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INTRODUCTION 
 

The comprehension of the causes of biodiversity variation at the 

metacommunity2 level is key to understanding ecosystems and giving support to 

conservation policy. Different origins of variation of species diversity require 

different conservation strategies (Legendre, Borcard & Peres-Neto 2005). However, 

there is a huge discussion about how to assess the processes that lead the variation of 

species composition in the metacommunity (Legendre, Borcard & Peres-Neto 2005; 

Tuomisto & Ruokolainen 2006; Legendre, Borcard & Peres-Neto 2008; Tuomisto & 

Ruokolainen 2008). On the other hand, any approach restricted to species composition 

may be limited to access information about ecosystem functions and services. A link 

between composition and ecosystem processes can be made through functional traits 

(Diaz et al. 2007), and with this information communities can be seen in a more 

mechanistic way. Thus important knowledge can also be obtained if we consider in 

metacommunity analysis not only the variation in community composition but also 

the differences between species, through functional traits. Methods to assess the 

origins of functional diversity variation in the metacommunity and its interpretations 

have just started being discussed (de Bello et al. 2010; Meynard et al. 2011; Stegen & 

Hurlbert 2011).  

Species interactions, dispersion limitation and environmental control are the 

main hypotheses regarding the origin of species composition variation in 

metacommunities (Legendre, Borcard & Peres-Neto 2005). The lack of a relationship 

between species composition and environment or space, coupled with a uniform 

composition pattern over large areas, can indicate the influence of biological 
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interactions in modelling metacommunities (Pitman et al. 2001), where species may 

differ in competitive abilities but individuals must be able to grow equally well in all 

sites (Tuomisto & Ruokolainen 2006). A random spatially autocorrelated pattern of 

species composition variation indicates a metacommunity modelled by neutral models 

(Bell 2001; Hubbell 2001); in this case species might be competitively equal and 

abundance may vary in a spatially autocorrelated way driven by dispersal limitation 

(Tuomisto & Ruokolainen 2006). When environmental variables explain composition 

variation this gives the idea of environmental filters selecting species by their niches 

(Whittaker 1957; Tuomisto et al. 1995), where species may not be competitively 

equal and competition ranking must change regarding environmental conditions 

(Tuomisto & Ruokolainen 2006).  

Variation partition is the main method used to assess the explanation of the 

variation of composition data and to test the hypothesis that niche or neutral theories 

could be the origin of the variation (Legendre, Borcard & Peres-Neto 2005). Variation 

partition based on redundancy analysis (RDA), proposed by Borcard et al. (1992) has 

been used to find factors that can explain the variation in composition data. Despite 

some relevant arguments in the literature about the capacity of this method on test 

neutral models as a consequence of spatially structured communities (Tuomisto & 

Ruokolainen 2006; Legendre, Borcard & Peres-Neto 2008; Tuomisto & Ruokolainen 

2008; Gilbert & Bennett 2010), it has been widely used with this purpose (Legendre 

et al. 2009; Li et al. 2011) and recent tests showed that it can be effectively applied 

(Diniz-Filho et al. 2012).   

Species composition variation is a measure of beta diversity (Anderson et al. 

2011), a metacommunity descriptor that quantifies differences between local 

communities based on their species composition. The concept of beta diversity plays 
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an important ecological role linking local (alpha) and regional (gamma) diversities 

(Whittaker 1957; Whittaker 1972) and must be considered in conservation strategies 

(Legendre, Borcard & Peres-Neto 2005). In a world of a vast number of techniques 

(Petchey & Gaston 2002; Pavoine, Dufour & Chessel 2004; Botta-Dukát & Wilson 

2005; Ricotta 2005), ecologists have been trying to reach a consensus about the best 

ways to assess alpha, beta and gamma components of functional diversity and also 

phylogenetic diversity (Jost 2007; de Bello et al. 2010). Methods have also been 

developed to evaluate the relationship between metacommunity functional and 

phylogenetic structure throughout environmental gradients (Pillar et al. 2009; Pillar & 

Duarte 2010; Duarte 2011; Meynard et al. 2011; Stegen & Hurlbert 2011). Pillar and 

colleagues (2009) used functional information weighted by species abundance to 

evaluate trait assembly patterns, disentangling convergence and divergence patterns 

on a metacommunity level, across environmental gradients. As this technique uses 

Mantel correlation between functional and environmental distance matrices, we can 

infer that it also measures the turnover, sensu Tuomisto and Ruokolainen (2006; 

2008), of functional diversity across environmental gradients. But turnover means the 

rate of beta diversity variation and not the origin of beta diversity assessed by 

partitioning of variation analysis. 

