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ABSTRACT 

 

Phylogenetic analyses have been used to quantify the structure of communities and help 

understand whether past interspecific competition or environmental filtering have played 

important roles in shaping community composition. Here we hypothesize that (i) 

phytogeographical regions under harsher environments will have significantly higher levels 

of phylogenetic clustering, and (ii) the spatially scattered seasonally dry tropical forests will 

have significantly higher levels of phylogenetic clustering than other spatially continuous 

regions of the South American Dry Diagonal (e.g., cerrado woody savannas, chaco thorn 

woodlands). We compiled a database of 1,958 floristic plots of lowland woody vegetation 

from across the tropical portion of South America. We analyzed the phylogenetic structure of 

floristic sites using two different methods: phylogenetic diversity and net relatedness index. 

Our main finding supported the stress gradient hypothesis and there was higher phylogenetic 

clustering in harsher environments (savannas, dry forests, chaco woodlands and restingas).  

However, the amount of annual precipitation, rather than seasonality, was the primary 

determinant of phylogenetic clustering vs. overdispersion across tropical South American 

phytogeographical regions. Phytogeographical regions with water restrictions and harsher 

temperatures showed higher levels of phylogenetic clustering, therefore indicating that the 

community assembly of such regions are mainly shaped by environmental filtering. 

Key words: niche conservatism, genus-level phylogeny, community phylogenetics, 

woody plants, net relatedness index, restinga, maximum likelihood 
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I. CHAPTER I: INTRODUCTION 

A core goal of community ecology is to identify the processes that shape community 

structure, which refers to the richness and composition of species at a specific site and time. 

Assessing the relative importance of chance (stochastic processes) and ecological rules 

(deterministic processes) in shaping community structure is central to this goal (Algar et al. 

2011; Chase & Myers 2011; Weiher et al. 2011; Kamilar et al. 2014). Phylogenetic analyses 

have been used to quantify the structure of communities and help understand whether past 

interspecific competition or environmental filtering have played important roles in shaping 

community composition (Webb et al. 2002; Cavender-Bares et al. 2011). In particular, 

phylogenetic null model approaches can elucidate whether a community contains many 

closely or distantly related taxa relative to a random expectation from a larger assemblage of 

communities (Webb et al. 2002; Emerson & Gillespie 2008). If closely related taxa exhibit 

similar biological traits, and competition is strong among closely related taxa, then 

interspecific competition among closely related taxa that occupy similar niches may result in 

communities that are phylogenetically even (i.e., overdispersed). Alternatively, 

environmental filtering can result in communities that are phylogenetically clustered, which 

represents the co-occurrence of closely related taxa expected to share traits that are well 

suited for a given habitat. 

The use of phylogenetic information has brought new interest to community forest 

assembly studies in the tropics. Some studies have found that habitats may have different 

phylogenetic structures, with different niche processes acting more strongly in each of them 

(Ding et al. 2012; Kembel & Hubbell 2006; Kraft & Ackerly 2010; Kress et al. 2009; Pei et 

al. 2011).Successional forests in Costa Rica, for instance, show variation in the phylogenetic 

overdispersion intensity (Letcher 2010), supporting a model that predicts a prevalence of 

stochastic and habitat filtering processes at early successional stages and shifting to a 

prevalence of biotic interactions at later stages (Chazdon 2008). In contrast, a study of a 

gradient of precipitation and soil in French Guiana found an aggregated phylogenetic 

community pattern, suggesting that habitat filtering is a major process of community 

assembly in this tropical forest (Baraloto et al. 2012). Similarly, the phylogenetic structure of 

tree communities in the northwest of South America is related to the degree of seasonal 

flooding and precipitation, with the more stressful environments showing stronger 

phylogenetic clustering (González-Caro et al. 2014). 
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To address this debate, the main goal of this study is to obtain a better understanding 

of the phylogenetic structure in tropical woody plant lineages. This knowledge is 

fundamentally important both as a foundation for future studies of tropical plant 

diversification – for example, high phylogenetic clustering suggests that environmental 

filtering is an important part of the speciation process – and also for designing conservation 

strategies that incorporate an evolutionary perspective – for example, if we are to pinpoint 

effective conservation strategies under climate change scenarios, mapping these patterns of 

phylogenetic structure across phytogeographical regions may highlight areas and lineages in 

geographic and environmental space that house unique evolutionary history to thrive such 

scenarios, thus meriting special conservation attention. 

 

I.2 SOUTH AMERICAN LOWLAND VEGETATION 

The Neotropical region spans from northern Mexico until the limits with the Austral-

Antarctic region in the extreme south-west of South America. This biogeographical unit was 

first defined as a zoogeographic delimitation (Wallace 1876) based on the distribution of 

birds (Sclater 1858). Afterwards, Good (1964) proposed a similar delimitation based on the 

distribution of flowering plants. Despite the consensus regarding the delimitation of the 

Neotropical region, there have been several different classifications of its subdivisions (e.g., 

Morrone 2001; Morrone 2014; Cabrera & Willink 1973), even though they considered 

somehow similar boundaries in the phytogeographical regions delimited by Martious (1824 

cited in Fiaschi & Pirani 2009). In his work, Martious classified the South American lowland 

vegetation into five phytogeographical regions, which were named after a Greek nymph. 

These are Amazon (Nayades), Cerrado (Oreades), Atlantic forest (Dryades), Araucaria forest 

and southern grasslands (Napeias) and Caatinga (Hamadryades). 

