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Abstract: The morphological channel changes can occur through direct interventions, such as engineering works, or
indirectly due to alterations in the catchment runoff. This study conducted morphometric evaluations using geoprocessing
techniques and fieldwork in fluvial reaches altered by straightening and influenced by urbanization in the Maringa Stream
catchment, located in the northern state of Parana, Brazil. The study analyzed the sinuosity index and the average width of
three representative reaches between the years 1970 and 2017. The sinuous morphology of the reaches was straightened in
the 1970s and 1980s and did not re-establish itself. Over the past two decades, these reaches exhibited a trend of increasing
average width (~100%) due to urbanization in the drainage areas. However, intermittent periods of channel narrowing were
also observed. This behavior is associated with bank erosion and failure, leading to the formation of benches. The
morphogenesis of this relief unit in the channel results from inadequate management of stormwater runoff from urban
areas. This scenario indicates the need for coordinated efforts between urban stormwater management and fluvial
geomorphology to maintain the physical integrity of rivers.

Keywords: bench; urbanization; urban drainage; channel width; applied fluvial geomorphology.

Resumo: As mudangas na morfologia do canal fluvial podem ocorrer com interven¢des diretas, como as obras, ou ainda
indiretamente a partir das altera¢des no escoamento da bacia hidrografica. Neste estudo foram realizadas avaliagdes
morfomeétricas com emprego de geoprocessamento e trabalhos de campo em trechos fluviais alterados pela retificagao e
sobre influéncia da urbanizagdo na bacia hidrografica do ribeirdao Maringd, norte do estado do Parana. O estudo analisou
entre os anos de 1970 e 2017 o indice de sinuosidade e a largura média de trés trechos representativos. A morfologia sinuosa
dos trechos foi retificada nas décadas de 1970 e 1980 e nao se restabeleceu. Os trechos durante as altimas duas décadas
apresentaram uma tendéncia de aumento na largura média (~100%), como resultado do aumento da impermeabilizagao da
urbaniza¢do nas areas de drenagem. No entanto, notou-se que houve periodos de estreitamento dos canais. Este
comportamento € associado com a erosao e queda das margens, com consequente formagdo de patamares. A morfogénese
desta unidade de relevo do canal é resultado do manejo inadequado do despejo de aguas pluviais das dreas urbanas. Esta
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conjuntura indica a necessidade de esfor¢os entre a gestdo da drenagem de dguas pluviais urbanas e a Geomorfologia
Fluvial para a manutencao da integridade fisica dos rios.

Palavras-chave: patamares; urbaniza¢io; drenagem urbana; largura do canal; geomorfologia fluvial aplicada

1. Introduction

Rivers constantly change their morphological characteristics through bank erosion and deposition.
Parameters such as width, depth, and sinuosity attest to morphological changes that may occur in the channel, in
which natural events and human activities play a role in driving geomorphological processes. For example, flows
of greater magnitude can culminate in bank erosion, causing strong variations in width (CHARLTON, 2007;
WOHL, 2014), as well as a decrease in channel sinuosity (SCHUMM, 1977, HOOD, 2004). However, it is
important to highlight that the intensity of the changes depends on the specific characteristics of the river and the
magnitude of the triggering events.

Downs and Piégay (2019) investigated changes in channel width, depth, sinuosity, and pattern, finding that
studies highlighting human impact primarily focused on changes in land use and cover, particularly due to
agricultural activities and urban growth. Although urban areas represent a small part of land cover on a global
scale, this type of land use and cover causes drastic changes to rivers (CHIN, 2020). Urban growth results in an
increase in impervious areas, influencing the hydrological cycle of the catchment, leading to a reduction in water
infiltration into the soil and an increase in runoff (ROSA, 2017). According to the hierarchy of fluvial processes
during urbanization, evaluated by Montanher (2010), based on Wolman's model (1967), the river channel initially
receives more sediment, increases in width, and decreases in depth with the beginning of urbanization. In later
stages, the channel incises the bed, resulting in deepening and narrowing, and may even expose the bedrock.
Furthermore, urbanization can also generate a drastic decrease in sinuosity (DENG et al., 2015; SILVA et al., 2017;
ASHMORE et al., 2023).

With the development of urbanization, other types of changes frequently occur in rivers, such as direct
changes in the channel morphology through straightening or channelization. The first type of direct intervention
in the channel involves altering its original shape to make the morphology rectilinear and, in some cases, to
create a wider and deeper channel (OLIVEIRA et al., 2006; ASSUMPCAO; MARCAL, 2012). Channelization
involves works that modify the channel using concrete and other materials in the river bed (ASSUMPCAO;
MARCAL, 2012). These interventions are generally carried out with the aim of containing the effects of floods so
that the floodplain can be occupied or exploited (PONTINI, 2018). Evaluations of morphological changes in
rivers under the influence of these interventions in Brazil, in the states of Rio Grande do Sul (RECKZIEGEL et al.,
2005) and Rio de Janeiro (SANTOS; MARCAL, 2021), showed an increase in erosion processes. However, there is
also the case of the drastic alteration of the morphology of the Pinheiros River in Sao Paulo with the
establishment of two channels, which accentuated the depositional processes (LUZ, 2015).