In a recent study, Meynard et al. (2011) discriminated and compared the 

drivers of birds functional, phylogenetic and taxonomic metacommunity diversity 

components. However, even though the authors have partitioned the variation of 

functional and phylogenetic diversity vectors, their methodology can not explain the 

variation between communities (beta diversity) but just the variation of alpha 

diversity (Tuomisto & Ruokolainen 2008). Considering the phylogenetic approach, a 

recent method has been proposed by (Duarte 2011) to assess phylogenetic structure by 



* Ty*

generating principal coordinate axes from a matrix describing the phylogeny-

weighted species composition (PCPS – principal coordinates of phylogenetic 

structure). So, for metacommunity data, variation partitioning applied to such axes 

can reveal the drivers of beta phylogenetic diversity (Duarte, Prieto & Pillar 2012). 

However, functional diversity variation drivers have not yet been assessed and the 

theoretical background of this kind of analysis remains unclear (Stegen & Hurlbert 

2011).  

In the present study we are interested in assessing the drivers, spatial or 

environmental, of functional and species diversity variation in a metacommunity 

described by tree species in the Southern Brazilian Atlantic rainforest. For this 

purpose, we partitioned the variation and explored the patterns found using a species 

composition matrix for taxonomic approach, and a community-weighted mean trait 

values matrix (CWM, following Garnier et al. 2004 or matrix T following Pillar et al. 

2009) and a functional fuzzy-weighted matrix (matrix X, Pillar et al. 2009) for the 

functional approach. We also discussed the ecological meanings and applications of 

both approaches.  

 Brazilian Atlantic rainforest, one of Brazilian Atlantic Forest’s formations 

(Oliveira-Filho & Fontes 2000), is one of the most diverse forests in the world and an 

important endemism centre for many fauna and flora groups (Morellato & Haddad 

2000; Carnaval et al. 2009; Werneck et al. 2011). However, there are few studies (e.g. 

Oliveira-Filho & Fontes 2000; Marques, Swaine & Liebsch 2011; Bergamin, Müller 

& Mello in press) concerning metacommunity patterns and processes on a regional 

scale. This lack of studies on forest regional dynamics is even more critical in the 

southernmost portion of its distribution range where some studies indicates forest 

expansion to higher altitudes (Bergamin 2010) and higher latitudes since about 3600 
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years ago (Jeske-Pieruschka, Pillar & Behling for reviwing). Along its distribution 

there are points of endemism and ecotone zones with different vegetation formations 

(i.e. Araucaria and Semi-deciduous forests) (Veloso & Klein 1968) that confer 

complexity to their assembly patterns. Taking this into account, we believe that 

history, i.e. neutral processes, might be the main cause of species composition 

variation in this forest. As forest physiognomy is maintained all over the 

metacommunity in spite of species changes (Veloso & Klein 1968), we can suppose 

that functional composition variation includes niche processes as its main cause of 

origin. We expect that by considering only species information, space should have a 

greater importance than when considering functional information. In other words, 

environmental variables that represent niche processes (Legendre, Borcard & Peres-

Neto 2005) may be selecting some traits along the gradient whereas species variation 

is mostly explained by metacommunity history,  i.e. neutral processes. 

METHODS  
 

To evaluate the drivers of functional and taxonomic composition along 

Southern Brazilian Atlantic rainforest we partitioned their variation through 

redundancy analyses. Spatial and environmental matrices were used as explanatory 

variables, a species composition matrix and two matrices with functional composition 

information were used as response variables. 

