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Abstract The macrophyte structure can influence
the development of periphytic algal community in a
shallow ecosystem. We investigated the interrelation-
ship between periphytic algal community on artificial
substrate and macrophyte species richness during four
seasons in a tropical shallow reservoir. The periphyton
was evaluated by biomass (as AFDM), algal abun-
dance, species composition, and species richness.
Limnological variables and macrophyte coverage
were determined at sites with different macrophytes
richness in littoral zone. Glass slides were used as the
substrate and colonization time was 30 days. Peri-
phytic algal structure was significantly influenced by
seasonality and macrophyte richness, as well as the
interaction of two factors. Periphytic algal density on
natural and artificial substrates was negatively corre-
lated with macrophyte richness and coverage. High
biomass, algal biovolume and dominance of
Zygnemaphyceae occurred when there was an in-
crease of Utricularia foliosa coverage (summer). Our
results showed that the seasonality, and to a lesser
extent macrophyte species richness, explained sig-
nificant portion of the variability of periphyton
biomass, algal abundance, and taxonomic composition
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on artificial substrate. The changes in macrophyte
community may have direct consequences on the
periphyton structure in a shallow tropical reservoir.
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Introduction

Periphyton plays an important role in the functioning
of lakes and reservoirs shallow, contributing sig-
nificantly to primary production and nutrient cycling
(Vadeboncoeur & Steinman, 2002). Several abiotic
factors can influence the periphytic algal community
structure in spatial and temporal scale, such as the
nutrients and light availability, temperature, substrate
composition and grazing (Stevenson, 1997). In
tropical lakes and reservoirs, several studies reported
strong influence of seasonality on the periphytic algal
structure, especially light and nutrients availability
(Moschini-Carlos et al., 2000; Borduqui & Ferragut,
2012; Pellegrini & Ferragut, 2012). However, such
studies are still few for researchers to identify a pattern
of variation in the periphytic algal structure, especially
when considering the influence of aquatic macro-
phytes on the changes in the community.

The relationship between periphyton and macro-
phyte that plays a key role for the functioning of
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shallow ecosystems is widely recognized worldwide
(Scheffer et al., 1993; Liboriussen & Jeppesen, 2006),
as well as strong influence of macrophytes on the
periphyton structure (Lalonde & Downing, 1991;
Cattaneo et al., 1998). The relationship between
periphyton and macrophytes is complex because these
plants can also modify directly or indirectly environ-
mental conditions for periphyton. The macrophytes
participate in nutrient cycling processes through
senescence, decomposition and excretion, as well as
transferring sediment nutrients to the water (Carignan
& Kalff, 1980). These biological processes can make
available nutrients for periphyton (Burkholder, 1996).
However, macrophytes may also negatively influence
the periphyton through the competition for resources,
production of allelopathic substances and reduced
light availability due to shading (Erhard & Gross,
2006; Meerhoff et al., 2007). Another important aspect
is that the macrophytes can determine the habitat
structural complexity, which has influence on the
periphytic algal biomass and species composition
(Thomaz & Cunha, 2010; Ferreiro et al., 2014).
Previous studies have shown that the macrophytes
architecture may influence positively or negatively the
development of periphyton, as well as the variability of
algal biomass, diversity, and species richness (Cattaneo
et al., 1998; Jones et al., 2000; Laugaste & Reunanen,
2005; Santos et al., 2013). In addition, the macrophytes
architecture can determine the amount of surface area
available for colonization and modify the light and
nutrients availability to the periphyton (Sand-Jensen &
Borum, 1991). Thus, the spatial patterns of the
periphytic algal structure may be explained by changes
in the macrophyte community structure (abundance,
biomass, growth forms). Another important aspect is
that the composition and stability of the macrophyte
community also depends on abiotic and hydrological
characteristics of lakes (Thomaz et al., 2009). Thus, the
macrophytes and periphyton community structure can
change according to environmental changes of the
lakes. Considering the interrelationship between peri-
phyton and macrophyte, the structural characteristics of
the macrophyte community, as richness and coverage,
may influence the changes in the periphytic algal
structure. Moreover, the macrophytes richness has
direct and indirect effects on algal production hence
on the nutrient retention in the wetland ecosystem
(Engelhardt & Ritchie, 2001). All aspects mentioned
above showed that macrophytes can strongly influence
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the spatial and temporal variability of periphytic algal
community, especially in tropical lakes and reservoirs
where high macrophytes abundance and diversity has
been frequently reported by researchers (e.g., Pott &
Pott, 2003; Chambers et al., 2008). Therefore, it is
reasonable to assume that macrophyte richness may be
a determinant of biomass, abundance, and species
richness of periphytic algal.

