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Abstract The urban effects on macroinvertebrate trophic
structure were evaluated in a stream located in central
Brazilian Cerrado. Samplings were evaluated from May/
2004 to March/2005 in the upper, middle and lower sec-
tions. Characterization of ecological conditions and habitat
diversity indicated headwater as “natural” site, up and
downstream the urban region were “altered” ones, and the
sites located nearest to urban area were considered “im-
pacted”. A well oxygenated and transparent water, acid
pH, low electrical conductivity (<0.22 pS/cm), and low
nutrients concentrations (<0.03 mg/L PO;?, <0.05 mg/L
N-NH,; and <3.0 mg/L N-NOj3 %) was registered for
headwater area. Stretches located near the urban region had
higher electrical conductivity (48-100 puS/cm), higher
ammonium (7.16 mg/L), and poor oxygenated water. The
trophic organization was different along the stream and
related to environmental preservation degree. Shredders
occurred only in the headwater (Phylloicus sp., Tri-
choptera). Predators were dominant in upstream sites of the
urban area (>90 % of biomass). In the sites located near
the urban area, an alternative predominance was observed
between gathering collectors and predators, with the
gathering collectors dominance in the area impacted by city
sewage inflow (>90 %). There was a progressive
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participation of scrapers in stretches located downstream of
the city. Biomass was dominated by predators (>50 % in
six sites) encompassing larger organisms (>20 mm), and
gathering collectors were density dominants (from 53 to
99 %). Predators were the most dominant functional
feeding group (22 taxa), followed by scrapers (eight),
gathering collectors (seven) and filtering collectors (five).
The results state that the Sobradinho stream is under dif-
ferent degrees of environmental impacts with lower
preservation levels of its natural conditions, even in areas
close to its headwater.

Keywords Functional feeding group (FFG) - Habitat
diversity - Benthos - Rapid assessment - Urban impact -
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Introduction

Anthropogenic pressures in urban areas are usually multi-
factorial and derived by point and non-point sources, and
urbanization has often infringed into natural areas, causing
alterations in physical, chemical and biological character-
istics of aquatic systems (Paul and Meyer 2001).

Streams in agricultural and urban landscapes have been
affected by natural and anthropogenic disturbances. These
disturbances may fundamentally alter trophic network
structure, ecological processes and their integrity, as dis-
cussed by Miiller et al. (2000).

In areas of dense human population in the urban envi-
ronment, the watercourses have showed highly degraded
water quality, receiving a wide variety of impacts such as
domestic and industrial wastewater, sediments and trash.
Thus, these rivers tend to lose their natural features and
their original biological diversity (Dudgeon 1992).
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Their effects can be evaluated and monitored by biotic
community analyses. The aquatic macroinvertebrate com-
munity is widely used in environmental evaluations (e.g.,
Rosemberg and Resh 1993). This community represents an
intermediary portion in the food chain stream. On the one
hand, they are feeding sources for fish; on the other, they
feed on algae and bacteria. Thus, due to their intermediary
position, macroinvertebrates play an important role in the
natural energy flow and recycling of nutrients, especially in
small size watercourses that pass through urban regions
(Karr 1981).

Also, because of their sessile habits, the ability for
colonizing different types of substrates and their relatively
long life term, this group of animals is widely used as water
quality indicators (Kerans and Karr 1994; Couceiro et al.
2011). As bioindicators, they respond to environmental
changes in a variety of ways. These changes may occur in
the composition and relative abundance of groups and
species, as well as in the trophic measures with emphasis in
the feeding functional categories (Resh and Jackson 1993;
Barbour et al. 1999).

Although an extensive literature exists on urban effects
on macrobenthic organisms (e.g., Cosser 1998; Walsh et al.
2001; Fenoglio et al. 2002; Vasconcelos et al. 2008), little
is known about the effects of anthropogenic inputs on the
trophic structure of aquatic communities in Brazilian urban
areas, especially in central region, where these impacts
have yet been poorly documented (Marsalek et al. 2006;
Fonseca et al. 2014).