Data Collection 

 We compiled tree species composition data from 12 studies in Southern 

Brazilian Atlantic rainforest, including coastal forest areas in the states of Paraná, 

Santa Catarina and Rio Grande do Sul (Figure 1; Table 1). Most of the study data 
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(eight areas) was provided by the recent Floristic and Forest Inventory of Santa 

Catarina State (IFFSC, Vibrans et al. 2010).   

 

Figure 1 – Map of the study area. Numbers from 1 to 12 represent the studied sites. 
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Table 1 – Cities, codes, UTM Coordinates and references of sites that compound the 
evaluated communities.  
Municipality Code Latitude Longitude Reference 
Antonina 1 

7195438.897 718016.8498 
(Liebsch, Goldenberg 
& Marques 2007) 

Morretes 2 7168483.957 729349.0498 (Blum 2006) 
Joinville 3 7101530.43 695077.5071 (Vibrans et al. 2010) 
Blumenau 4 7012173.63 684558.9861 (Vibrans et al. 2010) 
Botuverá 5 6992261.327 684264.5092 (Vibrans et al. 2010) 
Biguaçu 6 6971734.718 719583.9499 (Vibrans et al. 2010) 
Águas Mornas 7 6941971.1 710165.7263 (Vibrans et al. 2010) 
Siderópolis 8 6833301.419 637840.7596 (Vibrans et al. 2010) 
Morro Grande 9 6764032.998 584562.1892 (Vibrans et al. 2010) 
Praia Grande 10 6823523.675 620139.781 (Vibrans et al. 2010) 
Morrinhos do Sul 11 6752792.988 600308.4862 (Jarenkow 1994) 
Maquiné 12 6730794.257 579249.0862 (Zanini 2011) 
 

Taxonomic data 

All selected sites were located in preserved areas and the elevation of the sites 

ranged between 50 and 400 meters high. Our goal was to analyse only the arboreal 

vegetation, so ferns and plants with less than 10 cm DBH (Diameter Breast Height) 

were not include in the analysis. We organized tree species composition data in a 

species matrix according to their densities (number of individuals per hectare) in each 

community, from now on called matrix W.  

We performed the analysis using a set of more representative species in the 

metacommunity. To select these species, we calculated the total species density in the 

metacommunity and selected only the species with more than 20 individuals per 

hectare of density in total. We called the matrix of selected species as matrix WB. As 

the same patterns were obtained when comparing matrix W and matrix WB through 

Principal Coordinate Analyses (PCoA) scatter diagrams, only matrix WB was used 

also for species composition analyses.  
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 Functional data 

To assess functional information we sampled traits that represent plant’s 

ecological strategies. We chose plant traits based on the ideas of plant ecology 

strategy schemes (PESS, Westoby 1998; Wilson, Thompson & Hodgson 1999; 

Westoby et al. 2002; Wright et al. 2007), which aim to describe species strategies by 

their morphological or physiological traits. Three axes are considered important to 

describe such strategies: competitive, dispersal and exploitation of resources capacity 

(Wilson, Thompson & Hodgson 1999). As there is no consensus on which traits can 

better describe each axis (Westoby 1998; Westoby et al. 2002; Wright et al. 2007), 

we opted for using more than one trait to represent each axis. The selected traits and 

some more details are in Table 2. 

Table 2 – Plant traits measured and their functionality. Plant Ecology Strategy Schemes 
(PESS) axes: competitive (C), dispersal (D) and exploitation of resources capacity (E). Range 
of values column contains minimum and maximum trait values found in this study. 
Trait Way of calculation Code PESS 

axes 
Range of values 

Specific Leaf Area Leaf area/oven-dry mass 
(m2 kg-1) 

SLA C E 2.69 to 32.24 

Leaf Dry Matter 
Content 

Oven-dry mass (mg)/ 
water-saturated fresh 
mass (g) 

LDMC C E 168.20 to 529.99 

Potential Plant Height Literature information (m) Phe C D E 3 to 45 
Leaf Area Area of leaf or leaflet’s 

blade (mm2) 
LA C E 2.25 to 3563.46 

Seed Mass Oven-dry seed mass (g) Sma C D 2.7x10-5 to 4 
Animal dispersion Animal dispersed or not AD D 0 or 1 
Leaf Nitrogen content Total amount of N 

