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Abstract Temporal changes of assemblages may result from environmental variability and reflect seasonal
dynamics of their ecosystem. In the subtropics, the hydrological regime is usually characterized by well-defined wet
and dry seasons, regulating discharge and influencing a series of environmental variables that affect phytoplankton
persistence. Therefore, we may expect that dry seasons are environmentally more stable than wet seasons. We
analysed interannual phytoplankton assemblage variability (or, inversely, persistence) in a subtropical reservoir
sampled every austral summer and winter during 5 years. We tested (i) if phytoplankton assemblage structure
differed between the dry (summer) and wet (winter) seasons; (ii) if assemblage persistence differed between the
seasons; (iii) if assemblage persistence was related to environmental stability; and (iv) if assemblage dissimilarity
increased over time. Phytoplankton assemblages differed between the summer and winter seasons.Winter indicator
species were mostly Bacillariophyceae or Cryptophyceae, whereas Cyanophyceae and Chlorophyceae taxa were
more frequent and abundant in summer. Assemblages in the dry season were more persistent among years than
those occurring during rainy periods. Similarly, environmental variability tended to be lower among dry than among
rainy seasons.The relation between the phytoplankton temporal cycle and the temporal patterns of environmental
variability supports our prediction that high environmental stability results in more persistent assemblages.
Assemblage dissimilarity increased as sampling years were farther apart, for both seasons. Additionally, assemblages
in the rainy periods showed a more pronounced increase in dissimilarity, as their changes among years were less
predictable. We found a clear temporal pattern and an increased dissimilarity over time in the phytoplankton
assemblage structure. Unravelling these temporal patterns may improve our understanding of phytoplankton
temporal dynamics, and may have implications for management and monitoring programs. High dissimilarity of
assemblages among years, particularly among rainy periods, can obscure human impacts, and monitoring programs
should take this into account.
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INTRODUCTION

Temporal changes of assemblages are a central issue in
ecology, and the understanding of the causes and con-
sequences of these changes has long demanded the
attention of ecologists. According to Bengtsson et al.
(1997), all assemblages are temporally dynamic, and
the degree of variability (or conversely, persistence)
depends on physical and chemical characteristics of the
habitat, its temporal stability, and on species interac-
tions.Here,we use the term persistence following Rahel
(1990) to refer to assemblage persistence, described by
the constancy in absolute abundance, abundance
ranking,or the presence or absence of species over time.

Some studies have shown that high persistence is
related to high environmental stability (but see Scars-
brook 2002). For instance, Oberdorff et al. (2001)
found high fish persistence in rivers with more stable
environmental conditions (i.e. discharge). Similarly,
persistence of macroinvertebrates was low in streams
where environmental conditions fluctuate or were
characterized by pulses or stochastic disturbance
events (Lake 2000). Furthermore, environmental vari-
ability usually increases through time (Steele 1985;
Halley 1996), so that assemblages will show increased
dissimilarity over long time intervals (Bengtsson et al.
1997). Several underlying processes may explain the
increased assemblage dissimilarity through time. It
may result from local extinction and colonization
events, as different populations may respond differ-
ently to environmental fluctuations. Also, sampling
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effects may explain assemblage dissimilarity over time.
If in each time interval the assemblage sampled is a
random sample of the total species pool, then rare
species or species that have emigrated or are in a
dormant stage may not be sampled on one occasion,
but may be sampled on other occasions, increasing the
dissimilarity among samples over time.

Phytoplankton assemblages may show repeatable
patterns from one year to another (i.e. interannual
cycles), because, as stated by Rahel (1990), phy-
toplankton assemblages that fluctuate stochastically at
short time scales (i.e. weeks), when viewed over long
time intervals may show cyclical patterns of change
and, consequently, be more stable than would appear
from short-term sampling. Such cyclical patterns of
phytoplankton assemblages likely reflect the seasonal
dynamics of their environment. Annual patterns of
phytoplankton seasonality in temperate areas are well
established as mostly related to changes in light regime
and water temperature; while in the tropics and sub-
tropics, phytoplankton seasonality seems to be more
influenced by hydrological characteristics (Pollingher
1986; Talling 1986; Chellappa et al. 2009).

