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An applied ecological approach was used to assess the anthropogenic disturbances on the aquatic systems of the
Sorocaba river and its wetlands in the Sorocaba-SP municipality (Southeastern Brazil). Two samplings of water,
sediment, macroinvertebrates, and macrophytes were performed in 2017, during the rainy season (February)
and dry season (June). Traditional limnological methods were applied to the biological material (macrophytes
and macroinvertebrates) and limnological variables. In 2017, domestic wastewater and diffuse pollution were
the main anthropogenic impacts on the aquatic ecosystems of the Sorocaba municipality. The used approach
allowed the verification of the human disturbances on aquatic systems, sediment, biological communities, and
landscape. We found that biochemical oxygen demand, thermotolerant coliforms, total phosphorus, dissolved
oxygen, and turbidity are above reference concentrations from the Brazilian guideline CONAMA Resolution 357/
05. Four macroinvertebrates orders (Diptera, Oligochaeta, Hirudinea, and Gastropoda) and three macrophytes
species (Eichhornia crassipes, Salvinia auriculata and Pistia stratiotes) allowed inferring that Sorocaba river and
associated wetlands suffer water quality loss due to organic pollution. The major land use classes were an-
thropogenic agricultural and non-agricultural (75.42%) disturbances, contributing to limnological alterations
and low quality of riparian vegetation. Urban wetlands were similar (e.g. sediment properties, limnological
variables, bioindicators) and differed from the contributor river, a situation probably related to the wetlands
bimodal pulse. Considering the hydric network of tropical countries in the same geographic region, the similar
dynamics of the water bodies, and the context of urbanization, the approach can be applied to assess the human
disturbances in the region.

1. Introduction This increasing pressure on water resources, including wetlands,

may be worse in urban areas once in those spaces the superficial water

Wetlands are important aquatic ecosystems that have been losing
area during the last decades due to the landscape cover changes, and
the economic development, and natural area conversion
(Sannigrahi et al., 2018, Quintela et al., 2019). Among the main threats
to the wetland ecosystems, the following elements stand out: (i) water
pollution and (ii) biological invasion by exotic species, and (iii) human
activity development, and the (iv) socioeconomic development context
(Yang et al., 2018, Garcia et al., 2017).

quality is affected by point sources (e.g. waste pipe) or non-point
sources (e.g. nutrient discharges during heavy rainfall) (Delkash et al.,
2018). The city area increase causes physical degradation to the aquatic
ecosystems, due to the rupture in the wetland connectivity (Guida et al.,
2016), the substance insertions (e.g. sediments, heavy metals), and
structural changings (e.g. plumbing, rectification).

Furthermore, those environments contribute to the water quality
loss due to the nutrient discharging, which is one of the greatest
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urbanization consequences (Delkash et al., 2018). When in excess, the
nutrients (i.e. phosphorus and nitrogen) reduce the water quality,
creating conditions for the eutrophication, affecting the human and
biodiversity needs (Laterra et al., 2018).

Wetlands play an important role, those ecosystems are responsible
for sustaining the ecological and socio-cultural processes, providing
essential ecosystem services (e.g. Silva et al., 2019) to cities and col-
laborate positively with human health and urban quality of life
(Hettiarachchi et al., 2014; Lavoie et al., 2016). Besides the many
ecosystem services provided for all society, the wetlands still face re-
ductions in its area and increasing human appropriations on the eco-
system's services (Sannigrahi et al., 2018).

An urban wetland should be characterized by its functions and
processes (Haase et al., 2014). The appropriate decisions for the wet-
lands management have a dependence relation with the (i) regional
environmental characteristics, (ii) resources changes, (iii) regional
differences in the changes processes, and (iv) the changes drivers
(Omernik and Griffith, 2014).

The management must be based on ecological precepts, in addition
to considering the local characteristics and stimulating the development
process without compromising the wetlands ecosystem integrity. There
is a need for assessment methods that allow an integrated evaluation of
these systems, characterizing human interference and indicating the
main interference drivers to management strategies formulation.

Another important characteristic to be observed is the regional in-
fluence on wetlands, a factor that generates changes in the system dy-
namics. For example, the precipitation regimes have a strong influence
on South America wetlands, and this situation implies in terrestrial and
aquatic oscillation due to the flood pulse (Fushita and Santos, 2017,
Bozelli et al., 2018), resulting in changes of the river connection and
water volume.

The constant debates in the academy and the public environmental
policy formulation have not been enough to reverse the current wet-
lands degradation and water quality loss. Some implemented develop-
ment policies are affecting wetlands ecosystems (Veléz et al., 2018).

In the Brazilian scenario, there is a lack of a robust normative dis-
positive to provide effective protection and reinforce the institutional
compromises for the wetland protection (e.g. Sousa et al., 2011;
Junk et al., 2014; Maltchik et al., 2018; Grasel et al. 2018). In this
sense, there is an urgent need to verify ways to evaluate the human
impact on Brazilian wetlands ecosystems, which can contribute to an
efficient management.

The Sorocaba municipality (SP) is inserted in a region where the
land has been exploited for more than four centuries, but the last thirty
years have been marked by the urbanization process increase, natural
areas reduction (Silva, 2010; Bortoleto et al., 2016) and the Sorocaba
river wetlands degradation.

The present work aims to assess the relationship between the
Sorocaba river and its wetlands, using an ecological applied approach,
based on land use, and physical-chemical, and biological analysis,
pointing out the human interference and implications for environ-
mental management. We hypothesized that: urban wetlands that have a
low order river as a contributor experience human disturbance, how-
ever, the wetlands undergo a strong effect from the flood pulse, which
implies wetlands similarities during the seasonal periods and differ-
ences between the contributor river and wetlands.

2. Material and methods
2.1. Study area

The Sorocaba Municipality (47 ° 34 '12,000"'W / 23 * 21’ 3,600 " S
and 47 ° 18 '10,800”'W / 23 ° 35" 20,058 " S) is inserted in the Sao Paulo
southwest region (Figure 1) and belongs to the Hydric Resources
Management Unit (UGRH) Sorocaba-Médio Tieté. The climate ac-
cording to Koppen's classification is Cwa type, characterized by a dry
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season from April to October and a rainy season from November to
March; the average annual rainfall is around 1311.2 mm (Centro de
Pesquisas Meteoroldgicas e Climaticas a Agricultura, 2018). The mu-
nicipality has a total area of 450,382 km? and, a population of 586,625
inhabitants (Instituto Brasileiro de Geografia e Estatistica, 2010Ibge,
2010). In this area, many economic activities (e.g. agriculture, in-
dustrialization, business process outsourcing) have been influencing the
natural environment (Smith et al., 2018).

The present study was carried out in the Sorocaba river section that
corresponds to the river course within the Sorocaba municipality, a
stretch of 68 km (considering all the water body meanders) that pre-
sents distinct characteristics regarding marginal vegetation, wetlands
ecosystems and proximity to the main highway of the city (Cruz and
Piratelli, 2011). The study stretch is a third-order river according to
Strahler's classification. The sampling stations were selected con-
sidering the remaining wetlands and the Sorocaba river adjacent sec-
tion, totalizing seven (7) sampling stations.

2.2. Sampling

The sampling periods occurred during February (rainy season) and
June (dry season) of 2017. On each sampling occasion, three water
samples were collected in each locality with sterile polypropylene
bottles (1 L), wrapped in a thermal box, and then transported to the
laboratory, where they were preserved at 4°C. Following standardized
methods (Table S1), we obtained total suspended solids, total coliforms,
thermo tolerant coliforms, biochemical oxygen demand, total phos-
phorus, and total nitrogen, turbidity, pH, dissolved oxygen, total dis-
solved solids, and electrical conductivity. The water temperature was
measured in the field with a quicksilver thermometer.

Three sediment samples were collected manually with a metal
shovel from the subsurface (ca. 20 cm) and packed individually in
plastic bags. Subsequently, the samples were dried in an oven at 60°C
until constant mass to remove moisture. After crushing, 100 grams of
each sample were weighed on an analytical balance. The gravimetric
analysis was employed to have the sediment distribution as follows:
gravel/boulders - 2 mm sieve; sand - 250 pum sieve and silt/clay - 25 pm
sieve. The organic and inorganic matter of the sediment was achieved
by the complete combustion method (Westtake, 1965; Esteves, 1979).

The benthic macroinvertebrates were collected in each locality
using a Surber sampler (area 0.09 m?, 250 um mesh). Three samplings
were randomly collected, and packed in plastic bags, and fixed with
70% formaldehyde, and then taken to the laboratory for the sorting
process. The samples were washed in metal sieves (25 pm mesh), and
then placed in a plastic tray, arranged on a reflector, and next to a
stereoscopic magnifying glass for identification (Brinkhurst and
Marchese, 1989; Costa et al., 2004; Pes et al.,, 2005; Trivinho-
Strixino, 2011).

Aquatic macrophytes were collected (three samples) above and
below the water surface in an area of 0.25 m? and then placed in a
plastic bag to be identified in the laboratory (Companhia Ambiental do
Estado de Sao Paulo, 2011). The following structural indexes of aquatic
macrophytes were analyzed: (i) number of species, (ii) macrophyte
cover area (projective cover), (iii) frequency of each species occurring,
and (iv) ecological structure. The percentage of macrophyte coverage
(MC) was classified in the following classes: (1) 0 - 20%, (2) 20 - 40%,
(3) 40-60% and (4) 60-80% and (5) 100%.

2.3. Limnological indexes

In order to obtain a complete diagnosis and to generate useful in-
formation related to water quality, two indexes were calculated: the
Trophic State Index (TSI) and the Water Quality Index (WQI)
(Companhia Ambiental do Estado de Sao Paulo, 2017). The TSI was
calculated using Eq. (1) and the water bodies corresponded to one of
the six trophic classes (Table 1).
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Fig. 1. Geographic localization of the study area and sampling stations. R = Corresponding Sorocaba river section, W = corresponding wetland.

