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Abstract Hydrological regimes are seasonally vari-
able in river-floodplain ecosystems. Thus, since in
these environments the local and regional factors
change at different temporal scales, factors structuring
metacommunities might also differ over time. How-
ever, temporal dynamics of metacommunities have
rarely been assessed. Here, we investigated the
influence of environmental and spatial factors over
time on the metacommunity structuring of periphytic
ostracods in the river-floodplain system of the Upper
Parana River (Brazil). The spatial factors turned out to
be more important than environmental factors, and
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differences in the percentage of explanation of the
factors structuring ostracod metacommunities over
time were significant, mainly during extreme drought
period. Our results showed that the high spatial
influence might be related to the low connectivity
amongst environments during such extreme drought
period, which can increase dispersal limitation, and
consequently can increase the turnover of ostracod
species throughout the region, leading to a higher beta-
diversity of ostracod metacommunities.
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Introduction

Metacommunities are defined as “a set of local
communities that are linked by dispersal of multiple
potentially interacting species” (Leibold et al., 2004).
The metacommunity approach aims to assess the role
of local (e.g., environmental filtering) and regional
(spatial process, e.g., dispersal limitation) factors
structuring communities (Alahuhta et al., 2014). Local
and regional factors can furthermore be variable at
different time scales (Vanschoenwinkel et al., 2010).
Consequently, the patterns of species distribution
(e.g., abundance and composition variation), and the
factors structuring such patterns, can differ over time
(Wojciechowski et al., 2017; Bellier et al., 2014).
Nevertheless, few local communities are sampled over
significant time frames (Wojciechowski et al., 2017)
and many studies have evaluated metacommunities
with snapshot sampling (a single sampling event in
time), as shown by Heino et al. (2015). Such studies
assume that mechanisms influencing metacommunity
structuring do not vary through time and thus
frequently misrepresent the importance of temporal
scales (Fernandes et al., 2014).

Riverine floodplains are excellent freshwater
ecosystems to study metacommunity structure over
time, owing to the presence of temporal variability in
the hydrological regime, mainly related to the varia-
tion in water level (Junk & Sparks, 1989). However,
this fluvial regime in itself is influenced by multiple
factors, such as climatic conditions (Berri et al., 2002)
associated to dam constructions (Souza Filho, 2009).
In the floodplains of southern Brazil, for example, the
high intensity of drought periods might be related to
La Nina phenomena (a phase of the ENSO—EI Nifo-
Southern Oscillation—Berri et al., 2002; Grimm &
Tedeschi, 2009). During flood periods, because of
higher water levels, the higher connectivity amongst
the habitats in floodplains (e.g., river channels, lakes,
and secondary channels) decreases the spatial vari-
ability in relation to abiotic factors (environmental
heterogeneity) (Thomaz et al, 2007). Inversely,
during drought periods, with lower water levels, the
environments are more isolated and disconnected
from each other, thus increasing the abiotic variability
and creating habitats with different characteristics
(Junk & Sparks, 1989). In this way, hydrological
regimes can have large effects on the variability in
species composition (beta-diversity), because during
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drought periods, the replacement of species (turnover)
between the environments is higher, thus decreasing
similarity in community species composition (Lopes
et al., 2014), when compared to flood periods (Con-
ceicdo et al., 2018).

The influence of drought or flood periods has been
demonstrated in several ecological communities in
river-floodplain systems (see Thomaz et al., 2004).
However, the variation in intensity and duration of the
extreme flood or extreme drought periods has shown
to have higher effects on fish (Oberdorff et al., 2001),
zooplankton (Simdes et al., 2013), phytoplankton
(Bortolini et al., 2016), and ostracod (Conceigdo et al.,
2018) communities.

