
Macroinvertebrates responses based on chemical 
and physical variables in urban streams

Germano Henrique Costa Barrilli¹⁵; Natalia Felix Negreiros²⁶; Odete Rocha³⁷ & José Roberto Verani⁴⁸

¹	 Universidade Federal de São Carlos (UFSCAR), Centro de Ciências Biológicas e da Saúde (CCBS), 
Programa de Pós Graduação em Ecologia e Recursos Naturais (PPGERN). São Carlos, SP, Brasil.

²	 Centro Universitário Católico Salesiano Auxilium (UniSalesiano). Araçatuba, SP, Brasil.
³	 Universidade Federal de São Carlos (UFSCAR), Centro de Ciências Biológicas e da Saúde (CCBS), 

Departamento de Ecologia e Biologia Evolutiva (DEBE). São Carlos, SP, Brasil.
⁴	 Universidade Federal de São Carlos (UFSCAR), Centro de Ciências Biológicas e da Saúde (CCBS), 

Departamento de Hidrobiologia (DHB). São Carlos, SP, Brasil.
⁵	 ORCID: http://orcid.org/0000-0001-8625-2759. E‑mail: germanohcb@gmail.com (corresponding author)
⁶	 ORCID: http://orcid.org/0000-0003-4685-0935. E‑mail: natalia_felix@yahoo.com.br
⁷	 ORCID: http://orcid.org/0000-0002-0798-3316. E‑mail: doro@ufscar.br
⁸	 ORCID: http://orcid.org/0000-0001-9197-334X. E‑mail: verani@ufscar.br

Abstract. The Land uses and occupations around small watersheds generate negative impacts such as deterioration of 
water quality, environmental simplification, reduced availability of habitats for species, and loss of biodiversity. Benthic 
macroinvertebrates are an important aquatic community and are widely used in environmental monitoring actions in aquatic 
ecosystems, including urban streams, which are still little studied in Brazil. In our study, an urban headwater basin (Monjolinho 
River Basin) was studied on the benthic community structure, together with the physical and chemical variables of the water, as 
an environmental monitoring tool calculated by RHDEP, TSI, BMWP indexes and abundance-biomass curves. The results showed 
a gradient of environmental quality, where the best environments are a consequence of preserving the vegetation cover. These 
environments (Espraiado and Canchim) present groups sensitive to environmental degradation (Ephemeroptera, Plecoptera 
and Trichoptera), greater diversity and a better structure in the respective benthic macroinvertebrate assemblages. Among the 
streams sampled, one is very clean, four are moderately polluted, and one is severely polluted. Thus, considering that these 
streams’ waters are essential for public supply, actions to clean up and recover degraded environments are urgent and a priority.
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INTRODUCTION

Aquatic ecosystems provide essential services 
for human needs and suffer negative impacts due 
to overexploitation caused by human activities. 
The illegal use and occupation of small hydro-
graphic basins cause deforestation in these areas, 
resulting in siltation, loss of habitat, environmen-
tal contamination, decreased water quality, and 
biodiversity loss (Siqueira & Roque, 2010).

The assessments in aquatic ecosystems, previ-
ously carried out through the analysis of the wa-
ter’s physical and chemical characteristics, start-
ed to consider the responses that the biological 
communities provided to the different levels of 
disturbances (Stevenson et al., 1996; Suriano et al., 
2010). Thus, joint analysis of physical, chemical, 
and biological variables started to provide a more 
accurate answer about aquatic ecosystems’ envi-
ronmental quality (Lobo & Callegaro, 2000).

Among the components that represent the 
aquatic biota, benthic macroinvertebrates are 
good indicators of water quality because they 
have important features, like reduced mobility, 
simple sampling, organisms easily identified to 
the family level and responding quickly to distur-
bances, in addition to presenting several taxa that 
react in different ways to various types and lev-
els of pollution (Rosenberg & Resh, 1993; Callisto 
et al., 2002; Buss et al., 2003). These characteristics 
have contributed to the increasingly frequent use 
of these organisms as biological indicators in var-
ious parts of the world such as Europe, Australia, 
North America, South America, and other sub-
tropical regions (Junqueira et al., 2010).