Table 1
Classification of water bodies based on TSI
Source: Cetesb (2017)

Category Score
Ultraoligotrophic TSI < 47
Oligotrophic 47 < TSI < 52
Mesotrophic 52 < TSI < 59
Eutrophic 59 < TSI < 63
Supereutrophic 63 < TSI < 67
Hypereutrophic TSI > 67

The TSI was calculated using Eq. (1) and the water bodies corre-
sponded to one of the six trophic classes (Table 1).

TSI(TP) = 10 X (6 — ((0.42 — 0, 36 X (InTP))/In2)) — 20 eh)

Where: TP: Total Phosphorus concentration (ug L™ ) In: natural loga-
rithm.

The WQI was developed by the Environmental Company of the Sao
Paulo State (Ceteb) and was calculated using Eqs 2 and 3, considering
nine limnological variables: (i) thermotolerant coliforms, (ii) bio-
chemical oxygen demand, (iii) total phosphorus, (iv) total nitrogen, (v)
dissolved oxygen, (vi) pH, (vii) total suspended solids, (viii) tempera-
ture, and (ix) turbidity. The WQI classifies water bodies into one of five
quality levels (Table 2).

wor = [Ta" @
i=1

Where: Water Quality Index (a number between 0 and 100), qi: quality
of the ith variable, a number between 0 and 100 obtained as a con-
centration function or variable mensuration and wi: weight corre-
sponding to i-th variable, assigned according to the importance of this
variable for overall quality compliance, a number between 0 and 1.

Table 2
WQI classification.
Source: Cetesb (2017)

Category Score
Very Good 79 < WQI < 100
Good 51 < WQI = 79
Regular 36 < WQI < 51
Bad 19 < WQI < 36
Poor 00 < WQI < 19

n
ZW,‘ =1
i=1

3)
Where: n: the number of variables entering the calculation
2.4. Riparian vegetation assessment
The Riparian Forest Evaluation (RFE) (Magdaleno and

Martinez, 2014) assesses the quality of the riparian vegetation con-
sidering: (i) longitudinal connectivity; (ii) transversal connectivity; (iii)
vertical connectivity and (iv) regeneration capacity. For each para-
meter, one of the following statuses was established: very good (5),
good (4), regular (3), poor (2), and bad (1). The score sum-product
results in the final ecological assessment (Table 3), which provides a
qualitative description of the state of riparian vegetation. In each
sampling station, 50 meters were considered for the application.

2.5. Land use

The land use was obtained by manual polygon digitalization of
LandSat-8 image (sensor OIL, path 220, raw 76; dated February 23,
2017; Spatial resolution: 30 m) provided by the United States
Geological Service (USGS). A multispectral composite of three bands
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Table 3
RFE score and qualitative result.
Source: Magdaleno and Martinez (2014)
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Category Score

Very good - the vegetation shows continuous connectivity in all dimensions, has a great regeneration potential given the found representative species and high 19 - 20
ecological value, given its structure and composition

Good - the vegetation shows great connectivity in all dimensions, has a notable regeneration potential given the found representative species and a good ecological 16 -18
value, given its structure and composition

Moderate - the vegetation shows connectivity modifications in all dimensions; the regeneration potential is compromised or is possible to observe anthropic 12-17
interference in its structure and composition

Poor - the vegetation shows a deep connectivity modification in all dimensions; the regeneration potential is high compromised/non-existent or is possible to observe a 8-15
high anthropic interference in its structure and composition

Bad - the vegetation shows a complete connectivity alteration in all dimensions; the regeneration potential does not exist or there is no ecological value 4-11

(6R5G4B) was carried out to classify the land use/cover, and we
identified the land use according to the image's texture and tone. The
urban area distance and the riparian vegetation width were measured
using the software QGIS (version 3.0.2).

2.6. Data analysis

The Principal Components Analysis (PCA), Redundancy Analysis
(RD), and Cluster Analysis (method "average") were applied to all the
limnological data, biotic communities, sediment data, macrophyte
coverage, RFE, urban distance area, and riparian vegetation width. PCA
allowed formulated the dimensional description of the environmental
data and the linear combinations provided by the analysis allowed
postulations. RD is a canonic analysis of PCA, we aimed to verify the
environmental data correlations (biotic communities and abiotic data).
The hierarchical Cluster Analysis contribute to verify the hydric bodies
groups based on the dissimilarity matrix; groups were formed according
to the agglomerative method ("average"). The dissimilarity matrix was
calculated using the Euclidean metric, based on pairwise dissimilarities
between the average linkage algorithm (weighted or unweighted)
(Héardle and Simar, 2015). All the statistical analyses were performed in
R language (R Core Team, 2018). The function " decostand" was applied
for the data transformation and standardization. The TC, FC, TN, and
TP parameters did not receive statistical treatment, were analyzed ac-
cording to the Brazilian guideline CONAMA Resolution 357/05.

3. Results

The physical and chemical variables for the sampling stations and
associated wetlands are provided in the supplementary material (Tables
S2 and S3). The rainy season showed higher mean temperature values
(23.28°C) than the dry season (19.85°C), but temperature varied with
sampling hour and the depth of the aquatic environments.

According to the thermotolerant coliforms values, the Sorocaba
river stations (i.e. R1, R2, R6, and R7) present concentrations above the
CONAMA Resolution 357/05 (1,000 CFU/100 ml). In both seasons, the
major sewage input occurred before the Sorocaba river entrance in the
municipality, situation probably associated with the sewage from pre-
carious Sewage Treatment Plant in the Votorantim municipality.

Considering the longitudinal gradient, there is a reduction in the
thermotolerant coliforms values from R1 to R7 (ranged from 528,000 to
195,200 CFU/100 ml). Although, an increase of thermotolerant coli-
forms was observed in R7 during the dry season, which can indicate
sewage entrance in the system before the river leaves the urban area.
The nutrient analysis (total phosphorus and nitrogen) in the places
correspondent to the river entrance (R1), medium course (R2) and
before the river leaves the municipality (R7) exhibits some enrichment
during the dry season and lower values in the rainy one, main in the
function of the water volume in the system. Total phosphorus ranged
from 14 to 118 pg/L, the total nitrogen varied from 1,084 to 3.435 mg/
L.

Concerning the electrical conductivity values (ranged from 44.50 to
312.67 puS/cm), it is possible to note that Sorocaba river has a huge
dissolved solids charge (probably organic matter) from R1 to R7, which
may be influenced by urban area discharges. The wetlands were in-
fluenced by human interference, but increases and decreases in elec-
trical conductivity concentrations were observed according to the
longitudinal gradient. The highest values recorded for total dissolved
solids in the river were found in the rainy season (ranged from 33.90 to
172.90 mg/L), in the wetlands the same situation was noted and the
higher values was registered in the dry season (ranged from 20.47 to
83.53 mg/L).

Considering the Sorocaba river is evident that the higher values of
total suspended solids for the river occurred during the rainy season
(ranged from 9.87 to 81.67 mg/L) and a small variation was observed
in the dry season, although wetlands showed higher values in the dry
season (ranged from 3.33 to 90.33 mg/L). As expected, turbidity fol-
lowed the same pattern observed in the Sorocaba river (values from
26.66 to 144,34 NTU) and wetlands (values from 15.33 to 472.66 NTU)
concerning to total suspended solids.

Both climatic periods indicated dissolved oxygen variation (ranged
from 1.40 to 7.07 mg/L) in the Sorocaba river, represented by a de-
crease and increase, mainly during the rainy period. Wetlands ecosys-
tems demonstrated a similar situation (ranged from 0.40 to 7.72 mg/L).
All that variation is probably associated with the organic matter de-
gradation in the system and sewage discharges in the longitudinal river
gradient.

The pH values indicate that the environments tend to be slightly
alkaline (> 7, 0), except W3 during the first water sampling, which was
characterized as mildly acidic (< 7, 0), due probably in the function of
the vegetal biomass degradation.

An important point is that according to a national guideline
(CONAMA Resolution 357/05), some limnological parameters are
above references concentrations (thermotolerant coliforms - 1,000
UFC/100 ml; biochemical oxygen demand - 5 mg/L; total phosphorus -
0,1 mg/L; dissolved oxygen - = 5 mg/L turbidity - 100 NTU), indicating
an anthropic interference on the evaluated aquatic systems.

The trophic degree of Sorocaba river increased along with the
longitudinal profile, varying from oligo to supereutrophic (Table 4),
and along the seasons, without lower values during the rainy period and
higher values during the dry season.

Thermotolerant coliforms, dissolved oxygen, and biochemical
oxygen demand were the most important limnological parameters that
influenced the WQI result, proving once again the anthropic inter-
ference on the river, given the water quality loss during the longitudinal
gradient.

The sediment data (Table S5) revealed that the sampling stations
have silt/clay as the main fraction in the sediment, the samples were
composed mainly for inorganic material (> 79%). Concerning the or-
ganic material concentrations, usually, the wetlands ecosystems had
higher organic material (mean = 13.25%, min. = 3.50,
max. = 20.07%) than Sorocaba river stations (mean = 8.10%,
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Table 4
Obtained values for TSI and WQI.
Index Season R1 R2 R7 R8
TSI Rainy Oligotrophic (50.22) Oligotrophic (51.42) Oligotrophic (49.23) Mesotrophic (52.10)
Dry Oligotrophic (47.64) Supereutrophic (63.87) Supereutrophic (63.78) Mesotrophic (58.71)
WQI Rainy Regular (36.55) Bad (29.58) - Bad (26.84)
Dry Regular (42.42) Regular (39.45) - Bad (35.42)

min. = 4.61, max. = 12.54%). The results reinforce the idea of those
anthropic activities (e.g. civil sector, sugar cane) might contribute to
soil revolving and material disposition in the aquatic environments,
likewise, the degradation process predominance in wetlands favors a
higher organic matter in the sediment.

