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Abstract

Aquatic macrophytes have a recognized role in ecosystem structuring and an important position in trophic cascades
interactions, whose understanding is to improve water quality. In recent years, the number of studies on the role of
aquatic macrophytes in trophic webs and interactions has increased, but South America has made little progress in
research in the area. In this study, we investigated the main gaps and perspectives for future studies on macrophytes
and trophic interactions, analyzing global publications, especially those conducted by South American researchers.
We accessed publications using an international database (Thomson Reuters ISI-Web of Knowledge-(formerly Institute
for Scientific Information)) from 1980 to 2015. We ranked each article by ecosystem and study approach, biological
organization and interacting taxonomic groups (phytoplankton, periphyton, zooplankton, aquatic invertebrates, fish
and birds), countries publishing in cooperation and affiliations. The results showed that published studies (n = 242)
emphasizing aquatic plants in trophic interactions increased in 35 years. Comparing the contributions of the 32 countries
investigated, those from South America as first affiliation, had few publications (n = 26) and in cooperation (n = 7).
The largest volume of articles indexed by the researchers dealt with the dynamics and structure of aquatic assemblages,
webs and trophic interactions. Ecosystems such reservoirs and wetlands have received little attention. Large numbers of
studies have encompassed community-wide aquatic approaches, including in South American studies, the interactions
between macrophytes, zooplankton and phytoplankton were the second most studied interactions of all indexed articles.
Knowledge about trophic cascade and interactions has been successfully enhanced in several countries with the purpose
of restructuring communities and restore water quality of many ecosystems. In summary, we conclude that studies in the
area of trophic interactions mediated by macrophytes may be directed in a way to attenuate international asymmetries,
encouraging the increase of scientific productivity in South America.

Keywords: aquatic macrophytes, scientometric analyses, South America, trophic interactions, tropical reservoir.

Macrofitas aquaticas e interacdes troficas: analise cienciométrica e
perspectivas nas pesquisas

Resumo

Macrofitas aquaticas tem reconhecida fungdo na estruturacdo de ecossistemas e importante papel nas interagdes
troficas em cascata, cujo entendimento é chave para melhorar a qualidade da agua. Nos tltimos anos, o numero
de estudos sobre o papel das macroéfitas aquaticas nas interacdes e teia trofica aumentaram mas, a América do Sul
progrediu pouco em pesquisas na area. Nesse estudo investigamos as principais lacunas e perspectivas para estudos
futuros sobre macrdfitas e interagdes troficas analisando publicagdes mundiais, especialmente aquelas conduzidas por
pesquisadores sul-americanos. Acessamos publicagdes usando base de dados internacional (Thomson Reuters ISI Web
of Knowledge) entre 1980 a 2015. Computamos para cada artigo a organizagdo bioldgica e grupos taxondmicos em
interagdo (fitoplancton, perifiton, zooplancton, invertebrados aquaticos, peixes e aves), ecossistema estudado e abordagem
de pesquisa, a cooperagdo entre paises da América do Sul ¢ demais, além das filiagdes. Os resultados mostraram que
estudos publicados (n = 242) enfatizando plantas aquaticas em intera¢des troficas cresceram em 35 anos. Comparando
as contribui¢des dos 32 paises investigados, aqueles da América do Sul apresentaram baixo niimero de indexagdes
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(n=26), poucos em cooperagao (n=7). O maior volume de publica¢des indexadas pelos pesquisadores trataram sobre a
dindmica e estrutura das assembléias aquaticas, teias e interagdes troficas. Reservatorios e areas alagadas tém recebido
pouca atenc¢do. Grande numero de estudos compreeenderam abordagems de toda comunidade aquética e interagdes entre
macrofitas, fitoplancton, zooplancton e peixes. Em sintese, concluimos que estudos enfatizando as interagdes troficas
mediadas pelas macrofitas poderao ser direcionados de maneira a atenuar assimetrias internacionais, encorajando o
aumento da produtividade cientifica na América do Sul. O conhecimento sobre as interagdes troficas em cascata tem
sido desenvolvido com sucesso em diversos paises cujas finalidades tem sido reestruturar comunidades ¢ restaurar a

qualidade da agua de muitos ecossistemas.

Palavras-chave: macroftas aquaticas, anélise cienciométrica, América do Sul, interagdes troficas, reservatorios tropicais.