The morphological changes in river channels caused by urbanization also extend to ecological and social
losses (CHIN et al., 2020). However, there is little scientific knowledge about how urbanization affects Brazilian
rivers (MORAIS; MONTANHER, 2022). The impacts caused by this land use can generate results that differ from
those found in places with different natural and historical characteristics (SANDER et al.,, 2012). Furthermore,
impacts on rivers, as previously highlighted, can occur cumulatively with changes in the catchment or directly in
the channel morphology (DOWNS; PIEGAY, 2019). In this context, the hydrographic network of the municipality
of Maringa, in the north of the state of Parand, Brazil, stands out. Intense urbanization over the last few decades
with the model of city occupation from the interfluve has enabled systemic investigations into the
geomorphological disturbances of this type of land use (BAGGIO, 2014; PETSCH, 2014; SCHNEIDER et al., 2014;
VIEIRA et al, 2021; SOUZA; MORAIS, 2023). In this study, we aimed to evaluate the morphometric and
morphological changes of reaches altered by straightening and influenced by urbanization, using geoprocessing
analyses and fieldwork. Understanding the river dynamics of the studied reaches allows us to assess how direct
and indirect changes have affected the physical integrity of the river network.
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2. Methodology

2.1. The study area

The three reaches are representative of the landscape dynamics of the Maringd catchment (Figure 1), which
is the largest catchment in the municipality of Maringa, with an area of ~ 90km?, located in the north of the state
of Parand, southern region of Brazil. R1 comprises the final length of 571m of the lower course of the Mandacaru
Stream, while R2 and R3 have, respectively, lengths of 445m and 1,397m and are located in the middle and lower
course of the Maringd Stream. It is important to note that R2 is located downstream of the confluence with the
Mandacaru Stream, meaning that the R1 and R2 reaches are contiguous.
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Figure 1. Location of the reaches in the Mandacaru (R1) and Maringa streams (R2 and R3) in the municipality of
Maringa.

The lithology of the catchment area is dominated by basalts of the Paranapanema Formation, derived from
the eruption of basic magmas during the Mesozoic Era (BRESSER et al., 2021). The basalts in this region have an
aphanitic, porphyritic and amygdaloid texture in the upper part of the flow and are black and dark gray,
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greenish gray to dark brown, and when altered, rusty yellow (MINEROPAR, 2001). Close to the source of the
Romeira Stream, in the southeast of the catchment, there is a layer of fine to very fine sandstones from the Goio
Eré Formation with cross-stratigraphy and tabular facies of massive appearance, overlying on the basalt
(BRESSER et al., 2021). These sandstones are of eolian origin and also date from the Mesozoic era (THOMAZ,
1984). In the lower course of the Maringd Stream, recent deposits of gravel, sand, silt, and clay have been
observed in the floodplain.

The climate in the study area is classified by Koeppen (1948) as mesothermal humid subtropical (Cfa), with
temperatures above 22° in the hottest month and below 18° in the coldest month, with a concentration of rain in
the summer and the occurrence of night frosts in winter. The average annual precipitation corresponds to
1,706.08mm, with heaviest rainfall in the months of January, December and February (MONTANHER; MINAKI,
2020). Two additional factors that exert a significant influence on the climate are the location of the study area on
the Tropic of Capricorn. These conditions increase temperatures during the summer, and the topographic
characteristics of the northern region of Parand, which facilitate the entry of tropical and extratropical
atmospheric systems that accentuate the average values of the local climate (SALA, 2005).

The Maringa Stream catchment is situated within the Third Plateau of the Parana region. The taxonomical
subunit that encompasses this catchment, the Maringa Plateau, exhibits a relief characterized by low dissection
and a predominant slope of less than 6%. The shape top is elongated and flattened, the slopes are convex, and the
valleys have a "V" shape (MINEROPAR, 2006). In the drainage headwaters occupied by the urbanization of the
Maringa Stream catchment, the relief is made up of subtly rounded tops and convex slopes with embedded
valleys. In the middle segment of the Maringa Stream catchment, in the western part the relief is less dissected
with less pronounced altitudes and slopes and more straight slopes with greater ramp lengths, in the eastern
part, the slopes have a greater slope and shorter ramp lengths. In the lower segment, the slopes are more
elongated, and the slopes are less steep (SALA, 2005).

2.2. History of land use and occupation

The colonization process of northern Parana, promoted by the Companhia de Terras Norte do Parana
(CTNP) in partnership with the state government, began in the 1930s and was followed by intense changes in the
landscape. To promote and encourage agriculture in the region, native vegetation was quickly replaced by coffee
crops, which led to rapid demographic growth and urbanization of the area. The Companhia Melhoramentos
Norte do Parana (CMNP), which replaced the CTNP, formalized the urban nucleus of Maringa in 1947, located at
the interfluve of the Ivai and Pirap6 catchment areas. As in the entire north of the state of Parana, urban and
agricultural development in Maringa involved intense deforestation of the original vegetation (SALA, 2005).

The decline of the coffee economy, intensified by the strong frosts that occurred in the region between the
1960s and 1970s, led to a gradual replacement of coffee monoculture with temporary crops such as soybeans and
wheat. This change was accompanied by the mechanization of crops and the consequent increase in productivity,
leading to the appreciation of small local properties (SAMPAIO, 2013; MORO, 1998). These changes in the
countryside triggered a rural exodus in the region (MORO, 1998). Altogether, the municipality received a
significant number of migrants. From 1950 to 1970, the total population increased from 38,588 to 121,374
inhabitants. Between 1970 and 1980, the urban population surpassed the rural population. Rapid demographic
growth drove the increase in urban areas in the municipality (RUBIRA, 2016).

