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Comparison of temporal and spatial variation of periphytic
algal community in two urban lakes in Umuarama-PR (Brazil)

Termoterapia via calor seco para o tratamento de sementes de cartamo
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ABSTRACT

Water resources are very important for all living organisms, and as being of vital importance need to be
preserved. Thus, many water bodies are monitored as an essential strategy for identification of
possible alterations over space and time. The analyses were performed in two different hydrological
conditions, and water sample and rocks were collected in two different points at each lake. The results
showed higher values of Ammoniacal Nitrogen in Aratimbé Lake, mainly during dry period
(Ammoniacal Nitrogen = 4.2 mglL-1) at P1. However, P2 at Tucuruvi Lake presented higher
concentration of Orthophosphate (2.24 mgL-1). Total Periphyton density also demonstrated variation
among the different hydrological scenarios and lakes. The Highest density was of 385.30 103 ind.cm-2
at Aratimbd Lake and 180.43 103 ind.cm-2 at Tucuruvi Lake in rainy condition. Comparing the
predominance of species, In Aratimbd Lake, Chlorophyceae class was predominant at P1, while
Cyanophyceae class was predominant at P2. In dry period, Bacillarophyceae class was seen as the
predominant class for both of lakes and for all sampling points. Differently from Aratimbd Lake, in
Tucuruvi Lake Bacillarophyceae class was predominant in both of hydrological scenarios.
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1 INTRODUCTION
The water availability of good quality is a limiting factor for the development of

any known life form. Moreover, this important natural resource is a decisive element
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for human economic and social progress (SCHWARZENBACH et al., 2010). Water
quantity and quality are the result of a number of natural factors such as runoff,
infiltration, precipitation, temperature. And also several anthropogenic factors such as
landscape changes, wastewater (domestic and industrial), pesticide application, and
others. (AL-SHAMIi et al.,, 2011). It is reasonable to consider that management
strategies need to be employed to improve the way man uses natural resources, as
improper use impacts on the quality of available water (PURMALIS et al., 2019).

Sustainable use of a resource requires first assessment of the water body,
revealing qualitative and quantitative aspects of the system. For this, different
techniques used in water quality monitoring programs are employed, the most used
taking into consideration physicochemical parameters (MANJARE et al, 2010).
However, there is a certain weakness for these measurements, as they do not provide
sufficient information about aquatic ecology and its relationship with environmental
changes, as they are sensitive parameters to changes in spatiotemporal scales
(DEBELS et al., 2005).

An alternative to evaluate and monitor water quality that supplies the scalar
limitations of physicochemical parameters is the use of bioindicators. These are living
organisms that spend their life, or part of it, in contact with the aquatic environment,
or that use the resources present there, directly or indirectly (GORMAN et al., 2017).
The main groups of organisms used as quality bioindicators of aquatic ecosystems
include: plants, plankton, macroinvertebrates and fishes (ILIOPOULOU-GEORGUDAKI
et al., 2003; RIZO-PATRON V et al., 2013). Thus, the use of these organisms has been
linked to physical and chemical parameters to detect changes in ecosystem quality in
an integrated manner.

An organism complex has been widely used to evaluate water quality, the so-
called periphyton. This is a biofilm composed of a diversity of living organisms of
different classes such as: algae, cyanobacteria, heterotrophic microbes, small
crustaceans, rotifers, protozoa; as well as inorganic material such as suspended

colloids, which aid fixation on submerged surfaces in most aquatic ecosystems.
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Periphyton has an important ecological function occupying a relevant portion of the
trophic web base in aquatic environments (DENICOLA & KELLY, 2014; KLUIJVER et al.,
2015). Another important factor is that the biofilm formed by the peritonitis acts as a
retainer of contaminants, removing them from water and restricting their free
movement through the environment, especially phosphorus, nitrogen and potassium
(DODDS, 2003). Even the control of cyanobacteria’s blooms has been found, by the
allelopathic processes (WU et al., 2011).

As a bioindicator of water quality, periphyton also stands out because the
responses of the organisms to pollutants can be measured at a variety of scales,
representing changes from physiological to functional at the community level. The
detection of anthropogenic changes (ZEBEK, 2013), such as simple turbidity increase,
can affect the composition of the periphyton community, causing detachment of
substrates in which it lives. According to the United States Environmental Protection
Agency (U.S. EPA) (1999) periphyton serves as an indicator of water quality as it has
certain characteristics for bioindication, such as: (1) Possessing a naturally high
number of species; (2) Has a quick response to changes; (3) Easy sampling; and (4)
Present tolerance levels and sensitivity to changes.

