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Abstract: Aquatic ecosystems have a great diversity of habitats, including streams that are of
extreme ecological and economic importance but have undergone impacts, such as the input of
domestic and industrial waste and deforestation of riparian forest. However, few studies have been
carried out on the diversity, specifically beta diversity, of fish assemblages in urban and rural streams.
Aim: In this context, the objective of this work was to verify if there are differences in fish assemblage
structure between urban and rural streams, with focus on beta diversity. Methods: We selected 12
streams, 6 urban and 6 rural, located in the municipalities of Ourinhos (SP) and Jacarezinho (PR)
in the Paranapanema river basin. Fishes were collected using a sieve. Concomitantly water quality
variables were also measured, such as temperature, pH, conductivity and total dissolved solids. To assess
whether fish beta diversity differed between streams, a dispersion homogeneity test (Permutational
Analysis of Multivariate Dispersions) was calculated. Results: Significant differences were observed in
conductivity and total dissolved solids, both with higher values for urban streams. In urban streams,
12 species of fish were identified, five of which were exclusive, while in rural streams, 18 species
were recorded, ten of which were exclusive. Furthermore, both composition and beta diversity were
significantly different between rural and urban streams, with the highest values recorded in rural
streams. Conclusions: This study provides evidence of how urbanization impacts the composition
and beta diversity of fish in streams and highlights the importance of sustainable management such
as effluent control, restoration of riparian vegetation, and the determination of protection areas.
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Resumo: Os ecossistemas aquéticos tém uma grande diversidade de habitats, incluindo riachos
de extrema importincia ecoldgica e econdmica, mas que sofreram impactos, como a entrada de
residuos domésticos e industriais ¢ o desmatamento da mata ciliar. No entanto, poucos estudos
foram realizados sobre a diversidade, especificamente a diversidade beta, de grupos de peixes em
cérregos urbanos e rurais. Objetivo: Nesse contexto, o objetivo deste trabalho foi verificar se hd
diferencas significativas nos padrées de diversidade beta em assembleias de peixes de cérregos urbanos
e rurais. Métodos: Foram selecionados 12 riachos, 6 urbanos e 6 rurais, localizados nos municipios
de Ourinhos (SP) e Jacarezinho (PR), na bacia do rio Paranapanema. Os peixes foram coletados por
meio de uma peneira. Concomitantemente, também foram medidas as varidveis de qualidade da
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dgua, como temperatura, pH, condutividade e sélidos totais dissolvidos. Para avaliar se hd variagio
na composi¢io entre os riachos, foi calculada a Permidisp. Resultados: Foram observadas diferencas
significativas na condutividade e no total de sélidos dissolvidos, ambos com valores mais altos para
os cérregos urbanos. Foram observadas diferencas significativas em relagio & composicio de peixes
entre trechos de cérregos urbanos e rurais, bem como para a diversidade beta, com os valores mais
altos sendo encontrados em cérregos rurais. Conclusdes: A composicao de peixes difere entre os
riachos rurais e urbanos. A diversidade beta dos riachos rurais ¢ significativamente diferente e maior
do que a dos urbanos, o que nos permite inferir que eles estio melhor preservados. Esses resultados
podem funcionar como uma ferramenta eficaz para medidas de gestio, como controle de efluentes
e restauragio da vegetagdo ribeirinha e determinacio de 4reas de protecao para corregos urbanos.

Palavras-chave: diversidade; ecossistemas aqudticos; urbanizagao; Teleostei.

1. Introduction

Human activities have caused profound and
lasting impacts on the environment, mainly through
changes in land use (Leal et al., 2016; Brejao et al.,
2018). These changes lead to habitat destruction,
degradation and fragmentation, being one of the
main causes of biodiversity loss on a global scale
(Souzaetal., 2015). In addition, human impacts on
landscapes often reduce the capacity of ecosystems
to provide essential services, such as clean air and
water, as well as natural resources (Smith et al.,
2013).

