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Abstract: Aim: Veredas and the aquatic and semi-aquatic communities play a key
role in watershed protection in the Cerrado Biome. Information about the effects of
physical and chemical variables and habitat integrity on benthic communities has
been increased in recent years; however, there is no study evaluating the influence of
urbanization on macroinvertebrates of Vereda streams. Thus, improving the knowledge
of the relationship between abiotic properties and benthic fauna is very important for
understanding the functioning of ecological processes and health of aquatic ecosystems.
This study investigated the influence of physical and chemical variables on benthic
macroinvertebrate communities along a gradient of anthropogenic disturbance in four
Vereda streams in Uberlandia (MG), one in a preserved area and three in the urban area;
Methods: samplings were collected during the dry and rainy seasons; Results: principal
component analysis separated the stream in the preserved area from those in the urban
area by having lower values of BOD, COD, sediment size, conductivity, detergents, pH,
deposited solids and total dissolved solids. Pollution sensitive groups (e.g., Ephemeroptera
and Trichoptera) were associated to the stream in the preserved area, and more tolerant
groups (e.g., Chironomidae and Oligochaeta) had greater abundance in the streams of
the urban area. Canonical Correspondence Analysis indicated that dissolved oxygen,
conductivity, BOD, oil and grease, and turbidity explained 56% of the variance in the
distribution and abundance of macroinvertebrates; Conclusions: Benthic communities
of Vereda streams in urban areas in the Cerrado Biome seem to be highly affected by
human activities that increase water organic pollution and sedimentation.

Keywords: bioindicators, environmental quality, pollution, Cerrado.

Resumo: Objetivo: Veredas e comunidades aqudticas e semi-aqudticas desempenham
importante papel na protegio das bacias hidrograficas no Bioma Cerrado. Informagoes
sobre efeitos de varidveis fisico-quimicas e da integridade do habitat nas comunidades
de macroinvertebrados bentoénicos tém aumentado nos anos recentes, entretanto, nao ha
estudos avaliando a influéncia da urbanizagio nas comunidades de macroinvertebrados em
corregos de veredas. Assim, ampliar o conhecimento da relagio entre as varidveis abi6ticas
fauna bent6nica é muito importante para a compreensio do funcionamento dos processos
ecolégicos e da integridade dos ecossistemas aqudticos. Este estudo investigou a influéncia
de varidveis fisicas e quimicas nas comunidades de macroinvertebrados benténicos ao longo
de um gradiente de distirbios antrépicos em quatro cérregos de Vereda em Uberlandia
(MG); um em uma drea preservada e trés na drea urbana; Métodos: as amostras foram
coletadas nas estacoes seca e chuvosa; Resultados: A anilise de componentes principais
separou o corrego da drea preservada daqueles da drea urbana por apresentar menores
valores de DBO, DQO, tamanho do sedimento, condutividade, detergentes, pH, s6lidos
depositdveis e solidos totais dissolvidos. Grupos sensiveis a polui¢io (e.g., Ephemeroptera
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e Trichoptera) foram associados ao cérrego da drea preservada e grupos mais tolerantes
(Chironomidae e Oligochacta) tiveram maior abundéncia nos corregos da drea urbana.
A Anilise de Correspondéncia Canénica indicou que oxigénio dissolvido, condutividade,
DBO, 6leos e graxas e turbidez explicaram 56% da variacio na distribuicio e abundancia
de macroinvertebrados; Conclusées: comunidades bentonicas de cérregos de Vereda em
4reas urbanas no Bioma Cerrado parecem ser altamente afetadas pelas atividades humanas
que aumentam a polui¢io orginica da dgua e a sedimentagio.

Palavras-chave: bioindicadores, qualidade ambiental, poluicao, Cerrado.

1. Introduction

Benthic macroinvertebrates inhabit river
beds, lakes and reservoirs and are associated
with various types of substrates such as mineral
sediments, detritus, macrophytes and filamentous
algae (Rosenberg and Resh, 1993). They are
essential elements in lentic and lotic trophic webs,
participating in the energy flow and nutrient
cycling (Whiles and Wallace, 1997). They are
also important food resources for fish (Wallace
and Webster, 1996) and some insectivorous birds
(Ward et al., 1995).

