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Abstract: Aim: Reveal the direction for future studies about eutrophication, or even reveal the
preoccupation among the scientific community about this environmental problem. With a systematic
synthesis of eutrophication studies, scientists may be able to understand the state of the literature on
aquatic ecosystems around the world. This study intends to identify the main factors used to control
algal blooms and the eutrophication process, the countries and environments which have more research
about this theme or even identify the articles subjects in different periods (e.g.: Experimental, theoretic,
monitoring, conservation). Methods: We analyzed all studies published in the Zhomson ISI Web of
Science on both eutrophication and phytoplankton between 2001 and 2016. Results: During the
period analyzed, we observed an increase in concern about this subject. Authors from institutions in
the USA and China wrote most of the studies. The most important geographic and socioeconomic
aspects to determine the publication number were total area and HDI respectively. However, the
main determinant for the publication about this subject was international collaboration. Some of the
most actual themes in ecology and conservation (e.g.: functional groups, climate change, experiment,
perdition models, regional scales, invasive species) were addressed in the studies analysed. Invasive
species such as Tilapia and Cylindrospermopsis raciborskii were the most cited species on these keywords.
Conclusion: Despite the current issues addressed in the studies on phytoplankton and eutrophication,
some subjects, such as climate change or spatial pattern, were only common in years more recent.
Even though studies focusing in functional diversity are highly relevant for conservation, they were not
common in any year studied. The major determinant factor related to the increasing in eutrophication
knowledge was the international collaboration

Keywords: Cyanobacteria; collaboration; climate-change; hydrology; invasive species.

Resumo: Objetivos: Revelar a dire¢do de futuros estudos ou mesmo a preocupagio da
comunidade cientifica sobre esse problema ambiental. Com uma revisao sistemdtica dos estudos
sobre eutrofizagio cientistas podem ser capazes de entender o estado da literatura sobre ecossistemas
aqudticos no mundo. Nesse trabalho pretende se identificar os principais fatores usados para controlar
floragbes e processos de eutrofizagio, os paises e ambientes com mais pesquisar sobre o tema e
ainda os principais temas abordados em diferentes periodos. Métodos: Nés analisamos todos os
estudos publicados na base de dados Zhomson ISI Web of Science sobre eutrofizagio e fitoplincton
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entre 2001 e 2016. Resultados: Durante o periodo analisado observamos um aumento no niimero
de publicagoes. Autores dos EUA e da China escrevam a maior parte dos estudos. Os aspectos
socioecondmicos e geogrficos mais importantes para determinar o niimero de publica¢bes foram drea
total do pais e IDH. Entretanto, o principal determinante para publicacio nessa 4rea foi o nimero
de colaboragoes internacionais. Alguns dos temas mais atuais em ecologia e conservagio (ex.: grupo
funcional, mudancas climdticas, modelos de predicdo, escalas regionais, espécies invasoras) foram
abordados nos estudos analisados. Espécies invasoras como Tildpia e Cylindrospermopsis raciborskii
foram as espécies mais citadas nas palavras chaves. Conclusao: Apesar das abordagens atuais nos
estudos de eutrofizagio e fitoplancton, alguns temas foram comuns apenas nos recentes anos como
mudangas climdticas e padroes espaciais. Apesar da relevancia da diversidade funcional nos estudos
de conservagio, essa palavra nio foi comum em nenhum dos anos estudados. O fator determinante
para aumento do conhecimento sobre eutrofizacio foram as colaboracoes internacionais.

Palavras-chave: cianobactéria; colabora¢ao; mudancas-climdtica; hidrologia; espécie invasora.

1. Introduction

Eutrophication is an environmental problem
caused by the increment of nutrients, such as
nitrogen and phosphorus, in aquatic ecosystems.
These nutrients have a considerable variety of
sources; they may not only come from urban
and industrial sewage but also from agricultural
lands (Johnson et al., 2007; Donald et al., 2011).
Therefore, land use information is important for
identifying the trophic status in aquatic ecosystems
(Downing et al., 1999).

