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ABSTRACT
Ecological communities are compared by the similarity or distinctness of their species. Taking into account community 
composition at a determined site, one could expect a similar reasoning to explain differences in both taxonomic 
and functional composition due to environmental gradients. We aim to evaluate spatial variation in functional 
composition of aquatic macrophyte assemblages in a Neotropical floodplain. The studied floodplain is characterized 
by encompassing different ecoregions considering both differences in environmental features and macrophyte 
taxonomic composition. Therefore, we hypothesized that macrophyte functional composition would differ among 
ecoregions but instead found limited differences in functional composition. There was only a little evidence that 
some life forms are more or less observed in certain ecoregions. Thus, the considerable environmental heterogeneity 
found at the ecoregion scale is reflected only in taxonomic, and not in functional composition. This result can be 
explained by different species having high functional redundancy: different functional traits could be recorded in 
all ecoregions. Therefore, we suggest that the functioning of the entire ecosystem is probably insured by species 
functional redundancy in this Neotropical floodplain. Nonetheless, we cannot rule out the fact that trait choice 
could affect interpretations, and so trait selection should be better explored, particularly for aquatic macrophytes.
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Introduction
Two major ecological processes are reported as 

possibly responsible for structuring communities: 
limiting similarity and environmental filters (Pausas & 
Verdú 2010), particularly at scales with poor dispersal 
limitation (Vellend 2010). Limiting similarity considers 
that species co-occur at determined sites due to functional 
trait distinction. Therefore, resource exploitation is different 
among species, resulting in low niche overlap (Tilman 2001; 
Pocheville 2015). Low niche overlap usually ensures species  

co-occurrence (Diamond 1975; Cazelles et al. 2016). High 
niche overlap means a common use of resources, likely 
resulting in local species competitive exclusion when 
resources are limited (Pocheville 2015), even though small 
niche differences have been reported as enough for species 
coexistence (Chesson 2000). Environmental filtering, in 
turn, is known as the effect of environmental factors 
selecting species, allowing their establishment, survival, 
reproduction and persistence in a suitable site (Heino et al. 
2015). In a set of different ecoregions, environmental filters 
may cause dissimilarity in both taxonomic and functional 
composition (Lamarre et al. 2016; Lozada-Gobilard et al. 
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2019). On the other hand, if environmental filters are 
transposed (particularly in groups with high environmental 
plasticity), species may exhibit high functional similarity 
enabling niche overlap and resource competition (Funk 
et al. 2008; Weiher et al. 2011) decreasing species relative 
abundances and promoting competitive exclusion (Garrett 
1960; Tilman 2001). The aforementioned mechanisms 
explain why taxonomic compositional differences are not 
always related to functional compositional dissimilarities.

Environmental filtering is common mainly when the 
environmental gradient is wide and results in species pool 
selection, causing metacommunity local differences (Padial 
et al. 2014). More than taxonomic differences, trait-based 
community assembly patterns along environmental gradients 
allow a better understanding of functional differences at 
different spatial and temporal scales (Pillar et al. 2009; 
García-Girón et al. 2019), and may contribute in creating 
more quantitative and predictive community ecology (McGill 
et al. 2006). One may expect that if taxonomic composition 
differs in response to environmental filtering, functional 
composition may also differ (Lamarre et al. 2016). On the 
other hand, taxonomic differences may be generated by 
dynamic processes of colonization and competitive exclusion 
of functionally similar species; the taxonomic differences are 
not always reflected in differences of functional composition 
(Pavao-Zuckerman & Coleman 2007). 