For the assessment of water quality through 
the use of benthic macroinvertebrates, several in-
dexes have been proposed. Among them, one of 
the most used worldwide is the BMWP (“Biological 
Monitoring Working Party Score System”), which 
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was created in 1976 in Great Britain and has used ben-
thic macroinvertebrates’ families to assess water quality 
(Monteiro et al., 2008).

The ABC curves is another method used to assess 
the environmental quality of aquatic environments 
(Warwick, 1986). This method compares dominance in 
terms of abundance and biomass, with the justification 
that biomass tends to be proportionally greater than 
the number of individuals in stable environments. In this 
way, in undisturbed environments, one or two taxa can 
be dominant in terms of biomass, raising their curves 
over numerical abundance. In contrast, disturbed com-
munities have low species richness, with a high density 
of small body size individuals, not dominant in biomass. 
Thus, the numerical abundance curve overlaps that of 
biomass. In environments with intermediate conditions, 
the numerical abundance curve overlaps and can cross 
several times (Warwick, 1986; Magurran, 2011).

The growth of São Carlos city has caused improper 
use and occupation around natural areas and has had 
a negative impact on the Monjolinho River basin. This 
river is responsible for more than 20% of the water sup-
ply in this city, which justifies the constant monitoring 
of this area for conservation actions (Barrilli et al., 2015). 
Therefore, this study aims to evaluate the habitats and 
benthic macroinvertebrates community from the tribu-
taries of the Monjolinho River, applying physical, chemi-
cal and biological indices of environmental quality.

MATERIAL AND METHODS

Samplings

The stretches used as sampling sites were chosen to 
include various environmental and anthropogenic influ-
ences (natural, rural, and urban areas) in several streams 
belonging to the upper portion of the Monjolinho River 
catchment area (Fig. 1).

A brief description of each site follows (Coordinates: 
SIRGAS 2000 UTM 23 S), according with Barrilli et al. (2015):

—	 Espraiado stream (203886.9, 7567552.3): The sam-
pling was carried out in a section characterized by an 
environment of dense, structured, and closed-can-
opy forest, legally defined with a preservation area. 
This site is located on Federal University of São Carlos 
land, enclosed in an area covered by cerrado stric-
to sensu and Eucalyptus sp. forest.

—	 Belvedere stream (203540.41, 7564791.32): 
Environment with a small fragment of riparian veg-
etation, but with signs of burning and household 
waste, as well as earthworks that indicate the urban 
expansion.

—	 Ponte de Tábua stream (204482.0, 7563885.2): 
Environment located in an urban area, with frag-
ments of riparian vegetation and domestic waste col-
lected along the stretch.

Figure 1. Map showing the sampled streams. Letters represent the following streams: E = Espraiado, B = Belvedere, C = Canchim, P = Ponte de Tábua, S = São 
Rafael and D = Douradinho.
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—	 Canchim stream (205482.7, 7565680.9): 
Environment located inside a farm, with riparian veg-
etation and without evidence of household wastes.

—	 São Rafael stream (205472.0, 7563280.3): 
Environment located in an urban area with evidence 
of disturbance.

—	 Douradinho stream (206570.7, 7563949.0): 
Environment located inside a farm, characterized by 
a large forest fragment.

Samples were conducted in July and August 2013. 
The physical and chemical data: pH, electrical conduc-
tivity, dissolved oxygen concentration, and water tem-
perature, were measured “in  situ” with a HORIBA U‑10 
multiprobe, alongside the water sampling. The inor-
ganic nutrients analyzed were: total phosphorus and 
nitrogen (Valderrama, 1981), nitrite (Bendchreider & 
Robinson, 1952, cited by Golterman et al., 1978), nitrate 
(Mackereth et al., 1978), ammonium (Koroleff, 1976, cited 
by Mackereth et al., 1978).