The distribution of aquatic organisms is the
result of interactions among their ecological role,
the physical conditions that characterize the habitat,
and food availability (Merritt and Cummins,
1984). Thus, the community structure of benthic
macroinvertebrates depends on a number of factors,
namely water quality, type of substrate, particle
size of sediment, water flow, sediment organic
matter availability, oxygen concentration as well
as environmental conditions surrounding the
watercourse (Ward et al., 1995; Buss et al., 2004).

Because they reflect environmental changes,
benthic macroinvertebrates are often used as
indicators of the effects of human activity on
water system and provide information on habitat
and water quality (Woodcock and Huryn, 2007).
The organic enrichment of water caused by both
domestic and industrial efluents is a common
anthropogenic impact on urban watercourses. This
kind of pollution changes physical and chemical
characteristics of lotic systems, thus affecting the
assemblage of benthic macroinvertebrates (Hynes,
1970; Ward et al., 1995).

The Cerrado, the second largest Brazilian biome
occupies 21% of the country and is considered
a hotspot due to its impressive biodiversity and
endemism and the accelerated rates of deforestation.
The Cerrado is cited in scientific literature as one
of the biomes that have the highest species richness
of the world and much of this richness has yet to

be known (Oliveira-Filho and Medeiros, 2008),
including freshwater invertebrates. About 80% of
its natural range was converted to urban occupation
or agricultural activities, involving, among many
consequences, degradation of water sources. The
clearing of native vegetation reaches, in most cases,
the forests adjacent to watercourses which, in this
biome, occupy areas of good soil (Ribeiro et al.,
2001). This vegetation is important to maintain
the ecological equilibrium of aquatic environments,
minimizing erosion and sediment deposition.

Among the various physiognomies associated
with Cerrado, the Veredas are very widespread
in this biome, and they are highlighted because
they are closely related to waterways. The Veredas
are wetlands, with hydromorphic soils that can
be very rich in organic matter (Wantzen et al.,
20006). They occur in small valleys with distinctive
hydrophytic vegetation (Lima 1996), including
tree-shrub species, dominated by the buriti palm
(Mauritia vinifera Mart.), and several grass species
(Oliveira and Marquis, 2002).

Veredas and the aquatic and semi-aquatic
communities play a key role in watershed protection.
They minimize erosion and provide food, living
space, breeding places and escape routes to local
fauna that depends directly or indirectly on the
plants (Oliveira and Marquis, 2002).

Information about the effects of physical
and chemical variables and habitat integrity on
benthic communities in Brazil has been increased
in recent years (Callisto et al., 2001; Marques and
Barbosa, 2001; Buss et al., 2002; Buss et al., 2004;
Bispo etal., 2004; Bispo et al., 2006; Buckup et al.,
2007; Couceiro et al., 2007; Hepp and Santos,
2009). However, there is no study evaluating the
influence of urbanization on macroinvertebrates of
Vereda streams in the Cerrado Biome.

Thus, improving the knowledge of the
relationship between abiotic properties and benthic
fauna is very important for understanding the
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functioning of ecological processes and integrity
of aquatic ecosystems. The data generated are
particularly important for planning interventions
to preserve or manage water systems, to ensure
its biological integrity or, in other words, the
system’s ability to maintain its natural biodiversity
and essential ecological processes for their perfect
functioning,.

In this context, this study aimed to characterize
the distribution patterns and seasonal variation of
benthic macroinvertebrate communities in streams
from an urban area of Central Brazil, and to evaluate
the influence of key environmental factors on these
communities.

2. Material and Methods

2. 1.Study site

‘The study was performed in first order streams of
the Uberabinha river basin, with about 2000 km?,
in the Triangulo Mineiro region, Minas Gerais state,
Brazil. The local climate is tropical and, according
to the climate classification of Képpen is Aw type,
megatermic, with summer rains and winter drought
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(K8eppen, 1948). Uberlandia is located in a climate
region with annual mean temperatures ranging from
19 to 27 °C and average rainfall around 1500 mm.
year™ (Silva and Assuncio, 2004).

Four streams (Cabeceira do Lageado, Buritizinho,
Lobo and Bons Olhos) located in different regions
of the urban area of Uberlandia (55° 08 18” S
and 48° 16’ 37”7 W) were selected (Figure 1). The
streams have width varying from 1.5 to0 2.5 m and
depth ranging from 0.15 to 0.80 cm. All stream
headwaters are situated in Vereda environments with
predominantly muddy sandy substrate. Although
they are located in permanent preservation areas
(APPs), in urban areas in general and specifically
in Uberlandia, degradation of Veredas is recurrently
causing profound environmental disturbances
(Schiavini and Aratjo, 1989).