Considering the effects of macrophytes community
structure, such as architecture, coverage and species
richness on the periphyton (Cattaneo et al., 1998;
Engelhardt & Ritchie, 2001), we investigated the
interrelationship between periphytic algal community
and macrophyte species richness and coverage. We
placed artificial substrates for periphyton growth at sites
with differing macrophyte richness in four seasons in a
tropical shallow reservoir (Ninféias Reservoir, Brazil).
Our general hypothesis was that the macrophyte richness
and seasonality are sources of variability in the periphy-
ton biomass, algal abundance and taxonomic structure,
but the seasonality is a strong driver of this variation.

Materials and methods
Study area

The research was conducted in Ninfeias Reservoir,
which is an artificial reservoir designed for landscap-
ing purposes inside Parque Estadual das Fontes do
Ipiranga (23°39'15.60”S, 46°37'22.83"W) in the city
of Sao Paulo, State of Sdo Paulo, Brazil. This reservoir
is a shallow mesotrophic and polymictic ecosystem
with a 5433 m? surface area, 7170 m> volume. The
mean depth is 1.32 m, maximum depth 3.6 m, and a
mean theoretical residence time 7 days (Bicudo et al.,
2002). The studied area is characterized by two
climatic periods along the year: one is dry with lower
air temperatures (20-25°C in 2010) during autumn
and winter (March—August) and the other is rainy with
higher temperatures (20-32°C in 2010) during spring
and summer (September—February) (http://www.
estacao.iag.usp.br/boletim.php).

Design sampling
Periphyton and water samples were collected at sites

without macrophytes and with 1, 2, 3, and 4 macro-
phyte species during the autumn (May 2010), winter
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(July 2010) spring (October 2010) and summer
(January 2011). Sampling was carried out in triplicate,
totaling 60 sampling sites in the littoral zone.

The sites with different numbers of macrophyte
species (0, 1, 2, 3, and 4 species) were identified in the
reservoir bathymetric map (minimum distance of
10 m), considering all the species present in the water
column. Subsequently, the sampling sites were chosen
randomly. Based on number of macrophytes species
(macrophytes species richness), habitat structure were
designated as: Mf, macrophytes-free sites; Ny, Nym-
phaea spp. monospecific sites; 2M, sites with two
macrophytes species (Nymphaea spp. and Utricularia
foliosa L.); 3M, sites with three macrophytes species
(Nymphaea spp., U. foliosa or Utricularia gibba L.
and Panicum repens L.); 4M, sites with four macro-
phytes species [Nymphaea spp., U. foliosa, Eleocharis
acutangula (Roxb.) Schult, P. repens and/or Eichhor-
nia azurea (Sw.) Kunth]. Regarding growth forms:
Nymphaea spp. has rooted floating leaves, U. foliosa,
U. gibba and E. azurea is free-floating, E. acutangula
and P. repens are emergent species. Nymphaea spp. is
the most abundant species in the reservoir.

A square PVC (1 m?) was fixed at each sampling
site to identify the place and also to hold a transparent
acrylic support (26 x 10 cm) containing 10 glass
slides (26 x 76 mm), which were positioned verti-
cally to minimize the effect of the deposition of
particulate matter (Fig. 1a—c). The acrylic support was
fixed horizontally to 25-cm depth. The exposure time
of the glass slides was 30 days. The experimental
apparatus were placed in the middle of macrophyte
stand to avoid border effects. Within apparatus, we
also sampled the periphyton on petiole of Nymphaea
that was carefully removed by scraping and water jets.

The petiole size for sampling was standardized
(30 cm) and criteria for selection were random.

Analyzed variables

The air temperature and rainfall values were obtained
by the Meteorological Station of the Instituto
Astronomico e Geofisico da Universidade de Sao
Paulo (estacao.iag.usp.br). Data from the 30 days
prior to the sampling day were considered.