1. Introduction

Aquatic macrophytes play fundamental roles in
the structure and function of ecosystems (Thomaz and
Cunha, 2010). They are one of the major components
of freshwater environments, increasing the biodiversity
patterns, especially species richness and communities
composition (Thomaz et al., 2009; Kovalenko et al., 2011).
Several factors contribute to the impact of macrophytes
in trophic cascades (Jeppesen et al., 2005), which affect
greatly aquatic food webs through physical, chemical and
biological mechanisms (Canfield et al., 1984; Carpenter
and Lodge, 1986; Dent et al., 2002). The effect of the
physical architecture of macrophytes determine habitat
complexity to a wide range of planktonic and benthic
animals (Thomaz et al., 2008). Submerged forms in
particular promote trophic interactions that benefit the
entire ecosystem (Scheffer et al., 1993). Their extensive
coverage enhance the transparency of water by favouring
the reduction of the resuspension of bottom material
(Carpenter and Lodge, 1986; Scheffer, 1999). In addition,
the excretion of allelopathic sustances of submerged plants
are responsible for algal growth impairment (van Donk and
van de Bund, 2002). Under these cirscunstances, aquatic
plants promote top-down effects by reduction of the grazing
of fish on zooplankton, and bottom-up effects by reducing
nutrients availability in the water column and consequently
controling phytoplankton growth (Dent et al., 2002).

In temperate countries, the interest in aquatic interactions
and cascading effects has emerged as one of the central
issues to reduce the formation of phytoplankton biomass
(Carpenter et al., 1985) since the first successful studies
carried out by Shapiro et al. (1975). Interpreting food web
and the trophic cascades consisted in understanding the
role of aquatic vegetation in the processes that mediate
interactions, especially in the tropics where few studies
has been developed (Jeppesen et al., 2012). Studies on
aquatic trophic webs are not abundant in South America.
Such research is important for the advancement of theoretic
and applied aquatic ecology and an essential step to the
management, planning and restoration environments
(Tao et al., 2015).

A wide range of indicators for measuring and mapping
results of scientific and technological activities has developed
in recent years. Following this progress, scientometric
research has become a critical tool, identifying gaps and
perspectives for science to develop (Verbeek et al., 2002).
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As a quantitative research tool, it aims at improving the
interface of pertinent issues to the society, to which more
attention should be expended (Van Raan, 1997).

There are still many unanswered questions regarding
the effects of macrophytes mediating trophic interactions in
tropical environments. In this sense, we focus on finding the
main perspectives and gaps for future research addressing
these subjects. This study aims at assessing how much
the global scientific production has advanced from the
scientometric point of view, emphasizing the contributions
of South American research. We addressed questions to
quantify how much scientific production on macrophytes
and trophic interactions increased over time and the main
countries involved; of the total amount of publications,
how much South America research contributed, the level of
international cooperation, which journals published the most
volume of studies, what are the research approaches and at
last, what are the main researched trends. Our hypothesis
is that the number of articles in the field shows a growing
tendency over the years, for which the countries of South
America have a great contribution in both, the number
of publications and international cooperation. We do not
intend to be conclusive in this approach, but to highlight
some important contributions of the studies that have been
developed since then.

2. Material and Methods

The online database of Science Citation Index published
by the Institute for Scientific Information (ISI, 2015) indexes
more than 8,000 scientific journals in 36 languages, representing
most significant material in science and engineering at a
global level. The ISI was used to collect studies published
in leading journals on freshwater ecosystems between
1980 and 2015, with reference to aquatic macrophytes
mediating trophic interactions. The survey of articles was
assessed by combining keywords in the fields of title,
abstract and text body. The following terms were combined:
submerged macrophytes or macrophytes or aquatic plants
and phytoplankton or plankton or planktonic community
or phytoplankton and zooplankton and trophic levels or
throfic interactions or throphic web. All articles were ranked
according to the first author affiliation. Subsequently,
the documents were selected by the information on the
country, authorship affiliation, area of study, international
cooperation and journal. Additionally, we groupped the
informations to identify trends and gaps: i) approach of
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research: experimental, data collection (survey), revision or
modelling; ii) studied ecosystem: river/stream, experiments
in laboratories, wetlands (flooded areas, estuaries and
marshes), reservoirs and reviews; iii) main researched areas
investigated: Community dynamics; trophic interactions;
trophic webs; biomanipulation; lake ecology; dynamics
of populations; community ecology; nutrient cycling;
ecotoxicology; restoration; primary productivity; modelling;
iv) level of organization: entire community, ecosystem
ecology; trophic interactions; dynamics of populations;
trophic web; v) component of aquatic ecosystems: aquatic
community (entire aquatic community); macrophytes;
phytoplankton; zooplankton; invertebrates; vertebrates;
interactions between macrophytes and other components
such as phytoplankton, periphyton and fish.