Environmental characterization

The environmental characterization of the collection 
sites was performed using the rapid habitat diversity 
evaluation protocol (RHDEP) proposed by Callisto et  al. 
(2002). This protocol considers a series of parameters 
based on observations of the habitat, involving vegeta-
tion cover, water and sediment conditions, and assigning 
scores to the environments. The following scores classi-
fy environments into Natural (above 60 points), Altered 
(from 41 to 60 points) or impacted (from 0 to 40 points). 
Once the nutrient concentrations were established, the 
trophic state index (TSI) of Carlson (1977) modified by 
Lamparelli (2004) was calculated. This index is suitable 
for lotic environments and allows data calculation relat-
ed to chlorophyll and total phosphorus concentration 
(Table 1). In the absence of one of these two variables, it 
is recommended to use the one available (CETESB, 2007). 
In our study, we calculated the trophic status index using 
total phosphorus through the following formula, where 
“TP” is total phosphorus and “ln” is natural logarithm:

TSI (TP) = 10(6‑((0.42‑0.36(ln TP))/ln 2))‑20

Collection and analysis of benthic 
macroinvertebrates community

A Suber-type sampler (900  cm² and 250  cm mesh 
opening) was used to sample the benthic macroinverte-
brate community. In each stream, three collection points 
were defined with a distance of approximately ten feet 
between them. Sediment samples were collected in trip-
licate at each collection point. To sample microhabitats 
and areas of difficult sampling, a scan was performed 
with a D‑net sampler with a 0.5 mm mesh opening for 30 
seconds on each point, with three scans in each stream. 
After being identified, the specimens were deposited in 

the Limnology laboratory of the Department of Ecology 
and Evolutionary Biology at the Federal University of São 
Carlos (DEBE – UFSCar).

The organisms were identified to the lowest possi-
ble taxonomic level, using identification keys of Righi 
(1984), Merritt & Cummins (1996), Roldan-Pérez (1988), 
Brinkhurst & Marchese (1992), Trivinho-Strixino & 
Strixino (1995), Wiggins (1998), Epler (2001), Fernández & 
Domínguez (2001), Costa et al. (2004), Salles (2006), Lecci 
& Froelich (2007).

We used the biotic index “Biological Monitoring 
Working Party System” (BMWP) developed by Alba-
Tercedor & Sánchez-Ortega (1988) and modified by 
Loyola (2000) to evaluate the water quality. The criteria 
for the classification of water quality in tributaries of 
the study followed the classification of Environmental 
Institute Paraná – IAP (2003), which takes into account 
the sensitivity of benthic macroinvertebrate families to 
environmental degradation.

The criteria for the classification of water quality in 
tributaries of the study followed the classification of 
Environmental Institute Paraná – IAP (2003), which con-
siders the sensitivity of benthic macroinvertebrate fami-
lies to environmental degradation.

For comparison among the sampled streams, the al-
pha diversity descriptors were calculated by species rich-
ness (S), Pielou’s equitability (J’), Simpson’s dominance 
index (D’), Shannon’s index (H’) as described in Magurran 
(2011).

Benthic macroinvertebrate biovolumes

The biovolumes were calculated from each taxon’s 
average size, using the appropriate geometric shapes 
(Ruttner-Kolisko, 1977; Sun & Liu, 2003). We assumed the 
biovolume as being equal to the fresh weight.

The ABC curves as an indicator of disturbances 
in benthic macroinvertebrate community

The ABC curves (Warwick, 1986) represent the nu-
merical abundance and biomass accumulated from all 
populations present in a community. The relationship 
between the curves is used to make inferences about the 
degree of environmental disturbance. Clarke (1990) in-
troduced a statistical tool (W index) to mitigate the effect 
of visual interpretation. The “W index” is obtained from 

Table  1. Reference values for trophic status classification (TSI). TP  = Total 
Phosphorus.

