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Abstract Floodplains show a high biodiversity due to
their spatial heterogeneity and temporal variability, which
are governed by environmental dynamics resulting from
the flood pulse. We evaluated the importance of this
driving force, the flood pulse, in the structuring of envi-
ronmental gradients that influence species diversity in a
neotropical floodplain. Gamma (y) and alpha (o) zoo-
plankton diversities were higher in the year with a typical
flood pulse (2010), indicating that flood dynamics con-
tributed to high diversity component values. We found
significant relationships between o- and B-diversity and
local environmental gradients, indicating that in years with
a flood pulse, environmental filters might be the dominant
mechanisms that structure the zooplankton community.
Additive partitioning of y-diversity showed that even in
2000 with atypical flood conditions, zooplankton diversi-
ties showed non-random patterns of spatial distribution and
temporal variation in the floodplain. Our results indicate
that the driving force of a floodplain can determine the
spatial distribution of o- and P-diversity of aquatic

Electronic supplementary material The online version of this
article (doi:10.1007/s00027-013-0304-9) contains supplementary
material, which is available to authorized users.

N. R. Simoes (D<)

Universidade Federal do Para, Laboratorio de Ecologia,
Rua Coronel José Porfirio, 2515, Sao Sebastido,
Altamira, Para CEP-68372-040, Brazil

e-mail: nadsonressye @yahoo.com.br

J. D. Dias - C. M. Leal - L. de Souza Magalhdes Braghin -
F. A. Lansac-T6ha - C. C. Bonecker

Nucleo de Pesquisas em Limnologia, Ictiologia e Aquicultura
(Nupélia), Programa de Pds Graduagdo em Ecologia de
Ambientes Aquaticos Continentais (PEA), Universidade
Estadual de Maringa, Maringd, Parana, Brazil

communities owing to its primary effect on environmental
filters. Therefore, if human activities that influence this
driving force, such as water regulation, affect those envi-
ronmental filters, floodplain biodiversity may decline.
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Introduction

A central aim of ecology is to understand patterns and
mechanisms of the spatial distribution of species diversity
at local, regional and global scales (Andrewartha and Birch
1954; Ricklefs 1987; Cornell and Lawton 1992; Gaston
2000; Scheiner and Willig 2011). Among the theories
proposed to explain patterns of species diversity, the niche
theory (Hutchinson 1957) stands out as the basis for many
causal mechanisms, because it includes a complex set of
abiotic and biotic interactions that define the ranges of
species (Chase 2011), on the underlying assumption that
species differ ecologically, and their spatial variation is a
consequence of their responses to environmental gradients
(Siepielski and McPeek 2013). Under these circumstances,
habitat heterogeneity increases species diversity due to a
higher availability of niches. Several studies have noted the
positive association between habitat heterogeneity and
species diversity in terrestrial (MacArthur and MacArthur
1961; Pianka 1966; Cramer and Willig 2002) and aquatic
(Palmer et al. 1997; Maia-Barbosa et al. 2008) environ-
ments. Temporal variation in the environment, however, is
also important in explaining patterns in species diversity. In
addition, recent human-induced processes of environmen-
tal change have raised concerns about the future of
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biodiversity (Smith and May 1993; Pimm et al. 1995; Luck
and Daily 2003; Sax 2003), especially if this change affects
the natural patterns of environmental variation (Palmer
et al. 1997; Simoes et al. 2013).

An important step towards unravelling the drivers of
regional diversity is, therefore, to describe the importance
of spatial and temporal variation (Tylianakis and Klein
2005). Firstly, regional diversity (y-diversity, which is the
total diversity in a given region) can be split into local
diversity (o-diversity, corresponding to the number of
species belonging to a local community) and turnover (-
diversity, resulting from the difference in species richness
between localities) (Whittaker 1972). Thus, temporal var-
iation in diversity can be tracked on multiple levels. This
two-step process provides a deeper comprehension of
patterns and mechanisms that govern diversity, particularly
if local and regional scales interact over time to influence
diversity.

