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Abstract Understanding spatial and temporal

changes in species composition has long demanded

the attention of ecologists. However, only recently

questions related to changes in species functional traits

have been investigated. We explored patterns of

species and functional dissimilarity of periphytic algae

at six lakes sampled over a year across a subtropical

floodplain. We evaluated the importance of turnover

and nestedness components across space and time; the

influence of environmental dissimilarity, spatial dis-

tance, and time on species and functional dissimilarity;

and whether functional dissimilarity results from non-

stochastic assembly processes. We used six functional

traits to describe 155 species. Functional dissimilarity

was estimated by functional dendrograms, and

stochasticity was evaluated using null models. The

turnover component was greater than nestedness for

species and functional dissimilarity. Environmental

dissimilarity, spatial distance, or time did not signif-

icantly explain species or functional dissimilarity.

However, functional dissimilarity was significantly

greater than expected given the observed species

dissimilarity. The main finding of this study is that

community assembly was deterministic with respect to

traits. Further, each lake contributed similarly to the

overall species and traits pool. These results highlight

the importance of comparing species and functional

dissimilarities to reach a better understanding of the

organization of periphytic algal communities.

Keywords Freshwater � Spatial distance � Traits �
Turnover � Upper Parana River floodplain

Introduction

A central question in Ecology is to understand the

patterns and processes related to the organization and

Handling editor: Stefano Amalfitano

Electronic supplementary material The online version of
this article (doi:10.1007/s10750-015-2379-x) contains supple-
mentary material, which is available to authorized users.

B. Dunck � L. Rodrigues
Departamento de Biologia (DBI) e Núcleo de Pesquisa em
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establishment of communities as well as their impli-

cations for the maintenance of biodiversity and

ecosystem processes (McGill et al., 2006). Tradition-

ally, studies on biodiversity focused on the patterns

and mechanisms that explain species richness (e.g.

Rosenzweig, 1995). Nonetheless, two separated com-

munities in space or time may present similar species

richness but show distinct species composition (beta

diversity, Legendre et al., 2005; Melo et al., 2011).

Dissimilarities in species composition may be related

to environmental dissimilarity between habitats such

that dissimilar communities may occur in environ-

mentally dissimilar habitats (Weiher et al., 2011).

Community similarity may also decline with increas-

ing geographic distance among sites (‘distance decay’;

Soininen et al., 2007) due to decreasing similarity in

environmental features and to dispersion limitation of

the organisms (Soininen et al., 2007). Finally, com-

munity similarity tends to decrease over time due to

temporal environmental variability that affects local

colonization and extinction processes and to temporal

dynamics related to the dispersion of organisms across

sites (Korhonen et al., 2010). Studies that focused on

periphytic algal species showed that environmental

dissimilarity (Schneck et al., 2011a) and spatial

distance (Wetzel et al., 2012) may be important in

structuring algal communities.

Further, there is strong evidence of the importance

of species functional traits to determine the organiza-

tion of communities (Petchey & Gaston, 2006; Mason

& De Bello, 2013). For instance, studies that analyzed

different aspects related to algal biological traits

showed that algal life form, adherence, and locomo-

tion are key traits that determine algae response to

light (Lange et al., 2011), nutrients (Passy, 2007;

Piggott et al., 2012), sediment deposition (Piggott

et al., 2012), disturbance (Passy, 2007; Schneck &

Melo, 2012), substrate roughness (Schneck et al.,

2011b), and dispersal patterns (Wetzel et al., 2012). In

this sense, it is important to understand not only the

patterns regarding the dissimilarity in species compo-

sition but also the patterns associated with functional

dissimilarity. Functional dissimilarity among commu-

nities assesses the changes in species functional traits

in space or time and thus takes into account the

similarity in ecological and evolutionary characteris-

tics of species (Swenson, 2011; Swenson et al., 2012).

Considering species and functional dissimilarity, it

could be expected that high species dissimilarity could

result in either high functional dissimilarity (low

functional redundancy) or low functional dissimilarity

(high functional redundancy) (Swenson et al., 2012).

