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Abstract: Aims: This study aims to evaluate the functional complementarity of the zooplankton
community between temporary ponds and permanent lagoons. We hypothesize that temporary
environments will be functionally more diverse than permanent environments and will have different
functional composition. Methods: Five temporary ponds and five permanent lagoons were compared
regarding their limnological characteristics, species richness, functional diversity indices and functional
trait composition. Results: No differences between ponds and lagoons were found regarding mean
species richness and functional diversity. However, a larger number of species was found in the set of
temporary environments i.e., although the mean richness was the same, the species’ identity varied
from one pond to another. Ponds showed greater variability in functional trait composition, resulting
in significant differences in zooplankton functional dispersion. Ponds also presented a greater range
of limnological characteristics. Conclusions: Temporary and permanent environments present
high limnological and functional complementarity, which make them important for maintaining
biodiversity on a regional scale. Temporary environments seem to be refugees for species that do not
settle in more stable environments because these species are more likely to colonize environments that
periodically restart their successional trajectory. Therefore, actions that seek to preserve complementary
environments are essential and urgent, especially those related to small and temporary environments.
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Resumo: Objetivo: Este estudo tem como objetivo avaliar a complementaridade funcional da
comunidade zooplanctonica entre pogas tempordrias e lagoas permanentes. Nossa hipétese é de que
ambientes tempordrios serdo funcionalmente mais diversificados que ambientes permanentes e terdo
composi¢io funcional diferente, sendo complementares entre si. Métodos: Cinco lagoas e cinco pogas
foram comparadas quanto as caracteristicas limnoldgicas, riqueza de espécies, indices de diversidade
funcional e composigio de caracteristicas funcionais. Resultados: Nio foram encontradas diferencas
significativas entre lagoas e pocas em relagdo a riqueza e diversidade funcional. Todavia, uma maior
variabilidade de espécies foi encontrada no conjunto de ambientes tempordrios, ou seja, embora a
riqueza média tenha sido a mesma, a identidade das espécies variou de uma poga para outra. Pocas
apresentaram maior variabilidade na composi¢do de tracos funcionais, resultando em diferencas
significativas nos valores de dispersdo funcional. Pogas apresentaram também uma maior amplitude
de variacdo das caracteristicas limnoldgicas. Conclusdes: Ambientes tempordrios € permanentes
apresentam alta complementaridade limnoldgica e funcional, o que os torna importantes para a
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manuten¢io da biodiversidade em escala regional. Ambientes tempordrios parecem ser refdgios
de espécies que nao se estabelecem em ambientes mais estdveis, porque essas espécies tém maior
probabilidade de colonizar ambientes que reiniciam periodicamente sua trajetéria sucessional. Agoes
que buscam preservar ambientes complementares sdo essenciais e urgentes, principalmente aquelas

direcionadas a ambientes pequenos e tempordrios.

Palavras-chave: dispersio funcional; pogas; lagoas; diversidade funcional; riqueza de espécies.

1. Introduction

Continental aquatic environments occupy
about 6.5% of the Earth surface, however their
importance in economic and social terms transcend
their geographical boundaries (Russi et al., 2013).
Continental aquatic environments are responsible
for providing a variety of ecosystem services essential
to mankind such as water supply, fishery products,
areas for cultural and leisure activities, climate
control, flood control, among others (Junk et al.,
2013; Bozelli et al., 2018). Understanding the
functioning of these environments is essential for the
maintenance of the well-being of human societies
and to support life on general (Humbert & Dorigo,
2005; Gessner et al., 2004; Esteves et al., 2008).
However, despite their recognized importance,
continental aquatic environments are among the
most threatened ecosystems worldwide. Climate
change, pollution and dumping of domestic and
industrial waste, pesticide contamination, biological
invasions, silting and destruction of habitats are the
main threats to continental aquatic environments
(Calhoun et al., 2017; Hunter Junior et al., 2017;
Junk et al., 2013; Esteves et al., 2008). In the next
decades a large part of aquatic environments will
be drastically modified by anthropic activities in
many countries around the world (Scarano, 2019;
Day & Rybczyk, 2019; Gozlan et al., 2019) and the
impacts generated by emerging pollutants that are
still poorly studied, such as microplastics, artificial
hormones and organic nanoparticles comprise a
new challenge for the conservation of continental
aquatic environments (Oskarsson & Wright, 2019;
Al-Thawadi, 2020).

Among continental aquatic environments,
small wetlands such as temporary ponds are
the most commonly neglected water body
(Hunter Junior et al., 2017; Bozelli et al., 2018;
Calhoun et al., 2017). This type of water body
is characterized by a dry phase occurrence as a
consequence of hydroregime variability (frequency
of desiccation and inter or intra-seasonal flood
variation rate) and by the high temporal species
turnover (Meester et al., 2005; Seminara et al.,,
2008; Brendonck et al., 2017). Studies have shown
that temporary ponds contain a wide range of
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unique species adapted to the specific conditions
of these environments (Fonseca et al., 2018;
Meester et al., 2005; Calhoun et al., 2017) and
contribute to the maintenance and conservation
of biodiversity (Bozelli et al., 2018; Hunter
Junior etal., 2017). Furthermore, despite their small
size, these environments present a disproportionate
contribution to ecosystem processes compared
to larger and more stable environments such as
lakes (Biggs et al., 2017; Calhoun et al., 2017).
For example, studies evaluating decomposition of
allochthonous material and productivity in these
environments have found high rates when compared
to other aquatic environments or the surrounding
terrestrial landscape (Rubbo et al., 2006; Hunter
Junior et al., 2017). Therefore, such small wetlands
can be essential for the maintenance of ecosystem
services mediated by biodiversity on a local and
regional scale.