For several reasons, floodplains can be considered
model systems for understanding the relationships between
local and regional diversity (Cottenie and De Meester
2005). The first reason is that floodplains have a high level
of diversity, which is frequently attributed to spatial het-
erogeneity and temporal variability that interact with the
driving force, i.e., the flood pulse (Junk et al. 1989; Op-
perman and Luster 2010). Secondly, the spatial distribution
of aquatic biotopes within floodplains can also be viewed
as a hierarchical unit (nested groups) that follow a marked
seasonal variability (Tockner et al. 1999; Thomaz et al.
2007). Thirdly, environmental fluctuation resulting from
the flood pulse occurs as a natural process that governs the
temporal dynamics of the populations (Junk et al. 1989;
Neiff 1990), and is affected by human activity, e.g., the
regulation of water flow (Tockner et al. 2002; Agostinho
et al. 2004). Thus, biotic and abiotic components are
constantly changing both on spatial and temporal scales
(Junk et al. 1989; Neiff 1990), making relevant the inves-
tigation of how space, time, and environmental change
affect diversity.

The present study examined the importance of the flood
pulse on environmental gradients that influence the zoo-
plankton diversity in a neotropical floodplain. To this end,
the following hypotheses were formulated: (H1) flood-
plains governed by the flood pulse demonstrate higher o-,
B- and 7y-diversity in years when a flood pulse occurs, by
promoting spatial and temporal variability of environ-
mental filters. In this way, propositions supported by the
niche theory can explain HI, leading to the second
hypothesis: (H2) environmental gradients influence o~ and
B-diversity when a typical flood pulse occurs. Finally, we
tested the hypothesis (H3) that the relative importance of o-
and B-diversity in determining vy-diversity also differs
between years with and without typical flood pulses
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because of the presence of the flood pulse within the
system.

Materials and methods
Study area

The Upper Parana River floodplain (22°40'-22°50'S and
53°10-53°24'W) (Fig. 1) is located in the La Plata River
basin (South America). It occupies an area of about
802,150 km? in Brazilian territory and comprises several
aquatic, transitional and terrestrial environments. This
floodplain can be divided into three subsystems (Parana,
Baia and Ivinhema), each with a different geology,
hydrology and limnology (Roberto et al. 2009; Souza Filho
2009). Recent studies have highlighted the high biodiver-
sity of this region (Agostinho et al. 2004); for example, the
zooplankton community (testate amoebae, rotifers and
crustaceans) accounts for 541 species (Lansac-T6ha et al.
2009).

Flood pulse as a driving force in the system

On the Upper Parana River floodplain, the flood pulse
shows a typical seasonal dynamic, with floods that usually
occur between December and March. However, atypical
variations occur because of longer periods of drought or
flood, which are influenced by La Nifia and El Nifio events,
respectively. The study years (2000 and 2010) showed
different flood dynamics (Fig. 2), indicating that the year
2000 was an atypical dry period in which flood pulse
attributes, such as the intensity and amplitude of inundation
and connectivity index, were lower than in 2010 (Neiff
1995) (Fig. 2).

Sampling design for zooplankton and environmental
variables

The zooplankton was sampled in two periods, separated by
10 years: 2000 and 2010. In each of these years, samples
were obtained every 3 months (in March, June, September,
and December) in 12 environments (rivers, secondary
channels, backwaters, tributaries, and temporary and per-
manent lakes) in each of the subsystems, totaling 36 sites
(Fig. 1, hierarchical design).