(mg)/per unit of dry leaf 
mass (g) 

LNC E 1.01 to 3.57 

Leaf Phosphorus 
content 

Total amount of P 
(mg)/per unit of dry leaf 
mass (g) 

LPC E 0.05 to 0.5 

Relation LNC/LPC LNC/LPC NP E 3.51 to 32.45 
Reproduction System Monoicus or Dioicus RE D 0 or 1 
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We adopted the term trait as used by Violle et al. (2007), so all the 

information was obtained on the individual level and scaled up to the species level 

using mean trait values per species. It is also known that traits have important 

variation between individuals of the same species (Cianciaruso et al. 2009; Carlucci et 

al. 2012); however, we decided not to consider this here because of sampling efforts 

and logistics issues. All trait information related to leaves was sampled along the 

gradient. Thus, for leaf traits – specific leaf area (SLA), leaf dry matter content 

(LDMC), leaf nitrogen content (LNC), leaf phosphorus content (LPC) and leaf area 

(LA) - we sampled six leaves of three to six individuals per species, following 

Cornelissen et al. (2003) for measure techniques. Information about the other traits, 

potential plant height, dispersion by animals and syndrome of pollination, were 

obtained from literature. Data of LDMC and potential plant height were log 

transformed to fit on a normal distribution. This data collection process originated a 

matrix of species described by functional traits averages, hereafter called matrix B.  

Partitioning variation of diversity requires a raw data response matrix 

(Borcard, Legendre & Draupeau 1992). Even with the great amount of methods to 

quantify functional diversity (Petchey & Gaston 2002; Mason et al. 2003; Botta-

Dukát & Wilson 2005) no one has proposed a raw data matrix that expresses 

functional composition in order to apply the same kind of analysis of the variation 

partitioning of species diversity. Thus, as an alternative to perform the analyses of 

partitioning variation of functional composition, we suggest using the following two 

data matrices: 

• Community-weighted mean trait matrix: It consists in a post-

multiplication of matrix WB of species per site by matrix B’ of traits 

per species, that results in a matrix of traits means per site weighted by 



* Rs*

species density (Díaz, Acosta & Cabido 1992; Díaz & Cabido 1997). 

We called it matrix T (T = B’WB) sensu Pillar et al. (2009). The data 

in each row of this matrix holds averages of a certain trait in each 

community (Pillar et al. 2009; Pillar & Duarte 2010). Values of traits 

were standardized by the total value, so the values of each column of 

matrix T range between zero and one. 

• Functional fuzzy-weighted matrix: It is the result of the post-

multiplication of matrix WB of species per site by matrix U of 

functional similarities between species, X (X = U’WB) sensu Pillar et 

al. (2009). Matrix WB is previously standardized to the unit sum in 

each site. Matrix U contains fuzzy degrees of belonging of every 

species to fuzzy sets defined by each species on the basis of the trait 

similarities. This means that with the traits information of each species 

(matrix B) we calculated how similar species are, in other words, how 

species belong to each other in terms of functional traits. Each cell of 

X matrix is a probability of a species occurrence in the community 

based on the information on how similar a species is in comparison 

with the other species of that community.  

Matrices T and X are regularly used in the analysis of assembly patterns, in a 

method that discriminates trait-convergence and trait-divergence assembly patterns, in 

the context of an environmental gradient of interest (Pillar et al. 2009). In the former 

study, matrix T was used to express trait-convergence and matrix X trait-divergence 

and convergence assembly patterns at the metacommunity level, through a series of 

Mantel correlations with an environmental matrix. Values of matrix T, community-

weighted mean trait values (CWM, Garnier et al. 2004), are also used to define the 
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dominant traits in a community (Diaz et al. 2007) and is related to Grime’s (1998) 

mass ratio hypotheses.   

Explanatory variables 

To assess the influence of space on species and functional composition, we 

generated continuous spatial variables from the x and y coordinates. We calculated 

principal coordinates neighbour matrices (PCNM, Borcard & Legendre 2002; Borcard 

et al. 2004) using x and y coordinates of each site. We calculated the PCNMs using 

the procedure described at Borcard et al. (2004) for irregular two-dimensional 

sampling, with a truncation distance of 130.53 km. We considered only vectors with 

the positive eigenvalues. Axes orders represent a gradient from a broader to a finer 

scale (Borcard et al. 2004). So, the first axes represent broader scales while finer 

scales are related with the last axes. These axes values per site integrate matrix S used 

in the following analyses to quantify the influence of space in variation of 

communities.  

