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ABSTRACT. The present study aimed to analyze the species richness of testate amoebae,
as well as to describe their geographic distribution and different habitat types in Brazilian
freshwater environments. Until now, 346 infrageneric taxa have been recorded, belonging
to 13 families and 40 genera. In the Center-West region, 267 taxa were recorded; 188 taxa in
the Southeast; 129 taxa in the South, 53 taxa in the North; and 18 taxa in Northeast region.
A total of 282 taxa were recorded in plankton; 80 taxa in aquatic macrophytes; 81 taxa in
sediment; and 73 taxa in moss/sphagnum. The results regarding testate amoebae species
richness are not yet conclusive, given that most research on these organisms was carried out
in central, southeastern and southern Brazil. The higher number of taxa observed in
plankton may be due to the fact that most studies on testate amoebae in Brazil had been
carried out in the planktonic compartment, including reservoirs, floodplain lagoons,
channels, tributaries and rivers. In addition, the majority of studies with sediment samples
were conducted in estuaries or coastal lagoons, where salinity is a restricting factor for the
occurrence of these organisms.

Key words: testate amoebae, geographical distribution, plankton, aquatic macrophytes, sediment, moss.

RESUMO. Riqueza de espécies e distribuicao geografica de amebas testiaceas
(Rhizopoda) em ambientes aquaticos continentais brasileiros. Este trabalho visa realizar
um levantamento da riqueza de espécies de amebas testiceas, bem como descrever a distribuigio
geogrifica ¢ a distribuicio em diferentes tipos de habitats desses organismos em ambientes
aquiticos continentais brasileiros. Até o momento, sio registrados 346 tixons infragenéricos,
pertencentes a 13 familias e 40 géneros. Sio registrados 267 tixons na regido centro-oeste, 188
tixons na regido sudeste, 129 tixons na regido sul, 53 tixons na regiio norte ¢ 18 tixons na regiio
nordeste. Sio registrados 282 tixons no plincton; 131 tdxons em macrdfitas aqudticas, 81 tixons
no sedimento e 73 tixons em musgos/esfignos. Os resultados sobre a riqueza de tecamebas nao é
ainda conclusiva, visto que a maioria das pesquisas foi conduzida nas regides centro-oeste,
sudeste e sul. O maior ntimero de tixons registrados no plincton pode ser em virtude de que a
maioria dos estudos sobre tecamebas, no Brasil, ter sido realizada no compartimento plancténico,
incluindo reservatdrios, lagoas de virzeas, canais, tributdrios e rios. Além disso, a maior parte dos
estudos, em amostras de sedimento, foi conduzida em estuirios ou lagoas costeiras, onde a
salinidade é um fator limitante para a ocorréncia desses organismos.

Palavras-chave: tecamebas, distribuigio geogrifica, plincton, macroéfitas aquiticas, sedimento, musgo.

Introduction Among the groups belonging to microbial

Brazil . ) < al 4 olant organisms, there are the testate amoebae
razi resents great animal an an . «

P & P (Amoebozoa, Rhizopoda). The term “testate

biodiversity, as pointed out by presenting, for
example, the highest number of species of superior
plants, insects, freshwater fish and mammals. On

the other hand,

microbial diversity is still scarce or inexistent

information about Brazilian
(Thompson et al., 2005). In our country, there must
exist a great microbial diversity, which is still

practically unexplored.

amoebae” refers to a group of organisms that are
essentially artificial, heterogeneous and widely
polyphyletic, in which the cytoplasm is inserted in a
shell (Vucetich, 1973).

These organisms are basically aquatic and their
presence is registered in a wide range of freshwater
and humid environments (Lansac-Toha et al.,
2004a). According to Bonnet (1974), about 80% of
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the known species occupy aquatic biotopes
associated with marginal vegetation and sediment.
Recent surveys have shown, however, that these
organisms are not only frequent but abundant in
plankton samples from lakes and rivers (Arndt,
1993; Green, 1994; Velho et al., 2003; Lansac-T6ha
et al., 2004a, among others).

