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Abstract
Metacommunity studies using the deconstruction approach based on biological traits have received a great deal of attention in 
recent years as they often better describe characteristics of the species that reflect adaptations to a specific environment. This 
approach has not yet been used for ostracods, which are nevertheless highly diverse crustaceans and abundant in continental 
aquatic environments. Here, we investigate the influence of environmental and spatial factors on the metacommunity structure 
of periphytic ostracods in 27 tropical floodplain lakes in the Upper Paraná River floodplain (Brazil). An analysis of variance 
partitioning was used to estimate the relative importance of these factors (environmental and spatial) on both the entire com-
munity as well as after its deconstruction according to the biological traits (size and locomotion mode). Ostracods, regardless 
of body size, are good dispersers at regional scales. In addition, as expected, swimming ostracods were better dispersers 
at local scales than non-swimmers, which were influenced mainly by the diversity of aquatic macrophytes. Environmental 
factors (species sorting mechanism) seem important in structuring the entire ostracods metacommunity, as well as for most 
categories of biological traits. The unexplained variability remained high showing that other variables, not measured here, 
must be important. The analysis based on deconstruction, when compared to the analysis based on the metacommunity as a 
whole, contributed to a better assessment of ostracod metacommunity structuring.

Keywords Microcrustacean · Dispersal · Body size · Aquatic vegetation · Partitioning · Upper Paraná River floodplain

Introduction

For several decades, it was thought that environmental 
events at local scales (Ricklefs 1987), such as habitat con-
ditions, predation and competition, determined biological 
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community structuring (Leibold et al. 2004; Heino et al. 
2015). However, currently it is known that local species 
diversity is also affected by ecological events at regional 
scales, such as dispersal potential, geological settings and 
climate (Göthe et al. 2016). Understanding the relevance 
of both environmental (local) and spatial (regional) factors 
determining community structuring is the aim of the meta-
community approach (Alahuhta et al. 2014). Here, we define 
a metacommunity as “a set of local communities that are 
linked by dispersal of multiple potentially interacting spe-
cies” (Leibold et al. 2004).

Four main paradigms were proposed to explain metacom-
munity processes: species sorting, patch-dynamic, mass 
effect and neutral processes (Leibold et al. 2004; Gronroos 
et al. 2013). However, Logue et al. (2011) proposed to inte-
grate these perspectives in future research on metacom-
munity ecology, since they are not mutually exclusive and 
different processes may act simultaneously in a metacom-
munity (Gravel et al. 2006). Species sorting integrates niche 
explanations (Hájek et al. 2011), where the abiotic features 
filter the set of species co-occurring in each patch, provided 
there is sufficient dispersal so that the species can follow 
the environmental variation (Leibold et al. 2004). Patch-
dynamic and mass effect paradigms integrate the dispersal 
events: which are either limited or efficient, respectively 
(Hájek et al. 2011). In the neutral paradigm, finally, species 
are equivalent and both random and stochastic events of dis-
persal, extinction, speciation and colonization are responsi-
ble for structuring communities (Hubbell 2001).

Moreover, some authors have suggested that mass effects 
and patch-dynamics are only special cases of species sorting, 
according to the levels of dispersal capacity of the species 
concerned (Winegardner et al. 2012). Thus, in a simplistic 
way, metacommunity studies should be directed towards the 
roles of species sorting and dispersal, which are seen as the 
fundamental structuring processes in all metacommunities 
(Lindström and Langenheder 2012; Heino et al. 2015).

In general, the action and relevance of these structuring 
processes depends mainly on the characteristics of the bio-
logical groups under study (Pandit et al. 2009). As such, 
the “deconstruction approach” has been used and consists 
of separating the matrices of different species according to 
the biological traits of these organisms (Silva and Hernán-
dez 2015). Approaches based on species traits has great 
potential, because such specific characteristics often relate 
to adaptations to a specific environment (Hoeinghaus et al. 
2007; Heino et al. 2015). For example, studies targeting 
groups of species classified according to dispersal mode 
(passive/weak or active/strong) have found that spatial 
effects are more important for the weak dispersers than 
for strong dispersers (Hájek et al. 2011; De Bie et al. 2012; 
Padial et al. 2014). In addition to the dispersal mode, other 
traits such as body size (Astorga et al. 2012; De Bie et al. 

