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ABSTRACT. An evaluation was made of the effect of temporal variations on an assembly of
Testaceae in several water bodies located in Chapada dos Guimaraes National Park. A sampling
point was selected at each study site, where 4 samplings were collected per season, considering
the climatic conditions of the dry and rainy periods. The findings revealed 80 infrageneric taxa,
05 families and 12 genera. Pearson’s correlation between the second axis of the DCA and the first
axis of the PCA was significant, even after applying Bonferroni’s correction for multiple
significance tests (r = 0.683; p = 0.014). Thus, the temporal variation of the limnological data,
which showed higher values of turbidity, total solids, color and temperature for the rainy period
and higher concentrations of nitrogen and phosphorus during the dry season, was significantly
correlated with the biotic data. The second axis of the PCA indicated that the variables remained
unchanged during the seasonal periods under study.
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RESUMO. Estudo das assembléias de Testaceas (Protozoa — Rhizopoda) em regides
encachoeiradas turisticas do Parque Nacional Chapada dos Guimaraes, Estado do
Mato Grosso, Brasil. O presente trabalho objetivou avaliar os efeitos da variagio temporal sobre
assembleia de Testiceas de alguns corpos d’dgua localizados no Parque Nacional da Chapada dos
Guimaraes. Elegeu-se, em cada estagio de estudo, um ponto amostral e realizaram-se quatro
amostragens/estagio, considerando-se as condi¢es climiticas do perfodo de estiagem e chuvoso.
Os resultados obtidos evidenciaram 80 tixons infragenéricos, cinco familias e 12 géneros. A
correlagio de Pearson entre o segundo eixo da DCA e o primeiro eixo da PCA foi significativa,
mesmo apds a corregio de Bonferroni para multiplos testes de significAincia (r = 0,683;
p = 0,014). Deste modo, a variagio temporal dos dados limnoldgicos, que evidenciou maiores
valores de turbidez, sélidos totais, cor e temperatura para o perfodo chuvoso, e maiores
concentragdes de nitrogénio e fésforo na estiagem, correlacionou-se significativamente com os
dados bidticos. O segundo eixo da PCA evidenciou que as varidveis nio variaram durante os

periodos sazonais estudados.

Palavras-chave: Testacea, protozoa, Rhizopoda, regides encachoeiradas.

Introduction

Chapada dos Guimardes National Park was created
by Federal Decree 97656 of April 12, 1989 to ensure
full protection of the region’s fauna, flora, water
resources and natural beauty. In this context, several
local groups representing civil entities have been
developing environmental education projects aimed at
reversing the current situation of degradation that is
visible in several locations in this region. The park has a
rich diversity of watercourses, many of them with
waterfalls, which are its main tourist attraction.

The park has a rich diversity of watercourses, many
of them with waterfalls, which are its main tourist
attraction, e vem sofrendo constante alteracio
provacada pelo homem. However, it has been suftering

constant impacts caused by humans. Anthropic
interference, whether concentrated, as in the
generation of domestic sewage, or disperse, contributes
toward the introduction of both organic and inorganic
compounds into the water, affecting its quality.
Therefore, water quality is the result of both natural
phenomena and human actions (ALVES et al., 2008).

The thecamoebian group is composed of a
heterogeneous group of rhizopodan amoebae that
share a common trait of rigid carapaces, also known as
thecae or shells, which are unique characteristics of
each species (VUCETICH; LOPRETO, 1995).

The first study of Testaceae in Brazil was
conducted by Ehrenberg (1841), followed by
Daday (1905), Prowazeck (1910), Cunha (1913)
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and Pinto (1925). Starting in the 1970s, the
studies of these protozoans adopted a more
ecological approach, which allowed for the
inclusion of this group in the planktonic
community.

In Brazil, studies of these assemblages are still
only incipient. The first record for the state was
made by Cunha (1913), followed by Green
(1970), in the Suid-Missu river. Two decades
later, the studies of this biological group were
resumed by Hardoim and Heckman (1996), who,
albeit still using with a taxonomic approach,
began to turn to investigations of an ecological
nature. More recent studies in rivers were
conducted by Grego and Dabés (2001) and by
Souza (2005).