Streams are of vast economic importance as
they are generally used for water supply, irrigation
and other human activities (Andrade et al., 2012)
but are subject to numerous negative effects
caused by surrounding land use (Bonato et al.,
2012; Carvalho et al., 2017; Castro et al., 2018).
Particularly, streams located close to urban areas are
among the most impacted (Pusey & Arthington,
2003) due to soil impermeabilization as well as
the constant input of high loads of pollutants of
domestic or industrial origin (Pusey & Arthington,
2003; Cunico et al., 2012; Garcia et al., 2021).
The expansion of urbanization often leads to the
degradation of riparian vegetation, intensified by
interventions such as the channelization and the
homogenization of streams. These modifications
reduce the structural complexity of aquatic
habitats, causing negative impacts on the fish fauna.
In addition to providing physical and food resources
for aquatic organisms, the riparian vegetation plays
a crucial role in regulating the physical and chemical
parameters of water (Casatti, 2010; Daga et al.,
2012; Collier et al., 2019).

The replacement of native vegetation with
impermeable surfaces in urban streams increases the
incidence of sunlight and sedimentation in water
bodies, resulting in increased temperature and total
dissolved solids levels, with direct impacts on local
fish communities (Casatti, 2010; Larentis et al.,
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2022). Another process related to the total or
partial removal of marginal vegetation is the increase
in water turbidity, due to the large amount of
particulate solids that flow into the channel. Soil
leaching in areas adjacent to water bodies can reduce
the heterogeneity of the water column, causing a
decrease in fish species richness (Allan, 2004). Thus,
deforestation affect the availability of habitats,
food resources and physicochemical conditions
of streams, reducing the occurrence of specialized
species and benefiting those with greater tolerance
and generalist characteristics (Teresa et al., 2015).
Urbanization has adverse impacts on the alpha and
beta diversity of fish assemblages (Borges et al.,
2020), as it can eliminate more sensitive species
from local assemblages and contribute to biotic
homogenization on a regional scale (Hewitt et al.,
2010; Ortega et al., 2021).

However, streams located outside urban areas
can also suffer from human development, mainly
due to agricultural and livestock activities, although
they present more subtle effects (Garcia etal., 2021).
Activities such as livestock farming and monocultures
have generated significant environmental impacts,
including greater sediment input into rivers,
changes in the physical and chemical properties
of water, reduction of natural shelters through the
homogenization of environments and, consequently,
a decline in species diversity (Casatti et al., 2009;
Teresa & Casatti, 2012; Cunha & Juen, 2017).

One approach to measure environmental
changes in urban and rural streams is through
beta diversity, defined as the variation in species
composition between two samples, or habitats,
within a geographic area (Whittaker, 1960).
Beta diversity has been used to describe various
phenomena, such as compositional heterogeneity
or differentiation between different locations (Al-
Shami et al., 2013). Numerous environmental
factors influence the distribution of species
in space and, consequently, the structure of
the community. The response is related to the
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organisms’ niche requirements (Grinnell, 1917;
Sales et al., 2021) and/or to the species” ability to
disperse (Hubbell, 2001; Hill et al., 2017). More
preserved environments, such as rural streams,
generally have a greater availability of habitats and
resources and, thus, a greater number of species
can coexist in different locations, increasing beta
diversity (Astorga et al., 2014; Bini et al., 2014;
Ortega et al., 2018; Rodriguez et al., 2019).

The expansion of both agricultural and urban
activities is causing significant changes in the
biodiversity of aquatic ecosystems (Miiller et al.,
2021). Therefore, this research aims to verify if
there are differences in the structure of local fish
assemblages in urban and rural streams located in
a same drainage, the Middle Paranapanema River.
To this end, it was predicted that beta diversity
patterns between these environments would be
significantly different, and the highest values would
be recorded for rural streams, due to the lower
degree of anthropogenic impacts.

