
Limnetica, 29 (2): x-xx (2011)Limnetica, 35 (2): 355-364 (2016). DOI: 10.23818/limn.35.28
©c Asociación Ibérica de Limnología, Madrid. Spain. ISSN: 0213-8409

Temporal influence on the functional traits of testate amoebae in a
floodplain lake

Leilane Talita Fatoreto Schwind∗, Rodrigo Leite Arrieira, Tatiane Mantovano, Claudia Costa
Bonecker and Fábio Amodêo Lansac-Tôha

State University of Maringa, Nupélia, Colombo Avenue, 5790 Maringa, PR, Brazil.

∗ Corresponding author: leschwind@gmail.com
2

Received: 14/12/2015 Accepted: 08/06/2016

ABSTRACT

Temporal influence on the functional traits of testate amoebae in a floodplain lake

Comprehending functional traits is increasingly recognized as an important element in the investigation of community
assembly. We hypothesized that the homogenization effect of floods will lead to trait convergence in flooding periods, while
environmental isolation will lead to trait divergence in drought periods. Sampling was carried out during two hydrological
periods between 2002 and 2011 in a floodplain lake. The traits considered were taxonomical grouping, origin of the shell
material, and presence of gas vacuoles. A functional dispersion index was calculated to detect trait convergence or divergence
related to the hydrological periods over time. A redundancy analysis was carried out to investigate how the functional
traits of the testate amoebae were linked to environmental variables during the different hydrological periods. We recorded
seventy-nine taxa belonging to eight families. The functional index of testate amoebae indicated a predominant pattern of
trait convergence in flooding and trait divergence in drought. Our results indicated that hydrological periods influence the
functional traits of testate amoebae (indicating those typical of drought and flooding periods), which are strongly influenced
by environmental variables related to food resources, especially chlorophyll a.
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RESUMO

Influência temporal sobre os traços funcionais de amebas testáceas em uma lagoa de uma planície de inundação
neotropical

A compreensão sobre a distribuição dos traços funcionais das espécies tem sido considerada como um elemento importante
na investigação da estrutura das comunidades. Avaliou-se a hipótese de que o efeito da homogeneização das inundações
promoverá a convergência de traços funcionais no período de cheia enquanto que o isolamento ambiental promoverá a
divergência de traços funcionais no período de seca. As coletas foram realizadas em dois períodos hidrológicos, entre 2002
e 2011, em uma lagoa de uma planície de inundação. Os traços funcionais utilizados foram: classificação taxonômica,
constituição da carapaça e presença ou ausência de vacúolo gasoso. Um índice de dispersão funcional foi calculado
para indicar a convergência ou divergência de traços funcionais relacionadas com os períodos hidrológicos, ao longo do
tempo. A análise de redundância foi realizada para investigar como os traços funcionais estavam sendo relacionados com as
variáveis ambientais, durante os períodos hidrológicos. Foram registrados 79 táxons pertencentes a oito famílias. O índice
funcional indicou a predominância de convergência de traços funcionais na cheia e divergência de traços funcionais na seca.
Os resultados indicaram que os períodos hidrológicos influenciaram os traços funcionais das amebas testáceas, que são
fortemente influenciadas pelas variáveis ambientais relacionadas com os recursos alimentares, especialmente a clorofila-a.

Palavras-chave: Protozoa, plâncton, diversidade funcional, períodos hidrológicos.
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INTRODUCTION

Comprehending the functional traits that drive
community organization is increasingly recog-
nized as an important element in the investigation
of community assembly (McGill et al., 2006).
Species characteristics are investigated through
any measurable morphological, physiological, or
life-history characteristic linked to individual fit-
ness (Violle et al., 2007). Thus, functional traits
provide insight into how species respond to eco-
system processes over time and may reveal
assembly patterns to help predict community
structure and ecosystem functioning (Petchey &
Gaston, 2006; Vogt et al., 2010).
Community assembly apparently involves

two main trends: (1) species in a community
can be similar in their ecological requirements,
leading to trait convergence; or (2) species coex-
istence may be restricted by their trait similarity,
which may lead to trait divergence (Pillar et al.,
2009). Using a functional diversity index can be
a good approach to investigate which ecological
process is predominant in a community by cal-
culating community-observed measures of such
processess and comparing them with random