In the planktonic community as participants in
the food chain, in the cycling of nutrients, and
their possible use as biomarkers of water quality,
it has become increasingly necessary to investigate
this group of organisms that have so far received
so little attention from the scientific community.
When this type of work was carried, it was in
reservoirs, lakes and rivers connected to large
flooded areas, but there are no records of studies
of Testaceae in waterfall regions. The data
unique
contribution to the body of knowledge on the

reported  here therefore offer a
composition and richness of Testacean amoebae

in rivers with waterfalls.

Material and methods

The present study was carried out in pools
formed by waterfalls in  Chapada dos
Guimardes National Park in Mato Grosso State.
These waterfalls were Véu de Noiva (V) — Altitude
592 m, Cachoeirinha (C) - Altitude 624 m, and
Salgadeira (S) — Altitude 586 m.

The Testaceae specimens were collected seasonally,
with four samplings made at each study site, using a 38
um mesh plankton net, making a total of 24 samplings.

several

The species were divided taxonomically into the
various families according to Deflandre (1953). The
specimens were Rose Bengal stained, and only stained
organisms were counted, identified with the help of
specialized literature, and deposited in the Latemas
collection (the laboratory of taxonomy and ecology of
aquatic and symbiontic microorganisms of the Federal
University of Mato Grosso).

The abiotic (pH, conductivity,
oxygen, ammonium, phosphorus, iron, silicate,

variables
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temperature, total nitrogen and total solids) were
determined as described by Franson (1992). The
precipitation (rainfall) data were supplied by the
Civil Defense State Agency of Mato Grosso.

The abiotic variables were analyzed by principal
components analysis (PCA). All the variables except
the pH were first logarithmically transformed. The
patterns  of
(periods/collection sites), according to species density
(individuals L"), were synthesized by means of a
detrended correspondence analysis with removal of the
arch eftect (DCA) (GAUCH, 1982; HILL; GAUCH,
1980). The analysis was performed with the PC-ORD
program (McCUNE; MEFFORD, 1997), using the
option of weighting the rare species. Twenty-six
segments were used to remove the arch. The data were
previously transformed into logarithms (log(density +
1)). Only species with an absolute frequency higher
than or equal to two were included in the DCA
(maximum frequency equal to 12, i.e., the number of
observations in the data matrix: 3 sites x 4 collections).
The relationship between the scores derived from the
DCA (biological data) and those derived from the PCA
was then quantified

similarity —among the samples

through Pearson’s linear
correlation coefficient.

The values of species richness (S), Shannon-
Wiener diversity (H’) and equitability (E) were
estimated for each period, using the Pc-ORD statistical

program (McCUNE; MEFFORD, 1997).

Results

The testacean assemblages recorded in the 96
samples collected at the three sampling sites were
composed of 80 infrageneric taxa belonging to 5
families and 12 genera, with a total of 643 individuals
observed (Table 1). The greatest abundance was
represented by the families Centropyxidae (59.28%),
Arcellidae  (19.32%), Difflugidac  (12.63%) and
Nebellidae (8.58%). These four families represented
98.8% of the total abundance of testaceae.

The highest densities of Centropyxidae and
Diftlugidae were found in the rainy period, while the
families Arcellidae and Nebellidae were denser in the
dry period (Table 1).

The genera Centropyxis (17 taxa), Difflugia (19 taxa),
Areella (16 taxa) and Cyclopyxis (11 taxa) are the ones
that best represent the study sites. In addition to these
genera, Nebella (9 taxa), Curcubitella (2 taxa), Lesquereusia
(2 taxa), and one taxon each of Diphochlamys,
Hialosphenia, Pontigulasia and Quadrulella were also
found.
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Table 1. Occurrence of family, thecal shape, and total abundance of the inventoried testacean taxa at the three waterfalls (Jéu de Noiva
(V), Cachoeirinha (C) and Salgadeira (S)) in the dry and rainy seasons in Chapada dos Guimardes National Park, Mato Grosso State, Brazil.