The hydrological regime in the tropics and subtropics
is usually characterized by well-defined wet and dry
seasons.This hydrological cycle regulates discharge and
influences a series of other environmental variables that
affect phytoplankton assemblages, such as water tur-
bidity, nutrient supply and water temperature. High
discharge may disrupt assemblage structure, leading to
low assemblage persistence. Furthermore, the hydro-
logical regime also greatly influences phytoplankton
assemblages in reservoirs, as precipitation governs dam
operation and water retention times, producing pulses
of material and nutrients in suspension, material
cycling and biomass loss (Calijuri et al. 2002).

Long-term studies on tropical and subtropical fresh-
water phytoplankton are important to the understand-
ing of the temporal dynamics of assemblages and may
have implications for management and monitoring
programmes, especially in reservoirs. A snapshot
sample may not be enough to infer main processes
governing assemblage structure (Nabout et al. 2009).
For instance, high seasonal or interannual changes in
an assemblage could be misinterpreted as caused by
human impacts, with implications for management
and conservation efforts (Espírito-Santo et al. 2009).
On the other hand, if an assemblage changes randomly
among seasons or years, our predictive ability would be
low, and so would our ability to assess human impacts
on the assemblage (Cottingham & Carpenter 1998;
Espírito-Santo et al. 2009).

We studied freshwater phytoplankton in a subtropi-
cal reservoir sampled every austral summer (dry) and
winter (rainy) during 5 years.We tested: (i) if the phy-
toplankton assemblage structure differed between
summers and winters; (ii) if the assemblage persis-

tence differed between seasons and (iii) if it was related
to environmental stability; and (iv) if assemblage dis-
similarity increased with time. We expected that
assemblage structure would differ between seasons,
and that the season with high environmental variability
would show high assemblage variability. Also, we pre-
dicted that assemblage dissimilarities would increase
as the sampled years become farther apart, as a result
of increased environmental and population variability
over time (Bengtsson et al. 1997). Although this
increase in dissimilarity over time should occur for
both summer and winter assemblages, we expected it
to be more pronounced in the season with higher
environmental variability.

METHODS

Study area and sampling

Dona Francisca Hydroelectric Reservoir is located on the
Jacuí River (29°20′S, 53°12′W), Rio Grande do Sul State,
southern Brazil (Fig. 1), the farthest downstream of three
cascade reservoirs. The reservoir, dammed in 2000, com-
prises 19 km2 with a drainage area of 13 200 km2 and a
volume of 0.335 km3. The reservoir has low water retention
time, usually around 15 days, and is predominantly
mesotrophic and warm-monomictic with a period of summer
stratification (Rodrigues 2002).

Samples were obtained during austral summer (Decem-
ber, January or February) and winter (June or August) from
2005 to 2010. Summer samples were available for 2005–
2008 and 2010, and winter samples were obtained uninter-
ruptedly in the period 2005–2009, all of them at four sites
located along the reservoir (Fig. 1). Rainfall (measured
during the 30 days before samplings) differed between
summer and winter, with higher precipitation in winters
(mean of 186 mm per month) than in summers (mean of
97 mm per month).

Phytoplankton samples were taken in surface waters using
1-L bottles and preserved with 1% Lugol’s solution in the
dark. Phytoplankton samples were counted using an inverted
microscope (Utermöhl 1958). Every cell, filament or colony
was considered one individual, and the number of individuals
counted in each sample was determined following two crite-
ria: the attainment of an asymptote in the species accumula-
tion curve and a counting efficiency of 90%, according to
Pappas and Stoermer (1996). At least 50 random fields and
100 individuals were counted per sample (APHA 1998), with
a total of 10 287 individuals counted.

Physical and chemical data were gathered concomitantly
with the phytoplankton samples. Electrical conductivity, pH
and water temperature were obtained by portable digital
potentiometers. Water transparency was measured with a
Secchi disc. The determination of dissolved oxygen (azide
modification method), biochemical oxygen demand (azide
modification method), nitrate (ultraviolet spectrophotomet-
ric screening method) and total phosphorus (stannous chlo-
ride method) followed standardized procedures (APHA
1998) (Table 1).
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Data analyses

In order to evaluate whether the summer and winter assem-
blages were distinct, we used distance-based multivariate
analysis of variance (db-manova; Anderson 2001) with 9999
permutations stratified within the four sites, thus accounting
for spatial and environmental effects.The analysis was based
on a dissimilarity matrix obtained with the Bray-Curtis index
(Faith et al. 1987; Legendre & Legendre 1998) applied to
transformed log (x + 1) density data. Additionally, we iden-
tified species associated with each season using the Indicator
Species Analysis (Dufrêne & Legendre 1997). The analysis
was applied to the density matrix, including all species, and
using seasons (summer and winter) as the grouping variables.