For better representation of the streams three
sampling sites were established in each stream, one
near the headwaters (P1), another near the mouth
(P3) and another intermediate between these (P2).
The headwaters of the Lageado stream (Stream 1) are
located in an ecological reserve (Reserva do Clube
de Caga e Pesca) about 10 km from Uberlandia city

18°51'S

18° 565" +

Bols Olhos Stream

19°00' 4 \

Source: DSG, 1984.
LIMA, 2000.
Uberlandia City Hall, 2005.
0o 1 2

48° 20’
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48° 15’ 48°10'0

| #— River,stream <« Dam - -- Limit urban area

Figure 1. Uberabinha River Basin in the urban area of Uberlindia - MG and location of the studied streams (S1
Stream 1 — Cabeceira do Lageado; S2 Stream 2 — Buritizinho; S3 Stream 3 — Lobo and S4 Stream 4 — Bons Olhos)

and sampling sites (P1; P2; P3).
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center. The Buritizinho (Stream 2), Lobo (Stream
3) and Bons Olhos (Stream 4) streams are directly
inserted into the urbanized area of Uberlandia and
subject to various kinds of anthropogenic impacts
mainly due to the loss of vegetation along the
banks of streams and inflow of domestic sewage
and garbage.

2.2.Sampling of benthic macroinvertebrates

Sampling of benthic macroinvertebrates
was performed in rainy (March/2007) and dry
(July/2007) seasons. At each sampling site of the
streams, three substrate sub-samples were randomly
collected, using a Surber collector of 900 cm? and
of 0.25 mm mesh size. The three sub-samples of
each site were pooled and represented one sample,
totaling 12 samples per sampling period.

The samples were packed in plastic bags, labeled,
fixed in a 10% formalin solution, and transported
to the laboratory for processing. The collected
material was washed on a mesh of 0.25 mm, and
sorted in Petri dishes, using a stereomicroscope. The
benthic macroinvertebrates were identified to the
family level - except the molluscs (Class), annelids
(Subclass), nematodes (Phylum) and isopods
(Order) - using specific identification keys (Wiggins,
1977; Merritt and Cummins, 1984; Righi, 2002).

2.3.Physical and chemical variables of water and
sediment

In each sampling period, the sites were sampled
three times (two weeks before macroinvertebrates
sampling, simultaneously with macroinvertebrate
sampling and two weeks after macroinvertebrate
sampling) to evaluate physical and chemical
variables of water and sediment. Water samples
were collected in triplicate with amber bottles
with 1.5 L capacity, at 20 cm water depth. The
samples were fixed and packed using techniques and
methods described by the American Public Health
Association (APHA, 1995).

Except for the measurement of water temperature,
which was performed with a mercury thermometer,
in situ, the other physical and chemical variables
were analyzed in the laboratory. The conductivity
and pH were measured using a digital conductivity
meter (Digimed DM-32) and a digital pHmeter
(Digimed DMPH), respectively. The turbidity was
determined by nephelometric method (using a
digital turbidimeter HD114) and Dissolved Oxygen
by Winkler method. Biochemical oxygen demand
(BOD5), chemical oxygen demand (COD), oil and
grease concentration, total dissolved solids (TDS),

Acta Limnologica Brasiliensia

deposited solids and detergents were determined
according to Macédo (2003). The suspended solids
(Greenberg et al., 2005) and concentrations of
manganese (Mn) and iron (Fe) (Pregnolato and
Pregnolato, 1985) were also determined. One
sediment sample was collected from each sampling
site in rainy and dry periods to assess organic matter
content (Pregnolato and Pregnolato, 1985) and
particle size, totaling 12 samples per period.

