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ABSTRACT
The distributions of species of Fabaceae are strongly related to the soil. Their presence can alter restrictive conditions 
and favour the establishment of other species. However, it is still not known how the relationship between species 
of Fabaceae and edaphic factors interact in structuring woody Chaco vegetation. In this context, we aimed to test 
the hypothesis that restrictive edaphic conditions can explain the difference in floristic patterns of two types of 
vegetation through their species representativeness of Fabaceae. We analysed floristic consistency between wooded 
and forested Chaco to address how spatial and environment components might explain differences between them 
along with the effects of the interaction between Fabaceae and the soil. We observed that the association between 
environmental and spatial variables was more important than any individual factor in explaining the structuring 
of the communities. Both the percentage of species of Fabaceae present and the soil influence the structure of the 
two types of vegetation. Species of Fabaceae have greater potential as indicators in the wooded Chaco. Therefore, 
we suggest the interaction between soil types and species of Fabaceae plays a role during the structuring of the 
communities through the establishment of these species in more restrictive soils.

Keywords: Chaco vegetation, ecological success, environmental filtering, edaphic gradient Leguminosae, environmental 
seasonality, structural patterns

Introduction
The processes that determine species distribution 

are central to understand communities (Benkman 2013; 
McPeek 2017). Historically, the patterns observed have 
been associated with the mechanisms of niche theory 
(Hutchinson 1959) and neutral theory (Hubbell 2001). The 
niche theory predicts that communities are structured by 
deterministic processes (e.g. competition and environmental 
filtering), while the neutral theory, by stochastic processes 

(e.g. dispersion limitation). The consensus has been reached 
that these mechanisms work together, and the distribution 
patterns can be explained by environmental factors (John et 
al. 2007; Brunbjerg et al. 2012; Neves et al. 2017), by spatial 
stochastic mechanisms (Cottenie 2005; Wang et al. 2008) 
or by the interaction between them (Legendre et al. 2009; 
Neves et al. 2015; Bueno et al. 2017). The explanation of each 
process can vary substantially due to other factors such as 
species richness and primary productivity (Wang et al. 2016; 
Perry et al. 2017). Thus, stochastic mechanisms tend to be 
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better fitted for tropical forests; while environmental filters 
for temperate forests (Myers et al. 2013). Moreover, niche 
processes are more evident on larger scales, and neutral 
processes on smaller scales (Chase 2014). The scale effect 
may change depending on the used variable. For example, 
at broader scales, species distribution may be related to soil 
types (Tuomisto et al. 1995). At smaller scales, on the same 
soil type, the patterns might be related to the variation of 
nutrients concentration (Young & Leon 1989; Poulsen & 
Baslev 1991). The distribution of species on a local scale (<1 
km) was explained on several reports through the availability 
of resources below ground (John et al. 2007; Baldeck et 
al. 2013; Maia et al. 2019). This finding is important to 
understand niche mechanisms related to the interaction 
between species, such as the facilitation effect.

Some species play a key role in the maintenance of 
distribution patterns and on functioning of the ecosystem 
(Beierkuhnlein & Jentsch 2005; Hooper et al. 2005). For 
example, foundation species are able to establish themselves 
in restrictive environments (Ellison et al. 2005) and engineer 
species create locally stable conditions for the establishment 
of other species (Jones et al. 1994; Morrison 2009). Among 
plants, Fabaceae is recognized as an important group for 
the productivity and stability of the ecosystem (Spehn et 
al. 2002; Temperton et al. 2007; Marquard et al. 2009). 
Adaptations to weathered soils facilitate their establishment 
in restrictive environments (Crews 1999). They are, for 
example, more efficient in obtaining potassium, calcium 
and magnesium (McLean et al. 1956), and more tolerant 
to aluminium (Blamey et al. 1992; Yang & Goulart 2000) 
due to their higher cation exchange capacity (CEC) when 
compared to other species (Silva et al. 2010). Moreover, due 
to their ability to fix nitrogen through nodulation, Fabaceae 
assists the establishment of other species (Sprent 2007; 
Meira-Neto et al. 2017). The contribution of this family 
to the availability of nutrients, absorption and growth of 
neighbouring species is indeed well described throughout 
the scientific literature (e.g. Spehn et al. 2002; Marquard 
et al. 2009; Küchenmeister et al. 2012; Roscher et al. 
2012). Furthermore, nitrogen fixation in the environment 
occurs more frequently in soils with nitrogen restriction 
(Sylvester-Bradley et al. 1980; Martinelli et al. 1999), and 
the facilitating effect of Fabaceae is more pronounced in 
situations of extreme climate (Khan et al. 2014).

