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ABSTRACT

The successional phases of a periphytic algal community in a tropical shallow reservoir during the dry and rainy
seasons

This study aims to describe the structural changes in a successional periphyton community during the dry and rainy seasons
in a shallow tropical reservoir. The sources of structural variability of the periphytic algal community were identified on
successional and seasonal scales. Glass slides were placed in macrophyte stands for periphyton colonisation over 30 d.
Samples were taken at intervals of hours (24 h, 27 h, 30 h, 33 h, 45 h, 48 h, 51 h, 54 h, and 57 h) and days (3d,6d,9d, 12d,
15 d, 20 d, 25 d, and 30 d). The limnological conditions differed significantly between the dry and rainy seasons. The biomass
increment, total density, and total biovolume increased as the colonisation time increased in both climatic periods. A CCA
showed the influence of seasonal and successional scales on periphytic algal community structure. The replacement of species
and structural-attribute variation furnished evidence for the occurrence of two successional phases (early and advanced)
over 30 d of periphyton colonisation in both climatic periods. These successional stages were distinguished primarily by
the species composition and successional trajectory. On a seasonal scale, the availability of light and nutrients were the factors
that determined the organisation of the periphyton community. In conclusion, the duration of the successional phases and
species trajectory during periphyton colonisation was influenced by seasonality (allogenic factors) and differential species
performance (autogenic factors) in a shallow tropical reservoir.
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RESUMEN

Etapas de la sucesion de la comunidad de algas perifiticas en un embalse tropical somero durante los periodos de sequia y
lluvia

Este estudio describe los cambios estructurales en la sucesion de las algas perifiticas durante los periodos de sequiay lluvia en
un embalse tropical somero. Las fuentes de variabilidad estructural de la comunidad perifitica de algas fueron identificadas
a nivel de escala sucesional y estacional. Laminas de vidrio fueron dispuestas como substratos artificiales, en bancos de
macrdfitos para su colonizacion en un periodo de tiempo de 30 dias. Las muestras fueron tomadas en intervalos de horas
(24 h, 27 h, 30 h, 33 h, 45 h, 48 h, 51 h, 54 h, 57 h) y dias (3 d, 6 d, 9d, 12d, 15d, 20d, 25 d y 30 d). Las condiciones
limnologicas entre los periodos lluviosos y secos fueron significativamente diferentes. El incremento en la biomasa, la
densidad total y el biovolumen total aumentaron en tanto se incrementaba el tiempo de colonizacion en ambos periodos
climdticos. El ACC mostrd la influencia a nivel estacional y sucesional de la estructura de la comunidad perifitica. La
sustitucion de especies y la variacion de los atributos estructurales marcaron la existencia de dos fases (estadio de sucesion
temprano y avanzado), en el periodo de 30 dias de colonizacion perifitica en ambos periodos climdticos. Estas etapas se
distinguian principalmente por la composicion de especies. La disponibilidad de luz y nutrientes fueron factores determinantes
en la organizacion de la comunidad perifitica. En conclusion, la duracion de las fases y la trayectoria de las especies durante
la colonizacion perifitica estuvieron determinadas por la estacionalidad (factores alogenos) y por el comportamiento de cada
una de las especies (factores autogenos) en este embalse tropical somero.

Palabras clave: Sustrato artificial, diversidad, perifiton, composicion de especies, estacionalidad.
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INTRODUCTION

The successional process in periphytic algal com-
munities depends on a complex suite of inter-
actions between physical habitat characteristics,
allogenic factors, autogenic changes in the com-
munity, and species composition (McCormick &
Stevenson, 1991). Among environmental factors,
resources (light and nutrients) and space avail-
ability are the principal determinants of species
colonisation and result in differential species per-
formance (Stevenson, 1996). The ability of peri-
phytic algae to successfully colonise the substrate
and persist in the community depends on the effi-
ciency of the adaptive strategies used in compet-
ing for resources (Ferragut & Bicudo, 2010). Ob-
servational and experimental studies have shown
that the successional process followed by the pe-
riphytic algae can be directional and predictable
in a tropical reservoir (e.g., Vercellino & Bicudo,
2006; Ferragut & Bicudo, 2012). Thus, changes
in the successional trajectory of the species can
aid in the detection and prediction of changes in
environmental conditions.