Nutrient loading causes a rapid elevation
in the primary production of phytoplankton
(Drupp et al., 2011), resulting in extensive
changes in physical, chemical, and biological
characteristics (Carneiro et al., 2014). Some algal
species that produce toxins are favored when there
is more organic matter than can be consumed or
decomposed (Carpenter, 2005). Phytoplankton is
a group of organisms that is sensitive to nutrient
variation; for this reason, it is an important indicator
group of eutrophication (Cottingham etal., 1998).
Biodiversity losses, water pollution, increases in
the emission of greenhouse gases, and an elevation
in the costs of water treatment are some of the
environmental and economic consequences of
eutrophication (Tilman et al., 2001).

Several scientific studies have reported
eutrophication as a growing preoccupation for
the scientific community around the world
(Vorosmarty et al., 2010). Therefore, a systematic
review of this subject may identify some key variables
to monitor this complex process (e.g. land-use) or
even lead to future research (e.g.: climate-change).
An effective way to produce a systematic review on
this subject is through a scientometric study, which
allows a quantitative understanding of research
trends (e.g. Carneiro et al., 2008; Alves et al., 2014;
Nabout et al., 2015). With a systematic synthesis
of eutrophication studies, scientists may be able to
understand the state of the literature on aquatic

Acta Limnologica Brasiliensia, 2018, vol. 30, €2

ecosystems around the world, and identify the
main factor, which control algal blooms and the
eutrophication process.

A scientometric study of eutrophication may
also reveal the representability of this subject in
the scientific literature. Thus, for this study we
used a scientometric approach to investigate the
scientific literature on eutrophication in aquatic
ecosystems. To know if the interest of the scientific
community is increasing and changed over the
time. We posed the following questions: (1) Did the
number of studies increase over time? (2) In studying
eutrophication processes, have there been any change
in the tolls or variables? (3) What are the countries
that have made major contributions during this
period? (4) What environment has the largest
number of works on eutrophication? (5) What types
of environmental drivers and taxonomic groups
are most frequently studied? (6) What are the
main characteristics that influence the number of
publications? (7) What are the most collaborative
countries in this field and how is the Network of
international collaboration among them?

2. Material and Methods

We selected all articles in the Thomson IST Web
of Science database published from 2001 to 2016,
with the words “eutrophic*” and “phytoplankton*”
present in the keywords, abstract, or title. From each
article, we retained the following information: year
of publication, name and mailing address of the first
author, address of the institution of the authors,
and keywords. To study the temporal trends of
the publication during the period of interest, we
plotted the number of published papers over the
years and examined the trend through a linear
regression model. To identify the countries with
the greatest number of publications we used the
location of the institution of the corresponding
author. Using the keywords, we recorded the most
frequently studied environments, and taxonomic
groups. The keywords are important elements
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used to represent the contents of the articles
(Carneiro et al., 2008).

The remaining keywords were analyzed using a
Correspondence Analysis (CA) with the vegan package
for the R program version 3.1.1 (Oksanen etal., 2013).
The CA was used to identify the similarity between
the years (2001-2016) in relation to the keywords
used in the articles, since it is possible to know which
keyword are most common in each year (sampling
unit) and how these years are similar (Legendre &
Legendre, 1998). To identify if the keywords had a
significant relationship with the years in the CA we
used a chi-square test using the R program. Other
scientometrics studies have also used ordination
analysis to investigate the temporal trends of keywords
(see Carneiro et al., 2008; Nabout et al., 2012).

Using the authors’ addresses it was possible to
builtan international collaborative network through
a Social Network Analysis (SNA). This analysis base
itself on the investigation of the relationship among
entities, in this study the countries, and on patterns
and implications of these relationship (Csardi &
Nepusz, 2006). The network can be built using the
frequency of interactions that each country has with
others. Thus, higher the frequency of interactions
between two countries closer to each other in
the network they will be. Furthermore, the most
interactive country will be centred in the network.