Samples were always obtained in the morning in the
limnetic region at a depth of 0.5-1.5 m. Sampling was
performed from a moving boat and using a motorised pump
and plankton net (68 um) to filter 600 L of water per
sample (standardised sampling effort). Samples were pre-
served in formaldehyde solution (4 %) buffered with
calcium carbonate. Species of testate amoebae, rotifer,
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Fig. 2 Comparison of the flood dynamics in the floodplain of the
Upper Parana River between 2000 and 2010. The reference water
level (measured at the Nupélia Advanced Research Base) used to
indicate the threshold between potamophase and limnophase was the
level at which river water overflowed into the marginal isolated
ponds, i.e., 3.5 m

cladocera, and copepods were identified to the lowest
taxonomic level possible using specific literature (for fur-
ther details see Lansac-T6ha et al. 2009), and a Sedgewick-

were as follows: depth (m), transparency (m; Secchi disc),
dissolved oxygen (mg L™'; YSI portable oximeter), tem-
perature (°C; thermometer coupled to the oximeter), pH
(Digimed portable potentiometer), electric conductivity
(uS cm™'; Digimed portable potentiometer), turbidity
(NTU; LaMotte2008© portable turbidimeter), total sus-
pended matter (pg L™'), alkalinity (uEqL™'"), and
chlorophyll a (pg L™"), total nitrogen (ug L"), nitrate
(ug L™", ammonium ion (ug L"), total phosphorus
(ug L™" and phosphate (ug L™") concentrations. Details
of the methods employed for determining limnological
variables can be found in Roberto et al. (2009).
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Data analysis

To test HI, we first plotted a species accumulation curve to
identify the rate of species increase and infer y-diversity.
We then tested for differences in o-diversity between years,
months within each year, and between systems within each
month using a nested analysis of variance (Sokal and Rohlf
2011). Tukey’s test was performed to analyse significant
differences among the nested analyses.

Subsequently, also in relation to H1, temporal and spa-
tial variation in p-diversity was evaluated by mean
dissimilarity (Jaccard index) as a measure of overall B-
diversity (Anderson et al. 2006). As this procedure is not
adapted to incorporate the hierarchical design, we tested
the significance using permutations and applied a Bonfer-
roni correction to the multiple comparisons performed
between months within years, and between systems within
months.

The effect of local environmental gradients (limnologi-
cal variables), regardless of spatial autocorrelation on o and
B-diversity (H2), was tested with multiple regression
analyses and partial redundancy analysis. For multiple
regression analysis, the response variable was the o-
diversity, and the independent variables were: local envi-
ronmental gradients, which were summarised by
orthogonal axes from a principal component analysis
selected according to the Broken-Stick criterion (Jackson
1993); and spatial structure, which was quantified by cre-
ating spatial filters based on eigenvector maps (Borcard
and Legendre 2002; Griffith and Peres-Neto 2006), to
exclude spatial autocorrelation (more details in Supple-
mentary material 1). For each month, we assessed the
effects of the environmental gradients and spatial filters on
a-diversity by running a multiple regression using a for-
ward elimination (Zar 2010). The assumptions were
checked by visual inspection of the residuals.

The relative importance of environmental gradients on -
diversity, regardless of the spatial structure, was investi-
gated using a partial redundancy analysis (RDA; Legendre
and Legendre 1998; Legendre et al. 2005). Results were
based on adjusted R* values, since these are independent of
the sample size and number of predictor variables, and also
allow for comparisons between the results (Peres-Neto et al.
2006). The significance of the RDA (P < 0.05) was tested
by 999 randomisations (Legendre et al. 2011). For the RDA,
species composition was transformed using the method of
Hellinger (Legendre and Gallagher 2001) prior to analyses.
Multicollinearity was explored by computing the variance
inflation factors of the variables (VIF), which measure the
proportion by which the variance of a regression coefficient
is inflated in the presence of other explanatory variables.
Environmental variables with a VIF higher than 5 were
removed from analyses.
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To verify the relative importance of o and B-diversity on
spatial and temporal scales in determining the y-diversity
of each year (H3), we performed an additive partitioning of
diversity on the hierarchical design (Fig. 1). The first par-
tition level was comprised of the species diversity of each
location (o); the second, of the difference in species
diversity between locations (J3;); the third, of the difference
in species diversity between months (j,); and the fourth, of
the difference in species diversity between systems ([33).
The additive partitioning of diversity is a way of integrat-
ing analyses, since it considers the contribution of different
levels and sub-levels of diversity, o and B, to the y-diver-
sity of a given region of interest (Lande 1996). By knowing
the relative contribution of each hierarchical partition of
diversity to the total diversity (), the environmental
sampling effort can be minimised, thus assisting in deci-
sion-making regarding the prioritisation of areas for
conservation (Gering et al. 2003; Ligeiro et al. 2010).
There is some controversy regarding the additive or mul-
tiplicative partitioning of diversity, but both methods are
useful and have proven effective for studies on species
diversity (Veech and Crist 2010). We chose the additive
partitioning of diversity because the contribution of each
component can be represented using the same unit.