Water samples were collected to determine the
physical and chemical variables in the middle of the
macrophyte stand at the sampling sites. On the
sampling day, water samples were filtered through
Whatman GF/F membrane filters for dissolved nutri-
ents analyses. Total nutrients analyses were carried out
in the unfiltered samples within 30 days after the
collection date. The following abiotic variables were
analyzed: transparency (Secchi disk), light (LiCor LI-
250A), temperature, electric conductivity (Digimed),
dissolved oxygen (Golterman et al., 1978), alkalinity
(Golterman & Clymo, 1971), pH (pHmeter Digimed),
dissolved inorganic carbon, nitrite (N-NO,) and nitrate
(N-NOs3) (Mackeret et al., 1978), ammonium (N-NH,)
(Solorzano, 1969), orthophosphate (P-PO,4) and total
dissolved phosphorous (TDP) (Strickland & Parsons,
1960), total nitrogen (TN) and total phosphorus (TP)
(Valderrama, 1981), orthosilicate (Golterman et al.,
1978), and particulate organic matter (POM) (APHA
et al., 2005). We standardized the effect of time on the
measurement of light between the sampling sites [(light
at 30 cm/light subsurface) x 100].

The periphyton on artificial and natural substrate
was removed by scraping and washing with distilled
water. Periphyton on artificial substrate samples were

25cm

/

Fig. 1 Photos and drawing showing the experiment apparatus
a floating PVC frame used for fixing the acrylic support and
mark the sampling site, b position of the transparent acrylic
support in the PVC structure, ¢ transparent acrylic support for

acrylic transparent\ %

support for glass slydes

glass slides for colonization of periphyton, d square PVC frame
used to estimate the macrophyte cover percentage at each
sampling site. These photographs were taken during the autumn
sampling
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filtered through Whatman GF/F glass-fiber filter for
determining ash free dry mass (AFDM, APHA et al.,
2005). For the periphytic algae quantitative analysis
on artificial substrate and natural, the samples were
fixed with acetic Lugol. The algal counting was made
in an inverted microscope Zeiss Observer following
Utermohl (1958) method. Counting limit was estab-
lished through the species rarefying curve and until
reaching 100 individuals of the most common species
(Ferragut et al., 2013). Only for periphyton on artificial
substrate, the algal biovolume was obtained from
Fonseca et al. (2014) or calculated according to
Hillebrand et al. (1999). Algal species with relative
biovolume higher than or equal to 10% of the total
sample were considered as descriptors and species
with relative biovolume greater than or equal to 50%
were considered as dominant. Species richness was
determined by number of species per sample.

Total macrophytes coverage and each individual
species at sampling sites were performed using a square
PVC frame of 1 m? containing 100 small squares made
with nylon thread (Fig. 1d), following methods in
Thomaz et al. (2004). This method was chosen because
it is a non-destructive sampling method. A single
observer performed the count of macrophytes to
standardize the quantification. The macrophytes species
richness and coverage were related to the changes in the
periphytic algal community.

Statistical analyses

Principal component analysis (PCA) was performed to
reduce the dimensionality of abiotic data. This multi-
variate descriptive analysis was performed from the
covariance matrix and the data transformed by
log(x + 1).

The Pearson correlation coefficient () and coeffi-
cient of determination of linear regression (RZ) was
used to measure the degree of linear relationship
between macrophyte richness and coverage with
periphytic algal density on artificial and natural
substrate (r > 0.5, P < 0.05). Considering the differ-
ence of water depth between sampling sites, we used
Pearson correlation analysis (r) to determine if peri-
phyton AFDM, algal density, biovolume and species
richness varied with water depth.

The influence of seasonality and macrophyte rich-
ness and interaction of these factors on the structural
characteristics of periphyton community (AFDM, total
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density, total biovolume, and species richness) was
analyzed using a permutational multivariate analysis of
variance (two-way PERMANOVA). This test was also
performed to examine the influence of seasonality and
macrophyte richness on algal class biovolume. This
analysis was performed using log-transformed data,
Bray—Curtis similarity and 4999 permutations in the
statistical program Past 3.01 (Hammer et al., 2001).
The relationships between algal community and
environmental factors were analyzed using a canoni-
cal correspondence analysis (CCA). The main matrix
was composed of 38 species whose relative biovolume
was above 2% of the total density in each sample and
the secondary matrix was composed of five abiotic
variables, which were selected based on the PCA. The
analysis was done using log-transformed data. Multi-
variate analysis (PCA, CCA) were done using PC-
ORD 5.15 for Windows (McCune & Mefford, 2011).

Results
Climate and limnological variables

The highest temperature values were recorded in
summer (23.9°C) and the lower values in winter
(17.1°C) during the sampling period. The cumulative
monthly rainfall was higher in autumn and summer
(179.5 and 201.1 mm, respectively) than in winter and
spring (89.7 and 69.1 mm, respectively).

Table 1 summarizes the temperature, water trans-
parency, light availability and water-column depth
sites with differences in macrophyte richness during
the seasons.

