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1. Introduction

Local communities are influenced by habitat 
characteristics, as well as biotic and environmental 
factors (Hoeinghaus et al., 2006). The importance of 
these factors in shaping species distribution, abundance 
(Hoeinghaus et al., 2006) and richness (Johnson et al., 2004) 
often depends on the spatial scale analyzed (Jackson et al., 
2001). Other important determinants of species richness 

are environmental features, such as channel morphology 
(Schlosser, 1982), water depth, substrate type, water 
velocity, vegetation cover (Teresa and Casatti, 2010), and 
characteristics of the water, such as nutrient concentrations 
and dissolved oxygen content (Honnen et al., 2001).

Many stream ecosystems have experienced 
environmental changes caused mainly by land use, such 
as urban expansion (Chaudhary et al., 2018; McDonald et al., 
2020) and subsequent increase in human activities in stream 
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Resumo
Estudos sobre assembleias de peixes em riachos enfatizam o papel dos filtros ambientais associados ao padrão 
de colonização das assembleias, por outro lado, quando a assembleia está sujeita aos efeitos antropogênicos, as 
variáveis ambientais associadas à qualidade ambiental assumem maior importância. Dessa forma, o objetivo deste 
estudo foi analisar a riqueza e a composição de peixes de riachos amostrados em diferentes níveis de urbanização, 
buscando evidenciar se o efeito reflete diretamente na estrutura das assembleias. As amostragens foram realizadas 
em 31 locais distribuídos em três microbacias na bacia Rio Ivinhema, Alto Rio Paraná, no período de 2003 a 2011. 
Com base nas variáveis ambientais, físico-químicos da água e análise do uso e ocupação do solo as microbacias 
foram classificadas em diferentes níveis de urbanização (baixo, médio e alto). Foram amostrados um total 4.320 
indivíduos, dos quais foram registradas 57 espécies de peixes. Os locais amostrados com influência média da 
urbanização apresentaram maior riqueza de espécies, entretanto, os locais amostrados com alta influência da 
urbanização apresentaram menor riqueza de espécies. Dessa forma, constatamos que a urbanização influencia 
diretamente na integridade ambiental, que pode levar a homogeneização das assembleias de riachos.
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richness and homogenization when compared to streams 
less affected by urbanization. Overall, we aimed to evaluate 
the effects of urbanization on patterns of organization in 
these stream fish assemblages.

2. Methods and Materials

2.1. Study area

The Ivinhema River Basin is located in the Upper 
Paraná River in the state of Mato Grosso do Sul in central 
Brazil. The Ivinhema River is formed by convergence of 
the Dourados, Brilhante and Vacaria Rivers. Stretching 
approximately 600 km with an area of 45,000 km2, this 
basin is one of few remaining segments with lotic (i.e., 
without the influence of damming) characteristics in the 
Upper Paraná River Basin (Súarez et al., 2011). Samples were 
collected from 2003 to 2011 along 31 stream sites at Curral 
de Arame, Laranja Doce and Água Boa microbasins (Figure 1).

2.2. Fish sampling

Fish were sampled from an extension of each stream of 
approximately 100 m, predominantly using a 1.2 x 0.8 m 
(2 mm mesh size) rectangular sieve. Larger streams were 
sampled also, using a seine net 1.5 x 5 m (2 mm mesh size) 
and gillnets (15, 20, 30, 40 and 50 mm mesh size) between 
adjacent knots. In the field, all fish were anesthetized with 
clove oil and later fixed in 10% formalin. In the laboratory, 
after at least 72 hours, fish were preserved in 70% ethanol 

areas, e.g., damming, replacement of native vegetation by 
crops or livestock, introduction of exotic species, and 
pollution (Mckinney, 2006). These anthropogenic factors 
change species composition, potentially affecting diversity 
(Cunico et al., 2012). Biotic and abiotic factors also influence 
the abundance and distribution of fish in impacted streams 
(Paul and Meyer, 2001) owing to various environmental 
changes (Alexandre et al., 2010; Daga et al., 2012; Peressin 
and Cetra, 2014).

