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The role of limnological variables and habitat
complexity in impacted tropical streams as regulatory
factors on the flagellate protozoa community
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Abstract: Objective: To contribute to the knowledge of patterns of spatial and
seasonal distribution of composition and species richness of flagellate protozoa in
tropical impacted streams and to identify which variables (physical and chemical or
descriptor variables of habitat complexity) control these attributes in these environments.
Methods: Samplings were performed in 10 tropical streams (5 urban and 5 rural) in
two periods (summer and winter). Limnological variables were determined on the field
(except for the concentration of nutrients), the habitat macrostructure was visually
estimated in situ, using a quadrat and the species identification was performed in vivo,
under optical microscope. Results: In total, 106 taxa were identified, the order Euglenida
was that contributed most to the species richness, probably due to the high tolerance to
environmental changes. Multivariate analyses (ANOSIM and MDS) evidenced significant
spatial and seasonal differences both for composition and species richness. The Bioenv
and Mantel Test indicated that the patterns of composition and richness were controlled
by physical and chemical variables indicative of water quality (pH, electrical conductivity,
and concentration of nutrients). However, the species richness was also influenced by
the habitat structural complexity and by its stability, which can be disturbed by the
rainfall regime. Conclusions: The results showed that flagellate protozoa are sensitive to
environmental changes, and thus can be used as efficient bioindicators of water quality,
as has already been done with other aquatic organisms. Moreover, human activities
that cause changes in the channel morphology of lotic ecosystems may determine the
occurrence of flagellate species, once the simplification of the habitat structure leads to
the reduction of species in the environment.

Keywords: habitat structure, water quality, impacted streams, protozooplankton,
community ecology.

Resumo: Objetivo: Contribuir para o conhecimento dos padroes de distribuicao
espacial e sazonal da composicio e riqueza de espécies de protozodrios flagelados de
riachos tropicais impactados e ainda identificar quais varidveis (fisicas e quimicas ou
descritoras de complexidade de habitat) regulam esses atributos nestes ambientes.
Métodos: As coletas foram realizadas em 10 riachos tropicais (5 urbanos e 5 rurais), em
dois periodos diferentes (verdo e inverno). As varidveis limnolégicas foram determinadas
em campo (exceto a concentragdo de nutrientes), a macroestrutura do habitat foi estimada
visualmente i7 situ, com auxilio de um quadrat e a identificagao das espécies foi realizada
in vivo, sob microscépio optico. Resultados: Foram identificados 106 tdxons e a Ordem
Euglenida foi a que mais contribuiu para a riqueza de espécies, provavelmente, devido a
sua alta tolerdncia as alteragoes ambientais. Andlises multivariadas (ANOSIM e MDS)
evidenciaram diferencas espaciais e sazonais significativas tanto para a composi¢io quanto
para a riqueza de espécies. A Bioenv e o Teste de Mantel mostraram que os padroes de
composicdo e riqueza de espécies foram regulados pelas varidveis fisicas e quimicas da
dgua descritoras da qualidade da 4gua (pH, condutividade elétrica e concentragio de
nutrientes). Entretanto, a riqueza de espécies também foi influenciada pela complexidade
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estrutural do habitat e por sua estabilidade que pode ser perturbada pelo regime de chuvas.
Conclusées: Em suma, os resultados obtidos mostraram que os protozodrios flagelados
sdo bastante sensiveis as alteragoes ambientais e por isso podem ser usados como eficientes
bioindicadores da qualidade da 4gua, como jé tem sido feito com outros organismos
aqudticos. Além disso, ficou evidente que atividades antrépicas que causam mudangas
na morfologia do canal dos ecossistemas 16ticos podem determinar a ocorréncia das
espécies de flagelados, pois a simplificagao da estrutura do hdbitat acarreta a diminuigio

de espécies presentes no ambiente.

Palavras-chave: estrutura de habitat, qualidade de dgua, riachos impactados,

protozooplancton, ecologia de comunidade.