2012), reproduction mode (Landeiro et al. 2014) and rar-
ity (Pandit et al. 2009; Siqueira et al. 2011; Alahuhta et al. 
2014; Petsch et al. 2015) have also been considered.

Freshwater ecosystems in general are excellent model 
systems to evaluate metacommunity dynamics, since they 
combine high environmental heterogeneity, with great 
variation in the connectivity and spatial extension of their 
environments (Heino 2011; Heino et al. 2014). Riverine 
floodplains are particularly good examples of systems fea-
turing such characteristics, in addition to a generally high 
biodiversity (Agostinho et al. 2004). Ostracods are abun-
dant in such ecosystems and inhabit a variety of habitats, 
such as benthic regions, littoral and submerged macro-
phyte stands, as well as the roots of floating aquatic mac-
rophytes (Higuti et al. 2007; Liberto et al. 2012; Higuti 
and Martens 2016). In the latter case, such root systems 
provide food, shelter from predators and general substrates 
for reproduction (Thomaz and Cunha 2010).

Ostracods are small microcrustaceans ranging from c 
0.3–c 5 mm in the Neotropical, and all species disperse 
exclusively in a passive way over long distances, either 
as torpid juveniles and adults or as drought resistant eggs 
(Meisch 2000; Martens et al. 2008). However, there are 
major differences in the locomotion mode, as some spe-
cies can swim (with long natatory antennal setae), while 
other species lack such natatory setae and can only move 
by crawling over substrates (Meisch 2000) and this can 
make a difference at smaller scale dispersal. Recent studies 
on ostracod metacommunities (Escrivà et al. 2015; Zhai 
et al. 2015; Castillo-Escrivà et al. 2016a, b, c, 2017) have 
evaluated entire communities as such, but did not focus on 
individual biological traits.

Here, we investigate the effects of environmental and 
spatial factors on ostracod metacommunity structure. We 
first analyse the entire community and subsequently apply 
deconstruction according to the biological traits (body size 
and locomotion mode). We address two questions: (1) are 
ostracods of different body sizes and locomotion mode 
influenced by different factors? and (2) does the decon-
struction analysis based on biological traits increase the 
explanatory power of the environmental and spatial factors 
on ostracod metacommunity structure?

Taking into account the dispersal mode of ostracods 
(passive) and based on the assumption that the increas-
ing body size decreases the possibilities for passive long-
distance dispersal of the organisms (De Bie et al. 2012), 
we expect that the larger the body size of ostracods, the 
greater the influence of the spatial factors. In addition, 
swimming ostracods are expected to be better dispersers 
at local scales than non-swimmers and will be more influ-
enced by environmental factors. Finally, we also evaluate 
the ostracod species composition on different macrophyte 
species.
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Materials and methods

Study site

The Paraná River is the second largest river in South 
America (4695 km long), as well as the tenth largest river 
in the world in terms of water discharge and the fourth 
in drainage area (2.8 × 106 km2) (Agostinho et al. 2008). 
The Upper Paraná River includes approximately the first 
third of the Paraná River Basin with a drainage area of 
891,000 km2 or 10.5% of the total area of Brazil (Ago-
stinho et al. 2008).

The present study was carried out in the Upper Paraná 
River floodplain, which is approximately 60 km long and 
20 km wide, between Porto Primavera Dam and beginning 
of the Itaipu Reservoir. This floodplain comprises three 
systems of different rivers: Ivinhema, Paraná and Baía, 
each with peculiar abiotic characteristics (Souza-Filho 
2009). In each system, nine lakes permanently connected 

to the main rivers were selected for the present study 
(Fig. 1).

