated the
two reservoirs. The climatic influence was evident
mainly in Tanque Grande, in agreement with the
results of Oliveira & Bicudo (2017).

Algal communities are influenced by
environmental factors, which might act together
in selecting the ecological preferences of species.
Furthermore, most diatom species are specific
to a particular compartment and can be used to
characterize these environments (Round et al.,
1990). In studied reservoirs, the retention time,
low nutrients concentration, pH, and high light
availability were responsible for the dominance and
persistence of some diatom species.

Based on the results of the CCA, the total
phosphorus concentration and conductivity
were the main determinants of the structure
community of planktonic diatoms at a seasonal scale.
Staurosira construens was the most abundant species
in the planktonic and periphytic compartments of
Tanque Grande during both periods and tolerated
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different degrees of trophy (Moro & Fiirstenbeger,
1997). Two Aulacoseira species (A. tenella and
A. ambigua) were also abundant and highly
represented during the two climatic periods.
These two species were found in high densities in
oligotrophic to supereutrophic systems, related to
turbulence events (Zalat, 2000; Cruces et al., 2001;
2006), variation in the reservoir depth, mixing
regime (Caballero et al., 2006) and different degrees
of eutrophication (Yang et al., 2008). During the
rainy season, most species at Tanque Grande were
benthic, although the upwelling to the plankton
might have occurred due to water circulation
(Spaulding & Edlund, 2009).

In the Cabugu reservoir, two species,
Discostella stelligera and Aulacoseira tenella, were
the most abundant in both climatic periods.
The first species is typical of poor nutrient
environments (Dam et al., 1994) and can be used
for local biomonitoring. The second species was
reported for oligotrophic and oligo-mesotrophic
environments with slightly acid to neutral waters
and high light availability (Bicudo et al., 2016;
Zorzal-Almeida et al., 2017; Marquardt et al.,
2018).

The diatom community of the surface sediments
resembled the community of the plankton but
showed differences in the densities between sampling
stations. The total nitrogen and phosphorus
concentrations as well as the underwater light
availability contributed to the structuring of the
diatom community at a spatial scale. In Tanque
Grande, the greatest density of diatoms was
found at the sampling stations located next to the
inflow of the main tributaries. This result is in
contrast with Thorton et al. (1990), who reported
a less deposition of particles in regions near the
tributary. Tanque Grande receives the influence
of several small tributaries, which can explain the
accumulation of diatoms in this region. At Cabugu,
there was a great influence of the water flux from
tributaries, which hindered the sedimentation of
fine particles (Thorton et al., 1990) and therefore,
the diatoms showed the greatest densities in the
pelagic region.

The descriptive taxa of the surface
sediments and plankton were practically the
same. Staurosira construens, Aulacoseira tenella,
Staurosirella pinnata and Discostella stelligera
contributed most to the total abundance of these
compartments in both reservoirs. These species
were recorded in recent sediment samples as well
as in subfossil materials (Fontana & Bicudo, 2009;
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Faustino et al., 2016). Considering that the two
superficial centimeters of the sediments integrate
one to two years of information and up to four
years in protected systems with a low sedimentation
rate (Smol, 2008), the present diatom community
might be recognized as relatively constant during
the entire study period. Consequently, the surface
sediments behaved as an integrative (Reis et al.,
2010) and cumulative reservoir of information
associated with other compartments, mainly the
plankton. This also demonstrated that the diatom
community of sediments in the recent past is yet
related to that existing in the water column, thus
indicating that beyond the spatial integration there
is also temporal integration.

Regarding the community structure of
periphytic diatoms, chlorophyll-z and soluble
reactive silicon were the main variables that
contributed to the differentiation between sampling
stations according to the spatial scale. While Tanque
Grande had higher values of chlorophyll-z and
lower values of soluble reactive silicon during the
dry period, Cabucu showed the inverse pattern.
Brachysira neoexilis, which is distributed in oligo
to mesotrophic environments (van Dam et al.,
1994), showed an expressive contribution in
Tanque Grande. In contrast, Encyonema silesiacum
contributed greatly to the species abundance in the
TGO3 sampling station during the rainy season
and was previously documented in the periphyton
of lotic environments with high nutrients and
conductivity (Pereira et al., 2013). On the other
hand, an abundant species in Cabugu reservoir,
Achnanthidium tropicocatenatum, was recently
described as characteristic of the periphyton
and surface sediments in oligo-mesotrophic
environments (Marquarde et al., 2017). This species
can be mistaken with A. catenatum (Bily &
Marvan) Lange-Bertalot, deferring by the absence
of sharply pointed apices and the colony formation.
Other descriptive species of the community of
periphytic diatoms in the studied reservoirs, such
as Encyonema silesiacum, Encyonopis subminuta,
Fragilaria tenera and Discostella stelligera were
previously documented for oligo to mesotrophic
environments (Dam et al., 1994; Hofmann, 1994;
Moro & Fiirstenbeger, 1997). Seasonality affected
the community structure of periphytic diatoms
of the Guarulhos water supply system, including
both species with a broad tolerance spectrum to
environmental variations and those with specific
nutrient requirements.
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Our results evidenced that abiotic variables
contributed significantly to the limnological
variation in the reservoirs Tanque Grande and
Cabugu during the dry and rainy periods. Both
reservoirs were classified as oligotrophic and their
limnological features are being maintained by the
CETESB’s monitoring. The diatom communities
of the plankton and surface sediments were
taxonomically similar, demonstrating the integrative
and cumulative role of the sediments. The descriptive
species found in these two compartments might also
be found in systems either with low or high nutrient
concentrations, such as Cantareira, Alto Cotia,
Guarapiranga, Cachoeira do Franca and Jurupara
(Faustino et al., 2016; Zorzal-Almeida et al., 2017;
Marquardtetal., 2017). We observed a trend toward
the differentiation of plankton samples between
dry and rainy periods, mainly at Tanque Grande.
The abiotic variables also affected the community of
periphytic diatoms, which had typically periphytic
descriptive species found in oligo to eutrophic
systems. In general, the diatom species composition
changed between compartments (plankton, surface
sediments and periphyton), and their abundances
differed between the two climatic periods. Finally,
the present study contributes to the knowledge
of the biodiversity and autoecology of diatoms
from the different compartments of oligotrophic
reservoirs and its relationship with environmental
variables.
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