Previous studies have shown clear taxonomic differences 
related to ecoregions, which are here defined as groups 
of aquatic habitats associated to different rivers inside 
a Neotropical floodplain with different environmental 
characteristics caused by the influence of different rivers 
(Padial et al. 2009; 2012). Ecoregions in this floodplain 
differ especially considering limnological, geomorphological 
and biological features, which define the major ecological 
gradient (Roberto et al. 2009) that explains overall 
biodiversity (Santos & Thomaz 2007; Thomaz et al. 2009). 
Therefore, the overall suggestion is that environmental 
filtering related to ecoregions is strong in the floodplain, 
causing community assembly (Bini et al. 2001; Thomaz et 
al. 2009; Padial et al. 2012). However, the evidence above is 
limited to taxonomic composition. Particularly for aquatic 
macrophyte dynamics, their response to ecological filters 
has been usually understood using functional traits as 
response variables (Shipley et al. 2011).

Environmental filtering in functional composition of 
aquatic macrophytes has strong implications for ecosystem 
functioning, given the role of aquatic macrophytes in 
structuring aquatic ecosystems, affecting diversity and 
ecological relations (Jeppesen et al. 1998; Meerhoff et al. 
2003; Cunha et al. 2011). Relatedly, Tilman et al. (1997) 
highlighted that understanding variations in functional 
composition is essential for knowledge of ecosystem 
processes (see also Cadotte et al. 2011). Here, we tested 
the hypothesis that functional composition of aquatic 
macrophyte communities differ among ecoregions of 

a Neotropical floodplain, following a clear taxonomic 
difference. We used functional metrics to describe the 
variation in functional composition of aquatic macrophyte 
assemblages over 15 sampling sites in the Upper Paraná River 
floodplain (UPRF). Consequently, environmental filtering 
may also affect ‘ecosystem functionality’ of the floodplain, 
mainly considering the well-recognized functional role of 
aquatic macrophytes (Pandit 1984).

Materials and methods
The study was conducted in the UPRF, South Brazil (53º00’ 

W; 53º40’ W; 22º30’ S; 23º00’ S) (Agostinho & Zalewski 
1996). The Upper Paraná River floodplain climate is classified 
as tropical and subtropical (according to the Köppen system), 
with annual average temperature around 22 °C and the annual 
average precipitation around 1500 mm (Souza-Filho 2009). 
The flood period is usually from October to March, and the 
drought period usually from June to September (Roberto 
et al. 2009). Although environmental changes have been 
observed due to anthropogenic pressures related to upstream 
and downstream damming, the record of well-developed and 
diversified aquatic macrophyte communities (Thomaz et al. 
2002; Ferreira et al. 2011; Souza et al. 2017) reinforces the fact 
that the UPRF is an important biodiversity hotspot for aquatic 
communities (Ferreira et al. 2011). Environmental differences 
of three hydrological ecoregions are considered the major 
environmental gradient in the UPRF. Such ecoregions (named 
as “Paraná”, “Baia” and “Ivinhema”) are characterized by a 
main river channel and several associated lakes. Ecoregions 
differ from each other giving their distinct geomorphological 
origins and features (source of organic matter, water flow, 
limnological variables, etc.) (Roberto et al. 2009). The Paraná 
River is the most important to the water level fluctuations 
in the Upper Paraná River floodplain. The Ivinhema and Baía 
rivers contribute to the inundation of habitats adjacent to 
their margins, making their associated lakes functionally 
distinct among three river systems (Souza-Filho 2009). Lakes 
associated to Ivinhema River usually have higher organic 
matter and nutrient contents, whereas lakes associated to 
Baia River have high humic compounds and lower pH, and 
lakes associated to Paraná River have higher transparency, 
lower nutrients and organic compounds and higher water 
flow (Roberto et al. 2009). Sampled lakes are shallow, varying 
from c. 0.10 m depth during drought periods in the shallowest 
lake to c. 8 m depth during flood periods at the deepest lake. 
They also varied widely in area, from approximately 0.006 ha  
to 113.8 ha (see also Thomaz et al. 2009). 