Category of Trophic State Range TP (mg. m⁻³)
Ultraoligotrophic TSI ≤ 47 P ≤ 13

Oligotrophic 47 < TSI ≤ 52 13 < P ≤ 35

Mesotrophic 52 < TSI ≤ 59 35 < P ≤ 137

Eutrophic 59 < TSI ≤ 63 137 < P ≤ 296

Supereutrophic 63 < TSI ≤ 67 296 < P ≤ 640

Hypereutrophic TSI > 67 P > 640
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the expression W = Σ (Bi‑Ai)/[50 (S‑1)], in which Bi is the 
value of the biomass of each species  (i); Ai is the value 
of the abundance of each sequence of species (i), and S 
is the number of species. Positive values indicate an un-
disturbed environment, negative values suggest very 
disturbed communities, and values close to zero indicate 
moderate disturbances (Magurran, 2011).

Statistical analysis

Canonical Correspondence Analysis (CCA) was ap-
plied to verify the spatial correspondence between the 
protocol of habitat diversity, the trophic status index, 
and the benthic macroinvertebrate community density. 
The significance of the relationships obtained between 
the axes was evaluated using the Monte Carlo test, with 
999 random permutations and a p‑value less than or 
equal to 0.05 (p ≤ 0.05). The Canonical Correspondence 
Analysis (CCA) was performed through the CANOCO 3.12 
program (Ter Braak & Šmilauer, 2002). Finally, a Pearson’s 
correlation matrix was generated between the environ-
mental quality indicators to verify significant relation-
ships between them. For this, we use the PAST statistical 
package v.3.16 (Hammer et al., 2001).

RESULTS

The sampling carried out between the tributary 
streams of the Monjolinho River resulted in a composi-
tion of 3222 individuals distributed in 84 taxa (Table 2). 
The Espraiado stream was the environment with the 
greatest diversity of species, followed by Canchim, 
Douradinho, Ponte de Tábua, and São Rafael. However, 
despite being the environment with the largest number 
of individuals, Belvedere presented the least diversity 
among the sampled streams.

The physical and chemical analyzes, the rapid habi-
tat diversity evaluation protocol, the trophic status index 
and the BMWP index resulted in a gradient of environ-
mental quality among the sampled streams (Table  3). 
The best quality stream (Espraiado) presented oxygenat-
ed and oligotrophic waters, better habitat structure and 
the presence of several groups of macroinvertebrates 
sensitive to pollution. Conversely, the worst condition 
stream (Belvedere) presented eutrophic waters and low 
oxygenation, impacted and unvegetated habitats, lower 
macroinvertebrate diversity, featuring the dominance of 
pollution-resistant groups.

The other streams were classified as altered and 
mesotrophic, presenting groups tolerant and resistant 
to environmental pollution. The ABC curves (Fig.  2) in-
dicated that the macroinvertebrate community of the 
most polluted stream (Belvedere) is highly disturbed, 
because the density curve is above the biomass, which 
results in a negative “W” value. In moderately polluted 
streams (Douradinho, Ponte de Tábua and São Rafael, 
except Canchim), the biomass curves are above the den-
sity curve, but less apart. This resulted in positive W val-

ues close to zero, indicating a community response to 
pollution.

The canonical correspondence analysis between the 
indices related to habitats’ physical structure, the degree 
of trophic state and the macroinvertebrate community 
showed the separation of groups defined as the range 
of tolerance concerning the habitats, having an explain-
ability of 98.9% considering the two axes (Fig. 3). Thus, 
individuals belonging to the Ephemeroptera, Plecoptera, 
Trichoptera and Megaloptera groups were associat-
ed with more structured and oligotrophic habitats. 
Conversely, the Diptera order is more associated with 
more eutrophic environments and less physical habitat 
structure. The other groups were correlated to environ-
ments with intermediate levels of pollution and habitat 
structure.

Pearson’s analysis (Table  4) showed negative cor-
relations between the trophic state index and other 
indicators (RHDEP, BMWP, H’, W’). The largest positive r 
value was recorded between RHDEP and BMWP index 
(r  =  0.99), demonstrating that this index’s high score is 
highly associated with the best environmental quality 
classified by RHDEP. However, the W index was negative-
ly correlated to the trophic state index (TSI) and positive-
ly with the Shannon index (H’), both significant.