Family Taxon Shape of the theca Absolute abunc!ance Occurrence in the season_/period
Dry Rainy Dry Rainy
Arcellidae
Arcella arenaria (Greef, 1866) flattened 7 3 V,Cand S C
A. dentata (Ehrenberg, 1838) flattened 0 3 - C
A. discoide (Ehrenberg, 1843) flattened 14 6 V,Cand S Vand C
A. multilobata (Ehrenberg, 1871) flattened 0 3 - C
A. rotundata (Playfair, 1818) flattened 3 6 Vand C V,Cand S
A. atava (Collin, 1914) hemispherical 9 11 V,Cand S Vand C
A. catinus (Pénard, 1870 hemispherical 2 6 C Vand C
A. conica (Playfair, 1917) hemispherical 1 2 C v
A. costata (Ehrenberg, 1847) hemispherical 3 0 C -
A. crenulata (Deflandre, 1928) hemispherical 2 0 v -
A. gibbosa (Pénard, 1810) hemispherical 6 4 V,Cand S Vand C
A. hemisphaerica (Perty, 1852) hemispherical 13 2 V,Cand S v
A. lobostoma (Deflandre, 1928) hemispherical 0 3 - \Y%
A. marginata (Daday, 1905) hemispherical 2 0 S -
A. vulgaris (Ehrenberg, 1830) hemispherical 3 5 \% Vand C
A. mitrata (Leidy, 1879) spherical 0 3 - Vand C
Centropyxidae
Centropyxis aculeata (Ehrenberg,1838) flattened 33 99 V,Cand S V,Cand S
C. aerophila (Deflandre, 1929) flattened 7 14 V,Cand S V,Cand S
C. cassis (Wallich, 1864) flattened 9 7 V,Cand S V,Cand S
C. compressa (Cushman, 1830) flattened 2 0 V,Cand S -
C. constricta (Ehrenberg, 1838) flattened 13 15 V,Cand S V,Cand S
C. ecornis (Ehrenberg, 1841) flattened 13 25 Cand S V,Cand S
C. hirsuta, (Deflandre, 1929) flattened 4 1 Vand C \%
C. pannosus (Decloitre, 1929) flattened 1 1 S A%
C .platystoma (Pénard, 1890) flattened 6 0 Cand S V,Cand S
C. spinosa (Cash, 1905) flattened 2 0 S V,Cand S
C. torquatus (Decloitre, 1929) flattened 0 3 - \4
C. gauthieri (Thomas, 1959) hemispherical 1 1 S C
C. gibbosas (Pénard, 1890) hemispherical 3 1 Cand S A%
C. laevigata (Pénard, 1890) hemispherical 1 1 C A%
C. minuta (Deflandre, 1929) hemispherical 18 28 V,Cand S V,Cand S
C. orbicularis (Deflandre, 1929) hemispherical 5 1 V,Cand S C
C. marsupiformis (Deflandre,1929) clongated 0 4 - V,Cand S
Cyclopyxis ambigua (Decloitre, 1977) spherical 0 5 - Vand C
C. amplicta (Decloitre, 1977) spherical 2 2 Vand C Cand S
C. arcelloides (Pénard, 1902) spherical 3 26 Vand S V,Cand S
C. eurystoma (Deflandre, 1957) spherical 1 3 C Vand C
C. kahli (Deflandre, 1929) spherical 0 2 - Vand C
C. sexangularis (Decloitre, 1977) hemispherical 2 0 C -
C. arenata (Decloitre, 1977) flattened 1 1 S A%
C. plathystoma (Deflandre, 1929) flattened 0 2 - \%
C. penardi (Deflandre, 1929) flattened 3 0 S -
C. pirini (Decloitre, 1977) flattened 0 3 - C
C. plana (Decloitre, 1977) flattened 3 2 Vand C C
Difflugiidac
Curcubitella dentata (Pénard, 1893) spherical 2 0 S -
Difflugia acuminata (Ehrenberg, 1838) clongated 1 3 C Vand C
D. ampholaris (Cash, 1909) clongated 1 2 C C
D. bicruris (Gi & Thomas, 1958) clongated 1 2 C C
D. brevicola (Cash and Hopkinson, 1909) clongated 2 0 C -
D.¢f. bryophila ( Pénard, 1902) clongated 0 2 - C
D. distenda (Ogden, 1983) clongated 1 1 C C
D. elegans (Pénard, 1890) clongated 1 1 C \%
D. lacustris (Pénard, 1890) clongated 1 1 S v
D. lucida (Pénard, 1890) clongated 2 2 Vand C \%
D. mammilaris (Pénard, 1893) clongated 4 0 C -
D. manicata (Ehrenberg, 1838) clongated 0 2 - C
D. oblonga (Ehrenberg, 1838) clongated 9 11 Cand S V,Cand S
D. penardi (Hopkinson, 1909) elongated 0 1 - C
D. pyriformis (Perty, 1899) elongated 0 4 - Vand S
D. sinuata Sp. Nov clongated 0 4 - C
D. lebes (Pénard, 1893) spherical 0 5 - A%
D. microstoma (Thomas, 1954) spherical 1 1 ) C
D. angulostoma (Gauthier-Lievre and Thomas, 1958) hemispherical 1 2 C S
D. globulosa (Wallich, 1837) hemispherical 3 0 C -
D. oviformis (Cash, 1909) hemispherical 3 1 Vand S \%
Microcoryciidae
Diphochlamys timida (Wallich, 1864) spherical 3 0 S
Nebelidae
Hyalosphenia elegans (Taranck, 1882) clongated 5 5 - V,Cand S
Continue...
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...continuation
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Family