2.4.Data analysis

Patterns of spatial and seasonal variation in
benthic community composition and abundance
and in environmental variables were described
using Correspondence Analysis (CA) and Principal
Component Analysis (PCA), respectively, performed
with FITOPAC 1.5 (Shepherd, 2004). To assess the
environmental variables explaining most of the
variation on the distribution of macroinvertebrates,
a Canonical Correspondence Analysis (CCA) was
performed using the forward selection procedure
in CANOCO 4.5 (Terbraak and Smilauer, 2002).
Multicollinearity was assessed by examining the
Variance Inflation Factor (VIF). Only significant
non-redundant variables were included in the
final model. Abundances, turbidity, oil and grease,
dissolved oxygen, sedimentable solids, suspended
solids, Mn, BOD and organic matter had positively
skewed distributions and were log-transformed.
In addition, all environmental variables were
standardized to the same scale (values between
zero and one) before analyses. For PCA and CCA
analysis, Chironomidae was separated from “Other
Diptera”, Hydrophilidae from “Other Coleoptera”,
and Hydropsychidae from “Other Trichoptera”.
These families represent important groups both
numerically and ecologically (more tolerant to
pollution). The category “Other invertebrates”
includes representatives of Nematoda, Isopoda,
Lepidoptera and Hemiptera.

3. Results

The values of physical and chemical water
parameters are indicated in Figure 2. The pH values
were recorded in a slightly acidic range, with lower
values in the dry season. For conductivity, lower
values were found in Stream 1, higher values in
Streams 2 and 3, and intermediate values in stream
4. In the dry season, the values of dissolved oxygen
and turbidity were low in all streams, while in
the rainy season higher values were recorded. The
values of BOD, COD and detergents were higher
in Stream 2 and lower in other streams. A wide
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Figure 2 (a-h). Mean values and standard error of the physical and chemical variables of water from Streams 1, 2, 3
and 4, Uberlandia - MG, 2007. N = 3 for site sampled. Rainy Season, Dry Season. a) Temperature; b) pH; c) con-
ductivity; d) dissolved oxygen; e) BOD; f) COD; g) turbidity; h) detergent.
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Figure 2 (i-n). Mean values and standard error of the physical and chemical variables of water from Streams 1, 2,
3 and 4, Uberlindia - MG, 2007. N = 3 for site sampled. Rainy Season, Dry Season. i) oil and grease; j) suspended
solids; k) sedimentable solids; 1) total dissolved solids; m) Manganese (Mn); n) Iron (Fe). P = Sample sites.

variation between and within each stream was found
for sedimentable solids and higher values of total
dissolved solids in Streams 2, 3 and 4. Concerning
the sediment size there was a predominance of
smaller grains in both seasons in Streams 1 and 4

(Figure 3). The highest values of organic matter in
the sediment were found in Stream 1 (Figure 4).
The first two axes of PCA explained 51.45%
of the variance in environmental variables data
(Figure 5). The most important variables in axis 1
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Figure 3. Granulometric composition of the sediment at the sampling sites of Streams 1, 2, 3 and 4, Uberlandia - MG,

2007. a) Wet season; b) dry season. P = sampling sites.
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Figure 4. Values of the concentration of organic matter in
sediments from Streams 1, 2, 3 and 4, Uberlandia - MG,
2007.

were total dissolved solids, conductivity, particle
size and pH. In axis 2, the most important variables
were dissolved oxygen, turbidity and temperature,
all of them with negative loadings and iron with
positive loadings. Detergents, BOD and COD were
strongly correlated and were important in the two
axes (Table 2).

A plot of sample scores on the first two PCA
axes showed little overlap between the four streams
(Figure 5). Stream 1 differed from Stream 2 by the
higher amount of organic matter and lower values
of BOD, sediment size, conductivity, detergents,
pH, deposited solids and total dissolved solids.
Streams 3 and 4 had intermediate values for these
variables. In this analysis, it was also possible to
detect seasonal differences in oxygen concentration
and turbidity, which were higher in rainy season
samples and the amount of iron and oil and grease,
which were higher in the dry season. Thus, axis 1
describes a gradient of environmental quality and
axis 2 a gradient of seasonality.

Stream 1 had a greater representation of
Ephemeroptera, Plecoptera and Trichoptera
(EPTs), followed by Stream 4 and Stream 2. EPTs
were not recorded in Stream 3. The abundance
of Chironomidae was high in all streams, while
Oligochaeta abundance was low in Streams 1 and
4 and high in Streams 2 and 3. Molluscs did not
occur in the headwaters of the Stream 1 (Table 1).

