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Abstract

Faced with the anthropic activities of urban streams stretches through rectification with
concrete, there is a concern about the modifications of the aquatic habitats and consequent
ecological damages to the ecosystems. Based on biophilic engineering, there is a great
opportunity to idealize and test interventions to revitalize such hampered ecosystems.
Hence, we verified the performance of biological and organic factors, after the
implementation of one-off interventions in three rivers using biophilic handmade materials
and structural elements in their fixation. We carried out the project in urban stretches of
concrete bed streams, located in Sorocaba-SP, Southeast of Brazil. In two years, we
conducted biweekly in situ and laboratory measurements to characterize the study sites,
idealize, scale, implement the projects, and, evaluate the ecological responses of the
implementations. We collected sampling in two points: upstream and downstream
interventions. We evaluated the performance of the interventions through the analysis of
SWOT (Strengths, Weaknesses, Opportunities, and Threats) factors and by using the
Analytic Hierarchy Process (AHP). We presented the results through a decision-making
matrix for stakeholders, which indicated that our ideas are of low cost and easy to
implement. Then, we got the following scenario of SWOT priorities: opportunity
(58.55%), strength (24.71%), threat (10.74%), and weakness (6.00%). They demand
constant efforts for maintenances and they need adjustments to a better understood by
residents and the watershed management. We concluded that the strengths observed in the
project turn our idea replicable in any part because it attaches the idea of caring about the
environment through biophilic techniques, and the weaknesses are liable to modifications

(improvements) in future projects that consider such proposal.
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1 INTRODUCTION

Urban development has major effects on aquatic ecosystems, due to the combination of
the factors: increasing in the impermeable surface of the catchment areas, alterations in the
channel (including channel rectification), impermeabilization (concrete) of the channels,
disconnection of channels, and problems of contamination (Everard & Moggridge, 2012;
SNIS, 2018). Developing countries have especially suffered from this problem.
Exemplifying, in Brazil, 53.2% of the population has access to wastewater collection, and
the services of treatment of sewage processes (treat) less than half of the total of sewage
generated (SNIS, 2018; Cerqueira et al., 2020).

For better understanding the stream ecology restoration in urban areas, there are
recommendations to integrate the stream ecological with social, economic, and political
drivers of the urban environment (Walsh et al., 2005). Illustrating, Darwiche-Criado et al.
(2017) carried out a study for prioritizing wetland restoration not only with environmental
and biophysical but also, socio-economic factors through the comparison of two multi-
criteria methods.

Past engineering practices encouraged flattening, hardening, and enlarging pristine
waterways to diminish flooding and erosion complications in peopled areas (Gomes &
Wai, 2019), implicating several kinds of ecological imbalances and loss. Such
interventions receive the name of “grey” interventions (Ourloglouet al., 2020). Nowadays,
one way to reestablish the local, ecological conditions is the use of bioengineered products.
Such products might be a useful option to help to manage water resources, especially if we
generate low-cost alternatives. This kind of technology incentives the use of products and
actions of naturally-elaborated products and a multi-dimensional approach, aiming to
attend needs of society, preserving the urban infrastructure, and improving the
environment through aesthetics enriched by landscaping (Koepke, 2017; Chen and Ku,
2018).

Hence, we might implement restoration activities to repair hampered environments,
reduce point-specific problems, and improve ecosystem functions (McDonald et al., 2016).
Such an approach (point-specific) may help to define actions for restoration personalized to
socioecological contexts. Restoration projects have the objective of one-off interventions,
while for others the goal is implementing ongoing interventions (Hobbs & Cramer, 2008;

Hobbs ef al., 2011). Cities and towns offer important and interesting opportunities for the



conservation and/or recovery of biodiversity (Parriset al., 2018; Primo, 2020; Silva et al.,
2021).

There are several options for analyzing and evaluating the outcomes of a project or
campaign concerning restoring watercourses. One alternative is the TOWS matrix. A
TOWS analysis is an alternative form of a SWOT analysis, being an acronym for Threats,
Opportunities, Weaknesses, and Strengths. In its turn, the SWOT Analysis is an evaluation
method used to assess the ‘strengths’, ‘weaknesses’, ‘opportunities’ and ‘threats’ involved
in an association, a proposal, a project, an individual, or a company (Giirel & Tat, 2017).
The TOWS might be based on the criteria listed in the SWOT step so that the combination
of factors could provide a solution with the best strategies for a project with an integrated
approach (Table 1).

The Analytic Hierarchy Process (AHP) is a technique to assist people in making
complex decisions. More than determining which decision is correct, AHP helps people
choose and justify their choice. Following this idea, as an example, Yavuz and Baycan
(2014) applied the Analytic Hierarchy Process (AHP) method with the Strengths-
Weaknesses-Opportunities-Threatens (SWOT) analysis and TOWS matrix in a study
conducted at Lake Beysehir in Turkey.

TABLE 1 TOWS matrix representation

Hence, after implementing a set of experimental interventions designed to repair some
ecological features of impacted river stretches, we monitored the evolution of some
environmental properties and used the SWOT approach to investigate the external
opportunities and threats, as well as the internal strengths and weaknesses for evaluating
the success of such interventions, and developed a TOWS matrix based on the criteria

listed in the SWOT components.