Sampling and laboratory analysis

The sampling of ostracod communities associated with 
aquatic macrophytes was performed from January 31st to 
February 2nd, 2011 in 27 lakes of the Upper Paraná River 
floodplain. Ten aquatic macrophyte species were used in this 
study (see Table 1), and distributed over five types: (1) free-
floating macrophytes: Eichhornia crassipes (Mart.), Sal-
vinia auriculata Aubl., Salvinia herzogii (La Sota) Solms, 
Salvinia minima Baker and Limnobium laevigatum (HBK 
ex Willd.) Heine; (2) fixed macrophytes: Nymphaea ama-
zonum Mart. Et Zucc.; (3) rooted macrophytes: Eichhornia 
azurea Kunth and Hydrocotyle ranunculoides L.; (4) free 
submerged macrophytes: Utricularia foliosa L.; (5) rooted 
submerged macrophytes: Egeria najas Planch. The richness 
of macrophytes was considered as the number of species of 
macrophytes found in each lake.

Fig. 1  Location of the studied lakes of the Upper Paraná River floodplain. The symbols differentiate the systems: Ivinhema (squares 1–9), Par-
aná (triangles 10–18) and Baía (circles 19–27)
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The aquatic macrophytes were removed manually from 
the water, transferred to a plastic bucket (Campos et al. 
2017) and either the entire plants (in the case of Salvinia 
spp., N. amazonum, U. foliosa, E. najas) or only the roots 
(for Eichhornia spp., L. laevigatum, H. ranunculoides) were 
washed to remove the ostracods. The roots or whole plants 
were placed in plastic bags, dried and weighed in the lab to 
calculate ostracod densities (dividing the total number of 
organisms by the dry weight of the roots/whole plants). The 
material retained in the bucket was washed through a hand 
net with 160 µm mesh size and preserved in 70° ethanol 
buffered with sodium tetraborate.

Samples were divided with a Folsom fractionator and ¼ 
of the sample was quantified to estimate densities. However, 
the complete sample was used to estimate richness and abun-
dance of species which were not recorded in the subsample. 
Ostracods were sorted using a stereoscopic microscope and 
were identified down to species level using specialized lit-
erature (see Martens and Behen 1994 and articles included 
therein; Rossetti and Martens 1998; Higuti et  al. 2013; 
Higuti and Martens 2012a, b, 2014).

Several chemical and physical variables were measured 
in situ, such as pH and electrical conductivity (µS cm−1) 
(YSI 63), dissolved oxygen (mg L−1) and water temperature 
(°C) (YSI oximeter). The perimeter of the lakes (in km) and 
the estimation of the degree of connectivity (distance of the 
lake from the main river, in km) were obtained through the 
Google Earth ® (2011) image program.

Deconstructing the ostracods community

The biological traits considered were body size and locomo-
tion mode. These traits were subdivided into five categories 
for the formation of the responses matrices:

1. body size: length (L) and height (H) of the ostracod 
carapace was measured using both scanning electron 
microscopy (SEM), and stereoscope microscope. Thus, 
species were categorized as small (L ≤ 0.54 mm and/
or H ≤ 0.32 mm), medium (0.55 ≤ L ≤ 1.32 mm and/
or 0.33 ≤ H ≤ 0.72 mm) and large (L > 1.32 mm and/or 
H > 0.72 mm) (Matsuda et al. 2015);

2. locomotion mode: swimmers (with natatory setae on 
A2) and non-swimmers (without such setae or with 
these setae strongly reduced) (Meisch 2000).

Data analysis

The environmental factors (abiotic and biotic variables) con-
sidered were: pH, electrical conductivity, dissolved oxygen, 
water temperature, perimeter of the lake, degree of connectiv-
ity and richness of aquatic macrophytes. These variables were 
log-transformed, except for pH and richness of macrophytes. 

