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Table S1. List of the first 10 articles appearing in Web of Science using the search string TOPIC: 

("macrophyte*") AND ADDRESS: (Brasil or Brazil)   
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OTHER THEMES STUDIED BY BRAZILIAN LIMNOLOGISTS 

 

Decomposition, methods, macrophyte surveys and interactions 

A smaller number of papers focused on macrophyte decomposition, methods, macrophyte 

surveys, and interactions (Figure S1). Decomposition was the sixth most investigated theme, and 

the papers approached, for example, which factors interfere in detritus decomposition and how 

decomposition influences ecosystem properties, like as example, the water chemistry (e.g., 

Bianchini Jr. & Cunha-Santino 2016; Bottino et al. 2019). 

Chico’s contributions to studies on macrophyte decomposition were pioneer in Brazil. 

Esteves & Barbieri (1983) were the first researchers to study this issue (see Table S1), describing 

the chemical changes of the decaying matter of macrophytes. A similar approach was applied in 

numerous other papers following this first one, particularly from the research group of Dr. Irineu 

Bianchini Jr. (e.g., Bianchini Jr. et al. 2010, 2015, 2016; Bottino et al. 2019). 

Studies indicated that several abiotic features such as oxygen availability, nutrient 

concentrations, and temperature are important determinants of the decomposition of macrophytes 

(Carvalho et al. 2005, Passerini et al. 2016, Paccagnella et al. 2020). The effects of microbiota in 

macrophyte decomposition dynamics have also been studied in Brazil (Carvalho et al. 2015, 

Albertoni et al. 2020). 

Macrophyte decomposition results in an intense release of chemical compounds into the 

aquatic ecosystem. Indeed, descriptions of the released compounds from decomposition were also 

common among Brazilian papers (Pagioro & Thomaz 1999, Bianchini Jr. et al. 2010), which is 

timely given the potential of macrophyte decomposition to increase greenhouse gas emissions 

(Cunha-Santino & Bianchini Jr. 2013, Fonseca et al. 2017). In this context, it seems that the 

potential of greenhouse gas emissions depends on environmental features, macrophyte identity 

and chemical content (Grasset et al. 2019). 

Decomposition is directly connected with the ecosystem perspectives; therefore, 

addressing how macrophyte decomposition interacted with human impacts is another interesting 

approach that can be highlighted. For instance, Nomura et al. (2017) evaluated fish physiological 
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responses after the decomposition of macrophytes following herbicide control. Another study 

investigated whether the decomposition of a native species differed from a similar invasive one 

(de Castro et al. 2015). Relatedly, describing decomposition processes for species with invasive 

potential may help to investigate their effects on ecosystem functioning (Bianchini Jr. & Cunha-

Santino 2016).  

Estimates of the number of macrophyte species and species lists in specific regions or 

ecosystems, here included in the theme “macrophyte surveys”, received far less attention than the 

other themes (Figure S1). However, this small number of papers may be related to the method we 

used in our survey, which was conducted only in journals indexed in the Web of Science – 

Clarivate Analytics: this database has few journals with a regional-local focus, where papers about 

surveys are usually published. Also considering our search string, few studies aimed at 

investigating new methods applied to macrophytes (in special the use of remote sensing methods, 

e.g., Novo et al. 2002; use of herbicides; e.g., Malaspina et al. 2017), how macrophytes interact 

between them (e.g., competition and facilitation; e.g., Nunes & Camargo 2020, Lycarião & 

Dantas 2017) and with other organisms (e.g., herbivory; Saulino et al. 2018), and reviews (e.g., 

Padial et al. 2008, Rodrigues et al. 2016) (Figure S1). 

The low number of studies (23) reporting species lists or checklists using previous works 

helps understanding, for example, why the species accumulation curve for the Northeast region 

of Brazil did not reach an asymptote (Moura-Júnior & Cotarelli 2019). Within this context, we 

highlight the importance of floristic surveys for management, conservation and hypothesis-driven 

studies (as pointed out by Padial et al. 2008). Furthermore, mainly short-term surveys (i.e., 

covering two seasons) were conducted, which might hinder the identification of rare species 

(Moura-Júnior & Cotarelli 2019). Unfortunately, the recurrent science budget cuts in Brazil 

(Fernandes et al. 2017) limit these types of studies. 

The limitation to perform field-based studies could partially be overcome by new 

methodologies to estimate aquatic macrophytes biomass. The number of studies on this theme is 

small and seems to be declining over time. Since 2012, for example, there is no study in our 

survey assessing the use of radar or echosounder to estimate the biomass of aquatic macrophytes. 
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This might be explained by the increased focus on other aspects of the biodiversity, like for 

example the functional ecology, redirecting the efforts to characterize the natural communities at 

a higher level of detail (e.g., leaf length, stem length, etc.) than just biomass. Nonetheless, remote 

sensing techniques can provide complementary information about the temporal dynamics of the 

plants over large spatial scales, aiding management decisions (Sartori et al. 2011). 

Mathematical models to estimate diversity (e.g., Evangelista et al. 2009), richness (Melo 

et al. 2007), biomass (Nunes & Camargo 2017) and morphological attributes (e.g., Dibble & 

Thomaz 2009) have not yet been widely used, according to our survey. The use of these methods 

should be more encouraged, owing to their applicability in experiments (Nunes & Camargo 2017) 

and in studies aiming to assess the relationships between macrophytes and other biological 

groups. For example, Dibble & Thomaz (2009) found a positive correlation between fractal 

dimension (a proxy for morphological complexity) and macroinvertebrate density. 

Among the investigations we found, there were also comparisons and assessments of the 

different methods to remove and control the biomass of aquatic macrophytes. Specifically, studies 

were focused on mechanical (e.g., Corrêa et al. 2005, Scheer et al. 2016) and biological control 

(using grass carp and snails) of invasive (Cruz et al. 2015) and native species (Silva et al. 2014). 

Despite the potential advantages of biological control (Domingues et al. 2017), we caution that it 

usually employs non-native species, and thus, this type of method may contribute to new 

invasions. 

Our survey found an increasing number of studies incorporating and testing fundamental 

ecological concepts. Recent studies have highlighted, for example, the role of environmental 

dynamics (e.g., seasonality and water levels; Lycarião & Dantas 2017, Murillo et al. 2019), 

climate change (Liu et al. 2018), invasive species (Saulino et al. 2018) and priority effects in 

modulating species interactions (Evangelista et al. 2017, Nunes & Camargo 2020). We also found 

studies on the effect of aquatic macrophytes on controlling phytoplankton and cyanobacterial 

growth (Amorim et al. 2019, Amorim & Moura 2020). 
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