We have sampled aquatic macrophytes, following Pedralli 
et al. (1990) classification, from five different lakes of each of 
the three ecoregions of the UPRF in November 2015. Species 
were collected along the entire shoreline of all lakes and 
maintained moisture in 100 L plastic bags until identification 
and trait measurements. The sampling methodology 
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followed Pérez-Harguindeguy et al. (2013), which proposed 
a module sampling for vegetative propagation species. A 
module can be described as the simplest minor repeating 
portion containing root, stem and leaves. This methodology 
was established giving the intense vegetative propagation 
of aquatic macrophyte species, making the identification 
of an individual very difficult. For each module, we chose 
17 functional traits (Tab. 1) in order to assess aquatic 
macrophyte functional composition. All traits are shown 
to be related to species response to environmental features: 
see in List S1 in supplementary material for details and 
justification of chosen traits. Ten (10) of the chosen traits 
were continuous or measurable in the modules, and were 
thus directly measured in the field. The other seven (7) traits 
refer to species-specific features that do not vary among 
modules, so they were obtained directly from the literature 
describing species ecomorphological traits.

Table 1. List of functional traits chosen to describe aquatic 
macrophytes functional composition, indicating traits obtained 
from literature information, or directly measured after field 
sampling. 

Classification Traits

Obtained from 
literature

Plant

Amphibious
Emergent
Epiphyte

Fixed floating
Free floating

Fixed Submerged
Free Submerged

Annual
Perennial

Monthly blooming
Semester blooming
Annual blooming

Leaf

Glabrous pilosity
Pilous pilosity

Coriaceous consistency
Herbaceous consistency

Stem
Erect

Prostrate

Root
Fasciculate

Pivoting

Measured in the 
laboratory

Plant Height (cm)

Leaf
Width (cm)
Length (cm)

Thickness (mm)

Petiole
Length (mm)

Presence/ absence

Stem
Thickness (mm)

Presence/ absence

Root
Length (cm)

Presence/ absence

Traits related to morphology, growth and life form 
have been commonly used to describe how environmental 
conditions (Ali et al. 1999; Griffin-Nolan et al. 2018) affect 

the reproduction, growth and species survival (Cavalli et 
al. 2014). We thus expect that the chosen traits represent 
functional composition variation along environmental 
gradients. For instance: i) emergent species are usually the 
most abundant (Thomaz et al. 2002; Alves-da-Silva et al. 
2014) occurring in shallow belts and along the riverside (Pott 
et al. 1989); ii) submerged species occur when transparency 
is high (Bornette & Puijalon 2011); iii) free-floating species 
are abundant in high nutrient concentration in water column 
(Bornette & Puijalon 2011); iv) fasciculate roots for aquatic 
macrophytes develop an important role guaranteeing air 
reserve (allowing floating) and rapid nutrient achievement 
(e.g., the architecture of fasciculate roots promotes a higher 
area for nutrient assimilation) (Tabata et al. 2015; Pereto et 
al. 2016); v) the presence of trichomes on leaf blades could 
be efficient as a mechanical barrier against herbivores and/
or pathogens (Werker, 2000) and guarantee a micro-climate 
around the stomata avoiding water loss (Buckley 2005); 
and so on (see further details in Supporting Information).

We were unable to use physiologic traits due to uncommon 
use, high costs and difficulty in estimations (Zhang 2004). 
However, we believe that, at least for our main goal, the 
chosen traits fulfill the mission in describing functional 
composition among different ecoregions given the fact that 
many functional traits translate important physiologic aspects 
(leaf morphologic aspects are linked to photosynthesis).