Functional classifications based upon feeding can permit
the elaboration of trophic dynamics in water courses
shaped as guild or functional feeding groups (FFGs)
(Grubbs et al. 1995; Cummins et al. 2005). In the Brazilian
lotic ecosystems, this classification has been widely used
for measuring resources availability and their use by
aquatic macroinvertebrates (Couceiro et al. 2011).

Macroinvertebrate trophic interactions can have a strong
effect on ecological processes by directly influencing flows
of energy and materials (Wallace and Webster 1996). FFGs
therefore allow inferences on the functioning and produc-
tivity of aquatic ecosystems, and can be used to investigate
the effects of anthropogenic impacts on these processes.

Merritt et al. (2008) also suggested that proportions of
the different FFGs can be used as indicators of stream
ecosystem attributes, instead of measurements that require
large investments in time and equipment and provide only
a ‘snapshot’ view of ecosystem function. The ratios
between FFGs can indicate the relative importance of
stream ecosystem features, such as trophic state (autotro-
phy or heterotrophy), the relative amounts of coarse and
fine particulate organic matter being transported and stored
in the environment, and the stability of the channel, without
the necessity of measuring these variables.
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Biomass and secondary production have been used to
address many ecological questions concerning the con-
struction of quantitative food webs and to assess the effects
of pollution and catchment land use change (Benke 2010).

The goal of the present study was to characterize aquatic
macroinvertebrates using density and biomass spatial dis-
tribution of the feeding functional groups and correlating
these aspects with the visual qualification of the ecological
conditions preservation and with the habitat diversity. This
study was conducted in a peri-urban stream including
headwater, urban and agriculture areas, which allowed to
compare the main impacts acting on the stream and, con-
sequently, on the aquatic macroinvertebrates.

Materials and methods
Study area

The Sobradinho stream is located at the central northeast-
ern portion of the Federal District, between parallels
15°36'25" and 15°45'35” and the meridians 47°53’00" and
47°3'08". This stream belongs to Sdo Bartolomeu River
watershed, whose main river cuts the Federal District from
north to southward (Fig. 1).

The regional climate is Aw (rainy tropical, according to
Koppen classification), characterized by two seasons: the
cool-dry (May—September) and the warm-rainy (October—
April). Sobradinho sub-basin is located at an altitude of
1000-1200 m, and air temperature ranges between 18 and
22 °C. The annual mean precipitation is around 1500 mm,
ranging from 750 to 2000 mm (Silva et al. 2008).

The Sobradinho stream is 28 km long and its drainage
basin comprises 153 km?. Localities close to the stream
headwater are 0.50 m deep and 0.60 m wide, while near
the mouth of the Sao Bartolomeu River, the stream reaches
up to 2.0 m depth and about 9.0 m width.

The upper part of Sobradinho stream is under the
influence of domestic effluents due to a huge urban area.
Near its mouth in the Sdo Bartolomeu River, it is under
rural cover, even though agriculture is considered a sec-
ondary activity in the area.

Sampling and procedures

Eight sites were established (SOBRO1, SOBR02, SOBRO03,
SOBRO04, SOBR05, SOBR06, SOBR0O7 and SOBRO0S8),
distributed from the Sobradinho stream headwater until its
mouth in the S3o Bartolomeu River (Fig. 1). The areas
surrounding the headwater, pollution sources, nearby urban
centers and rural areas were considered. One site
(SOBROI1) was located in a protected area, although sur-
rounded by subsistence agriculture and Eucalyptus
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Fig. 1 Localization of Sdo Bartolomeu Basin and the Sobradinho stream sub-basin with the eight sites (Sobrl to S8) along the Sobradinho

stream, central Brazil. Schematic representation

plantation. Three sites (SOBR2, SOBR7 and SOBRS8) were
situated within a land rural cover. The other four sites
(SOBR3, SOBR4, SOBR5 and SOBR6) were situated near
urban areas and received effluents from stabilization ponds.
Abiotic parameters and aquatic macroinvertebrates sam-
pling (three for each stretch) were conducted for 8 months,
during rainy (December/2004—March/2005) and dry (May—
August/2005) seasons.