1. Introduction

Flagellate protozoa are found in almost every
aquatic biotope, where play important role on
the metabolism of these ecosystems, especially
given their great ability of energy and matter
transfer along aquatic food chains (Azam et al.,
1983; Arndt et al., 2000), since when consumed
by ciliate or zooplankton (Arndt, 1993; Weisse,
1990), they transfer to these organisms the
energy obtained in the consumption of bacteria,
virus, picophytoplankton, nanophytoplankton
and dissolved organic carbon (Xu et al., 2005),
reintroducing into the aquatic food webs the matter
and energy that would be eliminated (Azam et al.,
1983). Furthermore, the pigmented flagellates may
expressively contribute with the primary production
in aquatic ecosystems (Safi and Hall, 1997).

In general, this community can be controlled by
both biotic and abiotic factors, such as food resource
availability, predation pressure, pH, electrical
conductivity, dissolved oxygen, trophic state, and
climatic seasonality (Pace and Funke, 1991; Arnd,
1993; Samuelsson et al., 2006; Aratjo and Godinho,
2008; Camargo and Velho, 2011). Nevertheless,
evidences have suggested that in tropical lotic
environments flagellates are primarily controlled
by seasonal variation of the rainfall regime (Aratjo
and Godinho, 2008; Camargo and Velho, 2011),
which modifies the structure and metabolism of
the environment and aquatic communities as well
(Cushing and Allan, 2001). On the other hand,
the water quality can also influence the distribution
of these organisms, as reported by some authors
(Jiang and Shen, 2005; Aratjo and Godinho,
2008). In this way, it is essential to determine
the major factors controlling the structure and
dynamics of this community in these environments,
in order to subsidize the elaboration of proposals
for monitoring, management, conservation and
restoration of these ecosystems, which have been
extensively modified in the recent decades by
the various uses and occupations of the land.

These studies can also prevent the loss of rare
and endemic species, because lotic environments
support a rich and highly specialized biota, by being
unique, dynamic and complex systems (Giller and
Malmaqpvist, 1998).

Despite this, most of studies on flagellate are
quite limited since addressed this community as
a black box, evaluating only its functional role in
the ecosystem (Arndt et al., 2000). This occurs
mainly because the fixation processes required
for epifluorescence microscopy that produce cell
deformation, not allowing the species identification
(Arndt et al., 2000; Auer and Arndt, 2001). This
is because most studies has no taxonomical detail
(Arndt et al., 2000), which makes difficult to
know the patterns of composition and richness of
this community. Among the few studies in lotic
environments with some taxonomic detail on
flagellate protozoa community, stand out the studies
developed by Carlough and Meyer (1989), Arndt
and Mathes (1991), Weitere and Arndt (2003),
Tikhonenkov and Mazei (2006), Kosolapova
(2007), Aratjo and Godinho (2008), Tikhonenkov
and Mazei (2008), Kiss et al. (2009) and Camargo
and Velho (2011).

On the other hand, there is no study so far on
the effect of habitat structural complexity on the
patterns of composition and richness of flagellate
protozoa, as already performed for other organisms,
like invertebrate and zooplankton (Beck, 1998;
Kuczynska-Kippen, 2007; Thomaz et al., 2008).
The hypothesis that habitat complexity is positively
related to the richness and diversity of species has
been investigated since the 1960’s (MacArthur and
MacArthur, 1961). Theoretically, the more complex
is a habitat the higher number of species it can
sustain (Bell et al., 1991; Thomaz et al., 2008),
because a more complex structure can favor the
species coexistence, reduce the predation rates by
increasing the number of refuges and shelters, reduce
the competition for resources, and also enhance
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the foraging efficiency of species (MacArthur and
MacArthur, 1961; Bell et al., 1991). However, this
classical ecological premise had not been tested
yet for all sorts of organisms, environments, and
scales, given the several methodological difficulties
to quantify the structural complexity in a judicious
and reliable way (Taniguchi and Tokeshi, 2004).

