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ABSTRACT. Introduction: Aquatic ecosystems in southern Brazil are presently under great environmental
pressure. Changes in land use result in negative impacts on the ecosystem, affecting the functioning of stream
communities. Objective: To compare the benthic macroinvertebrate community richness, abundances and
compositions in streams of three South Brazilian grassland landscapes and correlate community patterns with
environmental and spatial variables. Methods: Fifteen streams along riparian forests were selected in three
landscapes (mean geographical distance of 285.1 km) inserted in the Paraná and Uruguai river basins. Of the
three landscapes, two are inserted in conservation units (State Park of Guartelá and Palmas Wildlife Refuge).
Invertebrates were collected in 20 kick net points along 150 m of the streams between June and November
2015. Invertebrates were sorted in the laboratory with three sieves and were identified to the lowest taxonomic
level possible. The taxa were classified in functional feeding groups of shredders/detritivores, predators, scrapers, collectors/filters and gatherers/collectors. For each stream, we measured the environmental variables width
and velocity, pH, dissolved oxygen, and temperature; and the relative cover of forest, grassland, plantation and
silviculture in the catchments. Results: We found a total of 1 058 individuals, divided in 53 morphospecies and
34 families. Lower abundance of benthic macroinvertebrates was found in the northernmost landscape with
higher temperature, and forest in the catchment. These streams were described mainly by predator groups, while
streams inserted in the other two landscapes showed a more diverse guild composition of shredders/detritivores,
gatherers/collectors, collectors/filterers, and scrapers. Geographical distance was the main factor influencing
differences in community compositions among landscapes. Conclusions: Lower abundance of the northernmost
landscape may be explained by (i) the low habitat heterogeneity due to dominance of sandy substrates, and by
(ii) the anthropogenic land use of agriculture and extensive cattle breeding in the region that is ongoing and
started before the creation of the conservation unit. Additionally, composition of macroinvertebrates may be correlated with environmental differences among landscapes that, in turn, are related to the geographical distance.
Therefore, macroinvertebrate community responses may reflect different biota biogeographical histories that can
also be associated with historical land use practices.
Key words: land use, functional feeding groups, abiotic variables, sandy substrate, freshwater diversity,
agriculture.
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The study of biodiversity variation
between geographic regions is a key issue
for disciplines like ecology, zoology, conservation, and management (Tuomisto, 2010;
108

Anderson et al., 2010). Here, we are especially
interested in variation of benthic macroinvertebrate communities associated with different
spatial scales. These animals possess desirable
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attributes for studying such variation. They
are highly diverse and distributed in most
freshwater stream habitats under different environmental characteristics (Hussain & Pandit,
2012), reflecting the streams’ health. The taxon
is essential for energy flux, nutrient cycling
and organic matter degradation in lentic and
lotic environments, being a central component
of freshwater ecosystems (Whiles & Wallace,
1997; Allan & Castillo, 2007). Organisms are
easily collected due to their high abundance,
and the community patterns can rapidly change
in response to biotic and/or to abiotic characteristics, like habitat heterogeneity and water
quality, and at local, regional or geographic
scales (Brosse, Arbuckle, & Townsend, 2003;
Heino, Muotka, & Paavola, 2003; Hepp & Santos, 2009; Rezende, Santos, Henke-Oliveira,
& Gonçalves Jr, 2014).
At local scale, stream’s sediment composition, allochthonous material, and canopy
openness are the main variables controlling
diversity of benthic macroinvertebrate communities (Harper, Mekotova, Hulme, White, &
Hall, 1997). Natural topographic characteristics
can also affect invertebrate diversity if fine sediments are predominant in the stream (Vannote,
Minshall, Cummins, Sedell, & Cushing, 1980).
Physical, chemical and structural features are
also important for aquatic life; for instance,
dissolved oxygen, electric conductivity, alkalinity, and temperature are known to influence invertebrate occurrence and distribution
(Melo, 2009; Rezende et al., 2014). Additionally, the communities’ composition changes
and the richness increase from the headwaters
to the base level in response mainly to stream’s
width, depth, temperature and production/respiration ratio (Vannote et al., 1980; Jacobsen,
2004; Baptista et al., 2014).
Widespread distribution of benthic macroinvertebrates is possible because they have
evolved a diverse spectrum of morphological and behavioral mechanisms for exploiting
foods, which are used to classify their functional role in aquatic ecosystems (Cummins &
Klug, 1979; Merritt & Cummins, 2006; Hamada, Nessimian, & Querino, 2014). Feeding