The spatial factors considered were derived from the matrix 
of the geographic coordinates of the sites, using the PCNM 
method (Principal Coordinates of Neighbor Matrices). The 
axes (eigenvectors) were used as spatial explanatory vari-
ables (Borcard and Legendre 2002). In this analysis, the first 
PCNMs selected represent larger scales of amplitude, whereas 
later PCNMs represent smaller scaling variations.

The relative importance of environmental and spatial 
factors on the metacommunity structure of ostracods was 
analysed using a partial redundancy analysis (pRDA), 
firstly using a density data matrix, with all species and 
subsequently using matrices with each category of biologi-
cal traits. We used the ostracod density matrix (mean of 
the ostracod density of different species of macrophytes in 
each lake) of 27 sample units (lakes). These matrices were 
Hellinger transformed (Peres-Neto et al. 2006), which is an 
appropriate method for matrices comprising a large number 
of zeros (Legendre and Gallagher 2001). The variation of 
the ostracod community was partitioned into a purely envi-
ronmental component (E), a purely spatial component (S), a 
component explained by environmental and spatial factors 
(E∩S) and finally the unexplained variation (R). The impor-
tance of fractions E and S were tested using 999 random 
permutations.

The environmental and spatial factors were selected 
through forward selection, in order to identify which are 
relevant to ostracods and which should be included in the 
analysis (Blanchet et al. 2008). The results were adjusted 
R² values and the components were considered significant 
when p < 0.05.

Subsequently, multivariate non-metric multi-dimensional 
scaling (NMDS) was applied using ostracod density data, 
based on the Bray–Curtis similarity indexes, with the aim 
to rank the ostracod community structure according to each 
species of macrophytes found in the different lakes. The 
difference in ostracods composition amongst the species of 
macrophytes was tested using a permutational analysis of 
variance (PERMANOVA) to the similarity matrix, utiliz-
ing 999 permutations. Significant results of PERMANOVA 
were submitted to pair-wise comparisons to determine which 
plants were important in relation to ostracod species compo-
sition. Analyses were performed using statistical software R 
and Vegan package (R Core Team 2014). The figures were 
drawn using the program Statistica 7.1 (StatSoft Inc. 2005) 
and PowerPoint.

Results

Ostracod species composition and biological traits

We recorded 37 species of ostracods, belonging to four 
families: Cyprididae, Candonidae, Limnocytheridae and 
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Darwinulidae (Table 2). According to the trait “body size”, 
9 species were classified as small, 20 as medium and 8 as 
large. For the trait “locomotion”, 28 species were classi-
fied as swimmers and 9 as non-swimmers (Table 2).

Environmental and spatial factors

The significant variables selected with the forward selec-
tion analysis were pH, water temperature, dissolved oxygen, 

Table 2  Biological traits of the ostracods species associated with aquatic macrophytes

Height measurements (H) and carapace length (L), body size categories and locomotion mode