2 STUDY SITES AND METHODS

2.1. The study sites

We carried out this project in three urbanized rivers located at Sorocaba. This is a
metropolitan city located approximately 100 km from the capital Sao Paulo (Lat 23°300”
S, Long 47°27'29” W) with an approximated area of 450 km? and 700,000 inhabitants

(Figure 1). The regional climate is predominantly humid and warm, with dry winters. The



average rainfall in the study region is 1,339 mm y' and the average annual temperature is

21.2°C (Abreu & Tonello, 2017).

FIGURE 1 Left: Location of Sdo Paulo state in Brazil and Sorocaba. Right: Geopolitical

boundaries, river network and digital elevation model of Sorocaba, and study site

The three stretches remain in different catchment areas (watersheds), named here as R1,

R2, and R3 (Figure 2).

FIGURE 2 Shapes of the streams sub-basins R1, R2, and R3

2.2Design of the structures and arrange of them in the locals of the experiment

Considering that the three selected rivers have the studied stretches the bottom
impermeabilized with concrete to avoid problems with erosion (Figure 3), we tried to
design structures to influence the water dynamic (flow and quality) to create an
environment appropriate to recolonization by plant species. We decided to use low-cost
materials considered to be ways of bioengineered and biophilia, with the intention of not

causing damage to the current ecosystem (Silva et al., 2018; Primo, 2020).

FIGURE 3 Illustration of the structures manufactured and installed in the three studied
river channels (above: photographs and down: upper view): (a) Stream R1; (b) Stream R2

and (c) Stream R3

For stream R1, we used seven jute bags (normally used to transport vegetables like
potato or onion) filled in with gravel (approximately 26 kg each bag). We arranged them
aiming to create a surface of the anastomosed pattern.

For the stream R2, we used six rolls (6.5 m long X 13 cm&) manufactured with tulle
and jute and filled in with gravels (approximately 35 kg of gravels each roll). We named
such structures “sausages” and we placed them parallel to the water flow. We installed two
of them in direct contact with the water, and the other four parallel to such flow.

Finally, in-stream R3, we manufactured four “sausages” of identical dimensions to
those used in stream R2, and we also arranged them parallel to the water flow. Following

the same principle as the previous stream, we placed two of them in direct contact with the



water, and the other two ones, we fixed on the concrete margin of the stream to remain
above the water level most of the time. Also, we manufactured another additional
cylindrical piece of plastic mesh used in civil constructions (geotextile), and we filled it in
with gravel (approximately 40kg of gravels). Such structure had approximately 15 cm in
diameter and 4 meters long. We placed this one perpendicularly to the water flow, thus

serving as a small dam for sediment retention.

2.3 Field experiments - monitoring

After implementing all previously planned interventions, we carried out data and sample
collections through one entire year, including the two typical seasons of the region. We
conducted the field works always beginning at 8:00hAM and following systematically the
same routine to avoid differentiation of the data as an effect of the time.

To verify the efficiency of the interventionist activities implemented, we adopted two
sampling points in each studied river stretch: (i) upstream the intervention and (ii) in the
intervention. In all sampling points, we collected data in triplicate to permit statistical
analyses (Figure 4). Table 2 summarizes the procedures adopted to collect the data of each

indicator.

FIGURE 4 Illustration of the data and sample collection strategy (not to scale)

TABLE 2 Description of the procedures for determining the investigated variables

2.4. Data interpretation and matrix-basedanalyses

Using the statistical package BioEstat 5.0 (Ayres et al., 2007), we applied the non-
parametric Wilcoxon test to check the possible significance in terms of statistics for all
analyzed parameters. For all parameters, we assumed as null hypothesis (Hy): there is no
difference between the upstream and at the local with intervention, and an alternative
hypothesis (H;) there is a significant difference between the upstream and at the local, with
intervention. The decision level we used for the Wilcoxon test was a = 0.01 and a = 0.05
for the Student's t-test.

Initially, we conducted a SWOT analysis to identify the strengths and weaknesses of the
implemented project, as well as opportunities and pressures in the environment.
Considering that for conducting a SWOT-based analysis, the analyzers create a procedure

or method of getting information concerning each part of the SWOT's context, i.e.,



information concerning Strength, Weaknesses, Opportunities, or Threats (Silva et al.,
2018; Primo, 2020), for the current study, we considered to relate and the understandings
experienced by the participants of the project during the period of execution of the project.
Such understandings and experiences were that one viewed, described, and shared in and
after the field incursions.

Hence, we created a Threatens-Opportunities-Weaknesses-Strengths (TOWS) matrix
model containing restorative actions such as improving the environment and avoiding the
degradation of rivers in urban centers. We used the fundamental scale of priorities
proposed by Saaty (1977) for the elaboration of the priority matrix to compare the pairs of
criteria. The scale of importance varied from 1/9, meaning the minimum scale of
importance, until 9, the maximum scale of importance. We followed the consistency ratio
of each judgment matrix and the normalization of the criteria vectors. Finally, we applied
the A’WOT method, called by Kurttila et al. (2000), in four steps following the
propositions published by Kisi (2019):

Step 1: Observing and reporting the internal (strengths and weaknesses) and external
(opportunities and threats) factors for the SWOT matrix building.