Dissimilarities in species composition between

communities may result from two distinct patterns:

turnover and nestedness (Baselga, 2010; Baselga &

Orme, 2012). Turnover refers to the replacement of

species in one community by different species in the

other community, that is, two communities with

similar species richness share just a few species due

to environmental or historical spatial restrictions or

barriers (Baselga, 2010; Villéger et al., 2013). In turn,

the nestedness-resultant dissimilarity reflects the

increasing dissimilarity between nested communities

produced by the increasing differences in the number

of species. A nested pattern may result from different

factors that lead to species loss or gain by selective

extinction or colonization, such as habitat quality, area

and isolation, or species tolerance to abiotic factors

(Patterson & Atmar, 1986; Wright et al., 1998). This

approach was extended to functional dissimilarity,

enabling its partition in functional turnover and

nestedness-resultant components (Melo, 2013; Villé-

ger et al., 2013).

Revealing the patterns related to species and

functional dissimilarity is an important step to under-

stand how communities are assembled. However, as

stated by Villéger et al. (2013), we also need to

investigate whether functional dissimilarity differs

from expected given the levels of species dissimilarity.

Dissimilarity may be non-random regarding the func-

tional characteristics of the species, since determinis-

tic processes, such as limiting similarity and

environmental filters, would produce communities

that are functionally more divergent or more similar

(i.e., greater or lower functional dissimilarity) than

expected given species dissimilarity. Alternatively,

stochastic processes are expected to produce random

variation in the functional strategies of the species

given the species pool (Swenson et al., 2011; Swenson

et al., 2012).

Patterns associated with species and functional

dissimilarity are poorly explored for periphytic algae

in general, and particularly in floodplain ecosystems.

In this context, we assessed the patterns of species and

functional dissimilarity and their respective turnover

and nestedness-resultant components of periphytic

algal communities in subtropical floodplain lakes. We

tested whether (i) dissimilarity is mostly related to the
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turnover or nestedness-resultant components at spatial

and temporal scales; (ii) functional dissimilarity is

positively related to species dissimilarity; (iii) species

and functional dissimilarity are positively related to

environmental dissimilarity, geographic distance, or

time; (iv) functional dissimilarity is not a stochastic

process, differing from random expectations given the

levels of species dissimilarity.

Materials and methods

Study area

We used data from six lakes belonging to the Upper

Paraná River floodplain (228540 30.300S; 538380

24.300W; 22844050.7600S; 53815011.1600W) (Fig. 1).

The region has a hydrological regime characterized

by a wet period (October to February) and a dry period

(June to September). In flooded periods (high water

levels), the average of Paraná River hydrometric level

is around 4.5 m, flooding the entire floodplain area and

thus increasing the connectivity between the environ-

ments (Souza-Filho & Stevaux, 2004). More recently,

dam regulation changed the frequency, duration, and

amplitude of the floods (Agostinho et al., 2004). All

the six lakes are connected to the Ivinhema River and

during the high water phase to the Paraná River

(Souza-Filho & Stevaux, 2004). The greatest distance

between lakes is roughly 20 km. All lakes were

sampled four times in 2011 (S1-March, S2-June, S3-

September and, S4-December). Samplings S1 and S4

were conducted in months that are characteristically

considered as high-water period, despite the low water

level observed at S4 (Fig. 2); while S2 and S3

samplings occurred during the low-water period

(Fig. 2).

Sampling

The sampling of environmental variables was carried

out in the subsurface of the limnetic zone of each lake

concurrently with the sampling of biotic variables. The

following variables were measured in the field: Secchi

depth (m), conductivity (lS cm-1) and pH (Digimed

digital potentiometers), turbidity (NTU), total solids

(mg l-1), and total alkalinity (mEq l-1). Water sam-

ples were filtered through Whatman GF/F filters,

Fig. 1 Location of the

Upper Parana River

floodplain, Brazil, and the

six sampled lakes: 1 Peroba,

2 Capivara, 3 Patos, 4

Jacaré, 5 Cervo, 6 Sumida.

Indicative arrow shows

direction of flow
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under low pressure (\0.5 atm) and stored at -20�C
for later determination of orthophosphate (lg l-1),

total phosphorus (lg l-1), and total nitrogen (lg l-1,

Bergamin et al., 1978). Analyses of environment

variables were done following Roberto et al. (2009).