In tropical lentic ecosystems, the mechanisms
of algal succession and the environmental factors
that determine seasonal patterns of community
development are not well understood. In trop-
ical lakes and reservoirs, experimental studies
have shown that resource availability (light and
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nutrients) is a determinant of the trajectory and
successional dynamics of periphytic algal com-
munities (Sekar et al., 2002; Ferragut & Bicudo,
2010). In eutrophic reservoirs, the intensity of
cyanobacterial blooms determines structural
changes during algal succession (Borduqui &
Ferragut, 2012). Moreover, the periphytic algal
succession in an Amazonian lake was determined
by variations in the water level (Franca et al.,
2011). The hydrological period was the primary
determinant of the periphyton structure and
successional dynamics in the Upper Parand River
floodplains (Rodrigues & Bicudo, 2004). Overall,
these previous investigations have shown that the
successional sequence of periphytic algae is driven
by variability in environmental factors, but no fac-
tors determining the successional patterns in shal-
low tropical reservoirs have yet been identified.

This study is based on the assumption that
algal reproduction can occur over an extremely
short time interval and that the periphytic com-
munity structure can, for this reason, change very
rapidly (Lee, 2008; Acs & Kiss, 1993), partic-
ularly in tropical regions where climatic con-
ditions are highly favourable for algal growth.
Accordingly, the study aims to describe the struc-
tural changes in a successional periphyton com-
munity during the dry and rainy seasons, includ-
ing many details of the early successional stage
and the identification of successional phases in a

Figure 1. Ninféias Reservoir map with locations of inflows, outlet and sampling station () (adapted from Bicudo et al., 2002). Mapa
del embalse Ninféias con la ubicacion de las entradas, salida y lugar de muestreo (adaptado de Bicudo et al., 2002).
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shallow tropical reservoir. In general, this study
may contribute to a better understanding of peri-
phyton dynamics in shallow tropical ecosystems.

MATERIALS AND METHODS

Study Area

The site of this study was Ninféias Reservoir, lo-
cated in the Parque Estadual das Fontes do Ipi-
ranga (23°38'18.95” S, 46°37'16.3” W) in the
municipality of Sao Paulo, in southeastern Brazil
(Fig. 1). This reservoir is a shallow mesotrophic
and polymictic system with a surface area of
5433 m?, a volume of 7170 m?, a mean depth of
1.32 m, a maximum depth of 3.6 m, and a mean
theoretical residence time of 7 d (Bicudo et al.,
2002). The littoral zone has an abundant macro-
phyte flora. The year is divided into two climatic
periods: a dry period with lower air temperatures
during autumn and winter (March-August, accu-
mulated precipitation: 112.0 mm, annual average)
and a rainy period with higher temperatures during
spring and summer (September-February, accumu-
lated precipitation: 119.8 mm, annual average).

Sampling climate and limnological variables

The sampling of periphyton and physical and
chemical variables was performed from July 4 to
August 3, 2007 (dry period) and from January 9
to February 8, 2008 (rainy period). Glass slides
(76 mm X 26 mm) were used as artificial sub-
strata for periphyton development. One hundred
eighty glass slides were fixed vertically in a wood
frame and submerged to a depth of 30 cm inside
the aquatic macrophyte stands. The sampling in-
tervals were selected based on the dynamics of
the periphytic communities of reservoirs in the
study area (e.g., Vercellino & Bicudo, 2006). The
first sampling was performed after 24 h of sub-
strate exposure, and the subsequent sampling in-
tervals were 3 and 12 h (24 h, 27 h, 30 h, 33 h,
45 h, 48 h, 51 h, 54 h, and 57 h). After the 3"
day of colonisation, the sampling intervals were
3 d up to the 15™ day of periphyton succession
followed by 5-d intervals until day 30 (3 d, 6 d,

9d,12d, 15d, 20 d, 25 d, and 30 d). Periphyton
was collected by random sampling of glass slides
and was removed from the substrate by scraping
and rinsing with distilled water.