In order to generate matrix E of environmental variables per site for the 

following analyses, we used climatic variables with information of Rainfall and 

Temperature obtained by Geographical Information System techniques. All variables 

were obtained from WorldClim database (Hijmans et al. 2005). We extracted the data 

from files using the software Quantum GIS (Quantum GIS Development Team 2011).  

Data Analysis 

To model the variation of species and functional composition in terms of 

environmental and spatial variables, we applied canonical redundancy analysis (RDA, 

Rao 1964) partitioning the amount of explanation for each set of variables (Variation 

partitionig analyses, Borcard, Legendre & Draupeau 1992; Peres-Neto et al. 2006). 

We tested the influence of explanatory variables, environment (matrix E) and space 
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(matrix S), on the variation of species composition (matrix WB after Hellinger 

transformation), and functional composition (matrices X and T).  

This analysis allowed us to isolate and test the explanation of each variable 

set. We expressed the variation explained by E as fraction [a+b], the variation 

explained by S as fraction [b+c] and the unexplained variation as fraction [d]; fraction 

[b] corresponds to the explanation shared by spatial and environmental data. We 

isolated all the fractions [a], [b], [c], [d] and computed the amount of variance, also 

called adjusted R2 (R2
adj) (Peres-Neto et al. 2006), explained by each fraction and 

tested the significance of testable ones, !-value (P<0.1), by permutation (999 random 

permutations) (Borcard, Legendre & Draupeau 1992). 

To find the most parsimonious subset of exploratory variables, for spatial and 

environmental sets, we performed forward selection analyses. We did that by 

considering those explanatory variables that better explained the variation of 

composition for each response matrix (matrices WB, T and X). This procedure was 

performed using double stop criterion, R2
adj and !-value (P<0.05, after 9999 random 

permutations), following Blanchet et al. (2008). 

 We plotted diagrams of the first axes of Principal Coordinates Analysis 

(PCoA) to display and discuss the main trends of the variation of response matrices 

(WB, T and X). For species data set we used chord distance as a resemble 

measurement (Legendre & Legendre 1998) for functional matrices we used Euclidian 

distance. Square root scalar standardization was applied on matrix WB beforehand to 

resemblance measure this data.  

We built matrices T and X with the software Syncsa (Pillar 2010) following 

Pillar et al. (2009). We computed PCNM eingvectors, the RDA analyses, variation 

partitioning and tests of significance of the fractions using the vegan package 
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(Oksanen et al. 2007) from R statistical language version 2.14.1 (R Development 

Core Team 2007). We performed forward selection analyses using the packfor library 

(Dray, Legendre & Blanchet 2007) from R version 2.15.0 under development. 

 

RESULTS 
 

The results of the variation partitioning analyses of the three data matrices are 

presented in Table 3. Fraction [c], of spatial variables, showed significant explanation 

of variation of species and matrix X. The explanation of this fraction increased when 

we considered functional composition by using matrix X (Table 3). Total proportion 

of explained variation [a+b+c] was also significant to both former data sets and 

increased with the functional composition approach, followed by a decreasing in 

unexplained variation [d] (Table 3). Environment fraction [a] was a significant driver 

only for species composition.  

Table 3 – Variation partitioning results of taxonomic and functional composition. 
Metacommunity data correspond to 12 areas in Southern Brazilian Atlantic Forest. Rainfall 
seasonality was used as an environmental variable for matrices T and X (functional 
composition), while both it and temperature seasonality composed the chosen set for the 
analysis applied to taxonomic composition (Matrix WB). Space variables: one PCNM axis 
(PCNM1) for taxonomic composition matrix (Matrix WB) and four PCNM axes (PCNM1, 
PCNM2, PCNM7 and PCNM8) for functional composition matrices (matrices T and X) of a 
total of eight PCNM axes. Values are referent to R2adj and those in bold represent P-value 
<0.05, after 9999 random permutations. 

