Acta [ imnologica Brasiliensia Original Article

Acta Limnologica Brasiliensia, 2021, vol. 33, e12

e https://doi.org/10.1590/S2179-975X7220

Brazilian Association of ISSN 2179-975X on-line version
Limnology

The global scientific literature on applications and trends in the
use of functional morphological groups in phytoplankton studies

Literatura cientifica global sobre aplicagoes e tendéncias no uso de grupos morfoldgicos
funcionais em estudos do fitoplancton

Ricardina Maria Lemos Trindade', Anny Kelly Nascimento Ribeiro', Joao Carlos Nabout** @,

Jascieli Carla Bortolini'*

"Universidade Federal de Goids — UFG, Campus Samambaia, Av. Esperanca, s/n, Chdcaras do
Recreio Samambaia, CEP 74690-900, Goi4nia, GO, Brasil

*Universidade Estadual de Goids — UEG, Campus de Ciéncias Exatas e Tecnoldgicas Henrique
Santillo, BR 153, 3105, CEP 75132-903, Anépolis, GO, Brasil
*e-mail: jcbortolini@ufg.br

Cite as: Trindade, R M.L. et al. The global scientific literature on applications and trends in the use
of functional morphological groups in phytoplankton studies. Acta Limnologica Brasiliensia, 2021,
33, el2.

Abstract: Aim: The application of deconstructive approaches in aquatic ecology has been increasing
recently. Especially for phytoplankton, some functional classifications summarize similar traits of a
group of species to understand organisms’ response to landscape variability. One of these approaches
deals with phytoplankton functional classification based on morphology (MBFG - Morphologically
Based Functional Groups). Focusing on this approach, we systematic mapping the scientific literature
to reveal this functional framework’s applications for freshwater phytoplankton. Methods: For this
study, we selected from the Thomson ISI Web of Science database all articles published between 2010
and 2018 dealing with MBFG. We recorded 179 manuscripts citing the phytoplankton functional
classification based on morphology and, among them, we excluded three due to lack of access to
information. Results: A clear temporal trend occurred with an increase in citations involving the
morphological approach, with Brazil, Uruguay, and China as the countries with the highest number
of studies. Of the total records, 60 manuscripts applied morphological classification in their studies,
of which 23 manuscripts comprised comparative studies with other functional approaches. Most
applications were for phytoplankton in lakes, with biomass being the most used metric for framing
taxa in MBFG. The most often recorded groups are MBFG IV (medium-sized organisms without
specialization), VII (large mucilaginous colonies), and I1I (large filamentous organisms with aerotopes).
Conclusion: This study showed an increasing trend in the number of studies that used the functional
approach based on MBFG. We believe that deconstructive approaches, such as MBFG, help assess
issues of interest in phytoplankton ecology.

Keywords: planktonic algae; functional morphology; morphological traits; systematic literature
mapping.

Resumo: Objetivo: A aplicagio de abordagens desconstrutivas em ecologia aqudtica tem aumentado
recentemente. Em especial para o fitoplancton, algumas classificagoes funcionais vém sendo utilizadas,
como tentativa de sumarizar tragos similares de um grupo de espécies para melhor compreender as
respostas dos organismos a variabilidade da paisagem. Uma destas abordagens ¢ a classificagio funcional
do fitoplancton baseada na morfologia (MBFG - Morphologically Based Functional Groups). Focando
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nesta abordagem, nds mapeamos sistematicamente a literatura cientifica para revelar as aplicagoes e
tendéncias deste enquadramento funcional para o fitoplancton de ecossistemas aqudticos continentais.
Métodos: Para tanto, nds selecionamos a partir da base de dados Thomson ISI Web Of Science todos
os artigos publicados entre 2010 e 2018 que tratam de MBFG. Um total de 179 manuscritos que
citaram a classificagao funcional do fitoplancton baseada na morfologia foram registrados, dos quais
trés foram excluidos por falta de acesso as informagoes. Resultados: Foi observada uma clara tendéncia
temporal no aumento no nimero de citagdes envolvendo a abordagem morfolégica, sendo Brasil,
Uruguai e China os paises com os maiores niimeros de estudos. Do total de registros, 60 manuscritos
aplicaram a classificagio morfoldgica em seus estudos e 23 destes compreendem estudos comparativos
com outras abordagens funcionais. N6s detectamos que a maior parte das aplica¢oes foram realizadas
para o fitoplancton de lagos, sendo biomassa a métrica mais utilizada para o enquadramento dos
tixons em MBFG. MBFG IV (organismos de tamanho médio sem especializagao), VII (grandes
col6nias mucilaginosas) e III (grandes organismos filamentosos com aerétopos) foram os grupos
mais frequentemente registrados. Conclusées: Este estudo mostrou tendéncia crescente no nimero
de estudos que utilizaram a abordagem funcional baseada na morfologia (MBFG). Acreditamos que
abordagens desconstrutivas, como MBFG, sio uma ferramenta util para avaliar questoes de interesse

na ecologia do fitoplancton.