We performed a permutation test for homogeneity of mul-
tivariate dispersions among the sample units (i.e. samples
collected each summer and winter during 5 years at four

sites) to test for differences in assemblage persistence
between summer and winter (Anderson 2006). The test is
based on the distances from individual points (samples) to
their group centroid in the full dimensional space calculated
in a Principal Coordinates Analysis (PCoA). We used the
same dissimilarity matrix employed in the db-manova and
ran 9999 permutations stratified within sites. As the use of
non-metric dissimilarity coefficients produced principal
coordinates axes with negative eigenvalues, we computed the
square root of distances and reran the analysis to prevent this
(Legendre & Legendre 1998). The ordination diagrams are
presented both for all four sites together and for each site
separately to better visualize the dispersion of the experimen-
tal units.

To evaluate if assemblage persistence is related to environ-
mental stability, we generated several Euclidean distance
matrices composed of all possible combinations of subsets of
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Fig. 1. Location of Dona Francisca Reservoir in southern Brazil, and the four sampling sites (black circles and numbers).

Table 1. Mean � standard deviation and coefficient of variation in parentheses (%) of environmental variables during austral
summers and winters in Dona Francisca Reservoir (Rio Grande do Sul, Brazil), from the years 2005 to 2010

Environmental variables Summer Winter

Oxygen saturation (%O2) 106.5 � 24.0 (22.5) 84.5 � 9.8 (11.6)
Biochemical oxygen demand (mg L-1) 2.66 � 1.84 (68.9) 0.93 � 1.12 (120.9)
Conductivity (mS cm-1) 45.14 � 3.07 (6.80) 44.45 � 3.00 (6.75)
pH 7.6 � 0.9 (12.0) 7.2 � 0.3 (4.4)
Nitrate (mg L-1) 0.584 � 0.351 (60.2) 0.663 � 0.485 (73.1)
Total phosphorus (mg L-1) 0.059 � 0.026 (44.5) 0.064 � 0.048 (75.1)
Water temperature (°C) 26.5 � 3.4 (12.6) 15.3 � 2.8 (18.3)
Secchi depth (cm) 140.6 � 54.2 (38.5) 123.9 � 75.8 (61.2)

PHYTOPLANKTON INTERANNUAL VARIABILITY 841

© 2010 The Authors doi:10.1111/j.1442-9993.2010.02224.x
Journal compilation © 2010 Ecological Society of Australia



environmental variables, and selected the subset with
maximum Spearman’s rank correlation with the biotic
dissimilarity matrix (Bray-Curtis index, log (x + 1) data)
(BioEnv approach; Clarke & Ainsworth 1993). Euclidean
distances were calculated after centring each variable by its
mean and scaling each variable by its standard deviation.The
selected variables were water temperature, total phosphorus,
and nitrate (r = 0.49; Tables 1,2). The BioEnv approach was
applied to all samples irrespective of sampling season. We
conducted two permutation tests for homogeneity of multi-
variate dispersions among the sample units to test for differ-
ences in environmental stability between summer and winter
(Anderson 2006). The first one was done for the Euclidean
distance matrix selected using the BioEnv approach. The
second one used the Euclidean distance matrix generated
using all environmental variables.

Measures of assemblage persistence may be influenced by
rare species; some investigators argue that they represent a
source of noise in analyses and thus prevent the detection of
patterns of assemblage structure (see Marchant 1999).
Accordingly, many studies have not included them in the
analyses (e.g. Anneville et al. 2004; Soininen et al. 2005;
Bovo-Scomparin & Train 2008). We assessed this potential
effect, and performed analyses both with the complete
dataset and with only abundant species (at least 5% abun-
dance in one sample). The same pattern was obtained, and
we opted to show results only from analyses including the full
dataset.