H (mm) L (mm) Size Locomotion mode

Family Cyprididae
 Diaphanocypris meridana (Furtos, 1936) 0.55 1.30 Medium Swimmer
 Stenocypris major Braid, 1985 0.65 1.59 Large Swimmer
 Stenocypris malayica Victor & Fernando, 1981 0.55 1.14 Large Swimmer
 Strandesia psittacea (Sars, 1901) 0.87 1.61 Medium Swimmer
 Strandesia cf. psittacea sp. 2 0.96 1.50 Large Swimmer
 Strandesia mutica (Sars, 1901) 0.75 1.46 Large Swimmer
 Strandesia variegata (Sars, 1901) 0.75 1.32 Large Swimmer
 Strandesia tolimensis Roessler, 1990 0.58 0.91 Medium Swimmer
 Strandesia lansactohai Higuti & Martens, 2013 (in Higuti et al. 2013) 0.51 0.97 Medium Swimmer
 Strandesia velhoi Higuti & Martens, 2013 (in Higuti et al. 2013) 0.68 1.14 Medium Swimmer
 Strandesia nupelia Higuti & Martens, 2013 (in Higuti et al. 2013) 0.61 1.04 Medium Swimmer
 Strandesia sp. 9 n.sp 0.57 1.15 Medium Swimmer
 Strandesia sp. 10 n.sp 0.38 0.96 Medium Swimmer
 Bradleystrandesia trispinosa (Pinto & Purper, 1965) 0.56 0.94 Medium Swimmer
 Cabelodopsis hispida (Sars, 1901) 0.53 0.89 Medium Swimmer
 Bradleytriebella lineata (Victor & Fernando, 1981) 0.32 0.62 Medium Swimmer
 Cypricercus centrura (Klie, 1940) 0.54 1.18 Medium Swimmer
 Chlamydotheca deformis (Farkas, 1958) 1.46 2.33 Large Swimmer
 Chlamydotheca iheringi (Sars, 1901) 2.04 3.21 Large Swimmer
 Chlamydotheca cf. iheringi sp. 2 1.84 2.96 Large Swimmer
 Cypretta costata G. W. Muller, 1898 0.50 0.66 Medium Swimmer
 Cypretta sp. 2 n.sp 0.28 0.40 Small Swimmer
 Cypridopsis vidua O.F. Müller, 1898 0.4 0.64 Medium Swimmer
 Cypridopsis cf. vidua sp. 2 0.32 0.53 Small Swimmer
 “Cypridopsis” sp. 1 n.gen. n.sp 0.28 0.51 Small Swimmer
 “Cypridopsis” sp. 2 n.gen. n.sp 0.17 0.38 Small Swimmer
 Neocypridopsis nana (Sars, 1901) 0.25 0.35 Small Swimmer

Family Candonidae
 Candobrasilopsis brasiliensis Sars, 1901 0.49 0.97 Medium Non-swimmer
 Candobrasilopsis rochai Higuti & Martens, 2012 0.35 0.75 Medium Non-swimmer
 Candobrasilopsis elongata Higuti & Martens, 2014 0.44 0.99 Medium Non-swimmer
 Pseudocandona agostinhoi Higuti & Martens, 2014 0.33 0.66 Medium Non-swimmer
 Pseudocandona cillisi Higuti & Martens, 2014 0.38 0.67 Medium Non-swimmer
 Physocypria sp. 1 n.sp 0.38 0.53 Small Swimmer

Family Limnocytheridae
 Cytheridella ilosvayi Daday, 1905 0.48 0.78 Medium Non-swimmer

Family Darwinulidae
 Alicenula serricaudata (Klie, 1935) 0.21 0.52 Small Non-swimmer
 Vestalenula pagliolii (Pinto & Kozian, 1961) 0.22 0.48 Small Non-swimmer
 Penthesilenula brasiliensis (Pinto & Kozian, 1961) 0.21 0.45 Small Non-swimmer
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electrical conductivity and richness of macrophytes. In addi-
tion, regarding the spatial factor, 14 PCNMs (eigenvectors) 
were derived and those selected are summarized in Table 3.

The pRDA analysis showed a significant influence of 
the environmental factors for the community as a whole, 
for species with medium and large body sizes, and for both 
swimming and non-swimming ostracods. On the other hand, 
the spatial effect was significant only for the swimming and 
non-swimming categories (Table 3).

Regarding the relative contributions (the adjusted R2), 
for the community as a whole, the percentage of potential 
explanation was 4% for environmental and 2% for spatial 
factors (Fig. 2a). Similarly, environmental factors were more 

pronounced to medium (5%) and large-sized (25%) in rela-
tion to the spatial factor (2 and 1%, respectively) (Fig. 2c, d). 
Both environmental and spatial factors had low explanatory 
power for small-sized organisms (Fig. 2b). Environmental 
factors were more important for swimmers (11%) and spatial 
factors for non-swimmers (19%) (Fig. 2e, f). Furthermore, 
the distribution of small (8%) and large-sized (10%) and 
swimming organisms (11%) was attributed to the shared 
fraction of environmental and spatial factors.