The first CA axis explained 44.25% of variance
in the abundance data of benthic macroinvertebrate
taxa and indicated the existence of a gradient with
the sampling sites of Stream 1 at one end and of
Stream 2 in another. Stream 1 was separated from
the others because it had a higher abundance of
Ephemeroptera, “Other Coleoptera”, Trichoptera
and Hemiptera, and absence of Hirudinea,
Hydrophilidae, Mollusca and Collembola.
Hydropsychidae were absent in Stream 3 and rare
in Stream 4 and Odonata were rare in the Stream
2. Chironomidae, Oligochaeta and Other Diptera
were more equally distributed throughout the
gradient (Figure 6).

The environmental variables temperature,
chemical oxygen demand (COD), total dissolved
solids (TDS), detergents, and iron (Fe) had VIF
greater than 20 and were excluded from the final
CCA. Among the cleven remaining variables,
conductivity (F = 10.065, p = 0.0001), dissolved
oxygen (F =2.263, p=0.0201), turbidity (F = 2.237,
p = 0.0168), BOD (F = 2.144, p = 0.0300)
and oil and grease (F = 2.335, p = 0.0133) were
significantly correlated with composition and
abundance of macroinvertebrates. Together, these
variables explained 56% of the variance in benthic
communities. Ephemeroptera, “Other Coleoptera”,
“Other Trichoptera”, Hemiptera, Odonata,
Hydropsychidae and “Other Diptera” were most
abundant in sites with higher concentration
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Table 1. Taxonomic composition and abundance of macroinvertebrates in rainy (R) and dry (D) periods in Streams 1
(Cabeceira do Lageado), 2 (Buritizinho), 3 (Lobo) and 4 (Bons Olhos), Uberlandia - MG, 2007.

Taxa Abundance Total
Period Stream 1 Stream 2 Stream 3 Stream 4
Nematoda R 1 17 14 5 37
D 2 4 13 6 25
Mollusca
Bivalvia R - - -
D - - 7 83 90
Gastropoda R - 70 28 3 101
D - 46 32 63 141
Annelida
Oligochaeta R 8 5027 2618 29 7707
D 94 412 10918 380 11853
Hirudinea R - 14 - 8 22
D - 154 - 69 223
Isopoda R - - 3 - 3
D - - - -
Diptera
Ceratopogonidae R 1 10 3 10 54
D 22 15 6 98 274
Chaoboridae R - - - - -
D 3 - - - 3
Chironomidae R 202 9742 8496 1124 20725
D 992 2730 288 4398 10418
Culicidae R - - - - 2
D 3 4 - 11
Empididae R 1 2 2 1 6
D 15 - 2 87 105
Ephydridae R - - - -
D - - 2 1 3
Psychodidae R - 1 1 2
D - 13 4 18
Simuliidae R 1 1 - 3 5
D 14 1 1 136 152
Tabanidae R 2 - 3 - 5
D 2 - 2 22 30
Tipulidae R - - 1 - 6
D - - - 22 23
Collembola
Entomobryidae R - 1 4 1 6
D 1 2 2 5 10
Isotomidae R - - - 5 5
D - 4 2 - 6
Sminthuridae R - 2 2
D - - - -
Coleoptera - -
Dytiscidae R - - - - 1
D 6 - - - 1
Elmidae R 14 - 1 - 16
D 69 - 1 3 74
Gyrinidae R 1 - - - 2
D - - -
Hydrophilidae R - 146 8 1 155
D 3 61 1 114 179
Psephenidae R - - - -
D 1 - - - 1
Staphilinidae R - - -
D 1 - - - 1
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Table 1. Continued...
Taxa Abundance Total
Period Stream 1 Stream 2 Stream 3 Stream 4
Ephemeroptera
Baetidae R 8 - - - 45
D 3 - - - 69
Caenidae R 1 - - - 13
D 2 - - - 46
Euthyplociidae R - - - -
D 1 - - - 18
Leptohyphidae R 3 - - - 3
D 70 - - - 70
Leptophebiidae R 1 - - - 15
D 23 - - - 81
Hemiptera -
Pleidae R 1 - - - 1
D - - - -
Hebridae R - - - -
D 1 - - - 1
Veliidae R - - - -
D - - - 2 2
Cicadellidae R 3 2 1 - 6
D - - - -
Naucoridae R - - - -
D 4 - 2 - 8
Lepidoptera
Pyralidae R - - - 1 2
D 12 - - - 13
Odonata Anisoptera
Libellulidae R 2 6 16 3 38
D 3 - 15 2 29
Gomphidae R 1 - - - 1
D - - -
Odonata Zygoptera
Coenagrionidae R 1 - - - 6
D 3 - 1 25 35
Calopterygidae R 1 - - - 1
D 2 - - - 2
Plecoptera - - - -
Perlidae R - - - -
D 1 - - - 1
Trichoptera
Hydroptilidae R 5 14 - - 46
D 1 - - 1 4
Hydropsychidae R 20 38 - 21 88
D 85 29 - 11 133
Leptoceridade R 5 - - - 5
D 1 - - - 1
Odontoceridae R 10 - - 2 15
D 5 - - 3 14
Philopotamidae R 1 - - - 1
D 22 - - - 22
1760
Total abundance R 293 1576 11199 1236 29148
D 1467 3458 11312 5557 24190
Richness R 28 13 15 16 36
D 32 11 19 22 42
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Table 2. Component loadings for the first two principal components on the physical and chemical water variables
from Streams 1, 2, 3 and 4, Uberlandia - MG, 2007. In bold the largest component loadings in each axis.