All statistical analyses were run using the software R
2.14.1 (R Core Team 2011).

Results

A total of 365 species were identified in the floodplain (see
list of species in the Supplementary material 2). In 2000,
the y-diversity was 245 species, and in 2010, 305 species.
The species accumulation curve indicated a greater number
of species in 2010, and from the seventh location sampled,
the y-diversity in 2010 showed a significant difference
from the year 2000 (Fig. 3a).

Mean a-diversity differed between years, months, and
systems (Table 1S, Supplementary material 3). The mean
a-diversity was higher in 2010 (nested ANOVA,
Frg3 = 66.7, P < 0.001; Fig. 3b, c), when it ranged from
18 to 85 species, whereas in 2000, it ranged from 16 to 73
species. The monthly variation in o-diversity was evident
and significant (Tukey’s HSD test < 0.05) only in 2010,
with higher values in March and December, except for the
Baia system (Fig. 3c). Similar to monthly variation, the o-
diversity differed between the systems only in 2010 (nested
ANOVA, F4,58 = 7.8, P < 0.001; Fig. 3c), with greater
values in the Baia system and lower values in the Parana
system (Tukey’s HSD test < 0.05).

B-diversity (spatial variation in species composition) did
not differ between years (Pseudo-F = 1.76, P = 0.176;
Fig. 4a) or between months within each year (2000:
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Fig. 3 Temporal and spatial variation in the mean of y- (a) and a-diversity (b and ¢) of the zooplankton community in the Upper Parana River in
2000 and 2010. Intervals are standard errors. BA, IV and PR are Baia, Ivinhema and Parand systems, respectively

Pseudo-F = 0.89, P = 0.448; 2010: Pseudo-F = 1.61,
P = 0.177; Fig. 4b). However, p-diversity differed
between systems (Fig. 4d) during all months of 2010, with
lower spatial variability in the Baia system and higher
spatial variability in the Parana system.

The o-diversity was related to local environmental
conditions in 2010 (Table 1). From those local environ-
ment gradients selected by multiple regressions, the
variables that were consistently important throughout 2010
were transparency, total alkalinity, nitrate, total phospho-
rus, soluble reactive phosphorus and chlorophyll
a concentration (Table 2S, Supplementary material 3).

B-diversity (spatial turnover) was also more strongly
correlated with local environmental conditions (environ-
mental gradients) in 2010 than in 2000 (Table 1). All
results of the variance partitioning in 2010 showed that B-
diversities associated with environmental gradients in a
non-random way, even though adjusted R> values were
lower than 0.1 (Table 1).

Results of the additive partitioning of diversity showed
that all components of diversity (o, By, P> and P3) were
significant in explaining y-diversity. Thus, the spatial dis-
tribution and temporal variation in diversity in the
floodplain in both years showed a very low probability of
occurring at random. This indicates that the hierarchical
levels selected were able to contribute significantly towards
explaining y-diversity. The component most significant in
explaining y-diversity was ;, which represented the vari-
ation between locations. This was followed by the
components B3 and [,, i.e., variation among systems and
months, respectively (Fig. 5). The proportion of each
component responsible for explaining y-diversity was
similar across years, for instance, ; explained 53.4 and
54.1 % of y-diversity 2000 and 2010, respectively. In this
way, even under different hydrological situations, the
spatial and temporal variation in beta-diversity signifi-
cantly contributed to the pattern of non-random 7y-diversity
in the floodplain.
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Table 1 Relationship between alpha and beta diversities of zooplankton communities in the upper floodplain Parana River and local and spatial