Absolute abundance  Occurrence in the season/period

Taxon Shape of the theca Dry Rainy Dry Rainy
Lesquereusia modesta (Rhumbler,1896) elongated 8 2 Cand S v
L. spiralis (Ehrenberg, 1841) elongated 3 1 S C
Nebela americana (Tarinek, 1882) elongated 2 0 S -
N. barbata (Leidy, 1874) elongated 3 1 S S
N. carinata (Leidy, 1874) elongated 0 4 - C

N. collaris (Ehrenberg, 1848) elongated 4 3 S V,Cand S

N. dentistoma (Pénard, 1890) elongated 1 2 C Vand S
N. tenella (Pénard, 1893) elongated 0 3 - C
N. tincta (Leidy, 1879) elongated 2 0 S -
N. vas (Carter, 1889) elongated 4 0 C -
N. flabellulum (Leidy, 1879) hemispherical 2 0 S -
Pontigulasia compressa (Carter, 1864) elongated 3 0 C -
Quadrulella symmetrica (Wallich, 1863) elongated 0 2 - S

5 families 80 species 4 shapes 271ind.  372ind.

The most frequent taxa found in the three
waterfalls of this study were Arcella atava, Arcella

discoides, Arcella hemisphaerica, Centropyxis
aculeata, Centropyxis aerophila, Centropyxis
minuta, Centropyxis constricta, Centropyxis
ecornis, Cyclopyxis arcelloides, Cyclopyxis
minuta, Cyclopyxis arcelloides e Difflugia

oblonga. The taxa Arcella discoides and Arcella
hemisphaerica were more frequent in the dry
period, while the taxa Arcella atava, Centropyxis

aculeata, Centropyxis aecrophila, Centropyxis
constricta, Centropyxis ecornis, Centropyxis
minuta, Cyclopyxis arcelloides and Difflugia

oblonga were more frequent in the rainy season.
Among the taxa recorded, Centropyxis aculeata
was the only species classified as common in the
rainy season, according to the classification of
(1989) (Table 1). There

representativeness of common or

Gomes was  no
dominant
species in the dry season.

A greater abundance, albeit not significant, was
found at the Cachoeirinha waterfall (238
individuals), followed by Véu de Noiva (226
individuals) and Salgadeira (179 individuals). A
larger number of individuals were generally found
in the rainy period (Table 1). Among the three
waterfalls, the greatest richness was recorded at
Cachoeirinha (C) in the dry period. In the rainy
season, the Véu de Noiva (V) and Cachoeirinha (C)
sites presented similar values, unlike that of
Salgadeira, which showed less richness.