Our hypothesis that assemblage dissimilarity increases
with temporal distance between the observations was evalu-
ated using Mantel tests with Pearson’s correlation and 9999
permutations stratified within sites, separately for summer
and winter samples.We used a biotic Bray-Curtis dissimilar-
ity matrix (log (x + 1)) as our first matrix, and a Euclidean
distance matrix among years as our second matrix (i.e.
number of years apart). Additionally, we conducted a linear
regression between the biotic dissimilarity matrices and the
‘years apart’ matrices to obtain the regression coefficients (b)
of each analysis, and thus compare the slopes obtained for
summer and winter assemblages as an indicator of the rate of
temporal dissimilarity (Korhonen et al. 2010). According to
Korhonen et al. (2010), although the pairwise comparison of
data inflates the number of observations in the regression, the
estimate of the regression coefficients is not inflated. The

same analyses (Mantel tests and linear regressions) were
conducted for the environmental variables using both the
Euclidean distance matrix selected by the BioEnv approach
and the Euclidean distance matrix generated using all envi-
ronmental variables.

We used species densities instead of species biovolume or
functional groups in all analyses. We followed the study by
Carneiro et al. (2010) in which they evaluated the influence
of taxonomic and numerical resolution on the analysis of
temporal changes in phytoplankton assemblages in streams
and concluded that ordinations generated using species den-
sities were similar to those generated using biovolume. They
also found that ordination patterns based on functional
groups matched those based on genera or families. However,
as discussed by Carneiro et al. (2010), the use of distinct
taxonomical and numerical resolution is not an easy issue
and needs to be carefully evaluated, because assemblage
organization patterns (e.g. occurrence of few or many domi-
nant species, number of species per genera) and algal physi-
ological processes related to cell volumes may vary among
different aquatic systems.

We conducted all analyses using the R environment (The
R Development Core Team 2009). The db-manova, the test
of multivariate dispersions, the BioEnv analysis and the
Mantel tests were calculated using the vegan package
(Oksanen et al. 2010), and the Indicator Species Analysis
using the labdsv package (Roberts 2010).

RESULTS

A total of 336 taxa were identified. The most species-
rich groups were Chlorophyceae (37.5%), Bacillari-
ophyceae (26.2%), Zygnematophyceae (10.1%) and
Cyanobacteria (8.9%). Summer samples included 272
taxa in the 5 years evaluated, 89 of which were exclu-
sive to this season. Samples obtained in the five winters
included 247 species, 64 of which did not occur in
the summer samples. Chlorophyceae and Bacillari-
ophyceae accounted for approximately 65% of the
total density in both seasons. Cyanobacteria density
was high in the summer samples, comprising 11% of

Table 2. Results of the BioEnv analysis for samples collected in four sampling sites in Dona Francisca Reservoir (Rio Grande
do Sul, Brazil), from the years 2005 to 2010

Model size Model Correlation

1 TP 0.4528
2 temp + TP 0.4931
3 temp + TP + nitrate 0.4937
4 temp + TP + nitrate + secchi 0.4774
5 cond + temp + TP + nitrate + secchi 0.4679
6 cond + temp + TP + nitrate + BOD + secchi 0.4410
7 cond + temp + TP + nitrate + %O2 + BOD + secchi 0.3676
8 cond + temp + TP + nitrate + %O2 + pH + BOD + secchi 0.3179

Samples obtained during summer and winter were pooled for the analysis. Spearman correlation for the best model is shown
in bold. %O2, oxygen saturation; BOD, biochemical oxygen demand; cond, conductivity; secchi, Secchi depth; temp, water
temperature; TP, total phosphorus.

842 F. SCHNECK ET AL.

© 2010 The Authorsdoi:10.1111/j.1442-9993.2010.02224.x
Journal compilation © 2010 Ecological Society of Australia



the individuals, whereas this group comprised less
than 3% of winter total individuals. In contrast, Cryp-
tophyceae occurred mostly in the winter, accounting
for 7.5% of the total individuals in this season. In
summer, the class contributed 0.14% of the
individuals.

Assemblages were significantly different between
seasons (db-manova; F1,38 = 2.35; P < 0.001). The
Indicator Species Analysis revealed that 13 taxa were
significantly (P < 0.05) associated with summer: Chlo-
rella vulgaris Beij., Dictyosphaerium pulchellum Wood,
Merismopedia tenuissima Lemm., Chrysococcus sp1,
Monoraphidium sp1, Scenedesmus sp1, Kephyrion sp1,
Cyclotella sp1, Cyclotella sp2, Anabaena spiroides Kleb.,
Schroederia setigera (Schröd.) Lemm., Chlamydomonas
sp1 and Peridinium sp2. Eight taxa were associated
with winter: Aulacoseira ambigua (Grun.) Sim. f. spira-
lis Ludw., Aulacoseira granulata (Ehr.) Sim. var. angus-
tissima (O. Müller) Sim., Cryptomonas phaseolus Skuja,
Pediastrum tetras (Ehr.) Ralfs, Nitzschia sp1, Cryptomo-
nas erosa Ehr., Cryptomonas ovata Ehr. and Pinnularia
sp1.