In this context, this study aimed to: (I)
contribute with the knowledge of patterns of
spatial and seasonal distribution of composition
and richness of planktonic flagellate protozoa in
tropical impacted streams; (II) determine which
type of variable (physical and chemical or habitat
complexity descriptors) is more important for
maintaining the structure of this community. To
this end, we compared the species richness and
community composition between rural and urban
streams, in two seasons (summer and winter). We
predicted that: (i) the spatial distribution of the
species composition is regulated by the land use
and occupation and its seasonal distribution, by
the rainfall regime; and (ii) the number of species
in the streams is primordially determined by the
habitat’s complexity, considering that more complex
environments can sustain a greater number of
species, independent of limnological conditions or
seasonality of the rainfall regime.

2. Material and Methods

2.1. Study area

The Pirapé River watershed (22° 30" S and
23°30°S; 51° 15 W and 52° 15° W) is located in
the physiographic region of the Third Plateau of the
Parand State, Brazil. This watershed has a catchment
area of about 5.076 km? and it is under the influence
of Maringg City, which is relatively industrialized
and urbanized and considered the most important
urban center in the region, with approximately
350.000 inhabitants. The streams studied are all
first order (sezsu Strahler, 1957) and are located in
the surroundings of Maringa City (Figure 1), which
has an extensive drainage network greatly modified
by the land use and occupation.

The streams were categorized as rural (Agua
Quecaba, Agua da Roseira, Remo, Romeira and
Zatina) or urban (Agua do Pirapé, Guaiapé,
Mandacard, Miosétis and Nazaré), based on
their location in the study area (Figure 1). In
general, both in urban and rural streams were
observed stretches greatly modified by human
activities such as: clandestine disposal of domestic
effluents and solid waste in the surroundings
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and on the bed of these streams (e.g. debris of
construction materials, cans, plastic bottles, tires,
old furniture, etc.), agricultural activities close
to the riparian vegetation; deforestation of this
vegetation, damming; channeling, sealing of the soil
surrounding these streams, among others.

2.2. Samplings and laboratory procedures

Samplings were performed during summer
(February 2008) and winter (July 2008). Each
stream had three sampling locations (headwater,
middle course and mouth), except for habitat
descriptor variables, comprising 180 samples. The
biological samples were obtained through passing a
polyethylene flask (two liters) just under the water
surface. The individuals were analyzed in vivo,
under an optical microscope, according to Gasol
(1993), to avoid alterations in the cell shape and
dimension by the preservation process. The slides
were analyzed until no new species was found. The
species were identified, whenever possible, based on
morphological characteristics and with specialized
literature. The results were presented according
to the classification system proposed by Lee et al.
(2000).

Besides the biological samplings, the electrical
conductivity, dissolved oxygen, pH, depth,
water temperature and current velocity were also
measured, using portable equipments. The nitrate
and phosphate concentrations were determined
in laboratory, using the methods proposed by
Golterman et al. (1978) and Zagatto et al. (1981).

The procedures for determining habitat
complexity were based on the methods proposed
by Hauer and Lamberti (1998), Matthews (1998)
and Willis et al. (2005). The following variables
were used as habitat complexity descriptors: current
velocity, depth, substrate grain size, and habitat
macrostructure, randomly measured (five replicates,
n = 1050) in seven transects ten meters along each
region of the stream (headwater, middle course
and mouth).

The substrate granulometer and habitat
macrostructure were visually categorized (always
by the same observer), using a quadrat, where the
percentage cover values were used to estimate the
frequency of occurrence (inside each quadrat area)
of each item from each habitat descriptor variable.
The items for the substrate granulometer variable
were defined as silt, clay and sand (< 2 mm),
granule (2-4 mm), block (4-64 mm), pebbles
(64-256 mm) and flagstone/slab (> 256 mm). The

items for habitat macrostructure were classified as
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Figure 1. Location of the study area and sampled streams (indicated by names). Where: 1. Urban perimeter; 2.

Rural perimeter.

leaf, branch, root, trunk, aquatic macrophyte and
artificial structure (cans, debris of construction
material, plastic bottles, tires, and other items).