2. Material and Methods
2.1. Study area

The Parand River basin, with approximately
900,000 km?, is the second largest hydrographic
basin in South America and the fourth largest in the
world (Langeani et al., 2007). The Paranapanema

River (22°46°387S, 50°02’55”W), with a length of
930 km, crosses 247 municipalities, 115 in the state
of Sao Paulo and 132 in the state of Parand. Having
its headwaters in Capao Bonito-SB on the western
slope of the Serra de Paranapiacaba and flowing into
the left margin of the Parand River, it is one of the
main tributaries of the upper Parand River basin
(Ziesler & Ardizzone, 1979; Jarduli et al., 2020).

The mesoregion comprising the Paranapanema
river basin hasan area ofabout 109,600 km? (Sampaio,
1944). It has 11 hydroelectric power plants
distributed along its channel. The soil is mainly
used for agricultural activities. Located in the
Middle Paranapanema, the selected study area
comprises 12 streams, six urban and six rural, in the
municipalities of Ourinhos (SP) and Jacarezinho
(PR), spanning a stretch of 328 km from the mouth
of the Apiai-Guagu river to the Salto Grande dam
(Sampaio, 1944) (Figure 1).

2.2. Sampling design

‘The sites were chosen in order to obtain sections
with the same local coverage, with similar climatic
and geomophological characteristics, with replicas
at two different levels of human impacts, six rural
and six urban sites. This was possible by considering
two municipalities. The urban sites did not have
consolidated riparian vegetation, with few trees,
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Figure 1. Location of urban and rural streams in the municipalities of Ourinhos (SP) and Jacarezinho (PR).
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and the soil was more exposed, with some silted
areas. The substrate of the urban sites showed
litcle diversity, with a predominance of sand and
pebbles, as well as clay, rocks and some stretches
with fragments of concrete. The rural sites had, on
average, a width ranging between 3 and 10 meters
of riparian vegetation, with some trees, shrubs and
some stretches with a predominance of grasses.
The predominant substrates were clay and sand,
but there were also logs, leaves, rocks and gravel.

Fish collection was carried out with the aid of
three capture instruments, a round sieve (0.5 cm
mesh x 0.78 m diameter), rectangular sieve (0.5 cm
mesh x 1.02 m length x 0.81 m wide) and a seine
(0.5 cm mesh x 3.0 m long x 1.0 m height), in
the dry season of 2019 (autumn). The collections
were carried out during the day, in the upstream
to downstream direction in sections of 50 meters
blocked by nets of 3.0 mm mesh for 50 minutes
in each section. After capture, the specimens were
anesthetized in a clove oil solution, euthanized
by immersion in 10% formalin, subsequently
preserved in 70% alcohol, and identified according
to Ota et al. (2018).

Concomitantly with the collection of fish
species, the water temperature (°C), pH, electric
conductivity (uS/cm) and total dissolved solids
(ppm) were obtained. These water quality variables
were obtained with measurements at the edges and
center of four random transverse transects using a
Hanna HI-991300 multiparameter probe, placed
20 cm below the surface of the water.

2.3. Data analysis

To verify significant differences regarding the
abiotic parameters between urban and rural streams,
an Analysis of Variance [ANOVA with significance
of p < 0.05 (Zar, 1999)] was performed, based on the
data obtained from temperature, pH, conductivity
and total solids. In case of significant differences, we
used a Tukey’s test at 5% probability. Assumptions
of ANOVA were verified and Bonferroni correction
was used to adjust significance values. The abiotic
variables available for urban and rural streams
were also summarized using principal component
analysis (PCA; Gauch Junior, 1986), and the axes
retained for interpretation were those that presented
eigenvalues greater than those obtained by the
random “broken stick” model (Jackson, 1993). To
avoid collinearity, electrical conductivity variable
was excluded.

We calculated the constancy index, which
represents the frequency of fish species by taking
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into account the number of times they were found
in the samples. We used the following formula: C =
p-100/P, where C represents the constancy index,
p is the number of samples in which the species
was found, and P is the total number of samples.
According to this index, if C 2 50% the species
is considered “constant”, if 25% < C < 50% the
species is “accessory” and if C < 25% the species is
“accidental” (Dajoz, 1973).