groups or guilds of benthic macroinvertebrates
are defined as sets of taxa exploring the same
class of food resources in a similar manner
(Merrit, Cummins, & Berg, 2008). Differences
in the distribution of feeding groups in streams
of a region may indicate the integrity of aquatic
system (Fu et al., 2015; Castro, Dolédec, &
Callisto, 2017). Therefore, studying benthic
macroinvertebrate feeding group distributions
in aquatic ecosystems is a useful tool for management and conservation (Callisto & Esteves,
1998; Callisto, Moreno, & Barbosa, 2000;
Merritt, Fenoglio, & Cummins, 2016; Echelpoel et al., 2018).
Environmental assessment of aquatic
invertebrate responses to anthropogenic disturbance helps to understand which factors
drive community structure changes (Hepp et
al., 2016; Castro, Dolédec, & Callisto, 2018;
Ongaratto, Loureiro, Restello, & Hepp, 2018).
Aquatic ecosystems in subtropical Brazil are
presently under intense environmental pressure due to riparian vegetation suppression
and allochthonous inputs from watercourses’
surroundings (Ferreira, Cyrino, Duarte-Neto,
& Martinelli, 2012). Inserted in this climatic
region, South Brazilian grasslands encompass regions of Pampa biome extending from
the southernmost part of Brazil to Uruguai
and Argentina, and grasslands at highlands in
Atlantic Forest biome of South Brazil (Overbeck et al., 2009). The grasslands guarantee
key environmental services like hydrological
resource conservation and biodiversity (Pillar, Müller, Castilhos, & Jacques, 2009). In
the last decades, the conversion of grasslands
to agriculture, silviculture, and pasture have
reduced the natural grassland vegetation area
by 50 % (Cordeiro & Hasenack, 2009). These
anthropogenic activities impact the aquatic
ecosystems, leading to multiple physicalchemical and structural changes in the water
courses, affecting taxa occurrence and distribution (Utz, Hilderbrand, & Boward, 2009). Land
use effects on freshwater communities are
complex and scale dependent (Allan, 2004). At
landscape scale of streams’ catchments, human
activities like agriculture can increase sediment
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and nutrient load, as well as flood frequency,
and decrease groundwater recharge (Carpenter, Stanley, & Zanden, 2011). At local scale,
replacement of native vegetation by human
activities may, for instance, change input of
solar radiation, thus affecting primary productivity (Burrell et al., 2013).
Based on the responses of aquatic communities to local and landscape environmental
features, our objective was to compare the benthic macroinvertebrate communities in streams
of three South Brazilian grassland landscapes.
To do so, we measured communities’ richness,
abundance and feeding group compositions,
and assessed the role of variables associated
with local (water chemistry and riverbed structure) and landscape (catchment land use) scales,
and with geographical distance as drivers of
macroinvertebrate community variations. We
hypothesized that streams with more preserved
habitat conditions linked to less disturbance in

surrounding land have higher taxonomic richness and more diverse feeding groups.
MATERIALS AND METHODS
Study area: We performed the study in
three South Brazilian grassland (Campos) landscapes (Fig. 1). The region of South Brazilian
grasslands is characterized by mosaics of shrubland and forest patches embedded in a matrix
of natural grassland. Historically, the grasslands were used for livestock, mainly sheep
and cattle for beef production (Overbeck et al.,
2007). Recently, a large part of these natural
grasslands was converted to croplands, mainly
wheat, soybean, rice and maize. The landscapes
were chosen based on the presence of at least
50 % of natural grassland cover after satellite
imagery inspection in Google Earth and local
validation. Landscapes are inserted in two large
river basins: (i) Paraná river - city of Palmas