factors
a-Diversity B-Diversity
Local Spatial R.fjus P-value R.{z‘jus local Rﬁjus spatial P-value
2000
Mar Axis 1 Axis 2 0.15 0.030 ns ns 0.201
Jun ns ns ns ns ns ns 0.160
Sep ns Axis 2 0.11 0.030 ns ns 0.090
Dec ns ns ns ns ns ns 0.070
2010
Mar Axis 2 Axis 2 0.32 <0.001 0.03 0.02 0.050
Jun Axis 2 ns 0.60 <0.001 0.07 ns <0.001
Sep Axis 1 4+ axis 2 ns 0.44 <0.001 0.07 ns <0.001
Dec Axis 1 + axis 2 ns 0.39 <0.001 0.04 ns 0.022

Results of the multiple regression for alpha diversity: local and spatial factors, adjusted R?, and P-values are showed. Results of the variance
partitioning: adjusted R* and P-values are showed. Non-significant (ns) results, to the 0.05 level, were not showed
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Discussion

Floodplains governed by flood pulses have higher a-, - and
v-diversity when such forces are present (Hypothesis 1).
The temporal and spatial variation in a-diversity in the
year with a typical flood pulse (2010), together with the
difference in B-diversity between the systems in this year,
support the hypothesis that y-diversity increases when the
flood pulse is present as a driving force in the system. This
is due to the interaction between spatial heterogeneity and
temporal variability mediated by a typical flood pulse
(Ward and Tockner 2001). The increase in y-diversity
stemming from greater o and B-diversity was an expected
result (Whittaker 1972; Kraft et al. 2011), but under-
standing the mechanisms that determine the variations in a-
and B-diversity shows how local and/or regional factors
contribute to maintaining y-diversity (Ricklefs 1987). Our
results suggest that environmental gradients (when spatial
structure was controlled in the analysis), in the year with a
typical flood pulse (2010), determined the number of spe-
cies at the sites and increased the spatial turnover (H2,
discussed below). Nevertheless, spatial structure was also
occasionally important in o- and B-diversity, indicating
spatial links among sites (Table 1). When inundations
occurred, they increased the connectivity among biotopes
(Agostinho et al. 2004; Thomaz et al. 2007), favouring the
exchange of propagules and mediating the dispersion of
species (Medley and Havel 2007; Simdes et al. 2012). This
increase in dispersal capability is expected to increase
diversity at local scales (May et al. 2011). Nevertheless, in
the year with atypical flood conditions, we suggest that
contraction of the aquatic environment and slow current
flow limited the dispersal of species across floodplain
habitats. While the flood pulse increases the abiotic and

biotic similarity in floodplains during inundation phase
(Thomaz et al. 2007), different environmental and spatial
gradients are formed over time in these systems (see Fig-
ure 3 in Thomaz et al. 2007) owing to alternation between
seasonally high water (high connectivity, high homogene-
ity) and low water phases (low connectivity, high
heterogeneity).

Thus, the flood pulse ensures the functional trade-off
between the inundation phase, when water bodies are
connected, and the dry phase, when they are isolated, and
contributes to spatial and temporal variability (Neiff 1990).
Moreover, according to Gonzalez (2009), the temporal
dynamics of abiotic conditions might modify the effect of
environmental gradients and the pathways for species dis-
persal, thereby affecting the patterns of o- and B-diversity.

We suggested that the lower diversity in 2000 was due
the absence of a flood pulse, which can result in a stress
situation that undermines local biodiversity because the
absence of this complex form of disturbance (Rolls et al.
2012; Simoes et al. 2013) is unusual within the context of
historical patterns and frequencies of natural variability
(Hobbs and Huenneke 1992). In floodplains, floods provide
disturbances that can offset equilibrium conditions between
local and regional processes (Ward and Tockner 2001;
Cottenie and De Meester 2005), because floods simulta-
neously influence abiotic conditions and provide new
species from the regional pool. The result of these processes
is the maximisation of diversity (given the higher variability
of niches), over both time and space (Ward et al. 1999).