expectations (Cavender-Bares et al., 2006; Luck
et al., 2013).
The hydrological regime is known as a major

structuring factor for temporal dynamics and
ecological processes in floodplains (Junk et al.,
1989). Thus, this temporal factor can influence
the functional traits of species as a consequence
(Mendez et al., 2012). Aquatic communities res-
pond differently to temporal variation in each
hydrological period. Drought periods lead to en-
vironmental isolation and to specific physical and
chemical characteristics of each environment,
distinguishing environments with a decrease in
the water level, which may cause divergence in the
functional traits of species. Flooding periods
show an increase in most environmental variable
concentrations due to the homogenization effect
of floods, which equalizes the environmental
conditions of the subsystems and causes the
convergence of functional traits of the species
(Thomaz et al., 2007).
Testate amoebae are organisms that play im-

portant roles in structuring aquatic ecosystems
and have interesting characteristics and ecolo-
gical advantages for scientific investigations
(Schwind et al., 2016). They have shells of diffe-

Figure 1. Sampling location of the environment in the upper Paraná River floodplain (OSM = Osmar Lake). Ponto de amostragem
na planície de inundação do alto rio Paraná (OSM = lagoa Osmar).
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rent compositions, shapes, and sizes (Bonnet,
1975). These morphological characteristics are
believed to represent adaptations to environmental
conditions, especially in aquatic environments that
are constantly affected by floods and changing
environmental conditions (Alves et al., 2008).
The functional traits of testate amoeba com-

munities are poorly understood. Attempts to ex-
plain testate amoeba traits have been mainly lim-
ited to studying minute soil taxa (Fournier et al.,
2012). Thus, the present study investigated the
influence of hydrological periods on the func-
tional traits of testate amoebae in a floodplain
lake. We hypothesized that the homogenization
effect of floods will lead to trait convergence dur-
ing periods of flooding, while environmental iso-
lation will lead to trait divergence during drought.
Moreover, the environmental variables will dif-
ferentially influence the functional traits of tes-
tate amoebae in both hydrological periods.

MATERIALS ANDMETHODS

Study Area

This study was performed at Osmar Lake, a wa-
ter body occupying the upper Paraná River
floodplain that is part of the Environmental Pro-
tection Area of the Paraná River of the Várzea
Islands, Brazil (22◦40′-22◦50′S and 53◦10′-
53◦40′W) (Fig. 1).
Floodplain lakes are greatly affected by the

hydrological regime, showing clear temporal
differences between flooding and drought (Bo-
necker et al., 2009). Osmar Lake is an isolated
lake in the Paraná River. It is not connected to the
main river channel except during major floods. It
is a quite shallow lake with a minimum depth of
0.6 metres during drought and a maximum depth
of 4.5 m during flooding (Roberto et al., 2009).

Sampling design

Amoeba samples were taken during flooding
(February) and drought (September) from 2002
to 2011 on the subsurface of the pelagic zone.
Six hundred litres of water per sample were filt-

ered through a plankton net (68 µm) at a central
point of the lake using a pump motor. This ma-
terial was fixed with a 4% formaldehyde solution
buffered with calcium carbonate.
The following variables were also measured:

water temperature (◦C), concentration of dis-
solved oxygen (mg/L) (portable digital oximeter-
YSI 550A), water transparency and depth (Secchi
disk), turbidity (NTU), alkalinity (mEq/L), total
nitrogen (µg/L), nitrate (µg/L), ammonia (µg/L),
total phosphorous (µg/L), phosphate (µg/L), pH
(portable digital pH metre-Digimed DM-2) and
chlorophyll a (µg/L). The samples were analysed
in the laboratory according to Golterman et al.
(1978) and Mackereth et al. (1978).
The testate amoeba abundance was deter-

mined by counting the amoebae using a Sedge-
wick-Rafter chamber under an optical micro-
scope. This counting was performed in sets of
three sequential sub-samples obtained by a Hen-
sen-Stempel pipette, and at least 50 individuals
were counted per sample, evaluating 7.5 mL
from each sample in total. The samples were
fully quantified when the minimum number of
individuals per sample was not reached (Bottrell
et al., 1976).