The functional composition of the aquatic macrophyte 
communities was measured by the community-level weighted 
means of trait values (CWM) (Lavorel et al. 2008). In this 
case, matrices of species presence/absence per ecoregion 
and species per trait were created for all 15 lakes (five from 
each ecoregion). A Principal Coordinate Analysis (PCoA) was 
used to visualize patterns in functional composition. We 
formally tested for differences in functional composition 
among ecoregions using a Permanova (Anderson et al. 2001). 
The same analyses above were made for presence/absence 
taxonomic composition, which was made only to describe 
the already known differences among ecoregions (Padial 
et al. 2009), as anticipated (see Results). To characterize 
typical species per ecoregion, we then used an indicator 
value analysis (IndVal - Dufrêne & Legendre 1997). Species 
with high IndVal values indicate species that i) occurs mostly 
in one ecoregion and ii) in most sampling lakes of such 
ecoregion (the “specificity” and “fidelity” facets of IndVal, 
respectively; Dufrêne & Legendre 1997). Whereas Permanova 
statistically tests differences in species composition, 
IndVal indicates which species mostly contributed to such 
compositional differences. For all analyses above, we used 
the following functions and packages in R environment (R 
Development Core Team 2018): function ‘functcomp’ for 
functional composition in the “FD” package (Laliberté et 
al. 2014), functions ‘pco’ for PCoA and ‘indval’ for IndVal 
in “labdsv” package (Roberts 2016), and functions ‘vegdist’ 
for distance matrices and ‘adonis’ for Permanova in “vegan” 
package (Oksanen et al. 2017).

http://www.scielo.br/pdf/revistas/abb/v35n1/0102-3306-abb-35-01-62-s.pdf
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Results
Forty-six (46) species of aquatic macrophytes were 

recorded in the fifteen sampled lakes of the UPRF (Tab. 2).  
As anticipated, the three ecoregions (Paraná, Baia and 
Ivinhema) clearly differ from each other considering 
taxonomic biodiversity (Permanova: F=3.28, R2=0.35, 
P=0.001) (Fig. 1A). According to the IndVal, Paraná ecoregion 
had Ludwigia peruviana as an indicator species (IndVal=1, 
P=0.001) occurring in the five lakes sampled. Limnobium 

laevigatum was an indicator species of Baia ecoregion 
(IndVal=0.8, P=0.01) occurring in four of the five lakes 
sampled. Ivinhema ecoregion had no indicator species.

On the other hand, functional composition did not 
significantly differ among ecoregions (F=1.41, R2=0.19, 
P=0.238) (Fig. 1B). The only patterns that can be suggested 
considering the PCoA, albeit weak, are: i) emergent life 
form species seems to be typical in nearly all lakes of the 
Paraná ecoregion (Fig. 1B) and ii) fasciculate roots were 
mostly observed in lakes from Baia and Ivinhema ecoregions 
(Fig. 1B). 

Table 2. Recorded macrophyte species in the 15 lakes sampled to test for differences in taxonomical and functional composition in 
the Upper Paraná River Floodplain.

Recorded species Recorded species (cont.)
Aeschynomene sensitiva Sw. Ludwigia leptocarpa (Nutt.) Hara.

Alternanthera philoxeroides (Mart.) Griseb Ludwigia octovalvis (Jacq) Raven
Azolla filiculoides Lamarck Ludwigia peruviana (L.) H. Hara

Cabomba caroliniana A. Gray Mimosa setosa Benth.
Cabomba furcata Schult. Myriophyllum brasiliensis Camb.
Commelina nudiflora L. Nymphaea amazonum Mart. & Zucc.
Cuphea melvilla Lindlay Oxycaryum cubense (Poep. & Kunth)

Diodia brasiliensis Spreng. Paspalum repens Berg.
Egeria najas Planch. Pistia stratiotes L.

Pontederia  azurea (Sw.) Polygonum acuminatum Kunth.
Pontederia crassipes Mart. Polygonum punctatum Elliott

Fuirena sp. Polygonum stelligerum Cham.
Habenaria repens Nuttall Pontederia cordata var lanceolata (Nutt.) Griseb.

Hibiscus striatus Cav. Rhynchospora corymbosa (L.) Britton
Hydrocotyle ranunculoides L.fil. Ricciocarpus natans (L.) Corda

Hymenachne amplexicaulis (Rudge) Nees. Sagittaria montevidensis Cham. & Schltdl.
Hyptis mutabilis (Rich.) Briq. Salvinia auriculata Aubl.

Ipomoea carnea subs. fistulosa (Martius and Choise) Salvinia herzogii de la Sota
Leersia hexandra Sw. Salvinia mínima Baker.