Step 2: Applying pair comparison between the SWOT groups factors to build-up a 4 x 4
order matrix.

Step 3: Calculating the priority of each factor, within the SWOT groups, by making four
n x n matrices (depending on the number of factors in each group).

Step 4: Obtaining the total factor priority by multiplying the group's priority by the
factor's priority within each group.

As a result, we developed the TOWS matrix based on the criteria listed in the SWOT
step so that the combination of factors could provide a solution with the best strategies for
a project with an integrated approach.

To improve the planning information contained in the SWOT analysis, we used the
AHP method to verify the priority between the attributes in a global (comparing the four
pillars or groups of the SWOT matrix) and local way (the criteria within the groups).

3 RESULTS

3.1. A general view of the study areas and the structures

The catchments R1 and R2 have a greater tendency to a higher peak flow due to the

compactness coefficients (1.2 for both) being closer to the unit (1.0). The R3 lower value



of shape factor (0.3) evidences that this catchment has a lower tendency to flood,
concerning to the others. The value also indicates that is a typical basin with an elongated
shape. In terms of hydrographical hierarchy, the stretches where we implemented the
restoration works are of second-order in streams R1 and R2 and third-order in the R3
stream (Table 3). Two of the three catchment areas present a high percentage of
urbanization (Silva, 2019; Silva et al., 2021): R1 75% and R3 (82%), whereas in stream
R2, the urban occupation is almost 38%.Both the R1 and R2 catchments present a
topographic range higher than 100 meters and average slope higher than 4.0 m.m™', while

in the R3 the topographic range is 60 meters and the average slope is low (2.6 m.m™).

TABLE 3 Morphometric and land cover properties of the three studied catchments
Sources: Silva (2019) and Silvaet al. (2021) - modified.

We described the shapes and dimensions of all structures used in the experiments
earlier, in the section Material and Methods. Here we report that the bags were the pieces
that we experimented with more easiness and convenience to transport from the local
manufacturing to the experimental place. We consider that all structures are of easy
installation. We always fixed the structures with metallic wires. The point of difficulty was
that we did not make holes in the concrete (to avoid damage to the concrete), and we tried
to nail the iron piles in the interstices between the concrete plates of the stream floor.

It is worth observing that, during the implementation phase of the structures in the R1
stream, we went through a flood event that, due to river flow increased, the bags were
carried about 100 m downstream. At this stage, therefore, we had to relocate them properly
again. Another interesting point to mention, which also happened in the R1 stream, was
that in a certain period of the study, some residents felt uncomfortable with the growth of
vegetation in the stream bed and ended up pruning the species due to the lack of

knowledge of the experiment.

3.2. The evaluated indicators

Total organic carbon (TOC) of the sediment and Biochemical oxygen demand (BOD)

For the organic carbon data of the R1 stream sediment, we chose the non-parametric
Wilcoxon's test, which considers paired and related data. As a result, we reached a value of
p> 0.01, so there was no difference between the amount and intervention measures (Table

4). For the R2 stream, the sample series did not show significant differences according to



the Shapiro-Wilk test (p>0.05), therefore, it was plausible for us to apply the student T
distribution. We could infer from the unilateral p-value (p<0.05) that the hypothesis was
acceptable, that is, there was some difference between the amount and intervention values.
Finally, for the R3 stream, we achieved from the Wilcoxon non-parametric test the value of

p>0.01, therefore, there was no difference between the amount and intervention data.

TABLE 4 Statistical results comparing the variables upstream and at the intervention site

"Wilcoxon signed-rank test; “Paired sample ¢-test.

For the statistical analysis of the BOD content of the R1, R2, and R3 streams, we chose
the Wilcoxon non-parametric test that considers the paired and related samples. As p>0.01,
we could say that there were no differences between the BOD values upstream and in the
intervention in all rivers, that is, we considered the nullity hypothesis.

Through Figure 5 we observed outliers for the total organic carbon (TOC) of the
sediment and biochemical oxygen demand (BOD) data measured in rivers R2 and R3,

which may have negatively influenced the statistical study.

FIGURE 5 Boxplots of total organic carbon (TOC) and biochemical oxygen demand
(BOD) for the streams R1 (top), R2 (center), and R3 (below)

Invertebrate animals

The main macroinvertebrates identified were Chironomus spp. (Diptera, Chironomidace)
and we found them in streams R1 and R2. We found almost four times the amount of
specimens in the R1 stream, the most urbanized one, concerning stream R2 (197 versus
56),corroborated with Riente (2017) who found out there was a significant increase in the
number of Diptera larvae in the medium course, downstream of the inflow of the urban
watershed. We captured them most of the times together in the sediment (Figure 6), always
in the bottom of the stream, because the fixation of O, in the water happens in an easier
mode, without the necessity of the larva climbing to the surface of the water body to

breathe (Gomes et al., 2018).

FIGURE 6 Specimen of Chironomus spp. (Diptera, Chironomidae) found in streams R1

and R2, placed in an Imhoff cone



Emergence and development of vascular plants

By the succession of photographs, throughout the project period, we could notice that
the projects implemented in streams R2 and R3 did not show the emergence of vascular
plants. On the other hand, after interventions made in the R1 stream, some plant species
emerged on the artificial substrate (jute and gravel) placed on the stream bed and remained
effective, for at least one year, after the beginning of the project, evidenced by pictures

(Figure 7).