Testate amoebae are still relatively poorly known
in Brazil, and knowledge about their occurrence,
distribution and species diversity is still scarce. The
first records were made by Ehrenberg (1841), Daday
(1905), Prowazek (1910), Wailes (1913), Cunha
(1913, 1916) and Pinto (1925). These studies had
basically a taxonomic and species distribution
approach. After a time span of approximately
twenty-five years, Hoogenraad and Groot (1951)
identified testate amoebae species collected in moss
and Sphagnum from South American environments,
including Brazil. About ten years later, new studies
were carried out with these organisms, in sediment
samples collected in coastal lagoons from Rio
Grande do Sul State (Closs and Madeira, 1962 and
1967, Closs and Medeiros, 1965 and 1967), focusing
on, as pioneer researches, essentially taxonomic and
distribution aspects.

The first study on testate amoebae developed in
Brazil considering ecological aspects was Green’s
research (1975), which surveyed organisms collected in
plankton samples from floodplain lagoons from the
Suia Missu River watershed, in Mato Grosso State.

Later, during the last twenty years, some
representative studies were carried out on testate

amoebae species richness, composition,
abundance and distribution in different habitat
types, such as plankton, sediments,

moss/Sphagnum and fauna associated with aquatic
macrophytes (Godinho-Orlandi and Barbieri,
1983; Neumann-Leitio and Nogueira-Paranhos,
1987; Barbieri and Godinho-Orlandi, 1989; Rolla
et al., 1992; Torres and Jebran, 1994; Dabés, 1995;
Hardoim and Heckman, 1996; Landa, 1997;
Rhoden and Pitoni, 1999; Dabés and Velho, 2001;
Bini et al., 2003; Lansac-Tdha et al., 1992; 1993;
1997; 2004a; Velho et al., 1996; 1999; 2003; 2004a;
b; Fulone et al., 2005; Souza, 2005; among others).
These studies increased the knowledge on testate
amoebae occurrence in Brazil, considering the
distribution in different types of studied habitats.

Recently, some studies were performed that
provide more detailed about the
occurrence, taxonomical aspects and distribution of
testate amoebae in different Brazilian geographical
regions (Velho, 1999; Lansac-T6ha et al., 2000a,
2001a; b; Velho et al., 2000; 2001).

information

Lansac-To6ha et al.

This present study aimed to carry out a survey
on testate amoebae species richness, and describe the
occurrence of these organisms in Brazil, considering
geographic distribution and distribution in different
habitat  types, in
environments. We also intended to identify regions

Brazilian inland aquatic
in Brazil that are lacking in information on the

occurrence and distribution of these organisms.

Material and methods

When registering the occurrence and distribution
of testate amoebae species, only scientific publications
(complete articles in journals and complete annals
from scientific meetings), dissertations and theses were
considered (Tables 1 and 2). The adopted taxonomic
classification was basically that proposed by Loeblich
and Tappan (1964).

Table 1. Studies carried out on testate amocbae, authors and

respective habitat types studied in the Brazilian Southern,
Center-West, Northeast and North regions.

Authors/Years State Habitat
Southern Region

Barbosa (1995) Parand Sediment

Cardoso and Motta Rio Grande do Sul Plankton

Marques (2004)

Closs (1962) Rio Grande do Sul Sediment

Closs and Madeira Rio Grande do Sul Sediment

(1962; 1967)

Closs and Medeiros Rio Grande do Sul Sediment

(1965, 1967)

Cunha (1916) Parand Plankton

Ferreira et al. (2005) Rio Grande do Sul Sediment

Hansen et al. (2005) Rio Grande do Sul Sediment

Hoogenraad and Groof Parand Moss/Sphagnum
(1951)

Jaworski (2001) Parand Sediment
Lansac-Toha et al. Parani Plankton
(1997, 2004a; 2005)

Ledo et al. 2005 Rio Grande do Sul Sediment
Lopes (1993) Parani Plankton
Madeira-Falcetta Rio Grande do Sul/Santa Sediment
(1974) Catarina/Parani