Fabaceae is one of the botanical families with the largest 
number of species in the world (Lewis 2005; Chase et al. 
2016) and are usually associated with seasonally dry or 
arid climate regions (Lavin et al. 2004; Pennington et al. 
2004). For this reason, the family is quite diverse in the 
Neotropics, mainly in the South America Dry Diagonal Zone 
(Gentry 1995; Lima et al. 2015). This zone presents extreme 
seasonal climate changes, and water restriction during 
part of the year. It also includes different plant domains 
such as Cerrado, Caatinga and Chaco (Neves et al. 2015). 
Species of Fabaceae were identified as key indicator species 

to differentiate these vegetation types (Lima et al. 2017). 
The highest rates of diversity and endemism in Fabaceae 
assemblages are found in Chaco (Lima et al. 2015), which 
is distinguished from other regions by its harsher climatic 
seasonality (Pennington et al. 2000). The term Chaco or 
“Gran Chaco” is used to describe vegetation that covers 
the vast plains of north-central Argentina, southeastern 
Bolivia, western Paraguay and a small portion in western 
Brazil (Prado et al. 1992; Prado 1993). In the Chaco region, 
Fabaceae is the most representative family in the wooded 
stratum, and some of its species can help the recognition of 
different types of vegetation (for example, Prosopis rubriflora 
in wooded Chaco – Sartori 2012 and Mimosa hexandra in 
forested Chaco – Baptista et al. 2017). Some species are 
monodominant in environments where soil fertility is a 
restrictive factor (for example, Parkinsonia praecox – Baptista 
et al. 2016). However, it is not clear how the differences 
in the edaphic component in the environment can cause 
changes in the assemblage of species of Fabaceae, which 
could have effects on the entire community.

In landscape-scale, the topography and soil moisture are 
important factors that determine the distribution of woody 
species in the Gran Chaco, mainly in the eastern portion of 
the region (Barberis et al. 2005). In a local scale, edaphic and 
floristic differences shape Chaco’s diversity patterns; there 
are, however, indications that environmental filters may act 
as structuring processes of these communities (Assunção 
2016). According to the literature, species of Fabaceae can 
be grouped according to the different types of soils on 
which they grow (Dludlu et al. 2017). Thus, it is possible to 
identify assemblages whose occurrence indicates the soil’s 
predominant conditions in a specific habitat (Siddig et al. 
2016). However, due to Fabaceae’s adaptations to restrictive 
environments, it is possible that its assemblages are not 
restricted by the soil, as with other species. In addition, there 
is a scarcity of studies including the edaphic component. 
Thus, it is still unknown if the soil leads the distribution 
of Fabaceae in the Chaco (Mazzarino et al. 1991; Alvarez 
& Lavado 1998; Bueno et al. 2017). With the increasing 
advance in agriculture and the absence of conservation 
units, Chaco is one of the most threatened vegetation types 
in Brazil (Silva et al. 2009). Understanding the relationships 
between Fabaceae and edaphic characteristics is crucial to 
explain its high rate of endemism (Prado & Gibbs 1993; 
Lima et al. 2015) and the high species richness (Nunes 
2006; Alves & Sartori 2009). Besides, understanding the 
floristic patterns of Chaco communities might shed some 
light on the functioning of not only the different ecological 
processes acting in this environment, but its association 
with neotropical dry vegetation species at different scales 
and how it is structured (Webb et al. 2002).

Here, we evaluated the influence of edaphic component 
and Fabaceae assemblages on the floristic patterns of Chaco 
communities. More specifically, our objectives were i) 
to evaluate the floristic consistency of the wooded and 
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forested Chaco; ii) to quantify the explained variation of 
the environmental and spatial variables combined; iii) 
to evaluate the importance of Fabaceae assemblages in 
each community and iv) to identify potential indicator 
species for vegetation types. We hypothesized that there 
are two types of consistent vegetation, differentiated by 
spatial and environmental factors and that a fraction of the 
spatial components would be explained by the percentage 
of Fabaceae presence, especially in environments whose soil 
is a restrictive factor. In this way, we expected to identify 
species of Fabaceae as more related to the wooded Chaco. 
Considering the importance of environmental variables and 
spatially structured ecological factors on the distribution of 
woody species, this study will contribute to understanding 
Chaco ecology and the role of species of Fabaceae on seasonal 
environment communities.