Considering the importance of water quality and the maintenance of aquatic
ecosystems, as well as the importance of applying methods of assessment and
monitoring of water bodies by different sampling methods. This research aimed to
evaluate the water quality of two urban lakes located in Umuarama-PR, through
physicochemical analysis as well as to verify the spatial and temporal variation of
periphytic community in different climatic and hydrological condition. In addition, the
study also aimed to answer the following questions: Is there difference among
periphytic algal community class predominance in different hydrological conditions
from Aratimbo Lake to Tucuruvi Lake? Is there difference of water quality among the

Lakes?
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2 MATERIAL AND METHODS
2.1 STUDY AREA

This research was conduct in two lakes located in the city of Umuarama, Parana
(Brazil). The municipality of Umuarama locates at northwest region of Parana state,
with a territorial area of 1.227,425 km? (BOTARI et al., 2016). According to IBGE (2019)
the population of Umuarama is of 111.557 habitants. The Urban area of Umuarama is
among the following coordinates: 23°47'55” S de latitude e 53°1848” W de longitude.
Altitude range from 340 to 500 meters (FRANCA JUNIOR; VILLA, 2013).

According to classification of Koeppen (1948), region of Umuarama presents
mesothermic humid subtropical climate (Cfa). Summer months are warm with
precipitation and without definite dry season. The annual mean precipitation is about
1.500 mm. Rainy season is among October and January while dry season is among July
and August (CUNHA et al., 1999).

Aratimbé Lake is an important recreational and touristic point in Umuarama.
Firstly, this artificial water body was created to recover degraded areas due to the
erosive process and to be a great landscaping and leisure area (CAETANO et al., 2011;
TAKEDA et al.,, 2011). Total area of Lake Aratimbd is approximately of 30.000m?
(CAETANO et al., 2011). In addition, this water body has also been area of study for
water quality (CAETANO et al., 2011; TAKEDA et al., 2011) and verification of presence
of metal contamination in the water (CONSALTER et al., 2019),

Figure 1A shows the location map of Aratimbo6 Lake in Umuarama with the
sample points. Point 1 (P1) is located in the initial part of lake, where receive input of a
stream. In addition, this point looks like to be most influenced on land use by
residences. Point 2 is located close to the street, and it is far away from the input of
the stream.

Tucuruvi Lake is another lentic water body located in the city of Umuarama.

This lake is smaller compared to Aratimbd Lake and also present problem with
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erosion and siltation. Due to its geographic position Tucuruvi Lake receives rainwater
of several neighborhoods located above the water body.

Figure 1B also shows the location map of Tucuruvi lake in Umuarama with the
sample points. P1 is located in a region with presence of macrophytes and closer to
residences area. Point 2 is located close to the street and on the side of this point
there is a small spillway to control water level in this lake during high amount of

precipitation.

Figure 1 - Location of Aratimbo Lake and Tucuruvi Lake

A) B)

LOCALIZATION MAP OF ARATIMBO LAKE LOCATED IN UMUARAMA, PARANA, BRAZIL. LOCALIZATION MAP OF TUCURUVI LAKE LOCATED IN UMUARAMA, PARANA, BRAZIL
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On left is the map from Aratimbé Lake. On right is the map from Tucuruvi Lake
Font: authors

2.2 Sampling and variables analyzed

The research was performed collecting water sample and substrate in the
littoral zone of two points (P1 and P2) for Aratimb6 Lake and Tucuruvi Lake in
June/2019 (1, Figure 3A) and August/2019 (2, Figure 3A). Water was collected in the
surface using polyethylene flasks with capacity of approximately 300 mL. Substrate
(rocks) was also preserved in polyethylene flasks (Figure 4A), however, with capacity of
1000mL. The samples were preserved in thermal box. The water quality parameters

were analyzed at the same day of collect, while periphyton analyzes after collect day.

Ci. e Nat,, Santa Maria, v. 42, €94, p. 1-20, 2020




Comparison of temporal and spatial variation of periphytic algal community in two urban lakesin 6

Umuarama-PR (Brazil)

Rainfall data (Figure 2) were obtained from the Parana Water Institute (AP,
2020). Collect in June (1) was done with a total precipitation of 34. 7 mm before the
campaign, while August (2) there was no precipitation. Figure 3B shows the variation

of precipitation amount in Umuarama along 2019.