Nunes et al. (1996) Parand Plankton
Rhoden e Pitoni (1999) Rio Grande do Sul Moss/Sphagnum

Torres (1996a; b; c; 1998)
Torres and Jebran (1994)
Torres and

Schwarzbold (2000)

Rio Grande do Sul
Rio Grande do Sul
Rio Grande do Sul

Aquatic Macrophytes
Aquatic Macrophytes
Aquatic Macrophytes

Velho and Lansac-Toha Parand Plankton
(1996)

Velho et al. (1996; 1999) Parani Plankton

Center-West Region

Alves et al. (2007) Mato Grosso do Sul Plankton
Bini et al. (2003) Mato Grosso do Sul Plankton
Bonecker et al. (1998) Mato Grosso do Sul Plankton
Daday (1905) Mato Grosso do Sul Plankton
Green (1975) Mato Grosso Plankton

Hardoim (1997)
Hardoim and

Mato Grosso
Mato Grosso

Aquatic Macrophytes
Sediment/Aquatic

Heckman (1996) Macrophytes

Lansac-Toha et al. Mato Grosso do Sul Plankton

(1997; 2004a; b)

Lansac-Toha et al. Goiis Plankton

(1999; 2000b)

Leipnitz (2005) Mato Grosso do Sul Sediment
(continua...)
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(...continuagio)
Authors/Years State Habitat
Missawa (2000) Mato Grosso Plankton
Silva-Neto (2001) Mato Grosso Plankton
Velho and Lansac-Téha ~ Mato Grosso do Sul Plankton
(1996)
Velho et al. (1996; 1999;  Mato Grosso do Sul Plankton
2003)

Northeast and North Regions
Cunha (1913) Ceari Plankton
Cunha (1916) Bahia/Piaui Plankton
Neumann-Leitido and Bahia/Pernambuco Plankton
Nogueira-Paranhos
(1987)
Rocha et al. (1998) Maranhio Plankton
Zucon and Loyola e Sergipe Sediment
Silva (1992)
Robertson et al. (subm.) Pari Plankton
Walker (1978) Amazonas Sediment

Table 2. Studies carried out on testate amoebae, authors and
respective habitat types studied in the Brazilian Southeast region.

Authors/Years State Habitat
Southeast Region
Bonecker et al. (1996; 1997) Minas Gerais Plankton
Bonnetti and Eichler (1997) Sio Paulo Sediment
Brant-Ribeiro (1970) Minas Gerais Sediment
Cunha (1913; 1916) Sao Paulo/ Plankton
Rio de Janeiro/
Minas Gerais
Dabés (1995; 1999) Minas Gerais Plankton
Dabés and Velho (2001) Minas Gerais ~ Aquatic Macrophytes
Duleba (2004) Sio Paulo Sediment
Durigan et al. (1992) Sio Paulo Plankton
Eichler and Bonnetti (1995) Sio Paulo Sediment
Eichler-Coelho et al. (1996; 1997) Sio Paulo Sediment
Fulone et al. (2005) Sio Paulo Plankton
Gomes (1991) Sao Paulo Plankton
Gomes and Godinho (2003) Sio Paulo Plankton
Hoogenraad and Groof (1951) Minas Gerais Moss/Sphagnum
Jaworski and Eichler (2005) Sio Paulo Sediment
Landa (1997) Minas Gerais Plankton
Landa and Ferreira (1995) Minas Gerais Plankton
Landa and Mourgués-Schurter Minas Gerais Plankton
(1999; 2000a; b)
Lopez and Sampaio (2003) Minas Gerais Plankton
Maia-Barbosa et al. (2003) Minas Gerais Plankton
Neumann-Leitio and Minas Gerais Plankton
Nogueira-Paranhos (1987)
Neumann-Leitio et al. (1991) Sio Paulo Plankton
Oliveira (1999) Sio Paulo Sediment
Oliveira et al. (1992) Sio Paulo Plankton
Panarelli ef al. (2003) Sio Paulo Plankton
Prowazek (1910) Rio de Janeiro/ Plankton
Sio Paulo
Rolla et al. (1990; 1992) Minas Gerais/ Plankton
Sao Paulo
Sipatiba-Tavares et al. (1995) Sio Paulo Plankton
Souza (2004) Minas Gerais Plankton