The PCA of limnological variables in sites with
different numbers of macrophytes species explained
78% of the total variance in the first two axes (Fig. 2).
The scores from the spring and summer data were
ordered on the negative side of axis 1 and the autumn
and winter data on the positive side, separating the dry
period (autumn and winter) of the rainy period (spring
and summer). On the positive side, sampling units of
spring and summer were correlated with high values of
light, TDP and HCO; (» = 0.6-0.7), but summer was
more associated with high temperatures and high
chlorophyll-a and TDP and spring with pH and HCOs.
On the opposite side, sampling units of autumn and
winter were highly correlated with high nitrogen
concentration (r = >0.9).
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Table 1 Mean values (n = 3) temperature, water transparency
(Secchi disk), light (absolute and percentage), and water-
column depth at sites with differences in macrophyte richness

during the seasons (Mf: macrophyte-free sites, Ny: Nymphaea
spp. sites, 2M, 3M, 4M: sites with 2—4 macrophyte species)

Sites Temperature Water %Light Light at subsurface Light at 30 cm depth Water-column
°O) transparency (m) (pmol m? Sz) (pmol m? SZ) depth (m)

Autumn

Mf 22.0 0.9 48.3 103.0 49.9 1.7

Ny 224 0.8 36.2 165.0 56.7 1.1

2M 224 0.6 51.1 173.0 85.8 0.7

3M 22.0 0.6 75.3 167.0 1129 0.5

4M 22.0 0.5 47.6 286.0 134.5 0.5

Winter

Mf 17.9 1.1 73.3 123.0 922 1.9

Ny 18.2 1.1 38.6 515.0 219.1 1.1

2M 19.7 0.5 58.4 156.0 93.7 0.5

3M 18.7 0.5 65.9 223.0 151.5 0.5

4M 19.1 0.5 75.8 164.0 129.6 0.5

Spring

Mf 21.3 1.5 375 699.0 113.5 2.3

Ny 21.7 0.8 44.1 1070.0 463.7 1.8

2M 22.8 0.9 31.3 1198.0 374.1 1.1

3M 21.9 0.5 36.3 928.0 331.0 0.5

4M 21.8 0.5 29.7 1032.0 256.9 0.5

Summer

Mf 25.0 1.2 40.4 250.0 14.1 22

Ny 24.9 1.1 21.9 250.0 11.4 1.8

2M 24.9 0.8 6.3 250.0 11.7 1.1

3M 25.0 0.5 6.2 415.0 22.0 0.6

4M 24.3 0.6 19.2 396.0 71.5 0.6

Macrophytes during the seasons (Fig. 4a—d). Periphyton biomass

Nymphaea spp. was generally the most abundant
species, except at the 2M sites in autumn and winter
when the contribution of U. foliosa was slightly higher
(Fig. 3). The highest Nymphaea coverage was found
in spring (52-89%). On average, total macrophyte
coverage was lower in autumn and winter (data range
13—-62%, mean 40%) than in the spring and summer
(data range 81-94%, mean 88%). The correlation
between the macrophytes coverage and richness was
positive (Spearman: r = 0.68, P < 0.001, n = 48).

Periphyton on artificial substrate

The periphyton structural attributes differed among
the sites with different numbers of macrophyte and

(AFDM) showed the highest values in macrophyte-
free sites, except in the spring when the values were
low at all sites (Fig. 4a). Algal density was higher in
the sites with lower macrophyte richness in autumn
and winter, while the density in spring was reduced at
all sites (Fig. 4b). In summer, the algal density was, on
average, higher than in the spring and the coefficient of
variation was the lowest among seasons (CV 13%).
Algal species richness also showed the lowest values
in the sites with the higher macrophyte species
richness (including 2M in winter), except in the
summer when algal richness was increased in all sites
(Fig. 4d). Biomass (AFDM), algal density, and
species richness presented, on average, the lowest
values in spring. Species richness showed lower
values (2—4 times) in spring compared to the other
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Fig. 2 Principle component analysis (PCA) of limnological
variables at sites with different numbers of macrophytes species
during the seasons. Mf macrophyte-free sites, Ny Nymphaea spp.
sites, 2M, 3M, 4M sites with 2—4 macrophyte species. Chloa
phytoplankton chlorophyll-a, CO, CO, free, HCO; bicarbonate,