Periphytic algae were collected from the sixth or

seventh plant internode of three submerged mature

petioles of Eichhornia azurea (Sw.) Kunth, totaling

three sub-samples per lake. The plants were sampled

on the marginal region of different macrophyte

patches located in the littoral zone of the lakes. E.

azurea is the most abundant macrophyte in this

floodplain and is present in all the studied lakes (Bini

et al., 2001). The periphytic material was taken by

scraping part of petioles of E. azurea, using a stainless

steel blade wrapped in aluminum foil and jets of

distilled water (Algarte et al., 2014). The area scraped

from the substrate (cm2) was calculated from mea-

surements of the length and width of each petiole. The

material removed was preserved with 0.5% acetic acid

Lugol’s solution for later counting.

The periphytic algal samples were quantified using

sedimentation chambers in an inverted microscope

(Utermöhl, 1958) and sedimentation time followed

Lund et al. (1958). The counts were carried out in

random fields until reaching at least 100 individuals

(cells, colonies, or filaments) from the most common

species in each sub-sample and according to the

species accumulation curve (Ferragut & Bicudo,

2012). We counted an average of 813 individuals per

sub-sample (minimum = 241, maximum = 3288,

standard deviation = 674). The classification system

adopted was that proposed by Round (1971).

Periphytic algal functional niche was characterized

for main facets as growth, reproduction, life form,

locomotion, substrate adherence, and disturbance

resistance (Biggs et al., 1998), using traits commonly

included in studies on periphytic algae that use a trait-

based approach (e.g. Ferragut & Bicudo, 2010; Passy

& Larson, 2011; Schneck &Melo, 2012; Dunck et al.,

2013; Hart et al., 2013; Algarte et al., 2014). The

selection of functional traits was conducted consider-

ing the traits that represent the ecological niche or that

provide the most satisfactory establishment in the

habitats. The species functional matrix was composed

of six algal functional traits distributed in 17 cate-

gories and one quantitative trait: life form (non-motile

unicelular, filamentous, flagellate, or colonial), adher-

ence form (motile, entangled, prostrate, stalked, or

heterotrichous-differentiated basal cell), reproduction

(predominantly episodic sporulation, predominantly

filament fragmentation, or predominantly mitosis),

disturbance resistance (high, medium, or low) and

nitrogen fixation (yes or not) according to Biggs et al.

Fig. 2 Hydrometric level

of the Paraná River in 2011.

Arrows indicate the months

of sampling; dashed line

indicates the level of

flooding the plain
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(1998), and size (quantitative, mean length of at least

five individuals, in lm). Life form, adherence form,

and size were directly analyzed on the individuals of

each species; the other functional traits were analyzed

using information from species identification special-

ized bibliography (e.g., Komárek & Anagnostidis,

1986; Komárek & Anagnostidis, 1989; Biggs et al.,

1998; Komárek & Anagnostidis, 1998; John et al.,

2002; Wehr & Sheath, 2003). We are aware that

functional traits such as reproduction and nitrogen

fixation are plastic or facultative in nature. However,

the use of specialized bibliography to assign these

functional traits is the best way to proceed, since it is

very difficult, if not impossible, to evaluate such traits

for each individual while counting is been conducted.

A hundred and fifty-five species of periphytic algae

were found in the six studied lakes (electronic

supplementary material—ESM1). Bacillariophyceae,

Zygnemaphyceae, and Chlorophyceae were the most

species-rich classes of algae at all sampling periods.

Bacillariophyceae was the dominant group, account-

ing for 34% of total density, followed by Zygnema-

phyceae with 22%. Regarding species traits, non-

motile unicellular life form was the dominant one (91

species), followed by the filamentous life form (41

species). Entangled (78 species) and prostrate (36

species) were the dominant adherence forms. Most

species reproduce by mitosis (86 species); the distur-

bance resistance of species was predominantly low

(102 species), and there was predominance of non-

nitrogen-fixing species (148 species) (electronic sup-

plementary material—ESM1).