The sampling stations were classified using an adapta-
tion of the rapid assessment protocol proposed by Barbour
et al. (1999). Several habitat attributes were considered
(e.g., water and sediment characteristics, land use,
embankments, riparian vegetation zone width, size and
frequency of riffles and pools), which are assigned
numerical scores along a gradient of optimal to poor based
on visual inspection. The score was determined by adding
partial values given to each individual parameter. The
scores indicate the degree of preservation of the sampling
stations as follows: 0—40 points, “impacted”; 41-60 points,
“altered”; over 61, “natural”.

Surface water samples were taken from the middle of
the stream channel using polyethylene bottles in a cooled
container to move to the laboratory for analyses of pH

(pHmeter, Hack-sension 156), water electrical conduc-
tivity (conductivimeter, puS/cm, Hack-sension 156), tur-
bidity (FTU, Hack-sension 156), dissolved oxygen (mg/
L, Winkler method modified by Golterman et al. 1978)
and total dissolved solids (TDS, mg/L, Hack-sension
156). Samples were taken for inorganic nutrients analy-
ses of orthophosphate (PO;% mg/L), ammonium (N-
NH,, mg/L) and nitrate (N-NO3?2, mg/L) according to
standard methods recommended by APHA (2005).

For collecting aquatic macroinvertebrates, a ‘D’-net
sampler (250 pum mesh, 30 cm width) was used. An area of
0.465 m? (1.50 m x 0.31 m) was sampled in triplicate on
the bottom of the stream for a distance of 1 m in the
direction of the stream bank, until it reached the edge of the
water at the bank (see Couceiro et al. 2011). Individual
samples were preserved in labeled plastic bags containing
90 % alcohol until analysis. In the laboratory, macroin-
vertebrates were separated, identified and counted under a
stereo-microscope. The specimens were identified using
taxonomic keys (e.g., Pérez 1988; Pennak 1989; Merritt

et al. 2008).
Macroinvertebrates were classified into five FFGs:
gathering collectors, filtering collectors, shredders,
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predators and scrapers (Table 2), following the classifica-
tion used by Cummins et al. (2005) and Merritt et al.
(2008).

For each category, individuals were separated according
to class sizes: class 1 (smaller than 10 mm); class 2 (be-
tween 10 and 15 mm); class 3 (between 15 and 20 mm);
and class 4 (bigger than 20 mm).

For dry biomass determination, the invertebrates were
placed in preweighed aluminum foils according to their
functional group and size, overdried at 60 °C for 48 h,
cooled in a desiccator and weighed again (precision
0.01 mg) in a Mettler H54 balance.

Descriptive analysis was applied for water variables
using two different approaches. Mean and standard devia-
tion were used as measures of central tendency and vari-
ation, respectively (Table 3). After classification based on
the rapid habitat assessment protocol (Table 1), data from
each category were considered within three different
groups (“impacted”, “altered” and “natural”). The vari-
ables were described by their median, mean, minimum and
maximum values (Table 3).

To verify differences among the sampling sites, Krus-
kal-Wallis test, with the multiple comparison Dunn test a
posteriori, was used to verify whether or not data from the
three groups resulting from the protocol application were
significantly different for each water variable. Results were
considered significant when p < 0.05.

To evaluate aquatic macroinvertebrate community
structure, the density (individuals/mz) and biomass (g/mz)
of the feeding functional groups were estimated. Results
obtained from the analysis of these community features
were submitted to Kruskal-Wallis test, with the multiple
comparison Dunn test a posteriori, to verify the differences
for each biological variable, according to the three groups
resulting from the protocol application. Statistical analyses
were performed using the program SPSS 12.0 for Windows
(SPSS Inc., Illinois, USA).