To verify the efficiency of fish sampling in the
streams studied, the species accumulation curve
was calculated. The expected richness was estimated
by the Chao 2 index (95% confidence interval),
which has been used in short-term inventories
(Chazdon et al., 1998).

To verify if the composition of fish species
in the environments is different, a multivariate
permutational analysis of variance PERMANOVA;
“adonis2” function from the vegan R package-
Anderson, 2001) was performed using a dissimilarity
matrix calculated by the Serensen index with
999 permutations. This test is quite robust for
identifying changes in community structure
(Anderson & Walsh, 2013). Furthermore, to
verify whether beta diversity is higher in rural
than urban streams, the dispersion homogeneity
test was used (PERMDISP; Anderson, 20006;
“betadisper” function from the vegan R package).
The calculation of pseudo-F and p values was
based on 999 permutations of the residuals under
areduced model. The boxplot was used to visualize
the dispersion of beta diversity based on the species
presence and absence data. All analyses were
performed using R software (R Core Team, 2018)
with the vegan package (Oksanen et al., 2016).

3. Results

Considering the environmental variables
analyzed for rural and urban streams, significant
differences (p<0.05) were observed in total dissolved
solids (ppm) and conductivity (uS), which showed
higher values in urban streams (Figure 2). It was
also possible to observe through the PCA a clear
distinction between rural and urban systems based
on the environmental variables evaluated. Rural
samples were positively related to temperature
and pH. On the other hand, urban samples were
positively related to the total solids variable. The first
two main axes (PC1 and PC2) together explain
66.89% of the total variation, consistently reflecting
the distinct environmental patterns between the
areas analyzed (Figure 3).
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Figure 3. Principal Coordinate Analysis (PCoA) for
abiotic data in in urban (green) and rural (purple)
streams. Temp = temperature; solidos = total solids;
diver = diversity of substrates; ph = pH; riq = richness
of substrates.

Throughout the study, 23 fish species belonging
to eight families were identified. In urban streams,
12 fish species were identified, of which five were
exclusive, while in rural streams 18 species were
recorded, of which ten were exclusive. Considering
the families, one family was exclusive to urban streams
(Erythrinidae), one to rural streams (Crenuchidae)
and six occurred in both environments (Characidae,
Callichthyidae, Loricariidae, Heptapteridae,
Cichlidae and Pocciliidae) (Table 1). Among
these families, the richest was Characidae, with
nine species. Erythrinidae had only Hoplias
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Figure 4. Species accumulation curves for rural (A) and
urban (B) streams.

malabaricus. In urban streams, mean richness was
5.16 (coefhcient of variation=25%), while in rural
streams it was 5.83 (coefficient of variation=59%).
The results obtained by accumulation curves
indicated that both rural (Figure 4A) and urban
(Figure 4B) streams did not reach an asymptote.
The beta diversity differed significantly
(PERMDISP, DF=1; F = 6.51; p =0.028), with
higher values of distance from centroid and
consequently beta diversity recorded for rural streams
(average distance from centroid of 0.44) compared
to urban (average distance from centroid of 0.23).
Considering the composition of fish species, a
significant difference (Pseudo-F = 3.24; p=0.023) was
observed (Figure 5). Across urban streams, 4 species
were constant, 2 accessory and 6 accidental, while
in rural streams 2 were constant, 9 accessory, and
7 accidental (Table 1). Ten species were exclusive
to rural streams, such as Characidium zebra and
Apareiodon piracicabae, while five were exclusive to
urban streams, such as Hoplias malabaricus (Table 1).