Functional Traits

The functional traits were calculated by sum-
ming the abundance of organisms according
to each functional trait and were expressed as
individuals per m3. Three functional traits were
selected: taxonomic classification (Arcellinida
or Euglyphida), shell constitution (agglutinated,
proteinaceous, or siliceous shell) and gas vacuole
(presence or absence) (See Table S1, available at
www.limnetica.com).
The taxonomic classification can be deter-

mined by the pseudopod morphology: filose or
lobose. These correspond to two of the three phy-
logenetic groups distinguished in testate amoe-
bae (Meisterfeld, 2002; Nikolaev et al., 2005):
Euglyphida have filose pseudopods, are mainly
smaller, bacteria-feeding taxa and are genera-
lly considered r-strategists. Arcellinida includes
both smaller and larger taxa, and its members
have lobose pseudopods and are considered
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K-strategists. The shell constitution in testate
amoebae differs according to the composition: a
proteinaceous, calcareous, or siliceous shell that
is secreted by the organism or a shell composed
of medium particles such as mineral particles and
diatom frustules that are combined into a cement
matrix by the organism (agglutinated shell)
(Beyens & Meisterfeld, 2001). The differences
in test constitution are believed to represent
adaptations of these organisms to changes in
the environment (Fournier et al., 2012; Arrieira
et al., 2015a). Gas vacuoles are structures used
by testate amoebae to move from the bottom
to the surface by floating (Ogden, 1991). Shell
compression minimizes the resistance to water
and floatation (Velho et al., 2003). Both gas
vacuoles and shell compression are considered
adaptations that enable organisms to remain ac-
tive longer in the water column. However, these
adaptations could influence the planktonic com-
munities because the water column have greater
availability of food resources, such as phyto-
plankton (Auer et al., 2004).

Data analysis

The functional dispersion index (FDis) was cal-
culated to detect trait convergence or divergence
related to the hydrological periods over time.
FDis was proposed by Laliberté & Legendre
(2010) to provide a measure of multivariate dis-
persion that estimates the dispersion of species

in functional space. According to the authors,
FDis is the mean distance in multidimensional
trait space of individual species to the centroid of
all species. It can account for species abundances
by shifting the position of the centroid towards
the more abundant species and weighting the
distances of individual species by their relative
abundances. This index represents different
aspects of functional diversity and, therefore,
provides complementary pieces of information
that a single index could not impart. FDis was
computed using the “FD” package (Laliberté &
Legendre, 2010) of the R free software, version
3.0.1 (R Core Team, 2013).
To assess whether trait convergence or diver-

gence dominates in different hydrological peri-
ods, we conducted the following analysis: a per-
mutation test was computed such that rows were
permuted in the species per trait matrix to ran-
domly attribute trait values to species, preserving
species abundance and richness at the same time.
This was repeated 999 times, allowing us to gen-
erate a probability distribution (FDis_sim) that
was used to calculate p-values. The three possible
outcomes of this test are 1) FDis < 5th percentile
of FDis_sim: convergence of traits; 2) FDis >
95th percentile of FDis_sim: divergence of traits;
3) 5th percentile of FDis_sim < FDis < 95th per-
centile of FDis_sim: neither convergence nor di-
vergence of traits. Thus, the community does not
follow any particular rule but is stochastic. We
assume that the homogenization effect of floods

Table 1. Results of the observed functional index (FDis) and probability distribution (FDis_sim) generated for the testate amoeba
communities during flooding. Measures in bold indicate trait convergence. Resultados do índice funcional observado (FDis) e a
probabilidade de distribuição (FDis_sim) gerada para a comunidade de amebas testáceas no período de cheia. Medidas em negrito
indicam a convergência dos traços funcionais.

Sampling years
5th percentile of

FDis_sim

95th percentile of

FDis_sim
FDis p-values

2002 0.187-0.187 0.291-0.291 0.273 0.05 < p < 0.95
2003 0.067-0.77 0.286-0.286 0.067 p < 0.05
2004 0.120-0.120 0.288-0.288 0.120 p < 0.05
2005 0.058-0.058 0.277-0.277 0.058 p < 0.05
2006 0.075-0.140 0.308-0.308 0.076 p < 0.05
2007 0.221-0.222 0.297-0.297 0.221 p < 0.05
2008 0.050-0.060 0.288-0.289 0.055 p < 0.05
2009 0.200-0.201 0.338-0.353 0.201 p < 0.05
2010 0.057-0.057 0.291-0.292 0.154 0.05 < p < 0.95
2011 0.115-0.116 0.291-0.292 0.116 p < 0.05
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will lead to the convergence of traits in flooding
(case 1), while environmental isolation will lead
to the divergence of traits in drought (case 2). In
an intermediate situation,wewould observe neither
the convergence nor divergence of traits (case 3).
We also carried out a redundancy analysis