Results

According to classification based on the rapid habitat
assessment, differences in the preservation levels of eco-
logical conditions along the Sobradinho stream were
observed. Sites were grouped into three types: 1, natural; 2,
altered; and 3, impacted. The main parameters of the rapid
protocol that affected the results were the presence/absence
of gallery forest, the land use in the surroundings and the
diversity of habitats and microhabitats (Table 1).
SOBRO1 site is located close to the stream headwater
and was considered natural according to the protocol.
Stretches near to the urban center were classified as
impacted sites (SOBR0O3, SOBR04, SOBRO5 and
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SOBRO06). Altered stretches were obtained for the up
(SOBRO02) and downstream (SOBRO7 and SOBROS) the
urban region.

A well-oxygenated and transparent water with acidic
pH, low electrical conductivity (>0.22 uS/cm) and low
nutrient concentrations (<0.03 mg/L PO;?2, <0.05 mg/L
N-NH; and <3.0mg/L N-NO3?) and alkalinity
(11.95 mg/L CaCO3;) was registered for the headwater area
(classified as natural site by the protocol). Also, in this area
significantly low values were obtained for turbidity, TDS
and water electrical conductivity (Kruskal-Wallis/Dunn
test; p < 0.05).

On the contrary, stretches located near urban regions
and considered impacted had higher values in SOBROS5 for
orthophosphate (0.22 mg/L), water electrical conductivity
(100 pS/cm) and TDS (48.6 mg/L). Significantly high
values in impacted sites were obtained for ammonium and
alkalinity, and also these sites had poorly oxygenated water
(Kruskal-Wallis/Dunn test; p < 0.05). Nitrate was at a
significantly higher value in the altered sites (Kruskal—-
Wallis/Dunn test; p < 0.05).

Box plots were constructed for some abiotic variables to
show their variation among natural, altered and impacted
sites, according to protocol (Fig. 2).

We recorded a total of 29,637 individuals distributed
into 44 taxa in the 24 collections carried out over the study
period. From these, 36 taxa belonged to Insecta, four to
Mollusca, two to Annelida and only one taxon to Platy-
helminthes and to Arachnida.

The fauna structure followed the general organization
pattern of macroinvertebrate assemblages, with the occur-
rence of many rare taxa and a few abundant taxa. The
headwater station obtained the highest species richness (34
taxa) and SOBRS (the highest impact station) obtained
only six taxa during this study. The richness of species was
significantly higher (Kruskal-Wallis/Dunn test; p < 0.05)
in the natural site, and sites located in the urban cover
registered lower significant richness (Kruskal-Wallis/Dunn
test; p < 0.05).

Predators were the most dominant feeding functional
groups (FFG; 22 taxa), followed by scrapers (eight taxa),
gathering collectors (seven taxa) and filtering collectors
(five taxa); there was only one taxon for the shredders
(Phylloicus sp., Trichoptera) (Table 2).

In the stretch most impacted (SOBRO05), aquatic
macroinvertebrates reached the highest density and bio-
mass, mostly belonging to Chironomidae (Figs. 3, 4). This
site was located downstream of the sewage treatment of the
city. The value obtained by the protocol (18 points) was the
lowest within the impacted stretches (30, 32 and 39 points)
(Table 1).