Variables Axis 1 Axis 2

pH 0.326 -0.136
Temperature 0.273 -0.322
Conductivity 0.353 -0.018
Turbidity 0.027 -0.344
Total dissolved solids 0.325 -0.183
Oil and grease -0.077 0.132
Dissolved oxygen 0.139 -0.448
Suspended solids -0.045 -0.243
Deposited solids 0.106 0.027
Detergents 0.314 0.308
BOD 0.332 0.314
COD 0. 330 0.318
Mn -0.237 0.152
Fe -0.172 0.326
Organic matter -0.159 -0.075
Grain size of the sediment 0.343 0.118
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Figure 5. Ordination diagram of the sampling sites by Principal Component Analysis (PCA), considering the physi-
cal and chemical variables of water from Streams 1, 2, 3 and 4, Uberlandia - MG, 2007. S - Stream (1, 2, 3 and 4),

w - wet season, d - dry season.

of dissolved oxygen and lower conductivity. In
contrast, Hydrophilidae, Hirudinea, Mollusca and
Oligochaeta occurred in sites with higher values
of BOD. Hydrophilidae and Hirudinea were also
associated with high amounts of oil and grease and
Collembola with higher turbidity (Figure 7).

4. Discussion

The seasonal differences in dissolved oxygen
concentration and turbidity were expected, since
an increase in water movement occurs in the rainy
season, favoring oxygenation, and also a higher

erosion rate of soil particles from drainage areas,
resulting in a great amount of suspended solids
and the consequent decrease in water transparency
(Maier, 1987). The higher concentrations of iron
(Fe) and oil and grease in the dry season may be
related to the long periods of drought in this season.
The decrease of water discharge probably influences
the concentration of these components.

The separation of Stream 2 sites from Stream
1 sites in the PCA was due to its higher values of
BOD, COD, conductivity, pH and detergents.
High values of BOD and COD in streams indicate
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organic contamination probably originated from
domestic sewage (Valente et al., 1997). Similarly,
high values of conductivity are an indirect measure of
the concentration of pollutants. Since conductivity
is a numerical expression of the capacity of water
to conduct electric current, thus depending
on the ionic concentrations and temperature,

it indicates the amount of existing salts in the
water column (Wetzel, 1983). Detergents, which
probably also come from sewage have phosphorus
in their composition, which in excess leads to
water eutrophication (Valente et al., 1997). Thus,
according to these variables, the streams studied
appear to differ in their status of environmental
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quality, with Stream 1 showing better water quality.
Stream 2 is very impacted and Streams 3 and 4 are
in an intermediate environmental situation.

This trend is confirmed by the Correspondence
Analysis, when we compare the fauna composition
and abundance in streams. In Stream 1 the abundance
of Ephemeroptera, “Other Coleoptera”, “Other
Trichoptera” and Hemiptera was high, while Stream
2 had the highest abundance of Hydrophilidae and
Hirudinea. The sites of Stream 3 and 4, in the same
way of PCA, were ordered intermediately between
Stream 1 and 2. Ephemeroptera and Trichoptera
comprise a group of organisms highly sensitive
to pollution, requiring clean and well oxygenated
waters for their survival (Pérez, 1988). Thus, the
occurrence of these taxa is an indication of good
water quality. This environmental integrity is also
indicated by the group “Other Coleoptera”, which
includes Psephenidae, a group extremely sensitive
to pollution (Junqueira and Campos, 1998) and
Elmidae, that under poor environmental conditions
such as depletion of dissolved oxygen, can perform
drifting, increasing the possibility of finding more
suitable habitats for their survival (Brown, 1987).