Figure 2 - Precipitation (mm) in Umuarama in 2019

( A) Precipitation per day in 2019 (mm)

) ’ | « | i | N Y
o rol | foa . I
Jl.‘"Wl . l |l ol J‘\ JUA f'<|\l‘. - ‘I" LA SR ) A A Jo Ak all
T T T

T T
o 50 100 150 200 250 300

Preclpation amount (mm)
0 40 80

Days

(B) Mean Precipitation (mm) in 2019

Precipltation (mm)
0 100 250

27
1804 157.8 1323
785 107.9
58.1 56.7 33
[ [ T} (O i
May

January February March April June July August October

Figure 2A shows the daily precipitation along the year of 2019. Figure 2B shows the mean precipitation
in Umuarama in 2019
Font: authors

Measurements of water temperature (°C) and electrical conductivity (uS /cm)
was obtained with a conductivity meter (Tecnopon). pH was obtained using a pH
meter (LUCA-210P, Lucadema). Turbidity was quantified using a turbidimeter (DLT-WV,
Del lab). All equipment were previewed calibrated. Soluble Orthophosphate (P-PO4*)
was measured according to molybdovanadophosphoric acid method (APHA, 2005). It
used a photocolorimeter (ALFAKIT/AT 10P) in the wavelength of 470nm. Ammoniacal
Nitrogen (N-NH4") was quantified according to indophenol-blue method (APHA, 2005).
It used a photocolorimeter (ALFAKIT/AT 10P) in the wavelength of 640nm.

2.3 Periphytic Algal Community

Figure 3A shows the field and laboratory procedure performed at this study.

For the analyses of species composition and periphyton density, it was collected one
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rock (epilithon) (Figure 3B) per point from each aquatic ecosystem in each month.
After taken from lake bottom (depth = 15-30 centimeters), the substrate was put in
polyethylene flasks until the scraping in the laboratory. After quantification analysis
the results were processed and were plotted barplot using Software R (Figure 3C).

Periphytic microalgal material was removed from substrate (scraping area =
9cm?) with brush and jets of distilled water until complete a volume of 80mL in a glass
beaker. The samples were not fixed. After the procedures of scraping the sample was
stored in the darkness (fridge) before the quantitative and qualitative analyses. The
analyzes were performed in three blades (triplicate, n=3).

Algal quantifications were performed by the adapted method of Lobo et al.
(2016) using an optical microscope. The classification system adopted for level class
followed by Van de Hoek et al. (1995), Bicudo and Menezes (2006), Cordeiro et al.
(2017) for genus . For identification of periphytic community was used specialized

literature for each class of microalgae (BICUDO; MENEZES, 2006).

Figure 3 - Analysis of periphytic community

Fig.3A Laboratory and field procedures. Fig. 3B Substrate collected in the Lake Aratimbo. Fig. 3C Bar
Graph to study the classes of microalgae in the periphytic community
Font: authors

Periphyton density was calculated using the formula adapted from Gogoi et al.

(2018). The number of individuals cells per cm2 (N) is the result of division of the total
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number of periphyton units counted in a cover slip (P) multiplied by volume of final

concentrate of the sample (C) by area of scraped surface (S) (N = (P*C) /S).

3 RESULTS AND DISCUSSION
3.1 Water Quality Parameters

Table 1 shows the water quality parameters for each campaign performed at
Aratimbé Lake and Tucuruvi Lake. pH varied from slightly acid to alkaline. In general,
Tucuruvi Lake presented higher pH values than Aratimbo Lake. The exception was at
P2 in August (dry campaign). For both of lakes, pH was higher at P2. In addition, pH
was lower during the collect with precipitation. Cordeiro et al. (2017) also found
highest pH values in the dry period for three lentic environments. However, Franca et
al. (2011) found mean pH values almost the same in dry (6.9) and rainy (7.1) season
for an urban lake located in Rio Branco-AC.

Water Temperature varied from 19.25 to 24.5 °C, both of these results were
seen at P1 in Aratimbé Lake. In Tucuruvi Lake the water temperature variation was
from 20.56 to 22.5 °C. Temperature and light are factors that can control periphyton
(CETTO et al., 2004). This physical parameter controls the chemical reactions, affects
the fish growth, influence on dissolved oxygen concentration in the water, influence
the process of photosynthesis by photosynthetic organisms in aquatic ecosystems
(BHATERIA; JAIN, 2016). According to Bhateria and Jain (2016), exists an optimal
temperature range for aquatic organisms. In addition, factors such as weather,
alteration of stream bank vegetation, discharging of cooling waters, urban storm
water might alter this parameter.

Conductivity ranged from 72.97 to 163.1 uScm'. The highest value was found at
Lake Aratimbd (August-dry period) and the lowest value was found at Lake Tucuruvi
(June-rainy period). Cordeiro et al. (2017) also found the highest conductivity values in

dry period. Values of electrical conductivity in aquatic ecosystems could increase due
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to input of wastewater with concentrations of chloride, phosphate and nitrate
(BHATHERIA; JAIN, 2016).