Materials and methods

Study area
The 800,000 km² phytogeographical domain of the 

Chaco covers Argentina, Bolivia, Paraguay and Brazil (Hueck 
1972), and can be divided into dry (500 to 700 mm) and 
wet (over 1200 mm) sectors, according to its average annual 
precipitation (Brasil 1982). The studied area is located in the 
wet sector, and has an Aw type climate classification (Alvares 
et al. 2013), i.e. rainy summers and dry winters. In Brazil, 
it is divided into four vegetation types (forested, wooded, 
woody park and grassy–woody) according to its vegetation 
stature, floristic composition and soil characteristics (IBGE 
2012). We focused on wooded and forested Chaco at Porto 
Murtinho, Mato Grosso do Sul, Brazil (Figs. 1, 2) since they 
are non–monodominant vegetation types and are highly 
threatened environments (Silva et al. 2009).

Wooded Chaco is described as a thorny forest, as the 
plants are predominantly spinescent. Its 3–15 m high trees, 
usually without canopies, form the higher shrub–arboreal 
stratum. The continuous and representative grassy–
woody species, such as cacti and bromeliads, form dense 
agglomerates that compose the lower stratum (Fig. 2A-B) 
(UNESCO 1973).

On the other hand, forested Chaco is classified as a 
montane tropical or subtropical semi–deciduous forest with 
20 m high trees, vines, and thickened shrubs, whose trunks 
are highly branched, spiny, or aculeate (UNESCO 1973). 
Succulent species occur in the sub–forest while discontinuous 
grassy–shrub species with a small proportion of herbaceous 
vegetation and xerophyte epiphytes are usually found in 
the lower stratum (Fig. 2C-D). Forested Chaco soils have 
eutrophic characteristics and a representative litter; thus, 
its soil is usually more fertile, presenting higher nutrient 
concentration than wooded Chaco soils (Nunes 2006).

Data sampling
We selected an area from the wooded Chaco and another 

from the forested Chaco. In each vegetation type, we 
randomized 50 land plots (10 x 20 m). We sampled all woody 
individuals with ≥ 1 m height and ≥ 3 cm trunk diameter at 
ground level. All botanical material was incorporated into 
the Jardim Botânico do Rio de Janeiro and the Universidade 
Federal do Mato Grosso do Sul herbaria. In each land plot, 
we randomly collected one soil sample at 20 cm depth. The 
soil analysis was carried out at the Laboratorio de Fertilidade 
do Solo of the Universidade Federal de São Carlos – Araras 
campus, São Paulo. The analyses included the measurements 
of pH, potential acidity (H + Al), cation exchange capacity 
(CEC) and sum of bases (SB), organic matter content 
(OM), base saturation (V %), macro– (Mg, Na, K, and P) 
and micronutrient (Al, Mn, Fe, Cu, Zn, S, B) contents. The 
procedures for soil analysis followed Classen (1997).

Figure 1. Geographic distribution of the study area in the 
boundaries of Porto Murtinho, Mato Grosso do Sul, Brazil, 
evidenced by a green circle. The black shaded area represents the 
Chaco domain and its distribution in South America. Abbreviations 
correspond to Brazilian states: DF – Distrito Federal, GO – Goiás, 
MG – Minas Gerais, MS – Mato Grosso do Sul, MT – Mato Grosso, 
PR – Paraná, RS – Rio Grande do Sul, SC – Santa Catarina, SP – 
São Paulo, TO – Tocantins. Chaco boundary is based on ecoregion 
boundaries (.shp) of Olson et al. (2001).
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Floristic consistency patterns
In order to analyze the differences between plots and 

among vegetation types in terms of species composition, 
we employed NMDS (Non-metric multidimensional scaling) 
multivariate analysis with three dimensions (k = 3) (McCune 
& Grace 2002), and utilized the Bray Curtis coefficient as a 
measure of similarity, in the ‘vegan’ package (Oksanen et al. 
2016) of R statistical environment program (R Development 
Core Team 2017). Then we used permutational multivariate 
analysis of variance (PERMANOVA, 9999 permutations) 
to determine differences in species composition by using 
the ‘adonis’ routine in the package ‘vegan’.