In this context, the Maringad Stream catchment has most of its area used for agricultural activity, mainly
temporary crops such as soybeans. However, a considerable part has been altered by urban growth. In 2017,
urbanized areas reached 38% of the Maringa Stream catchment and 87% of the Mandacaru Stream sub-
catchment. In the latter, 32 neighborhoods were created between 1963 and 2006 (PETSCH, 2014).

2.3. Methodological procedures

The study of morphological and morphometric changes in the three fluvial reaches involved geoprocessing
analyses and fieldwork. The aerial photographs and orbital images cover a 48-year period from 1970 to 2017
(Table 1). Aerial photographs from 1970, 1977, 1989 and 1995 were selected, the first two at scales of 1:8,000 and
the last two at 1:20,000, acquired from the digital collection of the State University of Maringa. Images from the
Quickbird satellite were also used using Google Earth Pro software from 2002, 2003, 2005, 2010, 2012 and 2014-
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2017. The images were georeferenced, the sections vectorised and the cartographic products processed using the
geographic information system QGIS Development Team (2020).
Table 1. Fluvial reaches and cartographic products used to analyse morphological changes.

Reach : Cartographic Produc.t
Aerial photograph Orbital Image
R1 -Mandacaru Stream 1977, 1989, 1995 2002, 2003, 2005, 2010, 2012, 2014, 2016 e 2017
R2 — Maringa Stream 1977, 1989, 1995 2002, 2003, 2005, 2010, 2012, 2014, 2015, 2016, 2017
R3 — Maringa Stream 1970, 1977 2003, 2005, 2011, 2012, 2014, 2015, 2016, 2017

The variations in width and sinuosity were assessed for each reach; however, there are cartographic
products available to analyse the width prior to straightening in the R2. The average width of the channel was
acquired using Eq. 1 described by Montanher (2019). To acquire the area of the channel reaches, the field
calculator in the geographic information system QGIS Development Team (2020) was used.

= M

where, W: average width of the reach; A« area of the reach; L« length of the reach.

The lengths of the reaches for calculating the sinuosity index were acquired using the measure tool also in
the geographic information system QGIS Development Team, (2020). Eq. 2 was used to calculate the sinuosity
index of the reaches:

§s=-—- )

where, S: sinuosity of the stretch; L« length of the stretch; Lw: length of the reach in the valley.
3. Results

3.1. Straightening

The straightening of reaches R1 (Mandacaru Stream) and R2 (middle Maringa Stream) took place between
1977 and 1989 (Figure 2), causing a decrease in sinuosity of 19% (from 1.27 to 1.03) and 17% (from 1.21 to 1.00),
respectively. In R3 (lower Maringa Stream), straightening occurred between 1970 and 1977, with a decrease in
sinuosity of 28.3% (from 1.48 to 1.06). Fieldwork showed that there was only excavation of the floodplain, as
there is no evidence that the interventions included waterproofing the bed or constructing dykes. After the
significant decrease in sinuosity in the three reaches due to straightening (Figure 4), this parameter remained
relatively stable until 2017.
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Stream before straightening é
W Stream after straightening

Figure 2. Pre and post straightening in R1 (Al and A2) and R2 (B1 and B2) between 1977 and 1989 and in R3 (C1
and C2) between 1970 and 1977.

3.2. Temporal Analysis

The variations in the width of reaches (Figure 3) show the morphological changes over a 40-year period.
Initially, it can be seen that straightening caused an 80% increase in the width of R2 between the years before
(1977) and after (1995) the intervention. The other reaches do not have aerial photographs available to measure
the width prior to straightening. Thus, it was observed that reaches R1 (1989-2002) and R3 (1977-2003) showed a
decrease in width after straightening of 16% and 69%, respectively, indicating that the channels narrowed at
intervals subsequent to this intervention.
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Figure 3. Width channel variations in the studied reaches.

Between 2003 and 2010, there was an increase in width of 29% and 60% in R2 and R3, respectively. This
same behavior was also observed in R1 between 2002-2003 (59%) and 2005-2010 (46%); however, it was
interrupted by a decrease in width (20%) between 2003 and 2005. Subsequently, there was a predominant
decrease in width (6-25%) in the reaches during the short interval from 2010 to 2012. This was followed by the
final interval from 2012 to 2017, during which the reaches showed a progressive increase in width (48% and
57%).

3.3. Spatial Analysis

Analyzing the R2 and R3 reaches makes it possible to assess the correspondence of channel changes between
the middle and lower reaches of the Maringa Stream. In 1977, R2 had a width of 2.76 meters (pre-straightening),
while R3 had a width of 12.14 meters (post-straightening), a difference of 341%. However, the average width of
R2 (4.6 meters) became greater than that of R3 (3.7 meters) in 2003. These variations are due to the fact that R3
covers the final reach of the Maringa Stream, with a low gradient and relatively far from the urbanized area,
which favored sedimentation and temporarily resulted in a channel width that was even lower than R2, which
covers the middle course. Subsequently, as the hydrological regime continued to be influenced by urbanization,
the R2 and R3 reaches were approximately the same width (7.1 meters) in 2014. From 2015 onwards, the lower
reach (R3) became wider than the middle reach (R2). The increase in width has been progressive, but the process
is more pronounced in R3 (9.00 meters) than in R2 (7.54 meters).