Ostracods are small crustaceans, which abound in
many aquatic and even (semi-) terrestrial ecosystems
(Higuti et al., 2007; Liberto et al., 2012; Higuti &
Martens, 2016). In riverine floodplains, ostracods can
be found in several habitats, mainly in association with
root systems of aquatic macrophytes, which serve as
place of breeding, feeding and protection against
predators (Higuti et al., 2007). Recent studies have
evaluated the effect of environmental and spatial
factors on ostracod metacommunities (Escriva et al.,
2015; Zhai et al., 2015; Castillo-Escriva et al.,
20164, b, ¢, 2017; Rosati et al., 2017; Campos et al.,
2018). However, only Castillo-Escriva et al. (2017)
evaluated ostracod metacommunities over time, in
temporary lakes in Spain, and found little temporal
influence. Thus, the temporal dynamics of ostracod
metacommunities in river-floodplain systems remains
poorly explored.

Here, we evaluated the factors (environmental and
spatial) structuring the metacommunity of periphytic
ostracods over time in the river-floodplain system of
the Upper Parana River. Based on the seasonal
changes in hydrological characteristics of this ecosys-
tem, we expected that the influence of the factors
structuring ostracod metacommunities is temporally
variable in extreme drought period (here defined as
intense and prolonged periods of low water levels).
More specifically, during extreme drought period we
expected a higher influence of spatial factors (prob-
ably related to dispersal limitation), and consequently
a higher beta-diversity of ostracod metacommunities.



Hydrobiologia (2019) 828:369-381

371

Materials and methods
Study area

The Upper Parana River includes approximately the
first third of the Parana River Basin with a drainage
area of 891,000 km? (Agostinho et al., 2008). It has an
extensive floodplain on its west side, which is 230 km
long and more than 20 km wide between the Porto
Primavera Dam and the beginning of the Itaipu
Reservoir. This represents the only dam-free stretch
of the Parana River in Brazilian territory (Agostinho
et al., 2004).

The study area are a river-floodplain system, which
encompasses the main river (Parana River), several
secondary rivers (named here tributaries), and both
permanently and temporarily connected lakes (Fig. 1).

Sampling and laboratory analysis

Ostracods were collected between February 2014 and
May 2015, including 4 sampling periods in 2014
(summer—February, autumn—May, winter—August,
and spring—November) and 2 sampling periods in
2015 (summer—February and autumn—May). No
flooding event was recorded in the Upper Parana River
floodplain during the sampling periods, and the
highest water levels were observed before our sam-
pling in summer 2014 (February) (Fig. 2). On the
other hand, there was an extreme drought period
before our sampling in winter 2014 (August), from
June 2014 to August 2014, with a duration of 65 days
and an average water level of 152 cm (Fig. 2). Water
level data were obtained from the LTER program
(Long Term Ecological Research, site 6—http://www.
peld.uem.br) developed by researchers of the Centre
of Research in Limnology, Ichthyology, and Aqua-
culture (Nupélia) from the State University of Maringa
(UEM).

We selected 15 sampling sites along the Parana
River-floodplain system, which comprise four sites
along the main channel of Parand River (1-4), five
sites in tributaries (5—Baia, 6—Ivinhemal, 7—Ivin-
hema2, 8—Amambai and 9—Iguatemi) and six sites
in permanently connected lakes (10—Gargas, 11—
Xirica, 12—Ivai, 13—Sao Jodo, 14—Pavio and 15—
Saraiva) (Fig. 1). In each sampling site, one to three
samples of periphytic ostracods were taken, according
to the presence of different macrophytes patches.

Mostly we selected different patches of the floating
macrophyte Eichhornia crassipes (Mart.) Solms.
However, in some periods, E. crassipes disappeared
(completely or partially) from some sites and we
sampled in patches of Eichhornia azurea (Swartz)
Kunth (or in both macrophytes species). Every patch
was located in the marginal region of the environ-
ments. In the tributaries and sites in the main channel
of Parana River, these marginal regions had low
influence of the water current, which allowed the
growth of floating macrophytes patches. Thus,
although we sampled in both lentic (open lakes) and
lotic (tributaries and sites in main channel) environ-
ments, we considered the samples comparable.
Between 41 and 45 samples were taken in each
sampling period (e.g., autumn 2015: 15 sampling
sites x 3 patches of macrophytes = 45 samples),
totalling 259 samples (see Table S1).