DISCUSSION

The Monjolinho River has suffered for decades with 
negative impacts resulting from sewage discharge, in-
dustrial effluents and deforestation caused by the expan-
sion of the city of São Carlos. The chemical and physical 
analyses of the water, conducted in the main tributaries 
located in São Carlos, resulted in a gradient of environ-
mental quality (Sé, 1992; Tundisi et al., 1999; Barrilli et al., 
2015).

Because it is within a conservation area, the Espraiado 
stream presented the best environmental quality com-
pared to the others, with nutrient concentrations with-
in the limits found in natural systems with little distur-
bance, considering the parameters described by Tundisi 
& Matsumura-Tundisi (2008). This stream was classified 
as natural and oligotrophic, respectively by the TSI and 
RHPED indexes, a result similar to that found by Barrilli 
et  al. (2015) studying the same stream. Also, this envi-
ronment presents many species sensitive to pollution, 
such as members of the Ephemeroptera, Plecoptera, and 
Trichoptera groups, which reinforces its status as a con-
served environment and classifies the water condition as 
“Great”, by the BMWP index. In general, biomonitoring 
studies have attributed the presence of these groups to 
good environmental quality (Callisto et al., 2002).

Conversely, Belvedere was rated as the worst quality 
among the sampled streams, being classified as impact-
ed, eutrophic and heavily polluted by RHPED, TSI and 
BMWP, respectively. This is due to the little riparian forest 
compromised by fires, domestic waste, and earthworks, 
contributing to a high concentration of nutrients and low 
oxygenation of the waters. Therefore, it is a stream with 

Barrilli, G.H.C. et al.: Macroinvertebrate’s responses in urban streamsPap. Avulsos Zool., 2021; v.61: e20216183
4/9



E C D P S B Biovolume (cm³)
Bivalvia
Sphaeriidae 0 12 0 5 0 0 0.36
Coleptera
Elmidae

Hexanchorus sp. 9 0 0 0 0 0 1.13
Heterelmis sp. 0 14 0 0 0 0 0.43
Macrelmis sp. 5 3 0 0 0 0 0.12
Microcylloepus sp. 0 0 0 0 0 0 0.37
Xenelmis sp. 0 1 0 0 0 0 0.06

Gyrinidae
Gyrinus sp. 2 0 1 0 0 0 5.8
Gyretes sp. 0 0 0 0 0 0 5.8

Hydrophilidae
Berosus sp. 1 1 1 0 0 0 0.98
Hydrophilus sp. 1 0 0 0 0 6 3.92

Lutrochidae 0
Lutrochus sp. 0 0 0 1 0 0 0.99

Diptera
Chironomidae
Chironominae

Beardius sp. 7 6 0 0 0 0 0.000368
Caladomyia sp. 0 10 5 0 0 0 *
Chironomus sp. 1 38 72 57 2 2205 *
Cryptochironomus sp. 0 8 0 6 0 0 *
Endotribelus sp. 1 4 0 2 4 0 0.00785
Microchironomus sp. 1 0 0 0 0 0 0.0020096
Fissimentum sp. 12 0 0 0 0 0 0.00785
Pelomus sp. 1 2 0 2 0 0 0.002512
Polypedilum sp. 0 12 12 6 0 0 *
Stenochironomus sp. 0 0 4 0 0 0 *
Tanytarsus sp. 2 0 0 0 0 0 0.00785

Orthocladinae
Cricotopus sp. 0 0 0 21 2 0 *
Orthocladius sp. 0 2 0 2 0 0 *
Paracladius sp. 0 4 0 0 0 0 *

Tanypodinae
Ablasbemyia sp. 13 2 10 2 0 0 0.000628
Clinotanypus sp. 3 0 0 0 0 0 0.0002826
Coelotanypus sp. 3 0 0 0 0 0 0.0002826
Fittkauimyia sp. 0 0 0 4 4 0 *
Labrundinia sp. 2 0 0 0 0 0 0.0003533
Zavrelimyia sp. 0 16 0 2 0 0 *