Palavras-chave: algas planctonicas; morfologia funcional; tragos morfolégicos; mapeamento

sistemdtico da literatura.

1. Introduction

The application of deconstructive approaches
in aquatic ecology has been increasing recently,
especially for phytoplankton, where functional
classifications have been used, as an attempt to
summarize similar traits of a group of species
for a better understanding of the organisms’
response to landscape variability (Salmaso et al.,
2015). Phytoplankton components have different
traits of morphology, physiology, behavior, and
life history, directly related to reproduction,
resource acquisition, and predation prevention.
These organisms address fundamental ecological
issues, primarily due to their small, short size
generation time and large populations (Litchman
& Klausmeier, 2008).

The phytoplankton community’s diversity
directly reflects environmental variability and
the use of resources, enabling species to be
classified according to their functional properties
(Reynolds et al., 2002) to predict or explain the
community structure about different ecological
axes (Brasil & Huszar, 2011). Differences in
morphology, for example, reflect the functional
properties of phytoplankton that will be selected
under particular environmental conditions (Kruk
& Segura, 2012). Thus, traits such as cell size, cell
shape, and ability to form colonies, for example,
are highly dependent on light levels, nutrient
concentrations, and predation pressure (Naselli-
Flores et al., 2007; Litchman & Klausmeier,
2008; Litchman et al., 2015; Ryabov et al., 2021).
In this sense, functional groups can facilitate
methodology in devising generalizations about a
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group of species and determining their distributions
(Litchman et al., 2012).

Several authors have proposed and used
approaches to group phytoplankton species,
considering functional similarities and
the relationship between organisms and the
environment. The first proposal based on functional
characteristics of phytoplankton was based on the
7 and K selection interpreted by Margalef (1978),
which was later modified by Reynolds (1988) for
CSR grouping, which accommodated competitive,
stress-tolerant, and ruderal strategists (for a
review, see Kruk et al., 2020). After that, other
classifications emerged, relating different traits,
such as size distribution (Platt & Denman, 1978;
Kamenir et al., 2004, 2006), shape (Stanca et al.,
2013), ecological and phenological attributes
(Reynolds et al., 2002; Padisdk et al., 2009),
structural, functional and taxonomic attributes
(Salmaso & Padisik, 2007).

In addition to these functional approaches
applied to phytoplankton, another functional
classification is based on morphology
(MBFG — Morphologically Based Functional
Groups) proposed by Kruk et al. (2010). The base
of this classification is the morphometric structure
of phytoplanktonic organisms, according to nine
descriptors: volume, surface, surface-volume
ratio, maximum linear dimension, presence of
mucilage, flagella, acrotopes, and heterocytes. From
such descriptors, Kruk et al. (2010) organized
seven functional groups: Group I — small- size
organisms with a high surface-to-volume ratio;
Group II - small flagellated organisms with a
siliceous exoskeletal, Group III - large filamentous
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organisms with the presence of acrotopes; Group IV
- organisms of medium size lacking specialized traits;
Group V — unicellular flagellates of medium to large
size; Group VI - non-flagellated organisms with the
presence of silica exoskeleton; Group VII - large
mucilaginous colonies.

Among the different functional classifications
used for phytoplankton, the MBFG approach has
been applied in other studies and aquatic ecosystems
in different regions of the world (Fraisse etal., 2013;
Seguraetal., 2013; Bortolini et al., 2014; Bortolini
& Bueno, 2017; Chen et al., 2015; Huszar et al.,
2015; Mihaljevi¢ etal., 2013, 2015; Amorim et al.,
2019; Magalhaes et al., 2020). Besides, some studies
have made comparisons by testing the efficiency
of the morphological approach with other types
of groupings (Izaguirre et al., 2012; Hu et al.,
2013; Petar et al., 2014; Machado et al., 2015;
Machado etal., 2016; Rangel etal., 2016; Lobo etal.,
2018; Santana et al., 2018; Bortolini et al., 2019;
Cupertino et al., 2019). Thus, it is recognized that
classification based on morphology has been a
relevant tool applied to freshwater phytoplankton
ecological studies.