2.3. Data analyses

To characterize the streams and detect a
possible environmental gradient, we applied a
principal component analysis (PCA). Before this,

values of frequency of occurrence (%) of the items
from the habitat descriptor variables (substrate
granulometry and habitat macrostructure) were
used to calculate the Shannon-Wiener diversity
index (Shannon and Weaver, 1949) and infer how
complex the environments were. This index was
calculated by the equation —Zpi.ln.pi, where /n
is the natural logarithm and pi is the frequency



2012, vol. 24, no. 2, p. 193-206

of occurrence proportional of items (7), from
each habitat descriptor variable. Subsequently, all
abiotic variables (electrical conductivity, phosphate,
substrate grain size, habitat macrostructure, nitrate,
dissolved oxygen, pH, depth, water temperature and
current velocity) were summarized by the PCA, and
the axes were retained for interpretation according
to the Kaiser-Guttman criterion (Eigenvalues > 1.0)
(Jackson, 1993).

Aiming to summarize graphically the patterns
of spatial and seasonal distribution of species
composition, it was used a multidimensional scaling
analysis (MDS - Clarke and Warwick, 1994), which
provides values of stress from 0 to1 and express how
much the graphic configuration proposed represents
the data, thus, the lower the stress value the better
data representation. To construct the similarity
matrices, we used the Bray-Curtis coefficient,
and to test if the composition and richness
present significant patterns of spatial and seasonal
distribution, it was employed a two-factors analysis
of similarities (Two-Way ANOSIM - Clarke,
1993), which is a non-multivariate parametric test
analogous to the analysis of variance, widely used
to test ecological hypotheses (Clarke and Warwick,
1994).

In order to understand the influence of abiotic
factors and variables of habitat complexity on the
patterns of composition and richness of flagellate
protozoa, we used the Bioenv analysis (Clarke and
Warwick, 1994), which correlated a biotic data
matrix with an environmental data matrix through a
Spearman correlation (Clarke and Warwick, 1994).
The final solution of this multivariate analysis is a
model that better explains the variation of biological
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data as a function of abiotic ones. The statistical
significance of the models selected by the Bioenv was
tested by a Mantel Test (Mantel, 1967), with 1,000
randomizations, according to recommendations of
Melo (2009).

For all these analyses, data were not transformed
and the significance level was set at p < 0.05. The
analyses were run using the following softwares:
Past (Two-Way ANOSIM), PC-ORD 6.0 (MDS),
R 2.11.1 (Bioenv and Mantel Test) and Statistica
7.0 (graphs).

3. Results

3.1. Environmental variables: environmental
characterization and principal component analysis

In general, the streams were shallow, with rapid
current and well-structured beds (Table 1). They also
had aslightly acidic pH, high electrical conductivity
and relatively low oxygen concentration, especially
in urban streams (Table 1). These streams had higher
concentrations of nitrate and phosphate than rural
streams (Table 1).

To detect a possible environmental gradient,
the biotic variables were summarized by a principal
component analysis and the three first axes retained
for interpretation explained 55% of the total
data variability (Figure 2; Table 2). Nevertheless,
the greater part of data variability (41%) was
explained by the first two axes, which showed only
a trend of separation of environments and periods.
Furthermore, limnological variables had seasonal
distribution patterns more evident than spatial
patterns (Figure 2; Table 2).

Table 1. Mean values and standard deviation of limnological variables (n = 180) and habitat descriptor variables from
urban and rural streams during summer and winter (n = 1050).

Rural Urban
Abiotic variables Winter Summer Winter Summer
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Limnological Variables
Electrical conductivity (uS.Cm™") 12442 35.65 123.77  30.59 189.36  61.17 208.03 67.26
Phosphate (mg.L™") 0.06 0.03 0.07 0.08 0.09 0.06 0.13 0.12
Nitrate (mg.L™") 1.25 0.54 1.10 0.58 5.69 2.41 5.41 2.36
Dissolved oxygen (mg.L™") 7.53 0.73 8.32 0.96 6.96 0.44 7.77 0.89
pH 6.87 0.18 6.96 0.20 6.91 0.30 6.92 0.29
Water temperature (°C) 17.56 1.31 21.51 0.61 19.69 1.07 22.16 1.27
Habitat Descriptor Variables
Substrate grain size (nats.item™) 0.92 0.01 0.91 0.02 0.92 0.01 0.91 0.01
Habitat macrostructure (nats.item=')  0.75 0.06 0.69 0.13 0.63 0.19 0.62 0.18
Depth (m) 0.18 0.05 0.18 0.07 0.22 0.10 0.19 0.07
Current velocity (m.s™") 0.27 0.10 0.25 0.09 0.20 0.06 0.19 0.09
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Figure 2. Scores distribution along PCA axes performed with limnological variables and habitat variables of urban and
rural streams during summer and winter (Where: CV = current velocity; Dep = depth; EC = electrical conductivity;
HM = habitat macrostructure; N = nitrate; OD = dissolved oxygen; PH = potential of hydrogen and WT = water