Variation partitioning
We investigated the relationships between species 

distribution and environmental variables through 
redundancy analysis (RDA) (Dray et al. 2012; Legendre & 
Legendre 2012). In order to perform it, we used the packages 
‘spacemakeR’ (Dray 2010), ‘packfor’ (Dray et al. 2009), ‘vegan’ 

(Oksanen et al. 2016) and ‘spdep’ (Bivand 2013). Initially, 
singleton species were excluded (Lepš & Šmilauer 2003), 
and Hellinger transformation was applied to the presence/
absence data. We then standardized the environmental 
variables by adjusting them to the standard deviation 
(Legendre & Gallagher 2001), and excluded the collinear 
variables to maintain only those with a variance inflation 
factor (VIF) greater than ten (Quinn & Keough 2002). 
Finally, we used successive RDAs to select the environmental 
and spatial variables while checking if the respective global 
models were significant (Blanchet et al. 2008).

To select the spatial variables, we used the best Moran 
eigenvector maps (MEMs) based on the algorithm that kept 
the subset of spatial variables with the highest adjustment 
- Adjusted R² (Borcard et al. 2011; Legendre & Legendre 
2012). MEMs are useful as they represent the spatial 
structure of the sampling units at multiple spatial scales 
without considering environmental variation (Borcard et 
al. 1992; Legendre et al. 2002; Borcard et al. 2004). We then 
divided the variance by separating the environmental effect 
from the spatial effect, and from the shared fraction between 

Figure 2. Vegetation types of the Chaco samples at Porto Murtinho, Mato Grosso do Sul, Brazil. A and B wooded Chaco; C and  
D forested Chaco. Photo: Paulo Robson de Souza.



Species representativeness of Fabaceae in restrictive soils explains the difference 
 in structure of two types of Chaco vegetation

Diagramação e XML SciELO Publishing Schema: www.editoraletra1.com.br

563Acta Botanica Brasilica - 34(3): 559-569. July-September 2020

them. Each ‘pure’ fraction was tested by ANOVA based on 
permutation (Peres-Neto et al. 2006). For this purpose, a 
test available in the analysis of partial redundancy (partial 
RDA) was associated to the species composition. Finally, 
we obtained the standardized coefficients for each selected 
variable. This procedure was performed in communities 
containing all species and Fabaceae communities separately.

Fabaceae-soil effect
To verify the representativeness of Fabaceae in vegetation 

types we evaluated the difference in Fabaceae richness 
between wooded and forested Chaco and the percentage 
of presence of species of Fabaceae in the land plots. To 
classify the soil of each vegetation type, we used soil fertility 
analysis based on two main criteria: base saturation higher 
than 50 % (eutrophic) and base saturation lower than 50 % 
(dystrophic). To verify whether the Fabaceae percentage 
presence and the base saturation influence the studied 
Chaco phytophysiognomies, generalized linear mixed 
models (GLM Mixed) were performed. In these models, 
the phytophysiognomy was used as a random variable to 
avoid effects of spatial autocorrelation between the results. 
For this analysis, we verified the data distribution type by 
means of the ‘Ftdistrplus’ package (Delignette-Muller & 
Dutang 2015). The family used for richness analysis was 
binomial.

Indicator species
Finally, an analysis of indicator species provided a set of 

species that were significantly associated with the vegetation 
types. It yielded an indicator value (IV), where a higher 
IV percentage leads to a greater affinity to a given species 
within a given vegetation type. We considered as indicator 
species those with IV greater than 10. This analysis was 
performed using the package ‘labdsv’ (Roberts 2016), based 
on the method proposed by Dufrêne & Legendre (1997). 
All analysis was performed using R statistical environment 
(R Development Core Team 2017).