During the rainy season, the river connection with the wetlands is
well established, bearing the higher values for organic matter in these
environments when the dry season was considered; the connectivity
allows organic matter entrance, and the rain result in allochthone
material input.

In face of the silt/clay fraction relevance, the Sorocaba river and
wetlands may accumulate several substances (e.g. Cu, Cr, Mg, Pb, or-
ganochlorine) because of the large contact surface of the fine particles.

Aquatic macrophytes species and macroinvertebrate orders were
found in some sampling stations, and group predominance was ob-
served in some cases (Table 5). Four macro invertebrates’ orders (i.e.
Diptera, Oligochaeta, Hirudinea, and Gastropoda) were identified, and
six families of aquatic macrophytes were found: (i) Cyperaceae (Cyperus
giganteus), and (ii) Pontederiaceae (Eichhornia crassipes), and (iii) Hy-
drocharitaceae (Egeria densa), and (iv) Araceae (Pistia stratiotes), and (v)
Salniniacea (Salvinia auriculata), and (vi) Phocaea (Urochloa arrecta).

Five aquatic plants occurred in W5, two in W2 and W7, and only
one in W3 and W4. Macrophyte occurrence was not recorded in two
wetlands (W1 and W6). On the other hand, the W3 coverage was equal
class 5 (100%) in both sampling campaigns, P. stratiotes covered all the
water area. The seasonality influenced the cover in some wetlands (W5
and W7), but no variation was observed in W4. The areas where

macrophytes did not occur were framed as Class 1, concerning the
vegetal cover.

We can infer that Sorocaba river wetlands undergo water quality
loss, occasioned by domestic effluent input, given that three macro-
phyte species (i.e. S. auriculata, P. stratiotes and E. crassipes) are strongly
associated with impacted areas and high nutrients concentrations.
There was possible to see a higher species occurrence in W5, which can
indicate a lower anthropic perturbation degree when compared with
the other ecosystems. W4 is under high human interference probably by
sewage input, a situation that contributes to P. stratiotes domination.
The remaining areas might be in an intermediate human interference
degree.

Seasonality influenced the macroinvertebrate number, during the
dry season, the rain that occurred in the previous day possibly con-
tributed to the low number of the collected organism. The identified
orders are characterized to be tolerant and resistant to pollution. The
low richness can be related to anthropic interference on Sorocaba river
and its wetlands (e.g. limnological parameters).

There are some similarities in the biological groups’ composition in
the sampling stations, a factor that may go through influence from
organic pollution, an element that creates conditions to resistant groups
surviving and water quality loss, besides the habitat homogenization
(heterogeneity reduction). This scenario indicates that anthropic ac-
tivities caused alterations in nutrients levels and other limnological
parameters, as verified. There is a possible water quality compromising,
in some cases is possible to observe anoxia (W4). Aquatic macrophytes
and macro invertebrates emphasize the limnological analysis results,

Table 5
Macrophytes species occurrence and macroinvertebrate order abundance.
MACROPHYTES
Species Season w2 w3 w4 w5 w7
C. giganteus Rainy X
Dry X
E. crassipes Rainy
Dry
E. densa Rainy X X
Dry X X
P. stratiotes Rainy X
Dry X
S. auriculata Rainy X X X X
Dry X X X X
U. arrecta Rainy
Dry
Cover Rainy 3 5 3 3
Dry 1 2 5 2 2
MACROINVERTEBRATE
Order Season R1 R2 R3 R4 R5 R6 R7 w2 W3 W5 W6 w7
Diptera Rainy 3 2 0 7 0 0 0 0 0 0 0 1
Dry 0 0 0 0 0 0 0 0 0 0 0 0
Oligochaeta Rainy 69 5 67 2 70 144 150 0 0 78 0 4
Dry 0 7 0 4 0 0 0 0 0 0 0 0
Hirudinea Rainy 5 1 1 0 0 0 0 0 1 0 0 0
Dry 0 0 0 0 0 0 0 0 0 0 0 0
Gastropoda Rainy 0 0 0 0 0 0 0 0 0 0 0 0
Dry 0 0 0 0 0 0 1 1 0 0 2 0
Total Rainy 77 8 68 9 70 144 150 0 1 78 0 5
Dry 0 7 0 4 0 0 1 1 0 0 2 0
Richness Rainy 3 3 2 2 1 1 1 0 1 1 0 2
Dry 0 1 0 1 0 0 1 1 0 0 1 0
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Fig. 2. Urban area distance and the riparian vegetation width for the sampling stations.

the bioindicators of low quality prove that wetland ecosystems are in a
debility state and have alterations in the ecological functions. The lentic
system bears up the macrophytes growth, as well as their development
process, thanks to the decomposition process and nutrient realizing
during the detritus decomposition.

Fig. 2 demonstrates the values for riparian vegetation width and
urban area distance obtained for the sampling stations. Some localities
(W3 and W5) do not have riparian vegetation; instead, others have a
small vegetation width (W2, W6, and W7) or large vegetation in the
adjacent area (R1, R4, R8, and W1). Urban areas are very close to al-
most all the sampling stations (< 60 m). Table 6 shows the human
interference in the connectivity and regenerative capacity of Sorocaba
river (except W7) and wetlands ecosystems. The low quality attributed
had, as main causes, isolated individuals, ruderal species, natural re-
generation impedance, and low or inexistent connectivity. High con-
nectivity, dense riparian vegetation, and a great population structure
contribute to good quality and a relevant ecological value (e.g. R1, W1,
and W1). The urban areas proximity and the vegetation width might
favor human interference, contributing to poor riparian vegetation,
reflecting in the water quality.

So, the sampling stations can be categorized as being under stress
for urban structures proximity.

PCA analysis (Fig. 3) explained 66, 76% of the data variation (axe
1 = 35, 68%, axe 2 = 31, 08%). Electrical conductivity, turbidity,
urban area distance, sediment inorganic matter, riparian vegetation
width, and total suspended solids were the parameters that most con-
tributed to the axis formation and sampling stations segregation. The
turbidity, Oligochaeta order, and total suspended solids caused some
localities segregation (R2, R6, W2, W3), as the urban area distance (R1,
R3, R5) and riparian vegetation width (R4, R7, W1, W4). It seems that

Table 6
Results of RFE application to evaluated sampling stations.
SOROCABA RIVER
R1 R2 R3 R4 R5 R6 R7
Moderate Poor Moderate Moderate Moderate Moderate Good

WETLANDS ECOSYSTEMS

w1 W2 w3 W4 W5 w6 W7
Good Good Poor Good Poor Moderate Moderate
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Fig. 3.PCA diagram ordination for the sampling stations.
Legend = biochemical oxygen demand (DBO), dissolved oxygen (DO), dry
season (S), electrical conductivity (EC), gravel/boulders (Casc), macrophyte
coverage (MC), rainy season (C), riparian forest evaluation (RFE), riparian
vegetation width (RVW), sand (areia), silt/clay (arg_sil), Sorocaba river stations
(R), temperature (T), total dissolved solids (STD), total suspended solids (TS),
turbidity (turb), urban area distance (UAD), and wetland stations (W).

the wetlands (except W3 and W2 during the dry season) can be char-
acterized by similarity and a great relation with some parameters (total
suspended solids, and total dissolved solids, and electrical conductivity,
and sediment inorganic matter), situation supported by the limnolo-
gical and sediment data. The river sampling stations showed dissim-
ilarity in both sampling campaigns, mainly in the initial longitudinal
gradient (R1, R2, and R3). Negative relations were noticed between
urban area distance - macrophyte coverage, turbidity - sediment in-
organic matter, and total suspended solids - silt/clay, but a positive
relation was also noticed (total dissolved solids - electrical con-
ductivity). The other parameters considered did not imply in localities
segregation.
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Fig. 4. RD ordination diagram for the sampling stations. Legend = biochemical
oxygen demand (DBO), Diptera (Dip), dissolved oxygen (DO), dry season (S), E.
crassipes (Ec), E. densa (Ed), C. giganteus (Cg), electrical conductivity (EC),
Gastropoda (Gast), gravel/boulders (Casc), Hirudinea (Hir), macrophyte cov-
erage (MC), P. stratiotes (Ps), Oligochaeta (Oli), rainy season (C), riparian forest
evaluation (RFE), riparian vegetation width (RVW), S. auriculata (Sa), sand
(areia), silt/clay (arg_sil), Sorocaba river stations (R), temperature (T), total
dissolved solids (STD), total suspended solids (TS), turbidity (turb), U. arrecta
(Ur), urban area distance (UAD) and wetland stations (W).

The environmental gradient analysis was based on the RDA (Fig. 4),
that explain 54, 62% of the data variation (axe 1 = 37, 48%, axe
2 = 17, 14%). Macroinvertebrate has a positive relation with some
limnological parameters (total suspended solids, turbidity, and silt/
clay), especially the Oligochaeta order, but the Gastropoda showed a
negative relation to the previous parameters and had a positive relation
with biochemical oxygen demand, riparian vegetation width, and
gravel/boulders. In general, the macrophytes presented a positive re-
lationship with sediment inorganic matter, riparian vegetation width,
PH, dissolved oxygen, sand, and sediment organic matter (especially E.
densa). S. auriculata had a strong relation with macrophyte coverage.
However, P. stratiotes showed a relation with other parameters (urban
area distance, total dissolved solids, and electrical conductivity). The
sampling stations can be characterized for a similarity, some localities
showed positive relations with limnological parameters and biotic
communities (e.g. R2 and Oligochaeta, W7, and total suspended solids,
W3 and P. stratiotes, W2 and S. auriculata). C. giganteus, E. crassipes, and
U. arrecta presented a small relation with sediment inorganic matter,
RFE, temperature, pH, dissolved oxygen, sand, and sediment organic
matter. A negative relation was observed between macrophyte coverage
and some parameters (urban area distance, total dissolved solids, and
electrical conductivity).