temperature).

The axis 1 described mainly the seasonal pattern
of the variables, being positively influenced by
pH and temperature and negatively influenced by
availability of dissolved oxygen (Figure 2; Table 2).
On the other hand, the axes 2 and 3 summarized
mainly the spatial patterns of variables. The
axis 2 was negatively influenced by the habitat
macrostructure and current velocity, and positively
by electrical conductivity, nitrate concentration
and depth (Figure 2; Table 2). In turn, the axis
3 was positively influenced by the availability
of dissolved oxygen, nitrate concentration and

habitat macrostructure, and negatively, by electrical
conductivity (Figure 2; Table 2).

3.2. Species composition

The flagellate protozoa community was
represented by 106 taxa, belonging to nine orders
and one residual group (made up by taxa without
common phylogenetic origins). The observed orders
were: Choanoflagellida (one taxon), Chromulinales
(six taxa), Cryptomonadida (five taxa), Euglenida
(71 taxa), Gymnodiniales (five taxa), Kinetoplastea
(eight taxa), Peridiniales (two taxa), Synurales (two
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taxa) and Volvocida (six taxa). The Euglenida order
was the most species-rich in all of the streams,
during both periods studied (Figure 3) due to
the contribution of 7rachelomonas (16 taxa),
Euglena (11 taxa) and Phacus (11 taxa). The
multidimensional scaling analysis (MDS) indicated
no clear distinction between streams and periods
(Figure 4), only the trend for separation of three
large groups, the first formed by species typical
of rural streams, the second, by species typical of
urban streams and the third, by species occurring
in both streams, regardless of the period (Figure 4).
Meanwhile, the analysis of similarities (Two-Way
ANOSIM) pointed out significant differences
between stream types (R = 0.11; p = 0.0001), and
between sampling periods (R = 0.10; p < 0.0001).
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3.3. Species richness

Species richness ranged between 1 and 22 taxa,
with values between 1 and 10 taxa in urban areas
and between 1 and 22 taxa in rural areas. The values
ranged between 1 and 22 in winter and between
1 and 15 in summer. The highest species richness
was recorded in rural streams during the winter
(Figure 5). This pattern was corroborated by the
Two-Way ANOSIM, which showed significant
differences between both streams (R = 0.10;
p = 0.0004), and periods (R = 0.10; p < 0.0001)
(Figure 5).

3.4. Influence of abiotic variables on species
composition and species richness

According to the Bioenv and Mantel test,
the abiotic variables most important for the
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Figure 3. Species composition in the studied streams during two periods (Where: Urb_Sum: urban streams, summer;
Rur_Sum: rural streams, summer; Urb_Win: urban streams, winter and Rur_Win: rural streams; winter).

Table 2. Variables that contributed most to the formation of axes, eigenvalues and percentage of explanation from a
principal component analysis (PCA) applied to limnological variables and habitat descriptor variables of urban and

rural streams during summer and winter.