Fig. 3 Macrophytes Autumn

coverage (n = 3) at the 100 1
sampling sites during the 90
seasons (Uf: Utricularia § 80
foliosa sites, Ny: Nymphaea '
spp. sites, 2M, 3M, 4M: sites % 70
with 2—4 macrophyte O 60
species) a 50
B 40
S
g 30
= 20
10
0

Ny 2M 3M 4M

B Nymphaea

8 Eichhornia azurea

seasons (Fig. 4d). Periphyton AFDM, algal density,
biovolume, and species richness were negatively
correlated with macrophyte richness species during
autumn and winter (Spearman correlation coefficient:
r=—04 to —0.5, P < 0.05). This result was also
observed during spring and summer, but the values
were low and not significant. Pearson correlation
between periphyton attributes (AFDM, algal density,
biovolume, and species richness) and water depth at
each sampling site was weak and non-significant.
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Depth

Ny 2M 3M 4M

0.5 1.0

Sp-3M g Ny
Co

Sp-2M
[¢]

Sp-Mf
o

Cond conductivity, Depth depth, DO dissolved oxygen, pH pH,
NH, ammonium, NO, nitrite, NOj; nitrate, TN total nitrogen,
TDP total dissolved phosphorus, TP total phosphorus, PM
particulate matter, Si orthosilicate, Rad subaquatic radiation,
Temp temperature, Transp transparency (Secchi disk)

Winter

Spring

Summer

Ny 2M 3M 4M Ny 2M 3M 4M

Sampling sites

O Utricularia foliosa BU. gibba

E Panicum repens OEleocharis acutangula

Bacillariophyceae, Chlorophyceae, Cyanophyceae,
and Zygnemaphyceae were the most representative
classes in the periphyton during the study period
(Fig. 5). The relative biovolume of algal classes varied
greatly among sites in autumn and spring, while
Zygnemaphyceae was dominant in summer. In con-
trast, in winter the contribution of the different classes
changed with increasing macrophyte richness.

Two-way PERMANOVA showed that periphyton
structure was significantly influenced by seasonality,
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Fig. 5 Relative biovolume Autumn

Winter Summer

of periphytic algal class 100% T =

(n = 3) at sites with 90%
differences in macrophyte 80%
richness during the seasons
(Mf: macrophyte-free sites,
Ny: Nymphaea spp. sites,
2M, 3M, 4M: sites with 2—4
macrophyte species)

70%
60%
50%

40%

30%

Biovolume Relative

20%

10%

0%

Mf Ny 2M 3M 4M

B Bacillariophyceae
0 Zygnemaphyceae

Table 2 Non-parametric two-way PERMANOVA on Bray—
Curtis distances for the structural characteristics of periphytic
algal community (AFDM, total biovolume, total density, spe-
cies richness) in the sites with different macrophyte richness
along the seasons

df F P
Seasonality 3 25.35 0.000
Macrophyte richness 4 2.71 0.016

Seasonality x macrophyte richness 12 2.11 0.013

macrophyte richness, and by the interaction of two
factors (Table 2). Periphyton attributes variation was
explained by seasonality and macrophytes richness,
but the seasonality had greater weight in the variability
of the attributes. Algal classes did not show great
qualitative changes, but the class biovolume was
significantly different between seasons and sites, and
showed significant interaction between the factors
(Table 3).

Species descriptors changed with seasonality and
macrophyte richness (Fig. 6). These species represent-
ed on average 44, 58, 55, and 69% of the periphyton
algal biovolume in the autumn, winter, spring and
summer, respectively. In autumn Netrium digitus
(Ehrenberg) Itzighson & Rothe (53%) was the most
important species in Mf site, Cosmarium margaritatum
(Lundell) Roy & Bisset in Ny and 3M sites and
Oscillatoria sp. in 2M and 4M sites. In winter, Netrium
digitus was the most abundant species in Uf and 2M
sites, Cosmarium botrytis and Ochromonas danica in
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Table 3 Non-parametric two-way PERMANOVA on Bray-
Curtis distances for periphytic algal classes in the sites with
different macrophyte richness along the seasons

df F P
Seasonality 3 20.76 0.000
Macrophyte richness 4 2.10 0.032
Seasonality x macrophyte richness 12 2.07 0.006

Ny sites, Pleurotaenium simplicissimum Gronblad in
3M sites and Spirogyra sp. in 4M sites. In the spring, P.
simplicissimum was dominant (77-55%), except at sites
without macrophytes and 2M. In the summer N. digitus
was dominant in almost all sites (67-51%), except in
4M sites (39%).