Souza (2005)
Wailes (1913)

Minas Gerais
Rio de Janeiro

Aquatic Macrophytes
Moss/Sphagnum

Results

Until now, 346 infrageneric taxa have been
registered, belonging to 13 families and 41 genera.
In relation to Brazilian geographic regions, 267 taxa
have been recorded in the Center-West region, 188
taxa in the Southeast region, 129 in the Southern
region, 53 taxa in the Northern region and 18 in the
Northeast region (Figure 1).
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Figure 1. Number of testate amoebae infrageneric taxa and the
number of studies carried out in distinct Brazilian geographic
regions.
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Figure 2. Number of infrageneric taxa of testate amoebace
families (a) and genera (b) registered in Brazilian inland aquatic
environments.

Among the studied habitats, the highest number
of taxa has been recorded in plankton, followed by
aquatic macrophytes, sediment and moss/Sphagnum
(Figure 3).

Of the 282 taxa registered in plankton, 92 belong
to Difflugia, 44 to Centropyxis, 36 to Arcella and 21 to
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Figure 3. Number of testate amoebae infrageneric taxa and
number of studies performed on this group in distinct habitats
from Brazilian aquatic environments.

Cyclopyxis (Figura 4a). The most frequent and
abundant taxa in this type of habitat are: Centropyxis
aculeata (Ehrenberg), C. ecornis (Ehrenberg), Arcella
vulgaris Ehrenberg, A. discoides Ehrenberg, A. gibbosa
Pénard, A. megastoma Pénard, Difflugia acuminata
Ehrenberg, D. corona Wallich, D. lobostoma Leidy,
Lesquereusia  spiralis (Ehrenberg) and Euglypha
acantophora (Ehrenberg).

In regard to the aquatic macrophytes habitat,
from 131 registered taxa, the most plentiful genera
are Difflugia (34 taxa), Arcella (23 taxa), Centropyxis
(15 taxa), Nebela (11 taxa), Euglypha (9 taxa),
Cyclopyxis (6 taxa) and Quadrulella (6 taxa) (Figure
4b), with the following taxa as the most frequent
and abundant: C. aculeata, C. discoides (Pénard) , A.
conica (Playfair), A. discoides, A. hemisphaerica Perty, D.
corona, D. lobostoma, D. elegans Pénard, Netzelia
tuberculata (Wallich), N. wailesi (Ogden), L. spiralis
and E. acantophora.

As for the sediment habitat, from 81 registered
taxa, 36 belong to Difflugia, 8 to Arcella, 5 to
Centropyxis and 5 to Euglypha (Figure 4d), with C.
constricta (Ehrenberg), Cyclopyxis arenata (Cushman),
D. capreolata Pénard, D. corona, D. oblonga Ehrenberg,
D. urceolata Carter, N. tuberculata and Pontigulasia
compressa (Carter) as the most frequent and
abundant.

On the other hand, in samples collected in moss
and Sphagnum, from 73 taxa recorded, 16 belong to
Nebela, 13 to Euglypha and 6 to Difflugia (Figure 4c).
The most frequent and abundant taxa are Nebela
caudata Leidy, Assulina muscorum Greeff, Trinema
enchelys (Ehrenberg) and E. strigosa (Ehrenberg).

Lansac-To6ha et al.
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Figure 4. Number of infrageneric taxa of testate amoebae genera
in each habitat type, in distinct Brazilian aquatic environments.
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Discussion

Research on testate amoebae composition and
species richness in Brazil are still in early stages.
Even though in the last few years studies on
different aquatic communities, including testate
amoebae in the surveys have increased, comprising
different aquatic habitats (sediment, river and lakes
plankton, fauna associated to aquatic macrophytes
and Sphagnum/moss), these studies are practically
restricted to Southern, Southeast and Center-West
regions.