FIGURE 7 Status of the projects after three months of intervention: (a) Significant amount
of vascular plants growing in stream R1 (in the photo, water flow: from up to down); (b)
Low retention of sediment in stream R2 (in the photo, water flow: from the right to left);
(c) Retention of sediment and coarse solids in-stream R3 (in the photo, water flow: from

right to left)

Supported by books, booklets, manuals, and the supplementary technical collaboration
of taxonomists, we identified four plant species growing in the structures implemented:
Heteranthera reniformis (Ruiz & Pav.), Polygonum acuminatum (Kunth), Ludwigia
grandiflora (Michx.), and Rumex crispus (L.) (Figure 8) (Olimpio, 2019). We reported all
these species in the R1 stream. They are all ruderal species, able to develop in wetlands,
and/or humid environments, and prefer a high light and temperature environment. Their
growth is fast and in our experiment, we noted that they reached significant heights like

those generally found in the consulted bibliographies.

FIGURE 8 Plant species found in stream R1 in less than a year later the implementation.
(a) Heteranthera reniformis (Ruiz &Pav.), (b) Polygonum acuminatum (Kunth), (c)
Ludwigia grandiflora (Michx.), and (d) Rumex crispus (L.)

3.3. Results of the matrix-based analyses

We based the factors within the pillars of the SWOT matrix on the experience of the
type of project carried out mostly in the R1 stream, which showed clear ecological
responses, including the physical characteristics of the stream, types of works
implemented, layout and quantity, as well as the barriers and positive points observed

(Table 5).



We present the results of the SWOT analysis with the priority analysis in Table 6. The
result of the consistency of the matrix containing the four SWOT pillars was a consistency
ratio of 0.015, which is a consistent matrix because this value is less than 0.1 (Podimata &

Yannopoulos, 2013).

TABLE 5 The SWOT analysis based on the R1 stream intervention works. We codified
each subtopic of the table (S1, S2, W1, W2, etc.) to facilitate the subsequent explanations
in the text and Table 6

TABLE 6 Priorities and consistency index of the SWOT analysis groups and the factors
within the group and globally

'Consistency ratio. *The greatest weight concerning each SWOT group is underlined.

As a result of the A’WOT analysis (AHP-SWOT), we obtained the attributes with the
highest degrees of importance in this type of project. They are: “low-cost projects”,

2 (13

“scarcity of people minimally trained to execute successfully the tasks”, “water quality

2

improvement with simple work” and “risk of loss of work due to the very aggressive
weather” (Figure 9).

In Figure 9, the lengths of the lines in the different sectors show that the threats and
opportunities prevail over the other attributes, therefore, it is necessary to pay more

attention to external factors for the development of this sort of project.

FIGURE 9 Result of the A’WOT method for the intervention project (priority indexes of
the SWOT factors based on the R1 stream experiment). Note: negative values are symbolic

and should be ignored

Moreover, it was feasible to direct the result of the intervention project carried out to
obtain a TOWS matrix, rich in an ecosystem approach (Table 7). We created sucha matrix
based on the criteria listed in the SWOT analysis that received the most degree of
importance according to the AHP method. This matrix will serve as a tool in future
projects to revitalize urban stretches of streams in regions with characteristics like those of

the studied locations.



TABLE 7 TOWS matrix of the project to revitalize urban stretches of streams

4 DISCUSSIONS

The interpretation of the outcomes of a project of ecological restoration should not be
simply "successful" or "unsuccessful", but rather analyzed if they accomplished the main
goals or not, and if there were indications of progress after the project implementation
(Zedler, 2007; Primo, 2020; Silva et al., 2021). Hence, we analyzed the post-intervention
progress in the studied streams separately, without the goal of comparing the three models
employed, but rather describing them in terms of ecological responses, according to the

statistics tests results and data collected (see Supplementary file).

4.1. A general view of the study areas and the structures

In stretch R1, the system installed allowed a spontaneous plant emergence in the
apparatus implemented in the river, with a substantial amount of individuals of four
different plant species, and they remained, according to our monitoring and photographic
record, for more than a year after the end of sample collections (Olimpio, 2019).
Additionally, the bags containing gravel allowed not only the establishment but also the
harmonic coexistence of the emerging vascular plants. The root system of the plants was
able to penetrate the tissues of the bags and the plants were sufficiently sustained (fixed) to
not be washed away by the water during times of river flooding. We concluded, then, that
the emergence of plant species was better than our expectations.

However, the ecological succession of plant species, in the works' substrate in streams
R2 and R3 unfulfilled our expectations. We had greater difficulty in implementing the
intervention project in the river with the largest channel (stream R2), due to the greater
hydrological disturbance resulting from the processes that occur upstream of the
intervention point. Beechie et al. (2010) also reported this fact. Comparatively, England
and Wilkes (2018) attributed the failure in river restoration projects to the lack of effective
monitoring. Also, due to the high energy of the waters that occur over the stream R2, in

times of heavy rains, certainly the nature of the interventions should be ongoing profile,



not a one-off as we have done on that stretch. Summarizing, hydropeaking may restrict
germination and the establishment of riverbank vegetation (Bejarano et al., 2020).