Environmental gradients affect o- and B-diversity when
flood pulses are present in the system (Hypothesis 2).

Different effects of environmental gradients on the
components of o- and B-diversity were observed in the
studied years. In 2010, when there was typical flood con-
ditions, the spatial variation in o- and B-diversity was
significantly explained by local environmental factors. As
predicted by the niche theory (Hutchinson 1957), envi-
ronmental filters can be the dominant mechanisms
structuring aquatic diversity (Schei et al. 2012) in years
with floods, as the species experience a range of environ-
mental conditions which modify the extent to which habitat
patches are truly discrete (Pedruski and Arnott 2011). In
this way, abiotic conditions restrict the number of species
(a-diversity) by influencing their spatial distribution
(B-diversity). As predicted, the environmental gradient
produced a distinct community composition. This demon-
strates that B-diversity was related to environmental
heterogeneity (Stendera and Johnson 2005; Declerck et al.
2011), which contributed to the increased y-diversity in
2010. These results corroborated the hypothesis that under
typical flood pulses, environmental gradients produced by
spatial variability of abiotic conditions are drivers of o- and
B-diversity and support the highest level of y-diversity. In

@ Springer



614

N. R. Simdes et al.

floodplains, local abiotic conditions are the first component
to be altered by a flood, and can limit or favour some
species (Junk et al. 1989; Neiff 1990; Thomaz et al. 2007).
However, abiotic conditions can be spatially structured,
making the partition of the main causal mechanisms of
diversity more difficult (Legendre 1993). Our RDA showed
that abiotic conditions were also spatially structured (data
not shown), but our analyses removed these effects.

Conversely, in the year with atypical flood conditions,
diversities were not associated with abiotic conditions. This
result indicated that local processes independent of abiotic
conditions, such as predation, competitive exclusion, or
stochastic variation, might have been more important in
defining the a-diversity of the community through the local
elimination of species (Ricklefs 1987). In years with
atypical flood conditions, the reduction in the physical
space increases the density of individuals, both competitors
and predators and intensifies biotic interactions (Ward et al.
1999; Thomaz et al. 2007; Bonecker et al. 2011; Rolls et al.
2012; Simdes et al. 2012). Therefore, it is probable that the
smaller influence of local abiotic conditions and regional
processes (dispersal, in this case) that influence the diver-
sity, will favour the competitively superior species to the
exclusion of less-competitive species (Gonzalez 2009).
Unfortunately, no data are currently available with which
to test the effect of biotic interactions on o- and B-diversity
of zooplankton in our study region. Furthermore, in theory
and as predicted by the intermediate disturbance hypothesis
(Connell 1978), floods as disturbances might favour spe-
cies diversity because they reduce the effect of competitive
interactions and permit the coexistence of a higher number
of species. Experimental studies that aim to investigate this
proposed effect of floods would constitute a great advance
in ecological models of spatial distribution of the o- and B-
diversity of aquatic communities.

The relative importance of o- and B-diversity in deter-
mining vy-diversity is different between study years
(Hypothesis 3).

The additive partitioning of diversity showed that a
similar proportion of o~ and B-diversity contributed to y-
diversity in 2000 and 2010. This observation was contrary
to our expectation that the relative importance of spatial
distribution and temporal variation in o- and B-diversity in
determining the y-diversity would differ between the years
in response to the driving force, the flood pulse (absent in
2000 and present in 2010). Although we rejected our
hypothesis, these results have an important implication for
the ecology of floodplains because they are indicative of
the buffering capacity of river-floodplain systems, i.e., their
ability to maintain nonrandom patterns of spatial distribu-
tion and temporal variation in diversity.