In addition, it is possible to assess the correspondence of the width variation between the contiguous
reaches: the lower reaches of the Mandacaru Stream (R1) and the middle reaches of the Maringa Stream (R2).
Both R1 (the lower reaches of the Mandacaru Stream) and R2 (the middle reaches of the Maringa Stream
downstream of the confluence with the Mandacaru Stream) experienced an increase in average width between
2005 and 2010, a decrease in average width between 2010 and 2012, and a relatively progressive increase in width
from 2012 onwards. This recent behavior indicates that, despite being different sub-catchments, the reaches
exhibit similar processes resulting from increased urbanization in both drainage areas.

3.4. Morphological Analysis

The scenario of morphometric changes in the streams, with a low rate of lateral migration (sinuosity) but
increasing width, reflects the effects of straightening and urbanization, resulting in flow characterized by erosive
potential. The recent periods of narrowing identified in this study (Figure 4) are characterized by intense bank
erosion. We observe that the recently eroded bank deposits are not entirely transported during floods, leading to
a temporary reduction in width. Later, this material is reworked, forming benches (Figure 4).

Revista Brasileira de Geomorfologia. 2024, v.25 n.3; ¢2480; DOL: http://dx.doi.org/10.20502/rbg.v25i3.2480 https://rbgeomorfologia.org.br



Revista Brasileira de Geomorfologia, v. 25, n. 3, 2024 8del3

433 m

5,70 m 6,64 m 4,54 m

5,46 m 437 m

Figure 4. Variations in the average width of the three reaches, showing the increase in width permeated with
periods of channel narrowing,.

Benches in the Mandacaru Stream are relatively flat, discontinuous surfaces formed between the bed and the
bank. There are alluvial benches covered by bank erosion deposits in reaches where there is insufficient capacity
for sediment transport, and bedrock benches occur in reaches where there is capacity for sediment transport and
the flow cause abrasion and detachment of the bedrock (Figure 5). Despite their similarity to bars, these
geomorphological units are erosive relief units and are longer and more vegetated. Based on the analyses, we
present below a model of the evolution of the reaches analyzed (Figure 5). Initially, the channel is at a
preliminary stage of occupation of the catchment area (Figure 5.A). With the flow increase due to the
urbanization in the catchment, erosive and incisive processes reshaped the channel (Figure 5. B). These processes
favor erosion and bank failure, which results in the accumulation of sediment, generating periods of narrowing
(Figure 5. C). These bank deposits encourage the formation of benches (Figure 5. D), which in some cases, with
the intense erosion of the banks, make it possible to abrasion and detach the rock forming bedrock benches
(Figure 5. E).
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Figure 5. Model of bench formation. In (a) the channel before settlement of the catchment, in (b) the channel with
erosion and incision of the bed due to impervious area by urbanization in the catchment. In (c) the banks have
collapsed and been deposited in the channel. In (d) benches formed by bank deposits and in (e) bedrock benches.

4. Discussion

The reaches evaluated did not re-establish their sinuosity after the straightening that took place between 40
and 50 years ago, and the straightenings occurred at the intersection of the sinuous pattern of the channels. The
deposits transported in the catchment come from basalt and this lithology gives rise to fine, cohesive sediments,
creating conditions for bank stability (SANTOS et. al, 2008). In addition, the maintenance of straight morphology,
as an effect of straightening in a meandering channel, has been reported on a time scale up to twice as long as
that encompassed in this study (SALA; RHOADS, 2022).

The absence of sinuosity recovery may also be associated with urbanization in the catchment area (DENG et
al., 2015), given that the increase in flow magnitude with drainage of impervious areas results in an increase in
channel width (PARK, 1997; SANTOS; PINHEIRO, 2002; TANIGUCHI; BIGGS, 2015 MONTANHER, 2010;
NAVRATIL et al., 2013). The urbanized areas in the upper reaches of the catchment under study have advanced
intensively downstream, which has resulted in an increase in the magnitude of the flow (PETSCH, 2014).
Additionally, bank erosion has been identified as the primary source of sediment in the Maringa Stream
catchment (COELHO, 2007). This effect was first observed by Rigon (2010), who compared the bank erosion rates
of 40.92 cm'month? and 0.25 cm'month!, respectively, for the R1 drainage area (Mandacaru Stream catchment)
and an adjacent rural catchment (Romeira Stream sub-catchment). Therefore, the changes imposed on the
hydrological cycle as a result of urbanization and the expansion of impervious areas are associated with the
observed increase in channel width over recent decades.