The multivariate non-metric multi-dimensional scal-
ing (NMDS) analysis showed distinct ostracod commu-
nity structures according to the species of macrophytes, 
while some clustering was observed (Fig. 3), confirmed by 

Table 3  Results of the partial 
redundancy analysis (pRDA) 
for the ostracod community as a 
whole and deconstructed for the 
different biological traits

P significance level, E environmental factor, S spatial factor, DO dissolved oxygen, WT water temperature, 
EC electrical conductivity, Ric richness of macrophytes. Values in bold were significant P < 0.05. Values of 
the adjusted R2 < 0 have not been shown

Pure E Pure S Unexplained Selected variables

P Adj.  R2 P Adj.  R2 Adj. R2 E S

 All taxa 0.036 0.04 0.164 0.02 0.89 DO pcnm 1
Body size
 Small 0.671 - 0.073 0.06 0.88 pH pcnm 2,6
 Medium 0.032 0.05 0.140 0.02 0.88 DO pcnm 1
 Large 0.028 0.25 0.320 0.01 0.64 pH, EC pcnm 9

Locomotion mode
 Swimmers 0.046 0.11 0.039 0.06 0.72 DO, WT, pH, Ric pcnm 1,3
 Non-swimmers 0.001 0.07 0.001 0.19 0.72 DO pcnm 2,4

Fig. 2  Venn diagrams showing the relative contributions (% of expla-
nation) of environmental (E), spatial (S) factors and unexplained frac-
tion (R) of the community as a whole (a); small (b), medium (c) and 

large (d) body size; swimmer (e) and non-swimmer (f) locomotion 
mode. Bold values were significant. Values < 0 have not been shown
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PERMANOVA analysis (pseudo-F = 3.140; p < 0.001). The 
ostracod species composition associated with Eichhornia 
crassipes (Ec) was different from all other macrophyte spe-
cies, except Egeria najas (En) (see all pair-wise comparisons 
in supplementary material Table S1).

Discussion

Ostracod metacommunities as a whole, as well as the decon-
structed metacommunities, were structured by distinct fac-
tors. However, a higher explanatory power of the environ-
mental or spatial factors was observed for some categories 
of the biological traits, such as “large-sized”, as compared to 
the entire metacommunity. This is in agreement with the fact 
that the use of biological traits in metacommunity analyses 
captures environmental gradients more efficiently (Göthe 
et al. 2016) and consequently increases the explanatory 
power of the environmental or spatial factors. The analyses 
based on biological traits was thus useful to assess the struc-
ture of ostracod metacommunities, and comparable to other 
studies on aquatic macrophytes, macroinvertebrates and ver-
tebrates (anurans and fish) (Landeiro et al. 2014; Silva and 
Hernández 2015; Göthe et al. 2016 respectively). However, 
Algarte et al. (2014) showed that deconstruction based on 
biological traits of periphytic algae was not relevant to the 
understanding of the mechanisms that drove this metacom-
munity, compared to the analysis of the community as a 
whole, as both were influenced by environmental factors. 
Thus, the usefulness of biological traits strongly depends 
on the biological group and on the approach considered. 
Göthe et al. (2016) compared traits composition vs. species 

composition of aquatic macrophytes, macroinvertebrates and 
fish, and showed higher importance of environmental varia-
tion and trait composition than species composition. On the 
other hand, a study using species of aquatics insect, found 
that niche position was strongly related with the species dis-
tributions, whereas biological traits or taxonomic relatedness 
of species were less relevant (Heino and Mendoza 2016).

Natural systems present great variation in environmen-
tal and spatial processes at many temporal scales (Van-
schoenwinkel et al. 2007) and studies have shown that for 
some organisms in subtropical freshwater systems, the fac-
tors that determine the metacommunities’ structure may 
change over time (Fernandes et al. 2014; Wojciechowski 
et al. 2017). In this way, snapshot surveys (a single sample 
in time) should be interpreted carefully. In floodplains, the 
hydrological pulses (either natural (local climate) or artifi-
cial (upstream reservoirs)) are the main factors responsible 
for changes in the biotic and abiotic characteristics of the 
environments (Junk and Sparks 1989). However, the ostra-
cod community associated with aquatic macrophytes has 
been demonstrated to be temporally persistent over time 
during regular flood pulses, with deviations only occurring 
during extreme pulses, in the upper Paraná River flood-
plain (Higuti et al. 2007; Conçeição et al. 2018). Thus, 
owing to the temporal persistence of ostracod communities 
in the environments, we can infer that snapshot samples 
may truly represent the structure of ostracod metacom-
munities in this floodplain.