Variables Axis 1 Axis 2 Axis 3
Electrical conductivity (uS.Cm) 0.16 0.71 -0.41
Phosphate (mg.L™") -0.19 -0.25 -0.38
pH 0.94 -0.20 0.17
Dissolved oxygen (mg.L™") -0.65 0.07 0.66
Nitrate (mg.L™") 0.02 0.56 0.51
Water temperature (°C) 0.94 -0.20 0.16
Substrate grain size (nats.item™) 0.14 —-0.08 -0.02
Habitat macrostructure (nats.item-") -0.03 -0.57 0.47
Depth (m) 0.26 0.44 0.30
Current velocity (m.S™) -0.27 -0.49 -0.12
Explanation % 24.0 17.2 13.8
Eigenvalues 2.40 1.72 1.38
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structure of flagellate protozoa community in
the studied streams were electrical conductivity,
total phosphorus, pH, total nitrogen, and habitat
macrostructure. The species composition was
specifically influenced by electrical conductivity,
total phosphorus, pH, total nitrogen (R, =0.18;
R =0-175 Ppygneay= 0-002), whereas the species
richness, by all these limnological variables and
even by the habitat macrostructure (R =0.17;

Ry =0-17 Pyguni= 0.04).

[Mantel

Bioenv.

Mantel]

4, Discussion

4.1. Patterns of spatial and seasonal distribution of

species composition

Although flagellate protozoa play an important
role in the carbon cycle in aquatic ecosystems,
ecological researches with these organisms usually
do not have any taxonomic detail (Arndt et al.,
2000). According to this author, the identification
of flagellate species becomes more difficult when
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they do not possess a rigid body owing the lack of
lorica, because the fixation techniques cause cell
deformations and thus hinder the identification of
taxa. Despite this difficulty, this study has identified
106 taxa and great part of the species composition
belongs to the order Euglenida, responsible for
65% of total species identified. Euglenids are good
indicators of pollution (Palmer, 1969) and the great
success of this group in the studied streams can be
attributed to their preferences for environments
with more acidic waters and rich in organic matter
and ammonia (Lee et al., 2000; Reynolds et al.,
2002).

The pattern of species composition herein
registered is different from others found in lotic
environments, especially those located in temperate
regions (Arndt and Mathes, 1991; Weitere and
Arndt, 2003; Tikhonenkov and Mazei, 2006, 2008;
Kosolapova, 2007; Kiss et al., 2009). In most of
these environments, there was a predominance
of Chrysomonadida and in general the species
Spumella is the most common and abundant
(Arndt and Mathes; 1991; Weitere and Arndt,
2003; Kiss et al., 2009). These differences can be
related to the climate, latitude and especially to
methodological procedures, once these authors
have considered only heterotrophic flagellates and
the present study considered this community as a
whole, evaluating the heterotrophic, mixotrophic
and autotrophic fractions. The studies that have
considered all fractions (Carlough and Meyer, 1989;
Aratjo and Godinho, 2008; Camargo and Velho,
2011) presented composition patterns more similar
to the observed in this study, with an expressive
qualitative contribution of euglenids.

The results of the Two-Way ANOSIM and MDS
revealed that the species composition had significant
patterns of spatial and seasonal distribution.
This shows the existence of species replacement
between streams and periods. But the MDS
diagram demonstrated that only a part of species
should have been replaced over time and space in
response to changes in environmental conditions,
because many flagellate had a wide distribution,
occurring in all locations and periods. This assertion
is strengthened by the three clusters in the MDS
diagram, with the first formed by species typical of
rural streams, in the winter or summer, the second,
by species characteristic of urban streams in the
winter or summer, and the third group made up by
species common to both periods and stream types
(high beta diversity). Besides that, the MDS also
indicated that the patterns of spatial distribution
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of the composition seem to be more evident than
seasonal patterns. This result suggests that human
impacts from the land use and occupation are more
important than the seasonality of the rainfall regime
to determine the occurrence of flagellate species in
the studied streams.

The results of the Bioenv and Mantel test
corroborated this affirmation, since they showed
that the species composition of flagellate was
especially influenced by limnological variables
describing the water quality, such as the electrical
conductivity, pH, nitrogen and phosphorus. It is
important to emphasize that great part of nutrients,
ions, sediments and organic matter flowing into
a stream arises from environmental disturbances
caused by human occupation in the watershed
(Pinto and Cavalcanti, 2001). Therefore, the water
quality seems to be the most important factor for
the structure of flagellate community composition
in tropical streams under direct urban influence.
The urbanization effects on lotic environments are
so adverse that has been called in recent years as
urban stream syndrome (Meyer et al., 2005). This
syndrome describes a set of symptom common
to lotic ecosystems under a series of alterations in
their structure and metabolism, such as changes in
hydrology, channel morphology, waterproofing of
the watershed, increase in concentration of nutrients
and contaminants, changes in pH, increase in
concentration of ions, reduction in species richness
along with increased dominance of taxa tolerant
to environmental disturbances, among others
(Meyer et al., 2005; Walsh et al., 2005).