(RDA) (Legendre & Legendre, 1998) to investi-
gate how the functional traits of the testate amoe-
bae were linked to the environmental variables
during the different hydrological periods. The
RDA results were based on the percentage of
variation explained by the model (R2 adjusted).
We applied a log transformation to the functional
trait values to reduce the effect of rare species
and subsequently processed these data accord-
ing to the Hellinger transformation (Legendre &
Gallagher, 2001). The RDA tests also included
the “vif.cca” function in the R program (variance
inflation factors –VIFs) to detect multicollinear
variables, and those with a VIF value higher than
ten were removed (Borcard et al., 2011). We also
performed a Monte Carlo permutation test (999
randomizations) (Borcard et al., 1992) to investi-
gate if the relationships between the environmen-
tal parameters and the RDA axes were statisti-
cally significant (p < 0.05). The RDA analyses
were conducted using the “vegan” package (Ok-
sanen et al., 2011) of the R free software, version
3.0.1 (R Core Team, 2013).

RESULTS

The species composition of the testate amoebae
included seventy-nine taxa belonging to eight
families; Difflugiidae showed the highest number
of species (36 taxa), followed by Arcellidae (19
taxa), Centropyxidae (10 taxa), Lesquereusiidae
(10 taxa), Trigonopyxidae (one taxon), Euglyphi-
dae (one taxon), Phryganellidae (one taxon), and
Plagiopyxidae (one taxon) (Table S1).
Significant differences between hydrological

periods were found for the testate amoeba com-
munities when compared using the observed
functional index (FDis). In addition, the FDis
measures were different in the hydrological
periods according to the probability distribution
(FDis_sim) generated for the testate amoeba

Figure 2. Relationships between the environmental variables
and the functional traits of the testate amoebae during flooding.
Functional traits: A = Arcellinida; B = Euglyphida; C = agglu-
tinated; D = proteinaceous; E = siliceous; F = presence of gas
vacuoles; G = absence of gas vacuoles. Limnological variables:
MST = total suspended matter; NT = total nitrogen; NO3 = ni-
trate; NH4 = ammonia; PT = total phosphorous; PO4 = phos-
phate; Chl = chlorophyll a. Water temperature, concentration of
dissolved oxygen, water transparency, depth, turbidity, alkalin-
ity and pH showed a high VIF and were excluded from the anal-
ysis. Relação entre as variáveis ambientais e as características
funcionais das amebas testáceas no período de cheia. Traços
funcionais: A = Arcellinida; B = Euglyphida; C = aglutinada;
D = proteica; E = silicosa; F = presença de vacúolo gasoso;
G = ausência de vacúolo gasoso. Variáveis limnológicas: MST
= material total em suspensão; NT = nitrogênio total; NO3 =
nitrato; NH4 = amônia; PT = fósforo total; PO4 = fosfato; Chl
= clorofila-a. Temperatura da água, concentração de oxigênio
dissolvido, transparência da água, turbidez, alcalinidade e pH
mostraram elevado valor de VIF e foram excluídos da análise.

communities. During flooding, most of the FDis
measures were found in between the lowest mea-
sures of FDis_sim (Table 1).
In this way, the functional traits of the tes-

tate amoebae showed a predominant trait con-
vergence in this hydrological period. In contrast,
most of the FDis measures were found to occur
between the highest measures of FDis_sim dur-
ing drought (Table 2), indicating trait divergence
in the testate amoeba communities.
The first two RDA axes explained 80% of