Given the threats imposed to aquatic
environments, especially temporary ponds, the
complementarity between different environments is
an important feature for biodiversity maintenance
(Vane-Wright et al., 1991; Pressey et al., 1993;
Margules & Pressey, 2000). In conservation
terms, complementarity can be defined as a
measure of a certain area extension or set of areas
that contribute to features not contemplated in
previously established areas (Margules & Pressey,
2000). In this sense, complementarity is often based
on the choice of locations that include a greater
diversity of ecosystem types (e.g. vegetation types)
and/or species (e.g. fish, butterflies, birds, etc.)
(Vane-Wright et al., 1991). However, the term
has been used at different levels of organization
and for various purposes, such as studies on
niche complementarity (Kahmen et al., 2006),
complementarity of functional traits (Loreau et al.,
2001), complementarity of prey-use (Norberg,
2000), among others. Therefore, objectively,
complementarity can be understood as the property
of sets of objects that exists when at least some of the
objects in one set differ from the objects in another
set (Williams, 2011).

Recently, the term complementarity has
taken a prominent role in studies of functional
diversity as a way to quantify the extent of
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differences in the functional traits of a group of
species (Petchey, 2003; Petchey & Gaston, 2002;
Burkepile & Hay, 2011; Tilman etal., 1997). Thus,
functional diversity is expected to increase as the
magnitude of differences between the functional
traits of species increases (Tilman et al., 1997).
Similarly, two environments can be considered
functionally complementary depending on the
differences among the functional properties of
their communities. Thus, the use of functional
diversity indexes together with the evaluation of the
functional trait composition can be an interesting
tool to understand complementarity relations
of different environments, especially in face of
environmental changes. For example, Setubal et al.
(2020) illustrated, through functional diversity
measures, the role of community complementarity
in maintaining the ecosystem processes under
environmental changes promoted by hydrological
variations. Therefore, an analysis of the community
functional complementarity in light of their
potential different responses to environmental
variability allows a better understanding of ecosystem
dynamics (Walker et al., 1999; Elmgyvist et al., 2003;
Mori et al., 2013).

Within this context, the objective of this study
is to evaluate the functional complementarity of the
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zooplankton community between temporary and
permanent environments. Zooplankton community
is important for several ecosystem processes related
to material flow, nutrient cycling and ecosystem
functioning (Barnett & Beisner, 2007). Then,
efforts to understand how these environments
complement each other in order to maintain
functional diversity on a regional scale are urgent
to support conservation strategies. We hypothesize
that the temporary ponds, as they present greater
short-term variability, will be more diverse and
will present a different taxonomic and functional
composition of the zooplankton community than
that found in permanent lagoons.

2. Methods

2.1. Study area

This study was performed in five permanent
coastal lagoons (Bezerra, Jurubatiba, Carapebus,
Comprida and Paulista) and five temporary ponds
(Ponds 1,2, 3, 4 and 5) located within the Restinga
de Jurubatiba National Park, in the northern region
of the state of Rio de Janeiro, Brazil (22°t022°30’ S
and 41° 15’ to 42° W - Figure 1). Restinga consists
of a coastal Holocenic sandy plain with lagoons and
temporary ponds transitioning to sand dunes and a
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Figure 1. Geographical location of permanent lagoons and temporary ponds located in Jurubatiba National Park, Rio
de Janeiro, Brazil. B = Jurubatiba lagoon; CP = Comprida lagoon; CB = Carapebus lagoon; PA = Paulista lagoon;
BZ = Bezerra lagoon; P1 = Pond 1; P2 = Pond 2; P3 = Pond 3; P4 = Pond 4; P5 = Pond 5.
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mosaic of shrub-dominated plant communities. The
climate alternates between a wet season (October
to April) and a dry season (May to September),
with a mean summer temperature of 25 °C and an
average winter temperature of approximately 19°C.
The annual precipitation is 1,165 mm, and there is
a pronounced seasonal distribution, with monthly
minimum precipitation occurring from May to
September (40 mm) and maximum precipitation
occurring from October to April (190 mm)
(Caliman et al., 2010).

The permanent lagoons chosen for this study
are coastal, shallow and primarily supplied
with freshwater from rivers which makes their
hydroperiod longer than 10 years. All of the
lagoons are oriented perpendicular to the sea with
the exception of Bezerra lagoon, which is parallel
to it. Because of their position near the shoreline,
saltwater intrusion may occur, increasing lagoon’s
salinity. Variations in limnological features,
particularly in the concentrations of salt, nutrients
and chlorophyll-a, were described by Caliman et al.
(2010).