Temperature and rainfall data were provided
by the Meteorological Station of the CIENTEC,
Centro de Ciéncias e Tecnologia da Universidade
de Sdo Paulo (estacao.iag.usp.br).

The following variables were measured on
the sampling days: temperature, subaquatic
radiation (Licor LI-250A Lincoln, Nebraska,
USA), alkalinity (Golterman & Clymo, 1971),
free CO, (Mackeret et al., 1978), conductivity
(Digimed DM-32, Sao Paulo, Brazil), dissolved
oxygen (Golterman et al., 1978), pH (pHmetro,
Digimed DM-20, Sao Paulo, Brazil), and total
nitrogen and phosphorus (Valderrama, 1981).

Periphyton

Periphyton chlorophyll a was determined from
samples filtered (n = 2) by a glass-fibre filter
(Whatman GF/F) using ethanol (90 %) as extrac-
tor (Marker et al., 1980; Sartory & Grobblelar,
1984). The measurement of chlorophyll a was
performed only after the 3™ day of colonisation
due to the scarcity of periphytic material on the
substrate in the early stages. Samples (n = 1)
for taxonomy were preserved with 4 % aqueous
formaldehyde, and permanent diatom slides
were prepared using the method of Battarbee
(1986). Samples for quantitative analyses were
adjusted to a constant volume with distilled
water and preserved with acetic Lugol’s solution.
Algal quantifications were performed using a
Zeiss Axiovert microscope (400x) and following
Utermohl (1958). The sedimentation time in the
chamber was determined according to Lund et
al. (1958). The counting limit was established by
the rarefaction curve of species and the minimum
count of 100 individuals of the most abundant
species (Bicudo, 1990). Biovolume was obtained
by geometric approximation (Hillebrand et al.,
1999) and was calculated by multiplying each
species’ density by its average volume (um?
cm2). Most algal biovolumes were obtained
from the database of the Aquatic Ecology Labo-
ratory, Instituto de Botanica (unpublished data).
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Table 1.
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Minimum and maximum values, with mean values (n = 10) in parentheses, and standard deviation of abiotic variables

in aquatic macrophyte stands during the dry and rainy periods. The last column presents the results of a one-way ANOVA. Valores
minimos y mdximos, entre paréntesis valores medios (n = 10) y la desviacion estdndar de las variables abidticas en bancos de

macrdfitos acudticos en el periodo seco y lluvioso. La iiltima columna contiene los resultados del ANOVA de una via.

Dry Period Rainy Period ANOVA 1-way
Alkalinity (mEq-L™") 0.09-0.22 0.21-0.29 F =187
(0.19 £ 0.04) (0.26 = 0.03) p <0.001
Free CO, (mg-L™") 6.13-119.66 6.54-15.99 ns
(21.50 + 34.81) (10.05 + 2.63)
Conductivity (uS-cm™") 49.15-57.35 50.60 + 55.85 ns
(52.51 £ 3.01) (53.95 £ 2.03)
Dissolved oxygen (mg.L™") 0.59-5.75 3.06-5.34 ns
(3.89 + 1.40) (4.36 £ 0.77)
Subaquatic radiation (%) 13.66-73.34 1.11-55.39 F=57
(41.82 + 18.37) (23.42 £ 16.01) p =0.028
Subaquatic radiation (umol-s~!-m~2) 47.2-512.8 26.6-884.9 F=15
(231.6 £ 177.3) (415.8 £ 69.1) p=0.013
pH 4.93-6.58 6.22-6.61 ns
(6.23 + 0.50) (6.42 +0.10)
Temperature (°C) 12.00-18.00 20.00-26.00 F =83.69
(15.76 + 1.75) (23.10 + 1.84) p <0.001
Total Nitrogen (ug-L™") 85.91-580.91 249.54-482.81 ns
(265.17 (334.96 +
197.69) 77.99)
Total Phosphorus (ug-L™") 11.37-17.04 19.28-32.83 F =48.34
(14.03 +2.03) (24.68 + 4.40) p = 0.002