These disturbances triggered by urbanization not 
only destroy the habitats of native species, but they also 
modify habitats where only a few well-adapted species 
can live. This can set the stage for the replacement of 
native species by non-native species, a process which 
can promote biotic homogenization at multiple spatial 
scales (Olden and Poff, 2003; McKinney, 2006). However, 
while a major consequence of conservation, along with 
biotic homogenization, is an enrichment of local diversity 
through the introduction of non-native species (Mckinney, 
2006), a decrease in regional or global diversity from local 
extinctions can also occur (Mckinney, 2006). Despite 
conservation efforts, biodiversity losses continue at regional 
and global scales as a result of the increased intensity of 
human disturbance. This calls for a better understanding 
of such disturbances and their effect on the patterns of 
diversity in areas containing natural resources, such as 
streams (Mouillot et al., 2012).

In this study, we hypothesized that streams under greater 
influence of urbanization would exhibit correspondingly 
greater alteration in habitat conditions, resulting in lower 

Figure 1. Location of streams sampled among the different urbanization levels (low, medium, and high) in the Ivinhema River Basin, 
Upper Paraná River Basin, from 2003 to 2011.
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for subsequent identification. Specimens were identified 
in the laboratory using a taxonomic key by Graça and 
Pavanelli (2007), as well as consultations with specialists 
from the Núcleo de Pesquisa em Limnologia, Ictiologia e 
Aquicultura (Nupélia-UEM).

In the field, all streams were measured for environmental 
variables and physicochemical of the water, such as pH, 
conductivity (µS/cm-1), water temperature (°C), dissolved 
oxygen (% saturation), water velocity (m/s), stream width 
(m), and stream depth (m) (Table 1).

2.3. Analysis of land use and cover

Land use and cover were mapped based on Landsat 
Images with a pixel size (cell) of 30x30 obtained from the 
United States Geological Survey (USGS). For delimitation 
microbasins were created using Digital Elevation Models 
(DEM) obtained from the USGS site. Land use was classified 
as agricultural, forest fragments, water bodies, and urban 
buildings (Table 2). To interpret the images, a supervised 
classification was used with tools provided by the ArcGIS 
10.4 ® program in the trial version (ESRI, 2015), calculating 
the areas and percentages of each category of land use.

2.4. Environmental gradient

The environmental gradient along the analyzed 
microbasins was categorized by urbanization level, as 
influenced by environmental variables (Table 1) and 
local characteristics of land use and cover (Table 2). 
The microbasins were classified as low (Curral de Arame 
- CA), medium (Laranja Doce - LD), and high (Água Boa - 
AB) urbanization level.

With its 5.5% of urbanized areas and 29.7% of forest 
fragments, as well as sites with higher oxygen concentration 
and lower water conductivity compared to the other 
microbasins, the Curral de Arame microbasin was classified 
as the least influenced by urbanization based on its rural 
location (Tables 1 and 2). The Laranja Doce microbasin 
was classified as medium, presenting 14.2% of urbanized 
areas and 18.2% of forest fragments, as well as intermediate 
conductivity values owing to the location of headwaters 
in an urban portion of Dourados city (Tables 1 and 2). 
The Água Boa microbasin was classified as high because 
the headwaters are located in an urban area of Dourados, 
crossing densely populated suburbs, as well as some 
agricultural areas around the city, resulting in 29.2% of 
urbanized areas and 49.3% of agriculture, as well as sites 
with the highest water temperatures and water conductivity 
values (Tables 1 and 2).