From the use of the functional approach based
on morphological traits by Kruk et al. (2010),
is that we systematic mapping of the scientific
literature, revealing the applications and trends
of this functional classification of the freshwater
phytoplankton. Our goal is to answer the following
questions: i) What is the total number of articles
that cited the MBFG approach, highlighting how
many articles used this approach? ii) What is the
temporal trend in the number of articles that used
the MBFG approach? iii) How often the functional
approach is used in different countries? iv) What are
the main keywords found in the articles and their
co-occurrence structure? v) What is the frequency
of using MBFG in different types of metrics (e.g.,
biomass, density, among others) and types of
aquatic ecosystems? vi) Was a comparison made
with another functional classification, and what
methodology of comparison between metrics? vii)
Which are the most found MBFG categories in the
scientific literature? viii) Is there a correspondence
between any MBFG and aquatic ecosystems?

2. Materials and Methods

We selected all articles in the Thomson ISI
Web of Science database published between
2010 and 2018 that cited the paper “A morphological
classification capturing functional variation in
phytoplankton” by Kruk et al. (2010, p.614).
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Because it was published in 2010, we listed the
articles starting that year.

For each article, we extracted the following
information: (a) the year of publication, (b) the
country of study of the research, (c) which are the
most used keywords to summarize the research,
(d) if the article only cited Kruk et al. (2010) or
if the MBFG classification was applied, (e) the
type of metric used to fit the MBFG, (f) the
type of environment being studied, (g) if the
MBEFG classification was compared to another
functional classification and which methodology
of comparison was applied, (h) which MBFG was
more frequent in the results of the articles (number
of manuscripts that have a certain MBFG).

The temporal trend of publications that cited and
used the MBFG was measured by associating the
articles with publication year. Besides, we compared
the total number of publications on freshwater
phytoplankton during the same period to compare
the two temporal trends (for the latter, we search for
the keywords “Phytoplankton” AND “Freshwater”).
For that, we performed a linear regression analysis.
We also assessed the co-occurrence of keywords
most used in publications, using the Bibliometrix
package (Aria & Cuccurullo, 2017). In this
analysis, the keywords are the units (vertex in
the co-occurrence network), and the connections
(links) indicate the combined occurrence between
the words. The font size of the words indicates
the frequency with which the keyword occurred
in the analyzed articles. The colors indicate which
words belong to the same group (color) based on
similarity (i.e., co-occurrence). Groups are formed
based on the A-means method (see details in Aria
& Cuccurullo, 2017).

To assess the association of MBFGs with
types of environments, we performed a detrended
correspondence analysis (DCA), using a matrix
with MBFGs and the number of times that each
group occurred in different types of environments.
The dependency relationship between the two factors
(i.e., MBFG and types of the environment) was
assessed using the chi-square test. All analyzes were
performed using the software R (R Development
Core Team, 2018).

3. Results

The total number of publications cited by
Kruk etal. (2010) between 2010 and 2018 was 179.
Of the total number of manuscripts collected, three
were excluded from the analysis due to lack of access.
We observed a clear temporal trend (Figure 1a, b)



in the increase in the number of citations involving
the MBFG approach (R? = 0.94; p <0.01), following
the same temporal trend of total production on
0.95; p <0.01) in
the same period. We also observed the temporal
trend (Figure 1c) in the increase in the number
of studies that applied the MBFG classification
(R*=0.87; p <0.01). The countries with the largest

freshwater phytoplankton (R?
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(Figure 2).

number of studies were Brazil, Uruguay, and China

The 30 most used keywords in publications are
presented in Figure 3. The term “phytoplankton”
had the highest frequency of occurrence, followed
by “functional groups” and “traits”. The high
occurrence and strong correlation between these
terms is expected, given the scope and objective of
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Figure 1. Temporal trends in the number of manuscripts referencing (a) Kruk et al. (2010), (b) the total world
production on freshwater phytoplankton between 2010 and 2018, and (c) studies that applied the MBFG classification.

* Multiplication sign.

Figure 2. The distribution of the countries in the global scientific production between 2010 and 2018, referring to

Kruk et al. (2010).
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Figure 3. Network co-occurrence of the 30 more used keywords in papers published between 2010 and 2018,
referring to Kruk et al. (2010). The size of the nodes represents the proportion of the frequency of occurrence. The
lines represent the connection relationship between two keywords, and the thickness of the lines represents the

strength of the correlation.

MBEFG. Although some words occur in isolation,
there are at least three main groups of keywords
that co-occur. The first group (blue), formed by
the terms with the most frequent occurrence (e.g.
phytoplankton, functional groups), was associated
with words such as “nutrients”, “fHoodplain”, and
“shallow lakes”. The second group (light green)
encompassed words such as “cyanobacteria”,
“eutrophication”, and “climate change”. This finding
demonstrates the use of MBFG in research on the
water quality of the environment. The third group
(green) grouped words such as “biodiversity”,
“ecosystem functioning”, and “traits”, indicating its
use for recognizing biodiversity and functioning of
aquatic ecosystems.