The oscillations in channel average width observed in reaches indicate the potential occurrence of micro-
cycles in the channel change model influenced by urbanization, as proposed by Montanher (2013). This study
emphasizes that the erosion and failure of banks during periods of high flows (RIGON, 2010; BAGGIO, 2014)
enables the reworking of deposits and lateral sedimentation on the banks, which in turn gives rise to the
formation of benches. Benches are defined as depositional surfaces of rivers, characterized by dissection
processes (FERNANDEZ, 2003). In the studied reaches, these geomorphological units emerge as a fluvial
response to the drainage flows of the urban area. These relief units exhibit morphogenesis similar to that
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described by Vietz et al. (2004), resulting from channel expansion followed by deposition. They are not
necessarily formed by aggradation of flood flows (ERSKINE; SAYNOR, 1996; ERSKINE; LIVINGSTONE, 1999).

As the formation of benches is related to the contemporary hydrological regime, these relief units are
bankfull stage indicators (FERNANDES, 2003). In the Mandacaru Stream (Figure 6), which is part of the study
area (R1), benches have been investigated for the possibility of contaminant stocks (SOUZA; MORALIS, 2023). In
this context, our study also contributes to the fact that there is a greater occurrence of benches in R1 and R2
compared to R3. In addition, the formation of bedrock benches (WOHL, 1992) was found in R1, as a response to
the increase in the maximum stream power due to the greater urbanization of this drainage area.

Figure 6. The alluvial (A) e bedrock (B) benches in right banks.

The study of morphological changes in channels under the influence of urbanization, but in catchments with
sandy-textured soils in the northwest of the state of Parana, revealed a high level of sedimentation in close
proximity to the bank (MONTANHER, 2013). The formation of marginal levees as a result of these deposits leads
to the accumulation of water on the sides of the floodplain, which in turn induces the formation of lakes.
However, in the reaches assessed in this study, in a catchment area with clay-textured soils, there was no
significant sedimentation, as observed in the channels analyzed by Montanher (op. cit.). Instead, there was an
increase in width, maintenance of the sinuosity imposed by the straightening, and the formation of benches. In a
study conducted in the municipality of Marechal Candido Rondon with comparable lithological and
topographical characteristics, but in smaller drainage areas and less dense urbanization, the assessment over a
period of approximately ten years revealed a slight predominance of depositional processes in seven sections,
compared to erosive processes in four sections (BORTOLUZZI; FERNANDEZ, 2010). The different adjustments
of channels to the influence of urbanization highlight the importance of knowing the structure of the catchment,
as well as integrating and expanding studies so that they involve comparing different urban landscapes.

The observed variations in channel width and the lack of re-establishment of sinuosity are, respectively,
responses to urbanization and straightening. These responses have been identified as impacts on the physical
integrity of rivers (GRAF, 2001). This hypothesis is corroborated by the assertion of Pelech and Peixoto (2020),
who posit that there is a perception among Brazilian managers that rivers are merely conduits for water. It is
imperative that efforts to manage catchments guarantee natural factors as imperatives for the processes and
forms of the river system, in order to ensure the physical integrity of rivers. River restoration measures have
resulted in the re-establishment of channel sinuosity (WOHL et al., 2015), thereby restoring river dynamics (e.g.
migrations and floods). However, the challenge of making the flow of urbanization compatible with fluvial
dynamics, as recognized in the fluvial geomorphology of urban rivers (CHIN et al., 2020), represents a more
urgent issue for the sustainable management of the rivers.

Revista Brasileira de Geomorfologia. 2024, v.25 n.3; ¢2480; DOL: http://dx.doi.org/10.20502/rbg.v25i3.2480 https://rbgeomorfologia.org.br



Revista Brasileira de Geomorfologia, v. 25, n. 3, 2024 11de 13

5. Conclusion

The study facilitated an understanding of the morphological changes occurring in river reaches subjected to
urbanization and straightening. The straightening occurred during the 1970s and 1980s, with the implementation
of works that altered the morphology of the channels, transforming them from sinuous to straight. The reaches
under analysis demonstrated no alterations in lateral mobility, thus preserving the straight morphology.
However, during the period under analysis, there was a notable tendency for the average width increase, with
intermittent periods of narrowing channel. It was observed that this latter process is associated with the
formation of benches as a result of the bank erosion and failure and the reworking of marginal deposits in the
channel bed, which can be considered a geomorphological response to urbanization. The loss of the physical
integrity of rivers, as evidenced by alterations in morphology, is not inherently attributable to urbanization per
se, but rather to the shortcomings of urban drainage systems, particularly with regard to their energy dissipators.

In this scenario, which is typical of Brazilian urbanization, fluvial geomorphology plays a pivotal role, with
the challenge of contributing to territorial development. To address this issue, it is crucial to integrate knowledge
in order to establish a sustainable relationship between urbanization and river dynamics. In the context of
rainwater drainage, this necessitates a discussion on maintaining natural factors in river processes.
Consequently, it is vital for fluvial geomorphology to play an effective role in urban drainage public policies,
liaising with engineering to propose management strategies to secure the physical integrity of rivers.

Author’s contributions: Conception, K.B. and E.M.; methodology, K.B. and E.M.; software, K.B.; validation, K.B. and E.M.,
formal analysis, K.B. and E.M.; data preparation, K.B.; article writing, E.M.; revision, E.M.; supervision, E.M. All authors have
read and agreed with the published version of the manuscript.

Finding: This research has not received any external funding.

Acknowledgments: To Wilson Francisco de Oliveira and the Historical Documentation Center Program/CCH/UEM for their
support with aerial photographs.