Highest values of N-NH4"concentration were seen at P1 in the Lake Aratimbé. At
dry period the value of ammonium was more than double found in June for P1.
However, at P2 in Lake Tucuruvi the highest value of ammonium was 0.41 mgL™". This
nitrogen form could represent the indication of biochemical breakdown of organic
nitrogen compounds (KANOWNIK et al., 2019). High concentrations of ammonium
could indicate recent pollution. At the same region of P1, Caetano et al. (2006) found
Biochemical Oxygen Demand Concentration (BOD) of 15.10 mgO.L". Takeda et al.
(2011) also analyzed BOD in Lake Aratimbd and the maximum value was of 5.56
mgO,L™.

Orthophosphate concentration was higher in dry period. This trend was also
seen by Franca et. al (2011) when they found highest mean total phosphate
concentration in dry season when compared to rainy season. Nitrogen and
phosphorous are limiting nutrients for periphyton (CETTO et al,; 2004). High
concentrations of phosphorous in water bodies can accelerate the plant growth,
microalgae blooms, decrease in the concentration of dissolved oxygen (BHATHERIA;
JAIN, 2016). In June at Tucuruvi Lake the concentrations were very low. The highest

concentration of orthophosphate was 4.7 mgL™" at P1 in August.

Table 1 - Nutrients and Water quality parameters results

Aratimbé Lake Tucuruvi Lake
Parameter P1 P2 P1 P2
June  August August August August
une une une
G @ ® (A)
pH 6.50 7.40 7.17 8.35 7.25 7.76 7.50 7.74
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3.2 Microalgae Composition

Figure 4 shows the percentage for each class of microalgae seen in the two
different campaigns performed at Aratimbé Lake. The mean result of
Bacillariophyceae class was higher compared to other classes. It could be explained
due to their specific characteristics, in which influence on their fixation and developing
on substrates. According to Cetto et al. (2004), diatoms are considered as efficient and
fast colonizers due to some species possess specialized structures to fixate on
substrates, production of gelatinous matrices and colony formation. The results of
Adame, Dunck and Rodrigues (2018) showed predominance of diatoms
(Bacillarophyceae class) in all environment over time, proving that diatoms presents
high tolerance to seasonal changes as well as hydrological regime.

Although Bacillariophyceae was also seen in rainy period, this class was not the
main class during collect with precipitation. Thus, in June with high precipitation
amount there was a decrease in the percentage of Bacillariophyceae. According to
Cetto et al. (2004), rainy and warmer period (as seen in August) can affect the velocity
of sucessional process of periphyton. It could probably influence on quantity and
qualitative aspects of periphytic community as seen in the current results. Cordeiro et

al. (2017) found highest densities of Bacillarophyceae in the dry period.
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Chlorophyceae was seen in higher quantity at P1 at rainy period. Their decrease
in composition percentage could be explained due the high percentage of
Cyanophyceae at P2 in the same period. Cyanophyceae are extremely competitive in
relation to other groups of algae (CORDEIRO, et al., 2017), where environmental
factors could favor the appearance and predominance of Cyanobacteria such as
certain conditions of luminosity, temperature and pH (FERNANDES et al., 2009).
According to Fernandes et al. (2009), the factors that favor the developing of a specie
could not be the same for other species. Moreover, Cordeiro et al. (2017) found
Chlorophyceae and Cyanophyceae in higher density during rainy period.

Oedogoniophyceae, Zygnemaphyceae and Euglenophyceae were just seen
during rainy collect, where Oedogoniophyceae was seen only at P1. According to Silva
et al. (2018) Zygnemaphyceae algae are aquatic organisms typical from freshwater
with low orthophosphate concentration such oligo-mesotrophic environment. These
environment presents orthophosphate concentration to up 5 (ug L") (BELLINGER;
SIGEE, 2010). In eutrophic systems, the literature has shown relative low contribution

of Zygnemaphyceae to total biomass of algae (SILVA et al., 2018).

Figure 4 - Percentage distribution of different classes of periphytic community at two

points at Lake Aratimbé under two different hydrological scenarios
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As well as in Aratimb¢é Lake, the Baccilarophyceae class was dominant in the

periphyton composition for the both of sample points at Tucuruvi Lake (Figure 5). In
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addition, It is also seen the same behavior for Cyanophyceae, where in the collect with
precipitation there was a higher percentage compared to dry period. However,
different from Aratimbd Lake at this lentic environment there was predominance of
Bacillarophyceae in the rainy period.