The temporary ponds are located in the inner
portion of the Restinga, where the sea influence is
lower, and are primarily supplied with freshwater
through rainfall and groundwater. The studied
ponds are humic, small (approximately 60 m?),
shallow and hydrologically isolated from other
waterbodies. All temporary ponds are intensely
colonized by aquatic macrophytes and surrounded
by a shrub vegetation. Due to the high leaching of
allochthonous dissolved organic carbon (DOC)
from the permeable sandy soil, temporary ponds
have high DOC concentrations (10-160 mg C 1)
and low pH values. These ponds can dry several
times a year which makes their hydroperiod
unpredictable. Therefore, samples were performed
immediately after the beginning of the filling and
during the period of hydrological variation.

2.2. Sampling

Zooplankton samples were collected three
times in each environment. The samples were
taken on April 6, April 10 and May 13, 2010.
Temporary ponds were sampled at a central point
and the permanent ones were sampled at a central
and marginal points integrated in a single sample.
Sampling consisted of 100 L of water collected
with a bucket and filtered through a 50 Km mesh
plankton net. Samples were immediately preserved
in a 4% formalin solution. Zooplankton specimens
were identified in the laboratory to the lowest
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taxonomic unit possible. Three subsamples were
counted either in Sedgewick-Rafter cells under a
microscope (for rotifers) and in open chambers
under a stereomicroscope (for cladocerans and adult
copepods). From the sample counts, we determined
the species composition, richness and density of the
zooplankton communities.

The environments were characterized in relation
to depth, water total phosphorus (TP), Kjeldhal
total nitrogen (TN), chlorophyll « (ChloA), pH,
water temperature (Temp) and salinity (Sal).
Limnological parameters were measured only in the
first sampling. Temp and Sal were obtained 7 situ
by automatic probes and water samples were taken
to perform laboratory analyses. TP were obtained
by molybdenum blue reaction, after persulphate
oxidation (Golterman et al., 1978). ChloA content
was determined by the method of Nusch & Palmer
(1975). TN content was determined by the method
of Mackereth et al. (1978). pH was determined with
an automatic probe.

2.3. Functional diversity

The functional traits considered in the functional
diversity metrics were feeding preference, feeding
mode, habitat preference and body size (Table 1).
This set of traits were obtained from the literature,
especially Koste (1978) and Elmoor-Loureiro
(1997) and were chosen because they can be
used to appraise how organisms are related to
environmental conditions (Barnett & Beisner, 2007;
Litchman etal., 2013). The zooplankton functional
diversity was described in terms of four metrics:
functional dispersion (FDis) (Laliberté & Legendre,
2010), functional richness (FRic), functional
evenness (FEve) and functional divergence (FDiv)
(Villéger et al., 2008). All indices represent distinct
aspects of the variation in communities’ functional
traits and contribute to a better understanding
of the ecological mechanisms that determine
biodiversity. We used the Gower distance modified
by Pavoine et al., (2009) wherein habitat was

Table 1. Zooplankton functional traits, type of trait and
their respective classes used to calculate the functional

indices.
Trait Type Classes
Trophic group Physiological ~ Herbivore; Omnivore;
Carnivore
Feeding Behavioral Raptorial; Scraper;
mode Feeding-current;
Suspensivore
Habitat Behavioral Coastal; Pelagic
Body size Morphological Quantitative
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considered as a fuzzy trait, feeding type and trophic
group as binary traits and body size as a quantitative
trait. We used the maximum number of traits that
allows the S > 2 A ¢ condition to be met, where S is
the number of species and t the number of traits.
All indices were calculated using dbFD function
from FD package (Laliberté & Legendre, 2010) in
R environment (R Core Team, 2018).

To evaluate the zooplankton functional
composition in each sample, the CWM (Community
Weighted Mean value) for each functional trait was
calculated as an average of traits values weighted by
the species relative abundance. The CWM analysis
of each trait allows us to evaluate the functional
composition variability in different samples and thus
provide answers about the community dynamics
over time. The CWM values were obtained by the
functcomp function of the FD package (Laliberté
& Legendre, 2010) in the R environment (R Core
Team, 2018).

2.4. Data analysis

Permanent lagoons and temporary ponds
were ordered regarding their limnological features
through a principal component analysis (PCA).
The function prcomp and biplot from stats package
(R Core Team, 2018) were used to perform the
PCA in R environment (R Core Team, 2018). To
compare the functional diversity of temporary and
permanent environments and the sampling time
effects, the values of FRic, FEve, FDiv, FDis and
species richness (S) were analyzed using a repeated-
measure ANOVA (RM-ANOVA). This analysis was
performed in R environment (R Core Team, 2018)
through aov function from stats package (R Core
Team, 2018). The respective graphs were made in
GraphPad Prism 5 software (GraphPad, 2007).

To evaluate the similarity between the lagoons
and ponds regarding their trait composition and
expressiveness (abundance distribution among
the different functional traits), we performed a
PERMANOVA using CWM values calculated
for all traits in each sample event. PERMANOVA
was based on the Bray-Curtis distance with 999
permutations and performed in R environment
through the adonis2 function of the vegan package
(Oksanen et al., 2018). We used the betadisper
function from vegan package (Oksanen et al.,
2018) to verify the average distance from each
point to group centroid as a measure of multivariate
dispersion. To verify significant differences in
trait expressiveness among ponds and lagoons,
we performed a permutation test for multivariate
dispersions (PERMIDISP) through the permutest
function from vegan package (Oksanen et al.,
2018). Graphical representation of the functional
structure was made by an NMDS also made in R
environment using the functions metaNMDS and
stressplot of the vegan package (Oksanen et al.,
2018).