Limnobium laevigatum Humb. & Bonpl. ex Willd. Scleria gaertneri Raddi
Ludwigia grandiflora (Michx.) Greuter & Burdet Thalia geniculata L.

Ludwigia helminthorrhiza (Mart.) H.Hara Utricularia foliosa L.
Ludwigia lagunae (Morong) H. Hara Utricularia gibba L.

Figure 1. Principal Coordinate Ordination Analyze (PCoA) from the aquatic macrophytes of the three ecoregions of the Upper Paraná 
River Floodplain considering A) taxonomic diversity (presence/absence) and; B) functional composition.
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Discussion
In this study, we have tested if spatial variation of the 

aquatic macrophytes functional composition responds to 
environmental classification considering three different 
ecoregions in a Neotropical floodplain. Contrary to the 
observed taxonomic composition, there is poor functional 
composition differentiation among the ecoregions that 
are clearly heterogeneous considering multiple ecological 
features. Environmental heterogeneity has long since been 
described as a biodiversity predictor (Yang et al. 2015; 
Bergholz et al. 2017; Pinha et al. 2017). Heterogeneous sites 
promote species sorting, resulting in beta diversity among 
local communities of a metacommunity (Pinha et al. 2017; 
García-Girón et al. 2019). This was already demonstrated 
in the UPRF for several biological groups, ranging from 
microscopic algae to fish (Padial et al. 2012).

It has also been shown that environmental filtering can 
shape functional composition at different environmental 
sites, as a result of recruitment and establishment of species 
with different traits (Fortunel et al. 2014, Lozada-Gobilard 
et al. 2019). Therefore, it is interesting that the considerable 
environmental heterogeneity at the ecoregion scale in the 
UPRF is reflected only in taxonomic, but not in functional 
composition. Although not properly studied yet, functional 
composition can be related to other local peculiarities and 
characteristics unrelated to environmental classification in 
ecoregions, such as the area, depth or margin development 
of lakes (see also Monção et al. 2012). We initially expected 
that environmental filtering promoted by ecoregions could 
select species with similar functional features within an 
ecoregion, and different functional features between 
ecoregions. Our results show the opposite: a ‘functional 
similarity’ among ecoregions, indicating that different 
species from ecoregions are functionally redundant (see 
also Kang et al. 2015). At a finer scale, within ecosystems, 
functionally similar species may co-occur less often given 
that they may explore resources in a similar way. Therefore, 
one explanation for our results may be related to a relatively 
lower co-existence of functionally similar species within 
an ecoregion, as expected in limiting similarity theory 
(Abrams 1983).

Considering functional beta diversity, if turnover 
mostly drive compositional changes at larger scales, one 
expects functional variation among ecoregions. Even so, 
a previous study has suggested functional nestedness 
seems to be a common component of functional beta 
diversity at larger spatial scales (Fu et al. 2019), which can 
also help to explain that, taken the floodplain as a whole, 
redundancy of functional composition among ecoregions 
is not unexpected. As a consequence, functionally similar 
species can be observed among ecoregions. Considering 
the ecological mechanisms behind functional patterns, 
it is most likely that an interaction of deterministic and 

stochastic factors affects community structure considering 
taxonomic and functional compositions of macrophytes 
(García-Girón et al. 2019). In our study, both mechanisms 
may occur at different scales: between and within ecoregions 
(see also Padial et al. 2014), but our results at least suggest 
that the known taxonomic differences among ecoregions 
and a possible relatively lower co-existence of functionally 
similar species within ecoregions may be linked to a same 
underlying process.