Fig. 1. Location of the south Brazilian region under study in South America. 1 - River basin of Tibagi/PR showing the grid
of the 25 km2 landscape and the location of the five selected streams. 2 - River basin of Palmas/PR showing the grid of the
25 km2 landscape and the location of the five selected streams. 3 - River basin of Painel/SC showing the grid of the 25 km2
landscape and the location of the five selected streams.
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(UTM 22 J 437612.67 m E - 7065595.88 m
S; 1 115 m.a.s.l.) and city of Tibagi (UTM
22 J 575509.83 m E - 7282637.15 m S; 748
m.a.s.l.); and (ii) Uruguai river - city of Painel
(UTM 22 J 580844.12 m E - 6901796.10 m
S; 1 144 m.a.s.l.). In Palmas (PAL), the collections were carried out at the Campos de
Palmas Wildlife Refuge, a full protection unit
located in the South-central region of Paraná
state. In Tibagi (TIB), the collections were
carried out in the State Park of Guartelá full
protection unit in the central-eastern portion of
the state of Paraná. Painel (PAI) landscape is
not part of a protection unit. Surroundings of
streams in PAI are mainly composed of areas
of natural grasslands typically used for cattle
breeding and fewer areas of plantations and
silviculture (Table 1). Silviculture area in the
streams’ catchments was larger in PAL landscape, and TIB showed larger area of plantations (Table 1). The stream sediments in PAI
and PAL are composed mostly by boulders (>
256 mm), gravels (4 - 64 mm), and a mixture
of sands (0.06 - 1.2 mm) (Wentworth, 1922).
Streams also have dry leaves, branches and
twigs characterizing a heterogeneous habitat.
On the other hand, sediments in TIB streams
are dominated by sands, characterizing a less
heterogeneous habitat. All streams had riparian
forest on both margins.
Invertebrate sampling: We surveyed 15
streams (2nd to 4th order), five in each landscape
(Table 1). Each stream was sampled once.
Inside each stream we chose an easy access
point to start the sampling and go through 150
m downstream. Along that distance, we collected benthic fauna in 20 backwater points.
At each point, the researcher kicked 10 times
the sediment inside a sweeping net, method
called kick and sweep net (K&S), which is
routinely used for assessing biodiversity (Tubic
et al., 2017). The sediments were placed inside
plastic bags and milk pails with absolute alcohol. Streams were sampled between June and
November 2015.
In the laboratory, the sediments were
washed in 1.0-, 2.0- and 3.0-mm-mesh sieves.

The invertebrates from the 3.0-mm-mesh sieve
were sorted by visual inspection. The material of the other two sieves were fixed in 70
% alcohol. The great amount of sandy sediments in each sample made extensive sorting
of macroinvertebrates unviable. Therefore, we
used the collector’s curve asymptote criterion
to set the maximum number of samples of
sandy sediments from each river. We started
arbitrarily with a sample of 7.5 g of sediments
and counted the number of morphotypes. We
repeated the process until the collector’s curve
reached the asymptote for each river (Magurran, 2013). After 10 samples (75 g) all streams’
curves reached the asymptote and we stopped
the macroinvertebrate sorting. Invertebrates
were identified to the lowest taxonomic level
according to Hamada, Nessimian, and Querino
(2014), Dominguez and Fernandez (2009) and
Souza, Costa, and Oldrini (2007). The taxa
were classified in functional feeding groups
of (i) shredders/detritivores - which consume
leaf litter or other coarse particulate organic
matter, (ii) predators - which feed on other
consumers, (iii) scrapers - which consume
algae and associated material, (iv) collectors/
filters - which collect fine particulate organic
matter from the water column using a variety
of filters, and (v) gatherers/collectors - which
collect fine particulate organic matter from
the stream bottom (Merrit, Cummins, & Berg,
2008; Hamada et al., 2014).
Environmental variables: We measured
eight environmental variables inside and in
the surroundings of the catchments (Table 1).
Locally, variables were mean water velocity
(three measurements in the beginning, middle
and final points of the 150 m), mean stream’s
width (same three points), pH, dissolved oxygen, and water temperature. We set a 500 m
radius buffer initiating in the starting point of
macroinvertebrate sampling and, inside each
buffer, we measured the relative cover of forests, grasslands, plantations and silviculture (in
ha) in Google Earth.
Data analyses: We performed a principal component analysis (PCA) with all
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DO
7.70
7.55
8.06
7.61
7.76
7.74±0.03
6.93
7.96
7.35
7.94
8.55
7.74±0.12
7.91
7.24
8.50
8.00
7.50
7.83±0.09
0.215
0.391