After the patches were selected, macrophytes were
removed manually from the water, immediately
transferred to a plastic bucket and washed to remove
the periphytic ostracods (more details about this
method in Campos et al., 2017). The aerial part of
the macrophytes was separated and only the sub-
merged roots 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). The material retained in the
bucket was filtered through a hand net with 160 pm
mesh size and preserved in 70° ethanol buffered with
sodium tetraborate.

Samples were divided with a Folsom fractionator
and Y of the sample was quantified to estimate
densities. However, the complete sample was used to
estimate richness and abundance of species, even of
those that were not recorded in the subsample.
Ostracods were sorted using a stereoscopic micro-
scope and were identified down to species level using
specialized literature (see Martens & Behen, 1994 and
articles included therein; Rossetti & Martens, 1998;
Higuti et al., 2013; Higuti & Martens, 2012a, b, 2014).

Environmental and spatial factors

We measured four chemical and physical variables,
such as pH and electrical conductivity (1S em™ 1) (YSI
63), dissolved oxygen (mg 17"), and water temperature
(°C) (YSI 550A oximeter), which were measured
in situ. These measurements were carried out during
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«Fig. 1 Fifteen sampling sites in the river-floodplain system of
the Upper Parana River, Brazil. Main channel of Parana River
(1-4), tributaries (5 = Baia, 6 = Ivinhemal, 7 = Ivinhema2,
8 = Amambai and 9 = Iguatemi) and lakes (10 = Gargas,
11 = Xirica, 12 =1Ivai, 13 =Sdo Jodo, 14 =Pavdo and
15 = Saraiva)
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Fig. 2 Daily water level of the Parana River from January 2014
to June 2015. Arrow indicates the sampling period and bar
indicates extreme drought period

the same period of the day, to avoid problems with the
daily variation, mainly in oxygen and temperature.
These variables were considered “environmental
factors”, and their data were log transformed for the
analyses, except for pH.

We used three different methods to generate
“spatial factors”. Firstly, we calculated matrices of
Euclidean (overland, derived from geographical coor-
dinates) and watercourse distances between sampling
sites. These matrices (“overland” and “watercourse”)
were submitted to the PCNM method (Principal
Coordinates of Neighbor Matrices), for the construc-
tion of the explanatory spatial variables (eigenvectors)
(Borcard & Legendre, 2002). The PCNM analysis was
truncated by the minimum distance that kept all
sampling sites connected (minimum spanning tree
procedure; Landeiro et al., 2011). Finally, a spatial
matrix was constructed considering the sampling sites
connected in the watercourse, following the flow
direction of the main river (Parana River), north to
south/southwest. This matrix was submitted to the
asymmetric eigenvectors maps (AEM) and the gener-
ated axes (eigenvectors) were considered the explana-
tory spatial variables (Blanchet et al., 2008a). In the
present study, the first PCNMs and AEMs generated

represent larger scales of amplitude, whereas latter
ones represent smaller scaling variations. We chose
these three spatial methods (“overland”, “water-
course”, AEM) owing to the several ways that
ostracods could passively disperse through the region
(e.g., overland = carried by the wind and birds;
watercourse = carried by fishes and other vertebrates;
from upstream to downstream = carried by floating
macrophytes or through the flow). Thus, we can also
assess which of these different forms of ostracod
dispersal can be affected (or not) over time by the
variation on the hydrological regime (e.g., extreme
drought periods).