Considering that 158 periphytic algae species were
quantified, we used only those species with relative
density greater than 2% of the total density (38 species)
in the sample for CCA (Fig. 7; Table 4). The eigen-
values for axis 1 (4 =0.221) and 2 (41 = 0.178)
explained 24.4% of the total data variability. The high
species-environment correlation for axis 1 (r = 0.856)
and 2 (r = 0.735) indicated a strong relationship
between species distribution and environmental vari-
ables. The canonical coefficients showed that the TN
concentration was the most important variable in the
ordination axis 1 and light in axis 2. The first axis of the
ordination represented seasonality, showing that the
sites of the spring and summer were associated with
higher values of light and TDP (r > 0.7). Contrarily,
the sites during winter and autumn were correlated to
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Fig. 6 Relative biovolume Autumn
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Fig. 7 CCA ordination of periphytic algal biovolume and five
environmental variables at sites with differences in macrophyte
richness during the seasons. Species correlation with axes 1 and
2, and the respective codes are given in Table 4. Score
abbreviation: first letters refers to seasons (A autumn, W winter,

high TN, nitrate and ammonium concentrations (r =
—0.5). Three species showed stronger correlations with
the macrophytes sites during autumn and winter
(r > 0.5: Peridinium umbunatum Stein, Chromulina
elegans Doflein, Chromulina pygmaea Nygaard) while

Sp spring, S summer) and second letters indicates site categories
(Mf = macrophyte free-sites, Ny = Nymphaea sites; 2-4M =
sites with 2-4 macrophytes species). Vector: NH, ammonium,
N-NOj nitrate, TN total nitrogen, TDP total dissolved phospho-
rus and %Rad subaquatic radiation (light)

others three characterize the sites during spring and
summer [r > 0.5: Stauroneis phoenicenteron (Nitzch.)
Ehrenberg, Ulnaria cf. acus (Kiitzing) M.Aboal, Cos-
marium  pseudoconnatum  var.  pseudoconnatum
Nordstedt].
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Table 4 Results of Pearson correlations obtained for periphyton biovolume and axes 1 and 2 of the CCA

Codes Axis 1 Axis 2
Brachysira vitrea (Grunow) R. Ross Bbra —0.09 —0.68
Chromulina elegans Doflein Cele —-0.54 —-0.33
Chromulina pygmea Nygaard Cpyg —0.70 —0.10
Closterium parvulum Nageli Cpar 0.18 0.55
Closterium dinae Ehr. ex Ralfs Cdin 0.31 —0.17
Closterium setaceum Ehrenberg ex Ralfs Cset —0.20 —0.36
Closterium sp. Clos 0.05 -0.30
Cosmarium blyttii Wille Cbly —0.20 0.38
Cosmarium botrytis Meneghini ex Ralfs Cbot —0.27 —0.34
Cosmarium contractum Kirchner var. minutum (Delponte) W. West & G.S. West Ccon 0.06 0.21
Cosmarium margaritatum (Lundell) Roy & Bisset Cmar —0.11 0.34
Cosmarium pachydermum var. pachydermum Lundell Cpac —-0.32 0.02
Cosmarium pseudoconnatum var. pseudoconnatum Nordstedt Cpse 0.47 0.08
Desmodesmus brasiliensis (Bohlin) E. Hegewald Dbra —0.20 0.06
Desmodesmus maximus (W. West & G.S. West) Hegewald Dma —0.36 —-0.03
Euastrum abruptum var. subglaziovii H. Krieg. f. inflatum Prescott Eabr 0.04 —-0.14
Eunotia bilunaris (Ehrenberg) Schaarschmidt Ebil —0.03 0.26
Eunotia flexuosa (Brébisson ex Kiitzing) Kiitzing Efle 0.20 0.32
Eunotia sudetica O.F. Miieller Esud 0.45 —0.29
Frustulia crassinervia (Brébisson) Lange-Bertalot Fcra —-0.29 0.43
Gloeocystis vesiculosa Nageli Gves 0.17 —0.09
Mesotaenium sp. Meso 0.00 0.11
Mougeotia sp. Moug 0.13 0.22
Navicula cryptotenella Lange-Bertalot Nery -0.20 0.40
Brachysira vitrea (Grunow) R. Ross Bvit —0.04 0.68
Netrium digitus (Ehrenberg) Itzighson & Rothe Ndig 0.24 0.39
Ochromonas danica E.G. Pringsheim Odan -0.27 —0.44
Oscillatoria sp. Osc —0.38 0.07
Peridinium umbonatum Stein Pumb —-0.53 0.22
Pinnularia gibba Ehrenberg var. subundulata Pgib —-0.42 0.11
Pleurotaenium simplicissimum Gronblad Psim 0.32 —-0.14
Pseudanabaena galeata Bocher Pgal —0.44 0.02
Spirogyra sp. Spir —0.01 —0.19
Staurodesmus cf. dejectus (Brébisson) Teiling Sdej —0.10 —0.26
Stauroneis phoenicenteron (Nitzch) Ehrenberg Sphoe 0.53 —0.32
Trachelomonas armata (Ehrenberg) F. Stein Tarm —0.31 —0.09
Ulnaria cf. acus (Kiitzing) M.Aboal Uacu 0.51 —0.06
Trachelomonas volvocina (Ehrenberg) Ehrenberg Tvol 0.00 —0.16