Although, Oedogoniophyceae are typically periphytic and are also efficient
competitors for environment resources such as light and space, it was not seen at this
lake. Still, this algae are related to high concentrations of nutrients and electrical
conductivity (BICHOFF, et al.,, 2016). Oedogoniophyceae was only seen at P1 in
Aratimbé lake. At this collect, electrical conductivity was 121.86 ps cm' and
concentration of ammoniacal nitrogen and orthophosphate were 2.23 and 1.22 mgL™"
respectively. All this results were not the highest value found for this parameters.
Differently from Aratimb6 Lake it was seen Zygnemaphyceae in dry period (2.1%).

Euglenophyceae appeared just in dry period with maximum percentage of 0.6%.

Figure 5 - Figure 6. Percentage distribution of different classes of periphytic

community at two points at Lake Tucuruvi under two different hydrological scenarios
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Font: authors

In addition, species richness could also be affected most probably for difference
of morphometric characteristics of each lake. According to Rodrigues and Bicudo

(2001), morphometric characteristics also influence on development of aquatic
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macrophytes and also allows the development of both firmly or loosely attached

forms.

3.3 Periphyton density

Figure 6 shows the mean periphyton density for each lakes. For both of lakes,
the total density of periphytic algae increased in the rainy month. Cordeiro et al.
(2017), also found total density higher in rainy period compared to dry period.
Comparing to water quality values, the density was higher with higher ammoniacal
nitrogen (exception was for P1 in august at Aratimbd and P2 at Tucuruvi Lake)
concentration and lower orthophosphate concentration. According to Cetto et al.
(2004), nitrogen and phosphorous are the main limiting nutrients for periphyton and
there is an ideal proportion of nitrogen per phosphorous, in which could influence on
periphyton density. In addition, the high periphyton density with low orthophosphate
concentration could indicate the consumption by these organisms. According to
results of Rooney et al. (2020), periphyton could play another important service in
aquatic ecosystems, they purify water taking up chemical substances present in water
such as pesticides. Thus, there was a decrease of 35% of Periphyton Density in

relation to rainy month for Aratimb¢é Lake and approximately 70% for Tucuruvi Lake.

Figure 6 - Mean Periphyton Density for Aratimbé Lake and Tucuruvi Lake in June and

August
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Periphyton density was calculated (Table 2 - Aratimbd Lake, Table 3 - Tucuruvi
Lake) to identify variation in the community of algae in different hydrological
conditions. In Aratimbé Lake, the different scenarios showed variation of
predominant class for each point. At P1 in the period with precipitation,
Chlorophyceae class was found in higher density, while in the dry period
Bacillariophyceae was the main class in the periphytic community. These results were
similar with results found by Cordeiro et al. (2017). The authors also found highest
densities of Bacillariophyceae in dry period and increase of cyanobacteria and
chlorophytes in the rainy period. In addition, in dry period at P1 was not found
members of Oedogoniophyceae, Zygnemaphyceae and Euglenophyceae classes.

At P2, the highest density was of Cyanophyceae class during the collect with
precipitation, and Bacillariophyceae class in the dry period. Silva et al. (2018) found
higher density contribution due to Cyanobacteria class using Epilithon as substrate in
urban eutrophic ponds. Oedogoniophyceae Class was just seen at P1 in the period
with precipitation. Results from Cordeito et al. (2017) also showed low representability
and higher density of Oedogoniophyceae class in rainy period.

In Aratimbd Lake, Zygnemaphyceae class was found just in the collect with
precipitation, with density of 2.66 103 ind.cm™. This result is similar among the results
seen by Silva et. al (2018), where the authors studied nine eutrophic urban ponds
located in Goiania and they found a range mean from 0.412 to 18.12 103 ind.cm™ of

Zygnemaphyceae class.

Table 2 - Periphyton density at Aratimbo Lake

Density (102 ind.cm™?) - Aratimbé Lake

Classes P1 P2
June August June August
Bacillariophyceae 92.44 149.03 85.33 128.00
Chlorophyceae 148.44 22.81 90.66 44.74
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Cyanophyceae 55.11 8.29 278.22 7.70
Oedogoniophyceae 9.77 - - -
Zygnemaphyceae 2.66 - 2.66 -
Euglenophyceae 3.55 - 1.77 0.29

Font: authors

In Tucuruvi Lake, there was smaller periphyton density than Aratimbé Lake, in
which could be due to difference of morphometric characteristics of each lake,
characteristics of each substrate collected and nutrients availability in each water
body. In addition, Tucuruvi Lake presented in all campaigns, for the both of points the
predominance of Bacillariophyceae class. In addition, the density of Chlorophyceae
class was seen higher in June (collect with precipitation) as seen in Aratimbd Lake.

However, it was not seen any individual from Oedogoniophyceae class (Table 3).