4. Discussion

The study observed significant differences in the
structure of local fish assemblages between urban



Table 1. List of fish species (organized into families) found in urban and rural streams of the Paranapanema River Basin.
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Taxon Cl Cla Cl Cl

Characidae

Apareiodon piracicabae (Eigenmann, 1907) Urban 0 Rural 16.6 Ac
Astyanax bockmanni Vari & Castro, 2007 Urban 50 A Rural 66.6 Ct
Astyanax lacustris (Lutken, 1875) Urban 16.6 Ac Rural 16.6 A
Brycon americus iheringii (Boulenger, 1887) Urban 16.6 Ac Rural 66.6 Ct
Brycon americus exodon (Eigenmann, 1907) Urban 0 Rural 16.6 Ac
Brycon americus sp. Urban 0 Rural 16.6 Ac
Piabarchus stramineus (Eigenmann, 1908) Urban 0 Rural 16.6 Ac
Serrapinnus notomelas (Eigenmann, 1915) Urban 0 Rural 33.3 A
Oligosarcussp. Urban 0 Rural 16.6 Ac
Crenuchidae

Characidium zebra Eigenmann, 1909 Urban 0 Rural 33.3 A
Erythrinidae

Hoplias malabaricus (Bloch, 1794) Urban 33.3 A Rural 0
Callichthyidae

Corydora saeneus (Gill, 1858) Urban 83.3 Ct Rural 50 A
Hoplosternum littorale (Hancock, 1828) Urban 16.6 Ac Rural 0

Loricariidae

Hypostomus ancistroides (lhering, 1911) Urban 100 Ct Rural 50 A
Hypostomus nigromaculatus (Schubart, 1964) Urban 16.6 Ac Rural 0
Heptapteridae

Rhamdia quelen (Quoy & Gaimard, 1824) Urban 0 Rural 16.6 A
Imparfinis sp. Urban 33.3 A Rural 0
Cichlidae

Geophagus brasiliensis (Quoy & Gaimard, 1824) Urban 16.6 Ac Rural 33.3 A
Crenicichla britzkii Kullander, 1982 Urban 0 Rural 16.6 Ac
Coptodon rendalli (Boulenger, 1897) Urban 16.6 Ac Rural 0
Oreochromis niloticus (Linnaeus, 1758) Urban 0 Rural 16.66667 Ac
Poeciliidae

Poecilia reticulata Peters, 1859 Urban 100 Ct Rural 50 A
Phalloceros sp. Urban 83.3[ Ct Rural 0

Phalloceros harpagos Lucinda, 2008 Urban 0 Rural 50 A

Constance index (CI) is indicated as: Constant (Ct) - (> 50% of the samples), accessory (A) - (between 25% and 50%) and accidental (Ac) - (< 25%)

(Dajoz, 1973) - Cla - classification.
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Figure 5. Boxplot of species composition in urban (green)
and rural (purple) streams.

and rural streams. Furthermore, higher beta diversity
values were recorded for rural streams, supporting
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the prediction. Despite being modified by the use
of the surrounding land (e.g., contamination by
agricultural effluents), as it is located in a rural
area, these streams are less affected by domestic and
industrial organic waste.

Environmental characterization through
chemical and physical parameters of water is
essential for environmental diagnostics. Significant
differences were observed only in conductivity
and total dissolved solids, both higher in urban
streams due to the higher concentration of ions
(Baggio etal., 2016). These variations may be related
to land use, dumping of domestic and industrial
waste, or siltation (Molina et al., 2017; Bhateria
& Jain, 2016). The correlation between dissolved
solids and electrical conductivity occurs due to
the presence of ions (Dos-Santos et al., 2018).
Increased total solids can impact aquatic ecosystems,
retaining bacteria and organic waste and impairing
fish spawning (Quinelato et al., 2020). Previous
studies have also associated high concentrations of
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dissolved solids with poor water quality in urban
streams (Quinelato et al., 2020; Pinto et al., 2009;
Aragjo & Oliveira, 2013).

In rural streams, the water temperature variable
was positively related to sampling. Removing
riparian vegetation in rural areas reduces shade
over streams, allowing more sunlight and increasing
water temperatures, which is detrimental to these
aquatic ecosystems (Lis et al., 2011). In contrast,
urban streams may be partially shaded by residential
infrastructure and bridges. Studies indicate that
the absence of riparian vegetation can result
in significant increases in water temperature.
For example, after riparian vegetation was removed
in a river basin, maximum water temperatures
increased by up to 7°C after cutting (Léis et al.,
2011).