Cluster Dendrogram (Fig. 5) consistently aggregated the sampling
stations in two groups: one composed by W2 during the dry season
(possibly influenced by the high turbidity), and two Sorocaba river's
stations (R2 and R6 - rainy season), and others in the remaining places.
The larger group is subdivided into two groups because of the dissim-
ilarities from limnological data, and sediment, and riparian vegetation,
and biological groups. The first one can be described as being more
affected by human disturbances in the function of the limnological data,
biological existent groups and variation along with the seasonality
when compared with the other group, which is marked by similarities,
especially during the dry season, where a low data variation was ob-
served. Also, it is possible to infer that the Sorocaba river wetlands are
more similar among them (salve W2 during the dry season and W3)
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than the Sorocaba river during its longitudinal gradient. Besides that,
some river stations can be considered similar to the wetlands during the
dry season (R2 and R6).

During the year of 2017, 11 land use typologies were identified
(Figure 6), which can be grouped in four land use classes: (i) anthro-
pogenic non-agricultural (i.e. mining, road, and urban area), (ii) an-
thropogenic agricultural (i.e. annual crop, bare soil, pasture, and sil-
viculture), (iii) natural (i.e. native vegetation) and (iv) water (i.e.
reservoir, water body, and wetlands). The most abundant land uses
were correspondent to anthropogenic agricultural and non-agricultural,
which together occupied 75.42% of the total area (45,071.69 ha), fol-
lowed by natural (23.47%) and water (1.11%). Annual crop, and urban
areas, and pasture are the main drivers in the area. The native vege-
tation in the municipality is highly fragmented, especially in the urban
areas; the remaining vegetation is associated with hydric bodies. The
remaining wetlands are associated with the Sorocaba river and located
mostly in the urban area.

4. Discussion

The River Continuum Concept (Vannote et al., 1980) is based on the
premise that a lotic environment shows a continuum gradient from
spring to river mouth of physic variables (e.g. flood, temperature,
width) that deeply influence the biological communities and ecological
process. Sorocaba river is a large river, the discharge favors reductions
in temperature, and electrical conductivity values, and pH, and total
dissolved solids, and total suspended solids, and dissolved oxygen
concentrations, mainly during the dry season. Furthermore, the dis-
turbances occasioned by elements input in the Sorocaba river change
the stability because of energy flow in the rainy season.

Flood Pulse Concept (Junk et al., 1989) explains the dynamic ob-
served in wetlands ecosystems, the exerted force on biota control, and
floodplains resulting in elements transference (e.g. organic matter)
between the river and wetlands along with the water level variation.
During the dry season, the water level favored the lower variation ob-
served in the wetland's limnological characteristics (electrical con-
ductivity, pH, total dissolved solids). Over the rainy season, the con-
nection with the Sorocaba river increase, contributing to material input
in wetlands, what results in the variation of limnological parameters
displaying higher values than in the dry season (electrical conductivity,
biochemical oxygen demand, and total suspended solids).

Some limnological parameters (total dissolved solids, total sus-
pended solids, biochemical oxygen demand, and turbidity) presented
higher concentrations during the rainy season than the dry season, as
consequence from the increase in the surface runoff during the rise in
the precipitation, altering the elements input in the aquatic systems
(Andrietti et al., 2016). Low dissolved oxygen concentrations were re-
lated to organic matter decomposition due to microbial community
metabolism (Furtado et al., 2015). The pH variation is a consequence of
the decomposition process (pH < 7) and photosynthetic activities (pH
> 7) (Bambi et al., 2008) by changing the inorganic carbon balance.

The nutrient spiraling in streams that address the nutrient cycling in
aquatic systems (Newbold et al., 1981), contemplating the spatial and
temporal dimensions (assimilation and sequestration) (Ensing and
Doyle, 2006). Both total phosphorus and nitrogen were not retained by
the Sorocaba river, and the increase in nutrients in some sampling
stations was associated with interference factors (as Sewage Treatment
Plants effluent, organic matter input). The rise in a load of those nu-
trients was related to the input of domestic sewage (Rocha et al., 2014).
High total phosphorus concentrations are indicative of allochthone
material intake (Furtado et al., 2015), as observed in R6.

The nutrient excess (especially the lentic ones) generate alterations
in the metabolism of the aquatic ecosystem, as the primary production
increase, that reduce the dissolved oxygen due to the biomass de-
gradation, as well as cyanotoxin production by algae communities and
turbidity rise. All these processes affected the local biota and represent
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Fig. 6. Sorocaba-SP Land Use distribution and cover typologies and area (ha and %) in 2017.

a negative aspect for the water multiple uses (e.g. water supply, re-
creation).

Former limnological data from sampling stations in 1993, showed
that the wetlands presented higher values of dissolved oxygen than in
our study and the temperature and pH showed a low variation among
the environments (Smith and Barrela, 2000). The limnological report
from Cetesb (https://cetesb.sp.gov.br/aguas-interiores/publicacoes-e-
relatorios/) for 2015 and 2016, pointed that the sampling stations R2

and R6 were influenced by untreated sewage input, given the obtained
limnological parameters (electrical conductivity, total phosphorus,
biochemical oxygen demand).

The temperature is influenced by the climatic regime and geo-
graphic factors (e.g. altitude), playing a relevant role in aquatic sys-
tems, due to physical and chemical parameter influence and in the biota
metabolism (Companhia Ambiental do Estado de Sao Paulo, 2017).
Sampling time and riparian vegetation degradation or lack of riparian
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vegetation were the components that differentiate sampling stations
(e.g. R1, R3, R6, V4, V5, and V7) concerning the water temperature.
Wetlands that presented a good ecological status (WI and W2) showed
no higher temperature as that observed in the river. The opposite si-
tuation was found in the following wetlands: W4, W7, and W8 that was
characterized by human interference in the riparian vegetation.

Escherichia coli is a microbiological group that occurs in the in-
testinal flora of endothermic animals, largely used as a fecal con-
tamination indicator and pathogens organism existence in the aquatic
bodies (Arruda et al., 2016). The water of Sorocaba river presented
organisms associated with water-related diseases, which indicates that
these environments’ water is not appropriated for human consumption
without previous treatment.

Biochemical oxygen demand was considered an indirect pollution
indicator once this limnological parameter is related to the domestic
sewage input (Petry et al., 2016) resulting in a reduction of dissolved
oxygen levels. Low biochemical oxygen demand values can be asso-
ciated with less anthropic interference and lower effluent discharges
(Damasceno et al., 2015). Wetlands may experience dissolved oxygen
reduction because of the biomass (i.e. macrophyte) degradation process
(Azevedo et al., 2014), a condition observed in W3.

Biological communities reflected the human disturbance in the
study area. The identified macroinvertebrate orders were characterized
to be tolerant and resistant to pollution. These organisms live in en-
vironments with low habitat diversity and consume the organic matter
in the sediment (Schiller et al., 2017). The low richness was associated
with sewage (domestic and industrial) discharge, and deforestation,
and river canalization (Laura Miserendino et al., 2011), a scenario
observed in the Sorocaba river and the wetlands.

The evaluation of an area located before R1 (Itupararanga reservoir
drainage area), reported the predominance of some orders (Diptera,
Hemiptera, and Odonata) related with human disturbances, mainly
organic and chemical pollution, once organisms associated with good
quality indicators (e.g. Ephemeroptera, Tricoptera and Plecoptera)
were not found (Taniwaki and Smith, 2011). The identified orders
usually live under low dissolved oxygen concentrations and high
trophic degrees (Fusari and Fonseca-Gessner, 2006; Beghelli et al.,
2015), indicating that the aquatic ecosystems have fragilities occa-
sioned by human impacts, as reinforced by limnological analysis
(electrical conductivity, thermotolerant coliforms and dissolved
oxygen).

In the same way, aquatic macrophytes reflected organic pollution in
the wetlands. The loss of water quality contributes to the maintenance
and excessive macrophytes growth, as the S. auriculata and P. stratiotes
(Thomaz et al, 1999; Pedralli, 2003; Pompéo, 2008;
Trindade et al. 2010; Galal and Farahat, 2015; Lu et al., 2018) found in
our study

Considering perturbation events (i.e. domestic sewage input, de-
forestation, diffuse pollution) that influenced the communities in the
sampling stations, we inferred that the aquatic ecosystems had altera-
tions in the community structure (Niemi and McDonald, 2004;
Danz et al., 2007). Unsustainable agricultural activities confer a threat
to the aquatic systems (Guerreiro, 2019), a common practice observed
in the adjacent areas in the Sorocaba river.

Riparian vegetation degradation is a factor that propitiates the in-
organic material and sand adduction increase because of the ac-
celerated erosive processes (Santiago and Cunha-Santino, 2014). The
sediments are carried from agribusiness activities as a result of soil
rotating and from urban drainage systems by car emissions, and in-
dustries, and home building, and deforestation (Tucci, 2002;
Minella et al., 2007; Taylor et al., 2008).

The aquatic ecosystem quality is reflected by their sediment prop-
erties, the fraction < 63 um is largely observed in studies that aim to
verify pollutants in the sediment (e.g. Cesar et al., 2011) for being
chemically active and retaining heavy metals (Lemes et al., 2003). We
found silt/clay fractions, indicating that the sediment in the sampling
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stations may accumulate metals and other pollutants, situation favored
by the lack of riparian vegetation, and the particulate material input
during rainy periods (Oliveira et al., 2010; Tundisi and Tundisi, 2010).
Although lower total suspended solids concentration occurs during the
dry season due to water level stability and low particulate material
input, particulate material emitted by human activities is a relevant
heavy metal source (Ribeiro et al., 2012; Andrietti et al., 2016).