To evaluate if geographical and socioeconomic
characteristics influence the number of articles
published per country, we sampled geographical
data (i.e. Total area, coastal extension, inland area
occupied by aquatic ecosystems, Gross Domestic
Product (GDP)) and socioeconomic information
(life expectancy, development status (DC= developed
country, DIC= developing countries, LDC= less
developed country, LLDCx= least developed country),
human development index (HDI), school life
expectancy) for each country (CIA, 2017). Using these
variables, we built a multiple regression model and we
relied on the Akaike Information Criterion to select the
best model. This statistic rewards prediction precision
while penalizing model complexity (Burnham &
Anderson, 2004). We also verified whether the number
of international collaborations have an influence on

the number of papers published per country.

3. Results

During 2001 to 2016, 4,949 papers were
published with the words “cutrophication” and
“phytoplankton” in their keywords, abstract, or
title. The number of papers on this subject increased
during the period analyzed (Figure 1).

The CA indicated a temporal trend during the
years analyzed. The main gradient of the subjects was

Acta Limnologica Brasiliensia, 2018, vol. 30, €2

in according to the Axis 1 that explain 16.01% in
the keywords variation during the years (Figure 2).
There are few keywords associated to the years 2001
to 2006. During the years 2007 to 2015, there are
more themes, but in general, these subjects were not
specific for one year (keywords). In 2016 the most
common keywords were trophic change, spatial and
temporal pattern and invasive species (Figure 2)

The proximity of each year in Figure 2 indicates
the similarity in the subject matters (keywords).
For instance, in 2001 the most common keyword
was “culture”. In 2002, it was “Functional groups”.
From 2003 to 2005 the keywords “Trophic gradient”,
“Acid environments”, “population”. Followed by
“Bioassay”, “HPLC” and “Pigments”. “Global
change”, “Risk assessment” and “Bioaccumulation,”
which were common during 2008, 2009, 2012, 2014
and 2015. In 2009, “Monitoring” and “Bioindicator”
were common. Keywords which indicate studies in
regional scales (e.g.: watershed and hydrodynamic)
were common from 2008 (Figure 2).
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Figure 1. Number of papers published during 2001-2016
in the ISI database.
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Figure 2. Correspondence Analysis (CA) showing
the keywords most associated to the years studied
(from 2001 to 2016). The first two axes explained 30.08% of
the variation in keywords during the years analyzed.
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In the years surveyed, a total of 108 countries
have either published or collaborated in papers
about eutrophication, most of these studies were
from institutions in the USA, followed by those
in China, Germany and England (Figure 3).
When we analyzed the papers’ keywords, the
countries that appeared the most were China
(cited 27 times), Brazil (cited 26 times), and USA
(cited 11 times).

From the total of encountered articles, a
large fraction, 3,839 (77,6% of the articles), was
published without international collaboration.
The countries present in Figure 4 collaborated in
at least 20 articles published about phytoplankton
and eutrophication from 2001 to 2016; together
these countries account for 89% of the papers
with international collaboration. The nearest
countries in Figure 4 had strong collaboration, for
instance, France, USA, Germany and Netherlands.
Other examples are Norway and Finland, Russia
and Belgium. The most peripheric countries
(Figure 4, Tunisia, Turkey, Greece, South Korea
and Mexico) had a lower number of collaborations
when compared to the most centralized countries
(Figure 4).

The number of collaboration explain alone
92% of the number of articles published. Each new
international collaboration increased 0.75 times
the publication number (Figure 5).
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When socioeconomic and geographical
variables were considered in a multiple regression
using Akaike criterium, only human development
and total area of the country were important
to explain part of the publication number
(r?,;,=0.3003; »=0,000008). In general, the
countries with high HDI and largest area had
the most number of publication. However, in
the less developed countries (LDC) the total area
had a negative effect in the publication number
(Figure 6).

The majority of the articles were developed
in freshwater ecosystems, among those Lake was
the most frequent one, followed by River and
Reservoir (7a). Among the taxonomic groups,
the most commonly cited in the keywords
were Cyanophyceae followed by Zooplankton,
Macrophytes, Bacillariophyceae and Fish
(Figure 7b).