2.5. Data analysis

The total species richness and the species richness for 
among the different urbanization levels were estimated 
using the bootstrap procedure (Smith and Van Belle, 1984), 
as well as its confidence interval (α = 0.05). This procedure 
was selected for its robustness, with relatively large 
sample sizes (Hellmann and Fowler, 1999). To visualize 
differences in the number of species along the number 
of samples size we plotted a species accumulation curve 
by urbanization levels. The sites were selected randomly 
and the cumulative number of species was plotted against 
each sampling unit by urbanization level.

The number of individuals can affect the number of 
registered species in a local assemblage sampling, then 
we estimated a rarefied species richness for each stream 

Table 2. Analysis of percentage of land use and cover sampled among the different urbanization levels on streams, i.e., low (Curral de 
Arame microbasin), medium (Laranja Doce microbasin), and high (Água Boa microbasin), in the Ivinhema River Basin, Upper Paraná 
River Basin.

Curral de Arame Laranja Doce Água Boa

Forest fragments 29.7% 18.2% 15.5%

Agriculture 60.6% 62.8% 49.3%

Water bodies 4.2% 4.8% 6.0%

Urban buildings 5.5% 14.2% 29.2%

Table 1. Mean values (± SD) of environmental descriptors sampled among the different urbanization levels on streams, i.e., low (Curral 
de Arame microbasin), medium (Laranja Doce microbasin), and high (Água Boa microbasin), in the Ivinhema River Basin, Upper Paraná 
River Basin. 

Urbanization 
levels

Depth Veloc. Cond. Oxig. Oxig.
pH

Temp. Width

(m) (m/s) (µS/cm-1) (mg/l) (%) (°C) (m)

Low 0.5±0.3 0.5±0.3 69±15.8 7±0.5 85±8.6 7±0.2 21.6±3.4 3±1.4

Medium 0.6±0.3 0.4±0.2 131±95 5.1±1.0 59.1±11.5 7±0.5 21±1.1 2±1.2

High 0.4±0.2 0.2±0.2 279±134.1 5.3±0.9 66.6±13.8 7±0.4 24±1.6 3±1.3

Descriptors include Depth (m) = stream depth; Veloc. (m/s) = water velocity; Cond. (µS/cm-1) = conductivity; Oxig. (mg/l) = dissolved oxygen; 
Oxig. (%) = oxygen saturation; pH; Temp. (°C) = water temperature; Width (m) = stream width.



Brazilian Journal of Biology, 2023, vol. 83, e2473844/10

Ferreira, F.S., Solórzano, J.C.J. and Súarez, Y.R.

sampled to obtain a comparable species richness estimator 
by site and posteriorly this rarefied richness values were 
compared using Analysis of Variance (ANOVA) with a 
posteriori Tukey test.

The difference in fish assemblage similarity considering 
the different urbanization levels, was tested by a 
Permutational Multivariate Analysis of Variance 
(PERMANOVA main test), applied on a Bray-Curtis 
similarity matrix generated from species abundance data, 
and significance in estimated differences were estimated 
by Monte Carlo permutations (999 permutations). 
We applied a posteriori tests (pairwise tests) if the different 
urbanization levels or their interaction were statistically 
significant. To summarize graphically differences in species 
composition, we conducted a Principal Coordinates Analysis 
(PCoA) using the Bray-Curtis distance matrix and samples 
points were grouped among the different urbanization 
levels. For the interpretation of PCoA, the scores of the 
first two axes were presented graphically.

The indicator value (IndVal) of Dufrêne and Legendre 
(1997) was used to identify if and what species can 
be used as indicators of antropic level groups (De 
Cáceres et al., 2010). This value was obtained for each 
species from the original untransformed data matrix, 
using a ‘multipatt’ routine in the indicspecies package 
(Caceres and Jansen, 2010). The values with type I error 
probabilities <5% (p< 0.05; result of a Monte Carlo test 
based on 999 permutations) served to identify the potential 
indicator species.