Results

Floristic consistency patterns
We observed a consistent vegetation distribution pattern 

along the edaphic gradient. NMDS results showed a floristic 
differentiation between forested and wooded Chaco (Fig. 3A). 
This pattern remained when Fabaceae assemblages were 
evaluated separately (Fig 3B). In the NMDS axis ordination, 
the first axis shows the distinction between vegetation types 
associated with copper, pH, boron, sulphur and aluminium 
for all community, and copper and pH for the Fabaceae 
assemblage only. There was a small overlap along the first 

Figure 3. Non–metric multidimensional scaling analysis (NMDS) used the distribution data of 75 species related to the most significant 
components of the edaphic gradient (B = boron, Cu = copper, S = sulfur and Al = aluminium). Red circles represent forested Chaco and 
blue ones, wooded Chaco. A) Full set of woody individuals present in the two communities. B) assemblages of species of Fabaceae.
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axis (from left to right in Fig. 3). The second axis represented 
the least variation among the vegetation types. Community 
composition was significantly different among forested 
and wooded Chaco (PERMANOVA: F = 44.822; p < 0.001), 
presented as two groups on the first axis. 

Variation partitioning
Considering the whole community analysis, the variation 

explained by the spatially structured environment was 
higher among the fractions in the variance partition scheme 
(19 %). When considered separately, the environmental 
factor explained 4 % (p < 0.05) while the undetermined 
fraction was 72 %. On the other hand, when considering 
only Fabaceae assemblages on analysis, the results were 
similar: the variation explained by the spatially structured 
environment (12 %) was the most important one (See Tab. 1).  
To observe the variation of the edaphic components on 
the communities, the significant variables of each variable 
set and the NMDS results were overlapped. This shows the 
influence of the proximity of the land plots on the analysed 
environmental variables and the species composition (Fig. 4).

Table 1. Selected environmental variables, rated by the explanation 
of variation in species composition (R2 and F values) in the woody 
community and Fabaceae assemblages of Chaco, Porto Murtinho, 
Mato Grosso do Sul, Brazil. p <0.05 in all cases. Cu = copper  
(mg/dm³), pH (Ca CI²), B = boron (mg/dm³), S = sulfur (mg/dm3), 
Al = aluminium (mmolc/dm³).

Variables R² Adj. AIC. F p val

Community

Cu 0.15653 43.975 19.0012 0.002
pH 0.20211 48.445 6.4841 0.002
B 0.22011 49.718 3.1921 0.002
S 0.23016 50.037 2.2272 0.026
Al 0.23602 49.846 1.7139 0.046

Fabaceae
Cu 0.10168 59.240 11.9788 0.002
pH 0.12582 60.936 3.6515 0.004

Fabaceae-soil effect
In this study, we recorded 75 woody species. The forested 

Chaco presented a higher richness (66) when compared 
to its counterpart (26). Fabaceae was the family with the 
largest number of species in both communities. This family 
was present in 84 % of the plots, and its occurrence was 
higher in the wooded (98 % of the plots) than in the forested 
Chaco (70 %). Soils were eutrophic in forested Chaco (V% 
> 50 %) and dystrophic in wooded Chaco (V % < 50 %). By 
checking the influence of presence percentages of Fabaceae 

species and the most representative soil variable (V %), we 
observed that both factors influenced the structure of the 
forested and wooded Chaco (Tab. 2)

Indicator species
We found 37 indicator species (p ≤ 0.05, indicator value 

– IV ≥ 10), see Table S1, in material supplementary. The 
highest number of indicator species (30) was observed in 
environments where soil is more fertile (i.e. forested Chaco). 
Among them, the only species of Fabaceae was Libidibia 
paraguariensis (D. Parodi) GP Lewis (IV = 15, p = 0.011). 
The better potential indicators were Euphorbiaceae species: 
Gymnanthes descolor (Spreng.) Müll.Arg. (IV = 83, p = 0.001) 
and Adelia membranifolia (Müll. Arg.) Chodat & Hassl. (IV 
= 56, p = 0.001). In environments where soil fertility is a 
restrictive factor (i.e. wooded Chaco), seven species were 
considered indicators, among them, three were species of 
Fabaceae: Prosopis rubriflora (IV = 87, p = 0.001), Parkinsonia 
praecox (IV = 60, p = 0.001) and Mimosa hexandra (IV = 22, 
p = 0.038). These three species represented 51 % of the 
sampled individuals in this vegetation type.