Ceratopogonidae 20 4 1 1 1 1 0.0009891
Empididae 2 1 0 1 0 0 0.05024
Sarcophagidae 0 0 2 0 0 0 0.314
Simulidae 0 0 3 0 0 0 0.01884
Stratiomydae 0 0 1 0 0 0 0.02355
Psychodidae 0 0 1 0 0 0 0.1099
Tabanidae 12 0 1 1 0 0 0.01884
Tipulidae 15 4 10 1 1 0 0.02355
Ephemeroptera
Baetidae 1 2 0 0 0 0 0.024
Leptophlebidae

Askola sp. 24 0 0 0 0 0 0.0187929
Farrodes sp. 5 0 0 0 0 0 0.01819944
Massartella sp. 3 0 0 0 0 0 5.024
Miroculis sp. 2 0 0 0 0 0 0.018369

Gastropoda
Planorbidae

Biomphalaria sp. 0 0 2 26 0 0 11.432
Physidae

Physa sp. 0 0 1 1 0 0 116.993

E C D P S B Biovolume (cm³)
Hemiptera
Belostomatidae

Belostoma sp. 1 1 1 1 0 0 181.4
Gerridae

Brachymetra sp. 7 0 0 0 0 0 0.628
Naucoridae

Limnocoris sp. 7 0 0 0 0 0 50.868
Pleidae

Neoplea sp. 2 0 0 0 0 0 0.628
Veliidae 1 4 0 0 0 0 0.4396
Hirudinea 2 4 10 1 19 0 0.00625547
Megaloptera
Corydalidae Corydalus sp. 2 0 0 0 0 0 47.1
Nematoda 0 0 6 0 0 0 0.00628
Odonata
Aeshnidae 0 0 0 0 0 1 7.81
Calopterygidae

Hetaerina sp. 3 2 0 2 0 0 49.455
Coenagrionidae

Argia sp. 2 1 0 0 0 0 3.768
Ischnura sp. 0 0 1 0 0 0 *

Cordulidae
Neocordulia sp. 1 0 0 0 0 0 3.768

Gomphidae 5 4 0 0 0 0 0.9891
Libellullidae 3 1 1 1 0 0 3.768
Megapodagrionidae 0 0 0 0 0 0

Heteragrion sp. 2 0 0 0 0 0 3.768
Protoneuridae 5 1 4 0 0 0 21.195
Oligochaeta
Alluroididae 0 2 0 15 2 0 0.00490625
Naididae 0 0 0 0 0 0 0.23844375
Tubificidae 10 3 22 61 11 0 0.23844375
Plecoptera
Gripopterygidae 0 0 0 0 0 0

Guaranyperla sp. 1 0 0 0 0 0 *
Paragripopteryx sp. 1 0 0 0 0 0 *
Tupiperla sp. 1 0 0 0 0 0 *

Perlidae 0 0 0 0 0 0
Kempnyia sp. 1 0 0 0 0 0 *
Macrogynoplax sp. 19 0 0 0 0 0 0.5024

Trichoptera
Calamoceratidae

Phylloicus sp. 13 1 0 0 0 0 22.07
Helicopsychidae

Helicopsyche sp. 1 0 0 0 0 0 0.628
Hidropsychidae

Smicridea sp. 1 0 0 0 0 0 0.628
Leptoceridae

Triplectides sp. 12 0 0 0 0 0 10.676
Notalina sp. 2 0 0 0 0 0 10.676

Odontoceridae
Barypenthu sp. 6 0 0 0 0 0 10.597
Marilia sp. 1 0 0 0 0 0 98.125

Polycentropodidae
Polycentropus sp. 3 0 0 0 0 0 0.2041
Polyplectropus sp. 4 0 0 0 0 0 0.1884
Cyrnellus sp. 5 0 0 0 0 0 0.2041

Sericostomatidae
Grumicha sp. 4 1 0 0 0 0 0.8164

Turbellaria
Dugesiia sp. 3 6 50 9 1 0 0.001884

Richness 57 33 24 24 10 4
Individuals 279 177 222 218 47 2213
Shannon(H’) 3.57 2.95 2.22 2.14 1.77 0.03