Table 3 - Periphyton density at Tucuruvi Lake

Density (103 ind.cm™) - Tucuruvi Lake

Classes P1 P2

June August June August

Bacillariophyceae 114.67 43.25 97.77 34.37
Chlorophyceae 82.66 9.48 59.55 5.62
Cyanophyceae 77.33 1.48 62.22 12.74

Oedogoniophyceae - - - -

Zygnemaphyceae 0.88 1.18 - 0.29
Euglenophyceae - 0.29 - 0.29

Font: authors

4 CONCLUSIONS

Concerning about water quality parameters the water bodies presented high
values of nutrients such as Ammoniacal Nitrogen and Orthophosphate, mainly during
in the dry period, where there was the highest value of Ammoniacal Nitrogen in

Aratimbé Lake, in which is a larger lake compared to Tucuruvi lake and it is very
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sensible of urbanization influence. In addition, the water quality parameters were
influenced by climatic and hydrological condition, for instance, pH was higher during
the warmer campaign with no precipitation. Conductivity also increased with increase
of temperature during the dry period. Complementarily, the periphytic algal
community also varied along the water bodies for each collect. Total periphyton
density showed higher values during the rainy campaign where there was
predominance of different classes for each point and each lake. In Aratimbd Lake,
Chlorophyceae class was predominant at P1, while Cyanophyceae class was
predominant at P2. In dry period, Bacillarophyceae class was seen as the predominant
class for both of lakes and for all sampling points. Differently from Aratimbé Lake, in
Tucuruvi Lake Bacillarophyceae class was predominant in both of hydrological
scenarios. Therefore, these two urban lakes, although located in the same city,
presented different values of water quality parameters as well as periphyton
composition and quantity, in which demonstrates that there are a lot of variables that
play important roles in the quality of an aquatic ecosystem as well in the composition

and quantity of periphytic algal individuals.

ACKNOWLEDGMENT

The authors would like to thank professor Liliana Rodrigues for comments and
suggestions for this and next works. The authors also thank the Department of
Environment at UEM for the opportunity to work at Pollution lab and biology lab. Also,

thank to reviewers for contribution.

REFERENCE

ADAME KL, DUNCK B, RODRIGUES L. Periphytic algal Community in lentic
environments of the upper Parana River floodplain: seasonal and spatial
variation. Acta Limnologica Brasiliensia. 2018;30.

Ci. e Nat,, Santa Maria, v. 42, €94, p. 1-20, 2020




Godoy, R, F., B,; Trevisan, E.; Crisiogiovanni, E., L.; Nudi, M., H.; Porto, C., E.; Rodrigues, L., A., P.; 17
Santos, M., B.; Rocha, A, H.; Tavares, L.; Ruggeri, M., V., R.; Andrade, J., G., S.; Nascimento, G., S.

AlI-SHAMI SA, MD RAWI CS, AHMAD AH, ABDUL HAMID S, MOHD NOR SA. Influence of
agricultural, industrial, and anthropogenic stresses on the distribution and
diversity of macroinvertebrates in Juru River Basin, Penang, Malaysia.
Ecotoxicology and Environmental Safety. 2011;74(5):1195-1202.

APHA AWWA WEF. Standard methods for the examination of water and
wastewater. 2005;21. Washington, DC; USA.

BELLINGER EG, SIGEE DC. Freshwater Algae: Identification and use as
bioindicators. Wiley-Blackwell. 2010;1.

BHATERIA R, JAIN D. Water quality assessment of lake water: a review. Sustain.
Water. Resource. Manag. 2016;2:161-173.

BICHOFF A, OSORIO NC, DUNCK B, RODRIGUES L. Periphytic algae in a floodplain
lake and river under low water conditions. Biota Neotropica. 2016;16(3).

BICUDO CE, MENEZES MA. Géneros de algas continentais do Brasil: chave para
identificacdo e descrigdes. 2 ed. S3o Carlos: Rima. 502p; 2006.

BOTARI JC, BOTARI A, OLIVEIRA BC, SANTOS LN, DANELUZZI NS, HATSUMURA PM.
Andlise ambiental urbana e proposta de intervencdo nos bairros Jardim
Harmonia e Jardim Aratimbé do municipio de Umuarama regiao noroeste do
Parana. XIV International Conference on Engineering and Technology Education.
2016; Salvador-BA; Brasil.

CAETANO ICS da, MARTINS LA de, MERLINI LS. Analise da qualidade da agua e dos
peixes do lago Aratimbd, Umuarama PR - Brasil. Arg. Cienc. Saude UNIPAR; 2011
maio/agosto; Umuarama; BR. 15(2):149-157.