Sorocaba municipality has a high fragmented landscape and the
remnant vegetation is distributed in small areas, a situation associated
with the protection proportioned by normative dispositions
(Mello et al., 2014; Mello et al., 2016), as the Federal Law 12,651/2012
(Native Vegetation Protection Law - NVPL), the mechanism that es-
tablishes Permanente Protected Areas (an area that must protect in
public and private lands) around water bodies and Legal Reserves
(areas that must be protected inside rural properties). Besides this
scenario, the municipality presented 166 vegetal species (Kortz et al.,
2014), indicating that the remaining vegetation contributes to biodi-
versity conservation. Silva (2010) identified during the periods of 1988-
1995 and 1995-2003 that Sorocaba's main land use were urban areas
and pasture, situation verified also by (Bortoleto et al., 2016). The in-
tense land-use verified in Sorocaba was similar to the Prata Basin,
where the agricultural practices and urbanization constitutes the main
drivers of changes in the landscape (Zeni et al., 2019).

The lack of riparian vegetation contributes to water quality loss,
mainly by the retention capacity reduction and physical-chemistry
parameter alterations (Rodrigues et al., 2015). Urban process, and
agribusiness, and industrialization imply negative impacts on natural
systems and cause alterations in their stability, due to the high land-
scape modification (Silva et al., 2017). The recovery of natural areas in
Sorocaba is necessary, as well as the reduction of the pollutant load of
the aquatic ecosystems. The establishment of regulatory rules and
strong monitoring efforts can favor Sorocaba's wetlands stability.

Sorocaba municipality has a large population and human activities
are based on the agribusiness and industrial sector. The indirect drivers
contributed to natural landscape conversion in urban areas and agri-
business development, sewage loadings increase, and nutrient input
from organic pollution in the aquatic systems. Indirect drivers resulted
in many ecological effects that promote alterations in the ecosystem
services and excess pressure on indirect drives (Fig. 7).

Urban ecosystem provision is much related to the provision struc-
tures in the urban areas, especially the blue (e.g. pounds, rivers, wet-
lands), and green (e.g. urban forest) areas (Artmann et al., 2017;
Pueffel et al., 2018). These areas should be taken into consideration
during land planning and the impact need to be reduced in the intent to
establish a healthy place for society (Li et al., 2017) and ecosystem. The
scenario we found demonstrated that the sampling stations are under
human interference, implying in adverse effects on ecosystem home-
ostasis in the function of environmental metabolomics, and microbial
interactions, and metabolism changes, and environmental alterations
that interfere in biological health and biochemical cycles (Kikuchi et al.,
2018). Considering the hydric network of tropical countries in the same
geographic region and the importance of the flood pulse (Lynch et al.,
2016; Dalmagro et al., 2017, McInerney et al., 2017; Ramos et al., 2017;
Suchara, 2018), as well as urbanization and population increase con-
texts, the approach proposed can be used to assess the human inter-
ference on other urban tropical wetlands.

5. Conclusions

The ecological approach that was applied was based on land use,
and limnological analysis, and biotic communities, and riparian vege-
tation enabled the verification of the main human interferences in
Sorocaba Municipality (diffuse pollution and domestic sewage) and it
can be employed in other wetland ecosystems. The organic matter input
was reflected on electrical conductivity, and biochemical oxygen de-
mand, and dissolved oxygen concentrations and the organism,
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Fig. 7. The conceptual model for Sorocaba municipality drivers. Adapted from: (Galatowitsh, 2012).

indicating the water quality loss, as presented by the limnological in-
dexes. The situation proves that the environmental planning based on
strategic action is a necessary approach to deal with the incipient
physical planning, besides the need of considering all hydrographic
basin and activities carried out in it, which reflect on hydric bodies. The
statistical analyses showed that wetlands, in general, were character-
ized by great similarity, but different from the Sorocaba river sampling
stations. The human activities in the landscape resulted in jeopardizing
the riparian in some localities, although the vegetation still contributes
to water protection and have ecologic value. The situation demands the
search for equilibrium between development and ecological function to
meet human needs and promote wise water resources use and biolo-
gical conservation. The local managers can provide normative elements
that favor the ecological system maintenance and promote ecological
integrity and fulfillment of public policies (e.g. Aichi Targets, Ramsar
Strategic Plan 2016 — 2024). The Strategic Environmental Assessment
could contribute to wetlands protection and adequate management, as
well as a land-use plan that prioritizes natural areas recovery and
pollution reduction. Taking into account the tropical river-wetland
system observed in other regions, the bimodal pulse influence, and
urbanization, and population increase, the approach can help to assess
the human interference on urban wetlands and contributor river in
countries located at the same geographic region.

CRediT authorship contribution statement

Fabio Leandro da Silva: Conceptualization, Methodology, Formal
analysis, Writing - original draft. Marta Severino Stefani: Data cura-
tion. WelberSenteio Smith: Supervision, Writing - review & editing,
Visualization. Daniele Cristina Schiavone: Data curation. Marcela
Bianchessi da Cunha-Santino: Writing - review & editing,
Visualization. Irineu Bianchini Jr: Writing - review & editing,
Visualization.

Declaration of Competing Interests

The authors declare that they have no conflict of interest

Acknowledgment

Financial support was provided by the National Council of
Technological and Scientific Development(Process number: 830728/
1999-6 and 158927/2018-4). The authors are grateful for the support
provided by the Universidade Federal de Sao Carlos (Hydrobiology
Department in special). We also thank Catia Cristina Teodoro, Marcos
Marcilio, and André Puga, for the support during the sampling in the
limnological stations. We are grateful to the anonymous reviewers, that

10

provided valuable comments to improve the manuscript.
Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.ecocom.2020.100852.

References

Andrietti, G., Freire, R., Amaral, A.G.do, Almeida, F.T.de, Bongiovani, M.C., Schneider,
R.M., 2016. Indices de qualidade da 4gua e de estado tréfico do rio Caiabi. MT. Amb
& Agua 11, 162-175.

Arruda, R.O.M., Dalmas, F.B., Militao, F.A., Santos, J.C., Garcia, A.P., 2016. Anélise
geoambiental aplicada ao estudo da relac@o entre qualidade da dgua e ocupacao das
margens da represa Guarapiranga (Sao Paulo/SP), entre 2004 e 2014. Revista
Geociéncias 15 (1), 77-93.

Artmann, M., Chen, X., Ioja, C., Hof, A., Onose, D., Ponizy, L., Lamovsek, A.Z., Breuste, J.,
2017. The role of urban green spaces in care facilities for elderly people across
European cities. Urban For. Urban Green. 27, 203-213. https://doi.org/10.1016/j.
ufug.2017.08.007.

Azevedo, S.M.C.de, Vasconcelos, D.V., Avelar, J.C.L.de, 2014. Anélises fisico-quimicas do
corpo hidrico na fazenda Sao Gongalo em Paraty (RJ). RICA 1 (5), 329-334. https://
doi.org/10.6008/SPC2179-6858.2014.001.0024.

Bambi, P., Dias, C.A.A., Silva, V.P., 2008. Producao primaria do fitoplancton e as suas
relagdes com as principais varidveis limnolégicas na bafa das pedras pirizal nossa
senhora do livramento, pantanal de Poconé - MT. Uniciéncias 12, 47-64. https://doi.
0rg/10.17921/1415-5141.2008v12n1p%25p.

Beghelli, F.G., Carvalho, de S., Filho, M.E.K., Machado, A.P., Carlos, F.H., Pompéo, V.M.,
Ribeiro, M., Medeiros, A.L, de, G.A., 2015. Uso do indice de estado tréfico e anélise
répida da comunidade de macroinvertebrados como indicadores da qualidade am-
biental das dguas na Bacia do Rio Jundiai-Mirim - SP — BR. Braz. J. Aquat. Sci.
Technol. 19, 13-22. https://doi.org/10.14210/bjast.v19n1.p13-22.

Bortoleto, L.A., Figueira, C.J.M., Dunning Jr, J.B., Rodgers, J., da Silva, A.M., 2016.
Suitability index for restoration in landscapes: an alternative proposal for restoration
projects. Ecol. Indic. 60, 724-735. https://doi.org/10.1016/j.ecolind.2015.08.002.

Bozelli, L.B., Farias, D.S, Lima, S.K.F, Lira, R.T.S, Nova, C.C., Setubal, R.B., Sodré, E.O.,
2018. Pequenas areas timidas: importincia para conservacao e gestao da biodi-
versidade brasileira. Diversidade e Gestao 2 (2), 122-138.

Brinkhurst, R.O., Marchese, M.R., 1989. Guia para la identificacion de oligoquetos
aquaticos continetales de Sud y Centroamerica. Asociacién de Ciencias Naturales del
Litoral, Santa Fé, pp. 207.

Cetesb (Companhia Ambiental do Estado de Sao Paulo), 2011. Guia Nacional de coleta e
preservacao de amostras: agua, sedimento, comunidades aquaticas e efluentes
liquidos. (http://arquivos.ana.gov.br/institucional/sge/CEDOC/Catalogo/2012/
GuiaNacionalDeColeta.pdf).

Centro de Pesquisas Meteoroldgicas e Climdticas a Agricultura), 2018. Clima dos
municipios Paulistas: a classificacao climatica de Koppen para o estado de Sao Paulo.
(http://www.cpa.unicamp.br/outras-informacoes/clima-dos-municipios-paulistas.
html).

Companhia Ambiental do Estado de Sao Paulo, 2017. Relatério de Qualidade das Aguas
Interiores do Estado de Sao Paulo. (https://cetesb.sp.gov.br/aguas-interiores/
publicacoes-e-relatorios/).

Cesar, R., Colonese, J., Silva, M., Egler, S., Bidone, E., Castilhos, Z., Polivanov, H., et al.,
2011. Distribuicdo de merciirio, cobre, chumbo, zinco e niquel em sedimentos de
corrente da bacia do rio Piabanha, Estado do Rio de Janeiro. Geoquimica 25 (1),
35-45.