A species was considered dominant if its biovolume

was greater than 50 % of the total sample bio-

Statistical Analysis

volume. The Shannon diversity index (bits ind™")
and evenness were used as measures of commu-
nity structure (Magurran, 2004). Species richness
was defined as the number of species per sample.
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The coefficient of variation (CV) was used to
compare the degree of variation in environmental
variables and periphytic community attributes over
time. A one-way analysis of variance (ANOVA)
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Figure 2. Mean daily variation in air temperature and rainfall during the study period. Variacion media diaria de la temperatura

del aire y precipitacion en el periodo de estudio.
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was applied to evaluate the significance of differ-
ences between climatic periods (p > 0.05).
Multivariate analysis was performed by
applying a canonical correspondence analysis
(CCA) to environmental variables and species
density (= 3 % total density in each successional
stage) using a covariance matrix with log (x + 1)
transformed data. A Monte Carlo randomisation
test (999 permutations) was used to select the
dimension for CCA interpretation (p < 0.05).
PC-ORD 6.0 software for Windows (McCune &
Meftord, 2011) was used for the analysis.
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RESULTS

Climate Variables

The monthly average air temperature and rain-
fall were higher in the rainy period (20.8°C;
228.4 mm) than in the dry period (15.4°C;
160.9 mm) (Fig.2). Several heavy rainfalls
occurred during the dry (13", 20", and 21* day)
and rainy (3", 11", and 20™ day) seasons.
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Figure 3. Total density, total biovolume and chlorophyll a (n = 2) of periphytic algae during succession in the dry and rainy periods.
Densidad total, biovolumen total y clorofila a (n = 2) del perifiton durante la sucesion en el periodo seco y lluvioso.
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Limnological Variables

Table 1 summarises the physical and chemical
variables (n = 10) during the sampling period.
The dry period was characterised by a high free-
CO; concentration and the rainy period by high
values of underwater radiation, temperature, con-
ductivity, dissolved oxygen and TP concentra-
tion., The water was slightly acidic during both
periods (on average, dry: 6.2; rainy: 6.4). The TP
concentration was 1.7 times higher in the rainy
period than in the dry period, whereas the TN
concentration was elevated during both periods.
Alkalinity, subaquatic radiation, temperature and
TP concentration differed significantly between
the climatic periods (Table 1).

Rodrigues dos Santos and Ferragut

Periphytic Community

Qualitatively, 100 taxa were identified in the
dry period, 27 of which were found exclusively
during this period. In the rainy period, 97 taxa were
identified, 24 of which were found exclusively
during this period. During the study period, 141
taxa belonging to 9 algal classes were identified.
Chlorophyceae (46 species) and Zygnemaphyceae
(29 species) had the greatest number of species.

The dry period had more rare species than
the rainy period (39 and 23, respectively). Chro-
mulina elegans was the only species that oc-
curred throughout the successional process in the
dry season (100 % frequency of occurrence). In
the rainy season, three species showed a 100 %
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Figure 4. Relative density of periphytic algal classes during succession in the dry and rainy periods. Densidad relativa de las clases
de algas perifiticas durante la sucesion en el periodo seco y lluvioso.
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frequency of occurrence: Monoraphidium irreg-
ulare, C. elegans, and Closterium gracile.

The total algal density and biovolume showed
a slight fluctuation in the initial stages but tended
to increase from the 3™ day as the colonisation
time increased during the dry and rainy seasons
(Fig. 3A-D). After 3 d of colonisation, the algal
biomass increment was continuous in both cli-
matic periods (Fig. 3E).

In terms of density, the Chrysophyceae was
the dominant group in the periphytic community
structure until the 15" and 25" day of colonisa-
tion in the dry (87 %) and rainy (67 %) periods,
respectively (Fig. 4). The participation of Chryso-
phyceae in the community structure decreased as
the successional process advanced. The density of
Chlorophyceae and Cyanophyceae increased sub-
stantially in the later successional stages during

343

the dry period. In contrast, the relative den-
sity of Bacillariophyceae, Cyanophyceae, and
Zygnemaphyceae increased in advanced succes-
sional stages in the rainy season.