Data analysis

A principal component analysis (PCA) was applied to

summarize environmental variables (Legendre &

Legendre, 1998) with variables previously log-trans-

formed (except pH) and standardized. Axis retention

was evaluated under the Broken-Stick criterion (Jack-

son, 1993).

We constructed a presence–absence matrix derived

from a quantitative matrix that contained 155 species

and 24 samples (six lakes 9 four sampling periods).

We used the Sørensen index (bsor; Legendre &

Legendre, 1998) to calculate pairwise dissimilarity in

species composition between all samples (276 dis-

similarity values). The distance matrix among species

functional traits was calculated using a modification of

Gower distance, the coefficient of distance for mixed

variables proposed by Pavoine et al. (2009). This

distance matrix was transformed into a dendrogram

using the method of average linkage clustering

(UPGMA). This dendrogram was used along with

the species presence–absence matrix to calculate

pairwise functional dissimilarity between samples

through the Sørensen index (bsor) adapted to func-

tional traits (Melo, 2013).

Pairwise environmental dissimilarity was calcu-

lated using Euclidean distance after centering each

variable by its mean and scaling each variable by its

standard deviation (Legendre & Legendre, 1998). The

spatial distance between all pairs of samples was

obtained by calculating the Euclidean distance using a

matrix of geographical coordinates. A Euclidean dis-

tance matrix between sampling periods (i.e., number

of months apart) was generated to take into account the

temporal variation in the dataset.

The partition of bsor (total dissimilarity, calculated

as specified above) in two components that account for

the turnover-resultant dissimilarity (bsim) and for the

dissimilarity due to differences in richness (nested-

ness-resultant component, bnes) was carried out

according to Baselga & Orme (2012) for species

dissimilarity and according to Melo (2013) for func-

tional dissimilarity. In this method, the turnover

component is obtained by calculating the Simpson

dissimilarity index, while the nestedness-resultant

component is the difference between bsor and bsim.

We conducted separated partitions to analyze patterns

for either spatial or temporal scales. To decompose

dissimilarities in space, we calculated bsim and bnes
for all pairs of lakes within the same sampling period,

totaling 60 bsim and bnes values (15 pairwise

comparisons between lakes 9 four sampling periods).

We also calculated bsim and bnes at the temporal

scale for all pairs of sampling periods within the same

lake, totaling 36 bsim and bnes values (six pairwise

comparisons between sampling periods 9 six lakes).

Two-tailed paired t tests were used to test for

differences between the turnover and the nestedness-

resultant components separately at the spatial and

temporal scales for each type of dissimilarity (species

and functional). Size effects of t tests were calculated

using Cohen’s d measure for paired samples t test

(Cohen, 1988).

The relationship between species and functional

dissimilarity was accessed through aMantel test (1000

Hydrobiologia (2016) 763:237–247 241
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permutations) on the Sørensen dissimilarity matrices.

We used multiple regressions on distance matrices

(MRM;Legendre et al., 1994; see also Lichstein, 2007)

to evaluate whether total dissimilarity (bsor) in species
or functional composition is explained by environ-

mental dissimilarity, geographic distance, and time.

The significances of regression coefficients and coef-

ficients of determination were evaluated with 10,000

permutations. Before MRMs, we selected the environ-

mental dissimilarity matrix with maximum Spear-

man’s rank correlation with each biotic dissimilarity

matrix among all possible combinations of subsets of

environmental variables (BioEnv approach; Clarke &

Ainsworth, 1993). The selected variables were total

nitrogen and orthophosphate for both species

(r = 0.26) and functional (r = 0.19) dissimilarity.