A probable explanation for the occurrence of a similar
diversity pattern in years with opposite hydrological
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characteristics (atypical and typical flood conditions) is that
even though the flooded year showed a higher B-diversity
among systems, the contribution of each component to the
v-diversity can be maintained as a function of local envi-
ronmental restrictions. A further explanation might be
ecological memory, defined as the ability of past states to
shape present or future responses of the community due to
the regional pool of species (Padisak 1992). Ecological
memory can be represented by the pool of species present
in the sediment, which becomes viable when environ-
mental conditions are favourable (Hairston et al. 1995). For
example, egg bank communities provide a source of
microfaunal diversity within river-floodplain systems
(Ning and Nielsen 2011). In the Upper Paranid River
floodplain, Palazzo et al. (2008) found resting eggs of
species which are rare in the plankton, which hatched
under experimental conditions.

Considering the natural temporal changes of biota in
floodplain systems (Neiff 1990), a greater contribution of
B,-diversity (monthly variation in diversity) to y-diversity
was expected in 2010 (the year with typical flood condi-
tions) than in 2000, because the temporal dynamics of
floods affect several features of the zooplankton commu-
nities in floodplains (Medley and Havel 2007; Bonecker
et al. 2011; Simdes et al. 2012) and should increase the
temporal turnover of communities (Melo et al. 2011).
Understanding how diversity changes over time, however,
remains a challenge (Korhonen et al. 2010; Magurran and
Henderson 2010). We also expected a greater relative
contribution of the spatial B; and Bs-diversity components
to y-diversity in 2000, because atypical flood conditions
should increase the effect of local processes and lead to
variation in the spatial distribution of communities (Ward
et al. 1999; Thomaz et al. 2007). These findings indicate
that spatial distribution of zooplankton in the upper Parana
River floodplain depends on non-random patterns.

The greatest contribution to y-diversity was provided by
By-diversity, indicating that species turnover among sites
was the strongest source of variation in the y-diversity of
zooplankton. Thus, conservation strategies should include
several habitats to maintain the natural variability of the
ecosystem (Stendera and Johnson 2005). However, because
all hierarchical levels of diversity were significant in
explaining regional diversity in our study, we recommend
that conservation efforts also prioritise the maintenance of
the floodplain’s natural temporal variation in hydrology.
River regulation, overexploitation of natural resources,
water pollution, habitat degradation and species invasion
are threats to biodiversity because they favour biotic
homogenisation (Tockner et al. 2002; Rahel 2002; Agost-
inho et al. 2004; Dudgeon et al. 2006) to the detriment of
the main feature of the floodplains, i.e. their natural
variability.
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Although experts have different opinions as to the
effects of natural disturbances on biodiversity (Lepori and
Hjerdt 2006), many agree on the positive influence of
floods on the biodiversity of floodplains, due to the maxi-
misation of spatial and temporal heterogeneity (Junk et al.
1989; Neiff 1990; Tockner et al. 1999; Agostinho et al.
2004). The results of the additive partitioning of diversity
in this study support this statement, since the contributions
of o~ and B-diversity to the y-diversity were greater than
those expected at random, regardless of the year (atypical
or typical flood conditions). Thus, non-random ecological
processes influence spatial and temporal patterns of
diversity (Gering et al. 2003; Sasaki et al. 2012). However,
we propose that the influence of environmental gradients
on spatial variation in o- and B-diversity only occurred
when the driving force (the flood pulse) did not limit the
dispersion of species.

Our study was conducted in one typical and one atypical
year of a neotropical floodplain (the Upper Parana River
Floodplain) and the results indicated that the driving force
of a floodplain can determine the spatial distribution of o-
and PB-diversity of zooplankton communities through its
primary influence on environmental filters and its indirect
influence on y-diversity patterns. Thus, to conserve the
flood dynamics is an important conservation strategy
because floods increase temporal variability and spatial
heterogeneity, thereby increasing y-diversity. According to
Stendera and Johnson (2005), it is not only important to
identify specific patterns of species diversity, but also to
improve our understanding of the underlying processes that
generate the patterns. In our study area, this implies that
water regulation by upstream reservoirs should be managed
in such a way that maintains the natural functioning of the
floodplain environment, thereby mitigating environmental
impacts in floodplains that can adversely affect their nat-
ural buffering capacity.
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