The most abundant Chrysophyceae species
was Chromulina elegans, which was present
at a high density throughout the succession in
both climatic periods (dry = 41 %; rainy = 43 %,
on average) (Fig. 5).

Chromulina sphaerica Bachmann and C. el-
egans (dominant, 50.8 % on average) were the
most abundant species from the early stages un-
til the 25" day in the rainy period. In the dry
period, C. elegans was dominant until the 15”
successional stage (76 % on average), whereas
Cryptomonas tenuis Pascher and the cyanobacte-
ria Pseudanabaena galeata, Leptolyngbya tenuis,
and Aphanocapsa elachista increased in density
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Figure 5. Relative density of periphytic descriptor species (> 3 % of total density) during succession in the dry and rainy periods.
Densidad relativa de especies descriptivas del perifiton durante la sucesion en el periodo seco y lluvioso.
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in the advanced stages (20-30" day). In the rainy
period, Pseudanabaena galeata, Mougeotia spp.,
and Encyonema mesianum were the most abun-
dant species in the advanced successional stages
(30" day) (Fig. 5).

In terms of algal biovolume, Zygnema-
phyceae was strongly represented in the commu-
nity during the rainy period (55.8 % on average),
followed by Closterium setaceum Ehrenberg
ex Ralfs, Cosmarium bioculatum Brébisson ex
Ralfs, Mougeotia spp., and Cosmarium mar-
garitatum (P.Lundell) J.Roy & Bisset (Fig. 6).
Despite the substantial participation of Zygnema-
phyceae in the dry period as well (38.2 %, on
average), the Bacillariophyceae biovolume was
high, primarily Pinnularia divergens W. Smith
(21.4 %, on average).

Diversity and evenness tended to increase
with advancing succession in both climatic
periods (Fig. 7). Species richness varied during
succession but increased slightly with colonisa-
tion time. The highest diversity andevenness were

recorded in the rainy period, whereas the highest
species richness was found in the dry period.
A CCA performed with 41 periphytic algal
species (3 % of total density in each successional
stage) and 6 abiotic (environmental) variables
(Fig. 8) resulted in eigenvalues of 0.140 and
0.068 for the first two axes. The first two axes ex-
plained 25.9 % of the total variance in the species
data. The high Pearson correlation between the
species and environmental data for both axes
(r = 0.961 and r = 0.853) indicated a strong
relationship between the species distributions
and the environmental variables. A Monte Carlo
permutation test was significant for both axes
(p = 0.01). The canonical coefficients identified
temperature and TP as the principal environ-
mental variables in the ordination (Table 2).
On the positive side of axis 1, all units for
the rainy season were highly correlated with the
highest values of temperature and TP (r = 0.9;
Table 3). Six species of periphytic algae were
associated with the rainy season (r < 0.5), es-
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Figure 6. Relative biovolume of periphytic algal classes during succession in the dry and rainy periods. Biovolumen relativo de las
clases de algas perifiticas durante la sucesion en el periodo seco y lluvioso.
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Table 2. Canonical coefficients and Pearson correlations for the six environmental variables selected for the CCA analysis.
Coeficiente candnico y correlacion de Pearson en seis variables ambientales seleccionado para el andlisis (CCA).

Canonical coefficients Pearson correlation
Environmental variables Code Axis 1 Axis 2 Axis 1 Axis 2
Conductivity Cond 0.380 0.035 0.38 0.29
pH pH 0.199 -0.422 0.35 0.29
Subaquatic radiation Rad —-0.443 0.295 0.18 0.32
Temperature Temp 0.481 -0.294 0.89 -0.01
Total nitrogen TN 0.042 —1.345 0.26 -0.91
Total phosphorus TP 0.521 0.547 0.88 -0.32
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Figure 7. Periphytic algal diversity, evenness and species richness during succession in the dry and rainy periods. Diversidad,
equidad y riqueza de especies de algas perifiticas durante la sucesion en el periodo seco y lluvioso.



