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Abstract: Good water quality is essential for human activities, including recreation, water
supply, agriculture, industry, and for maintenance of biodiversity. However, the high demand
for resources has led to a reduction in the availability and quality of water. Hence, the objective
of study was to make a synthesis of knowledge about water quality in a floodplain located in the
basin with the highest population concentration in Brazil (Upper Parana River floodplain),
which is influenced by different anthropogenic impacts. We performed a literature search on the
Google Scholar, Scopus and Web of Science databases using the following combination of
keywords and operators: (Limnology OR Cyanobacteria OR Water quality) AND (“Parana
River Floodplain”). Were identified 58 publications from 1997 to 2023, and collected the

following information from each article: publication year; nationality of the journal published,;
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study approach; type of environment; period of study; parameter of study and predictor
variables. The generalised linear model showed a significant increase in the number of
publications over time. The articles were mainly published in international journals and used the
field approach, with an emphasis on studies carried out in lentic environments during a short
period (< 10 years). Cyanobacteria and abiotic variables were the most frequently used
parameters of study, while the predictor variables with the greatest influence on the studies were
phosphorus, nitrogen and water transparency. Thus, considering that in the studied region, water
is used for several ecosystem services, it is concerning that the results still show a gap in studies
on this topic in this region.

Keywords: cyanobacteria; ecological indicators; eutrophication; freshwater; nutrients.

INTRODUCTION

Although water is an essential element for life on earth, its availability and quality are
threatened by various factors, such as population and economic growth, urbanization, river
damming and pollution (Duh et al. 2008; Akhtar et al. 2021). Several of these factors lead to
changes in land use, which are one of the main causes of altered water quality in natural
environments. For example, some cultures use fertilizers to increase production, which then run
off into nearby watercourses (rivers and lakes), increasing the risk of eutrophication and loss of
biodiversity (Bhateria & Jain 2016, Lechinovski et al. 2022). In this context, monitoring water
quality is fundamental, in addition to subsidizing environmental conservation initiatives and
contributing to public policies for planning and managing hydric resources (Guedes et al. 2012,
Noori et al. 2019), and to evaluate water quality, different parameters can be analysed, such as
nutrients (phosphorus and nitrogen), dissolved oxygen, trace elements (e.g. lead and copper),

toxic algal blooms (cyanobacteria) and microplastic pollution (Vasistha & Ganguly 2020).
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Among the floodplains in Brazil associated with large rivers is the upper Parana River,
located in the watershed with the highest population concentration in Brazil, impacted by the
large input of nutrients from industrial and agricultural effluents, as well as the construction of
several dams on its course (Algarte et al. 2006, Agostinho et al. 2018). The Upper Parana River
floodplain is located at the top of the Environmental Protected Area of the Parand River Island
and Vérzea, and stretches between the Porto Primavera Dam (upstream) and the beginning of
the Itaipu Reservoir, represents the last undammed stretch of the Parana River, with 230 km in
length. This region presents a greater diversity of habitats, including numerous secondary
channels, interconnected and isolated lakes, and the main channels of the Parana, Baia and
Ivinhema rivers (Agostinho et al. 2007, Granzotti, et al. 2018).

Wetlands, such as floodplains, are one of the ecosystems most threatened by the social
and economic demands of society, although they are extremely important. The dynamics of this
ecosystem provide the society the regulation and purification of water, erosion control, waste
treatment, disease control, drinking water for consumption and irrigation, food production (fish,
shrimp, oysters and vegetables), energy production and cultural services (tourism and
recreation) (Petsch et al. 2023). One way of contributing to the preservation and conservation of
this ecosystem is to obtain information on their structure and functioning, and to find gaps in
knowledge and consequently encourage studies that add information for a better understanding
of their dynamics (Agostinho et al. 2008). One way of contributing to the preservation and
conservation of this ecosystem is to obtain information on their structure and functioning, and to
find gaps in knowledge and consequently encourage studies that add information for a better
understanding of their dynamics (Agostinho et al. 2008). In this context, scientometric studies
stand out as a quickest and effective method for knowledge synthesis, by measuring,
quantifying, compiling, and synthesizing information. These studies also provide a way to
visualise the technical and scientific efforts made to date, to highlight trends in the process of