The PCoA plot showed that the summer sample
units were less dispersed in multivariate space than
were the winter units, both for all four sites together
and for each site separately (Fig. 2). Indeed, group
dispersions differed significantly (tested only for all
sites together using permutations stratified within
sites), and summer (dry) assemblages were less vari-
able (i.e. more persistent) among years than winter
(rainy) assemblages (permutation test for homogeneity
of multivariate dispersions; F1,38 = 2.62; P = 0.043).We
also found that environmental variability was greater
among winters than among summers for the environ-
mental distance matrix selected by BioEnv (permuta-
tion test for homogeneity of multivariate dispersions;
F1,38 = 6.34; P = 0.008; Fig. 3a). However, group dis-
persions did not differ significantly for the distance
matrix generated using the whole environmental
matrix (permutation test for homogeneity of multivari-
ate dispersions; F1,38 = 0.01; P = 0.903; Fig. 3b).

Our hypothesis that assemblage dissimilarity
increases with temporal distance between the observa-
tions was confirmed. Assemblage dissimilarities
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Fig. 2. Principal Coordinates Analysis (PCoA) of phytoplankton sampling units obtained for all four sites together (a) and each
site separately (b–e; sites 1 to 4, respectively, as shown in Fig. 1) in the Dona Francisca Reservoir (Rio Grande do Sul, Brazil)
during austral summers and winters in the period 2005–2010.The differences in dispersions to the group centroid for summer
and winter samples are interpretable as differences in community structure among years within each season. Open circles indicate
PCoA scores for summer samples, and open triangles indicate winter samples. Polygons indicate maximum dispersion of units
for each season. The solid circle and triangle in the centre of each polygon represent the respective group centroids.

PHYTOPLANKTON INTERANNUAL VARIABILITY 843

© 2010 The Authors doi:10.1111/j.1442-9993.2010.02224.x
Journal compilation © 2010 Ecological Society of Australia



increased as the sampled years were farther apart for
both summer (Mantel test: r = 0.45; P < 0.001) and
winter (Mantel test: r = 0.36; P < 0.001). Additionally,
the regression coefficient for summer was slightly
lower (b = 0.035) than in the winter (rainy) assem-
blages (b = 0.040) (Fig. 4a), providing additional
support to the view that summer assemblages are more
persistent over time than winter assemblages. We also
found an increased environmental variability over time
for both summer and winter, using either the environ-
mental distance matrix selected by BioEnv (Mantel
test; summer: r = 0.44, P < 0.001; winter: r = 0.28,
P = 0.006) or the distance matrix generated using all
environmental variables (Mantel test; summer:
r = 0.43, P < 0.001; winter: r = 0.29, P < 0.001).
However, the regression coefficients were higher for
summer than for winter for both the distance matrix
selected by BioEnv (b for summer = 0.390; b for
winter = 0.246; Fig. 4b) and the distance matrix gen-
erated using all environmental variables (b for
summer = 0.448; b for winter = 0.323; Fig. 4c).

DISCUSSION

Our results showed that the phytoplankton assemblage
differed between the summer and winter seasons, and
also that the summer (dry season) assemblage was
more persistent among years than the winter (wet
season) assemblage.We found that environmental vari-
ability tended to be higher during winter than

summer, and this finding offers support to our hypoth-
esis that low environmental variability in summer
results in high persistence of assemblages. Addition-
ally, assemblage dissimilarity increased as sampling
years were farther apart, for both the summer and
winter assemblages.