Hence, we might infer that, besides the physical characteristics of the sub-basins, the
high flow speed, in this case, R2 and R3 (5.01 and 3.98 m.s™, respectively) concerning the
stream R1 (0.26 m.s™"), may have limited the development of macrophytes and/or riverine
plants.

Filoso et al. (2015) presented that the frequency and intensity of upstream rain influence
the results of solids retention in lotic environments. Associatedwith this, we identified
other variables, which may consider: the area of the hydrographic basin and the use and
land use. Therefore, as river R2 reached higher peak flow values, followed by R3 and
finally by R1, the hydrodynamic characteristics of the streams connected with this variable
could then, interfere in the response of intervention projects in a non-desirable form.

In this way, a variable that connected with R3 stream characteristics, and that justified
not to appear species in it, was the water level of the stream, a physical type characteristic.
From the data collected, we concluded that the water level in R1 was on average of 2.49
cm, while R3 was 3.98 cm (almost half of the height of the bag), which could have
negative effects and harm the biophilic work, not allowing spontaneous germination of
species easily. We evidenced this fact by the constant need to maintain this work fixed in
the river, notably in the post-rain period (Primo, 2020).

As also reported by Silva ef al. (2018), some months after the implementation of the
biophilic works, we noted an accumulation of approximately 18 m* of sediment in the
"upper river" part of the device used in the intervention work of stream R3. The
constitution of such accumulated sediment was mainly of waste of civil constructions
(gravels, sand, bits of bricks), although we also detected some organic materials, plastics,

and small pieces of glasses.

4.2. The evaluated indicators

According to statistical tests, it was not plausible to state that there were differences
between the upstream and intervention data for BOD of the water and TOC of the sediment
in stream R1. Therefore, it was not possible to state that the plant species contributed to the
reduction of the TOC of the sediment and BOD of the water.

On the other hand, the macroinvertebrate species identified in this stream, which
exceeded BOD limits for a class 2 river established by Brazilian Federal Law [Conselho

Nacional do Meio Ambiente - CONAMA] (Brasil, 2005), could reiterate the statement



found in the literature (Barros et al., 2016; Li et al., 2010; Lu et al. 2019) that such
communities can be used as indicators of the conditions of aquatic systems, more precisely
the species of Chironomidae, corroborating researches carried out by Machado ef al.(2015)
and Johann et al. (2019). The TOC of the sediment proved to be well above the other
streams, reaching values of 2.5%, being the main reasonable factor for the emergence of
plant species on this substrate richer in organic matter.

Regarding the statistical analysis of data in stream R2, the TOC of the sediments at the
sample points upstream and in the intervention indicated that there was a difference
between the data collected, however, once this stream did not present plant species, the
information above was less relevant. Regarding the statistical tests of the BOD values
sampled at the points upstream and at the intervention, there was no significant difference
between the data.For stream R3, the statistical tests of the TOC of the sediment and BOD
variables, returned for both, a null hypothesis. For stream R3, the statistical tests of the

TOC of the sediment and BOD variables, returned for both, a null hypothesis.

4.3. Results of the matrix-based analyses

Analyzing the stream that best presented a response to the intervention related to
spontaneous vegetation, we met some criteria to achieve the efficiency of the project: the
system presented, without damage to the ecosystem, an improved ecological condition,
became more dynamic, and finally, provided data for analysis and publication of results.

Using the SWOT analysis in conjunction with the AHP method (A'WOT analysis), we
obtained the following ranking of SWOT analysis priorities: opportunity (58.55%),
strength (24.71%), threat (10.74%), and weakness (6.00%). According to this analysis, the
most important SWOT attribute was “water quality improvement with simple work”, from
the opportunity group, with 46.41% of the total priority of this factor. Other
criteriaglobally analyzed considered important were: “low-cost projects” (13.34%), “using
of recycled materials” (7.68%), “risk of loss of work due to the very aggressive weather”
(7.68%), and “easy implementation and execution” (7.34%). Similarly, Chen and Ku
(2018) also applying the SWOT analysis in research concerning river ecosystems
management under nature-based solutions (providing solutions that integrate both
engineering projects and protection or restoration of the natural environment), considered
"few and simply engineering measures" as an opportunity (O) that can control some related

threats (T) to optimize the ecosystem studied by the authors.



The partial achievement of the objectives and "slow-motion" progress by the
bioengineering projects, related to ecological succession, implemented in streams R2 and
R3 may be, according to other studies, due to lack of investments, as well as unfamiliarity
of risks. These reflections will serve as a lesson for future studies and should not be
considered as a failure (Geist and Hawkins, 2016, Gann et al., 2019, Arango et al., 2015).

In a general context, analyzing the three streams, we reported that the ability to restore
streams by reducing pollutant loads in the water was inefficient because the release of
polluting loads remained unchanged, corroborating the ideas described by Beechie et al.
(2010), Filoso et al. (2011), and Geist and Hawkins (2016). Hence, we suggest that the first
step in allowing the recovery of a degraded ecosystem is through the actual impacts
identified removal, or reduction (Primo, 2020).