the relationship between the functional traits
and the environmental variables during flooding,
and 69.6 % of this relationship was observed in
drought (Figs. 2; 3). In addition, the results from
the permutation tests revealed a statistically sig-
nificant explanation attributed to RDA (p < 0.05)
in both hydrological periods.
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Figure 3. Relationships between the environmental variables
and the functional traits of the testate amoebae during drought.
Functional traits: A = Arcellinida; B = Euglyphida; C = agglu-
tinated; D = proteinaceous; E = siliceous; F = presence of gas
vacuoles; G = absence of gas vacuoles. Limnological variables:
Alk = alkalinity; NT = total nitrogen; NO3 = nitrate; NH4 = am-
monia; PT = total phosphorous; PO4 = phosphate; Chl = chloro-
phyll a. Water temperature, concentration of dissolved oxygen,
water transparency, depth, turbidity, total suspended matter and
pH showed a high VIF and were excluded from the analysis.
Relação entre as variáveis ambientais e as características fun-
cionais das amebas testáceas no período de seca. Traços fun-
cionais: A = Arcellinida; B = Euglyphida; C = aglutinada; D
= proteica; E = silicosa; F = presença de vacúolo gasoso; G
= ausência de vacúolo gasoso. Variáveis limnológicas: Alk =
alcalinidade; NT = nitrogênio total; NO3 = nitrato; NH4 =
amônia; PT = fósforo total; PO4 = fosfato; Chl = clorofila-
a. Temperatura da água, concentração de oxigênio dissolvido,
transparência da água, turbidez, material total em suspensão
e pH mostraram elevado valor de VIF e foram excluídos da
análise.

The functional traits of testate amoebae Arce-
llinida (A), agglutinated (C), presence of gas

vacuole (F), and absence of gas vacuole (G) were
positively correlated to chlorophyll a in both
hydrological periods. During flooding, the total
phosphorus and ammonia showed a negative cor-
relation with Euglyphida (B), and nitrate showed
a negative correlation with siliceous shell (E)
(Fig. 2). During drought, the RDA showed a neg-
ative correlation between total phosphorus and
proteinaceous shell (D), a negative correlation
among total nitrogen, ammonia, and siliceous
shell (E), as well as phosphate and Euglyphida
(B) (Fig. 3).

DISCUSSION

We observed that the Difflugiidae and Arcellidae
had the highest species richness in this study, as
previously shown in other studies in floodplain
lakes (Lansac-Tôha et al., 2014; Arrieira et al.,
2015b; Schwind et al., 2016). In general, the
higher the species richness in a community, themo-
re the functional implications between traits and
environments can be clarified (Weiher & Keddy,
1999).
Our results indicated that the functional traits

of testate amoebae differed in the two hydrologi-
cal periods. Flood pulses and environmental iso-
lation have direct influences on species assembly
during flooding and drought, respectively. These
processes result in different temporal distribu-
tions of aquatic communities in floodplains (Bo-

Table 2. Results of the observed functional index (FDis) and probability distribution (FDis_sim) generated for the testate amoeba
communities during drought. Measures in bold indicate trait divergence. Resultados do índice funcional observado (FDis) e a
probabilidade de distribuição (FDis_sim) gerada para a comunidade de amebas testáceas no período de seca. Medidas em negrito
indicam a divergência dos traços funcionais.

Sampling years
5th percentile of

FDis_sim

95th percentile of

FDis_sim
FDis p-values

2002 0.151-0.152 0.270-0.280 0.271 p > 0.95
2003 0.182-0.192 0.274-0.283 0.275 p > 0.95
2004 0.010-0.032 0.259-0.259 0.046 0.05 < p < 0.95
2005 0.077-0.078 0.226-0.227 0.101 0.05 < p < 0.95
2006 0.001-0.002 0.290-0.290 0.001 p < 0.05
2007 0.083-0.083 0.291-0.291 0.083 p < 0.05
2008 0.014-0.014 0.257-0.258 0.257 p > 0.95
2009 0.144-0.145 0.269-0.286 0.269 p > 0.95
2010 0.001-0.001 0.002-0.003 0.003 p > 0.95
2011 0.036-0.043 0.240-0.288 0.241 p > 0.95
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necker et al., 2009; Simões et al., 2013). Thus,
species can be selected according to their simi-
lar functional characteristics and the hydrologi-
cal period, allowing the coexistence of different
species in the environment.
During flooding, the homogenization effect

of floods is considered to be a general pattern.
Under these conditions, floodplain habitats are
connected; as a result, ecological processes and
biological communities tend to be more similar
(Thomaz et al., 2007). Taken together, our results
show that trait convergence could be caused by
the homogenization effect of floods, in agreement
with our hypothesis.
In an effort to infer assembly rules based on