3. Results

Temporary ponds were characterized by depths
less than 0.6 m, low salinity and pH values and high
values of TR, TN, ChloA and temperature (Table 2).
The permanent lagoons, on the other hand, were
characterized by depths between 0.6 m and 2.9 m,
with low concentration of TP, TN and ChloA
(Table 2). PCA results illustrate the main features
and the limnological differences of each type of
environment (Figure 2). The two first axes explained
80% of the variation. Temporary environments are
related to higher values of TP, TN and ChloA while
permanent environments are related to high values

Table 2. Mean values of abiotic characteristics of ponds and lagoons located within Restinga de Jurubatiba National

Park, Rio de Janeiro, Brazil: depth, temperature, salinity, pH, chlorophyll-z water concentration, water total nitrogen

(NT) and water total phosphorus (TP).

Ponds  Depth (m) Tem';’fé)at”'e S&:;"u';y pH TP (umol Iy TN (umol I) Ch"(’;‘;ﬂ_'})y Il-a
Pond 01 05 278 0.0 43 0.80 58.50 9.60
Pond 02 0.3 28.1 0.1 35 2.50 81.40 ND
Pond 03 0.3 27.0 0.0 35 1.10 157.30 15.50
Pond 04 0.3 33.4 0.3 36 2.30 191.20 22.00
Pond 05 0.1 305 0.3 3.6 1.40 176.70 4.30
Bezerra 0.6 27.5 1.2 6.5 1.1 103.06 13.85
Jurubatiba 2.9 227 14 7.3 0.36 55.59 434
Carapebus 17 25.6 4.4 7.7 0.62 66.95 3.69
Comprida 2.0 227 0.4 5.5 0.53 64.53 227
Paulista 2.2 23.4 26 6.2 0.45 48.45 3.62

ND = Not detected.
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Figure 2. Principal Component Analysis (PCA) using
limnological characteristics of temporary ponds and
permanent lagoons located in Restinga de Jurubatiba
National Park, Rio de Janeiro, Brazil. TP = Total
phosphorus; TN = Total nitrogen; ChloA = Chloriphyll
a; Temp = Temperature; Sal = Salinity.

of salt, pH and depth. In addition, PCA showed a
clear grouping for both temporary and permanent
environments (Figure 2).

We found a total of 73 taxa in temporary
and permanent environments. Of these, 38 taxa
occurred exclusively in temporary environments
and 5 species were found only in permanent
environments (Table 3). Species richness was highest
in Pond 4 (first sampling) and in Jurubatiba lagoon
(second sampling), with 21 species recorded in both
(Table 4). The values of functional diversity varied
among sampling dates and types of environments,
but the highest values were found in temporary
environments for all functional indices (Table 4).
The highest value of FRic was found in Pond 1
(0.3695) in the third sampling. For FEve, the highest
value was observed in Pond 3 in the first sampling
(0.5662). The highest value of FDiv was found in
Pond 2 during the third sampling (0.9842) and for
FDis the highest value was found in Pond 5 also in
the third sampling (0.4157). Functional diversity
and species richness were not significantly different
between temporary and permanent environments,
except for FDis (RM-ANOVA, F=14.72, p=0.005)
in which temporary environments presented higher
values than permanent ones (Figure 3).

The two types of environments were significantly
different regarding the composition and abundance
of functional traits in the first and third sampling
(Table 5). In the first sampling, the temporary
environments showed significantly higher functional
expressiveness (greater distribution of points in the
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space of functional traits) than the permanent
environments (Table 5, Figure 4A). In the second
sampling, although the temporary environments
still have a larger functional space representation,
no significant differences were found between the
two types of environments in terms of functional
expressiveness (Figure 4B). In the third sampling,
no significant differences were found, however
permanent environments presented a larger
functional space than the temporary environments.
(Figure 4C). The zooplankton community from
temporary environments was characterized by
functional traits related to omnivorous and
carnivorous trophic group, current-feeding
and scraper feeding modes and coastal habitat.
The zooplankton community from permanent
environments was characterized by pelagic habitat,
filter feeding mode and herbivorous feeding habit.

4. Discussion

Different studies have shown that permanent
aquatic environments have greater or equal species
richness when compared to equivalent temporary
ones due to greater habitart stability (Aratjo et al.,
2013; Anton-Pardo et al., 2019). However, a
growing number of studies have emphasized
that temporary environments can be richer than
permanent environments and emphasize the
importance of these environments in regional scale
(Boix et al., 2001; Meester et al., 2005; Hunter
Junior et al., 2017). In our study, temporary and
permanent environments are equally diverse in
terms of species richness and functional diversity.
However, the environments differ among them
regarding the composition and expression of
traits, revealing high functional complementarity.
Our results demonstrated that both temporary
and permanent environments are heterogeneous
and diversified, especially the temporary ponds.
Each temporary pond presents a unique and
diversified set of species and functional traits. For
the permanent lagoons, there is an overlapping
in functional traits indicating the existence of a
group of species that occurs in all environments of
this type. Thus, because temporary and permanent
environments harbor different species and,
consequently, functional traits, the results obtained
in this study indicate that lagoons and ponds are
functionally complementary as predicted by our
initial hypothesis.