Discussion
This is the first study that assessed the influence 

of the edaphic components and the importance of the 
representativeness of Fabaceae on the structuring of floristic 
patterns in Chaco woody communities. The results confirm 
our hypothesis and show that the interaction between 
soil types with species of Fabaceae indeed has an effect on 
structuring of communities, through the establishment 
of species of Fabaceae in more restrictive soils. The main 
evidences that support this statement are i) the floristic 
structuring in two consistent communities; ii) the 
association between environmental and spatial factors; iii) 
the influence of Fabaceae and soil fertility percentages; and 
iv) the greater potential of species of Fabaceae as indicators 
for wooded Chaco. These aspects suggest that, despite the 
recognized contribution of Fabaceae to communities in 
seasonal and restrictive environments, such as Chaco, 
the more restrictive the conditions, the more its adaptive 
contribution becomes evident. This fact highlights the role 
of the interaction between soil and species of Fabaceae on 
the structuring of ecological communities.

The variation of copper and pH in soil was one 
of the main responsible for the structuring of Chaco 
communities. Copper is essential for various plant activities 

Table 2. Results of the generalized linear model considering the percentage of species of Fabaceae and soil base saturation (V %) as 
the most important variables on structuring the forested and wooded Chaco, in Porto Murtinho, Mato Grosso do Sul, Brazil.

Variables Estimate Standard Error Z Value Pr(>|z|)

Forested and Wooded 
Chaco

(Intercept) 10.8232 6.4630 1.675 0.0940
Fabaceae % -0.1034 0.1232 -0.840 0.4012

V % -0.4298 0.2135 -2.013 0.0441
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Figure 4. Spatialization of the scores of the sample units along axes 1 and 2 of the Environmental and Spatial Redundancy  
Analysis (RDAs), for the vegetation of Chaco, Porto Murtinho - Mato Grosso do Sul. A) Cu = copper (mg/dm³), B) pH (Ca CI²),  
C) B = boron (mg/dm³) and D) S = sulfur (mg/dm3). Red circles represent forested Chaco and blue ones wooded Chaco.
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and for symbiotic nitrogen fixation (Marschner 1995), 
which reflects particularly on the nodulation capacity of 
species of Fabaceae. The dynamics of copper in the soil is 
strongly influenced by pH (Harter 1983; Hoog et al. 1993; 
Temminghoff et al. 1997). The acidic pH determines a greater 
absorption of the metal, and the alkaline pH favours its 
retention (McBride 1994). However, plants obtain copper 
more efficiently in alkaline soils (Pegoraro et al. 2006; Cornu 
et al. 2007). In the case of Chaco, both phytophysiognomies 
are inserted in predominantly acidic soils. However, in the 
wooded Chaco there are land plots where the pH is less 
acidic than in the forested plots. These land plots present 
a greater representation of species of Fabaceae. This aspect 
is an indication that in this phytophysiognomy, Fabaceae 
individuals are more prone to nodulations than in the 
phytophysiognomy of forested Chaco.

Another aspect that suggests a greater likelihood of 
nodulation in the wooded Chaco is that in environment 
where there is a greater nutrient recycle (e.g. forested Chaco), 
many species of Fabaceae, which are considered as fixatives, 
may not present nodulation. It occurs because such species 
assimilate soil nitrogen more easily than via biological 
fixation (Dobereiner 1984), as there are costs involved in the 
production of their nodules. In addition, arboreal individuals 
in disturbed areas may show nodulations more frequently 
and abundantly than in preserved areas (Sylvester-Bradley et 
al. 1980). In restrictive environments, Fabaceae that present 
nodule formation benefits other species by facilitation 
(Bertness & Callaway 1994; Brooker et al. 2008; Kikvidze 
et al. 2011). It is recognized that nitrogen deficiency in the 
soil strongly affects the ecosystem, as species of Fabaceae 
can intensify its nodule production and, as a result, they can 
present a large distribution (Dobereiner 1984; Dobereiner 
& Campello 1977).

Many monodominant species have associations with 
fungi and bacteria (McGuire 2008) that provide competitive 
advantages (Peh et al. 2011). In the wooded Chaco, some 
species of Fabaceae are found in high abundance (e. g. P. 
rubriflora, P. praecox and M. hexandra - Baptista et al. 2016). 
Prosopis and Mimosa are among the most diverse genera 
of the Chaco (Morales et al. 2019), with P. rubriflora being 
considered an indicative species of the Domain (Pott & 
Pott 1994; Oliveira-Filho et al. 2006). These species are 
nodulatory (Burkart 1976) and are often found in clusters 
interspersed with other species (Lima 2012), which suggests 
that it can act as a nursing plant. Studying the effect of 
nursery plants in areas with poor soils, Gómez-Aparicio et 
al. (2005) observed that individuals that grew under fixative 
species of Fabaceae showed greater survival and growth 
than individuals associated with other nurse plants. This 
aspect can be decisive for the structuring of a community 
(Cavieres & Badano 2009).