TEM
17.00
16.00
17.00
16.00
18.00
16.80±0.17
14.00
15.00
14.00
14.00
15.00
14.40±0.11
18.00
19.00
20.00
19.00
18.00
18.80±0.17
0.509
0.102

PH
9.70
9.50
9.50
9.30
9.10
9.42±0.04
9.16
9.40
9,00
9.04
9.50
9.22±0.04
6.20
7.10
6.50
7.60
7.60
7.00±0.13
-0.574
0.041

WID
6.20
6.36
6.73
4.83
2.80
5.38±0.32
3.43
8.60
10.60
2.30
7.80
6.54±0.71
5.16
3.50
4.20
3.80
2.20
3.77±0.26
-0.371
0.078

VEL
18.00
11.30
12.60
19.00
12.30
14.64±0.71
8.30
4.60
7.30
12.67
6.20
7.81±0.69
18.20
5.64
4.70
6.80
16.10
10.29±1.27
0.040
0.297

FOR
3.25
1.95
2.17
2.05
1.92
2.27±0.25
0.59
2.51
1.61
4.67
4.02
2.68±0.75
6.97
1.33
2.54
4.64
1.97
3.49±1.030
0.360
0.356

GRA
16.74
18.11
14.51
17.79
18.00
17.03±0.68
11.93
10.00
19.21
13.15
15.92
14.04±1.61
10.03
11.56
17.46
16.11
14.98
14.03±1.40
-0.270
0.481

PLA
0.00
0.00
3.46
0.00
0.00
0.70±0.70
5.77
0.00
2.85
0.00
0.00
1.72±1.15
0.41
7.40
0.00
0.00
3.33
2.23±1.44
0.152
-0.618

SIL
0.00
0.00
0.00
0.00
0.00
0.00
7.70
0.00
0.00
0.00
0.00
1.54±1.54
1.06
0.12
0.00
0.00
0.00
0.24±0.21

PC2
1.25
0.60
-0.22
1.02
0.80
-1.68
-2.07
0.17
-0.21
1.19
0.95
-3.12
1.04
0.94
-0.67

PC1
-0.75
-1.48
-0.43
-1.01
-0.12
-1.45
-0.67
-2.64
0.28
-0.82
2.88
1.59
1.95
1.57
1.10

S
17.00
17.00
14.00
8.00
14.00
14.00±1.64
7.00
20.00
15.00
5.00
21.00
13.60±3.28
7.00
4.00
4.00
1.00
7.00
4.60±1.12

N
84.00
88.00
87.00
75.00
136.00
94.00±10.75
20.00
84.00
128.00
30.00
264.00
105.20±44.22
24.00
13.00
6.00
6.00
13.00
12.40±3.30

Environmental variables: DO (mg/L) = dissolved oxygen; TEM (°C) = temperature; WID (m) = mean width; VEL (m/s) = mean velocity; FOR (%) = proportion of forest area
land use; GRA (%) = proportions of grassland area land use; PLA (%) = proportion of plantation area land use; SIL (%) = proportion of silviculture area land use. S = taxonomic
richness; N = abundance.