According to Sorensen’s similarity coefficient
(MAGURRAM, 1988), the Véu de Noiva site
showed the greatest similarity between the
periods studied, with 56.07%, followed by
Cachoeirinha with 47.43% and Salgadeira with
46.63%.

The Spearman correlation between density
and precipitation, diversity and precipitation data

revealed a distinct result for each waterfall in this
study. The diversity and density data of Véu de
Noiva correlated positively with precipitation,
presenting their highest values in the rainy period
(r = 0.80; p = 0.017). Cachoerinha did not show a
significant variation between the seasonal periods.
At Salgadeiro, they correlated negatively and both
correlations showed significant results (r = -0.80;
p = 0.02) (Figures 1, 2 and 3).

Species richness

v C S v C S
Period 1 Period 2
Points

Figure 1. Variation in the richness of the testacean assemblage
sampled at the Véu de Noiva (V), Cachoeirinha (C) and Salgadeira
(S) sites in the dry (1) and rainy (2) periods in 2000 and 2001,
respectively, in Chapada dos Guimardes National Park, Mato
Grosso State, Brazil.

The equitability values were higher in the dry
period. Salgadeira presented the greatest dissimilarity in
species distribution over the periods under study
(Figure 4).

The PCA-derived applied to the
environmental data demonstrated that the rainy
(March and April) and dry (July and August) periods
presented differentiated limnological characteristics
(Figure 5).

An analysis of the structure coefficients indicated
the main variables responsible for this temporal
differentiation. The first two axes of the PCA
explained 57.6% of the total variability of the data.

scores
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The first axis explained 36.41% and was negatively
correlated to the variables of turbidity (r = -0.93),
total solids (r = -0.86), color (r = -0.77) and
temperature (r = -0.72), presenting higher values
in the rainy season. These variables were also
strongly correlated to each other. The dry period
was characterized by higher concentrations of ions
and nutrients such as phosphorus (r = 0.62) and
nitrogen (r = 0.65), and was positively correlated
with the first principal component. The second
axis of the principal component, which explained
21.65%, was positively correlated with the variable
silicate (r = 0.72) and DBO (r = 0.66), and
negatively correlated with dissolved oxygen
concentrations (r = -0.72) and with pH
(r = -0.78). These variables did not present a clear
temporal variation, unlike the variables related
with the first axis (Table 2). The PCA-derived
scores applied to the environmental data did not
show a significant difference among the sampling
sites (p = 0.72).
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Figure 2. Variation in the density of the testacean assemblage
sampled at the Véu de Noiva (V), Cachoeirinha (C) and Salgadeira
(S) sites in the dry (1) and rainy (2) periods in 2000 and 2001,
respectively, in Chapada dos Guimardes National Park, Mato
Grosso State, Brazil.

Shannon-Wiener index (H’)
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Points

Figure 3. Variation in the diversity (H’) of the testaceae
sampled at the Véu de Noiva (V), Cachoeirinha (C) and
Salgadeira (S) sites in the dry (1) and rainy (2) periods in 2000
and 2001, respectively, in Chapada dos Guimardes National
Park, Mato Grosso State, Brazil.
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Figure 4. Variation in the equitability of the testacean
assemblages sampled at the Véu de Noiva (V), Cachoeirinha (C) and
Salgadeira (S) sites in Chapada dos Guimardes National Park in the
dry (1) and rainy (2) periods in 2000 and 2001, respectively.
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Figure 5. PCA-derived scores applied to the limnological data.
Period 1 = dry, and Period 2 = rainy.

Table 2. Pearson correlations between the original variables and
the principal components scores (structure coefficients).

Variables PC1 PC2
Temperature -0.72 0.49
Alkalinity 0.39 0.18
Cond 0.66 0.26
Color -0.77 0.19
DBO 0.28 0.66
OD 0.32 -0.72
Fe -0.11 0.02
P 0.68 0.30
N 0.65 -0.40
Silicate 0.54 0.72
pH -0.28 -0.78
SOLT -0.86 0.07
Turbidity -0.93 0.22
% explained 36.41 21.65

For the biological data on testacean densities, the
DCA indicated that the species compositions at the Véu
de Noiva and Cachoeirinha sampling sites were more
similar to each other, and the Salgadeira site differed
from the two aforementioned sites, varying
consistently ~ between  the sampling periods
(p = 0.015), as indicated by the DCA axis (Figure 6a).