advancing knowledge (Dalpé 2002).
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There are few scientometric studies performed in the upper Parana river floodplain. For
example, Osorio & Rodrigues (2021) carried out a scientometric search to identify the studies
conducted in this region until 2018, independent of their approach. Bertoncin et al. (2022)
analysed the studies with aquatic macroinvertebrates in this floodplain published until 2020.
Finally, Ruaro et al. (2020) carried out a systematic review to identify trends and gaps in studies
on non-native populations in this region and to identify which population ecology topics are
predominant in the studies. However, a review of water quality in this region was not made,
although it is important because the results can contribute to environmental conservation in the
context of water resource planning and management policy, since this water is used for human
supply. In addition, understanding the gaps in knowledge about water quality in the Upper
Parand River region could boost scientific production in the region, which is important
economically, socially, and environmentally. Thus, the aim of this study was to synthesise
knowledge about water quality in the last dam-free stretch of the upper Parana River floodplain

using a systematised search of the literature.

MATERIAL AND METHODS
Literature search

A systematic search was performed to identify and update information on water quality in
the last dam-free stretch of the upper Parand River floodplain. This bibliometric research was
performed in the Google Scholar, Scopus and Web of Science databases, using the following
combination of keywords and operators: (Limnology OR Cyanobacteria OR Water Quality)
AND (“Parand River Floodplain), while the Scopus database used the combination
({Limnology} OR {Cyanobacteria} OR {Water Quality}) AND ({Paran& River Floodplain}).
The equations used for the literature research were based on the study by Ferreira et al. (2023),
who analysed the main scientific literature databases. The keywords used in the search were

analysed in the titles, abstracts, keywords and the entire text of the studies. The literature search
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was not limited in time, so all references published up to December 2023 were considered. The
use of different bases (Google Scholar, Scopus and Web of Science) increases the search
performance for articles about water quality and helps reduce the possibility of having biased
results (Ferreira et al. 2023).

Both observational and experimental studies were used, but grey literature was not

considered.

Data extraction

A database was created with all the references offered by the databases according to the
search terms. Subsequently, a manual sorting process which consisted of the reading the full
articles was carried out according to the specificity of our study, excluding duplicate references
present in more than one database, references unrelated to our study topic (water quality) and
references outside our study area (last dam-free stretch of the upper Parana River floodplain).

The selected references were read completely, and the following information was
obtained: year of publication; nationality of the journal published; study approach; parameter of

study; type of environment; duration of the study; predictor variables.

Data analysis

A Generalised Linear Model (GLM) analysis (Logan, 2010) was performed to determine
the relationship between the number of publications (response variable) and the years of
publication (fixed effect) using the Poisson distribution. The data was checked for normality
and homogeneity of variance to meet the conditions for multiple regression.

Were used graphs and descriptive statistics to estimate the comparison between some
factors, such as the number of articles by journal nationality, the number of field or
experimental articles, the type of environment, the duration of the study (long duration > 10

years or short duration < 10 years) and the parameter of study used. A word cloud was created
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to verify the most frequent predictor variables in the articles evaluated. This word cloud is a
visual representation that considers the frequency of words as a degree of importance, i.e. the
bigger the word, the greater the effect. In addition, posteriori, a report was carried out on the
species of cyanobacteria cited in the articles because this was the most widely used parameter of
study.

The GLM analysis and all the graphs were performed in the R software version 3.3.1
using the "nlme" package and the "ggplot2" package, respectively (R Development Core Team,

2013).

RESULTS

A total of 58 published studies on water quality were recorded in the floodplain (Figure
1), with a higher concentration in the sub-basins of the Parand, Baia and lvinhema Rivers
(Figure 2; Table S1- Supplementary material). The first studies were published in 1997 and the
most recent in 2023. The generalised linear model (GLM) showed a significant increase in the

number of publications over the years (z-value = 1.9; p = 0.04 Figure 3).
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Figure 1. Steps of the systematic review based on the adapted PRISMA flow diagram (Moher et al.,
2009) summarizing the phases of inclusion and exclusion of studies.
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Figure 2. Map showing the sites where water quality was analysed in the upper Parana River floodplain.
1: Parana river, downstream of the Porto Primavera reservoir; 2: Paranapanema River, downstream of
the Rosana reservoir; 3: Baia River sub-basin; 4: Parand River sub-basin; 5: lvinhema River sub-basin;
6: Amambai River; 7: Ivai River; 8: Paracai River; 9: Parana River; 10: Iguatemi River; 11: Piquiri
River. The red dots represent the sampling points. The green colour indicates the concentration in the
number of studies, where the higher shades of green represent a higher number of studies. The red
ellipses delimit the regions with the highest number of studies (3. Baia River, 4. Parana River and 5.
Ivinhema River).
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Figure 3. Results of the generalised linear model showing the relationship between the number of
articles published and the years of publication. The shaded band represents the standard error.