Costa, J.M., Souza, L.0.1., Oldrini, B.B., 2004. Chave para identificacdo das familias e
géneros das larvas conhecidas de Odonata do Brasil: comentarios e registros
bibliogréficos (Insecta, Odonata). Publicacdes avulsas do Museu Nacional 99, 1-44.

Cruz, B.B., Piratelli, A.J., 2011. Avifauna associada a um trecho urbano do rio Sorocaba,


https://doi.org/10.1016/j.ecocom.2020.100852
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0001
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0001
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0001
http://refhub.elsevier.com/S1476-945X(20)30020-9/optNRhIuDMFTc
http://refhub.elsevier.com/S1476-945X(20)30020-9/optNRhIuDMFTc
http://refhub.elsevier.com/S1476-945X(20)30020-9/optNRhIuDMFTc
http://refhub.elsevier.com/S1476-945X(20)30020-9/optNRhIuDMFTc
https://doi.org/10.1016/j.ufug.2017.08.007
https://doi.org/10.1016/j.ufug.2017.08.007
https://doi.org/10.6008/SPC2179-6858.2014.001.0024
https://doi.org/10.6008/SPC2179-6858.2014.001.0024
https://doi.org/10.17921/1415-5141.2008v12n1p%25p
https://doi.org/10.17921/1415-5141.2008v12n1p%25p
https://doi.org/10.14210/bjast.v19n1.p13-22
https://doi.org/10.1016/j.ecolind.2015.08.002
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0008
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0008
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0008
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0009
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0009
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0009
http://arquivos.ana.gov.br/institucional/sge/CEDOC/Catalogo/2012/GuiaNacionalDeColeta.pdf
http://arquivos.ana.gov.br/institucional/sge/CEDOC/Catalogo/2012/GuiaNacionalDeColeta.pdf
http://www.cpa.unicamp.br/outras-informacoes/clima-dos-municipios-paulistas.html
http://www.cpa.unicamp.br/outras-informacoes/clima-dos-municipios-paulistas.html
https://cetesb.sp.gov.br/aguas-interiores/publicacoes-e-relatorios/
https://cetesb.sp.gov.br/aguas-interiores/publicacoes-e-relatorios/
http://refhub.elsevier.com/S1476-945X(20)30020-9/optO7VmZ44VYT
http://refhub.elsevier.com/S1476-945X(20)30020-9/optO7VmZ44VYT
http://refhub.elsevier.com/S1476-945X(20)30020-9/optO7VmZ44VYT
http://refhub.elsevier.com/S1476-945X(20)30020-9/optO7VmZ44VYT
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0011
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0011
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0011

F.L.d. Silva, et al.

Sudeste do Brasil. Biota Neotropica 11, 255-264. https://doi.org/10.1590/51676-
06032011000400022.

Dalmagro, H.J., Johnson, M.S., Musis, C.R., Lathuilliére, M.J., Graesser, J., Pinto-Jtnior,
0.B, Couto, E.G., 2017. Spatial patterns of DOC concentration and DOM optical
properties in a Brazilian tropical river-wetland system. J. Geophys. Res.-Solid Earth
122 (*), 1883-1902. https://doi.org/10.1002/2017JG003797.

Damasceno, M.C.S., Ribeiro, H.M.C., Takiyama, L.R., Paula, M.T., 2015. Seasonal eva-
luation of the quality of surface waters of the Amazon River on the waterfront of
Macapa City, Amapé, Brazil. Revista Ambiente & Agua 10, 598-613. https://doi.org/
10.4136/ambi-agua.1606.

Danz, N.P., Niemi, G.J., Regal, R.R., Hollenhorst, T., Johnson, L.B., Hanowski, J.M., Axler,
R.P., Ciborowski, J.J.H., Hrabik, T., Brady, V.J., Kelly, J.R., Morrice, J.A., Brazner,
J.C., Howe, R.W., Johnston, C.A., Host, G.E., 2007. Integrated measures of anthro-
pogenic stress in the U.S. Great Lakes Basin. Environ. Manag. 39, 631-647. https://
doi.org/10.1007/s00267-005-0293-0.

Delkash, M., Al-Faraj, F.A.M., Scholz, M., 2018. Impacts of anthropogenic land use
changes on nutrient concentrations in surface waterbodies: a review. Clean Soil Air
Water 46, 1800051. https://doi.org/10.1002/clen.201800051.

Ensing, S.H., Doyle, M.W., 2006. Nutrient spiraling in streams and river networks. J.
Geop. Res. 111, 1-13. https://doi.org/10.1029/2005JG000114.

Esteves, F.A., 1979. Guia de aula prética: Ecologia de macrofitas.

Furtado, C., de, M., Lopes, M.R.M., 2015. Influéncia do pulso de inundagao sobre
variaveis limnoldgicas de um trecho urbano do rio Acre, Rio Branco, Acre. Brasil.
Ambiéncia 11, 133-148.

Fusari, L.M., Fonseca-Gessner, A.A., 2006. Environmental assessment of two small re-
servoirs in southeastern, Brazil, using macroinvertebrate community metrics. Acta
Limn. Bras 18 (1), 89-99.

Fushita, A.T., Santos, J.E., 2017. Land use change trajectories for wetland management
(Mogi-Guacu Floodplain River, Southern Brazil). J. Geosci. Environ. Prot. 05, 62-76.
https://doi.org/10.4236,/gep.2017.510006.

Galal, T.M., Farahat, E.A., 2015. The invasive macrophyte Pistia stratiotes L. as a bioin-
dicator for water pollution in Lake Mariout. Egypt. Environ. Monit. Assess. 187, 701.
https://doi.org/10.1007/510661-015-4941-4.

Galatowitsh, S.M., 2012. Ecological restoration. Sunderland: Sinauer Associates, 630.

Garcia, A.S., Sawakuchi, H.O., Ferreira, M.E., Ballester, M.V.R., 2017. Landscape changes
in a neotropical forest-savanna ecotone zone in central Brazil: The role of protected
areas in the maintenance of native vegetation. J. Environ. Manag. 187 (1), 16-23.
https://doi.org/10.1016/j.jenvman.2016.11.010.

Grasel, D., Mormul, R.P., Bozelli, R.L., Thomaz, S.M., Jarenkow, J.A., 2018. Brazil's native
vegetation protection law threatens to collapse pond functions. Perspect. Ecol.
Conserv. 16 (4), 234-237. https://doi.org/10.1016/j.pecon.2018.08.003.

Guerreiro, R.L., 2019. The soda lakes of Nhecolandia: A conservation opportunity for the
Pantanal wetlands. Perspect. Ecol. Conserv. 17 (1), 9-18. https://doi.org/10.1016/j.
pecon.2018.11.002.

Guida, R.J., Remo, J.W.F., Secchi, S., 2016. Tradeoffs of strategically reconnecting rivers
to their floodplains: the case of the Lower Illinois River (USA). Sci. Total Environ.
572, 43-55. https://doi.org/10.1016/j.scitotenv.2016.07.190.

Haase, D., Frantzeskaki, N., Elmqvist, T., 2014. Ecosystem services in urban landscapes:
practical applications and governance implications. Ambio 43, 407-412. https://doi.
0rg/10.1007/s13280-014-0503-1.

Hérdle, W.H., Simar, L., 2015. Applied Multivariate Statistical Analysis. Springer-Verlag,
Berlin Heidelberg, pp. 580.

Hettiarachchi, M., McAlpine, C., Morrison, T.H., 2014. Governing the urban wetlands: a
multiple case-study of policy, institutions and reference points. Environ. Conserv. 41,
276-289. https://doi.org/10.1017/50376892913000519.

Ibge (Instituto Brasileiro de Geografia e Estatistica). Censo demogréfico de 2010. (https://
cidades.ibge.gov.br/brasil/sp/sorocaba/panorama).

Junk, W.J., Bayley, P.B., Sparks, R.E., 1989. The flood pulse concept in river-floodplain
systems. In: Dodge, D.P. Proceedings of the Large River Symposium, pp. 110-127 Can
J Fish Aquat Sci.

Junk, WJ., et al., 2014. Brazilian wetlands: their definition, delineation, and classification
for research, sustainable management, and protection. Aquat. Conserv. 24 (1), 5-22.
https://doi.org/10.1002/aqc.2386.

Kikuchi, J., Ito, K., Date, Y., 2018. Environmental metabolomics with data science for
investigating ecosystem homeostasis. Progress Nuclear Magn. Reson. Spectroscopy
104, 56-88. https://doi.org/10.1016/j.pnmrs.2017.11.003.

Kortz, A.R., Coelho, S., Castello, A.C.D., Corréa, L.S., Cardoso-Leite, E., Koch, 1., 2014.
Wood vegetation in Atlantic rain forest remnants in Sorocaba (Sao Paulo, Brazil).
Check List 10 (2), 344-354. http://dx.doi.org/10.15560,/10.2.344.

Laterra, P., Booman, G.C., Picone, L., Videla, C., Oriie, M.E., 2018. Indicators of nutrient
removal efficiency for riverine wetlands in agricultural landscapes of Argentine
Pampas. J. Environ. Manag. 222, 148-154. https://doi.org/10.1016/j.jenvman.2018.
05.070.

Laura Miserendino, M., Casaux, R., Archangelsky, M., Yanina Di Prinzio, C., Brand, C.,
Mabel Kutschker, A., 2011. Assessing land-use effects on water quality, in-stream
habitat, riparian ecosystems and biodiversity in Patagonian northwest streams. Sci.
Total Environ. 409, 612-624. https://doi.org/10.1016/j.scitotenv.2010.10.034.

Lavoie, R., Deslandes, J., Proulx, F., 2016. Assessing the ecological value of wetlands
using the MACBETH approach in Quebec City. J. Nat. Conserv. 30, 67-75. https://
doi.org/10.1016/j.jnc.2016.01.007.