STREAM
Painel1
Painel2
Painel3
Painel4
Painel5
Mean±SE
Palmas1
Palmas2
Palmas3
Palmas4
Palmas5
Mean±SE
Tibagi1
Tibagi2
Tibagi3
Tibagi4
Tibagi5
Mean±SE
PC1 loadings
PC2 loadings

TABLE 1
Local and landscape environmental variables, PCA axis 1 and 2 stream scores, PCA axis 1 and 2 environmental loadings,
and local diversities of macroinvertebrates in 15 streams of three South Brazilian grassland landscapes

environmental variables to characterize the
three landscapes. We transformed all variables to zero mean and unit variance before
analysis. We used the first and second principal components - PC1 and PC2 of PCA
as predictor variables of macroinvertebrate
community responses. Richness (number of
taxa) and abundance (number of individuals)
of macroinvertebrates were highly correlated
(R = 0.812). It means that any analysis of possible correlations between environmental variables and macroinvertebrate richness would be
biased by abundance. Therefore, we performed
a simple linear regression with abundance (X)
and richness (Y) and used the vector of residuals as the new richness of macroinvertebrates.
To assess whether richness and abundance
differed among landscapes, we used two permutational analyses of variance (Wheeler &
Torchiano, 2016). The test criterion of permutational ANOVAs is the sum of squares (SS).
To identify which predictor variables affected
the response of richness and abundance, we
performed two multiple linear regression with
sequential entering of predictor variables, first
PC1 and then PC2. Abundance of macroinvertebrates was log transformed before multiple
regression to meet normality assumptions.
We explored the similarity of benthic
macroinvertebrate feeding group compositions
among streams with a non-metric dimensional
scaling ordination (NMDS) based on BrayCurtis dissimilarity of feeding groups abundance data. We performed a permutational
multivariate analysis of variance (PERMANOVA) after NMDS to check for differences
among landscapes based on the feeding group
compositions. Additionally, we tested the
effect of space and environment on feeding
group compositions by means of partial Mantel correlation tests using the dissimilarity/
distance matrices. First, we decomposed the
variation explained by space and environment into community composition variation
among landscapes. Second, we analyzed within
landscape composition variations. Analyses
were performed in RStudio v. 3.5.1 (R Core
Team, 2016).

RESULTS
A total of 1 058 benthic macroinvertebrates
were collected divided in 53 taxa (Digital
Appendix). Bivalvia sp. (N = 363) was the
most abundant taxon in all streams, followed
by Aegla sp. (N = 175) and Lymnaeidae sp.
(N = 147). In PAL Bivalvia sp. was the most
abundant taxon (N = 306), whereas in PAI it
was Lymnaeidae (N = 147) and Aegla sp. (N
= 133). Finally, the streams of TIB showed
greater abundance of Limnocoris sp. (N = 21).
Abundance was significantly different among
landscapes (SS = 25660; P = 0.038; d.f. = 2.12),
however the residual richness was not different
among landscapes (SS = 678.9; P = 0.888; d.f.
= 2.12). TIB streams showed nearly one third
lower mean abundance and around 10 % lower
mean richness than streams of PAL and PAI
(Table 1). Abundance responded significantly
to PCA 1 predictor (R2 = 0.568, P = 0.006)
(Fig. 2). Residual richness did not respond to
environmental variables (R2 = 0.168, P = 0.330).
The first two axes of PCA explained
51.61 % of total variation in the matrix of
environmental variables. Table 1 shows stream

Fig. 2. Relationship between abundance (log transformed)
of benthic macroinvertebrates and PCA axis 1 of
environmental variables. Data collected in 15 streams of
three landscapes in South Brazilian grasslands in Winter
and Spring 2015. PAL = Palmas, PAI = Painel, TIB =
Tibagi. Response model is Abundance = 3.72 - 0.60*PCA1.
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Fig. 3. First and second NMDS axes based on Bray-Curtis dissimilarity distances between feeding group abundances in
15 streams of three landscapes in South Brazilian grasslands. PAI = Painel, PAL = Palmas, TIB = Tibagi. Feeding groups
are Co.Fi = collectors/filterers, Ga.Co = gatherers/collectors, Sc = scrapers, Sh.De = shredders/detritivores, Pr = predators.
Stress of NMDS = 0.059.