Insects were predominant in all classes of functional
groups analyzed in this study. At the SOBROI, considered
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Fig. 2 Box plots of values of dissolved oxygen (a), water electrical

conductivity (b), alkalinity (c), nitrate (d), TDS (e), turbidity (f) and

ammonium (g) representing the variation according to protocol, as

natural (/), altered (2) and impacted (3) stretches. Central, superior
and inferior lines show, respectively, median, 75 and 25 %, and
vertical lines show max and min values

Table 2 Classification of the aquatic macroinvertebrates collected in the Sobradinho stream (central Brazil-DF) into functional feeding groups

(FFGs)
FFG
Predators Turbellaria; Planariidae; Hirudinea; Hydracarina; Calopterygidae; Coenagrionidae; Aphylla; Gomphidae; Libellula;
Nepidae; Belostomatidae; Naucoridae; Veliidae; Leptoceridae (partly); Hydrophilidae (larvae); Hydrophilidae (adult);
Dytiscidae (larvae); Dytiscidae (adult); Tipulidae; Ceratopogonidae; Empididae; Tabanidae; Tanypodinae
Filtering Sphaeriidae; Hydropsychidae; Leptoceridae (partly); Polycentropodidae; Simuliidae
collectors
Gathering Oligochaeta; Leptophlebiidae; Caenidae; Baetidae; Elmidae (larvae); Chironominae; Psychodidae
collectors
Scrapers Planorbidae; Melanoides tuberculatus; Physidae; Corixidae; Glossomatidae; Hydroptilidae; Petrophila; Elmidae (adult)
Shredders Phylloicus

a natural site, there were numerous gathering collectors and
predators (Fig. 5a). On the other hand, predators were
dominant in terms of biomass (Fig. 5b). Only at this site,
there were organisms found belonging to shredders, but
with low density. In the altered and impacted sites, gath-
ering collectors were more numerous (>50 %) along the
study period (Fig. 4a).

@ Springer

Biomass measurements of feeding functional groups
were significantly different among the three categories
according to the protocol (Kruskal-Wallis/Dunn test;
p < 0.05). Nevertheless, predators were dominant in most
of the sites (SOBRO1, 02, 04 and 06, >80 %) and were
abundant in the sites SOBRO3 and 08, scattering into the
natural, altered and impacted stretches (Fig. 3).
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Fig. 3 Relative percentage (%)
for a density and b biomass of
the aquatic macroinvertebrate
feeding functional groups at the
sites in the Sobradinho stream,
central Brazil. Rainy season
(Dec/2004-Mar/2005) and dry
season (May—Aug/2005)
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The shredders group only showed up at the station
classified as natural (SOBRO1). Gathering collectors were
dominant only at the site SOBROS, and representative at
the SOBRO3 and 07 sites (>20 %), including the areas
altered and impacted. At the altered stretches (SOBRO07 and
08), the scrappers were representative with 34 and 28 % of
the total biomass, respectively (Fig. 5b).

In relation to biomass in size classes within the FFG,
significant differences were found concerning gathering
collectors, filtering collectors and scrapers among the three
categories according to the protocol (Kruskal-Wallis/Dunn
test; p < 0.05). In the altered sites, the collectors and
scrapers with sizes smaller than 10 mm were dominant,
while in the impacted sites the collectors and scrapers were

of sizes below 15 mm. Predator biomass was represented
by larger organisms in all sites (>20 mm). Shredders found
at the land parcel labeled as natural had sizes bigger than
10 mm(Figure 4).

In summary, the trophic organization was different
along the stream and related to the environmental preser-
vation degree. Shredders occurred only in the headwater,
which was classified as a natural site (Phylloicus sp., Tri-
choptera). Predators were dominant in upstream sites of the
urban area (>90 % of biomass). In the sites located near
urban areas, an alternative predominance was observed
between gathering collectors and predators, with the
gathering collectors dominant in areas impacted by city
sewage inflow (>90 %). There was a progressive
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participation of scrapers in altered stretches located

downstream of the city.

Discussion

The trophic organization of the macrobenthic community
was different along the stream and can be explained, in
part, by their habitat requirements and also related to
environmental preservation degree. The impact effect was
evident from a comparison of upstream—downstream
stretches and the ones near the urban region.