Font of 
variation  Data set  [a] [b] [c] [a+b] [b+c] [a+b+c] [d] 

Taxonomic matrix WB 5% 8.4% 5% 13% 14% 18% 82% 
Functional matrix T 1%  21% 9% 35% 43% 78% 

 matrix X 29% 44% 65% 21% 8% 36% 34% 
Note: Table columns represent fractions that explain data variance: [a] only environment, [b] 
environment spatially structured, [c] only space, [a+b] environment, [b+c] space, [a+b+c] 
environment and space, [d] unexplained (Borcard, Legendre & Draupeau 1992). 
Significance of [b] and [d] fractions are not testable. 
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We obtained eight positive PCNM axes. PCNM axes 1, 2, 3, 6 and 7 were 

chosen for functional composition analyses after the forward selection. PCNM axis 1 

was the only one selected as a spatial variable for taxonomic composition variation 

partitioning analysis. PCNM axis 3 was the only medium scale spatial variables 

selected. Rainfall seasonality and was selected by the double stop criteria forward 

selection analyses despite of the response matrix. Its values range from 8 to 44 and 

represent the coefficient of variation of annual rainfall values. For taxonomic level 

analyses, temperature seasonality and rainfall seasonality was the best environmental 

subset selected. Temperature seasonality values varied from 2.84 to 3.42 degrees 

Celsius and represent the coefficient of variation of annual temperature values. Figure 

3 shows the distribution of values of selected environmental and spatial variables 

across the metacommunity.  
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Figure 2 – Spatial distribution of values of variables chosen through forward selection in the 
metacommunity sites. The first five graphs correspond to spatial distribution of PCNM axis 
values. The last three graphs are Rainfall Seasonality (coefficient of variation of Rainfall), 
Mean Diurnal Range of Temperature and Temperature Seasonality (coefficient of variation of 
Temperature) values. Positive values are in black, negative values in white. Values are 
represented by the size of the squares. 

 

On the taxonomic level (Figure 4a), the first and the second PCoA axes 

expressed the latitudinal gradient separating communities of north and south, shaped 

like a horseshoe. Functional composition matrices showed similar scatter diagram 

patterns (Figure 4b and 4c). Some communities of opposite extremes in the gradient 

expressed by species composition were located closer to each other, so the taxonomic 

latitudinal gradient was not so clear at the functional level of the studied 

 d = 50000  PCNM 1  d = 50000  PCNM 2  d = 50000  PCNM 3  d = 50000  PCNM 6 

 d = 50000  PCNM 7  d = 50000  Rainfall Seasonality  d = 50000  Mean Diurnal Range  d = 50000  Temperature Seasonality 
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metacommunity. Both axes of the community-weighted mean trait matrix scatter 

diagram (Figure 4c) were strongly correlated with traits that represent all PESS axes. 

LDMC, SLA and Leaf Area were more strongly related with the second ordination 

axis (Figure 4c).  

 

Figure 3 – Scatter diagrams of Principal Coordinate Analyses based on data matrices used in 
the variation partitioning analyses of functional and species composition in Southern 
Brazilian Atlantic Forest. (a) Square Root transformed data of tree species abundance (matrix 
WB). Percentage of explanation of the first axis is 26.06% and of the second axis is 13.71%. 
(b) Functional fuzzy-weighted matrix (matrix X) and correlation of trait mean community 
value. Percentage of explanation of the first axis is 19.75% and of the second axis is 18.96%. 
(c) Community-weighted mean trait matrix (matrix T). Percentage of explanation of the first 
axis is 39.99% and of the second axis is 29.64%.  
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The patterns of community-weighted mean trait values for each site did not 

follow the latitudinal gradient. Leaf area and seed mass were the traits with more 

variation among CWM values along the metacommunity (Figure 5). In both cases the 

variation did not follow the north-south gradient. Other traits had little average 

changes across communities (Figure 5). SLA, LNC and LPC had higher values in 

southern communities, whereas in the north animal dispersion CWM values were 

higher.  