Although the species richness was not different
between ponds and lagoons, the total number of
taxa that we found in temporary environments
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Table 3. Zooplankton species and their functional traits found in 5 temporary ponds and 5 permanent lagoons
located in Restinga de Jurubatiba National Park, Rio de Janeiro, Brazil. Samples were taken in 6 and 20 April and
13 May 2010.

Environment Habitat Feeding mode Trophic
group
Body § o
Taxa = size 5 9

& E m 2 5 & § 2 § E E

€ = g 8 I o — 7] = £ =

2 & S & & & 8 a6 £ o &
Rotifers
Ascomorpha ecaudis Perty, 1850 1 1 0.121 0 1 0 1 0 O 1 0 O
Bdelloidea 1 0 0.127 0o 1 1 o o 1 0 1 0
Beauchampiella eudactylota (Gosse, 1886) 1 1 0.211 1 0 1 0o 0 o0 1 0 0
Brachionus zahniseri Ahlstrom, 1934 0 1 0.287 1 0 1 0 0 0 1 0 0
Brachionus falcatus Lemmermann, 1908 0 1 0.128 0 1 1 o o0 o0 1 0 O
Brachionus quadridentatus Hermann, 1783 1 0 0.287 1 0 1 0 0 0 1 0 0
Dicranophorus sp. 1 0 0.322 1 0O O 1 0O 0 0 O 1
Dipleuchlanis propatula (Gosse, 1886) 1 1 0.182 1 0 1 0o 0 o 1 0 O
Dissotrocha aculeata (Ehrenberg, 1832) 1 0 0.127 0 1 o 0O o0 0 o0 1 0
Euchlanis sp. 0 1 0.170 1 0 1 0o o0 o0 1 0 O
Filinia longiseta (Ehrenberg, 1834) 1 0 0.133 0o 1 1 o o0 o0 o0 1 0
Hexarthra mira (Hudson, 1871) 1 1 0.191 0o 1 1 o 0 o0 1 0 O
Keratella Americana Carlin, 1943 1 0 0.166 0 1 1 0 0 0 1 0 0
Keratella lenzi (Hauer, 1953) 1 0 0.146 0o 1 1 o o0 o0 1 0 O
Lecane boettgeri Koste, 1986 1 0 0.082 1 0 1 0 0 0 1 0 0
Lecane bulla (Gosse, 1851) 1 1 0.122 1 0 1 0o o0 o0 1 0 O
Lecane cornuta (Miiller, 1786) 1 1 0.099 1 0 1 o 0 o0 1 0 O
Lecane curvicornis (Murray, 1913) 1 0 0.161 1 0o 1 o 0 o0 1 0 O
Lecane elegans Harring, 1914 1 0 0.175 1 0 1 0O 0 O 1 0 O
Lecane eutarsa Harring & Myers, 1926 1 1 0.092 1 0 1 o 0 o0 1 0 o0
Lecane furcata (Murray, 1913) 1 0 0.175 1 0o 1 o o0 o0 1 0 O
Lecane hamata (Stokes, 1896) 1 0 0.088 1 0 1 0O 0 O 1 0 O
Lecane hornemanni (Ehrenberg, 1834) 0 1 0.131 1 0o 1 o o0 o0 1 0 O
Lecane leontina (Turner, 1892) 1 1 0.202 1 0 1 0O 0 O 1 0 O
Lecane ludwigii (Eckstein, 1883) 1 0 0.147 1 0 1 0o o o0 1 0 O
Lecane lunaris (Ehrenberg, 1832) 1 1 0.135 1 0o 1 o 0 o0 1 0 O
Lecane monostyla (Daday, 1897) 1 0 0.071 1 0 1 o 0 o0 1 0 O
Lecane proiecta Hauer, 1956 1 0 0.153 1 0 1 0 0 0 1 0 0
Lecane pyriformis (Daday, 1905) 1 0 0.094 1 0o 1 o 0 o0 1 0 O
Lecane quadridentata (Ehrenberg, 1830) 1 0 0.135 1 0 1 0 0 O 1 0 0
Lecane signifera (Jennings, 1896) 1 0 0.113 1 0o 1 o 0 o0 1 0 O
Lecane stenroosi (Meissner, 1908) 1 1 0.092 1 0o 1 o o0 o0 1 0 O
Lecane stichaea Harring, 1913 1 0 0.086 1 0 1 0 0 0 1 0 0
Lepadella patella (Miiller, 1773) 1 1 0.123 1 0 1 0o o o0 1 0 O
Macrochaetus longipes Myers, 1934 1 0 0.114 1 0 1 0o 0 O 1 0 O
Monommata sp. 1 0 0.161 1 0 0 1 0 0 0 1 0
Mytilina macrocera (Jennings, 1894) 1 1 0.320 1 0 1 0O 0 O 1 0 O
Platyas quadricornis (Ehrenberg, 1832) 1 0 0.273 1 0o 1 o 0 o0 1 0 O
Polyarthra dolichoptera Idelson, 1925 1 1 0.111 0o 1 0o 1 o 0 1 0 O
Testudinella patina (Hermann, 1783) 1 1 0.190 1 0 1 o 0 o0 0 o 1
Trichocerca bicristata (Gosse, 1887) 1 1 0.243 0 1 0 1 0 O 1 0 O
Cladocerans
Alonella clathratula Sars, 1896 1 0 0.450 1 0 0 0 1 0 1 0 0
Alonella sp. 1 0 0.285 1 0 0 O 1 0 1 0 O
Anthalona verrucosa (Sars, 1901) 1 1 0.301 1 o 0 o0 1 0o 1 0 O
Bosminopsis deitersi Richard, 1895 1 1 0.238 0 1 1 0 0 0 1 0 0
Camptocercus australis Sars, 1896 1 0 0.680 1 0O 0 O 1 0 1 0 0