Rural streams had a higher number of fish
families compared to urban streams, reflecting the
impacts of urbanization, such as pollution, habitat
loss, and land use changes, which reduce water
quality and biodiversity (Miiller etal., 2021). Urban
runoff intensifies water flow, increases flooding, and
raises the concentration of nutrients, pesticides, and
heavy metals, resulting in the loss of aquatic species
(Marques & Cunico, 2021).

Environmental degradation favors opportunistic
species, such as Poecilia reticulata, an exotic species
abundant on the banks of degraded streams due to
its tolerance to hypoxia, small size, and generalist
habits (Kramer & Mehegan, 1981; Ferreira &
Casatti, 2006; Langeani et al., 2007; Teresa &
Casatti, 2012). Its introduction can alter food
chain dynamics, increase primary productivity,
and modify nitrogen fluxes (Collins et al., 2016),
in addition to reducing the density of native
species (Holitzki et al., 2013). Another exotic
species found was Oreochromis niloticus, restricted
to rural streams, possibly due to escape from fish
farms (Caetano et al., 2021). Considered one of
the most dangerous invasive species in tropical and
subtropical regions, O. niloticus impacts trophic
cascades, water quality, and ecosystem function
(Zengeya et al., 2013; Gu et al., 2015; Stauffer
Junior et al., 2022). In urban streams, Hoplias
malabaricus (Erythrinidae) was the only species
recorded. Opportunistic predator widely distributed
in South America, it stands out for its resistance
to disturbed environments, prolonged food
deprivation and temperature variations (Petry etal.,
2007, 2010; Daga et al., 2012).

The Erythrinidae family has sedentary habits,
preferring calm water streams (Blanco etal., 2010).
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The Characidae family presents a great diversity of
species due to the variety of body shapes, facilitating
the occupation of different ecological niches and the
obtaining of food (Dias & Fialho, 2009). Previous
studies also identified Characidae as the most
abundant family (SanAnna et al., 2006). The only
species of the Crenuchidae family in the study, C.
zebra, was found only in rural streams, associated
with greater water flow, which may be linked
to its fusiform body (Casatti & Castro, 20006).
In addition, C. zebra is related to environments
with greater species diversity, justifying its absence
in urban areas (Caetano et al., 2016). Another
species restricted to rural streams was A. piracicabae
(Characidae), probably due to its predominantly
insectivorous diet (Lampert et al., 2022), since
dietary diversity is lower in urban streams.

Beta diversity of fish assemblages differed
significantly between rural and urban streams, being
higher in rural streams due to greater variation
in species composition (Chase & Leibold, 2002;
Leibold et al., 2004). This suggests that rural
streams contribute more to regional diversity,
influenced by environmental heterogencity and
the spatial configuration which increase local
diversity (Teshima et al., 2017; Dala-Corte et al.,
2019; Martins et al., 2021). Another factor that
can justify the results are local drivers. One of the
possible explanations is related to the ecological
niche. Faced with anthropized environments,
species considered sensitive to human alterations
generally do not occur (Ferreira & Casatti, 2000).
These processes consequently lead to differences
in species composition, with an increase in the
dominance of generalist and opportunistic species
in more urbanized areas (Jones & Leather, 2012).
It is well established in the literature that differences
in environmental conditions, within a region, can
generate a variation in species composition and an
increase in beta diversity (Chase & Leibold, 2002;
Leibold et al., 2004).

5. Conclusion

This study observed significant differences in
fish beta diversity in stretches of rural and urban
streams, with the highest values recorded in less
disturbed (rural) environments. In this context,
it is expected that the results found in this study
support management measures, such as efluent
control, the restoration of riparian vegetation and
the determination of protection areas for urban
streams.
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Data availability

The datasets used and/or analysed during the
current study are available from the corresponding
author on request.
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