346 Rodrigues dos Santos and Ferragut

o O Rainy Period
2.5 1 ;if ® Dry Period
' -
»
D
° 4
D3d
[ ]
Dad 1,5 1
L 2
D2d R12d
O
D12d ® y
Dd [ ] Rid
= 3 O
Lang 0.5 - 5 R_‘ d
o i L3 T4
Ach o Cele Ra PH [ p2g Tval
Cepi Bvite  °RISAE Cond_ 1o mp Axis 1
@ Cpha & Peals
¥ [+ ¥ ¢ L L] L
'115 Ame B '0.5 & 3 Adel 1|5
D1sd - g TRCL
" gra R30d E(Jd
D20d P -0,5 -
E] . o
Acat émr Red O
& A
® . R20d
Da0d 4 TN
R25d
® O
D25d 154

Figure 8. CCA diagram of periphytic algal density during succession in the dry and rainy periods. Score abbreviations: first letters
refer to climatic period (D = dry; R = rainy) and numbers to colonisation time (d). For species correlations with axes 1 and 2 and
species codes, see tables 2 and 3. Diagrama de CCA de la densidad de algas perifiticas durante la sucesion en el periodo seco 'y
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de colonizacion (dias). Para la correlacion de las especies con los ejes 1y 2, y respectivos codigos (ver tablas 2 y 3).

pecially Aphanocapsa delicatissima (r = 0.8),
Monoraphidium irregulare (r = 0.7), and Cos-
marium blyttii (r = 0.6). On the negative side of
axis 1, all units from the dry period were related
to the lowest TP and temperature values. A group
of seven species, especially the small flagellated
Chlamydomonas epibiotica (r = —0.8), was as-
sociated with the dry period. Therefore, the first
axis showed the influence of seasonal scale on
periphyton community structure.

On the negative side of axis 2, all units of the
advanced successional stages (15-30 d) in the dry
and rainy seasons were highly correlated with the
highest TN concentration. Filamentous Leptolyn-

gbya tenuis and Mougeotia spp. and unicellular
desmid Closterium gracile showed high negative
correlations with axis 2 (r = —0.7). Choricystis mi-
nor showed the greatest association with the early
successional stages (r = 0.32). Therefore, axis 2
represented the succession of periphytic algae.

DISCUSSION

Periphytic community development was in-
fluenced by seasonal changes of limnological
conditions within macrophyte stands in a shal-
low mesotrophic reservoir (Ninféias Reservoir).
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Based on the results of a CCA, TP concentra-
tion and water temperature were identified as
determinants of the structural differences in the
periphytic algal community on a seasonal scale.
The replacement of species and structural-attribute
variation showed that two successional phases
(early and advanced successional stages) occurred
over 30 d of periphyton colonisation in both
climatic periods. These successional stages were
distinguished primarily by species composition and
the successional trajectory of the species.

Despite heavy rainfall events that caused a
loss of biomass and reduced algal growth in sev-
eral successional stages, the successional trajectory
of the species did not change. Chromulina elegans
was dominant in the community structure from
the initial stages to 20-25 d of colonisation. Algal
community persistence is highly dependent on the
ability to resist disturbances, such as rain, currents,
or disturbances by animals (Stevenson, 1996).

The success of Chrysophyceae in the pe-
riphyton can be explained by opportunistic
characteristics and competitive advantages, such
as switches among the processes of autotrophy,
heterotrophy and phagotrophy in response to
nutrient availability in the system (Sandgren,
1988). Previous studies have reported the success
of Chromulina elegans in the early successional
stages of periphyton in an oligotrophic tropical
reservoir (Ferragut & Bicudo, 2012) and in a
mesotrophic tropical reservoir (Fermino et al.,
2011; Pellegrini & Ferragut, 2012) within the
study area. The presence of flagella, which
facilitates the search for resources, rapid repro-
duction, and a higher surface/volume ratio, is an
adaptive strategy that ensures the success of C.
elegans in the periphyton (Happey-Wood, 1988).
The substantial participation of loosely attached
algae (without a structure for attachment to
the substrate), such as flagellated algae, in the
periphyton is commonly reported in tropical
reservoirs, especially in the early successional
stages (Rodrigues & Bicudo, 2004; Vercellino &
Bicudo, 2006; Franca et al., 2011).