CETTO JM, LEANDRINI JA, FELISBERTO SA, RODRIGUES L. Comunidade de algas
perifiticas no reservatério de Irai, Estado do Parana, Brasil. Acta Scientiarium.
Biological Sciences. 2004;26(1):1-7.

CONSALTER BG, MIRANDA DM de, SOUZA JS de, FERRAREZI ADM, FERRAREZI ]G,
GASQUES LS. Avaliacao da contaminacao por cobre e chumbo do lago Aratimbg -
Umuarama - PR. Arg. Cienc. Saude UNIPAR; 2019 maio/agosto; Umuarama; BR.
23(2):107-112.

CORDEIRO RS, BARBOSA JEL, LIMA FILHO GQ, BARBOSA LG. Periphytic algae
dynamics in lentic ecosystems in the Brazilian semiarid. Braz. ]. Biol.
2017;77(3):495-505.

DEBELS P, FIGUEROA R, URRUTIA R, BARRA R, NIELL X. Evaluation of water quality in
the Chillan River (Central Chile) using physicochemical parameters and a

Ci. e Nat,, Santa Maria, v. 42, €94, p. 1-20, 2020




Comparison of temporal and spatial variation of periphytic algal community in two urban lakesin 18

Umuarama-PR (Brazil)

modified Water Quality Index. Environmental Monitoring and Assessment.
2005;110(1-3):301-322. https://doi.org/10.1007/s10661-005-8064-1.

DENICOLA DM, KELLY M. Role of periphyton in ecological assessment of lakes.
Freshwater Science. 2014;33(2):619-638. https://doi.org/10.1086/676117.

DODDS WK. The role of periphyton in phosphorus retention in shallow
freshwater aquatic systems. Journal of Phycology. 2003;39(5):840-849.
https://doi.org/10.1046/j.1529-8817.2003.02081 .x.

FERNANDES VO, CAVATI B, SOUZA BD, MACHADO RG, COSTA AG. Lagoa mae-ba
(Guararapi-Anchieta, ES): Um ecossistema com potencial de floracdao de
cianobactérias. Oecol. Brasil. 2009;13(2):366-381.

FRANCA JUNIOR P, VILLA MECD. Analise macroscdépica nas cabeceiras de
drenagem da area urbana de Umuarama, regidao noroeste - Parana/Brasil.
Geografia Ensino & Pesquisa. 2013;17(1):107-117.

FRANCA RCS, LOPES MRM, FERRAGUT C. Structural and sucessional variability of
periphytic algal community in a Amazonian lake during the dry and rainy
season (Rio Branco, Acre). Acta Amazonica. 2011;41(2):257-266.

GOGOI K, SARMA DK, BAISHYA S, BHAGAWATI K, TAMULI KK. Quantitative and
qualitative analysis of periphyton composition in carp polyculture system.
Journal of Entomology and Zoology Studies. 2018;6(4):519-526.

GORMAN D, TURRA A, CONNOLLY RM, OLDS AD, SCHLACHER TA. Monitoring
nitrogen pollution in seasonally-pulsed coastal waters requires judicious choice
of indicator species. Marine Pollution Bulletin. 2017;122(1-2):149-155.
https://doi.org/10.1016/j.marpolbul.2017.06.042.

ILIOPOULOU-GEORGUDAKI J, KANTZARIS V, KATHARIOS P, KASPIRIS P, GEORGIADIS T,
MONTESANTOU, B. An application of different bioindicators for assessing water
quality: A case study in the rivers Alfeios and Pineios (Peloponnisos, Greece).
Ecological Indicators, 2003;2(4):345-360. https://doi.org/10.1016/51470-
160X(03)00004-9

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA (IBGE). [Internet]. Brasilia:
Ministério do Planejamento, Orcamento e Gestao (BR). [Cited 2020 jan 6].
Umuarama. Available from:
https://cidades.ibge.gov.br/brasil/pr/lumuarama/panorama.

INSTITUTO DAS AGUAS DO PARANA (AP). [internet]. Curitiba. [Cited 2020 jan 7].
Sistema de informacgodes hidrolégicas. Available from
http://www.aguasparana.pr.gov.br/pagina-264.html.

Ci. e Nat,, Santa Maria, v. 42, €94, p. 1-20, 2020




Godoy, R, F., B,; Trevisan, E.; Crisiogiovanni, E., L.; Nudi, M., H.; Porto, C., E.; Rodrigues, L., A., P.; 19
Santos, M., B.; Rocha, A, H.; Tavares, L.; Ruggeri, M., V., R.; Andrade, J., G., S.; Nascimento, G., S.