 
Figure 4 – Community-weighted mean trait values across the range of the latitudinal gradient. 
Square sizes represent CWM in each community (matrix T values). Square positions 
represent the spatial position of the site following UTM coordinates that range between 
733712 and 579249.1 south and from 7205383.7 to 6730794.3 west.  

 d = 50000  Leaf Area  d = 50000  LDMC  d = 50000  SLA  d = 50000  LNC  d = 50000  LPC 

 d = 50000  NP  d = 50000  Seed Mass  d = 50000  Potential Height  d = 50000  Animal Dispersion  d = 50000  RE 
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DISCUSSION 
 

Our results indicated that among the factors used in the analysis space is the 

main driver of functional composition in the Southern Brazilian Atlantic rainforest, 

considering the metacommunity scale of this study. Nonetheless, the amount of 

explanation and models selected are different regarding functional and taxonomic 

approaches. The pure environmental fraction [a] explains only taxonomic composition 

variation, but the spatially structured environmental, fraction [b], explains an 

important portion of variation also for matrix X variation. Total amount of 

explanation increased in functional composition analyses and spatial variation is the 

main driver of functional composition variation in the metacommunity as well, in 

contrast with our hypothesis predictions.  

The low explanation of species composition variation (i.e. fraction [a+b+c]= 

18% of total variation) by space and environment found in the results can be caused 

by three main factors (Legendre & Legendre 1998): random variation of taxonomic 

composition, historical events not included in analysis or not spatially structured and 

the scale of the analysis not allowing the detection of some important processes. As 

the only spatial variable selected for this analysis was a latitudinally-structured 

PCNM axis (Figure 3), some important finer scale relations between space and 

species variation could have been omitted. Taxonomic composition most varies on a 

finer scale (e.g. plot scale) and variables may have been sampled at a too broad scale 

to reveal relationships between species and environmental or spatial variation (i.e. 

with more sampling units along the gradient, other patterns would be observed). Also 

considering the scale issue, biotic interactions (e.g. competition) could be structuring 

the metacommunity, but as it happens on a lower level of organization (individuals) 

and scale (plot) it could not be deeply discussed by this study. In any case, biotic 
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interactions are the main explanation for a high fraction [d] in this kind of analysis 

(Legendre, Borcard & Peres-Neto 2005), so some portion of our high [d] value should 

be due to biotic interactions that are working at the community site level.  

The increase of total explanation [a+b+c] in functional composition approach, 

in comparison with the taxonomic composition approach, was also found by Meynard 

et al. (2011), so functional information may be important in detecting patterns in a 

metacommunity scale as we consider similarities between species and add 

information to the analysis. Spatial fraction [b+c] which contains environmental 

spatially structured explanation (the untestable fraction [b]) explains 44% of variation 

of functional beta composition for matrix X. As fraction [b] explains an important 

portion of functional and taxonomic approach (Table 3), it must also be considered a 

driver of metacommunity variation, despite its untestable condition. If we look at 

Figure 2 we can see that rainfall seasonality, the environmental variable selected for 

all data sets, is spatially structured. This explains the environmental influence for 

species and functional composition approaches revealed only by the fraction [b]. 

Rainfall is known to drive species composition variation between different Atlantic 

Forest formations (Oliveira-Filho & Fontes 2000; Bergamin, Müller & Mello in 

press). And, combining with soil drainage, it may be that it physiologically restricts 

the presence of some plant species in different Atlantic rainforest types (Marques, 

Swaine & Liebsch 2011). Temperature seasonality was selected as well as an 

environmental variable at the taxonomic approach. Although it did not show a clear 

spatial pattern variation, the fraction [a] was significant. Temperature is known as the 

main factor responsible for the north–south floristic differentiation of Atlantic forests 

(Oliveira-Filho & Fontes 2000). We found here that rainfall seasonality has an 

important role in structuring communities even in the same forest formation type (i.e. 
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the Atlantic rainforest stricto sensu) when considering species and also functional 

composition, and that combining with temperature seasonality it drives species 

composition in the southernmost portion of Atlantic rainforest. 