Of the total number of analyzed manuscripts,
60 publications applied the MBFG classification,
and the other publications cited only the reference by
Kruk etal. (2010) in their theoretical backgrounds.
Considering the phytoplankton frameworks
on MBFG in these studies, our results showed
biomass as the primary metric to classify taxa in
MBEG, followed by density and richness. Only two
manuscripts used the organism size and maximum
growth rate as a framework (Figure 4a).

Regarding the types of aquatic ecosystems in
which studies using the MBFG were developed,
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the results indicated that this classification was
applied mainly to lake ecosystems, followed by rivers
and reservoirs (Figure 4b). Of the total number
of publications, 23 made comparisons with other
types of functional classifications, using canonical
correspondence analysis (CCA), redundancy analysis
(RDA), Mantel, and Procrustes tests as methods of
analysis (Figure 4c). The primary comparisons
were between Reynolds Functional Groups (RFG
- Reynolds et al., 2002; Padisdk et al., 2009) and
morphofunctional groups (MFG - Salmaso &
Padisék, 2007). Regarding the representativeness
of the MBFG in the manuscripts, our data showed
the MBFG 1V, VII, and III as the most recorded
groups, followed by VI, I, V, and II (Figure 4d).

According to the DCA, there was no correlation
between types of environments and MBFG (chi-
square = 25,228, p = 0.9104, Figure 5).

4. Discussion

Studies on phytoplankton communities
increased significantly in the global scientific
literature (Carneiro etal., 2008; Wang et al., 2015),
and therefore the systematic mapping of literature
is relevant to determine trends and biases in the
development of research (e.g., Pullin & Stewart,
2006; Nabout et al., 2015), as well as direct future



Trindade, RM.L. et al.

Number of Manuscripts
(3]
3

Biomass Density Richness Others

Number of Manuscripts

CCA Man Reg  Meta  Bioe
RDA Pro NMDS Perm DCA

CA  DistLM
SOM

Number of Manuscripts
vy

Lake River  Reservoir  Others

Number of Manuscripts

Figure 4. (a) Types of metrics used in the manuscripts to frame the phytoplankton taxa in MBFG; (b) Types of aquatic
ecosystems in which the MBFG was applied; (c) Analysis methods used for comparisons between MBFG and other
functional approaches (CCA - Canonical Correspondence Analysis; RDA - Redundancy Analysis; Man — Mantel
Test; Pro — Procrust Test; Reg — Regression Analysis; NMDS - Non-Metric Multidimensional Scaling Analysis; Meta
— Meta-Analysis; Perm — Permutational Analysis of Variance; Bioe — Bioenv Test; DCA — Detrended Correspondence
Analysis, CA - Correspondence Analysis, SOM - Self- organizing Map, DistLM - Distance-based Linear Models);
(d) Representation of MBFG in the results of the manuscripts that applied the MBFG.
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Figure 5. Detrended Correspondence Analysis for the
association between MBFG and types of environments
recorded in the global scientific literature between 2010
and 2018.

studies. Here, we found an increase in the number
of ecological surveys using the MBFG approach
over the years, following the same temporal trend
of total scientific production on phytoplankton
in freshwater. This trend indicates the scientific
community’s interest since the use of MBFG
may be associated with the attempt of synthesis
and facilitation of explanations and discussions
of the relationship between phytoplankton and
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environmental variability in aquatic ecosystems
(Brasil & Huszar, 2011). However, functional
groups are not intended to replace information
collected from species (Bortolini et al., 2016), but
they are a way to simplify the understanding of
ecosystem processes.

It was also possible to detect how some
researchers conduct comparative studies between
the MBFG and other functional approaches
traditionally applied to phytoplankton ecology in
an attempt to seek the most efficient responses and
greater predictive power (Izaguirre et al., 2012;
Hu et al., 2013; Petar et al., 2014; Machado et al.,
2015; Machado et al., 2016; Rangel et al.,
2016; Lobo et al., 2018; Santana et al.,, 2018;
Bortolini et al., 2019; Cupertino et al., 2019).
Different functional metrics have been used in
the literature on phytoplankton, highlighting the
MBEFG (investigated in this article) and others
as, for example, RFG, MFG. The comparison
between the metrics is an essential point since the
metrics can be complementary or redundant. Such
comparisons also use modern and robust data
analysis methods, which make the studies more
substantial. For example, in this study, we found
that the ordination and comparison tests (CCA,
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RDA, Procrustes) and matrix correlation tests
(Mantel) were the most used. Although the tests
use different statistical strategies, both are efficient
for comparing the groups.