We conducted the analysis using Microsoft Excel® and
graphs were edited in the RStudio environment version
0.99.903 (R DEVELOPMENT CORE TEAM, 2016).

3. Results

The present scientometric analysis comprised scientific
papers published in 32 countries over the past thirty-five
years.The search engine selected 242 of which were chosen
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for examination based on the described criteria. The total
production of scientific studies on trophic interactions
mediated by aquatic macrophytes has increased significantly
in thirty-five years (R>= 0.51; P<0.0001) (see Figure 1).
It was observed that in 1990, the number of published
articles was sixteen times higher than the publications
number of the 80s. Similarly happened between the
years between 2000 and 2015, whith fifteen times more
publications indexed than in the 80s.

Publications in journals with high impact factor (> 1)
take place in countries with recognized scientific production.
European research encompass 32% of the global ranking of
studies indexed in ISI, headedd by England (7%), Denmark
(n= 6.6%), Sweden, Netherlands and Belgium with the
same percentage (5.8%), and Germany (5%) (Figure 2).
Research developed in the USA contributed substantially
for indexed articles in ISI (18.8%), in contrast to Canada
with only 5.8% of published paepers. In Asia, China is
the most productive country (5.8%). On a global scale,
international cooperation involved seventeen countries,
including South America, and comprised 17% of all
publications (n= 216).

Regarding South American contributions, the
scientometrics detected articles published in Argentina,
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Figure 1. Simple linear regression analysis of the number of papers published worldwide indexed in ISI between 1980 and
2015, on aquatic macrophytes mediated trophic interactions (number of articles = 242).
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Figure 2. Number of papers published by South American countries indexed in ISI between 1980 and 2015, on aquatic

macrophytes mediated trophic interactions (n= 26).
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Brazil and Uruguay (n= 26) (see Figure 3). Brazilian
research (n=13) published more than Argentinian (n=9),
and these two countries were the first to publish studies
on aquatic weeds mediated trophic interactions in ISI
index journals. Uruguay (n= 4) has emerged in third
place. Together, these three countries gather less than one
fourth of the articles published worldwide on the subject.
Thirty one percent of papers in South America (n= 8)
were developed incooperation with Denmark, Senegal,
Netherlands and Canada.

There is a large number of journals with scope on
aquatic sciences and limnology (n= 89). The five journals
which published a higher sum of articles wordwide (n=115)
in the topic were: Hydrobiologia (n= 58), Freshwater
Biology (n=32), Archives Fiir Hydrobiology (n=11), and
the journals Ecology and Wetlands (n= 7) with the same
number of papers. South America published mostly in
the two first journals cited above (n= 6;8). However, less
than 50% of papers (n= 12) has been published in another
twelve different journals, including the Brazilian Journal of
Biology, an important journal of scientific report in Brazil.

Worlwide research focused mostly in experimental
approaches, which encompassed more than 48% of all
publications indexed in ISI (n= 117). This data shows the
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importance of experimentation in studies on aquatic plants
and their trophic interactions. In South America the highest
number of publications were also made experimentally
(n=13) (Figure 4). Surveys methodology still encompass the
second most used approach designed to collect data, both
globally and in South America (n=99; 13, respectively).
However, many other methodologies have been employed
around the world but not in South america, such as
modelling and revisions, ranked in the thirth position of
indexed publications (n= 13).

Lakes and lagoons were the most studied freshwater
ecosystems both worldwide and in South America (n=161;
16, respectively), followed by rivers (n= 16;7, respectively)
(see Figure 5). Research developed experimentaly in
laboratories and studies conducted in fields contributed
worldwide with 15 publications each. Globaly and in South
America, reservoirs received little attention (n=5;3), but
reviews (n= 3) were made just for authors worldwide.

Worldwide, the freshwater research has focused in
the understanding of twelve different knowledge areas
(see Figure 6). Dynamics of communities are at the top
of ranking of investigated fields, worldwide and in South
America (n= 48;7). Trophic interactions (n= 39; 6),
biomanipulation (n=39;4) and trophic webs (n=37;7) were

Swe

Worldwide publications

Figure 3. The most productive countries with the highest number of publications (%) indexed in ISI between 1980 and
2015 on macrophytes mediated trophic interactions (n = 242). (Legend: USA = United States of America; SouAm = South

America (Argentina, Brazil and Uruguay); Eng = England: Denm = Denmark; Swe = Sweden; Can = Canada; Chi =