scores and variable loadings in the first and
second PCA axes. The first axis varied from
TIB streams to PAI and PAL streams. TIB was
characterized by higher temperature and area
of forest in the catchment and lower pH and
mean width. PAI and PAL were characterized
by lower temperature and area of forest and
higher pH and width. Second axis varied from
two PAL streams with higher plantation area
in the catchment to all the rest of PAL and PAI
streams associated with higher grassland area
and water velocity.
Regarding the compositions of functional
feeding groups, the main variation was associated with first axis of ordination (Fig. 3),
which divided the streams of TIB from the ones
in PAI and PAL. Results of PERMANOVA
showed that the three landscapes were different regarding macroinvertebrate feeding group
compositions (F2,14 = 7.45; P = 0.001). TIB
streams had more predators like Hemiptera
and Odonata. PAI and PAL streams showed
more diverse communities of shredders/
detritivores, gatherers/collectors, collectors/
filterers, and scrapers (Fig. 3). Additionally,
along the second axis of NMDS, PAI streams
were better described by the abundance of
scrapers, compared to PAL streams (Fig. 3).
PAL streams showed higher abundance of
114

collectors/filterers Bivalvia, Hydropsychidae
and Simuliidae, and the gatherers/collectors
Elmidae. PAI streams also had higher diversity compared to TIB and showed the presence
of the shredder/detritivore Aeglidae and the
gatherers/collectors Ceratopogonidae.
Among landscapes, partial Mantel tests
showed that the highest correlation was between
feeding guild composition and space (RM =
0.67; P = 0.001), compared to environment
(RM = 0.38; P = 0.002). Additionally, space and
environment were significantly correlated (RM
= 0.32; P = 0.001). It means that environmental
variation was linked to geographical distance,
which is expected, given the extent region
of the study. Within each landscape, the dissimilarity in macroinvertebrate compositions
in TIB were correlated with the environmental
distance (RM = 0.79; P = 0.025).
DISCUSSION
The lack of communities’ local responses
to environmental variables measured at higher
scale does not immediately translate into a
lack of streams’ surroundings effect since high
unexplained variation is common in many ecological studies, partly due to missing variables
in the analyses (Genner et al., 2004; Hepp,
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Landeiro, & Melo, 2012). On the other hand,
although the landscapes are predominantly
grassy habitats, we could observe marked
differences mainly in the taxonomic and functional feeding groups of streams in the northernmost TIB landscape.
Landscapes studied here encompass a
wide geographical scale. Latitudinal gradients in aquatic invertebrates are ambiguous,
so patterns of variation are study-dependent.
Therefore, local environment features can supposedly override historical and climatic influences on diversity (Hillebrand, 2004; Heino,
2009). Hence, the type of substrate could
partially explain the lower diversity found in
TIB streams. Texture, compaction, and grain
size can affect the composition and abundance of benthic macroinvertebrates (Nakamura & Kikuchi, 1996; Fidelis, Nessimian, &
Hamada, 2008; Baptista et al., 2014). Sandy
soils are characterized by low heterogeneity
and availability of physical habitats (Allan,
2004). Additionally, these habitats are subjected to disturbances due to the stream’s current. Despite the greater coverage of riparian
vegetation in TIB, allochthonous materials are
drifted and not deposited in the stream bed due
to the absence of larger substrates. Contrasting
features were found in PAL and PAI, leading to
a more heterogeneous environment. The occurrence of pebbles and coarse fractions of substrate increases the number of shelters (Bücker,
Sondermann, Frede, & Breuer, 2010; Jun et al.,
2011; Hepp et al., 2012; Rezende et al., 2014),
translating into more taxonomic and functional
diversity. TIB water temperature was higher
than in PAI and PAL, which may be related
to the lower altitude of this landscape and the
sampling period at the beginning of the warmer
months of the year.
TIB benthic macroinvertebrate diversity
was different from those of the other landscapes. The presence of predators was represented particularly by Gomphidae (Odonata)
and Naucoridae (Hemiptera). The presence of
Gomphidae may be associated with its fossorial attribute, which enables the organisms
to use inorganic substrates, such as sand and