Most of the studies analysed were published in international journals. However, this
difference was relatively small, with 32 articles originating from international sources and 26
from national publications (Figure 4A). When we analysed the approach of the studies, we
observed that the majority were performed in the field (51 articles), while a smaller number (7

articles) used an experimental approach (Figure 4B).
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Figure 4. Number of articles published in national and international journals (A) and number of articles
with field or experimental approaches (B).

Based on the literature search, it was possible to identify that different study parameters
were used to evaluate water quality, such as cyanobacteria, abiotic variables (e.g. nutrients),
fish, zooplankton, macroinvertebrates and macrophytes (Figure 5). Cyanobacteria were the most
widely used parameter of study to indicate water quality, both in field and experimental
approaches, with 126 species recorded in studies performed in the upper Parand River
floodplain, of which 44 genera are recognised for their toxic potential (Table S2). On the other

hand, macroinvertebrates and macrophytes were the lowest studied parameters.
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Figure 5. Variables and test organisms used in studies on water quality in the upper Parana River
floodplain between 1997 and 2023.

Given the diversity of environments found in the floodplain, it was observed that some
studies evaluate water quality in both lotic and lentic environments, but in general, the number
of studies in lentic environments (47 studies) is higher than in lotic environments (25 studies)

(Figure 6).
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Figure 6. Number of articles carried out on lentic and lotic environments in the upper Parana River
floodplain.

Concerning the duration of the studies, the majority of the studies are of short duration (<

10 years) (Figure 7); on the other hand, only 12 studies used long-term data.

12



Oecologia Australis (ISSN: 2177-6199)

Ahead of print (https://revistas.ufrj.br/index.php/oa/issue/view/1109/showToc)
Article ID: AO#63166

Published online: 19 June 2024

16 1

N
oo N
1 1

Number of articles

0 5 1IO 15 20
Study duration/ years

Figure 7. Duration of the study of articles on water quality in the upper Parana River floodplain between
1997 and 2023.

The variables that most frequently explained the water quality of the floodplain
environments were nitrogen, phosphorus, chlorophyll, water transparency, and oxygen. (Figure
8). On the other hand, some of the explanatory variables least reported as significant in the

studies were microplastics and trace elements (e.g. mercury) (Figure 8).
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Figure 8. Explanatory variables of studies on water quality in the upper Parana River floodplain between
1997 and 2023. Larger words indicate greater frequency in the studies

DISCUSSION

The study demonstrated trends in the increase of the number of publications related to
water quality in the environments of the upper Parand River plain over time, although it is
important to emphasise that there is still a knowledge gap. This is evident when we compare the
results of Osorio & Rodrigues (2021), who performed a search in the Web of Science database
of all studies carried out in this same floodplain between 1995 and 2018, and found a total of
435 published articles. In contrast, our search, which focused exclusively on water quality

identified only 58 studies. However, it is important to note that Osorio & Rodrigues (2021) used

14
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different keywords, databases and years, since their aim of their research was to record any type
of study carried out on the Upper Parand River floodplain, regardless of the approach. This
shows that the number of studies on water quality recorded in our search is relatively low when
compared to the total number of studies carried out in this area of study up to 2018.

The largest number of publications found in our search were in international journals. The
publication of articles in international journals provides some advantages for authors and
readers, such as a greater reach for the results and conclusions obtained, and consequently an
advance in the distribution of knowledge, since the English language is the universal language
of science (llyosovna 2020), a fact that contributed to this result. In addition, the journals that
publish studies in the field of aquatic ecology that have a high impact factor are international
and only publish manuscripts written in English, as the publishers recognise that the maximum
number of readers and citations can be reached with this language (Garfield 2002, Martens
2015).

Most of the studies used the field approach, and there were fewer experimental studies.
The first approach is commonly used and aims to describe reality (Aragdo 2011), establishing a
relationship between the response and explanatory variables, as well as involving the collection
of standardised data (Fontelles et al. 2009). On the other hand, experimental research is not very
common, due to the lack of physical structure and equipment, and the potential for operational
problems during the experiment, which affect the timescale of the studies. Although, in some
cases, this is the only alternative to answering a cause-and-effect relationship. However, it is
important to highlight that some relationships cannot be interpreted by experimental
approaches, as the process to be investigated is more complex, requires more study time and
financial resources (Aragdo 2011, Freire & Patussi 2018).