Conflict of Interest: The authors declare not having any conflict of interest.

References

1. ASHMORE, P.; MCDONALD, J.,, BARLOW, V. Multi-decadal changes in river morphology in an urbanizing watershed:
Highland Creek, Toronto, Canada. Geomorphology, v. 433, p. 1-26, 2023. DOL 10.1016/j.geomorph.2023.108710

2. ASSUMPCAO, A. P.; MARCAL, M. S. Retificagio dos canais fluviais e mudancas geomorfoldgicas na planicie do rio
Macaé (R]). Revista de Geografia (UFPE),v. 29, n. 3, 2012.

3. BAGGIO, J. M.; A Influéncia da Tecnogénese sobre os Canais Fluviais da Area Urbana de Maringa - PR. Dissertagao
(Mestrado em Geografia) — Universidade Estadual de Maringa, 2014.

4. BORTOLUZZI, L. N.; FERNANDEZ, O. V. Q. Varia¢gdes morfoldgicas em cérregos que drenam a area urbana de
Marechal Candido Rondon, Parana. Geoinga: Revista do Programa de Pés-Graduacao em Geografia, v. 2, n. 2, p. 3-
27,2010.

5. BRESSER, M. L., BRUMATTI, M., SPISILA, A. L. Mapageologico e de recursos minerais do estado do Parana.Escala
1:600.000. Curitiba: SGB-CPRM, 2021.

6. CHARLTON, R. Fundamentals of Fluvial Geomorphology. Londres: Routledge, 2007, p. 280.

7. CHIN, A.; GREGORY, K. J.; O'DOWD, A. P.Urbanizing River Channels. In: Shroder, J. Treatise on
Geomorphology, v 9, p. 809-827. 2020. DOI: 10.1016/B978-0-12-409548-9.12500-X

8. COELHO, A. R. Dinamica fluvial e qualidade da agua da bacia de drenagem do ribeirdo Maringa: contribui¢do para o
planejamento e gestao ambiental. Dissertacao (Mestrado em Geografia), Universidade Estadual de Maringa, 2007, p. 13.

9. DENG, X; XU, Y;; HAN, L; SONG, S; YANG, L; LI, G; WANG, Y. Impacts of Urbanization on River Systems in the
Taihu Region, China. Water, v. 7, p. 1340-1358, 2015. DOI 10.3390/w7041340

10. DOWNS, P. W.; PIEGAY, H. Catchment-scale cumulative impact of human activities on river channels in the late
Anthropocene:  implications, limitations, prospect. Geomorphology, n. 338, p. 88104 2019. DOI
10.1016/j.geomorph.2019.03.021 (2019)

11. ERSKINE, W. D.; LIVINGSTONE, E.A. In-channel benches: the role of floods in their formation and destruction on
bedrock-confined river. In: A.J. Miller and A. Gupta, (eds.), Varieties of Fluvial Form, p. 445-475, Wiley, 1999.

12. ERSKINE, W.D.; SAYNOR, M.]. Effects of Catastrophic Floods on Sediment Yields in Southeastern Australia. Erosion
and Sediment Yield: Global and Regional Perspectives. Proceedings of the Exeter Symposium, 1996, p. 381-388.

Revista Brasileira de Geomorfologia. 2024, v.25 n.3; ¢2480; DOL: http://dx.doi.org/10.20502/rbg.v25i3.2480 https://rbgeomorfologia.org.br


https://www.sciencedirect.com/science/article/pii/B978012409548912500X?via%3Dihub#!

Revista Brasileira de Geomorfologia, v. 25, n. 3, 2024 12de 13

13.

14.

15.

16.

17.

18.
19.
20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

FERNANDEZ, O. V. Q. Determina¢do do nivel e da descarga de margem plena em cursos fluviais. Boletim de
Geografia, v. 21, p. 97-109. 2003.

GRAF, W. L. Damage control: Restoring the physical integrity of America's rivers. Annals of the Association of
American Geographers, v. 91(1), p. 1-27, 2001. DOI. 10.1111/0004-5608.002312001

HOOD, W. G. Indirect Environmental Effects of Dikes Channels: Thinking Outside of the Dike and Monitoring on
Estuarine Tidal for Habitat Restoration. Estuaries, v. 27, n. 2, p. 273-282, 2004.

KOPPEN, W. Climatologia. Com um estudio de los climas de la tierra. 1948.

LUZ, R. A. Mudangas geomorfologicas na planicie fluvial do rio Pinheiros, Sio Paulo (SP), ao longo do processo de
urbanizagdo. 2015. Tese de doutorado (Doutorado em Geografia Fisica) — Universidade de Sao Paulo, 2014. DOI
10.11606/T.8.2014.tde-29062015-152030.2015

MINEROPAR. Atlas Geomorfologico do Estado Do Parana. Curitiba, 2006. 63p.

MINEROPAR. Atlas Geologico do Estado do Parana. Curitiba: Mineropar, Curitiba, 2001, 116p.

MONTANHER, O. C. Levantamento de dados e andlise de mudancas em sistemas fluviais por meio de
geoprocessamento e sensoriamento remoto: proposta metodologica e estudo de caso. Caminhos De Geografia, v. 20(70),
p- 136-157, 2019. DOI 10.14393/RCG207042420.