Neth = Netherlands; Bel = Belgium; Ger = Germany)..
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Figure 4. Type of approach of researchers developed
worldwide and in South America with articles indexed
in the ISI between 1980 and 2015 focused studies about
macrophyte mediated trophic interactions (number
of articles = 242). (Legend: Exper.. experimental,
RevMod: revisions and modelling).
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Figure 5. Type of ecosystems studied with publications
worldwide and in South America indexed in ISI between
1980 and 2015 on macrophyte mediated trophic interactions
(number of articles = 242). (Legend: Riv: river and streams;
LabEx: laboratory experiments; Wetl.: wetlands, estuaries
and marshes; Reser: reservoirs; Rev: Reviews.
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Figure 6. Main researched areas investigated worldwide and in South America (number of papers = 242) with ISI indexed
publications between 1980 and 2015 focusing on macrophytes through trophic interactions. Legend: CoDy.: Community
dynamics; Trln.: Trophicinteractions; TrWe.: Trophic webs; Biom.: Biomanipulation; LaEco.: Lakeecology; PopDy.: dynamics
of populations; CoEco.: Community ecology; NuCy: nutrient cycling; Ecot: Ecotoxicology; Rest.: Restoration; Ppro.: Primary

productivity; Mod.: Modelling.

the other areas with higher number of publications indexed
in ISI around the word and South America. Ecology of
lakes and communities, dynamic of populations, nutrients
cycling, ecotoxicology, restoration, primary productivity
and modelling congregated 24.5% of the total amount of
papers published worldwide.

Besides the levels of organization and components of
aquatic food webs, our data showed that research has mainly
focused in understanding the functions and interactions of
the aquatic food web as a whole, both worldwide and in
South America (n= 131;18) (Figure 7). Trophic interactions
and trophic web, and ecology of ecosystems aggregated
the second most studied level of organization worldwide
(n=22;23;12, respectively), and in countries of South America
with only a few number of publications (n= 2;3). Dynamics
of populations was the least studied level of organization
both worlwide and in South America (n=9;1).

Communities’ interactions mediated by macrophytes
carried out worldwide and in South America showed that
the entire aquatic community (n= 95;12, respectively)
comprised the most number of publications (see Figure §).

The complexity of research approaches increased along
time, and research aimed at understanding the components
of the aquatic community. The entire aquatic community
appears in the top of those studies around the world and in
South America (n=95;12). In second position, interactions
between macrophytes, phytoplankton and zooplankton perform
the most studied biological components, both globally and
in South America (n=41;8, respectively). The third ranking
of subjects were performed by macrophytes, phytoplankton,
zooplankton and fishes with indexed publications only in
worlwide research (n= 30;0). The interactions between
aquatic macrophytes, phytoplankton and zooplankton in
association with other components of the food web (fishes,
periphyton and invertebrates) contributed significantly for
publications worlwide and in South America (n= 20;5).
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Figure 7. Main trends of level of organization investigated
worldwide and in South America (number of papers = 242)
with ISI indexed publications between 1980 and 2015
focused studies about macrophytes mediated trophic
interactions. Legend: AqCom: entire community;
Eco: ecosystem ecology; Trln.: trophic interactions;
Dypop.: dynamics of populations; TroWeb.: trophic web.
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Figure 8. The most investigated trophic interactions
worldwide and in South America (n = 242; 26) focused on
macrophytes mediated trophic interactions with publications
indexed in the ISI between 1980 and 2015. Legend:
AqCom: aquatic community (entire aquatic community);
Ma: macrophytes; Ph: phytoplankton; Zoo: Zooplankton;
In.: invertebrates; Ver.: vertebrates; Ot: others interactions
between macrophytes and other components such as
phytoplankton, periphyton and fish.
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4. Discussion

Scientometrics is a source of information to map
scientific and technological subjects in order to assess
meaningful compilation of knowledge on which science
heavily relies (Verbeek et al., 2002). The first interesting
finding of this study supported our predictions, and showed
that the study of aquatic macrophytes mediated trophic
interactions has been increasing substantially in the last
35 years. We identified two main phases in which there
were a greater contribution of publications worldwide
that were in 90s, and between 2000 to 2015. Research
in South America needs to develop and expend more
efforts in publishing studies on trophic interactions and
food webs, especially in environments such as wetlands,
reservoirs and rivers. Besides the substantial increase of
publications, this investigation showed that over decades,
the trends and focus of many studies by limnologists and
aquatic ecologists consisted in research with experimental
and applied approaches (Padial et al., 2008; Tao et al.,
2015). The future step in research consists in identifying
problems of endangered ecosystems, find general patterns
to conduct successful experimental investigations,
and then make interventions for protection of natural
areas and conduct restoration of eutrophic freshwater
ecosystems. South America has made little progress in
this aspect, although the negative anthropogenic impacts
on freshwater systems have been increasing pressure on
water and land and biodiversity losses (Tundisi et al.,
2008; Jeppesen et al., 2012).