The recent research questions developed about river management and restoration
activities studied by Piégay et al. (2020) showed that there is continually widening the
range of successful projects, with more social factors in addition to ecological ones. As a
suggestion from this innovative approach, It would be interesting that some research is
carried out before the intervention projects, including interests of the residents with
potential for future installation of such works, and besides, a survey with the population
would be pertinent after the end of the projects, verifying the gains obtained from the
social and economic point of view (Polizziet al., 2015, Vasquez and Rezende, 2016,
Brouwer, 2017). Nicholls and Crompton (2017) investigated the effect of rivers on
property values and stated that besides the reduction of damages as a result of a restoration
program, recreational and aesthetic benefits to nearby homeowners are an important value

to consider in its cost—benefit analysis.

S FINAL REMARKS

The dynamics of the ecosystem exhibited alterations, evidenced by the spontaneous
appearance of plant species with ecological succession in one of the streams, as well as the
appearance of macroinvertebrate species.

Each site presented a unique set of challenges that were useful for the team to
disseminate the knowledge. Thus, the products generated in the present study will serve as
an alternative in possible future urban streams intervention projects. The information
collected can support decision-making for choosing the types of technologies to use and

the best site to use them.



We could develop a management protocol, for helping decisions involving the
revitalization of water resources, through the creation of a TOWS matrix with suggestions
for strategies for future projects. The result of this study can be used as a series of priorities
suitable for the academic environment and stakeholders.

Finally, we always encourage projects with interventions in urban streams, focused on
the improvement of water quality, and aiming to provide habitats for fauna and flora,
taking into account consider preliminary studies of land use, flow regime of the water
channel that will receive the intervention, the sediment dynamics of the river, as well as the
population interests and expectations, with the aim of better biophilic techniques choice, in

addition to their positioning and arrangement in the stream bed.

References

Abreu, M. C., Tonello, K. C. (2017). Avaliacdo dos Pardmetros Hidrometeorologicos na
Bacia do Rio Sorocaba/SP. Rev. Bras. Meteorol. 32 (1), 99-109.
https://doi.org/10.1590/0102-778632120150164

Aleksandrova, L. N., Naidenova, O. A. (1976). Laboratory practice in soil science. Kolos,

Leningrad (In Russian).

Arango, C. P., James, P. W., Hatch, K. B. (2015). Rapid ecosystem response to restoration
in an urban stream. Hydrobiologia, 749,197-211. https://doi.org/10.1007/s10750-014-
2167-z

Ayres, M., Ayres, J. R. M., Ayres, D. L. (2007). BioEstat 5.0 Statistics Applications in
Areas of Biological and Medical Sciences. http://www.mamiraua.org.br/download/

Barros, M. P., Gayeski, L. M., Tundisi, J. G. (2016). Benthic macroinvertebrate
community in the Sinos river drainage basin, Rio Grande do Sul. Braz J Biol, 76(4),
942-950. https://doi.org/10.1590/1519-6984.04815

Beechie, T. J., Sear, D. A., Olden, J. D. (2010). Process-based principles for restoring river
ecosystems. BioScience, 60(3), 209-222. https://doi.org/10.1525/b10.2010.60.3.7

Bejarano, M. D., Sordo-Ward, A., Alonso, C., Jansson, R., Nilsson, C. (2020).
Hydropeaking affects germination and the establishment of riverbank vegetation.
Ecological Applications, 30(4), €02076.

BRASIL. Conselho Nacional de Meio Ambiente [CONAMA]. (2005). Resolugdo n. 357,
de 17 de margo de 2005. www.mma.gov.br/port/conama/res/res05/res35705.pdf

Brouwer, R., Sheremet, O. (2017). The economic value of river restoration. Water

Resources and Economics, 17, 1-8. https://doi.org/10.1016/j.wre.2017.02.005



Cerqueira, T. C., Mendonga, R. L., Gomes, R. L., de Jesus, R. M., da Silva, D. M. L.
(2020). Effects of urbanization on water quality in a watershed in northeastern Brazil.
Environmental Monitoring and Assessment, 192(1), 1-17.
https://doi.org/10.1007/s10661-019-8020-0

Chen, C. Y., Ku, C. R. (2018). Assessment of ecosystem Impacts by engineering measures
using the concept of building with nature. /IOP Conference Series: Materials Science
and Engineering, 371 (1), 12-48. https://doi.org/10.1088/1757-899X/371/1/012048

Darwiche-Criado, N., Sorando, R., Eismann, S. G., Comin, F. A. (2017). Comparing two
multi-criteria methods for prioritizing wetland restoration and creation sites based on
ecological, biophysical, and socio-economic factors. Water Resources Management, 31,
1227-1241. https://doi.org/10.1007/s11269-017-1572-2

England, J., Wilkes, M.A. (2018). Does river restoration work? Taxonomic and functional
trajectories at two restoration schemes. Science of theTotal Environment, 618, 961-970.
https://doi.org/10.1016/j.scitotenv.2017.09.014

Everard, M., Moggridge, H. L. (2012). Rediscovering the value of urban rivers. Urban
Ecosyst, 15, 293-314. https://doi.org/10.1007/s11252-011-0174-7

Filoso, S., Palmer, M. A. (2011). Assessing stream restoration effectiveness at reducing
nitrogen export to downstream waters. Ecological Applications, 21, 1989-2006. https://
doi.org/10.1890/10-0854.1