Periphytic algal density on artificial and natural

significantly with increasing macrophytes species

substrate richness and coverage (Fig. 8). In both substrates,
algal density were negatively correlated with macro-

Simple linear regressions showed that periphytic algal
density on artificial and natural substrates decreases
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phyte coverage and species richness (Pearson corre-
lation coefficient: r = 0.4-0.6, P < 0.05).
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Fig. 8 Relationship
between periphytic algal
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The shallow reservoir of this study is characterized by
an extensive littoral zone with a high abundance of
aquatic macrophytes, especially Nymphaea spp. and
Utricularia foliosa, which vary in abundance over the
year (Bicudo et al., 2002). In this scenario, we found
that changes periphytic algal community structure on
artificial substrate were related to macrophyte richness
and seasonality. Although changes in community
structure due to seasonality have been more significant
and evident (as in CCA), permutational multivariate
analysis of variance indicated that variation of
macrophyte richness was also a variability source.
The findings appears to confirm our initial hypothesis
that changes in the periphyton biomass and algal
abundance, richness and species descriptors would be
more strongly associated with seasonality. Previous
studies reported that the changes in macrophyte
community can be an important source variation to
phytoplankton and periphyton structure in this reser-
voir (Fonseca & Bicudo, 2011; Fermino et al., 2011;
Pellegrini & Ferragut, 2012). Seasonality is a factor
that commonly determines the variation of periphyton

tropical reservoirs and lakes, especially nutrients
concentration and water temperature (e.g., Moschini-
Carlos et al., 2000; Cetto et al., 2004; O’Reilly, 2006;
Borduqui & Ferragut, 2012). Our results were similar
to those of other researchers who have found that the
macrophyte community structure was important for
periphyton structure in temperate lakes, but was less
important than other environmental variables, espe-
cially the light and nutrients availability (Lalonde &
Downing, 1991; Vadeboncoeur et al., 2006).
Periphyton algal biovolume and biomass (as
AFDM) on artificial substrate had the highest values
during the summer at all sampling sites (with and
without macrophytes). Although the limnological
conditions were quite similar in spring and summer
according to PCA, mainly light and P availability, the
macrophyte community structure was different be-
tween seasons. During the spring, there was absolute
dominance of Nymphaea (on average 65%), which is a
rooted macrophyte with leaves large and broad. In
summer, Nymphaea was replaced by Utricularia
foliosa (on average 36 and 31%, respectively). Con-
sidering the descriptors species in spring, we found the
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higher relative biovolume Pleurotaenium simplicissi-
mum (Mf and 2M sites) and Stauroneis phoenicen-
teron (Ny, 3M, and 4M sites), which have adaptive
strategies to compete under conditions of low light and
nutrients availability, such as adherence form and
mobility, respectively (Cohn & Weitzell Jr., 1996;
Domozych et al., 2007). Unlike, periphyton had high
algal biomass and total biovolume and dominance of
Zygnemaphyceae at all sampling sites during the
summer, especially Netrium digitus and Cosmarium
margaritatum. These species are k-strategists and has
a low ratio surface/volume usually being associated
with protected and less disturbed ecosystems. The
high abundance of desmids is commonly associated
with the presence of macrophyte stands in tropical and
temperate lakes and reservoirs (e.g., Cattaneo et al.,
1998; Coesel, 2001; Felisberto & Rodrigues, 2005).
We found the highest organic matter content (AFDM)
and desmids biovolume in periphyton during periods
of high U. foliosa coverage. This free-floating macro-
phyte has been frequently characterized by high
periphyton biomass and abundance of Zygnema-
phyceae, especially desmids (Peroutka et al., 2008;
Santos et al., 2013). The architecture of U. foliosa
appears to favor the accumulation of biomass due to
high surface area availability for colonization and also
to allow good penetration of light (Santos et al., 2013).
In this sense, macrophyte architecture presents a
strong effect on the periphyton biomass and taxo-
nomic composition of algal assemblages (Cattaneo
et al., 1998; Jones et al., 2000).