The results of the DCA carried out on the
distribution data of the thecamoebian species at the
three sampling sites in the two seasonal periods
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showed no clear segregation of the samples along
axis 1 of the DCA (Figure 7). The second axis
differentiated the periods.
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Figure 6. (a) Scores of the samples derived from DCA axes 1 and
2. The classification was based on the collection sites (V — Véu de
Noiva, C — Cachoeirinha and S — Salgadeira). (b) Means of the
scores for axis 1 of the DCA, considering the sampling sites and
sampling periods.
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Figure 7. Scores of the samples derived from DCA axes 1 and 2.
The classification was defined according to the sampling periods
(Period 1 = dry; Period 2 = rainy).

Pearson’s correlation between the second axis of
the DCA and the first axis of the PCA was significant,
even after applying Bonferroni’s correction for
multiple significance tests (r = 0.683; p = 0.014).
Thus, the temporal variation of the limnological data

(expressed by the first axis of the PCA), which showed

Teixeira de Oliveira and Hardoim

higher values of turbidity, total solids, color and
temperature for the and  higher
concentrations of nitrogen and phosphorus during the
dry season, was significantly correlated with the
temporal variation in the biological data (expressed by
the second axis of the DCA) (Figure 7).

Twenty-nine clongated (36.2%), 21 flattened
(26.2%), 20 hemispherical (25%) and 10 spherical
(12.5%) thecae taxa were recorded, with the highest
diversity found in species with elongated shells. As
for the density of individuals, elongated thecae were
the most representative (50.07%), followed by
hemispherical (22.86%), elongated (17.88%) and
spherical (9.43%) species. The elongated species
represented 46.09% of the individuals in the dry
period and 53.02% in the rainy season, followed by
the hemispherical species, with 29.36% in the dry
period and 18.2% in the rainy period.

The thecal-shaped characteristics and families
the species share were not sufficient to predict the
composition of species that vary spatially or
temporally. In general, species belonging to a given
family or with a given shape occurred indistinctly in
the four quadrants of the bivariate space formed by
the first axes of the DCA (Figure 8a and b).
Groupings of species that share a given characteristic
could make it easy to establish generalizations.
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450
(2)
1 o O Arcellid
350 ° O Centropy
° * o | @ Diffug
250 o # Nebelida
l:lB o
J o N
w 150 o o B F o %o
< o L J
Q . Oe ® O oo « @ e *
a 50 o
05 ° ;
o 0 0o
-50 1
oo
.
-150 o o
[m} o
-250 T T T T T T T T
-300 -200 -100 0 100 200 300 400 500 600
DCA1
450
(b) O flattened
350 1 o O hemispherical
+ o @ spherical
250 o ° o =+ elongated
% o
] o
: 150 1) o % ot o Op
8 50 oo + o | ee ot + +
o
.ﬁ o . op +
-50 1 . .+
+
-1501 +H +
o o
-250 T T T T T T T T
-300 -200 -100 0 100 200 300 400 500 600
DCA1

Figure 8. Scores of the species along DCA axes 1 and 2. The species
in (a) were characterized by family, and in (b) by thecal shape.
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Discussion

In general, it was found that the testacean
assemblages  presented low  densities; the
development of high densities in these
environments seems to be unfavorable due to the
fast-flowing currents (VELHO et al., 2003).
Moreover, these low densities may be ascribed to
the constant impact of the waterfall, hindering the
establishment of the testacean assemblage.

Organisms that live in environments under the
influence of intense water flows tend to present
morphological and behavioral adaptations designed
to prevent them from being dragged downstream
(VELHO et al., 2003), developing shapes aimed at
minimizing resistance to water flow and facilitate
floating (LAMPERT; SOMMER, 1997).