Acta Limnologica Brasiliensia, 2021, vol. 33, €3
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Table 3. Continued...
Environment Habitat Feeding mode Trophic
group
Body é o
i g s .8 2 o2os

s 8 s ¢ 258532 2 ¢

e E 8 2 % 8 £ § B £E G

e & S & &£ & 8 @ £ 6 8§
Ceriodaphnia cornuta Sars, 1885 1 1 0.334 0 1 1 0o 0 o0 1 0 0
Coronatella monocantha (Sars, 1901) 1 0 0.347 1 o o0 o0 1 0o 1 0 O
Chydorus eurinotus Sars, 1901 1 1 0.298 1 o 0 o0 1 0o 1 0 O
Chydorus pubescens Sars, 1901 1 1 0.298 1 o o0 o0 1 0o 1 0 O
Diaphanosoma birgei Korinek, 1981 1 1 0.687 0o 1 1 o 0 o0 1 0 O
Diaphanosoma spinulosum Herbst 1975 1 0 0.530 0o 1 1 o 0 o0 1 0 O
Disparalona hamata (Birge, 1879) 1 0 0.504 1 o o0 o0 1 0o 1 0 O
Dunhevedia crassa King, 1853 0 1 0.550 1 0 0 0 1 0 1 0 0
Dunhevedia odontoplax Sars, 1901 1 0 0.406 1 0 0 0 1 0 1 0 0
Ephemeroporus barroisi (Richard 1894) 1 1 0.237 1 0O 0 O 1 0 1 0 O
Ephemeroporus hybridus (Daday 1905) 1 0 0.279 1 0O 0 O 1 0 1 0 O
Euryalona brasiliensis Brehm & Thomsen, 1 0 0.554 1 0O 0 O 1 0 1 0 O
1936
Graptoleberis occidentalis Sars, 1901 1 1 0.525 1 0O 0 O 1 0 1 0 0
llyocriptus spinifer Herrick, 1882 1 1 0.523 1 0o 1 o o0 o0 1 0 O
Latonopsis australis Sars, 1888 1 0 1.039 1 0 1 o 0 o0 1 0 O
Macrothrix mira Smirnov, 1982 1 0 0.375 1 0o 1 0 1 0o 1 0 O
Macrothrix elegans Sars, 1901 1 0 0.506 1 0 0 0 1 0 1 0 0
Macrothrix spinosa King 1853 1 0 0.499 1 0 1 0 1 0 1 0 O
Magnospina dentifera (Sars 1901) 1 0 0.381 1 o o0 o0 1 0o 1 0 O
Moina minuta Hansen, 1899 1 1 0.449 0 1 1 0 0 O 1 0 O
Notoalona sculpta (Sars, 1901) 1 1 0.420 1 o o0 o0 1 0o 1 0 O
Pseudosida ramosa Daday, 1904 1 1 0.845 1 0o 1 o 0 o0 1 0 O
Scapholeberis armata Dumont & 1 0 0.418 0 1 1 0 0 o0 1 0 0
Pensaert, 1983
Simocephalus latirostris Stingelin, 1906 1 1 0.731 0o 1 1 o 0 o0 1 0 O
Copepods
Diaptomus azureus Reid 1985 1 1 0.740 0 1 1 0 O 1 1 0 O
Microcyclops sp. 1 0 0.695 0O 0 oO 1 0O 0 0 O 1
Notodiaptomus cearensis Wright 1936 1 1 0.800 0 1 1 0 O 1 1 0 O

was twice that found in permanent environments.
Several factors can influence the occurrence of
species in a given location, which include the
tolerance of organisms to environmental conditions,
interactions between species and their dispersal
capacity (Declerck et al., 2011; Lopes et al., 2016;
Seminara et al., 2008). In the case of zooplankton,
previous studies have shown that local factors
(environmental conditions and species interactions)
play a major role in community structuring since
differences in dispersal capacity are less relevant
in promoting differences between nearby aquatic
environments (Shurin et al., 2000; Lopes et al.,
2016), as in the case of the environments studied
here. Although we have not directly measured the
dispersal of organisms, previous studies using ponds
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in the same region have shown that dispersal is not
alimiting factor, at least in the studied scale, for the
occurrence of zooplankton species (Aradjo et al.,
2015; Lopes etal., 2016). Therefore, we believe that
communities of both temporary and permanent
environments are primarily structured by local
conditions and species interactions.