Lemes, M.J.L., Figueiredo Filho, P.M., Pires, M.A.F., 2003. Influéncia da mineralogia dos
sedimentos das bacias hidrograficas dos rios Mogi-Guacu e Pardo na composi¢ao
quimica das aguas de abastecimento ptblico. Quimica Nova 26, 13-20. https://doi.
org/10.1590/50100-40422003000100004.

Li, F., Liu, X., Zhang, X., Zhao, D., Liu, H., Zhou, C., Wang, R., 2017. Urban ecological
infrastructure: an integrated network for ecosystem services and sustainable urban

11

Ecological Complexity 43 (2020) 100852

systems. J. Cleaner Prod., Urban Ecol. Infrastruct. for Healthier Cities: Gov., Manag.
Eng. 163, S12-S18. https://doi.org/10.1016/j.jclepro.2016.02.079.

Lu, J., Bunn, S.E., Burford, M.A., 2018. Nutrient release and uptake by littoral macro-
phytes during water level fluctuations. Sci. Total Environ. 622-623, 29-40. https://
doi.org/10.1016/j.scitotenv.2017.11.199.

Lynch, A.J., Kalumanga, E., Ospina, G.A., 2016. Socio-ecologicak aspects of sustaining
Ramsar wetlands in three biodiverse developing countries. Marine Freshwater Res.
67 (6), 850-868. https://doi.org/10.1071/MF15419.

Magdaleno, F., Martinez, R., 2014. Evaluating the quality of riparian forest vegetation:
the Riparian Forest Evaluation (RFV) index. Forest Syst. 23, 259-272.

Maltchik, L., Caleffi, V., Stenert, C., Batzer, D.P., 2018. Legislation for wetland con-
servation in Brazil: are existing terms and definitions. Environ. Conserv. 45 (3),
301-305. https://doi.org/10.1017/50376892917000522.

Mclnerney, P.J., Stoffels, R.J., Shackleton, M.E., Davey, C.D., 2017. Flooding drives a
macroinvertebrate biomass boom in ephemeral floodplain wetlands. Freshwater Sci.
36 (4), 726-738. https://doi.org/10.1086/694905.

Mello, K., Petri, L., Cardoso-Leite, E., Toppa, R.H., 2014. Cenérios ambientais para o
ordenamento territorial de dreas de preservacdo permanente no municipio de
Sorocaba. SP. Revista Arvore 38 (2), 309-317. https://doi.org/10.1590/50100-
67622014000200011.

Mello, K., Toppa, R.H., Cardoso-Leite, E., 2016. Priority areas for forest conservation in an
urban landscape at the transition between Atlantic Forest and Cerrado. CERNR 22
(3), 277-288. https://doi.org/10.1590/01047760201622032172.

Minella, J.P.G., Merten, G.H., Santos, D.R., 2007. Identificacdo e implicacbes para a
conservacdo do solo das fontes de sedimentos em bacias hidrogréficas. Rev. Bras,
Cien Solo 31, 1637-1646. https://doi.org/10.1590/50100-06832007000600039.

Newbold, J.D., Elwood, J.W., O'Neill, R.V., Van Winkle, W., 1981. Measuring nutrient
spiralling in streams. Can. J. Fish Aquat. Sci. 38, 860-863.

Niemi, G.J., McDonald, M.E., 2004. Application of ecological indicators. Ann. Rev. Ecol.,
Evol., Syst. 35, 89-111. https://doi.org/10.1146/annurev.ecolsys.35.112202.
130132.

Oliveira, C.A., Kliemann, H.J., Correchel, V., Santos, F.C.V., 2010. Avaliacao da retencao
de sedimentos pela vegetacao riparia pela caracterizacao morfoldgica e fisico-
quimica do solo. Rev. Bras. Eng. Agr. Amb. 14 (12), 1281-1287. https://doi.org/10.
1590/51415-43662010001200005.

Omernik, J.M., Griffith, G.E., 2014. Ecoregions of the conterminous United States: evo-
lution of a hierarchical spatial framework. Environ. Manag. 54, 1249-1266. https://
doi.org/10.1007/s00267-014-0364-1.

Pedralli, G, 2003. Macroéfitas aquéticas como bioindicadoras da qualidade da 4dgua: al-
ternativa para usos multiplos de reservatérios. In: Thomaz, S.M., Bini, L.M. (Eds.),
Ecologia e Manejo de macroéfitas aquéticas, pp. 171-188 Maringa.

Pes, A.M.O., Hamada, N., Nessimian, J.L., 2005. Chaves de identificacao de larvas para
familias e géneros de Trichoptera (Insecta) da Amazonia Central. Brasil. Revista
Brasileira de Entomologia 49 (2), 181-204. https://doi.org/10.1590/50085-
56262005000200002.

Petry, C.T., Costa, G.M.da, Benvenuti, T., Rodrigues, M.A.S., Droste, A., Petry, C.T., Costa,
G.M.da, Benvenuti, T., Rodrigues, M.A.S., Droste, A., 2016. Integrated assessment of
chemical quality and genotoxicity of the water of the Luiz Rau Stream in the lower
stretch of the Sinos River Basin, in South Brazil. Revista Ambiente & Agua 11,
867-877. https://doi.org/10.4136/ambi-agua.1779.

Pompéo, M.L.M., 2008. Macrofitas: as plantas aquaticas da Guarapiranga e a qualidade da
nossa dgua. Revista do Projeto Ypora: Proliferacao de plantas aqudticas na represa do
Guarapiranga. pp. 37 Sao Paulo-SP.

Pueffel, C., Haase, D., Priess, J.A., 2018. Mapping ecosystem services on brownfields in
Leipzig, Germany. Ecosyst. Serv. 30, 73-85. https://doi.org/10.1016/j.ecoser.2018.
01.011.

R Core Team, 2018. R: a language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria, https://www.R-project.org/.
(Accessed 24 January 2018).

Quintela, F.M., Lima, G.P., Silveira, M.L., Costa, P.G., Bianchini, A., Loebmann, D.,
Martins, S.E., et al., 2019. High arsenic and low lead concentrations in fish and
reptiles from Taim wetlands, a Ramsar site in southern Brazil. Sci. Total Environ. 660,
1004-1014. https://doi.org/10.1016/j.scitotenv.2019.01.031.

Ramos, L.S., Lozano, F., Muzén, J., 2017. Odonata diversity and synanthropy in urban
areas: a case study in Avellaneda City, Buenos Aires, Argentina. Neotrop. Entomol. 46
(2), 144-150. https://doi.org/10.1007/s1374.

Ribeiro, E.V., Magalhaes Jr., A.P., HORN, A.H., Trindade, W.M,, et al., 2012. Segmento
entre Trés Marias e Pirapra - MG: indice de Contaminacdo. Geonomos 20 (1), 49-63.

Rocha, F.C., Andrade, E.M., Lopes, F.B., 2014. Water quality index calculated from bio-
logical, physical and chemical attributes. Environ. Monit. Assess. 187, 4163. https://
doi.org/10.1007/510661-014-4163-1.

Rodrigues, A.C., Brito, R.M., Garcia, P.H.M., 2015. Anélise da composicao riparia na bacia
hidrogréfica do cérrego Taboca, no municipio de Trés Lagoas - MS - 2014. Revista
Cientifica ANAP Brasil 8 (11), 01-17. http://dx.doi.org/10.17271/
1984324081120151124.

Sannigrahi, S., Bhatt, S., Rahmat, S., Paul, S.K., Sen, S., 2018. Estimating global ecosystem
service values and its response to land surface dynamics during 1995-2015. J.
Environ. Manag. 223, 115-131. https://doi.org/10.1016/j.jenvman.2018.05.091.

Santiago, C.D., Cunha-Santino, M.B., 2014. Avaliacao preliminar da qualidade dos sedi-
mentos de duas nascentes, cérrego Espraiado e rio Monjolinho. Sao Carlos-SP. Rev.
Cienc. Amb. 8 (1), 77-92. http://dx.doi.org/10.18316/1476.

Schiller, A.P., Kunh, A., Manfrin, J., Ferronato, M.C., Schwantes, D., Leismann, E.A.V., Jr,
A.C.G., 2017. Bioindicadores de qualidade de dgua como ferramenta de impacto
ambiental de uma bacia hidrogréfica. Rev. Gestdo. & Sust. Amb. 6, 165-180. http://
dx.doi.org/10.19177/rgsa.v6e32017165-180.

Silva, A.M., 2010. Land cover change and environmental quality assessment using GIS