Historical events may be the main origin of Southern Brazilian Atlantic 

rainforest functional and taxonomic variation. Latitude, here represented by PCNM 1 

– a broad spatial scale that was latitudinally structured (Figure 3) -, seems to be the 

main driver of taxonomic composition as this PCNM was the unique selected as 

spatial variable to this analysis and was responsible for explaining 14% of total 

variation. Such a pattern can be linked with the idea of the forest’s north-south 

migration after the last glacial maximum (LGM). This idea is supported by studies 

using pollen records, which found that southern the region of the Brazilian Atlantic 

rainforest was occupied by non-forest vegetation at the time of LGM (Behling et al. 

2002; Jeske-Pieruschka, Pillar & Behling for reviwing). During that time the forest 

might have been restricted to some refugia along the coast, located north of our study 

area (Carnaval & Moritz 2008; Carnaval et al. 2009). So, species composition 

variation may be a consequence of north-south forest migration and assessing the 

phylogenetic structure of the metacommunity might give important insights into 

understanding this process.   

On the other hand, four PCNMs were selected as cause of functional 

composition including not only the broader scale (PCNM 1 and 2), but even the finer 

scale (PCNM 6 and 7). PCNM 7 separate communities four and five that are located 

at the Vale do Itajaí region, which has been recognized as an important regional 

endemism centre (Klein 1979; Klein 1980). Also PCNM 3 separates communities 10 

and 11, which are close to the Porta de Torres region described by Rambo (1951), 

who considered it an important migration route of tropical plant species towards the 
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south, as well as being the southern distribution limit for many species(Veloso & 

Klein 1968). If we are right in these assumptions, then species differing in relation to 

mean functional traits became important to those communities, leading them to differ 

from functional patterns of the others in the availed metacommunity. However, the 

selection of PCNMs could also be representing unmeasured environmental fine scale 

variables (Peres-Neto et al. 2006), such as soil features or earlier local disturbances. 

In any case, the PCNMs selected for the present study represent biogeographical 

localities and endemism centres, so forest history could be playing an important role 

in metacommunity functional composition patterns as well. Another issue that should 

be taken into account is that the functional composition approach (i.e. patterns of 

traits that also include the degree of variation between species density) was related to 

different spatial explanation factors, leading us to identify finer patterns that would 

not be evident using only the taxonomic approach. 

Ordinations of functional raw data matrices showed that spatially distant 

communities could be functionally closely-related. As the species composition scatter 

diagram revealed a latitudinal distribution of communities, we can assume that 

species composition and functional traits are following different patterns along 

Southern Brazilian Atlantic rainforest confirming the results of variation partitioning 

analysis. Scatter diagrams of both functional composition matrices (T and X) showed 

the same general pattern of community distribution as the proportion of fractions in 

the partitioning variation analyses (Table 3). As matrix T expresses convergence and 

matrix X convergence and divergence patterns (Pillar et al. 2009) the absence of 

novel patterns by matrix X can be related as a lack of divergence patterns in this 

metacommunity. We did not test convergence or divergence patterns sensu Pillar 

(2009), neither over and underdispersion within each site but these analyses could be 
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complementary to ours in helping to understand assembly rules in the 

metacommunity. In addition, testing functional beta composition, that we suppose to 

be lower than expected by chance regarding the similarity of spatially distant 

communities, could give important insights into metacommunity patterns.  

In summary, we can conclude that different variables are driving taxonomic 

and functional composition variation in the Southern Brazilian Atlantic rainforest’s 

tree metacommunity. Functional composition variation may be driven by historical 

factors, whereas taxonomic composition may be driven by environmental variables, 

latitude and biotic interactions. So, partitioning functional composition variation 

based on matrix X proved to be an important tool to understand metacommunity 

processes. Moreover, the same analysis applied to matrix T did not show significative 

results. Furthermore, the selection of finer scale spatial variables for functional 

composition variation also revealed complex historical forest dynamics, already 

described by earlier botanists using flora information (Rambo 1951; Veloso & Klein 

1968; Klein 1984a). These results show that to conserve Southern Brazilian Atlantic 

Forest metacommunity functionality, conservation areas all over the gradient are 

required. The information that could not be assessed only by species composition 

variation analyses is essential regarding the continuous pressures of urbanization and 

agriculture on these areas.  
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