Data analysis

We investigated the variation in relative importance
(R?) of the environmental and spatial factors (using
variables generated for the three spatial methods) on
ostracod metacommunity structuring over time ana-
lyzing data of each season separated. We used a Partial
Redundancy Analysis (pRDA) with density data
matrices of ostracods, transformed following the
Hellinger method (Peres-Neto et al., 2006), which is
appropriate for matrices comprising large numbers of
zeros (Legendre & Gallagher, 2001). Ostracod meta-
community variation was partitioned into a purely
environmental component (E), a purely spatial com-
ponent (S), a component explained by environmental
and spatial factors combined (ENS), and the unex-
plained variation (U). We used the forward selection
method with two stopping rules (Blanchet et al.,
2008b), in order to identify the main variables
(environmental and spatial) which should be included
in the analysis (P < 0.01, 999 permutations). The
results were adjusted R values and the components (E
and S) were considered significant when P < 0.05.
We evaluated the patterns of ostracod beta-diver-
sity for each sampling period, based on multiple sites
within river-floodplain system of the Upper Parana
River. We partitioned the Sgrensen dissimilarity index
into turnover and nestedness components, according
to Baselga (2010, 2012). We used the “beta.multi’
function to calculate the multiple-site dissimilarities
accounting for the spatial turnover (species replace-
ment) and nestedness (species loss) components, such
as the sum of both values. Beta-diversity measure-
ments may help revealing the degree of differentiation
of species composition amongst the sampling periods.

@ Springer



374

Hydrobiologia (2019) 828:369-381

Possible differences in environmental heterogene-
ity amongst the sampling periods were investigated
using the permutation test of multivariate homogene-
ity of group dispersion (PERMDISP, Anderson et al.,
2006). We also used PERMDISP to investigate
possible differences in environmental heterogeneity
between the types of environment (lentic and lotic),
which present different characteristics (e.g., connec-
tivity) and might be influenced in different ways by the
water level. The PERMDISP test is based on the
distance between the sampling units and their group
centroid, using a dissimilarity measure (Anderson
et al., 2006). Thus, a great average distance of the
sampling points to their centroid corresponds to a high
environmental heterogeneity. The environmental
heterogeneity was defined by standardized Euclidean
distances of environmental factors. To test statistical
differences in environmental heterogeneity (amongst
the sampling periods and between lotic and lentic
environments, P < 0.05), PERMDISP used an
ANOVA, through 999 permutations. Analyses were
performed in R 3.4 software (R Core Team, 2017),
vegan (Oksanen et al., 2017), permute (Simpson et al.,
2017), adespatial (Dray et al., 2018) and betapart
(Baselga et al., 2018) packages.

Results
Taxonomic diversity

We recorded 40 species of ostracods, belonging to four
families. Cyprididae had the highest richness (31
species), followed by Candonidae (5), Darwinulidae
(3), and Limnocytheridae (1). Half of the species
occurred in all sampling periods and the most abun-
dant species were Cypricercus centrura (Klie, 1940),
Cytheridella ilosvayi (Daday, 1905), and Cypretta
costata (G. W. Miiller, 1898) (Table 1).

Selected spatial and environmental factors

The selected environmental factors (forward selec-
tion) were variable over time and the most frequently
found were water temperature and dissolved oxygen,
in summer, autumn, and winter 2014 and autumn 2015
(excepted for dissolved oxygen in winter 2014) and
electrical conductivity, in spring 2014 and summer
and autumn 2015. Regarding the spatial factors for the
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“overland” method, the selected PCNMs represented
broad spatial scales patterns, for all sampling periods.
For the “watercourse”, the selected PCNMs were
variable over time and represented broad and inter-
mediate spatial scale patterns. For the AEM method,
selected AEMs were also variable over time and
indicated broad spatial scale patterns (See more in
Table 2).

Factors structuring the ostracod metacommunity
over time

The pRDA analysis showed a significant influence of
the environmental factors in all sampling periods
(except for autumn 2015, partitioned with “water-
course” matrix). Similarly, spatial factors were sig-
nificant in all sampling periods for the three spatial
methods analyzed (“overland”, “watercourse”, and
AEM) (Fig. 3).