Among the main local factors that influence the
occurrence of species, salinity may play an important
role on structuring zooplankton communities
in coastal systems by modifying their structure
and dynamics (de Macedo-Soares et al., 2010;
Santangelo et al., 2008). In shallow coastal lagoons,
salinity may increase due to changes in rainfall
patterns, marine influence and sandbar openings
(Esteves et al., 2008). Salinization is recognized
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Table 4. Data of Richness (S), Functional Richness (FRic), Functional Evenness (FEve), Functional Divergence
(FDiv) and Functional Dispersion (FDis) observed in the temporary ponds and permanent lagoons located within
Restinga de Jurubatiba National Park, Rio de Janeiro, Brazil. Samples were taken in 6 and 20 of April and 13 of

May 2010, respectively.

S FRic FEve FDiv FDis
First Sampling  Jurubatiba 10 0.168764 0.322926 0.475706 0.262300
Bezerra 10 0.228233 0.284292 0.815744 0.243559
Carapebus 19 0.323902 0.301727 0.930192 0.118707
Comprida 20 0.303732 0.429913 0.982643 0.144106
Paulista 9 0.274196 0.251335 0.715914 0.146380
Pond 1 1 0.224756 0.485513 0.982285 0.196884
Pond 2 16 0.271090 0.233274 0.898572 0.290456
Pond 3 10 0.293397 0.560173 0.784826 0.376439
Pond 4 21 0.303976 0.163837 0.873316 0.366523
Pond 5 12 0.264070 0.273013 0.954668 0.220858
Second Jurubatiba 21 0.357075 0.466717 0.959598 0.197298
Sampling Bezerra 14 0.281412 0.393542 0.983917 0.050692
Carapebus 9 0.225455 0.307165 0.655155 0.031826
Comprida 17 0.255037 0.482911 0.840007 0.294095
Paulista 17 0.309505 0.313594 0.827882 0.063175
Pond 1 12 0.218015 0.386663 0.939234 0.299653
Pond 2 2 0 0 0 0.089856
Pond 3 20 0.307245 0.242854 0.880899 0.393623
Pond 4 16 0.238696 0.272640 0.753547 0.390391
Pond 5 12 0.298272 0.417264 0.892876 0.332094
Third Sampling  Jurubatiba 12 0.274954 0.393720 0.917297 0.072419
Bezerra 1 0.195229 0.233085 0.901910 0.229032
Carapebus 10 0.231451 0.361907 0.426178 0.095495
Comprida 20 0.246030 0.407609 0.735619 0.366732
Paulista 7 0.051615 0.456921 0.769085 0.084524
Pond 1 13 0.369491 0.496865 0.867281 0.361740
Pond 2 13 0.210833 0.298387 0.984259 0.355984
Pond 3 18 0.256863 0.395454 0.845504 0.365964
Pond 4 14 0.263301 0.229407 0.981560 0.386913
Pond 5 20 0.303168 0.417162 0.887865 0.415677

Table 5. PERMANOVA F and p values based on Bray-Curtis distance for functional composition (CWM values for
functional traits related to feeding mode, trophic group, habitat and body size) and statistic parameters of Permutation
test for homogeneity of multivariate dispersions (PERMIDISP) based on PERMANOVA for functional composition.
Numbers in bold mean significant values. In both tests 999 permutations were made.

PERMANOVA Sampling 1 Sampling 2 Sampling 3
F p F P F P
Type of environment 7.93 0.01 2.1 0.11 5.23 0.02
PERMIDISP F p F p F P
Functional diversity 3.64 0.05 0.01 0.93 1.28 0.31

for its negative effects on freshwater environments,
e.g. reducing biodiversity and modifying species
dominance patterns, population dynamics and
trophic chain structure (Santangelo et al., 2013,
2008; Aratjo et al., 2015; Castillo et al., 2018).
Among the environments evaluated here, coastal
lagoons showed the highest salinity values. Due to
their location close to the sea, these environments
are strongly influenced by marine spray and are

Acta Limnologica Brasiliensia, 2021, vol. 33, €3

subject to sandbar openings whose effects on
species richness and composition are widely studied
(Setubal et al., 2013; Santangelo et al., 2007;
Branco et al., 2008; Esteves et al., 2008). Therefore,
the lower number of taxa found in permanent
lagoons may be associated with the elevated salinity
values found in these environments.

The greater diversity found in temporary
environments has been associated to the short-term
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Figure 3. Values of Functional Evenness (FEve), Functional Richness (FRic), Functional Divergence (FDiv), Richness
(S) and Functional Dispersion (FDis) for temporary ponds and permanent lagoons located in Restinga de Jurubatiba
National Park, Rio de Janeiro, Brazil. Significant difference was found between temporary and permanent environments
for FDis (RM-ANOVA, F=14.72, p=0.005). The samples were collected in 6 and 20 of April and 13 of May 2010.

variation to which these environments are submitted
(Serrano & Fahd, 2005; Powell & Babbitt, 2016;
Schriever et al., 2014; Brendonck et al., 2017).
The occurrence of a dry phase requires temporary
environments to restart the successional trajectory
of their aquatic communities and even if the abiotic
conditions are the same for all environments located
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in the same region, this type of disturbance can
produce different patterns of species composition
(Fukami et al., 2005). On the other hand, in less
variable environments, such as permanent lagoons,
there is a well-established community composed
by species adapted to local conditions and the
effects of the arrival of new species on the resident
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Figure 4. Multidimensional non-metric scaling (nMDS) considering the CWM values of the functional traits of the
zooplankton community observed in temporary ponds and permanent lagoons located in Restinga de Jurubatiba
National Park, Rio de Janeiro, Brazil. (A) First sampling; (B) Second sampling; (C) Third sampling.

community are minimal given their low biomass
(Shurin, 2000). Thus, since coastal lagoons are
similar regarding their limnological characteristics
and less variable over time, zooplankton community
tends to be similar among this type of environments.
In contrast, at each seasonal cycle of filling in
temporary environments, stochastic and priority
effects on the arrival and establishment of organisms
(Jenkins & Buikema Junior, 1998; Scheffer et al.,
2006) can make that each pond have a unique
and differentiated successional trajectory and
community composition.