In protected areas of central Brazil, streams are char-
acterized by low conductivity, pH and high values of dis-
solved oxygen, as seen in the headwater area of this study.
But, as a peri-urban stream, its sub-basin is subjected to a
continuous process of urbanization, and the anthropogenic
pressure was evidenced by biological and environmental
changes observed by this study, as discussed by Fonseca
et al. (2014).

The rapid assessment protocol was considered an ade-
quate tool to relate the aquatic community aspects with the
degree of ecological conditions and the habitat diversity.
This protocol permitted to establish the differences in
trophic organization of the macrobenthic assemblages to be
attributed to features of the stream within a human impact
degree.

@ Springer

Sites

Shredders were registered in the headwater area, which
is a typical taxon of running water (Wiggins 1996) and
more abundant in leaf litter in riffle (Pes et al. 2005). In this
study, the headwater area was considered a natural envi-
ronment, with no direct and evident anthropic influence.

Streams impacted by anthropogenic sediments can
result in the reduction of shredders’ density, as shown by
Couceiro et al. (2011) in Amazonian streams of petroleum
areas. This fact could have had a large effect on ecosys-
tem function, since the reduction of the density of
organisms in some feeding groups, such as shredders, can
change the functioning of aquatic ecosystems, causing a
trophic cascade effect (e.g., Chapin-III et al. 2000). Baer
et al. (2001), for example, found that secondary produc-
tion in streams in North Carolina (USA) was reduced by
more than 70 % after the exclusion of litter, and, conse-
quently a variety of changes occurred in the colonization
dynamics of macroinvertebrates and in detritus
processing.

The sites considered “altered” by the protocol had since
only a moderate erosion of the margins (SOBRO02), to
evident anthropic alterations as observed in downstream
sites of the urban region (SOBR0O7 and SOBROS), and,
especially, related to organic pollution derived by sewage
inflow. Despite of this, SOBR02 showed a high preserva-
tion level in response to availability of higher organic
resource sources and bed stability of stream. Thus, these
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Pr  Gat- Fit- Scrap Shred
Col Col  gopRo7

Fig. 5 Biomass of aquatic macroinvertebrate feeding functional
groups for each size class at the sites of the Sobradinho stream.
(Class 1: <10 mm, Class 2: from 10 to 15 mm, Class 3: from 15 to

features permit to diversify habitats and substrate to be
colonized by the aquatic macroinvertebrates.

Forest clearance, silting, cattle raising and pasture for-
mation and especially also urban sewage inflow favored the
homogenization of the bed of water course, reducing
habitat and microhabitat diversity and thus affecting the
biotic compartment of the stream (Dobson 1994; Aguiar
et al. 2002; Boyero and Bosh 2004).

The areas with the lowest scores in the characterization
protocol also obtained low richness of benthic organisms
and with a dominance of tolerant species to urban impacts.
This situation is relevant for SOBROS5, which receives
sewage inflow from Sobradinho City. The physical and
chemical conditions were quite different among the three
environmental protocol categories. This situation suggests
that the human impacts had a local interference on the
water quality along the Sobradinho stream sub-basin.

Changes in the structure and composition of the aquatic
macroinvertebrate community are due to changes in the
trophic resource availability (Barbour et al. 1999). Along

100%

class 4

20 mm and class 4: >20 mm). (Pr predators, gath-col gathering
collector, filt-col filtering collector, Scrap scrapers, shred shredders).
Rainy season is Dec/2004-Mar/2005 and dry season May—Aug/2005)

the Sobradinho stream basin, the human impacts prevailed
due to urban and agriculture cover and these impacts can be
related to changes in the biota. Changes in the macroben-
thic assemblages along the stream can indicate the ability
of groups and species to occupy different microhabitats and
process organic material, as indicated by Buss et al. (2002)
and Nedeau et al. (2003).