gravel (Assis, Carvalho, & Nessimian, 2004;
Worthen, Gregory, Felten, & Hutton, 2004;
Worthen & Horaceh, 2015). Hemiptera are
common predators in lentic and lotic habitats,
with good swimming capacity and adapted to
various habitats, including sand sites, which
may explain their presence in TIB (McCafferty,
1981; Hamada et al., 2014; Reynoso-Velasco
& Sites, 2019). In addition to these taxa, we
recorded the presence of the family Odontoceridae, known for the construction of tubular
shelters made of grains of sand glued with
silk, attribute that facilitates the occupation of
different niches compared to other species of
caddisflies. Moreover, this taxon could search
more actively for food (Guevara, Reinoso, &
Villa, 2005; Vásquez-Ramos, Guevara-Cardona, & Reinoso-Florez, 2014) in the sandy
habitats found in TIB streams.
Despite the high abundance of scrapers
such as Lymnaidae in PAI streams, we also
found representants of the EPT group (Ephemeroptera, Plecoptera, and Trichoptera), which
are the first to disappear in highly disturbed
streams due to their sensitivity to pollution
and thus generally considered bioindicators of
good water conditions (Barbola et al., 2011;
Júnior, Conceição, Lobo, Santos, & Sardinha,
2019). Another sensitive taxon that appeared
in all PAI and PAL streams was Aegla sp. Aeglids live preferentially in well-oxygenated and
clean water habitats (Bond-Buckup & Buckup,
1994; Dalosto & Santos, 2011; Santos et al.,
2017). On the other hand, the presence of Oligochaetes in PAL landscape could be signaling
the beginning of water deterioration, because
these organisms can survive under low dissolved oxygen conditions (Piedras et al., 2006,
Rosa, Rodrigues, Oliveira, & Alves, 2014).
Moreover, changes in water quality associated
with organic contamination lead to the increase
of suspended particles, favoring filter-collector
organisms (Bivalvia) (Feio & Dolédec, 2012).
Different benthic macroinvertebrate
functional groups explore different resources
and are influenced by habitat features, food,
and refuge availability (Callisto, Moreno, &
Barbosa, 2000; Benstead & Pringle, 2004).
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Therefore, the more variation in these environmental features the greater the diversity
and the resistance of benthic macroinvertebrate community to disturbance (Hawkins &
MacMahon, 1989). Thus, there could be two
different but not excluding forces driving the
overall lower diversity of TIB streams. First,
the low heterogeneity is driven by the presence of one dominant sandy substrate. Second,
the anthropogenic land use of agriculture and
extensive cattle breeding in the region that is
ongoing and started before the creation of the
conservation unit.
In Palmas landscape, the land use alterations also started before conservation unit
creation, extending to today. So, these past
environmental alterations could have led to
riparian forest and landscape structural changes, factors that affect the benthic macroinvertebrate richness and composition (Hepp
& Santos, 2009; Sensolo, Hepp, Decian, &
Restello, 2012; Hepp et al., 2016). The replacement of specialist organisms by generalists
occurs as a response to changes in land use
(Petsch, 2016; Castro et al., 2018). Additionally, the spatial pattern of distribution of
the populations depends on factors reflecting the spatial organization of habitat patches
(Vinatier, Tixier, Duyck, & Lescourret, 2011).
Therefore, high variation in the local context
of streams could lead to high dissimilarity of
taxonomic and functional compositions within
the landscapes.
There was a marked structural difference
among the three landscapes at local and landscape scales. Studies conducted with different
organisms have shown that both local environmental conditions and geographical distances
shape community structure (Heino et al., 2010;
Santos, Silva, Branco, & Huszar, 2015; Monteiro do Amaral, De Almeida Gonçalves, Da
Silveira, & Gama Alves, 2019). At regional
level the observed variations in aquatic biota
were partially associated with landscape changes, but the main driving force was geographical
distance. Campos in PAL and TIB landscapes
were more fragmented compared to PAI. The
PAI landscape, despite not being included in a
116