Currently, these organisms are scarcely known in
the Northern and Northeast regions, with two and
five studies including testate amoebae, respectively,
However, we must emphasize that a study
performed in small streams in the Amazonian forest
(Amazonas State) showed that these environments
present a high biodiversity (Walker, 1982). Although
this author had not identified the species, he found
an expressive number of morphotypes (129). Still in
Northern region, the identification of 50 testate
amocbae taxa by Robertson et al. (submitted) in
plankton samples collected in Curud-Una Reservoir
(Pard State) evidences the need for researches to
improve the knowledge of testate amocbae
biodiversity in this region.

In terms of species richness, the Center-West
region is the most abundant in surveys carried out
until now. Contributing to this fact, studies were
developed in the Upper Parani River floodplain
(Mato Grosso do Sul State), in plankton samples
(Lansac-Téha et al., 1997; 2004a; Velho and Lansac-
Toha, 1996; Velho et al., 1996; 1999; Alves et al.,
2007; among others) and in Pantanal do Poconé
(Mato Grosso State), in sediment and aquatic
macrophytes samples (Hardoim and Heckman,
1996; Hardoim, 1997), as well as in Cuiabd River
(MT), in plankton samples (Missawa, 2000; Silva-
Neto, 2001).

Sediment, which is regarded by some authors
(Bonnet, 1974; Green, 1975; Lena and Zaindenwerg,
1975), as a preferential habitat for testate amoebae,
presents lower diversity when compared with
plankton and macrophytes habitats, according to
studies carried out in Brazil. However, these results
must be met with caution, because most of studies
performed in sediment samples were conducted in
coastal lagoons or estuaries, where salinity is a
limiting factor for these organisms. The studies
developed in coastal environments have shown that
testate amoebae are more frequent in regions with
higher fluvial influence, and that they are then
substituted by foraminifers in regions with higher
marine environment influence (Closs and Madeira,

189

1967; Zucon and Loyola e Silva, 1992; Barbosa,
1995; Eichler-Coelho et al., 1997; Oliveira, 1999;
Jaworski and  Eichler, 2005). The relatively
expressive number of studies about testate amoebae
in coastal/estuarine environments is explained by the
fact that these organisms are considered indicators of
fluvial inflow in these environments (Jaworski and
Eichler, 2005).

Moreover, the great number of morphotypes
found by Walker (1982) in sediments of small
streams in the Amazonian forest shows that we can
find a high diversity of testate amoebae in this
habitat type. We must emphasize that only six
studies on testate amoecbae have been performed
with  sediment samples from non-coastal
environments, one in the Piranga River, Minas
Gerais State (Brant-Ribeiro, 1970), another at the
Pantanal Matogrossense, Mato Grosso  State
(Hardoim and Heckman, 1996), yet another in
lagoons of the Parand River (Leipnitz et al., 2005)
and three in lagoons from the Coastal Plain in Rio
Grande do Sul State (Ferreira et al., 2005; Hansen
et al., 2005; Ledo et al., 2005).

As already mentioned, despite the fact that testate
amoebae are not considered by several authors as
typically planktonic, a higher taxa richness was
registered until now in plankton samples, especially
in floodplain environments as those found in Parani
River, which were broadly sampled — from marginal
lagoons and small channels and tributaries up to the
main rivers. These environments are, in their
majority, shallow and with high development of
marginal vegetation, with proximity between pelagic
and littoral regions and daily water column mixing,
which can intensify the fauna exchange between
different habitats (Lansac-T6ha et al., 2003). Thus,
the water column can function as an information
collector about present fauna in the entire system,
not only from plankton, but also from marginal
vegetation and sediment (Velho, 1999).