A considerable percentage of potential explanation
for the spatial factors was found for all spatial methods
(up to 34%) and these values were variable over time
(“overland” = from 9% to 26%, “water-
course” = from 5 to 34% and AEM = from 4 to
21%), with higher values in the extreme drought
period (winter 2014) (Fig. 3). In contrast, lower
percentages of potential explanation power were
observed for environmental factors, varying from 0
to 10%. The shared fraction of environmental and
spatial factors was also variable over the time, from 0
to 11%. The unexplained fraction remained relatively
high in all sampling periods, varying from 62 to 88%
(Fig. 3).

Beta-diversity and environmental heterogeneity

Ostracod metacommunity showed high levels of beta-
diversity and the variation in community composition
was almost entirely attributed to turnover rather than
to the nestedness component, for all sampling periods.
The highest values of overall beta-diversity (Sgrensen)
and turnover were found in the extreme drought period
(winter 2014) (Table 2).

The environmental heterogeneity amongst the
sampling periods (average distance of the centroid in
2014, summer = 11.042, autumn = 12.464, win-
ter = 10.342 and spring = 13.235; and 2015, sum-
mer = 13.085 and autumn = 11.042) and between the
types of environments (lotic = 12.02  and
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Table 1 Mean values and standard deviation

Upper Parana

of ostracod densities (ind g~'DW) for all taxa in the river-floodplain system of the

2014 2015
Summer Autumn Winter Spring Summer  Autumn
Family Cyprididae (Baird, 1845)
Diaphanocypris meridana (Furtos, 1936) 25+527 0524081 0.02+0.07 0.74+231 0.55+ 1.13  0.31 + 0.62
Stenocypris major Braid, 1985 028 £0.75 021 £044 0.02+0.06 0.02+006 006019 0.02+ 0.06
Stenocypris malayica Victor & Fernando, 1981 0.22 £ 0.46 0.1 £0.15 0.14 £0.31 032 £ 047 09 £ 1.13 045 £ 0.62
Strandesia psittacea (Sars, 1901) * 0.07 £ 0.26 0.01 £0.08 0.03£0.11 0.02 £ 0.07
Strandesia cf. psittacea sp. 2 * * *
Strandesia mutica (Sars, 1901) * 0.01 £0.03 0.02 £ 0.1 0.03 £ 0.14 *
Strandesia variegata (Sars, 1901) * .
Strandesia cf. tolimensis n.sp. 0.05 £ 0.17 0.09 + 0.46
Strandesia lansactohai Higuti & Martens, 2013 (in Higuti et al., 0.16 & 0.68  0.02 £ 0.05 0.04 £ 0.14 0.02+0.05 0.02 £ 0.07
2013)
Strandesia velhoi Higuti & Martens, 2013 (in Higuti et al., 2013)  * * 0.01 £+ 0.04 *
Strandesia nupelia Higuti & Martens, 2013 (in Higuti et al., 0.02 £ 005 0.0l £0.06 0.02+0.1 0.15+084 002+009 *
2013)
Strandesia sp. 9 n.sp. 0.01 £+ 0.03 * 0.01 £0.05 *
Strandesia sp. 10 n.sp. 0+ 0.02 * *
Bradleytriebella trispinosa (Pinto & Purper, 1965) 0.11 £ 0.2 0.16 £ 039 0.08 £0.18 0.24 +£0.58 0.09 £ 028 0.12+0.21
Bradleytriebella lineata (Victor & Fernando, 1981) 0.13 £ 0.3 024 +£062 124+519 092+22 0.18 £ 042 0.09 +£0.3
Cypricercus centrura (Klie, 1940) 6.45 £ 1039 224 4+442 0.81 £1.55 434 +£1266 4424816 1.62+ 3.37
Chlamydotheca deformis (Farkas, 1958) *
Chlamydotheca iheringi (Sars, 1901) 0.03 £0.08 0.0540.23 0.01 £0.06 0.06+0.17 0.05+025 0.03%0.15
Chlamydotheca cf. iheringi sp. 2 0.01 £ 0.08 0.1 £0.68 0.01 £ 0.07
Chlamydotheca spectabilis (Sars, 1901) * *
Chlamydotheca sp. 4 * * *
Cypretta costata G. W. Muller, 1898 1.02 £ 1.29 122 £1.79 125 +262 0.74 £ 1.69 1.59 + 244 1.76 £ 2.25
Cypretta sp. 2 n.sp. 0.4 £+ 2.53 * 0.04 £ 0.13
Cypretta sp. 3 n.sp. *
Cypridopsis vidua O.F. Miiller, 1898 0.05+0.18 0.01 £0.04 0.04 £0.16 121 +436 026+07 0.11 £0.39
Cypridopsis cf. vidua sp. 2 * * * 0.1 £0.63 0.01 £0.1
“Cypridopsis” sp. 1 n.gen. n.sp. 0.02 £ 0.12 * * *
“Cypridopsis” sp. 2 n.gen. n.sp. * 0.01 £ 0.04 *
Cabelodopsis hispida (Sars, 1901) 099 £272 0224037 0.02+0.07 003+£0.11 047+ 127 1.01 +3.32
Family Candonidae (Kaufmann, 1900)
Physocypria sp.1 *
Candobrasilopsis brasiliensis Sars, 1901 0.02 +£0.06 0.0l £0.05 * 0.01 £0.04 0.06 £0.27 0.03 £ 0.11
Candobrasilopsis rochai Higuti & Martens, 2012 0.09 £ 026 0.16£0.52 0.02+008 01+£034 0.18=+ 055 0.27 £0.59
Candobrasilopsis elongata Higuti & Martens, 2014 0.14 £ 027 0.14 £0.34 0224+ 056 0.25 £ 0.63 04+ 1.06 037 £0.75
Pseudocandona agostinhoi Higuti & Martens, 2014 0.13 £ 056 0.08+0.27 0.18+£0.66 0.22+0.73 0.38 £ 1.08 0.21 £ 0.59
Pseudocandona cillisi Higuti & Martens, 2014 0.01 £0.08 0.01 £0.03 0.01 £0.05 * * *
Family Limnocytheridae (Kile, 1938)
Cytheridella ilosvayi Daday, 1905 349 +£ 753 191 £499 356+779 0.86=+ 1.8 271 £ 558 1.53 +£3.83
Family Darwinulidae (Brady & Norman, 1889)
Darwinula stevensoni (Brady & Robertson, 1870) *
Alicenula serricaudata (Klie, 1935) 045+098 0424083 044 £1.51 0.15+£ 044 0.8 £2.04 0.77 £1.26
Vestalenula pagliolii (Pinto & Kozian, 1961) 037+£075 0.15+028 027 +0.82 0.1+£023 0524075 0.58%0.85
Penthesilenula brasiliensis (Pinto & Kozian, 1961) 0.05 + 0.21 0.04 £ 0.1 0.07+£02 0.02+£0.05 0.02+0.05 0.02=£0.03