Filoso, S., Smith, S. M., Williams, M. R. (2015). The efficacy of constructedstream—
wetland complexes at reducing the flux of suspended solids to Cheasapeake Bay.
Environmental Science& Technology, 49, 8986-8994.
https://doi.org/10.1021/acs.est.5b00063

Gann, G. D., Mcdonald, T., Walder, B., Aronson, J.et al.(2019). International principles
and standards for the practice of ecological restoration. Restoration Ecology, 27, S1-
S46. https://doi.org/10.1111/rec.13035

Geist, J., Hawkins, S. J.(2016). Habitat recovery and restoration in aquatic ecosystems:
current progress and future challenges. Aquatic Conservation Marine and Fresh Water
Ecosystems, 26, 942-962. https://doi.org/10.1002/aqc.2702

Gomes, P. 1., Wai, O. W. (2019). Ecohydrology structure and function of stream networks

with earthen upstream and concrete-lined downstream. Ecohydrology, 12(4).

https://doi.org/10.1002/eco.2088

Gomes, W. I. A., da Silva Jovem-Azevédo, D., Paiva, F. F., Milesi, S. V., Molozzi, J.

(2018). Functional attributes of Chironomidae for detecting anthropogenic impacts on



reservoirs: A biomonitoring approach. Ecological Indicators, 93, 404-410.
https://doi.org/10.1016/j.ecolind.2018.05.006

Girel, E., Tat, M. 2017. SWOT analysis: a theoretical review. Journal of International
Social Research, 10(51), 13p. https://doi.org/10.17719/isr.2017.1832

Hobbs, R. J, Cramer, V. A. (2008). Restoration ecology: Interventionist approaches for
restoring and maintaining ecosystem function in the face of rapid environmental change.
Annual Review of Environment and Resources, 33, 39-61.
https://doi.org/10.1146/annurev.environ.33.020107.113631

Hobbs, R. J., Hallett, L. M., Ehrlich, P. R. (2011). Intervention ecology: applying
ecological science in the twenty-first century. Bioscience, 61, 442-450.
https://doi.org/10.1525/b10.2011.61.6.6

HOCKING, M. B. (2005). Handbook of chemical technology and pollution control, 3™

edition, 830 P, Academic Press.

https://www.sciencedirect.com/book/9780120887965/handbook-of-chemical-technology-
and-pollution-control.

Instituto Brasileiro de Geografia e Estatistica (2013). Manual Técnico de Uso da Terra.
https://biblioteca.ibge.gov.br/visualizacao/livros/liv81615.pdf

JANKAUSKAS, B.; SLEPETIENE, A.; JANKAUSKIENE, G. A. (2006). Comparative

study of analytical methodologies to determine the soil organic matter content of

Lithuanian Eutric Albeluvisols. Geoderma, vol. 136:

763-773.https://doi.org/10.1016/j.geoderma.2006.05.015.

Johann, A. S. T., Mangolin, L. P., Sanches, P. V. (2019). Urbanized tributary causes loss of
biodiversity in a neotropical river segment. Water, Air & Soil Pollution, 230, 118.
https://doi.org/10.1007/s11270-019-4164-3

Kisi, N. (2019). A Strategic Approach to Sustainable Tourism Development Using the
A’WOT Hybrid Method: A Case Study of Zonguldak, Turkey. Sustainability, 11, 964.
https://doi.org/10.3390/sul 1040964

Koepke, J. (2017). Urban Stream Restoration and Applied Practices in Northeast Illinois.
Journal of Green Building, 12(2), 13-27.

Kurttila, M., Pesonen, M., Kangas, J.(2000).Utilizing the analytic hierarchy process (AHP)
in SWOT analysis - a hybrid method and its application to a forest-certification case.

Forest Policy and Economics, 1, 41-52. https://doi.org/10.1016/S1389-9341(99)00004-0


https://doi.org/10.1146/annurev.environ.33.020107.113631

Li, L., Zheng, B., Liu, L.(2010). Biomonitoring and bioindicators used for river
ecosystems: definitions, approaches, and trends. Procedia Environmental Sciences, 2,
1510-1524. https://doi.org/10.1016/j.proenv.2010.10.164

Lu, W, Fon, R. A., Cheng, S.(2019).Assessing the context and ecological effects of river
restoration — A metanalysis.  Ecological  Engineering, 136, 30-37.
https://doi.org/10.1016/j.ecoleng.2019.06.004

Machado, N. G., Nassarden, D. C. S., Santos, F.(2015).Chironomus larvae (Chironomidae:
Diptera) as water quality indicators along an environmental gradient in a neotropical
urban stream. Revista Ambiente & Agua, 10, 298-390. https://doi.org/10.4136/ambi-
agua.1533

Mcdonald, T., Gann, G. D., Jonson, J., Dixon, K. W.(2016).International standards for the
practice of ecological restoration — including principles and key concepts. SER - Society
for Ecological Restoration, Washington, D.C.
https://cieem.net/wp-content/uploads/2019/07/SER _Standards 2016.pdf

Nicholls, S, Crompton, J L (2017). The effect of rivers, streams, and canals on property
values. River Res Applic, 33: 1377— 1386. https://doi.org/10.1002/rra.3197

Olimpio, B. C.(2019). Identificagdo de espécies vegetais que estdo em fase de crescimento
num trecho de rio urbano e concretado submetido a agdes de recuperagdo ambiental.
Reporting of a Project of Under graduation Activity sponsored by CNPq, Sao Paulo
State University, Sorocaba.