To evaluate whether functional dissimilarity is

greater or less than expected given the species

dissimilarity, we generated a null model in which

species labels were randomized across tips of the

dendrogram. We randomly selected 1000 iterations

from the trait dendrogram and, for each iteration, we

calculated the Sørensen index (as described above) to

create a null distribution for the expected functional

dissimilarity. This null model maintains intact the

sample-by-species matrix (i.e., community composi-

tion, species richness, and species dissimilarity are

maintained) as it only randomizes the functional

similarity among species (a similar null model was

used by Swenson et al., 2011). We calculated the

observed functional dissimilarity for each of the 276

pairs of samples (using a trait dendrogram and the

Sørensen index, as described above) and the equiva-

lent average of 1000 values of functional dissimilarity

generated by the null model to obtain one set of 276

pairs of functional dissimilarity (the observed value

and its respective expected value under the null

model). Then, we conducted a two-tailed paired

t test to test whether observed functional dissimilarity

was greater or less than expected given species

dissimilarity. Here, instead of comparing each

observed value to the distribution of the simulated

functional dissimilarity separately for all the 276

pairwise comparisons, we opted to conduct a paired

t test so that the results would highlight the pattern for

the complete dataset and not for each pairwise

comparison separately. A similar approach was used

by Schneck et al. (2011b) and by Both & Melo (2015)

for other randomization tests.

Results were similar between the full dataset and

after excluding rare species (less than 1% abundance

in one sample), and thus we are showing only results

from analyses including the full dataset. All analyses

were carried out using R platform (R Core Team,

2014). Packages ade4 (Chessel et al., 2004) and

picante (Kembel et al., 2010) were used to construct

the distance functional matrix and dendrogram, beta-

part (Baselga et al., 2013) and CommEcol (Melo,

2013) to partition species and functional dissimilarity,

respectively, vegan (Oksanen et al., 2013) for Mantel

test and BioEnv, ecodist (Goslee & Urban, 2007) for

MRM, and stats for t tests.

Results

The first axis explained 36% of the total variation in

the limnological data and had pH (r = -0.69),

turbidity (r = -0.53) and total phosphorus

(r = -0.33) as the most-related environmental vari-

ables. The second axis explained 23% of the variation

and was positively correlated with pH (r = 0.62) and

negatively correlated with turbidity (r = -0.47),

orthophosphate (r = -0.35), and total phosphorus

(r = -0.34). In general, the lakes were ordinated

according to the sampling period (Fig. 3). In S1 and

S4, the lakes were characterized by higher values of

nutrients, turbidity, and conductivity than in S2 and S3

(Fig. 3). In S2, all lakes had higher values of pH and

total solids, while at S3 the lakes had more transparent

waters (Fig. 3).

At the spatial scale, mean total species dissimilarity

(bsor) was 0.54 ± 0.14 and mean total functional

dissimilarity was 0.26 ± 0.07. At the temporal scale,

mean total species dissimilarity was 0.47 ± 0.13 and

mean total functional dissimilarity was 0.23 ± 0.09.

The turnover component was significantly greater than

the nestedness-resultant component at the spatial scale

for both species (t = 16.90, P\ 0.001, size

effect = 2.18) and functional dissimilarity (t = 5.77,

P\ 0.001, size effect = 0.74) (Fig. 4) and at the

temporal scale also for both species (t = 12.87,

P\ 0.001, size effect = 2.15) and functional dis-

similarity (t = 2.74, P = 0.009, size effect = 0.46),

being responsible for 83.2, 66.4, 82.1, and 61.7% of

the mean total dissimilarity, respectively (Fig. 4).

Species and functional dissimilarities showed a

positive but weak correlation (Mantel test, r = 0.627,
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P = 0.001). However, both species dissimilarity and

functional dissimilarity were not significantly

explained (R2 = 0.07, P = 0.184; R2 = 0.02,

P = 0.649, respectively) by either environmental

dissimilarity (standardized partial regression coeffi-

cient b = 0.23, b = 0.13, respectively), spatial dis-

tance (standardized partial regression coefficient

b = -0.09, b = 0.03, respectively), or time (stan-

dardized partial regression coefficient b = 0.03,

b = 0.01, respectively).

Functional dissimilarity differed from random

expectations given the observed species dissimilarity

(t = 12.55, P\ 0.001). Functional dissimilarity

(mean = 0.26 ± 0.07) was greater than expected by

the null model (mean = 0.22 ± 0.05), with a mean of

the differences of 0.04 (Fig. 5).