*Density values < 0.01
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Table 2 Environmental and spatial variables selected for the pRDA and results of beta-diversity analysis amongst the sampling

periods
“Overland” “Watercourse” AEM SOR SIM NES
E S E S E S
2014 Summer WT, pH, DO 1 WT, pH, DO 1,2,6 WT, pH, DO 3,6 0.919 0.834 0.085
Autumn WT, DO 1 WT, DO 6,8 WT, DO 12 0.929 0.867 0.061
Winter WT 1,3,10 WT 1,6,8,9 WT 1,4,5 0.935 0.887 0.047
Spring EC, pH 1,4 EC, pH 2 EC, pH 24 0.932 0.846 0.086
2015 Summer WT, DO, pH 1,3 WT, DO, pH 2,6,8 WT, DO, pH 1,3 0.923 0.854 0.068
Autumn EC 1,3 EC 6,8,9 EC 6 0.927 0.881 0.047

For “overland”, PCNMs 1-10 indicate broad-scales, 11-18 intermediate and 19-29 fine-scale patterns. For “watercourse”, PCNMs
1-7 indicate broad-scale, 8—14 intermediate and 15-21 fine-scale patterns. AEMs 1-13 indicate broad-scales, 14-27 intermediate and

28—41 fine-scales patterns

E environmental factor, S spatial factor, DO dissolved oxygen, WT water temperature, EC electrical conductivity, SOR Sgrensen
index of multiple-site beta-diversity, SIM turnover and NES nestedness

lentic = 11.67) were not significant. (F =2.18,
P =0.06; F =0.12, P = 0.72, respectively). Thus, the
environmental characteristics were similar over time
(Fig. S1A) and between the types of environments
(lotic and lentic) (Fig. S1B).