When we analyze the keywords with the highest
incidence in the raised manuscripts, we realize
that there is a relationship between the themes
of scientific studies and the use of the MBFG
framework because there is a tendency to use
words such as “phytoplankton” and “functional
groups”. Besides, at least three groups of keywords
co-occur, evidencing trends in ecological studies
of phytoplankton in the current scenario and the
applying MBFG, especially about eutrophication
issues, climate change, and ecosystem functioning.
These trends reflect the importance of the effects
of biodiversity and how it affects the ecosystem
(Isbell et al., 2018), and this has called the attention
(Wang et al., 2015). For example, warming and
eutrophication are essential global change factors
for natural ecosystems (Binzer et al., 2016).

In relation to the study countries, we evidenced
that Brazil, Uruguay, and China lead the number
of studies. Brazil, for example, has been considered
responsible for much of the scientific production
on phytoplankton in Latin America (Nabout et al.,
2015). Also, countries such as Uruguay and China
have excellent researchers in this area of knowledge,
directly influencing the development of research in
phytoplankton ecology and, consequently, in the
application of MBFG (for example, Carla Kruk, the
principal author of the original MBFG manuscript,
is from Uruguay). As the 15th country in the world
with the most extensive scientific production on
phytoplankton (Carneiro et al., 2008), China
is in the top 20 countries for publications on
phytoplankton and cooperation correlations
(Wang et al., 2015).

Our study also revealed biomass as the most
frequent metric used for species classification into
the MBFG. Biomass is of paramount importance
in the phytoplankton communities’ studies,
highlighting a meaningful proxy to estimate the
energy available at a certain trophic level. Besides,
it is an essential proxy in the relationship between
community structure changes and environmental
variability (Philipart et al., 2000).

Lakes and reservoirs showed the largest number
of studies that applied the MBFG framework
to phytoplankton in this survey. This finding is
probably linked to the importance of lakes and
reservoirs as elements in the continental landscape
and the significant role of these freshwater
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ecosystems in many key processes (Downing et al.,
2000), raising scientists’ interest in investigations.
Reservoirs, for example, generate risks due to
impacts but offer opportunities for integrating
watershed management and water allocation for
multiple uses (Tundisi, 2018), which also creates
interest for science. Thus, understanding these
ecosystems’ dynamics and integrity may have
influenced the highest number of studies recorded
in these environments.

The MBFG approach suggests a way of framing
the phytoplankton based on the morphological
traits of the organisms. It has been used to explain
and predict the phytoplankton responses to the
environmental conditions, reflecting the organisms’
habitat template (Kruk & Segura, 2012). We found
that MBFG IV had the greatest representativeness
in the results of the studies. This group comprises
organisms without specialized traits, such as
chlorophyceans, xanthophyceans, desmids, and
cyanobacteria without specialized cells. The success
of this group is related: i) to good water quality;
ii) to the transitional ecosystem stages; and iii) to
the combination of some ecological functions as
a low nutrient concentration, high zooplankton
abundance, and little light attenuation (Kruk etal.,
2010; Kruk & Segura, 2012). These features are
standard in lake ecosystems (Izaguirre et al., 2012)
and even in reservoir areas (Rangel et al., 2016).
Almost with the same importance, are the MBFG
VII composed of large mucilaginous colonies of
chlorophyceans and cyanobacteria, and the MBFG
I formed by large filamentous organisms with
aerotopes (cyanobacteria). Although MBEFG IV
is diverse and associated with state transitions,
we suggest that the studies expand the samplings
over time to capture the effects of eutrophication
and climate change since these events have been
highlighted in the key-words.

In summary, in this scientometric survey, we
found 60 articles that used the MBFG, mainly from
Uruguay, Brazil, and China. They were primarily
based on biomass and developed in lake ecosystems,
followed by rivers and reservoirs. The number of
studies of MBFG shows an increasing temporal
trend following the direction of the total scientific
literature on freshwater phytoplankton. MBFG IV
is the group with the greatest representativeness in
the studies. The keywords indicate the use of MBFG
in research on the environmental water quality and
for recognizing the biodiversity and functioning of
aquatic ecosystems. CCA and RDA are the main
analysis methods used for comparisons between
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MBFG and other functional approaches. Finally,
our data reveal that deconstructive approaches, as
MBEG, are helpful tools for assessing interest issues
in phytoplankton ecology.
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