Several Cyanophyceae appear among the
most cited organisms in the keywords, but the
two most common were Microcystis sp. and
Cylindrospermopsis raciborskii (Woloszynska)
Seenayya & Subba Raju. Some macroalgae
such as Phaeocystis sp. and Ulva sp. were also
common. Invasive species such as Zebra mussel
and Tilapia had high citation in the articles about
phytoplankton and eutrophication (Figure 8).
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Figure 3. The most common institution of the correspondence author of the papers analyzed during 2001-2016.
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Figure 4. Collaboration among countries that collaborated in at least 20 papers. The most centralized countries had
the most number of collaboration, the center of the network is represented by a red dot.
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Figure 8. Organisms that appeared most often in the keywords of the articles on phytoplankton and eutrophication

published between 2001 and 2016.
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4. Discussion

Temporal trends are important ways to assess
the quantitative growth of an area of research.
This study has highlighted the increasing number
of papers on eutrophication from 2001 to 2016.
Previous scientometric studies have also reported
a high number of studies on eutrophication
(Carneiro etal., 2008; Alves et al., 2014; Nabout et al.,
2015). It is possible that the decrease in the number
of publications during some years was a reflex from
the world economic crises, others scientometric
studies have also observed a decrease in the number
of publications in the years following economic crises
(see Triunfol, 2007; Miguel et al., 2010).

In addition, increased urbanization has directed
the scientific community to solve problems
related to eutrophication. In the keywords of
eutrophication studies, there are many papers on
China, a developed country with high rates of
urbanization. Urbanization and its consequences
(e.g. increased human population) have led to an
increase in eutrophication events (e.g. Fontana etal.,
2014). In fact, the most important geographical
and socioeconomic factor to determine the
publication number about eutrophication and
phytoplankton were the HDI and total area.
Therefore, the highest number of papers were
on biggest and rich countries such as China and
the USA. The USA is a developed/industrialized
country; it is responsible for a substantial part
of publications when compared to developing
countries (Meneghini et al., 2006). For instance,
the USA has invested more than $20 million to
mitigate the impact of eutrophication in aquatic
ecosystems, mainly in areas with a potential for
tourism (Lapointe & Bedford, 2007).

Only 22.4% of the papers about eutrophication
and phytoplankton feature international collaboration.
However, this factor alone explains more than
90% of the number of publications. For studies
about eutrophication the increase in collaborative
papers are associated with: i) environmental issues
(such as eutrophication) are complex and require
the collaboration of researchers from different
fields of science. The collaboration generates
articles with better quality and greater impact
(Finlay et al., 2012; Leimu & Koricheva, 2005;
Adams etal., 2005). ii) Some studies of eutrophication
are costly, especially related to genetic and molecular
aspects, therefore, collaborative work permit sharing
the costs. iii) Several countries have directed resources
for studies in aquatic environments, and several times
these resources come from agreements with several
countries.

Acta Limnologica Brasiliensia, 2018, vol. 30, €2

In Natural Sciences, it is expected that an
increase of 2.3 times the number of citation
each time will double the number of coauthored
papers (Ronda-Pupo & Katz, 2016). International
co-authorship is highest between 10 to 25 years
of career. In general, it is lowest among woman
more than men (Igli¢ et al., 2017). About the
eutrophication studies, factors such as language
and location appear to increase the international
collaboration number. Between the countries with
high collaboration only the USA and China are not
European countries.

Studies of eutrophication have been shown
to be dynamic over time, and keywords can
demonstrate these changes (e.g. Carneiro et al.,
2008; Nabout et al., 2012). The keywords in
the most recent eutrophication studies indicate a
better characterization of the environment with
more complete studies which include Watershed,
hydrodynamic and Climate change (from 2008
to 2015). Climate change is often associated with
the overloading of nutrients, consequently causing
eutrophication and promoting changes in plankton
community composition (Posch et al., 2012;
Suikkanen et al., 2013; see Anderson et al., 2002).
A good understanding of hydrodynamic is essential
to understanding anthropogenic effects on aquatic
ecosystems (i.e. agriculture and climatic change;
Hakanson, 2008; Carpenter et al., 2015). Studies
on eutrophication have been more often with
temporal gradient (Time-series) than spatial, only in
2016 was spatial scale also considered. In 2002, the
most common keyword was “functional group”, the
phytoplankton functional groups were created by a
publication in 2002 which has more than 600 times
cited (Reynolds et al., 2002).