KANOWNIK W, POLICHT-LATAWIEC A, FUDALA W. Nutrients pollutants in surface
waters - Assessing trends in drinking water resource quality for a regional city in
central europe. Sustainability. 2019;11:1-15.

KLUIJVER A, NING J, LIU Z, JEPPESEN E, GULATI, RD, MIDDELBURG JJ. Macrophytes and
periphyton carbon subsidies to bacterioplankton and zooplankton in a shallow
eutrophic lake in tropical China. Limnology and Oceanography. 2015;60(2):375-385.
https://doi.org/10.1002/In0.10040.

KOEPPEN W. Climatologia. Con un estudio de los climas de la tierra. México, FCE.
1948:145-378.

CUNHA JE, CASTRO SS, SALOMAO FXT. Comportamento erosivo de um sistema
pedolégico de Umuarama, noroeste do estado do Parana. R. Bras. Ci. Solo.
1999;23:943-951.

LOBO EA, HEIRICH CG, SCHUCH M, DUPONT A, COSTA AB, WETZEL CE, et al. indice
tréfico de qualidade da agua: Guia ilustrado para sistemas Iéticos subtropicais e
temperados brasileiros. Santa Cruz do Sul, EDUNISC. 2016;1.

MANJARE SA, VHANALAKAR SA, MULEY DV. Analysis of Water Quality Using Physico-
Chemical Parameters Tamdalge Tank in Kolhapur District, Maharashtra.
International Journal of Advanced Biotechnology and Research. 2010;1(2):115-119.
http://www.bipublication.com

PURMALIS O, KLAVINS L, ARBIDANS L. Ecological quality of freshwater lakes and
their management applications in urban territory. Research For Rural
Development. 2019;1:103-110. https://doi.org/10.22616/rrd.25.2019.016.

RIZO-PATRON VF, KUMAR A, MCCOY COLTON MB, SPRINGER M, TRAMA FA.
Macroinvertebrate communities as bioindicators of water quality in
conventional and organic irrigated rice fields in Guanacaste, Costa Rica.
Ecological Indicators. 2013;29:68-78. https://doi.org/10.1016/j.ecolind.2012.12.013

RODRIGUES L, BICUDO DC. Similarity among periphyton algal communities in a
lentic-lotic gradient of the upper Parana river floodplain, Brazil. Revta. Brasil.
Bota. 2001;24(3):235-248.

ROONEY RC, DAVY C, GILBERT J, PROSSER R, ROBICHAUD C, SHEEDY C. Periphyton
bioconcentrates pesticides downstream of catchment dominated by
agricultural land use. Science of the total environment. 2020;702.

SCHWARZENBACH RP, EGLI T, HOFSTETTER TB, VON GUNTEN U, WEHRLI B. Global
Water Pollution and Human Health. Annual Review of Environment and Resources.
2010;35(1):109-136. https://doi.org/10.1146/annurev-environ-100809-125342

Ci. e Nat,, Santa Maria, v. 42, €94, p. 1-20, 2020




Comparison of temporal and spatial variation of periphytic algal community in two urban lakesin 20

Umuarama-PR (Brazil)

SILVA FK, FONSECA BM, FELISBERTO SA. Community structure of periphytic
Zygnematophycea (Streptophyta) in urban eutrophic ponds from central Brazil
(Goiania, GO). Acta Limnologica Brasiliensia. 2018;30.

TAKEDA AK, MENDES FM, MARIN LM. Avaliacdo da qualidade da agua do lago
Aratimbé no municipio de Umuarama /PR. || Congresso Brasileiro de Gestdo
Ambiental. 2011.

US EPA. Rapid Bioassessment Protocols for Use in Wadable Streams and Rivers
Periphyton, Benthic Macroinvertebrates, and Fish. 1999. EPA 841-B-99-002.

VAN-DEN-HOEK C, MANN DG, JANHS HJA. An Introduction to phycology. Cambridge:
University of Cambridge Press. 1995:623.

WU Y, LIU J, YANG L, CHEN H, ZHANG S, ZHAO H, ZHANG N. Allelopathic control of
cyanobacterial blooms by periphyton biofilms. Environmental Microbiology.
2011;13(3):604-615. https://doi.org/10.1111/j.1462-2920.2010.02363.x

ZEBEK E. Differentiation of periphyton and phytoplankton assemblages in
anthropogenically transformed conditions of the littoral zone in a shallow
urban lake (Lake Jeziorak Maty, Poland). Applied Ecology and Environmental
Research. 2013;11(3):323-342. https://doi.org/10.15666/aeer/1103_323342

Ci. e Nat,, Santa Maria, v. 42, €94, p. 1-20, 2020