We must highlight that our results do not necessarily 
indicate that the functional redundancy among ecoregions 
is a result of a decline in specialist species (as suggested 
by Clavel et al. 2011), which could have consequences 
to ecosystems functioning and productivity. Only long-
term studies reporting a decline in functional diversity 
indexes could state that functional homogenization is a 
concern of ecosystem functioning. Indeed, future studies 
could use long-term data to compare functional variability 
among ecoregions, and thus test if ecoregions differ not in 
functional composition (as tested here), but in spatial and 
temporal variability of functional composition. Also, the 
fact that ecoregion classification was a poor predictor of 
functional composition does not mean that environmental 
filtering is unimportant to explain differences of functional 
traits or ecosystem functioning (Karadimou et al. 2016; 
García-Girón et al. 2019). For instance, functional trait 
variation can occur within a same lake due to local-scale 
environmental filtering; or even at larger spatial scales 
but depending on environmental changes over time. 
Indeed, strong temporal changes in both environmental 
features and community composition are observed due 
to the overwhelming driving force of the hydrological 
regime of the UPRF (Padial et al. 2009; Thomaz et al. 
2009). Thus the environment may have a central role in 
filtering species traits independently of the similarities 
in functional composition observed at the ecoregion scale 
in our study.

Here, we investigated traits that usually respond to 
environmental variation, as those related to life form, roots 
and leaves (see Materials and methods, and in List S1 in 
supplementary material). At least for the scale observed 
in our study, even a strong environmental gradient (see 
Roberto et al. 2009) was not enough to promote functional 
differences, even though a clear compositional difference 
is observed. Maybe, differences could be observed in other 
scales, or considering other dimensions (e.g., temporal 
differences related to the well-known hydrological regime 
of floodplains). Also, we used in this study presence/absence 
data to infer community composition, but abundance 
can reveal other patterns. Macrophyte beds are usually 
dominated by a few species (Pott et al. 2011), which can have 
disproportionate roles in ecosystem functioning (Engelhardt 
& Ritchie 2001). Our study is a first step, but considering 
abundance in functional community composition should 
be encouraged in future studies.

http://www.scielo.br/pdf/revistas/abb/v35n1/0102-3306-abb-35-01-62-s.pdf
http://www.scielo.br/pdf/revistas/abb/v35n1/0102-3306-abb-35-01-62-s.pdf
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Still, the lack of functional composition differentiation 
could also be explained by traits considered. We can never 
rule out that the choice of traits may affect interpretations 
(Zhu et al. 2017). Indeed, aquatic macrophytes have an 
extreme plasticity in morphological measurements (Li 
et al. 2016), and this ensures ecosystem functioning 
when a community is composed by species with different 
traits (Jackrel & Morton 2018). Therefore, some coarse 
(but classical) classifications may be more meaningful to 
consider the similarity in plant functions and response to 
environmental gradients, such as the life form classification 
(see also Schneider et al. 2018).

On the other hand, some authors argue that more details 
in traits are necessary to understand aquatic macrophyte 
responses to the environment (Gratani 2014). For instance, 
Steffens & Rasmussen (2016) highlight the possible relevance 
in considering not only adventitious (or fasciculate) roots 
or not but classify it in types of adventitious roots (flood, 
nutrient or wound induced). In accordance to these authors, 
each type of adventitious root is regulated and responds 
to the submitted environmental condition in different 
ways (Steffens & Rasmussen 2016). Taking into account 
the importance in choosing traits related to the ecological 
question to be answered (Diaz et al. 2013; Zhu et al. 2017; 
Griffin-Nolan et al. 2018) and how the chosen traits can 
maximize ecosystem function (Cadotte 2017; Fu et al. 2018), 
we encourage future studies to explore in details which traits 
should be used to test for different ecological hypotheses.

Functional traits biodiversity promotes ecosystem 
functioning giving the capacity of species in exploiting 
resources at different spaces and time (Fetzer et al. 2015; 
Gross et al. 2017). Here, we have shown that environmental 
filtering acting in taxonomic composition does not always 
select different functional composition, indicating that 
ecological studies may encompass different facets of 
biodiversity for a better link between biodiversity and 
ecosystem functioning. Functional redundancy is important 
to ensure higher stability to the ecosystem, given that if 
some species’ populations are decreased, the redundant 
ones can keep ecological functions (Yachi & Loreau 1999). 
Therefore, we suggest that the functional redundancy of 
species among ecoregions may promote insurance for whole 
ecosystem functioning of the floodplain.
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