In addition, recent studies performed in the
Upper Parani River floodplain have evidenced that
testate amoebae can colonize plankton environments
during their life cycle, contributing to their
dispersion and the success of their populations
(Velho et al., 1999; 2003). Thus, for these authors,
the presence of these organisms in plankton must
not be faced as accidental, as argued by other authors
(Green, 1963; 1975; Lena and Zaindenwerg, 1975).

According to Velho et al. (1999; 2003), the
dimension of environments, the presence of aquatic
macrophytes stands and water flow, which promotes
marginal vegetation and sediment washout, seem to
be important factors in determining patterns of
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testate amocbae richness in plankton of distinct
environments from floodplains. However, these
authors argue that the occurrence of testate amoebae
in plankton can not be ascribed only to those
hydrodynamic  processes; although they are
preferentially associated to a substrate, in some life
cycle stage they must occur in plankton in order to
guarantee their population success, as previously
discussed.

In this way, testate amoebae produce gaseous
vacuoles for fluctuation (Stepanék and Jiri, 1958),
and some species produce low density shell shapes
(Schonborn, 1962). According to Velho et al. (1999),
these characteristics may allow access of these
organisms to the plankton compartment.

However, we must also consider that the higher
number of studies carried out on testate amoebae in
our country were done in plankton habitat; thus, the
higher species richness in this habitat can be due to
differences in sampling effort and a higher number
of explored environments.

The three most representative families in terms
of species richness, Difflugiidae, Arcellidae and
Centropyxidae, are, in general, the most commonly
registered in other South American aquatic
environments  (Vucetich, 1973; Lena and
Zaindenwerg, 1975; Modenutti and Vucetich, 1987)
and in other parts of the world (Green, 1963;
Moraczewski, 1964; Opravilovi, 1974; Beyens et al.,
1995; Todorov and Golemansky, 1998; Alekperov
and Snegovaya, 2000).

Considering the species richness for different
testate amoebae genera in the distinct habitats
studied, Difflugia is the most abundant in plankton,
sediment and aquatic macrophytes samples,
followed by Arcella and Centropyxis. The higher
species richness of these genera in these three
habitat types can be explained by their shell shape
and composition, which are more stiff and resistant,
allowing their presence and permanence in this
habitat type.

Conversely, in moss/Sphagnum habitats, the most
abundant genera are Nebela and Euglypha, which are
less representative in the other environments,
especially in the planktonic one. This observation
can be explained by the fact of these two genera
possess fragile shells, which limit their occurrence in
plankton, especially in lotic environments.

Furthermore, according to Mackinlay (1936) and
Rhoden and Pitoni (1999), the Sphagnum inferior
portion constitutes a favorable place for organisms
of the Nebela genus, because it avoids direct light
projection upon them. Because the shells of Nebela
and Euglypha species are hyaline, exposition to light

Lansac-To6ha et al.

in plankton habitats could be harmful to their
protoplasm. However, although this argument can
be used to explain the low species richness of these
two genera in plankton, it does not justify their
reduced occurrence in sediment, since these habitats
provide low luminosity conditions for them. Higher
species richness of Nebela and Euglypha in
moss/Sphagnum was also observed in researches
performed in other countries (Heal, 1962; Gracia,
1972; Todorov, 1998).

Other factor explaining the higher species richness
of Nebela and Euglypha in moss/Sphagnum would be the
low availability of water in these habitats, which could
be limiting for population development of species of
other testate amoebae genera.

Heal (1962), studying the testate amoebae
microdistribution in Sphagnum, evidenced that
Nebela species were distributed in different portions
of this plant according to water availability, since
xerophilous  species inhabit superior regions,
higrophilous ones were found in the intermediary
region, while hydrophilous were observed in the
inferior region. Based on these results, we can
suggest that the dominance of determined genera in
different aquatic habitats (sediment, plankton,
aquatic macrophytes, moss/Sphagnum) 1is directly
related to the water quantity available. In synthesis, a
higher species richness of Difflugia, Arcella and
Centropyxis occurs where water is not limited, and
Nebela and Euglypha, where water availability is
reduced.
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