Among these symptoms, the most important
for regulating the patterns of flagellate composition
in studied streams were the higher concentrations
of nitrogen and phosphorus, acidification of
the pH, and increased electrical conductivity.
The effect of increasing the levels of nutrients
on protozoans had already been recognized in
several freshwater ecosystems (Pace and Funke,
1991; Weisse, 1991; Mathes and Arndt, 1994;
Gasol et al., 1995; Hwang and Heath, 1997). The
direct and/or indirect immediate consequences
of this increase on flagellates are the increase in
abundance and biomass given the expansion
of their food resources (especially bacteria and
nanophytoplankton) and changes in biotic
interactions with other components of microbial
chains (Auer et al., 2004). The effects of the extra
input of nutrients on the species composition of
flagellate have been little investigated, and up to now
only non-significant trends have been reported in



202 Camargo, JC., Vieira, LCG. and Velho, LFM.

the species composition as a function of increased
environmental trophy (Carrick and Fahnenstiel,
1989; Auer et al., 2004). However, our results
showed that the increase in nutrient concentrations
promotes significant changes in the composition
and richness of flagellate species in tropical lotic
impacted environments, corroborating in this way
the trends observed in other studies.

Other important abiotic factors that have
limited the distribution of flagellate in the streams
were the high values of electrical conductivity and
slightly acidic pH. In general, these two parameters
may also indicate with accuracy the water quality
(Esteves, 1998). According to this author, high
values of electrical conductivity reveal sources of
organic pollution in the water body. And low pH
values can be caused by the organic matter decay
in the environment; the greater amount of available
organic matter the lower the pH, once to occur
decay of organic matter, several acids are produced
(e.g. humic acid) Maier, 1987). In agreement with
Ardntetal. (2000), the tolerance ranges of flagellate
species for abiotic conditions are unknown and
neglected, hindering the determination of the best
range. Nevertheless, the results pointed out that in
tropical lotic environments, flagellate do not adapt
very well to the values of electrical conductivity
above 180 pS.Cm™and pH below 6.

On the other hand, although the patterns of
spatial distribution had been much more evident,
seasonal differences observed for the species
composition can be assigned to the hydrological
instability in the summer, caused by characteristic
rainfall as previously predicted. Rainfall work as
agents disturbing the structure, dynamics, and
metabolism of the environment and biota because
promotes the wash-out of the allochthonous material
from terrestrial origin, increase the turbidity, trigger
changes in the nutrient concentration, favor
heterotrophic processes, erode the bed, and displace
many organisms from their microhabitats (Cushing
and Allan, 2001). Thus in this period, only species
more adapted to these adverse conditions can stay
in the environment, which possibly explains the
replacement of species over the periods analyzed.

In this way, our results corroborated the first
hypothesis, considering that spatial differences
in species composition were probably regulated
by the land use and occupation, and seasonal
differences, by the rainfall regime. These results also
indicated that this community is highly sensitive
to environmental changes and can be used as an
efficient bioindicators of water quality, as already
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performed with ciliate protozoa (Foissner, 1997;
Madoni and Bassanini, 1999; for instance).
However to prevent classical problems of species
identification, it is also recommended the use
of molecular taxonomy, which has becoming an
important tool to help the traditional taxonomy in
the identification of species with difficult taxonomic
classification, or for groups that have lictle effective
morphological identification techniques. For this
it is necessary investments for the acquisition of
new equipments and training of specialized staff to
develop this technique, which is not yet widespread
in all research centers because of these prerequisites.