Discussion
Selected environmental and spatial factors

The selected abiotic variables are known to be
important to ostracod metacommunities. For example,
water temperature affects life history and body size of
these organisms (Aguilar-Alberola & Mesquita-
Joanes, 2014; Castillo-Escriva et al., 2016a) and
studies have found a correlation between ostracod
distribution on the one hand and dissolved oxygen
(Nagorskaya & Keyser, 2005; Higuti et al., 2017) and
electrical conductivity (Liberto et al., 2012) on the
other hand. Besides, the selected spatial variables
(PCNMs and AEMs), representing broad-scale pat-
terns of metacommunity variation, confirmed that the
distance amongst the environments (e.g., between the
upstream to downstream region) was important for the
structuring of the metacommunity (e.g., degree of
limiting the dispersal).
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Factors structuring ostracod metacommunity
over time

The spatial factors were usually more important for the
ostracod metacommunity structuring than environ-
mental factors over time. This might be related to the
shared fraction between environmental and spatial
factors, that was significantly high in some sampling
periods, suggesting that part of the environmental
gradient was spatially structured, which may have led,
for example, to a decrease in the influence of
environmental factors. Likewise, unexplained varia-
tion remained high in all sampling periods and other
variables, which were not measured in our study,
could be important for metacommunity structuring
(and could increase environmental effects). For
example, biological interactions (with other plants,
animals, micro-organisms) and stochastic processes
(communities randomly assembled) can also be
responsible for the structuring of metacommunities
(Chase, 2007; Nabout et al., 2009) and their effects
would all be summarized in the ‘“unexplained
variability”.

We also attributed the considerable influence of
spatial factors in all sampling periods to two main
drivers. Firstly, the large size of the study area
(approx. 200 km long and 20 km wide), which might
prevent colonization of ostracods throughout the
entire region, for example, from upstream to down-
stream region (as showed in AEM results). Secondly,
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aquatic macrophytes are passive disperses (here E.
crassipes and E. azurea) and owing to their larger size,
the dispersal range might be lower (De Bie et al.,
2012). This can also be responsible for dispersal
limitation in the ostracod metacommunity, since the
periphytic ostracods studied here are strongly associ-
ated with root systems of these plants, which serve as

shelter, place of reproduction, and foraging (Liberto
et al., 2012). For example, Padial et al. (2014) showed
that the spatial factors were the most important ones
for structuring aquatic macrophyte communities in the
Upper Parana River floodplain. Besides, Campos et al.
(2018) demonstrated the importance of aquatic macro-
phytes for ostracod metacommunity structuring,
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where macrophyte richness at a local scale influenced
the dispersal of non-swimming ostracods.

The hypothesis that “everything is everywhere, but,
the environment selects” predicts that low dispersal
limitation of the micro-organisms is attributed to high
passive dispersal and high propagule numbers
(O’Malley, 2007). Although ostracods are good pas-
sive dispersers (e.g., eggs, juveniles, and adults can be
carried overland by waterfowl and wind, and through-
out the watercourse by fish and plants—Meisch, 2000;
Brochet et al., 2010; Pereira et al., 2017), our results
showed that spatial factors might also be important.
Furthermore, species sorting (environmental filtering)
appeared to be a poor explanative factor for ostracod
metacommunity structuring (maybe related to an
important environmental variable which was not
measured), and this is unusual for most aquatic
micro-organisms, such as periphyton (Algarte et al.,
2014), phytoplankton (Padial et al., 2014) and zoo-
plankton (Souffreau et al., 2015; Lansac-T6ha et al.,
2016; Rocha et al., 2017). Recent studies have found
that at least part of the structure of the ostracod
metacommunities is related to spatial factors (see Zhai
et al., 2015; Castillo-Escriva et al., 2016b, ¢), and our
results confirm this.