In this study, the most common environments
studied were lakes followed by sea, while in another
scientometric study only about phytoplankton
the most common environments were the sea
(Carneiro et al., 2008). Lakes, globally, represent
68% of the surface of inland waters and the main
impacts reported in the lakes are eutrophication
and invasive species (Beeton, 2002). For example,
the Taihu Lake, the third largest lake in China in
the last few decades, the population and industry
have increased significantly in the surrounding
region (Liu et al., 2010; Qin et al., 2010).
Local inhabitants of the lakes have reported a
strong and unpleasant odor in the lakes due to the
dense cyanobacteria population (Qin et al., 2010).
Similarly, nutrient levels increased dramatically
in the Adriatic Sea during the late 20 century



Costa, J.A. etal.

(Sangiorgi & Donders, 2004) and eutrophication is
an ongoing problem in the Baltic Sea, where clean
water is increasingly turbid due to algal proliferation
(Jesper & Laamanen, 2009).

Many taxonomic groups have been investigated
with respect to eutrophication, and in this study
we found a predominance of cyanobacteria.
Cyanobacteria have biological advantages in
environments with low oxygen concentrations,
high pH values, and high nutrient concentrations
(Azevedo, 1998). In these conditions, this group
is likely to develop blooms and release toxic
substances (Soares et al., 2007; Oliveira et al.,
20105 Paerl et al., 2011). About the species more
often in the studies, Mycrocystis and Planktothrix
are the main genus responsible to produce the
microcystins in bloom algal (Bukowska etal., 2017).
There are several studies that associated the presence
of invasive species Cylindrospermopsis raciborskii to
global warming (Kokocinski et al., 2017). Tilapia
also have been reported as an invasive species and
associated with eutrophication events. By supplying
considerable amount of nutrients, it promotes
an increase of algae blooms (Figueredo & Giani,
2005). Daphnia, also common in this study, is an
organism widely used in ecotoxicological testing,
even cyanotoxin test (Bownik, 2017).

Macrophytes are also likely to be favoured
in elevated nutrient concentrations, causing
changes in the biological community in aquatic
ecosystems (Thomaz et al., 2003; Bini et al., 2010).
The considerable growth of Dinophyceae populations
is also indicative of eutrophication. This group is
responsible for a known phenomenon called red tide
(Saetre et al., 1997). Bacillariophyceae is an efficient
indicator of water quality (Vilmi etal., 2015), diatom
species blooms can occur in eutrophic environments.
In addition, the Zooplankton and Bivalvia, also
common in the keywords, are important predators
of phytoplankton communities and for this reason
are affected by the eutrophication process (Cahoon
& Owen 1996; Jones & Jeppesen, 2007).

Some of the actual subjects of the ecological
studies such as global change, regional aspects
(e.g.: Watershed), invasive species and functional
groups were observed in the eutrophication
studies. Experimental and technological approaches
were already present in older studies analysed.
However, the spatial approach was recent in the
studies (e.g.: 2016). Even though studies focusing
in functional diversity are highly relevant for
conservation, they were not common in any year
studied. Keywords associated to the restauration
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of these environments were not often. Aspects like
the number of freshwater environments or coastal
extension appear do not influence the number of
studies about the theme; for instance, the total area
and the HDI explain a part of these publication.
The stronger factor to determine the number
of publication was the number of international
collaboration. In general, countries with physical
proximity and similar language frequently
collaborated more among them. The increase
in number of international collaborations can
highlight this subject, and consequently the interest
by the aquatic ecosystems conservation.
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