Phytoplankton assemblage differentiation between
summer and winter was pronounced and probably
related to the species’ capabilities to deal with chang-
ing environmental features. Merismopedia tenuissima
and Anabaena spiroides, the two Cyanobacteria
selected as indicator species for summer, showed in
that season densities more than 20 times greater than
in winters. This result may be associated with an
increased water retention time that is directly related
to the lower precipitation in summer, as many species
of Cyanobacteria are sensitive to high discharge and
tend to form blooms in reservoirs with long retention
times (Harris & Baxter 1996; Rodrigues et al. 2009).
Chlorella vulgaris and Monoraphidium sp1, whose
genera are described as tolerating water stratification
(Reynolds et al. 2002), showed higher densities and
frequencies during summer, the period of water strati-
fication in the reservoir (Rodrigues 2002). Colonial
Chlorophyceae, such as Dictyosphaerium pulchellum,
are related to habitats with high luminosity and low
nutrient concentrations, while the Dinophyceae Peri-
dinium is suggested to be sensitive to mixing periods
(Reynolds et al. 2002). Some other indicator species
for summer, like Cyclotella spp., are expected to occur
preferentially on mixed waters (Lopes et al. 2005).
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Indicator species for the rainy (winter) period were
mostly Bacillariophyceae and Cryptophyceae. Borges
et al. (2008) studied two subtropical Brazilian reser-
voirs, and observed that densities of Cryptophyceae
and Bacillariophyceae species, mainly A. granulata, A.
ambigua and Cryptomonas spp., were positively asso-
ciated with highly hydrodynamic environments,
which favour nanoplanktonic species with high repro-
ductive rates. Further, interannual studies on phy-
toplankton variability in subtropical reservoirs and
lakes found that A. granulata, A. ambigua and Cryp-
tomonas spp. were dominant in periods of high pre-
cipitation and, consequently, high outflow (Harris &
Baxter 1996; Bovo-Scomparin & Train 2008). Rod-
rigues et al. (2009) observed that the population of
A. granulata decreased in less hydrodynamic environ-
ments, as the species depends on turbulence for sus-
pension. Similarly, A. ambigua is considered sensitive
to stratification and occurs preferentially in condi-
tions of total water column mixing (Reynolds et al.
2002). Cryptomonas species are very opportunistic,
tolerant to high turbulence and low luminosity, and
are highly associated with periods of water mixing
(Klaveness 1988; Jones 2000; Borges et al. 2008).
Our results confirm the influence of climatic variabil-
ity on the seasonal variation of the assemblage, in
that the above-mentioned Bacillariophyceae and
Cryptophyceae species were indicators of the rainiest
period, when environmental hydrodynamics in the
reservoir are pronounced.

The phytoplankton assemblage followed a well-
defined temporal trend during the 5 years of the
study. The assemblage was less variable among
summers, when the study area receives low rainfall.
Assemblages seem to follow a single base of attrac-
tion in this season, contrasting with assemblages in
winters, which showed higher variability. The rela-
tionship of the phytoplankton temporal variability
with the environmental variability was dependent on
the environmental data used to conduct the test for
homogeneity of multivariate dispersions. The envi-
ronmental variables selected by the BioEnv approach
(water temperature, total phosphorus and nitrate)
showed a greater dispersion among winters than
among summers, similar to the results of the phy-
toplankton temporal variability. However, the envi-
ronmental temporal variability did not differ between
summer and winter for the whole environmental
matrix. The use of all the environmental variables
may have prevented the detection of temporal pat-
terns, as some variables may not be correlated with
the phytoplankton assemblage and thus may override
the effects of variables related to the assemblage. For
instance, the two variables with highest coefficients of
variation among summers (oxygen saturation and
pH) appear only in the two worst models of the
BioEnv analysis (Table 2), indicating that these
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variables are not highly correlated with the biotic
matrix and that their variation may not have a sig-
nificant effect on the assemblage. In this sense, we
concluded that environmental variability was better
predicted by the variables selected by the BioEnv
analysis and that the phytoplankton temporal vari-
ability was closely related to the temporal patterns of
environmental variability, supporting our prediction
that high environmental stability results in more per-
sistent assemblages.

Previous interannual studies on phytoplankton
assemblages have reported that distinct species com-
position and abundance may characterize assem-
blages in different seasons or different environmental
conditions (Harris & Baxter 1996; Anneville et al.
2004; Bovo-Scomparin & Train 2008; Rodrigues
et al. 2009). However, little is known about whether
phytoplankton temporal assemblage persistence is
directly and positively related to environmental sta-
bility. Our results contrast with those obtained by
Soininen et al. (2005) in the study of a boreal lake.
They did not find a relationship between environ-
mental variability of the lake and the corresponding
variability of its phytoplankton assemblage structure
over 5 years. Moreover, the same authors observed
that phytoplankton assemblage did not show a tem-
poral trend, thus concluding that the assemblage was
unpredictable through the years. In contrast, our
results were similar to those of Townsend et al.
(1987), who found high persistence in stream mac-
roinvertebrate assemblages at sites with high environ-
mental stability (lower ranges of temperature, pH
and discharge).