Since the spatial factors influencing the structuring
of ostracod metacommunities were variable over time
in the river-floodplain system of the Upper Parana
River, we infer that studies using snapshot samples
might not always be efficient to show patterns of
ostracod metacommunity structure. Furthermore, it
must be emphasized that this type of sampling should
be carefully evaluated in years with extreme events
(e.g., extreme inundation or extreme droughts of long
duration). For example, temporal analysis of ostracod
community persistence and variability in a lake of the
Upper Parana River showed that this community was
buffered to regular variation in water level but was
significantly affected by extreme inundations (Con-
cei¢do et al., 2018). Thus, in such cases, the factors
structuring the metacommunity might change over
time. In addition, the efficiency of snapshot samples
also depends on which metacommunity is studied. For
example, Wojciechowsk et al. (2017) showed that the
strength of species sorting is temporally variable in
phytoplankton metacommunities in reservoirs in
southern Brazil. Fernandes et al. (2014) suggested
that in the Brazilian Pantanal floodplain, fish meta-
community were structured by changes between
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dispersal limitation and environmental filtering over
time. Therefore, in metacommunities in which the
distribution is naturally variable over time, the factors
affecting the metacommunity structuring might
change over different time scales.

Beta-diversity and environmental heterogeneity

A higher percentage of potential explanation of the
spatial factors was observed during the extreme
drought period, which also showed the highest turn-
over and beta-diversity. Because connectivity
amongst aquatic environments is reduced in periods
of low water levels (Junk & Sparks, 1989), dispersal of
ostracods species in this period is limited. Similarly,
Driver & Hoeinghaus (2016) showed that prolonged
drought periods in two rivers in the USA have strong
effects on fish metacommunities, increasing dispersal
limitation owing to the reduction of the connectivity
amongst the habitats. Likewise, low connectivity
amongst and between the environments during the
extreme drought period might increase the turnover of
species (which is confirmed by the higher influence of
spatial factors, see second section of the discussion)
and consequently will increase the beta-diversity in
ostracod metacommunities.

River-floodplain ecosystems experience natural
water level variation along the year. Furthermore,
environmental heterogeneity decreases during high
water levels (frequent in wet seasons) owing to
increased connectivity of the environments (Thomaz
et al., 2007). In the Upper Parana River floodplain,
environments become totally connected when the
water level reaches 460 cm (Souza Filho, 2009). In the
present study, the environmental heterogeneity was
not seasonally different and this is most likely related
to the relatively low ‘high water levels’ during the
sampling period (see Fig. 2), which did not exceed
380 cm in the wet seasons. Thus, the variation in water
level might not have been enough to change the abiotic
characteristics of the environments over time.

In general, high environmental heterogeneity leads
to an increase in beta-diversity (Astorga et al., 2014).
Whereas the environmental heterogeneity did not
change over time in the present study (and also not
between types of environments), the beta-diversity
was higher during the extreme drought period (winter
2014). Therefore, the variation in beta-diversity does
not always follow the variation in environmental
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heterogeneity, which is in agreement with other
studies (e.g., Bini et al., 2014; Higuti et al., 2017).

Conclusion

The present study showed significant temporal effects
on ostracod metacommunity structuring, because
spatial effects were variable over time. Thus, during
extreme drought periods, low water levels might
influence ostracod metacommunity structuring and
increase the effects of spatial factors. We have
corroborated our predictions, owing to the higher
explanation percentage of spatial factors during (ex-
treme) drought period, probably related to the lower
connectivity and indicating possible dispersal limita-
tion, which also led to a higher beta-diversity in
ostracod metacommunities.
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