The studies on water quality in the floodplain of the upper Parand River were mostly
performed in lentic environments, primarily because these studies typically involved

communities that are more diverse in this type of environment (Agostinho et al. 2004). In
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addition, lakes, both isolated and temporary, and permanently connected to other environments,
are distributed along the entire floodplain and in greater numbers than lotic environments. Thus,
lentic environments are more focused on research with different biological groups (e.g.
phytoplankton and fish), and consequently their studies provide inferences about water quality
(Pineda et al. 2017, Lopes et al. 2022). In addition, the residence time of water in lakes is
related to water quality, since it affects the water's chemical composition and is closely related
to the efficiency of nutrient utilization by algae (Hilton et al. 2006). A long water residence time
is an important factor that contributes to the possibility of eutrophic events and increased
occurrence of cyanobacterial blooms (Soares et al 2008). However, when the water retention
time is reduced, and consequently the water flow in the environment is high, the algae are
unable to reach maximum biomass and utilise all the available nutrients (Hilton et al. 2006).

In this floodplain, studies on biological communities started in 1986, but intensified with
systematic sampling from 2000 onwards, with the creation of the long-term ecological research
programme (PELD-PIAP), which monitors different aquatic communities (e.g. phytoplankton,
periphyton, protozoa, zooplankton, ostracods, benthic macroinvertebrates, aquatic macrophytes,
riparian vegetation and fish) (Brito et al. 2020, PELD-PIAP). In fact, the most studied areas on
the floodplain, the Parana River subsystem, the Baia River and the Ivinhema River, correspond
to the monitoring points of the PELD programme. This project's database is widely used by
students on the Postgraduate Programme in Ecology of Continental Aquatic Environments to
write theses and dissertations, and consequently to publish articles in national and international
journals. However, this monitoring programme is relatively new and has been running for 23
years, which may contribute to the lower number of long-term studies, as only studies carried
out since 2010 have been able to take a long-term approach.

The majority of the works evaluated were short term, due to the aims of the research and
the lack of funding. Long-term studies require intense and continuous investment, qualified

professionals and questions aimed at monitoring a process and/or event. Based on this, a robust
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database is built up with systematised and standardised information that makes it possible to
understand natural and anthropogenic influences on biodiversity and water quality, and to assess
trends in the reduction of these ecosystem components (PELD 2017, Bonecker et al. 2020,
Costa et al. 2020, Higuti et al. 2020). Pineda et al. (2020) performed a long-term study on the
floodplain of the upper Parana River using a database of phytoplankton species from 1993 to
2018 and were able to assess a positive effect of the installation of a protection area on the
biodiversity of some aquatic communities and water quality in general, as they observed a
reduction in the dominance of cyanobacteria over time.

Cyanobacteria were the main organisms used to indicate water quality in the studies.
Phytoplankton species are widely used as an indicator to determine the level of nutrients in the
water, which is the basis for preparing and monitoring strategies for aquatic environments
(Bhateria & Jain 2016), due to their sensitivity and rapid ability to respond to environmental
changes (El-Kassas & Gharib 2016). Among the groups of planktonic algae, cyanobacteria are
particularly important because they are generally responsible for the formation of algal blooms,
which lead to a change in water color (Huisman et al. 2018) and increased turbidity (Foster et
al. 2020), effects that are visible to the naked eye. In addition, they can lead to depleted oxygen
concentrations and the production of toxic secondary metabolites that alter food webs (Paerl &
Huisman 2009), harming the various uses of water and cause a series of changes in the
planktonic and benthic microbiota (Paerl & Otten 2013, Huisman et al. 2018). The formation of
blooms of species that produce cyanotoxins negatively influences some ecosystem services,
such as water potability, fishing and recreational activities (Plaas & Plaer 2020).

The increased frequency, severity and duration of these blooms are closely associated
with anthropogenic actions and global warming (Pinto et al. 2023). In the studies analysed,
despite the fact that a large number of species producing cyanotoxins have been recorded in the
region, the occurrence of blooms is not frequent, and this is primarily due to the oligotrophic

nature of the water bodies within the Upper Parand River floodplain. In addition, the mass
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proliferation of cyanobacteria is influenced not only by the high concentration of nutrients, but
by a number of factors, such as water column stability, water retention time, carbon availability
and temperature (Jeppesen et al. 2009, Sondergaard et al. 2011).