Regarding the total volume of articles published
in South America, just one third were developed with
international cooperation mainly with Denmark and
Netherlands. According to this analysis, countries with the
highest scientific productivity such as USA and England
did not cooperate with Latin countries in studying this
topic. Probably, in part because the high investments
demand, the geographical distance, bureaucratic and
inter-institutional predicaments. In the contrary, USA,
United Kingdom and Canada had strong correlation with
collaborative studies in network aiming at understanding
aquatic ecosystems (Liao and Huang, 2014). USA are in
the top of the list with a highest scientific production in
several areas of knowledge since years (Cao et al., 2012;
Liao and Huang, 2014). Denmark and Canada present the
highest number of studies cited globally (Hill, 2004) and
the productivity for knowledge of aquatic food webs was
high for over 40 years (Tao et al., 2015). But in general,
the change and trends of international cooperation among
countries and continents understanding food webs were
drawn (Tao et al., 2015).

There is a considerable volume of journals devoted to
aquatic science studies, which cover a stunning number of
topics ranging from molecular studies to literature reviews.
In this universe of scientific journals, the Archives Fiir
Hydrobiologie (1906) is one of the first journals in circulation
to study aquatic ecosystems, and is recently designated
as Fundamental and Applied Limnology. The journal

622

Hydrobiologia (1948) has been gaining prominence in the
broad scope, which gathers the majority of publications on
aquatic sciences interfacing biology, including limnology
and oceanography studies, most of them from Brazil and
Latin America (Melo et al., 2006; Padial et al., 2008).
Freshwater Biology (1971), as a journal restricted to
studies of continental aquatic ecosystems includes much
of the area’s research. The majority of research currently
conducted worldwide on the aquatic web is being published
in the last two cited journals (Tao et al., 2015).

The main trends and gaps of knowledge focusing
trophic interactions and food webs, biomanipulation,
restorations and entire aquatic communities increased
worldwide over the years. The little number of studies
with experimental approaches in South America reveals
the importance of high investments to experimentally test
hypotheses in micro-and mesocosms. In the field and the
laboratory, as there is a great interest in understanding the
different trophic levels of freshwater ecosystems and their
biodiversity in this region (Agostinho et al., 2005; Tundisi
and Matsumura-Tundisi, 2008). The role of macrophytes
promoting aquatic diversity and resources in the tropical
region is still not completely understood particularly in
dammed rivers (Thomaz et al., 2008). The restructuring
of biological communities to restore eutrophicated lakes
guided the first biomanipulation studies (Shapiro et al.,
1975). The knowledge required to restore freshwater
environments is acquired by information on the dynamics,
structure, and interactions of the communities’ trophic
web (Carpenter et al., 1985). In this sense, cascade
effects can be better understood through the application
of experimental analyses in biomanipulation of those
components as a way of restoring and increasing water
quality (Carpenter et al., 1987).

Trophic interactions mediated by macrophytes in
flooded environments such as swamps and reservoirs
received little attention from researchers. In addition,
scientometric analysis has shown that the number of studies
approaching surveys methodologies is still incipient, and
poorly explored (Kovalenko et al., 2011). Such type of
investigation is still necessary, as this acquired knowledge
support and guide new research directions (Padial et al.,
2008). Besides, understanding the functioning of biological
systems together, their patterns and mechanisms represent
major future challenges (Thomaz and Bini, 2003).
Aquatic ecosystems have become an important field of
research, increasingly attracting attention from scientific
communities (Liao and Huang, 2014). The present analysis
shows that the contribution of economically developed
countries comprise considerable investments, so, that their
population has access to quality education as a production
of knowledge and technology, resulting in highly qualified
research (Krauskopf et al., 1995).

This scientometric analysis has identified major gaps
and prospects of studies for the advancement of aquatic
science in South America. Despite the appreciable number
of publications, the role of macrophytes mediated trophic
interactions in countries such as Brazil, Argentina and
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Uruguay still lack understanding (Kovalenko et al.,
2011; Jeppesen et al., 2012). Mitigation of international
asymmetries by cooperation and share of knowledge
between countries and increase of scientific production in
South America would be crucial to fill gaps of knowledge
fundamental for ecosystems preservation.
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