Ostracod metacommunities as a whole

In the present study, the total ostracod metacommunity 
was influenced mainly by environmental factors. Thus, the 
species sorting mechanism seems to be important for the 
structuring of the community. This implies that the dispersal 
potential of the species in these communities was sufficient 
for them to occur only in environments with ecological char-
acteristics that meet their requirements (Gonzalez 2009). 
Indeed, ostracods are generally excellent passive dispersers, 
as eggs, juveniles and adults can be carried by waterfowl, 
fish, plants and wind (Meisch 2000; Brochet et al. 2010; 
Pereira et al. 2017).

The explanatory power of the environmental and spatial 
factors was relatively low (11%) compared to other studies 
on ostracod metacommunities in lentic environments (Zhai 
et al. 2015; Castillo-Escrivà et al. 2016b, c). Therefore, other 
variables, not measured here, must be important as men-
tioned by Lindström and Langenheder (2012). For example, 
biological interactions and stochastic processes, as predicted 
by the neutral paradigm in metacommunity analyses, can 
also be responsible for the structuring of metacommunities 
(Chase 2007; Nabout et al. 2009).
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Fig. 3  Multivariate analysis of Non-Metric Multi-Dimensional Scal-
ing (NMDS) based on the density of ostracods in different species 
of macrophytes: Eichhornia crassipes (Ec), Salvinia minima (Sm), 
Nymphaea amazonun (Na), Salvinia herzogii (Sh), Egeria najas (En), 
Limnobium laevigatum (Ll), Utricularia foliosa (Uf), Eichhornia azu-
rea (Ea), Salvinia auriculata (Sa), Hydrocotyle ranunculoides (Hr)
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Metacommunities and biological traits

Several studies on aquatic communities (from invertebrate 
microorganisms to vertebrates) support the hypothesis that 
larger body sizes imply greater dispersal limitation (De Bie 
et al. 2012; Padial et al. 2014). However, our results contradict 
this pattern and one potential reason for this is that body size 
may interact with locomotion mode, so both of these features 
of organisms should be taken into account (see Heino et al., 
2017). Here, we showed that all large-sized ostracods do have 
swimming behavior (see Table 2), and that it may be the latter 
characteristic that determines dispersal capacity, rather than 
size per sé. Likewise, De Bie et al. (2012) showed the impor-
tance of body size and locomotion mode, and demonstrated 
that small organisms, with efficient passive dispersal, were 
differently influenced by environmental and spatial factors, 
when compared to organisms with the same size, but with 
active dispersal.

In addition, the occurrence of small ostracods was poorly 
described by environmental and spatial factors. Therefore, 
other factors may affect presence or absence of this category 
of species. For example, presence or absence of predators, 
such as fish (Padial et al. 2009), can be highly relevant and 
determines to a large part the community structure of tempo-
rary pools, as well as of hypersaline lakes, in which at least 
vertebrate predators are absent (Martens et al. 2008).

With regard to locomotion mode, there was a difference in 
the influence of spatial factors between swimming and non-
swimming ostracods. This means that locomotion mode is 
important for ostracod dispersal, for example, locally inside a 
lake. Furthermore, there was also a clearer interaction between 
mode of locomotion (swimming ostracods) and richness of 
macrophytes. Most likely, this was owing to the fact that at 
more local scales, higher diversity of macrophytes offers better 
opportunities for swimming ostracod species to select the opti-
mal substrate. Non-swimming species must rely on stochastic 
processes to colonize optimal habitats.