MONTANHER, O. C. Ciclos de erosao e sedimentagao em bacias hidrograficas urbanas do noroeste paranaense e suas
implicagdes no ajuste de sistemas fluviais. Revista Brasileira de Geomorfologia, v.14, n.4, p.319-325, 2013.
MONTANHER, O. C,; MINAKI, C. Precipitagio em Maringa-PR: estatisticas descritivas, tendéncia de longo prazo e
probabilidade de eventos extremos diarios. Revista do Departamento de Geografia (USP), v. 39, 2020. DOI
10.11606/rdg.v39i0.164209.

MONTANHER, O. C. Ajustes do sistema fluvial a impermeabilizagao urbana: estudo de caso em Terra Rica, PR. Boletim
de Geografia, v. 28, n. 2, p. 185-197, 2010. DOI 10.4025/bolgeogr.v28i2.10381.

MORAIS, S. E.;; MONTANHER, C. O. Revisoes de Literatura da Geomorfologia Brasileira. Ajustamento fluvial a
agropecudria, urbanizagao e reservatdrio e analise cientométrica do impacto dessas atividades nos rios brasileiros. In:
CARVALHO JUNIOR, O., A; GOMES, M. C. V.; GUIMARAES, R. F.;, GOMES, R. A. T. Revisées da Literatura da
Geomorfologia Brasileira, p. 128-160, 2022.

MORO, D. A. O éxodo rural e o crescimento populacional da cidade de Maringa no periodo de 1970 a 1980. 1998.
Boletim de Geografia, v. 6, n. 1, p. 19-32, 2011. DOI 10.4025/bolgeogr.v6il1.12225.

NAVRATIL, O.; BREIL, P.; SCHMITT, L.; GROSPRETRE, L.; ALBERT, M. B. Hydrogeomorphic adjustments of stream
channels disturbed by urban runoff (Yzeron River basin, France). Journal of Hydrology. V. 485, p. 24-36. 2013.
OLIVEIRA, E. L. A;; RECKZIEGEL, B. W.; ROBAINA, L. E. S. Modifica¢gdes na morfologia dos cansi de drenagem da
bacia hidrografica do Arroio Cadena, Santa Maria/RS. RA'E GA, v. 11, p. 103-113, 2006.

PARK, C. C. Channel cross-sectional change. In: GURNELL, A.; PETTS, G. Changing River Channels. In: John Wiley
and Sons, Chichester, 117-145, 1997

PELECH, A. S,; PEIXOTO, M. N. O. Rios Urbanos: contribui¢gdes da Antropogeomorfologia e dos estudos sobre os
Terrenos Tecnogénicos. Revista Brasileira de Geografia, v. 65, n. 1, p. 2-22, 2020.

PETSCH, C. Aspectos da evolu¢do da impermeabilizagdo na bacia docdérrego Mandacaru,Maringa — PR. Revista
GeoAmazoénia, v. 01, n. 2, p. 42 - 58, 2014.

PONTINI, V. V. Interferéncias antrépicas em ambientes fluviais: estudo de caso no baixo curso da bacia hidrografica
do rio novo, Piima (ES). Monografia (Bacharelado em Geografia) - UNIVERSIDADE FEDERAL DO ESPIRITO SANTO,
2018.

QGIS Development Team QGIS Development Team. QGIS Geographic Information System (versao 3.16). 2021.
Disponivel em: <http://qgis.osgeo.org>.

RECKZIEGEL, B. W.; ROBAINA, L. E. S.; OLIVEIRA, E. L. A. Mapeamento de areas de risco geomorfolégico nas bacias
hidrograficas dos arroios Cancela e Sanga do Hospital, Santa Maria-RS. Revista do Departamento de Geociéncias, v. 14,
n. 1, 2005.

RIGON, B. T. C. Avaliacao témporo-espacial do processo erosivo marginal dos cérregos Mandacarti e da Romeira —
Maringa-PR. Dissertacdo (Mestrado em Geografia) — Universidade Estadual de Maringa, 2010.

ROSA, A. F. Os impactos da urbanizacio sobre o ciclo hidroldgico no municipio de Patrocinio - MG. Trabalho de
conclusdo de curso (Bacharelado em Engenharia Ambiental) - Universidade Federal de Uberlandia, 2017. Disponivel em
< https://repositorio.ufu.br/handle/123456789/19693 >.

RUBIRA, F. G. Andlise multitemporal da expansao urbana de Maringa durante o periodo de 1947 a 2014 envolvendo o
parque municipal do Cinquentenario e as principais areas verdes do municipio. Caderno de Geografia, v.26, n. 46, 2016.
DOI 10.5752/p.2318-2962.2016v26n.46p.333.

SALA, M. G. Indicadores de fragilidade ambiental na bacia do ribeirdo Maringa-PR. Dissertacio (Mestrado em
Geografia) — Universidade Estadual de Maringa, 2005.