Even though stochastic events and differences in
dispersal strategies can make the establishment of the
zooplankton community unpredictable, temporary

environments can present resident species from a
well-established egg bank (Declerck et al., 2011;
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Vanschoenwinkel et al., 2009). However, species-
specific differences in hatching time, number
of hatches during the wet phase and abundance
and diversity of the egg bank also influence the
structure of the active community (Jocque et al.,
2010; Brendonck et al., 2017; Pinceel et al., 2018,
2017). In addition, even if a large number of eggs of
a certain species hatch, their success of establishment
depends on ecological relationships with the other
species that colonized the environment by dispersal
and the environmental conditions at the hatching
moment (Declerck et al., 2011; Brendonck et al.,
2017; Pinceel et al., 2018). Therefore, unsaturated
and heterogeneous environments such as temporary
ponds can present a wide variety of species
combinations and can function as small refuges of
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species that do not arrive or develop in more stable
environments such as lagoons.

Regarding functional diversity, lagoons
and ponds differ only in relation to functional
dispersion. This index represents the average
distance of the species to the centroid of the
group in a multidimensional space of functional
traits weighted by the abundance of the species
(Laliberté & Legendre, 2010). Higher values of
FDis are found when functionally distinct traits
are present with similar abundances (Frainer et al.,
2014). Thus, even if no significant differences
were found for functional richness, the high
values of FDis observed in the temporary ponds
demonstrate the greater variability and functional
complementarity of the communities in these
environments. Similarly, Massicotte et al. (2014)
found greater functional variability of zooplankton
in heterogeneous environments. It can be explained
by the fact that temporal instability facilitates the
coexistence of species by reducing the probability
that few species with certain traits competitively
exclude the others (Connell, 1978). Therefore, in
the case of environments such as temporary ponds,
temporal instability may act as a promoter of the
functional variability of natural communities on a
regional scale.

Temporary environments, although they occupy
a small area, can present a wide variety of habitat
structure and variability in their limnological
characteristics. For example, the temporary
environments evaluated in this study showed an
amplitude of variation in nutrient content (T, TN),
ChloA and temperature higher than permanent
ponds, even with higher values. The results obtained
with PCA demonstrate a clear differentiation of
the two types of environments regarding their
limnological characteristics, which also reflected
in the composition and distribution of functional
traits. Limnological conditions usually act favoring
the establishment of species with functional
traits that confer an adaptive advantage to such
conditions (Drenner et al., 2009). For example,
considering that the temporary environment
studied here presented low depth, high coverage
of macrophytes and a great amount of material in
suspension, the greater expression of traits related
to the omnivorous habit, scraper and suspensivore
feeding mode and the coastal habitat indicate that
ecological filters favor species particularly well
adapted to the unique conditions of temporary
environments (Seminara et al., 2008). On the other
hand, the zooplankton community from permanent
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environment was characterized by the pelagic
habitat, filter feeding mode and herbivorous feeding
preference in accordance with the limnological
characteristics of these environments.
Considering complementarity as the property
of two groups of objects, in our case environments,
which contemplate different sets of characteristics
(Williams, 2011), our results showed that in relation
to the limnological characteristics as well as the
zooplankton functional diversity, temporary and
permanent environments are complementary to
each other. Even though no significant differences
were found in terms of taxonomic and functional
richness, zooplankton in both environments
presented unique and, therefore, complementary
characteristics. Our results illustrate how small,
temporary, and historically neglected environments
can harbor a biological diversity that is still poorly
understood, such as functional trait diversity. In
this sense, this study points to the need for greater
protection of small wetlands, especially temporary
ones, given their importance in sheltering a
portion of biological diversity not found in
other environments (Hunter Junior et al., 2017;
Calhoun et al., 2017; Mullins & Doyle, 2019).

5. Conclusions

Temporary and permanent environments
present functional complementarity that makes
them important to maintain the functional diversity
on a regional scale. Temporary environments can
function as small refuges of species that do not arrive
or develop in more stable environments because these
species are more likely to colonize environments
that are periodically restarting their successional
trajectory. Therefore, temporary ponds are especially
important because of their unique characteristics
and their role in metacommunity dynamics as
well as valuable resources for evolutionary and
ecological research that focuses on ecosystem
services (Meester et al., 2005; Calhoun et al., 2017;
Bozelli et al., 2018). However, those environments
have been exposed to a variety of impacts such as
changes in dry phase frequency and duration (as
a result of climate changes), salinization, exotic
species introduction, as well as other effects,
which are ultimately imposing them major
habitat degradations and biodiversity extinction.
Consequently, actions that seck to preserve ponds
are essential and urgent, especially directed to those
smaller and more fragile environments located in
regions of intense anthropogenic pressure.
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