To evaluate environmental influence on rarefied 
richness in areas with different urbanization levels, we 
used a recursive partitioning technique called conditional 
inference tree analysis. A conditional inference tree (CIT) 
is a non-parametric technique that splits a dataset into 
binary groups repeatedly based on the association between 
the predictor variables (environmental variables) and the 
response variable (rarefied richness) in order to generate 
a decision/regression tree (Hothorn et al., 2006b).

Species were classified by their relative abundances, 
according to the urbanization level, to determine species 
distributions along the urbanization gradient. The analyses 
were performed in the R Statistical Program (R Development 
Core Team, 2021).

3. Results

A total of 4,320 specimens were collected, including 
937 individuals in low (Curral de Arame - CA), 1,071 in 
medium (Laranja Doce - LD), and 2,312 in high (Água Boa 
- AB) urbanization levels. In total, we sampled 57 species 
distributed among 6 orders and 17 families. A total of 
31 species were sampled in areas with low, 46 species 
in areas with medium, and 23 species in areas with high 
urbanization levels. Bootstrap estimated the richness of 
species sampled at microbasin scale as 34±2.1 for low, 
53±3.98 for medium, and 27±2.6 for high urbanization 
levels, matching the pattern observed for species richness. 
Therefore, approximately 92% of total species was sampled 
in areas with low, 87% with medium, and 85% with high 
urbanization level.

Characiformes, Siluriformes, Characidae and Loricariidae 
were the most abundant orders and families at all 
urbanization levels (Figure 2). The most abundant species 
sampled in areas with low urbanization level were 
Piabarchus stramineus (17.5%), followed by Serrapinnus 
notomelas (14.4%) and Astyanax lacustris (13.3%); at the 
medium level, they were Corydoras aeneus (16.9%), followed 
by Hypostomus ancistroides (14.9%) and Serrapinnus 
notomelas (14.4%), and at high level, they were Serrapinnus 
notomelas (45.4%), Poecilia reticulata (28.7%), and Corydoras 
aeneus (6.5%).

Irrespective of the number of sampling sites, the 
species accumulation curve (Figure 3) showed that sites 
with a medium urbanization level had higher cumulative 
richness (46 species), while areas with high urbanization 
level showed lower cumulative richness (23 species). 
Low (31 species) and high urbanization levels showed 
a tendency towards stabilization of species richness 
independent of increase in the number of samples sites.

A significant difference in rarefied richness was 
observed among areas with different urbanization levels 
(F2.28 = 15.64; p<0.001) (Figure 4). The higher rarefied 
richness values were observed at low and medium 
urbanization levels, while the lower mean rarefied richness 
was found at high urbanization levels. The differences were 
significant between low and high urbanization levels and 
between medium and high levels.

Figure 2. Relative frequency of species by order and family sampled among the different urbanization levels (low, medium, and high) 
in the Ivinhema River Basin, Upper Paraná River Basin.
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Figure 3. Species accumulation curves based on the number of 
samples among the different urbanization levels (low, medium, 
and high) in the Ivinhema River Basin, Upper Paraná River Basin.

Figure 4. Variation in rarefied species richness among the different 
urbanization levels (low, medium, and high) in the Ivinhema River 
Basin, Upper Paraná River Basin.

Figure 5. Principal Coordinates Analysis (PCoA) of species 
abundances sampled among streams the different urbanization 
levels (low, medium, and high) in the Ivinhema River Basin, Upper 
Paraná River Basin. Add species indicators of each level (Indval).

Figure 6. Conditional inference tree (CIT) of environmental variables 
by richness among the different urbanization levels (low, medium, 
and high) in the Ivinhema River Basin, Upper Paraná River Basin.