In terms of biovolume, Zygnemaphyceae and
Bacillariophyceae were highly representative of
the community structure of the periphytic algae.
The desmids Cosmarium margaritatum and

Closterium setaceum were the most representa-
tive species in the early successional stages, and
Mougeotia spp. were most representative at later
stages in the rainy season. A high abundance of
Zygnemaphyceae is generally associated with
the presence of macrophytes in an oligotrophic
environment (Coesel, 1982). Thus, desmids in
the periphyton were favoured by limnologi-
cal conditions and high macrophyte coverage
(unpublished data), even in the early stages.
This algal group possesses adaptive character-
istics that allow rapid development on denuded
substrates. For example, the surface/volume
ratio of desmids increases their access to light
(Domozych & Domozych, 2007).

In terms of biovolume, diatoms also con-
tributed substantially to community structure
during the successional process, especially in the
dry season. Pinnularia divergens made the great-
est contribution to total biovolume, especially in
advanced successional stages in the dry season.
This species has been associated with high N
availability in an experimental study and with
an increase of the mixing zone during the dry
season (Fermino et al., 2011; Fonseca & Bicudo,
2010). Moreover, Cyanophyceae exhibited high
density and biovolume in advanced successional
stages in both climatic periods, especially fila-
mentous forms such as Pseudanabaena galeata
and Leptolyngbya tenuis. An increase in fila-
mentous forms in the advanced successional
stages is characteristic of the physiognomy of the
periphyton and is commonly reported in streams,
rivers, and reservoirs (Biggs, 1996; Fesliberto &
Rodrigues, 2012; Sekar et al., 2004).

Algal diversity and richness increased with
increasing colonisation time, demonstrating the
constant arrival of new colonisers. In tropical
ecosystems, previous studies have reported a
positive relationship between algal diversity and
colonisation time (Felisberto & Rodrigues, 2012;
Franca et al., 2011), whereas other studies have
reported negative relationships (Borduqui &
Ferragut, 2012) or little variation during coloni-
sation (Vercellino & Bicudo, 2006). According
to Hillebrand & Sommer (2000), the relationship
between algal diversity and colonisation time
can vary with environmental conditions. For
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Table 3. Pearson correlations (r) of species with axes 1 and 2 of CCA, showing the identifying codes for the species. Correlacion
de Pearson (1) de las especies con los ejes 1y 2 de la CCA, y sus respectivos codigos.