Discussion

Our results showed similar patterns in species and

functional dissimilarities. First, we found a greater

contribution of the turnover component than of the

nestedness-resultant component for both species and

functional dissimilarities at space and time. This

indicates that each lake contributes similarly to the

overall species and traits pool, since the biotic

dissimilarity between lakes and between sampling

periods is mainly caused by species and traits substi-

tution and not by differences in richness (e.g., Villéger

et al., 2013). Moreover, the positive correlation

between species and functional dissimilarities indi-

cates a low functional redundancy among species from

the regional pool. Some studies on lotic ecosystems

have already shown that the covariation between trait-

based and taxonomic patterns may have similar

geographical variation (Heino et al., 2007; Heino

et al., 2013), depending of the spatial extent of the

study area, environmental conditions, and species

distribution (Heino et al., 2013). Here, we lack

evidence of which factors are responsible for this

positive correlation since our results did not show any

significant relationship between species/functional

dissimilarity and environmental dissimilarity, spatial

distance, or time.

The lack of evidence of environmental, spatial, or

temporal effects on periphytic algal communities for

both species and functional dissimilarity was not an

expected result (but see Nabout et al., 2009 for a

similar result). Among all results, the lack of a spatial

effect is the most expected to occur, since microor-

ganisms have high dispersal abilities and thus a low

rate of distance decay in similarity is expected (Nekola

& White, 1999; but see Wetzel et al., 2012). On the

other hand, the relevance of environmental hetero-

geneity in shaping the structure of communities of

microorganisms has been shown for various aquatic

environments (De Bie et al., 2012; Algarte et al., 2014;

Padial et al., 2014; Dunck et al., 2015). Environmental

filters may restrict the occurrence of species to the

environmental conditions of the habitats, and higher

variety of environmental conditions provides more

variety of niches, leading to variation in species

composition among localities (Chase & Leibold,

2003; Leibold et al., 2004).

Our results could be explained by the small spatial

extent of the study (the two most distant lakes are

*20 km away) and by the high connectivity among

environments in the floodplain such that the lakes are

environmentally homogeneous and the landscape has

no limitation to the dispersal of algae. However,

temporal differences in water level and limnological

characteristics of the lakes occurred within the

9 months of this study (as highlighted by the PCA in

Fig. 3), but such temporal variations had no effects on

the biotic dissimilarity. This result contradicts the

expectation that temporal variation strongly affects the

Fig. 3 Site scores derived from a principal component analysis

applied to the environmental variables. Arrows indicate the

Pearson correlations between original variables and ordination

scores. (Lakes L1 Peroba, L2 Capivara, L3 Patos, L4 Jacaré, L5

Cervo, L6 Sumida, S1 March, S2 June, S3 September and, S4

December, pH, CON conductivity, SEC Secchi depth, TUR

turbidity, MST total solids, ALK total alkalinity, NT total

nitrogen, PO4 orthophosphate, PT total phosphorus)
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structure of communities at floodplain ecosystems

trough seasonal flood pulses (Thomaz et al., 2007).

Thus, it could be suggested that environmental

selective factors, such as seasonal changes on water

level and on limnological characteristics, may not be

important for understanding dissimilarities in algal

communities in the Upper Paraná River floodplain, at

least in the spatial scale of this study and under the

regulated water discharge regime imposed by hydro-

electric dams. In this floodplain, floods present some

stochasticity because of regulation by dams, which

change the frequency, duration, and amplitude of the

floods, the connectivity between the main river and the

marginal lakes, and the depths of these environments

(Agostinho et al., 2004; Thomaz et al., 2007). The

water regulation by reservoirs causes large daily

fluctuations on the discharge and water level (up to

1.0 m) of Paraná River (Souza-Filho & Stevaux,

2004). Such unpredictable disturbances by floods and

water level fluctuations may be important factors

driving local colonization and extinction events in this

floodplain, being thus the driving forces behind the

diversity patterns observed in this study. Evidence

from other studies suggests that the pervasive effects

of floods may obscure the effects of other environ-

mental factors. For instance, it has been shown that the

disturbance caused by a managed flood regime at a

Swiss floodplain river was not uniform among floods,

Fig. 4 Box-and-whisker plots of species dissimilarity (1) and
functional dissimilarity (2) of periphytic algal communities

partitioned into its turnover and nestedness-resultant compo-

nents at the spatial scale (A) and the temporal scale (B) at four

sampling periods. The heavy line shows the median, box ends

show quartiles, whiskers show 95% confidence interval, and

open circles show outliers
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causing high variation in biomass patterns among

years (Uehlinger et al., 2003). Moreover, recent

studies on the Upper Paraná River floodplain also

suggested that the regulated water discharge regime

may override the expected effect of natural flood pulse

regimes on different biological communities (e.g.,

Padial et al., 2014).