Group I consisted of thirteen species with relative 
abundance distributed in the low and medium levels, 
occurring predominantly in areas with low urbanization. 
We highlight the occurrence of Melanorivulus apiamici, 
which was found only in this group. Group II consisted 
of fourteen species distributed among all urbanization 
levels, occurring predominantly in areas with low and 
medium urbanization, highlighting the occurrence of 
Astyanax lacustris in 28 of the 31 sample sites. Group III 
included eighteen species occurring exclusively in areas 
of medium urbanization. In these areas, we highlight 
a strong predominance of medium and large species, 
such as Salminus hilarii. Group IV was formed by twelve 
species distributed in areas with low, medium and high 
urbanization, but occurring predominantly in areas of 

Significant differences were found in species composition 
among low, medium and high urbanization levels (F=5.41; 
p=0.001). Three species showed significant IndVal values 
(p <0.05) at the low level, six species at the medium level, 
and two species at high urbanization levels (Figure 5), 
reinforcing differences in species distributions along the 
urbanization gradient.

CIT results (Figure 6) showed that conductivity (p=0.026) 
was a better predictor variable for rarefied species richness. 
The higher mean values for rarefied richness were observed 
in sites with conductivity values < 191.1 µS/cm-1, and the 
lower mean rarefied richness values were observed in 
areas with conductivity > 191.1 µS/cm-1.

Through the ordination of fish species using relative 
abundance by urbanization level, four species groups 
were identified: I – species occurring in areas with low 
urbanization level; II - species occurring at all urbanization 
levels; III - species occurring in areas with medium 
urbanization level; and IV - species occurring in areas 
with high urbanization level (Figure 7).
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composition and diversity (Felipe and Súarez, 2010; 
Casatti et al., 2012), as well as reproductive biology (Limburg 
and Schmidt, 1990).

The predominance of Characiformes and Siluriformes 
is expected from studies in the Neotropical region since 
Characidae and Loricariidae families are predominantly 
found in the Ivinhema River Basin (Felipe and Súarez 2010; 
Súarez et al., 2011) in the Upper Paraná River Basin (Lowe-
McConnell, 1999; Oyakawa and Menezes, 2011). The most 
abundant species by urbanization level were Piabarchus 

Figure 7. Fish species relative abundances across areas with different urbanization levels (low, medium and high) in the Ivinhema River 
Basin, Upper Paraná River Basin. I - low urbanization level; II – (species occurring in) all urbanization levels; III – medium urbanization 
level; and IV - high urbanization level.

medium and high urbanization. Poecilia reticulata occurred 
exclusively in this group.

4. Discussion

Studies reporting changes in fish communities in 
rivers and streams have emphasized that environmental 
modification, including changes occurring through the 
effects of urbanization, can directly influence species 
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stramineus (low), Corydoras aeneus (medium) and Poecilia 
reticulata (high). The abundance of these species may be 
associated with displacement capacity of each species 
combined with predominant local characteristics (Castro, 
1999; Winemiller and Willis, 2011), including limnological 
variables associated with the urbanization level that may 
limit the occurrence and abundance of other species 
(Cunico et al., 2006).

Piabarchus stramineus showed higher abundance values 
in streams with low urbanization, namely the Curral de 
Arame microbasin. These streams presented higher water 
velocity and oxygen concentration, but lower electrical 
conductivity, compared to other streams with low and 
high levels of urbanization. High abundance values for P. 
stramineus in streams with higher water velocity and lower 
electrical conductivity values have been previously reported 
by Súarez (2008). The occurrence of this species in these 
areas is highly likely owing to morphological adaptations to 
specific hydrological features, which, in turn, significantly 
influence its distribution (Súarez et al., 2007). Furthermore, 
P. stramineus is predominantly insectivorous (Casatti et al., 
2003), feeding on insects carried by the river current (Grant 
and Noakes, 1987), terrestrial insects captured on the 
surface (Sazima, 1986), and various autochthonous items 
(Brandão-Gonçalves et al., 2009). Both allochthonous and 
autochthonous food items consumed by P. stramineus, are 
extremely dependent on riparian vegetation (Alvim and Peret, 
2004). Areas with strong currents have increased oxygen 
content and resource availability generally associated with 
riparian vegetation. This suggests that P. stramineus may 
require less impacted habitat in favor of a narrower range 
of environmental conditions (Lorion and Kennedy, 2009). 
Casatti et al. (2006) also found that the occurrence of P. 
stramineus indicated high integrity of habitats in the São José 
dos Dourados Basin (Paraná River), corroborating our results.