the community composition in a floodplain, a
recent study investigated the inter-annual varia-
tion in the zooplankton and testate amoeba com-
munities (Lansac-Tôha et al., 2009). This inves-
tigation showed that differences between flood-
ing and drought are the most important factors
in terms of the structure and dynamics of testate
amoeba communities. In addition, the authors
also inferred that flooding contributed to species
dispersion among the environments. Thus, such
conditions result in similar species compositions
and, consequently, the functional convergence of
traits in testate amoebae.
Moreover, the results also confirmed our hy-

pothesis that trait divergence can occur as a re-
sult of drought. Floodplain aquatic habitats are
isolated from one another and are subject to local
driving forces, such as biotic interactions, dur-
ing drought (Carvalho et al., 2001). These en-
vironmental characteristics can limit the similar-
ity in the traits of co-occurring species (Funk et
al., 2008), implicating the occurrence of the func-
tional divergence of traits in aquatic communities.
Numerous studies have shown that environ-

mental isolation during drought promotes alter-
ations in the composition of the testate amoeba
community in floodplain lakes (Lansac-Tôha et
al., 2008; Costa et al., 2011; Bonecker et al.,
2013). The greater the species diversity, the
greater the competition for resources (Norberg,
2000), and some species will exclude others that
are ecologically similar, leading to the diver-
gence of traits (Katabuchi et al., 2012). Thus,

isolated environments could favour trait diver-
gence in testate amoeba communities. There
were consistent relationships between the en-
vironmental variables and the functional traits
of testate amoebae in the different hydrological
periods. Different abiotic factors inherent to
each hydrological period, such as environmental
variables, influence aquatic communities (Neiff,
1996). These factors promote alterations in all the
environmental conditions and affect the species
according to their functional occupancy (Bara-
nyi et al., 2002). An extensive literature has
shown that environmental variability is associ-
ated with the structure of planktonic communities
in floodplains (Hobaek et al., 2002; Mantovano
et al., 2015). Therefore, these variations could
also influence the functional traits of testate
amoebae.
The results showed that chlorophyll a was

positively linked to several functional traits of
testate amoebae (A, C, F, and G) in both hydro-
logical periods. The availability of chlorophyll a
is one of the major influences on species distribu-
tions (Auer et al., 2004). This is because chloro-
phyll a is directly linked to food resources in
aquatic ecosystems (Bastidas-Navarro & Mode-
nutti, 2007). In support of these results, a recent
study reported that a relationship exists between
food resources, including chlorophyll a, and the
functional diversity of testate amoebae, corre-
sponding to environmental filters in the assem-
bly of testate amoeba communities in floodplains
(Arrieira et al., 2015b). Thus, chlorophyll a could
be inferred to be an important factor in the func-
tional traits of testate amoebae, as shown for the
functional traits of Arcellinida, agglutinated, and
presence/absence of gas vacuole in this study.
Other environmental variables were related

to the functional traits of testate amoebae in the
different hydrological periods, as shown for the si-
liceous shell trait with nitrate, nitrogen, and
ammonia and the Euglyphida trait with phospho-
rus and phosphate. These negative relationships
with the phosphorus and nitrogen concentrations
indicated a greater influence of nutrients on both
functional traits. This could be explained by
nutrients potentially limiting both the siliceous
shell and Euglyphida traits. For instance, a higher
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phosphorus concentration is one of the environ-
mental factors that restrict the occurrence of
some testate amoeba species (Mieczan, 2012).
These results are also in agreement with those of
Vogt et al. (2013), who demonstrated that phos-
phorus and nitrogen were the main predictors
of zooplankton functional groups. Thus, these
environmental variables could also influence the
functional traits of testate amoebae.

CONCLUSION

This study confirmed the influence of hydrolog-
ical periods on the functional traits of testate
amoebae. This temporal factor promoted trait
convergence during flooding due to the homog-
enization effect of floods as well as trait diver-
gence during drought due to environmental iso-
lation, which corroborates the stated hypothesis.
The food resources represented by chlorophyll a
were an important factor in structuring some
functional traits of testate amoebae. Further-
more, nutrients limited other functional groups.
Finally, further studies are needed to con-

tribute to the understanding of the functional
role of testate amoebae in structuring aquatic
ecosystems, considering their efficiency in re-
sponding to environmental variables, especially
in floodplain environments.
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