Also, the shared fraction of environmental and spatial 
factors was important in structuring the ostracod metacom-
munities for some categories of biological traits (i.e. small 
and large-sized and swimmers). Some studies have shown 
similar results for ostracod metacommunities as a whole, 
with a shared influence of environmental and spatial factors 
(Escrivà et al. 2015; Castillo-Escrivà et al. 2016a, b). There-
fore, existing species sorting mechanisms can be partially 
limited by dispersal, as was shown by Ng et al. (2009) and 
Lansac-Tôha et al. (2016).

Selected environmental and spatial variables 
and importance of aquatic macrophytes

The selected abiotic variables are important to ostracods. For 
example, water temperature affects life history and body size 

of these organisms (Aguilar-Alberola and Mesquita-Joanes 
2014; Castillo-Escrivà et al. 2016a). Also, some lakes of 
the Upper Paraná River floodplain have large quantities of 
organic matter and the decomposition processes will deplete 
dissolved oxygen (Pagioro and Thomaz 1999). Finally, low 
pH will impede carapace calcification of ostracods (Higuti 
et al. 2010).

The selected spatial variables (PCNMs) confirmed that 
the distance amongst the environments was important for 
the structuring of the metacommunity. Thus, even with the 
reduced explanatory power of the variation (as compared 
to the environmental factor) and in spite of the fact that the 
range of the study area is relatively small (60 km long and 
20 km wide), the spatial factor was still relevant in the struc-
turing of the ostracod metacommunity (i.e. non-swimming 
ostracods). However, it must be emphasized that this ‘spa-
tial-signal’ may be related to spatially structured abiotic or 
biotic variables that are here missing from the data (Heino 
et al. 2015).

The richness of macrophytes was important in the struc-
turing of the swimming ostracod metacommunity. This is 
related to the strong association between ostracods and roots/
plants, which serve as shelter, place of reproduction and for-
aging (Liberto et al. 2012). Similarly, Kiss (2004) found 
that species of aquatic macrophytes affects distribution and 
abundance of ostracods. Previous studies on ostracods in 
the Upper Paraná River floodplain have demonstrated the 
effects of aquatic macrophytes on diversity and abundance of 
ostracods. For example, Higuti et al. (2010) tested the influ-
ence of several ecological factors (habitat types, hydrologi-
cal systems and substrates) on the variation of the ostracod 
community and demonstrated a greater effect of substrate 
type (sediment and aquatic macrophyte species), and strong 
association of several ostracods species with specific mac-
rophytes, such as Eichhornia crassipes and Pistia stratiotes. 
Another recent study evaluated ostracod community com-
position on 10 species of aquatic macrophytes and observed 
a tendency for an association of ostracods, mainly of small 
size and non-swimming, with plants with more complex 
roots, such as E. crassipes (Matsuda et al. 2015). Our present 
results also show a different ostracod community compo-
sition according to macrophyte species and related fractal 
measurements (Matsuda et al. 2015), e.g., between E. cras-
sipes (with greater structural complexity) and E. azurea (less 
complexity) (see Fig. 3).

Summary

The present assessment based on community deconstruction 
was important for the analysis of the studied metacommunity 
of ostracods, because of the greater explanatory power of 
the environmental or spatial factors of some categories of 
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biological traits. Such results contribute to a better assess-
ment of the structuring of metacommunities, when compared 
to results derived from analyses based on the community 
as a whole. The entire ostracod metacommunity and most 
of the organisms selected according to the biological traits 
seem to be influenced by the species sorting mechanism 
(mainly by environmental factors). In addition, the general 
pattern that larger body size necessarily decreases the pos-
sibilities for passive long-distance dispersal of the organisms 
was not corroborated here. Locomotion mode (swimming 
or non-swimming) was more important than size, because 
swimming ostracods may be better dispersers, especially at 
a more local scale. Thus, local variation in the composition 
of aquatic macrophyte communities in floodplain lakes has 
pronounced effect on ostracod community structuring.
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