Ourloglou, O., Stefanidis, K., Dimitriou, E. (2020). Assessing nature-based and classical
engineering solutions for the flood-risk reduction in urban streams. Journal of
Ecological Engineering, 21(2), 46 — 56. https://doi.org/10.12911/22998993/116349

Parris, K. M. et al. (2018). The seven lamps of planning for biodiversity in the city. Cities,
83, 44-53. https://doi.org/10.1016/].cities.2018.06.007

Piégay,H., Cottet, M., Lamouroux, N. (2020). Innovative approaches in river management
and restoration. River Res Applic,36,875-879.https://doi.org/10.1002/rra.3667

Podimata, M. V., Yannopoulos, P. C.(2013). Evaluating the challenges and priorities of a
trans-regional river basin in Greece by using a hybrid SWOT scheme and a
stakeholders' competency overview. Intern. Journal of River Basin Management, 11
(1),93-110.https://doi.org/10.1080/15715124.2013.768624

Polizzi, C., Simonetto, M., Barausse, A. (2015). Is ecosystem restoration worth the effort?
The rehabilitation of a finished river affects recreational ecosystem services. Ecosystem

Services, 14, 158-1609. https://doi.org/10.1016/j.ecoser.2015.01.001


https://doi.org/10.1080/15715124.2013.768624

Primo, K. R. (2020). Avaliacio ambiental de trechos urbanos de corregos de leito
concretado apos intervengdes one-off visando a revitalizagdo. Doctorate Thesis. Sdo
Paulo State University. http://hdl.handle.net/11449/191976

Riente, L. A. (2017). Efeitos antrépicos na qualidade da a4gua no corrego Cantagalo - Trés
Rios/RJ. Trabalho de Conclusio de Curso (Bacharelado em Gestao Ambiental) -
Universidade Federal Rural do Rio de Janeiro, Trés Rios - RJ. https://itr.ufrrj.br/portal/
wp-content/uploads/2018/01/monografia-luana-alves-riente.pdf

Saaty, T. L.(1977). A Scaling Method for Priorities in Hierarchical Structures. Journal of
Mathematical Psychology, 15, 234-281. https://doi.org/10.1016/0022-2496(77)90033-5

Silva, A. M., Castelli, K. R., Bortoleto, L. A., Mendes, P. B., Primo, K. R., Silva, R. A.
(2018).Successes and failures reported in a multiscaled framework constituted by
biophilic projects engineered toward environmental recovery. Land Degradation
Development, 29, 4146-4157. https://doi.org/10.1002/1dr.3134

Silva, A. M., Silva, R. A, Primo, K. R., Olimpio, B. C., Silva, G. B., Di Giorgio, C. T.
(2021). Experimental rehabilitation of three concrete, urban stretches streams through
biophilic interventions designed: environmental evaluations. Water, Air and Soil
Pollution, 232, 24 — 40. https://doi.org/10.1007/s11270-020-04957-5

Silva, G. B.(2019). Mapeamento da cobertura da terra de trés microbacias localizadas em
Sorocaba-SP: subsidio para projeto de revitalizacdo de rios urbanos. Monograph
presented as part of the requirements to obtain the title of Bachelor of Environmental
Engineering — Sao Paulo State University, Sorocaba

Sistema Nacional de Informag¢des sobre Saneamento (2018). Ministério do
desenvolvimento regional. http://www.snis.gov.br

Sun, P., Wu, Y., Gao, J., Yao, Y., Zhao, F., Lei, X., Qiu, L. (2020). Shifts of sediment
transport regime caused by ecological restoration in the Middle Yellow River Basin.
Science of the Total Environment, 698, 134261.
https://doi.org/10.1016/j.scitotenv.2019.134261

Vasquez, W. F., Rezende, C. E.(2016).Willingness to pay for the restoration of the Paraiba
do Sul River: A contingent valuation study from Brazil. Ecohydrology & Hydrobiology,
19(4), 610-619. https://doi.org/10.1016/j.ecohyd.2018.01.001

Yavuz, F., Baycan, T.(2014). Application of combined analytic hierarchy process (AHP)
and SWOT for integrated watershed management. International Journal of the Analytic

Hierarchy Process, 6(1), 3-32. https://doi.org/10.13033/ijahp.v6il.194


http://www.snis.gov.br/

Walsh, C. J., Roy, A., Feminella, J.W., Cottingham, P., Groffman, P., Morgan II, R.P.
(2005). The urban stream syndrome: current knowledge and the search for a cure.
Journal of the North American Benthological Society, 24, 706-723.
https://www.jstor.org/stable/10.1899/04-028.1

Zedler, J. B. (2007). Success: An unclear, subjective descriptor of restoration outcomes.

Ecological Restoration, 25, 162-168. https://doi.org/10.3368/er.25.3.162

Data Availability Statement

The authors confirm that the data supporting the findings of this study are available within

the article [and/or] its supplementary material.



	Acknowledgments
	2.2Design of the structures and arrange of them in the locals of the experiment

	5 FINAL REMARKS
	References
	Data Availability Statement