Gathering collectors were the FFG group with the
greatest representation in terms of density in this study,
whether natural, altered or impacted sites. Also, they were
dominant in terms of biomass in the most impacted site
(SOBROS). This group is considered rapid to be colonizers
and also species tolerant to human impacts. Buss et al.
(2002) also found gathering collectors in the streams
located in the Atlantic forest (Brazil) independent of their
water quality.

In areas submitted to urban activities, stream stretches
were considered by protocol to be impacted. The type and
degree of human impact can affect the environmental
conditions and the biological diversity of the stream. For
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21.5 £ 1.10
6.14 £ 0.77
6.39 + 0.34
33.51 £ 18.50
21.00 £ 6.65
13.50 £ 4.32

20.06 £ 7.71

21.25 £ 1.10

21.40 £ 1.33

22.00 £+ 1.21

21.90 £ 1.23
5.57 £ 0.39
6.38 £ 0.34

4474 £+ 4.48

2191 £ 1.13

2223 £ 1.10

22.00 £+ 1.21

WT (0oC)

6,95 £ 0.59
6.27 + 0.34
44.15 + 16.45
17.25 £ 6.78
1435 £9.75
21.09 £+ 7.86

5.55 £ 0.62
6.11 + 0.38
41.10 £+ 15.17
16.75 £ 4.06
1535 £ 6.62
19.46 £ 7.11

3.61 £ 0.46
6.33 £ 0.30
100.71 £ 43.49

26.50 £ 5.15

5.40 £ 0.59

6.45 + 0.38
48.78 + 5.33
50.63 £ 72.23

5.94 + 0,39

6.19 £ 0.46
45.26 + 6.04
43.63 £ 48.57

5.81 £ 0.60
591 £+ 0,58
12.70 £ 9,92

DO (mg L™")
pH

EC (uS em™)

26.63 £ 12.68

24.65 £ 6.40

21.73 £ 2.21
0.19 £ 0.16
4.39 £ 093
0.06 £ 0.07

8.50 + 3.12
11.95 £ 6.26

Turbidity (UT)

39.58 £ 5.88
48.64 £+ 21.86

19.45 £ 4.05
23.64 £243

15.90 £ 3.52
21.76 £ 2.98

Alkalinity (mg L™")
TDS (mg L™

5.61 £4.76
0.02 £ 0.03

0.21 £ 0.21
735+ 132
0.04 £+ 0.05

041 £ 0.31
7.69 £ 1.46
0.06 £ 0.05

0.81 £+ 0.58
7.03 £ 1.58
0.05 + 0.05

7.16 £ 1.12
5.63 £ 254
0.22 £ 0.20

0.32 £ 0.58
8.60 £+ 1.05
0.13 £ 0.17

0.29 £ 040
8.70 £ 0.75
0.09 £ 0.12

Ammonium (mg LY
Nitrate (mg LY
SRP (mg L")

1.74 £ 1.34
0.06 £+ 0.09

WT water temperature, DO dissolved oxygen, EC electrical conductivity, SRP soluble reactive phosphorus, 7DS total dissolved solids

this, the use of community attributes, as FFG, should
provide a better differentiation between degraded and ref-
erence stream reaches than taxonomic similarity, as pos-
tulated by Karr (1981, 1987) for benthic communities.

In polluted streams in southeastern Brazil, the preva-
lence of the dipterans chironomids, known as indicators of
environmental stress, was reported (Marques et al. 1999).
Chironomids are tolerant organisms and chiefly gathering
collectors (Paul and Mayer 2001); their abundance may
indicate degraded conditions (Gonzalez et al. 2003). These
organisms are better adapted to extreme environmental
conditions related with the contents of organic matter in the
sediment, low dissolved oxygen concentration (Cranston
1995) and ammonium (Abilio et al. 2005). Our results
confirm this tendency because Chironomid was dominant
in stretch with high impact level (SOBRO05), due to organic
inflow from punctual pollution sources by the urban area,
especially from a sewage treatment station.