4.2. Patterns of spatial and seasonal distribution of
species richness

Although some authors draw criticism to the
subjectivity of the concept of habitat complexity,
the methods applied to obtain measures of
spatial heterogeneity and scales of environmental
perception by organisms (Beck, 1998; Thomaz et al.,
2008), our results revealed a positive relationship
between flagellate species richness and habitat
macrostructure. Several studies undertaken with
other communities have already observed that the
habitat structural complexity exerts influences on
the number of species (MacArthur and MacArthur,
1961; Taniguchi and Tokeshi, 2004; Willis et al.,
2005; Thomaz et al., 2008). In theory, physically
more complex habitats can contain more species
because they provide several advantages to the
organisms (Bell et al., 1991). In the case of lotic
environments, submerged structures (rocks,
branches, leaves, roots, macrophytes, among
others) create microhabitats used as refuges against
predators and the direct incidence of the water flow
(Allan, 1995; Giller and Malmquist, 1998), ease the
species coexistence due to the niche partitioning
(MacArthur and MacArthur, 1961), provide
surfaces for the deposition of organic debris and for
the colonization of a rich associated fauna (bacteria,
algae, fungi, and invertebrate) and then increase the
supply of food resources for the organisms

Buct unlike the predicted before, the number of
species of flagellate was not exclusively determined
by the habitat structural complexity, it was also
influenced by physical and chemical conditions
of the water (the same that influenced the species
composition) of the studied streams. In this way, the
second hypothesis is rejected, once the alterations in
the water quality have also determined the number
of species in the streams. Thus, differences in the
number of species between streams should have
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be supported by the deterioration of water quality
and by the simplification of habitats observed in
urban streams, which presented the lowest richness
compared with the rural streams. On the other
hand, the seasonal variation of this attribute can
be especially ascribed to the loss of stability of the
structural arrangement of the habitat caused by the
wash-out effect of the rainfall, considered modifying
agents of the shape, type and size of submerged
structures in the beds of streams (Allan, 1995;
Giller and Malmquist, 1998; Fiona et al., 2000).
Therefore, the highest richness recorded in the
winter may be related to the typical lack of rainfall
in this period.

The comparison of these patterns of richness is
precluded by the scarcity of studies on the number
of flagellate species in other lotic environments;
the majority had no taxonomic detail or separated
flagellates into large taxonomic groups. However,
comparing the results with the few data available
in literature (65 species in the Rhine River,
Germany - Weitere and Arndt, 2003; 99 species
in the Chernaya River, Russia - Tikhonenkov
and Mazei, 2006; 29 species in the Latka River,
Russia - Kosolapova, 2007; 41 species in eight
rivers located in Abkhazia, Brazil, China and
Russia - Tikhonenkov and Mazei, 2008; 30
species in the Pitimbu River, Brazil - Aratjo and
Godinho, 2008 and 70 species in the Danube River,
Hungary - Kiss et al., 2009), we may observe that
the flagellate community in the studied streams is
quite rich and presents richness values higher than
found in other lotic environments. This difference
can be especially associated with methodological
procedures adopted, once most of these researches
have approached only the heterotrophic fraction
of the flagellate community. Even though, it
cannot be disregarded the effect of climate and
latitude on the patterns of richness, because these
factors certainly may have contributed with the
differences observed between these environments.
Importantly, the number of flagellate species in
tropical environments should be higher than
known, making necessary the completion of further
studies to survey all these taxa.

In summary, the results obtained showed that
the number of flagellate species in the studied
streams depend on the water quality and stability
of the habitat structural complexity, which can be
disturbed by the rainfall regime. Moreover, changes
in the channel morphology caused by human
activities may imply in loss of flagellate species
due to the simplification of the habitat structure.
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This finding represents relevant information for
the management of lotic environments inserted
in urban landscapes, because this pattern certainly
should be found in other aquatic communities
inhabiting anthropized lotic environments.
Meanwhile, to be more effective the management of
these ecosystems should adopt a broader perspective
of intervention, including human populations
that use these environments as an environmental
resource, considering their social, economic
and political scopes, as only so there will be an
effective reduction of conflicts and of social and
environmental impacts (Walsh et al., 2005).
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