Corydoras aeneus was the most abundant species 
in streams with medium urbanization (Laranja Doce 
microbasin). The abundance of this species may be related 
to the lack of riparian vegetation, a condition which 
promotes growth of grasses, thereby contributing to an 
increase in structural complexity (Collier et al., 1999). 
However, the high incidence of marginal grasses may also 
have negative effects on aquatic organisms, making these 
habitats less favorable for juveniles of large species and 
affecting predator-prey interactions (Casatti et al., 2009). 
Moreover, the high abundance of C. aeneus is indicative 
of changes in water quality (Vieira and Shibatta, 2007). 
Casatti et al. (2009) found a higher relative abundance 
of C. aeneus in streams with grass compared to streams 
without grass, in addition to higher C. aeneus abundance 
in areas lacking riparian vegetation. Teresa and Casatti 
(2010) found similar results, corroborating our findings 
and highlighting the importance of riparian vegetation 
for fish communities.

In streams affected by a high level of urbanization, 
namely Água Boa microbasin, P. reticulata was the most 
abundant species. Poeciliid species were first introduced 
in several Brazilian basins as a biological control agent 
of insect larvae (Graça and Pavanelli, 2007). However, 
high abundances in natural environments may indicate 
environmental degradation (Caetano et al., 2016). Based 

on its high capacity to colonize different environments 
from freshwater to saltwater, it is more successful in 
lentic environments (Britski et al., 2007). Furthermore, 
P. reticulata is considered resistant to the effects of 
environmental degradation by its opportunistic feeding 
behavior, utilizing different types of debris (Oliveira and 
Bennemann, 2005). Compared to more specialized species, 
this confers the advantage of avoiding high temperatures 
in large and shallow streams and becoming more abundant 
in disturbed habitats (Vieira and Shibatta, 2007).

The species accumulation curve and rarefaction analysis 
showed higher species richness at medium urbanization 
level when compared with other urbanization levels. In part, 
this could be explained by the intermediate disturbance 
hypothesis proposed by Connell (1978), who suggested 
that habitats with intermediate levels of disturbance 
reduce the competitive ability of dominant species, 
thereby producing higher resource availability for others 
and reducing competitive exclusion of rare species, the 
end result of which is higher species diversity (Leidy and 
Fiedler, 1985). However, high disturbance levels reduce 
the numbers of specialist and generalist species, resulting 
in reduced diversity (Casatti et al., 2010), corroborating 
our results which found low species richness in streams 
with a high level of urbanization. In this sense, disturbance 
can create new conditions that may benefit more tolerant 
species (Teresa and Casatti, 2012). This pattern has been 
reported in several studies with fish in highly impacted 
environments (Felipe and Súarez, 2010)

The difference in species composition and relative 
abundance among different urbanization levels demonstrates 
that urbanization acts as a filter to reduce colonization 
and persistence of some species in sites with variation in 
environmental conditions, while facilitating colonization by 
more tolerant species (Peressin and Cetra, 2014). In addition, 
IndVal results showed the occurrence of indicator species 
of environmental integrity, suggesting more heterogeneous 
environmental conditions. Heterogeneity is positively 
associated with habitat complexity (Ibanez et al., 2007), 
which promotes an increase in species richness. On the 
other hand, locations with lower water velocity and depth, 
i.e., shallower and lentic sites, showed lower rarefied 
richness, suggesting a more homogeneous habitat. More 
homogeneous sites tend to present less complexity, which 
can generate restrictive conditions that permit only a few 
species to thrive, thus decreasing species richness. Therefore, 
habitat homogenization can directly affect fish populations 
(Torgersen and Close, 2004) and communities (Schneider and 
Winemiller, 2008). Casatti et al. (2009) analyzed the effects 
of habitat homogenization and found that heterogeneous 
sites had greater species richness, while homogeneous sites 
had lower species richness and high dominance of exotic 
species, suggesting changes in water quality and habitat 
degradation (Alexandre et al., 2010).