The agriculture activities were predominant in stretches
considered altered by the protocol. In these sites, there
were alterations observed in the type of sediment, stream
backwater areas, sediment deposition and riparian vegeta-
tion. These alterations were also observed in impacted
stretches, with direct effect on the surrounding ecological
conditions.

As view for FFG, the impact mainly derived to organic
pollution favored the increase of the percentage for col-
lector groups and, in contrast, diminished the contribution
of predators and shredders (Kerans and Karr 1994). Spe-
cialized organisms such as shredders are more sensitive
and can be found in greater densities in headwaters envi-
ronments. Generalist organisms such as the collectors have
wider range of feeding resource acceptability than the
specialists; hence they are more tolerant to pollution since
they are capable of modifying the availability of certain
feeding sources (Cummins and Klug 1979). A similar
response has been observed in other studies (Ortiz et al.
2005; Roy et al. 2003).

Based on the FFG community concept (Cummins et al.
2005; Merritt et al. 2008), this stream tended to be het-
erotrophic and had little association between shredders and
riparian vegetation. Some habitats (e.g., leaves) can pro-
vide shelter (protection), favoring the occurrence of some
macroinvertebrate groups, while other habitats (e.g., sand
and silt) can impede the establishment of groups that need a
firm substrate for fixation (Couceiro et al. 2010).

A lower density of predator in the sites subjected to
impacts is expected. Nevertheless, the SOBR04 site pre-
sented an intermediate impact level, and the presence of the
order Odonata as a dominant group of predator organisms
may reflect this condition. Ferreira-Peruquetti and Fonseca-
Gessner (2003) detected that the Odonata richness in areas
altered by the riparian vegetation removal may be greatly
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augmented. However, important species loss for the system
and the possibility of exotic species invasions into the
altered system may also occur.

Despite the study of aquatic macroinvertebrate biomass,
the differences between portions of the stream did not
follow the same pattern observed for the density values. An
example of the differences that can be obtained using
biomass vs. number can be observed with chironomids
larvae (Diptera: Chironomidade). Numerically, more than
50 % of macroinvertebrates in a sample are documented as
chironomids, but their total biomass is abnormally inferior
to 20 % (Arimoro et al. 2007).

At the downstream stretches near urban areas, predator
biomass was more representative, followed by the scrapers.
The contribution of this group was not noticeable when
analyzed in terms of density of feeding functional groups.
Decrease in the density of feeding groups may be caused by
the presence of predators with sizes bigger than the primary
consumers. In the case of chironomids (consumers), it may
mean that, in spite of presenting higher biomass rotation and
being constant in most habitats (Benke 2010), they are also
more susceptible to predation (Wallace and Webster 1996),
probably due to the smaller size (<10 mm in our study) and
low mobility (Roque et al. 2004).

Other studies have been done in the Federal District to
evaluate the fauna responses to organic residual discharge
impact and urbanization (Martins-Silva and Barros 2001
and references). However, this work also aimed at studying
the biomass density of aquatic macroinvertebrates at the
feeding functional group level and its relationship with the
characteristics of habitats. The study must be considered,
above all, as an effort in attempting to understand the fauna
responses to anthropogenic impacts.

Estimation of the diversity of habitats is an important
tool in the aquatic environment quality approach due to the
strong correlation between habitat availability and aquatic
diversity (Galdean et al. 2000; Padovesi-Fonseca and
Martins-Silva 2012). The use of the rapid assessment
protocol along the stream was beneficial in this study. This
analysis was also done for some lotic systems of the Fed-
eral District (Padovesi-Fonseca et al. 2010; Fonseca et al.
2014). Evaluation of a peri-urban stream, such as Sobrad-
inho, was an important parameter for an environmental
diagnosis of the studied region. By doing so, we were able
to state that the Sobradinho stream is under different
degrees of environmental impacts with lower preservation
levels of its natural conditions, even in areas close to its
headwater.
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