The most abundant species was Centropyxis
aculeata (Centropyxidae), whose flat-shaped theca
presented an enormously varied morphology
ranging from different numbers of aculei to
different sizes. The same finding has been
reported by many authors (DECLOITRE, 1978;
VELHO
et al.,, 2003 among others), suggesting that this
species’ ability to adapt to stressful environments
may be high due to its wide variety of
morphotypes. Other flat-shelled species such as
Centropyxis ecornis, C. constricta, C. aerophila and C.
minuta were abundant, indicating that this
characteristic facilitated the permanence of these
species in the upper water column, enabling to
float in environments with strong currents and
large water flows.

According to Velho et al. (2003), flat-shelled taxa
are typical of lotic environments, since this is shape
most adapted to lotic conditions because it renders
individuals less susceptible to the drag forces of the
current.

The families Arcellidae, Difflugiidae and
Centropyxidae were three of the four most
abundant families, representing 90.66% of the
total Testaceae found in the three waterfalls under
study. These results have been found in other
studies (VELHO et al., 1996; VELHO et al., 2000;
VELHO et al.,, 2003). The occurrence of 80
species of Testaceae in samples of plankton from
rivers with waterfalls represents a pioneer record
in research conducted on this group.

Significant differences were found in the
number of species and the density among the
environments of this study, so Spearman’s
correlation between density and precipitation,
diversity ~and  precipitation  data  showed
differentiated results for cach of the waterfalls.
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Further studies in the region are needed to gain a
broader understanding of the behavior of these
protozoa in waterfall environments. Studies such as
those of Lansac-Tdha et al. (2000), Velho et al.
(2003), Fulone et al. (2005) and Fulone et al. (2008)
revealed higher densities in the rainy season due to
entrainment of testaceans from the sediment, but in
the case of the waterfalls, this factor was only
observed at Véu da Noiva, while at Cachoeirinha the
correlation with the precipitation factor did not
show a significant variation and at Salgadeira the
correlation was negative.

Véu da Noiva waterfall displayed the greatest
richness as well as the highest density in the dry
period, leading us to believe that the strong impact
of the waterfall (86 m) hinders the permanence of
many species that are common in lotic
environments. Hence, only species that present
adaptive strategies to withstand strong impacts are
able to become established in such conditions,
favoring the increase in the abundance of these
populations.

The variables of pH, BOD, silicate and dissolved
oxygen did not vary between the periods under
study. The high indices of dissolved oxygen were
expected, since this is a region of waterfalls, whose
mechanical falling water action promotes constant
aeration. Contrary to the findings of many other
studies (NECCHI et al., 1996), oxygen was not a
limiting factor due to its constancy. The pH was
characterized as slightly acid to circumneutral
throughout the hydrological period of this study.

The results of Pearson’s correlation between the
second axis of the DCA and the first axis of the PCA
indicated that the abundance of species presented a
well defined variation according to the temporal
variation between the dry and rainy periods. This
finding indicates that the species Arcella atava,
A. discoides, Centropyxis aerophilla, C. aculeta, C.
constricta, C. ecornis, C. minuta, Cyclopyxis arcelloides
and Difflugia oblonga were more abundant in the
presence of higher concentrations of total solids,
temperature, turbidity and color, a situation typical
of the rainy period. Velho et al. (2003) and others,
suggest that in the rainy season rhizopods are
washed out of the marginal vegetation and dragged
to the plankton, so that the species richness recorded
in the plankton reflects the fauna of the entire
environment reasonably well.

The species Arcella atava and A. hemisphaerica
hemisphaerica occurred in greater abundance in the
presence of higher concentrations of nitrogen and
phosphorus, which are extremely important
nutrients for microalgal development. The
connection of these two species with increased
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nitrogen and phosphorus should be investigated in
greater depth. Many organisms used as biomarkers
of water quality are related to the increase of these
nutrients, originating from diverse anthropic
activities.

It is extremely important to intensify studies in
Brazil aimed at identifying probable thecamoebian
species that serve as indicators of environmental
quality. Such studies, in which we seek simple and
easily applicable tools, are crucial for the
management of aquatic environments.
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