Important evidence that the assembly of the studied

periphytic algal communities is regulated by deter-

ministic processes is that functional dissimilarity was

not random given species dissimilarity. According to

Swenson et al. (2011), if the replacement of species

between two communities is functionally not random

such that the species in the communities are function-

ally more divergent than expected, dissimilarity could

not be explained solely by dispersal limitation but by

environmental gradients that strongly influence the

replacement of species functional strategies and the

assembly of communities. Thus, the fact that peri-

phytic algal communities are functionally more

dissimilar in space and time than expected given the

observed species dissimilarity indicates that determin-

istic processes related to environmental gradients are

shaping the functional organization of these algal

communities. However, the environmental variables

included in our analyses were not able to highlight the

underlying environmental gradient, probably caused

by stochastic events of the flood pulse, indicating that

future studies should try to control effects of stochastic

events in an attempt to elucidate whether such

approach could be able to enhance the explanation

of the variation in the community composition of

periphytic algae from floodplain lakes.

In summary, our main finding is that functional

dissimilarity of periphytic algal communities differs

from null expectations, that is, community assembly

was deterministic with respect to traits. This result

emphasizes the importance of evaluating both species

and functional dissimilarities. Moreover, we found

that each lake contributes similarly to the overall

species and traits pool (predominance of the turnover

component over the nestedness-resultant component),

such that conservation efforts aiming just a few lakes

may not be effective in protecting all the regional algal

species pool. These results highlight the importance of

studies comparing species and functional dissimilar-

ities at both spatial and temporal scales to reach a

better understanding of the organization of periphytic

algal communities.
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Paraná River floodplain. Archiv für Hydrobiologie 151:

511–525.

Both, C. & A. S. Melo, 2015. Diversity of anuran communities

facing bullfrog invasion in Atlantic Forest ponds. Biolog-

ical Invasions 17: 1137–1147.

Chase, J. M. &M. A. Leibold, 2003. Ecological Niches. Linking

Classical and Contemporary Approaches. University of

Chicago Press, Chicago Press.

Chessel, D., A. B. Dufour & J. Thioulouse, 2004. The ade4

package-I- One-table methods. R News 4: 5–10. http://

www.r-project.org/doc/Rnews/bib/Rnewsbib.html.

Clarke, K. R. & M. Ainsworth, 1993. A method of linking

multivariate community structure to environmental vari-

ables. Marine Ecology-Progress Series 92: 205–219.

Cohen, J., 1988. Statistical power analysis for the behavioral

sciences. Lawrence Erlbaum Associates, Hillsdale.

De Bie, T., L. De Meester, L. Brendonck, K. Martens, B.

Goddeeris, D. Ercken, H. Hampel, L. Denys, L. Vanhecke,

K. Van der Gucht, J. Van Wichelen, W. Vyverman & S.

A. J. Declerck, 2012. Body size and dispersal mode as key

traits determining metacommunity structure of aquatic

organisms. Ecology Letters 15: 740–747.

Dunck, B., J. C. Bortolini, L. C. Rodrigues, S. Jati, S. Train & L.

Rodrigues, 2013. Flood pulse drives functional diversity

and adaptative strategies of planktonic and periphytic algae

in isolated tropical floodplain lake (Brazil). Brazilian

Journal of Botany 36: 257–266.

Dunck, B., E. Lima-Fernandes, F. Cássio, A. Cunha, L. Rodri-
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Utermöhl, H., 1958. Zur Vervollkommnung der quantitativen

phytoplankton-methodic. Internationale Vereinigung für

Theoretische und Amgewandte Limnologie 9: 1–39.
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