Revista Brasileira de Geomorfologia. 2024, v.25 n.3; ¢2480; DOL: http://dx.doi.org/10.20502/rbg.v25i3.2480 https://rbgeomorfologia.org.br



Revista Brasileira de Geomorfologia, v. 25, n. 3, 2024 13 de 13

38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

SALA, C. R, RHOADS, B. L. Big Pine Creek Ditch revisited: Planform recovery to channelization and the timescale of
river meandering. Geomorphology, v. 403, 2022. DOL 10.1016/j.geomorph.2022.108140

SAMPAIO, A. C. F. O Processo de degradagdo e o estado de conservagao da flora nos fragmentos florestais da area rural
do municipio de Maringd, Parana. Dissertagdo (Mestrado em geografia) — Universidade Estadual de Maringa, 2013.
SANDER et al.,, Cenarios de intervengdes realizadas em canais fluviais urbanos nas cidades de Marechal Candido
Rondon-PR e Boa Vista-RR. ACTA Geografica, v.6, n.12, 2012. DOI. 10.5654/actage02012.0612.0004

SANTOS, R. C; MARCAL, M. S. Caracterizagao dos ajustes e mudangas na morfologia do rio Sao Joao, regiao das
baixadas litoraneas do estado do Rio de Janeiro. Revista Brasileira de Geomorfologia, vol. 22, n® 1, 2021,
DOI.10.20502/rbg.v22i1.1826.2021

SANTOS, G. F.; PINHEIRO, A. Transformagdes geomorfologicas e fluviais decorrentes da canalizagdo do rio Itajai-Acu
na divisa dos municipios de Blumenau e Gaspar (SC).Revista Brasileira De Geomorfologia, v. 3, 2002. DOL
10.20502/rbg.v3i1.10.

SANTOS, L. M.; STEVAUX, C. J.; GASPARETTO, L. V. N.; SOUZA, E. E. Geologia e geomorfologia da planicie aluvial
do rio Ivai em seu curso inferior. Revista Brasileira de Geomorfologia, v.9, n.1, p.23-34, 2008.

SCHNEIDER, R. M.; FREIRE, R; COSSICH, E. S.; SOARES, P. F.; FREITAS, F.H.; TAVARES, C. R. G. Estudo da
influéncia do uso e ocupagao de solo na qualidade da 4gua de dois cérregos da bacia hidrografica do rio Pirapd. Acta
Scientiarum. Technology Maringg, v. 33, n. 3, p. 295-303, 2011. DOI 10.4025/actascitechnol.v33i3.8385

SCHUMM, S.A. The Fluvial System. Blackburn Press, Caldwell, NJ, p. 338, 1977.

SILVA, A.].; AMARAL, L. L,; POSSAS, B. L; CHEREM, L. F. S. Mudangas na sinuosidade no trecho urbano do Cérrego
Tamandud em Aparecida de Goiania (GO): resultados qualitativos preliminares. "Os Desafios da Geografia Fisica na
Fronteira do Conhecimento ", XVII Simpdsio brasileiro de geografia fisica aplicada - I Congresso nacional de geografia
fisica, 2017, Campinas- SP.

SOUZA, V. H.; MORAIS, E. S. Avaliagao sedimentoldgica de patamares em trecho fluvial com langamento de efluente
doméstico: o cérrego Mandacaru, PR. Geoinga: Revista do Programa de P6s-Gradua¢ao em Geografia Maringa, v. 15,
n. 1, p. 30-48,2023.

TANIGUCHI, K. T.; BIGGS, T. W. Regional impacts of urbanization on stream channel geometry: A casestudy in
semiarid southern California. Geomorphology, v. 248, p. 228-236, 2015.

THOMAZ, S. L. Sinopse sobre a geologia do Parana. 1984. Boletim de Geografia, v. 2, n. 2, p. 76-90, 2011. DOI
10.4025/bolgeogr.v2i2.12276.

VIEIRA, V. T.; CUNHA, S. B. Mudangas na morfologia dos canais urbanos: alto curso do rio Paquequer, Teresopolis —R]
(1997/98 —2001). Revista Brasileira de Geomorfologia, v. 9, p. 3 — 22, 2008. DOI 10.20502/rgb.v9i1.97.

VIETZ, G.; RUTHERFURD, L. D.; STEWARDSON, M. J. Not all benches are created equal: proposing and field testing an
in-channel river bench classification. Australian Stream Management Conference. Department of Primary Industries,
Water and Environment, Launceston, Tasmania, p. 629-635, 2004.

WOHL, E., LANE, S. N.; WILCOX, A. C. The science and practice of river restoration. Water Resour. Res., 51, 5974-5997,
doi:10.1002/2014WR016874.

WOHL, E. Bedrock benches and boulder bars: Floods in the Burdekin Gorge of Australia. Geological Society of
America Bulletin, v. 104, p. 770-778, 1992.

WOHL, E. Rivers in the landscape. JohnWiley & Sons, Ltd. P. 332, 2014.

WOLMAN, M. G. A cycle of sedimentation and erosion in urban river channels. Geografiska Annaler, v.49, n. 1-4,
p-385-395, 1967. DOL. 10.1080/04353676.1967.11879766

This work is licensed under the Creative Commons License Atribution 4.0 Internacional
@ ® (http://creativecommons.org/licenses/by/4.0/) — CC BY. This license allows for others to
distribute, remix, adapt and create from your work, even for commercial purposes, as

long as they give you due credit for the original creation.

Revista Brasileira de Geomorfologia. 2024, v.25 n.3; ¢2480; DOL: http://dx.doi.org/10.20502/rbg.v25i3.2480 https://rbgeomorfologia.org.br