Unlike the other attributes, the periphytic algal
density on artificial substrate was significantly reduced
when there was increase of macrophyte coverage,
particularly above 60%. However, the sites with the
highest number of macrophytes species also showed
the highest macrophytes coverage. Thus, the two
features of macrophyte community in each sampling
sites had influence on the periphyton, as observed by
the algal density. This environmental condition re-
sulted in periphytic algal growth reduction on artificial
and natural substrate (Nymphaea spp.). Certainly, the
increased macrophyte coverage and richness was
unfavorable for the periphytic algal growth due to
increased competition for resources, and mainly due to
shading. Studies showed that high periphyton biomass
can cause decline of macrophytes (Roberts et al.,
2003), but the reverse is also true (McCormick et al.,
1998). The macrophyte stands can cause significant
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shading on algal communities (Sand-Jensen & Borum,
1991; McCormick et al., 1998). Meerhoff et al. (2007)
reported that shading is an important factor in
controlling periphyton algal biomass in the littoral
zone of shallow lakes/reservoirs. As expected in
shallow lakes (Scheffer et al., 1993), high macrophyte
coverage occurred in the greater water transparency
period (clear phase), but our results suggest that this
phase is unfavorable for the periphyton algal growth
on artificial and natural substrate in the reservoir.

There is a consensus that the physical and chemical
characteristics of the substrate can influence the
periphyton primary production and species composi-
tion, especially the natural substrates (Vadeboncoeur
et al., 2006). In this study, the use of artificial substrate
eliminated the effect of substrate microtopography
and nutrients release on periphyton. However, we
found a negative relationship between the macro-
phytes richness and coverage and periphytic algal
density on artificial and natural substrate (Nymphaea).
This same tendency was observed with other periphy-
ton attributes on Nymphaea (BGP, unpublished data).
Also, Camargo & Ferragut (2014) reported that
periphytic algal biomass and density on Eleocharis
acutangula were negatively correlated with macro-
phyte coverage. Consequently, these results suggest
that the high macrophytes richness and coverage may
not favor periphytic algal growth on either artificial or
natural substrates.

Considering that development of periphyton can be
influenced by the position of substrate in the ecosys-
tem (Lowe & Pan, 1996), would be expected some
influence of water-column depth on periphyton in the
present study. Although the position of the substrates
position in the water column have been standardized
(25 cm below the surface), the distance between
substrate and sediment varied greatly between sam-
pling sites. However, we found a nonlinear significant
relationship between the periphyton attributes (bio-
volume, density, biomass and species richness) on
artificial substrate and water depth of the sampling
sites. This result suggests that other environmental
factors acted more strongly on variation of periphyton
attributes in this reservoir, where the macrophytes
abundance is very high almost all year (on average
67%). According to Lalonde & Downing (1991), the
relationship between epiphyton biomass and water
depth not only varied with lake trophy but also did not
rule out the influence of macrophyte architecture on
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the variation of biomass. Unlike the clear and direct
relationship of epipelon biomass with water-column
depth (Vadeboncoeur et al., 2014), the periphyton
developed in the upper layer of water column in
middle of dense macrophyte stands appears to be less
sensitive to the effects of depth, mainly regarding the
effects of seasonality and macrophyte community
structure. Nevertheless, this relationship needs to be
investigated in shallow ecosystems with high abun-
dance of aquatic macrophytes.

Our results showed that the seasonality, and to a
lesser extent macrophyte species richness, explained
significant portion of the variability of periphytic
biomass, algal abundance and taxonomic composition
on artificial substrate. The macrophyte structure
(architecture, species richness, coverage) can be a
strong driver of periphytic algal structure, especially
growth and descriptors species composition. As
observed in temperate lakes and tropical wetland
ecosystem (Lalonde & Downing, 1991; Cattaneo
et al., 1998; Engelhardt & Ritchie, 2001), we found
that changes in macrophyte community may have
direct consequences on the periphyton structure in the
tropical shallow reservoirs/lakes. The complexity of
littoral habitats is a major difficulty for identifying
drivers of factors periphyton community structure, but
our results showed evidence of the richness and the
macrophyte cover can have a negative influence on the
community, at least in lakes and reservoirs shallow
with dense stands of macrophytes.
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