Table 2. Composition and biovolume of benthic macroinvertebrates from the sampled streams. Streams legend: Espraiado (E), Canchim (C), Douradinho (D), Ponte 
de Tábua (P), São Rafael (S) and Belvedere (B). * Biovolume not considered (collected with qualitative sampler).
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low diversity of species, where resistant groups such as 
those of Chironomidae (Diptera) dominate this environ-
ment. In freshwater ecosystems, Chironomidae are con-
sidered poor water quality indicators because the family 
is often abundant in degraded locations and they do not 
need great environmental demands to survive (Goulart 
& Callisto, 2003; Serra et al., 2017).

The streams classified as altered and mesotrophic 
by the TSI and RHDEP showed differences regarding the 
classification proposed by the BMWP index. According to 
this index, the water quality in Canchim, Douradinho, São 
Rafael, and Ponte de Tábua are classified, respectively, as 
“doubtful”, “polluted”, “very polluted” and “very polluted”. 
Also, a gradual drop in taxonomic diversity was observed 
between these streams, which can be explained by the 
variations between riparian vegetation and nutrient 
contractions between these environments, contribut-
ing to habitat diversity, species composition and, conse-
quently, to the BMWP index score. According to Barrilli 

Figure 2. Abundance and Biomass Curves (ABC curves) of the sampled streams.

Table 3. Environmental quality indexes, the physical and chemical variables 
of the sampled streams. Legend: Espraiado (E), Canchim (C), Douradinho (D), 
Ponte de Tábua  (P), São Rafael  (S), Belvedere  (B), Oligotrophic  (O), 
Mesotrophic (M) and Eutrophic (Eu)

Variables E C D P S B

Nitrogen total (mg. L⁻¹) 0.21 0.14 0.41 0.60 0.81 1.92

Phosphorus (µg.L⁻¹) 19.7 36.6 47.7 42.8 53.6 164.8

pH 6.5 6.9 7.4 6.9 6.7 6.9

Oxygen (mg.L⁻¹) 8.1 5.7 8.4 5.4 5.8 4.0

Conductivity (µS.cm⁻¹) 9.7 19.0 39.0 42.3 107.0 107.0

Temperature (℃) 17.5 20.3 17.8 18.3 21.7 19.4

TSI 49.4 52.6 54.0 53.5 54.6 60.5

Classification (TSI) O M M M M Eu

RHDEP 83.0 59.0 57.0 45.0 42.0 38.0

Habitat Classification Natural Altered Altered Altered Altered Impacted

BMWP 198 102 72 51 20 13

Water Quality Great Acceptable doubtful Polluted Very 
Polluted

Heavily 
Polluted
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et al. (2015) and Amaral et al. (2019), streams with a more 
structured surrounding forest promote greater environ-
mental heterogeneity, thus increasing the quality of hab-
itats and species diversity.

The abundance and biomass curves (ABC) indicat-
ed various levels of disturbance among the sampled 
streams. In the Belvedere stream, the curves indicated 
that this environment is very disturbed, since the abun-
dance curve was above that of biomass and with a nega-
tive W value. In the Douradinho, Ponte de Tábua and São 
Rafael streams, the curves approach, resulting in a mod-
erately disturbed environment, with the W value closer 
to zero. However, the Espraiado and Canchim streams 
presented the highest W values are undisturbed environ-
ments, with better environmental quality. Galves et  al. 
(2007), studying tributaries with different environmental 
preservation characteristics in the city of Londrina, PR, 
verified the approximation of the biomass and density 
curves as the disturbance increased. In streams with bet-
ter conditions, they presented the biomass curve above 
the density curve, and, in the polluted stream, the densi-
ty curve overlapped the biomass curve.