The relationship between environmental stability
and assemblage persistence suggests that species
composition and abundance could be determined by
different responses to environmental changes, inde-
pendent of biological interactions (Oberdorff et al.
2001). According to Naselli-Flores et al. (2003),
mixed lakes are fast-changing ecosystems character-
ized by rapid and unpredictable phytoplankton
changes. In our study, higher environmental variabil-
ity among winters, when rainfall is high and the res-
ervoir has water-mixing periods, may result in an
unstable environment (high coefficient of variation of
nutrients and temperature conditions, the environ-
mental variables selected by the BioEnv approach)
that could be harsh for some species, disrupting
assemblage structure and leading to low assemblage
persistence. On the other hand, summers were char-
acterized by low environmental variability; thus, the
major forces driving the persistence of the phy-
toplankton assemblage were related to the lack of dis-
turbances and their consequences, such as thermal
stratification. Similarly, Harris and Baxter (1996)
studied a subtropical reservoir in Australia during
16 years and observed that the pattern of temporal

variability in phytoplankton species abundances was
related to reservoir seasonal stratification, alternating
from stratified periods during summers to mixed
periods during winters.

Our results are in agreement with the criteria of
Connell and Souza (1983) for considering an assem-
blage as persistent. The authors pointed out that a
persistent assemblage is one that remains in the same
state or that returns to the original state when dis-
turbance ceases. Indeed, we showed that the phy-
toplankton assemblage seems to be pulled by a single
attractor state in summers, resulting in high assem-
blage persistence over the years. Furthermore,
according to Connell and Souza (1983), at least one
complete turnover of all individuals should be
reached when studying persistence of assemblages.
The 5-year period of our study exceeds 200 genera-
tion times of most species, as phytoplankton species
have generation times ranging from hours to few
days.

We expected a higher increase in dissimilarity over
time for the rainy winter assemblages than for summer
assemblages, as winter assemblages were characterized
by unpredictable changes among years. Our results
showed that assemblage dissimilarity increased over
time for both seasons, and that the slope of the regres-
sion for summer was smaller than for winter, indicat-
ing that temporal dissimilarity was less intense for
summer assemblages than for winter assemblages over
a similar period. This result is in accordance with the
test for homogeneity of dispersions, indicating greater
persistence among summer assemblages than among
winter assemblages.The different patterns observed in
the slopes for the environmental variables (i.e. the
regression coefficient for summer was higher than that
for winter) may result from the high variation among
winters at the short year-to-year temporal scale. At
longer time scales, however, previous environmental
conditions are repeated, and thus the overall trend is
for low increase in variability. Supporting evidence for
this interpretation is the low coefficient of correlation
from the Mantel test in the rainy winter, indicating
high year-to-year variability. In agreement with our
results of increased assemblage dissimilarity over time,
Bêche and Resh (2007) found that the magnitude of
directional changes in macroinvertebrate assemblages
over time was dependent on environmental condi-
tions, with a greater increase in assemblage dissimilar-
ity (i.e. steeper slopes) occurring in streams that
experienced greater flow and shear stress caused by
precipitation.

Our result of increased assemblage and environ-
mental dissimilarity over time is in accordance with
the study of Korhonen et al. (2010), who evaluated
the distance decay of similarity in time in a meta-
analysis of aquatic ecosystems. Korhonen et al.
(2010) suggested that ecological patterns may show
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predictable variability through time, and that assem-
blage temporal turnover may be affected by processes
driven by environmental variability over time or by
patterns of dispersal across sites. Accordingly, Bengts-
son et al. (1997) stated that environmental variability
through time might result in increased population
dissimilarity if different species show different
responses to changes in the environment and, conse-
quently, increased assemblage dissimilarity over time
should be expected.

We found that the phytoplankton showed distinct
assemblage structures between seasons, with higher
persistence among summers than among rainy
winters, and that dissimilarity increased over longer
periods. Accordingly, we conclude that natural vari-
ability between seasons and among years should be
taken into account in studies assessing human
impacts. Little can be inferred about the processes
structuring an assemblage if only a ‘snapshot’ of the
community is taken. Moreover, accounting for these
temporal patterns may improve our ability to decide
the appropriate management options and conservation
efforts, as we could disentangle the effects of natural
assemblage variability from those caused by anthropo-
genic disturbances.
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