At sites with low and medium urbanization, indicator 
species demonstrate that environmental conditions may 
permit the occurrence of medium and large species, which 
are mainly associated with greater water depth. However, 
low oxygen concentration in ‘intermediate’ areas can also 
benefit tolerant species with the ability to colonize and 
persist in hypoxic sites. In conditions of high urbanization, 
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the indicator species show decreased environmental 
integrity, favoring the occurrence of more tolerant 
species (McDonald et al., 2020). Thus, the distribution and 
abundance of species over the urbanization gradient are 
directly linked to the ability of species to tolerate physical 
and biological conditions in the environment (Whittaker, 
1967; McDonnell et al., 1993).

It was reported that sampling sites with low 
urbanization show the highest integrity values, in which 
the environment generally have low numbers of dominant 
species and absence of exotic species, while rivers and 
streams have a high contribution of allochthonous input, 
such as seeds, fruits, and insects (Lorion and Kennedy, 
2009; Casatti et al., 2012). At medium level of urbanization, 
species richness is higher, but it is also possible that 
native specialists will be replaced by exotic species more 
tolerant to high temperatures (Casatti et al., 2009, 2012). 
For example, C. aeneus has high abundance in areas with 
high urbanization level, which are also areas that commonly 
have little, to no, vegetative cover. Lack of vegetation can 
facilitate soil erosion (Klein, 1979), resulting in stream 
channel modifications (Weaver and Garman, 1994) that 
make the water body wider and shallower. This can alter 
the input of allochthonous material (Cunico et al., 2012) 
and physicochemical parameters, increase temperature, 
and decrease oxygen concentration. These changes often 
lead to a reduction in structural complexity (Stefani and 
Smith, 2014) and environmental heterogeneity, favoring 
the dominance of opportunistic species (Rocha et al., 
2009), e.g., P. reticulata, which was sampled only at high 
urbanization level in the current study.

Our ordering of relative abundance corroborated 
previous results showing a trend toward reduction in 
species richness with higher urbanization levels (Dias 
and Tejerina-Garro, 2010; Peressin and Cetra, 2014). 
The ordering of species by environmental gradient has 
been used in other studies (Whittaker, 1967), and it is 
considered a consistent method for ecological studies of 
the effects of urbanization (Ter Braak and Prentice, 1988). 
The degree of environmental change in an area determines 
structure and ecosystem function (McDonnell and Pickett, 
1990), as well as the distribution and behavior of ecological 
systems along the gradient (Roberts, 1987).

According to Gray (1989), increased disturbance causes 
reduction in habitat features, and partial reduction of 
environmental integrity may result in increased species 
richness and increased representation of species able to 
withstand environmental change (Bojsen and Barriga, 
2002). As a consequence, population sizes reduce 
(Takahashi et al., 2013), and local species with more 
specialized habits may either be reduced or driven to 
local extinction (Smith, 2003).

In summary, urbanization directly influences the 
richness, composition, and structure of stream fish 
assemblages. These assemblages are exposed to various 
negative impacts as a result of urbanization. Changes in 
biotic and abiotic factors can reduce species richness and 
make environments highly susceptible to species losses 
with consequent reduction in diversity. This situation could 
favor species capable of colonizing and persisting in these 
sites, for example, P. reticulata, which occurred only in 

areas with a high level of urbanization. Although our study 
did not address conservation or management practices in 
urban streams, our results have strong implications for 
the establishment of such policies for conservation of fish 
assemblies in the Ivinhema River Basin.
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