https://doi.org/10.1590/S1676-06032011000400022
https://doi.org/10.1590/S1676-06032011000400022
https://doi.org/10.1002/2017JG003797
https://doi.org/10.4136/ambi-agua.1606
https://doi.org/10.4136/ambi-agua.1606
https://doi.org/10.1007/s00267-005-0293-0
https://doi.org/10.1007/s00267-005-0293-0
https://doi.org/10.1002/clen.201800051
https://doi.org/10.1029/2005JG000114
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0018
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0018
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0018
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0019
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0019
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0019
https://doi.org/10.4236/gep.2017.510006
https://doi.org/10.1007/s10661-015-4941-4
https://doi.org/10.1016/j.jenvman.2016.11.010
https://doi.org/10.1016/j.pecon.2018.08.003
https://doi.org/10.1016/j.pecon.2018.11.002
https://doi.org/10.1016/j.pecon.2018.11.002
https://doi.org/10.1016/j.scitotenv.2016.07.190
https://doi.org/10.1007/s13280-014-0503-1
https://doi.org/10.1007/s13280-014-0503-1
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0027
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0027
https://doi.org/10.1017/S0376892913000519
https://cidades.ibge.gov.br/brasil/sp/sorocaba/panorama
https://cidades.ibge.gov.br/brasil/sp/sorocaba/panorama
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0030
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0030
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0030
https://doi.org/10.1002/aqc.2386
https://doi.org/10.1016/j.pnmrs.2017.11.003
http://dx.doi.org/10.15560/10.2.344
https://doi.org/10.1016/j.jenvman.2018.05.070
https://doi.org/10.1016/j.jenvman.2018.05.070
https://doi.org/10.1016/j.scitotenv.2010.10.034
https://doi.org/10.1016/j.jnc.2016.01.007
https://doi.org/10.1016/j.jnc.2016.01.007
https://doi.org/10.1590/S0100-40422003000100004
https://doi.org/10.1590/S0100-40422003000100004
https://doi.org/10.1016/j.jclepro.2016.02.079
https://doi.org/10.1016/j.scitotenv.2017.11.199
https://doi.org/10.1016/j.scitotenv.2017.11.199
https://doi.org/10.1071/MF15419
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0042
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0042
https://doi.org/10.1017/S0376892917000522
https://doi.org/10.1086/694905
https://doi.org/10.1590/S0100-67622014000200011
https://doi.org/10.1590/S0100-67622014000200011
https://doi.org/10.1590/01047760201622032172
https://doi.org/10.1590/S0100-06832007000600039
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0048
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0048
https://doi.org/10.1146/annurev.ecolsys.35.112202.130132
https://doi.org/10.1146/annurev.ecolsys.35.112202.130132
https://doi.org/10.1590/S1415-43662010001200005
https://doi.org/10.1590/S1415-43662010001200005
https://doi.org/10.1007/s00267-014-0364-1
https://doi.org/10.1007/s00267-014-0364-1
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0052
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0052
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0052
https://doi.org/10.1590/S0085-56262005000200002
https://doi.org/10.1590/S0085-56262005000200002
https://doi.org/10.4136/ambi-agua.1779
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0055
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0055
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0055
https://doi.org/10.1016/j.ecoser.2018.01.011
https://doi.org/10.1016/j.ecoser.2018.01.011
https://www.R-project.org/
https://doi.org/10.1016/j.scitotenv.2019.01.031
https://doi.org/10.1007/s1374
http://refhub.elsevier.com/S1476-945X(20)30020-9/opt6UFFcgQzW1
http://refhub.elsevier.com/S1476-945X(20)30020-9/opt6UFFcgQzW1
https://doi.org/10.1007/s10661-014-4163-1
https://doi.org/10.1007/s10661-014-4163-1
http://dx.doi.org/10.17271/1984324081120151124
http://dx.doi.org/10.17271/1984324081120151124
https://doi.org/10.1016/j.jenvman.2018.05.091
http://dx.doi.org/10.18316/1476
http://dx.doi.org/10.19177/rgsa.v6e32017165-180
http://dx.doi.org/10.19177/rgsa.v6e32017165-180

F.L.d. Silva, et al.

techniques - a case study in the Brazilian Southeastern region for the period 1988-
2003. Ambiente e Agua - An Interdiscipl. J. Appl. Sci. 5, 40-50. https://doi.org/10.
4136/ambi-agua.360.

Silva, F.L., Oliveira, E.Z., Picharillo, C., Ruggiero, M.H., Costa, C.W., Moschini, L.E., 2017.
Naturalidade da Paisagem Verificada por Meio de Indicadores Ambientais: Manancial
do Rio Monjolinho, Sao Carlos-SP(Landscape naturalness verified by environmental
indicators: Monjolinho River manantial, Sdo Carlos-SP). Revista Brasileira de
Geografia Fisica 10, 970-980. https://doi.org/10.5935/rbgf.v10i3.1959.

Silva, F.L., Smith, W.S., Cunha-Santino, M.B., Bianchini Jtnior, 1., 2019. Método nao
monetario para a avaliac@o dos servicos ecossistémicos prestados pelas dreas imidas
em areas urbanas (Non-monetary method for the ecosystem services assessment
provided by wetlands in urban areas). Revista Brasileira de Geografia Fisica 12 (1),
001-008. https://doi.org/10.26848/rbgf.v12.1.p001-008.

Sousa Jr, P.T., Piedade, M.T.F., Candotti, E., 2011. Brazil's forest code puts wetlands at
risk. Nature 478 (7370), 458-459. https://doi.org/10.1038/478458b.

Smith, W.S., Barrela, W., 2000. The ichthyofauna of the marginal lagoons of the Sorocaba
River, SP, Brazil: composition, abundance and effect of the anthropogenic actions.
Rev. Bras. Biol. 60 (4), 627-632. http://dx.doi.org/10.1590/50034-
71082000000400012.

Smith, W.S., Silva, F.L., Amorim, S.R., Stefani, M.S., 2018. Urban biodiversity: how the
city can do its management? Biodiversity Int. J. 2 (3), 246-251. https://doi.org/10.
15406/bij.2018.2.00068.

Suchara, 1., 2018. The impact of floods on the structure and functional process of
floodplain ecosystems. J. Soil Plant Biol. 1, 44-60. https://doi.org/10.33513/JSPB/
1801-03.

Taniwaki, R.H., Smith, W.S., 2011. Utilizacao de macroinvertebrados bentdnicos no
biomonitoramento de atividades antrépicas na bacia de drenagem do Reservatério de
Itupararanga, Votorantim — SP. Brasil. Health Sci. Inst. 29 (1), 7-10.

Taylor, K.G., Owens, P.N., Batalla, R.J., Garcia, C., 2008. Sediment and contaminat
sources and transfers in River Basins. In: OWENS, O.N. (Ed.), Sustainable
Management of Sediment Resources: Sediment Management at the River Basin Scale.

12

Ecological Complexity 43 (2020) 100852

Elsevier, pp. 83-135.

Thomaz, S.M., Bini, L.M., Souza, M.C.de, Kita, K.K., Camargo, A.F.M., 1999. Aquatic
macrophytes of Itaipu Reservoir, Brazil: survey of species and ecological considera-
tions. Braz. Arch. Biol. Technol. 42, 0. https://doi.org/10.1590/51516-
89131999000100003.

Trindade, C.R.T., Pereira, S.A., Albertoni, E.F., Silva, C.P., 2010. Caracterizacao e
importancia das macroéfitas aquéticas com énfase nos ambientes limnicos do campus
Carreiros - FURG, Rio Grande. RS. Cadernos de Ecol. Aquat. 5, 1-22.

Trivinho-Strixino, S., 2011. Larvas de Chironomidae. Guia de identificacido. Depto
Hidrobiologia/Lab. Entomologia Aquética/UFSCar, Sao Carlos.

Tundisi, J.G., Tundisi, T.M., 2010. Impactos potenciais das altera¢des do Cédigo Florestal
nos recursos hidricos. Biota Neotropica 10, 67-75. https://doi.org/10.1590/51676-
06032010000400010.

Tucci, C.E.M., 2002. Gerenciamento da Drenagem Urbana. Rev. Bras. Rec. Hid. 7 (1),
5-27. https://doi.org/10.21168/rbrh.v7nl.p5-27.

Vannote, R.L., Minshall, G.W., Cummins, K.W., Sedell, J.R., Cushing, C.E., 1980. The river
continuum concept. Can. J. Fish. Aquat. Sci. 37, 130-137. https://doi.org/10.1139/
£80-017.

Veléz, J.M.M., Garcia, S.B., Tenorio, A.E., 2018. Policies in coastal wetlands: key chal-
lenges. Environ. Sci. Policy 88, 72-82. https://doi.org/10.1016/j.envsci.2018.06.
016.

Westtake, D.F., 1965. Some basic data for investigations of the productivity of aquatic
macrophytes. Mem. Ist. ital. Idrobiol. 18, 229-248.

Yang, W., Jin, Y., Sun, T., Yang, Z., Cai, Y., Yi, Y., 2018. Trade-offs among ecosystem
services in coastal wetlands under the effects of reclamation activities. Ecological
Indicators. Multi-Scale Ecol. Indicat. Support. Sustain. Watershed Manag. 92,
354-366. https://doi.org/10.1016/j.ecolind.2017.05.005.

Zeni, V., Scheibe, L., Zeni, E., Vignatti, M., 2019. As marcas do agronegdcio sobre o
territério das dguas da Bacia do Prata. Geosul 34 (71), 640-664. https://doi.org/10.
5007/1982-5153.2019v34n71p640.


https://doi.org/10.4136/ambi-agua.360
https://doi.org/10.4136/ambi-agua.360
https://doi.org/10.5935/rbgf.v10i3.1959
https://doi.org/10.26848/rbgf.v12.1.p001-008
https://doi.org/10.1038/478458b
http://dx.doi.org/10.1590/S0034-71082000000400012
http://dx.doi.org/10.1590/S0034-71082000000400012
https://doi.org/10.15406/bij.2018.2.00068
https://doi.org/10.15406/bij.2018.2.00068
https://doi.org/10.33513/JSPB/1801-03
https://doi.org/10.33513/JSPB/1801-03
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0073
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0073
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0073
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0074
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0074
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0074
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0074
https://doi.org/10.1590/S1516-89131999000100003
https://doi.org/10.1590/S1516-89131999000100003
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0076
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0076
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0076
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0077
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0077
https://doi.org/10.1590/S1676-06032010000400010
https://doi.org/10.1590/S1676-06032010000400010
https://doi.org/10.21168/rbrh.v7n1.p5-27
https://doi.org/10.1139/f80-017
https://doi.org/10.1139/f80-017
https://doi.org/10.1016/j.envsci.2018.06.016
https://doi.org/10.1016/j.envsci.2018.06.016
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0082
http://refhub.elsevier.com/S1476-945X(20)30020-9/sbref0082
https://doi.org/10.1016/j.ecolind.2017.05.005
https://doi.org/10.5007/1982-5153.2019v34n71p640
https://doi.org/10.5007/1982-5153.2019v34n71p640

	An applied ecological approach for the assessment of anthropogenic disturbances in urban wetlands and the contributor river
	Introduction
	Material and methods
	Study area
	Sampling
	Limnological indexes
	Riparian vegetation assessment
	Land use
	Data analysis

	Results
	Discussion
	Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interests
	Acknowledgment
	Supplementary materials
	References