protected area, had greater coverage of natural
grasslands, which can be related to the traditional grazing activity (e.g. cattle, horses) that
was almost exclusive in PAI landscape. Given
this condition, our initial hypothesis that diversity would be higher in more conserved areas
was partially corroborated.
Intensive agriculture can change soil physical and chemical properties, compaction, erosion and water regime (Vieira & Overbeck,
2015). However, other environmental variables should be analyzed (e.g. heavy metals,
phosphorus, nitrogen) to better understand the
diversity patterns found in the three Campos
landscapes, mainly in regions of agriculture
and livestock farming and silviculture practices, where the water courses are subjected to
pesticide and fertilizer residues from the land.
Besides, benthic invertebrate communities can
respond to other unmeasured variables either
at local or at landscape scales. We believe it
is important to deepen the studies on natural grassland regions, a historically neglected
biome in Brazil (Overbeck et al., 2009), to
assess the conservation status of landscapes
and to understand the distribution of aquatic
diversity at local, landscape and geographical
scales. The results point to the need for discussions about public policies addressing water
conservation and management, which should
include a mixed collegiate body in Advisory
Councils (e.g. community, researchers, authorities). These actions may focus on discussing
the role of the grassland landscapes studied
here. Although the streams are in protected
areas, they still suffer from anthropic activities,
which can impact the local and regional benthic
macroinvertebrate diversity.
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RESUMEN
Variación de comunidades de macroinvertebrados
bentónicos en arroyos de tres paisajes de pastizales del
sur de Brasil. Introducción: Los ecosistemas acuáticos
en el sur de Brasil están actualmente bajo gran presión
ambiental. Cambios en el uso de la tierra pueden tener
impactos negativos en el ecosistema que afectan el funcionamiento de las comunidades de arroyos. Objetivo:
Comparar la riqueza, abundancia y las composiciones de
macroinvertebrados bentónicos en arroyos de tres paisajes
de pastizales del sur de Brasil, y correlacionar los modelos patrones de comunidad con variables ambientales y
espaciales. Metodología: Quince arroyos a lo largo de los
bosques ribereños fueron seleccionados en tres paisajes
(distancia geográfica media de 285.1 km) insertados en las
cuencas fluviales de Paraná y Uruguai. De los tres paisajes,
dos están insertados en unidades de conservación (Parque
Estatal de Guartelá y Refugio de Vida Silvestre de Palmas).
Los invertebrados fueron recolectados en 20 puntos con
una red a lo largo de 150 m de las corrientes entre junio
y noviembre 2015. En el 2016, fueron clasificados en el
laboratorio, con tres tamices de mallas, identificándolos
al nivel taxonómico más bajo posible. Así, los taxones se
clasificaron en grupos funcionales alimentícios: trituradores/detritívoros, depredadores, raspadores, colectores/
filtradores y colectores/recolectores. En cada arroyo fueron
medidas las variables ambientales: anchura, velocidad, pH,
oxígeno disuelto y temperatura; en las cuencas, la cubierta
relativa de bosques, pastizales, plantaciones y silvicultura.
Resultados: Encontramos un total de 1 058 individuos,
divididos en 53 morfoespecies y 34 familias. Se encontró
una menor abundancia de macroinvertebrados bentónicos
en el paisaje más septentrional con mayor temperatura,
y bosques en la cuenca. Esos arroyos fueron descritos
principalmente por grupos de depredadores, mientras que
los arroyos insertados en los otros dos paisajes mostraron
una composición más diversa de trituradores/detritívoros,
colectores/recolectores, colectores/filtradores y raspadores.
La distancia geográfica fue el principal factor que influyó en las diferencias de las composiciones comunitarias
entre los paisajes. Conclusiones: La menor abundancia

encontrada en el paisaje más septentrional puede explicarse por (i) la baja heterogeneidad constatada en el hábitat,
debido al dominio de los sustratos arenosos, y por (ii)
el uso antropogénico de la tierra: la agricultura y la cría
extensiva de ganado en la región que está en curso, la cual
comenzó antes de la creación de la unidad de conservación.
Además, la composición de los macroinvertebrados puede
estar correlacionada con diferencias ambientales entre
paisajes que, a su vez, están relacionadas con la distancia
geográfica. Por lo tanto, las respuestas comunitarias de los
macroinvertebrados pueden reflejar diferentes historias
biogeográficas de biotas que también pueden estar asociadas a prácticas históricas de uso de la tierra.
Palabras clave: uso de la tierra, grupos funcionales alimentarios, variables abióticas, substrato arenoso, diversidad dulceacuícola, agricultura.
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