The explanation values for the spatially structured 
environmental factors may reflect the importance of soil 
for the Fabaceae assemblage. Pure fractions of spatial 

structures are important to explain the assemblage of the 
plant community in tropical forests (Svenning & Skov 2004; 
Eisenlohr et al. 2013; Punchi-Manage et al. 2014). However, 
we did not identify significant contribution from the pure 
effects of the spatial structure. Since the environmental 
changes are in a small scale, we believe that such fact is 
likely related to a greater relevance of processes based on 
niches on the assemblage of the community (Nettesheim 
et al. 2019). This is because edaphic factors are generally 
structured on locals where the distribution of some 
species change to keep up with this structure (Peres-Neto 
& Legendre 2010; Vleminckx et al. 2017). For instance, three 
species of Fabaceae co-occurred on the vegetation types 
(Bauhinia hagenbeckii, Parapiptadenia rigida and Enterolobium 
contortisiliquum). When occurred in the wooded Chaco, B. 
hagenbeckii and P. rigida were associated with areas where 
the soil is more fertile, like the one found in forested Chaco.

Regarding the group of potential indicator species, only 
seven species were identified in the wooded Chaco, three of 
which belonging to Fabaceae. In contrast, in the forested 
Chaco, only one species of Fabaceae (L. paraguariensis) 
was considered indicative among the 30 highest IV. The 
importance of Fabaceae for Chaco has been well described 
previously, with groups of species associated with specific 
vegetations (Lima et al. 2017). Here, we present an evident 
contribution focused on areas with more restrictive 
conditions edaphic. Within the same biome, species may 
have very different preferences for climatic and edaphic 
conditions (Swaine 1996; Condit et al. 2013). In addition, 
the lack of overlap between species with a higher IV among 
phytophysiognomies reinforces the hypothesis that there 
is a floristic difference between communities. This aspect 
demonstrates that species of Fabaceae can play an important 
role especially on communities inserted in environments 
that are more restrictive.

The study site is an interesting meeting place of 
Chaquenian sensu stricto and mesotrophic type forest 
floristic elements (Prado et al. 1992; Prado 1993). For 
example, in the sampled communities from forested 
Chaco, the main indicator species (Tab. S1in material 
supplementary) belong to Amazonian lineage (e. g. Bignonia 
corymbosa, Eugenia subterminalis, Machaonia brasiliensis, 
Neea hermaphrodita), or to Seasonally Dry Tropical Forest 
lineage (e. g. Myracrodruon urundeuva, Calycophyllum 
multiflorum, Handroanthus heptaphyllus), coexisting with a 
few characteristic Chaquenian species. Besides, the sampled 
communities from wooded Chaco seems to be more related 
to Chaquenian sensu stricto scrublands. Thus, the results of 
this paper support the differentiation of Chaquenian-related 
communities (growing in restrictive soils and Fabaceae-
dominated), from another complex such as the “Transitional 
Belt” communities with Amazonian, SDTF’s and Chaquenian 
mixed elements.

Although the study was concentrated in a single area of 
the Brazilian Chaco, it is likely that the observed pattern 
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might be true for other Neotropical communities. The 
main evidences that support this generalization are (i) 
the differentiation of assemblages according to the soil 
type; (ii) the greater explanation of the spatially structured 
environmental fraction; and (iii) the greater association of 
species of Fabaceae with restrictive environments. Such 
aspects suggest that the typical Fabaceae assemblages from 
Chaco can play a major role in structuring the vegetation, 
especially in the Porto Murtinho region, where the natural 
areas are strongly affected by agriculture and cattle raising. 
Therefore, our study provides indications of an important 
contribution of Fabaceae to the structuring of the ecological 
community. Nevertheless, it shows its close relationship 
with seasonal environments, especially in areas where soil 
is a restrictive factor.
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