In contrast, the presence of Hirudinea and
Hydrophilidae in Stream 2, indicates water of poor
quality. It is known that leeches are very tolerant to
impacted and eutrophic environments (Pérez, 1988)
and Hydrophilidae is, according to the classification
of Alba-Tercedor (1996), one of the families of
Coleoptera more tolerant to pollution.

Although belonging to an order sensitive
to pollution (Trichoptera), representatives of
Hydropsychidae were sampled in streams with
different degrees of environmental quality. This
is an indication that this family is tolerant to
pollution, confirming the results obtained by
Buss et al. (2002) in a study relating the benthic
macroinvertebrate community, the water chemical
variablesand environmental quality in Guapimirim
river basin - Rio de Janeiro - MG, Brazil.

Diptera is the most widely distributed and
frequently the most abundant order of aquatic
insects in freshwater environments (Armitage etal.,
1983). This pattern was also evident in this
study, with organisms of this order distributed
throughout the stream environmental gradient in
high abundances. Oligochaeta, which also showed
this significant occurrence, comprises organisms
extremely adaptable to degraded environments,
reaching high abundances in habitats with high
levels of organic matter (Fusari and Fonseca-
Gessner, 2006; Moreno and Callisto, 2006).

Acta Limnologica Brasiliensia

The relationship between BOD and fauna,
indicated in the CCA diagram could be mediated
by predator-prey interactions. Since BOD and
dissolved oxygen are inversely proportional variables,
only groups tolerant to low oxygen concentrations
are present in high BOD environments. This is
the case of Mollusca and Oligochaeta, organisms
with high tolerance to low concentrations of
oxygen (Wetzel, 1983). Since the Hydrophilidae
are predators (Merritt and Cummins, 1984) and
Hirudinea also comprises some species that prey on
oligochaetes (Pérez, 1988), molluscs (Gongalves and
Pellegrino, 1967) and chironomid larvae (Wetzel,
1983), it is likely that molluscs and oligochaetes
are predated by Hydrophilidae and Hirudinea,
thus explaining the occurrence of these taxa in high
BOD environments. Additionally, Hydrophilidae
and Hirudinea are groups tolerant to adverse
environmental conditions (Alba-Tercedor, 1996).

Dissolved oxygen is considered one of the
most important limnological variables, both for
the characterization of aquatic ecosystems and for
the maintenance of aquatic life. Many organisms,
specially the indicators of good environmental
quality require high concentrations of dissolved
oxygen for their survival (Edmunds and Waltz,
1984; Dérez, 1998; Bispo et al., 2006). This
situation was observed in this study, with a
positive relationship between Ephemeroptera,
Other Coleoptera, Other Trichoptera, Hemiptera,
Odonata, Hydropsychidae and Other Diptera and
oxygen concentration.

The variables BOD, organic matter, conductivity
and dissolved oxygen were the most important for
streams’ differentiation, indicating a gradient of
environmental quality, ranging from Stream 1 to
Stream 2, with Streams 3 and 4 in intermediate
conditions. This pattern was also noticeable for the
fauna. The most sensitive groups were restricted to
Stream 1 and the most tolerant groups showed higher
abundances in Stream 2 and intermediate values
in Streams 3 and 4. Concerning the relationship
between the distribution of macroinvertebrates and
environmental variables, the oxygen concentration
was the most important for Ephemeroptera,
Other Coleoptera, Other Trichoptera, Hemiptera,
Odonata, Diptera and Other Hydropsychidae, the
BOD for Hydrophilidae and Hirudinea and the
turbidity for Collembola.

Thus, this study adds information about the
main effects arising from environmental impacts
of urbanization on benthic communities of Vereda
streams. Our results also call attention to physical
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and chemical variables BOD, organic matter,
conductivity, and dissolved oxygen as important
factors to be considered in studies evaluating
environmental quality and to explain patterns
in the distribution and abundance of benthic
macroinvertebrates. Oxygen concentration and
BOD seem to be important variables with noticeable
effects on macroinvertebrate communities and
should therefore primarily be present in monitoring
programs of water quality.
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