Species Code Axis 1 (r) Axis 2 (r)
Achnanthidium catenatum (Bily & Marvan) Lange-Bertalot Acat -0.45 -0.38
Aphanocapsa delicatissima West & G.S.West Adel 0.77 -0.33
Aphanocapsa elachista West & G.S.West Aecla -0.54 -0.01
Aphanocapsa incerta (Lemmermann) Cronberg & Komadrek Ainc -0.56 —0.15
Cryptomonas tenuis Pascher Cten -0.06 -0.50
Brachysira vitrea (Grunow) R.Ross Bvit -0.59 -0.09
Cosmarium blyttii Wille Cbly 0.60 -0.28
Chlamydomonas debaryana Goroschankin Cdeb -0.31 -0.43
Chromulina elegans Doflein Cele -0.05 -0.45
Chlamydomonas epibiotica Ettl Cepi -0.77 -0.14
Cryptomonas erosa Ehrenberg Cer 0.02 -0.44
Closterium gracile Brébisson ex Ralfs Cgra 0.55 -0.76
Choricystis minor (Skuja) Fott Cmi 0.28 0.32
Cryptomonas obovata Czosnowski Cob -0.20 -0.47
Cryptomonas phaseolus Skuja Cpha -0.53 -0.23
Chlamydomonas planctogloea Skuja Cpla -0.12 -0.31
Chlamydomonas sagittula Skuja Csag 0.14 0.01
Chlamydomonas sordida Ettl Csor 0.04 -0.48
Chromulina sphaerica Bachmann Csph 0.29 -0.14
Encyonema mesianum (Cholnoky) D.G.Mann Eme -0.02 -0.60
Gomphonema gracile Ehrenberg Ggra -0.31 -0.61
Leptolyngbya angustissima (West & G.S.West) Anagnostidis & Komdrek Lang -0.60 0.10
Leptolyngbya perelegans (Lemmermann) Anagnostidis & Komarek Lper -0.51 -0.52
Leptolyngbya tenuis (Gomont) Anagnostidis & Komadrek Lten -0.19 -0.70
Monoraphidium arcuatum (Korshikov) Hindak Marc 0.30 -0.47
Monoraphidium contortum (Thuret) Komarkova-Legnerova Mcont 0.18 -0.43
Monoraphidium griffithii (Berkeley) Komarkova-Legnerova Mgri 0.18 -0.26
Monoraphidium irregulare (G.M.Smith) Komdrkova-Legnerova Mirr 0.66 -0.32
Mougeotia spp. Moug 0.51 -0.71
Monoraphidium tortile (West & G.S.West) Komarkova-Legnerova Mtor -0.01 -0.08
Navicula cryptotenella Lange—Bertalot in Krammer & Lange—Bertalot Nery -0.02 -0.56
Pseudodidymocystis fina (Komdrek) E.Hegewald & Deason Pfin -0.35 -0.04
Pseudanabaena galeata Bécher Pgal —0.18 -0.55
Scenedesmus ecornis (Ehrenberg) Chodat Seco 0.42 -0.65
Synechococcus nidulans (Pringsheim) Komdrek Snid -0.02 -0.30
Trachelomonas bacillifera Playfair Tbac -0.19 -0.22
Trachelomonas curta A.M.Cunha Teur -0.01 0.20
Trachelomonas lacustris Drezepolski Tlac 0.09 0.13
Trachelomonas oblonga Lemmermann Tobl -0.19 -0.19
Trachelomonas volvocina (Ehrenberg) Ehrenberg Tvol 0.12 -0.26
Trachelomonas volvocinopsis Svirenko Tvolv 0.56 -0.03
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this reason, diversity indexes are useful for mea-
suring environmental influences on local peri-
phyton communities.

In summary, on a seasonal scale, the avail-
ability of light and nutrients were determining
factors in periphyton community organisation.
In the dry period, the early successional stage
(1-15 d) was characterised by the dominance
of Chromulina elegans and a high biovolume
of Zygnemaphyceae (primarily Cosmarium
margaritatum and Closterium setaceum). The
advanced stage (20-30 d) was characterised by
high diversity and species richness and by a
population decline of C. elegans, an increased
abundance of Cyanobacteria (Pseudanabaena
galeata, Aphanocapsa elachista, Leptolyngyn-
bya tenuis), and a high biovolume of Pinnularia
divergens and Cosmarium margaritatum. In
the rainy period, the successional process was
characterised by a long early stage (1-20 d)
dominated by Chrysophyceae (Chromulina
sphaerica and Chromulina elegans) and showing
a high biovolume of desmids (Cosmarium biocu-
latum, Cosmarium margaritatum and Closterium
setaceum). The advanced stage (25-30 d) was
characterised by high diversity, a marked decline
of C. elegans, a greater abundance of Pseudan-
abaena galeata, Mougeotia spp., and Encyonema
mesianum, and a high biovolume of Cosmarium
margaritatum and Pinnularia divergens.

In conclusion, the successional process of
periphytic algae was characterised by the perma-
nence of ruderal species for several successional
stages, suggesting the occurrence of very long
early successional stages (1-20 d). Moreover, the
high density of filamentous Zygnemaphyceae,
the high biovolume of diatoms and their high
diversity and richness characterised the advanced
successional stage (25-30 d). The duration of
the successional phases and species trajectory
during 30 d of periphyton colonisation was
influenced by seasonality (allogenic factors)
and differential species performance (autogenic
factors). However, the successional patterns of
periphytic algal assemblies appear to result from
several processes that defy explanation by a single
mechanistic model (McCormick & Stevenson,
1991). Therefore, further studies are needed to

identify the successional patterns of periphyton
algal community in tropical shallow lentic systems.
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