The influence of environmental variables on the tax-
onomic groups assessed by the CCA demonstrated that 
Ephemeroptera, Plecoptera Trichoptera, Coleoptera, 

Hemiptera, Odonata and Megaloptera, were positively 
correlated with a lower supply of nutrients and more 
oxygenated waters, characteristic of better environ-
ments. Conversely, the order Diptera, represented, in 
its majority, by the family Chironomidae, was positively 
correlated with waters of less oxygenation and greater 
concentration of nutrients, typical of more degraded 
and eutrophic environments. The other orders were 
associated with environments with moderate levels of 
nutrient input. According to Goulart & Callisto (2003), 
the representatives of Ephemeroptera, Plecoptera and 
Trichoptera are characteristic of environments with high 
environmental quality, as they require high concentra-
tions of oxygen dissolved in the water and a greater di-
versity of habitats. These same authors also affirm that 
the representatives of the orders Hemiptera, Odonata 
and Coleoptera, although typical of unpolluted environ-
ments, do not require high oxygen concentrations since 
these groups, including gastropods, use atmospher-
ic oxygen. Other groups, as dipterans (Chironomidae) 
and Oligochaeta, can withstand severe environmental 
conditions.

The results generated by the correlation analysis be-
tween the disturbance indexes reinforce that eutrophi-
cation, deforestation and poor preservation of natural 
resources negatively affect the diversity of the aquatic bi-
ota, eliminating sensitive groups and favoring the dom-
inance of resistant species, as also observed by Tullos & 
Neumann (2006) and Sato & Riddiford (2007) in studies 
involving the macroinvertebrate community. According 
to Kaller & Hartman (2004), the loss of vegetation cover, 
agricultural activities, urbanization, among other factors, 
contribute strongly to the homogenization of the bed of 
aquatic environments, reducing habitats, micro-habitats 
and destabilizing the substrate, severely affecting aquat-
ic fauna. Besides, large volumes of nutrients in the wa-
ter come from sources of pollution such as discharge of 
sewage and untreated household waste, contributing to 
the process of eutrophication and loss of environmental 
quality (Allan & Castillo, 2007).

CONCLUSION

The preservation of the vegetation cover contribut-
ed to the high diversity and the occurrence of sensitive 
groups in the Espraiado stream, indicating a better en-
vironmental quality in that place. Among the streams 
studied, Espraiado is probably the only one that con-
tains a representative sample of the biota of benthic 
macroinvertebrates in that region. However, the high 
concentrations of nutrients and deforestation in the sur-
roundings compromise the water quality, the taxonomic 
diversity and the establishment of sensitive species in 
the Belvedere, classifying it as of a lesser quality among 
the sampled streams. Moderately polluted streams 
(Canchim, Douradinho, Ponte de Tábua and São Rafael) 
presented gradual losses of environmental quality and 
sensitive species of benthic macroinvertebrates, result-
ing from anthropic actions.

Figure 3. Canonical correspondence analysis (CCA) between the benthic mac-
roinvertebrates groups and the water variables from the sampled streams.

Table 4. Values of Pearson’s correlation (r) and p‑value between environmen-
tal indicators. Trophic State Index (TSI), Rapid Habitat Diversity Evaluation 
Protocol (RHDEP), Biological Monitoring Working Party System (BMWP), 
Shannon index (H’) and W index. Significant values (p < 0.05), in bold.

r/p values TSI RHDEP BMWP H’ W’
TSI — 0.04968 0.04111 0.00025 0.00192
RHDEP -0.8006 — 0.00014 0.04489 0.10616

BMWP -0.8295 0.99036 — 0.03372 0.09246

H’ -0.9871 0.82163 0.84607 — 0.00046
W’ -0.9641 0.72065 0.74023 0.9824 —
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Finally, the biotic index (BMWP), Rapid Habitat 
Diversity Evaluation Protocol (RHDEP), the trophic state 
index (TSI) and the abundance and biomass curves 
proved to be efficient tools in environmental assess-
ment. They allowed diagnosing the streams of the upper 
Monjolinho River, resulting in identifying very clean to 
severely polluted environments. Thus, considering that 
the water in this portion is an important resource for sup-
plying the population, actions to clean up and recover 
the degraded environments are urgent and a priority for 
public health.
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