One of the keywords used in the search for articles on water quality was the word
cyanobacteria, since it is a group widely used to indicate the concentration of nutrients in water
(Bhateria & Jain 2016). This choice could influence the results regarding the study parameters
used to evaluate water quality and represent a potential limitation. For this reason, we combined
the keywords Limnology OR Cyanobacteria OR Water quality to reduce any bias on the results.
Furthermore, restricting the search to only ‘water quality' might yield similar trends in the
results. However, we recognised that the selection of keywords is a crucial step to understand
the results.

Studies on macroinvertebrates and macrophytes as mediators of water quality still need to
be intensified, since changes in the structure of these communities can be important as an
indicator of the quality of an environment (Hildrew & Giller 1995, Galdean et al. 2000; Rosa et
al. 2022). These organisms are efficient at responding to habitat changes (Armitage & Pardo
1995, Rosa et al. 2024). Plecoptera, for example, are only found in waters with very good
quality (Galdean et al. 2000). However, many studies involving macroinvertebrates as
bioindicators of water quality are experimental, an approach that was little used in the studies
analysed (Kelly et al. 2020, Lohs et al. 2023), which may explain the low number of articles
found using invertebrates.

Aguatic macrophytes are also efficient indicators of water quality, since up to a certain
threshold of external nutrient input, they act as purifying filters for aquatic environments (Diniz
et al. 2005). In addition, the distribution of morphological groups is related to environmental
conditions. Stefanidis & Papastergiadou (2019) observed that the occurrence and density of

rooted submerged macrophytes were related to water transparency, conductivity and alkalinity;
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while rooted macrophytes with floating leaves were related to waters enriched in nitrogen and
phosphorus.

Total phosphorus and nitrogen concentrations, as well as water transparency, were the
most frequent explanatory variables in studies on water quality in this floodplain. These
variables, as well as dissolved oxygen, pH and temperature, are used to create indices that are
crucial to understanding the water quality of water bodies (Chang et al. 2020). In general, these
variables also influence the distribution and abundance of aquatic groups and species that can
indicate water quality (Akane Murakami & Rodrigues 2009, Vieira da Silva et al. 2022).
Phosphorus and nitrogen are limiting nutrients for photosynthesizing species and their
enrichment in aquatic ecosystems is related to the process of eutrophication, leading to
excessive growth of phytoplankton algae (Lewis et al. 2011) and, consequently, a chain
imbalance in communities at higher trophic levels, resulting in a loss of water quality,
biodiversity, and ecosystem services.

Trace elements and microplastics have not been the parameter of many studies in the
upper Parand River floodplain, but their effects should be emphasised. Trace elements are
considered toxic and have bioaccumulative potential and can enter the water body through
consumer and industrial waste or released and carried from the soil by acid rain (Verma &
Dwivedi 2013). In our search, we found only one study on trace elements, which was carried
out by Moraes et al. (1997) who investigated mercury concentrations in two fish species and
observed that the values detected did not exceed the limits established for the emission of fish
consumption (<500 ng.g-1). However, this study was performed more than twenty years ago,
which highlights the lack of studies for the region.

In terms of microplastics, only two studies were found investigating the presence of
microplastics. Cardozo et al. (2023) recorded microplastic particles in the diet of nine species of
carnivorous fish, showing a positive relationship between the number of plastics and the rainy

season. In contrast, da Silva et al. (2022) experimentally evaluated the effect of microplastic
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particles on planktonic trophic webs and observed that smaller microplastic particles are
significantly more consumed by plankton.

In conclusion, this study provides important data on the knowledge gaps about the factors
that influence water quality in the Upper Parana River floodplain, highlighting the need to
continue studies with extended durations, guaranteeing the preservation and improvement of
water resources. We have identified that some communities, such as benthic macroinvertebrates
and aquatic macrophytes, should be better studied in this region to understand the aquatic
ecosystem overall. In addition, the limnological variables phosphorus, nitrogen and
transparency can be used as tools to monitor water quality in this ecosystem, as well as the
abundance of cyanobacteria. We also suggest that future studies explore the effects of pollutants
such as trace elements, pesticides and microplastics, which have a high pollution potential.
Therefore, it is essential that all the knowledge resulting from this scientific research is
organised to serve as a base for the development of environmental policies and guidelines for

ecosystem management.
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