Posterior works, however, proposed some changes in the hierarchy of these 

phytogeographical regions. Cabrera & Willink (1973), for instance, classified the South 

American lowland vegetation into Amazonian, Chaco and Guayanean phytogeographical 

regions. They also proposed nine subdivisions for the Amazonian region (named provinces), 

including Amazonia, Cerrado, Parana and Atlantic forest. The Chaco phytogeographical 

regioncomprised six provinces, including Caatinga and Chaco, whereas the Guayanean 

phytogeographical region was represented by only one province. 
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Using a different approach, Daly & Mitchel (2000) proposed a classification of South 

American lowland vegetation by only considering phytogeographical regions with at least 

1,000 endemic species, thus segregating the Araucaria forest (included in the southern 

Brazilian phytogeographical region) from the southern grasslands (included in the Chaco 

phytogeographical region). Later, Fiaschi & Pirani (2009) used the basal delimitation of 

Martious, but maintaining the campos sulinos (southern grasslands) and Araucaria forest 

segregation proposed by (Daly & Mitchel 2000), and including the latter in the Atlantic forest 

phytogeographical region. 

Despite their important contribution to South American biogeography and 

conservation initiatives, these previous discordant studies drew conclusions based on climatic 

zones, spatial variation in vegetation structure (forest, woody savanna, thorn woodland) and 

relatively scarce information regarding South American biodiversity (Cabrera & Willink 

1973; Ab’Saber 1977, IBGE 1992; Olson & Dinerstein 2002; Oliveira Filho 2009; Rivas 

Martínez et al. 2011; Morrone 2014). In this study, the consensus regarding the 

phytogeographical regionalization of tropical South American lowland vegetation (Amazon, 

Atlantic forest, Cerrado, Caatinga, Chaco and inter-Andean valleys) were treated as an initial 

hypothesis for natural phytogeographical regions and were tested by investigating the 

patterns of geographic distribution of 10,006 tree species based on checklists produced for 

1,958 floristic sites spread across the whole tropical lowland section of South America. The 

purpose was to define phytogeographical regions based on a massive and long-term curated 

floristic database and assess the similarity vs. distinctiveness of this unique approach when 

compared to the previously proposed phytogeographical regionalizations for South American 

lowland forests. The phytogeographical regions defined in this study were then used in 

comparative analyses of phylogenetic structure in woody plant lineages.  

 

I.3 OBJECTIVES 

Under a stress gradient model (Bertness & Callaway 1994), precipitation seasonality 

is likely to be a primary determinant of phylogenetic clustering versus overdispersion across 

tropical South American lowland vegetation, and therefore seasonally dry environments will 

have relatively higher phylogenetic clustering than rain forest environments. However, 

historical biogeography may also have played an important role within seasonally dry 

environments. Seasonally dry tropical forests (SDTFs), for instance, currently occur as 
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fragments of varying size throughout Latin America (Pennington et al. 2000) and it is 

suggested that a more continuous area of SDTF connected these areas during the drier 

climates of Pleistocene glaciations (Prado & Gibbs 1993). Such spatially scattered 

configuration would imply in lower immigration rates amongst SDTF patches, thus 

diminishing the importance of stochastic processes and leading to higher phylogenetic 

structuring. Here we hypothesize that (i) phytogeographical regions under harsher 

environments will have significantly higher levels of phylogenetic clustering, and (ii) the 

spatially scattered Dry Diagonal SDTFs will have significantly higher levels of phylogenetic 

clustering than other spatially continuous regions of the Dry Diagonal (e.g., cerrado woody 

savannas, chaco thorn woodlands) (see Table 1 for detailed predictions of the hypotheses). 
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Table 1. Hypotheses and their predictions about the taxonomic and phylogenetic diversity and 

structure of tropical South American phytogeographical regions. 

Hypothesis Predictions 

H1a: Environmental filtering will be stronger in 

harsher environments (stress gradient hypothesis) 

leading to phylogenetic clustering of tree genera 

over the whole pool phylogeny 

1a.1. Tropical South American lowland forests 

will have significant and high NRI in regions 

with high climatic seasonality  

 

H1b: Competitive interactions will be stronger in 

less harsh environments leading to phylogenetic 

overdispersion of tree genera over the whole pool 

phylogeny 

 

1b.1. Tropical South American lowland forests 

will have non-significant or negative NRI in 

regions of low climatic seasonality 

 

H2a: Spatially scattered configuration of a given 

phytogeographical region leads to phylogenetic 

clustering of tree genera over the whole pool 

phylogeny 

 

2a.1. Seasonally dry tropical forests will have 

significantly higher NRI values than cerrado 

woody savannas and chaco thorn woodlands 

 

H2b: Spatially continuous configuration of a given 

phytogeographical region leads to phylogenetic 

overdispersion of tree genera over the whole pool 

phylogeny 

 

2b.1. Seasonally dry tropical forests will have 

significantly lower NRI values than cerrado 

woody savannas and chaco thorn woodlands, or 

the relative frequency of these values will not be 

different than expected by chance 

 

H3a: Tropical South American phytogeographical 

domains show similar patterns of taxonomic and 

phylogenetic diversity and structure 

 

3a.1. Relative frequency of values for each 

diversity metric will not be different than 

expected by chance between phytogeographical 

regions 

 

H3b: Tropical South American phytogeographical 

domains show different patterns of taxonomic 

and phylogenetic diversity and structure 

 

3.b.1. Relative frequency of values for each 

diversity metric will be different between 

phytogeographical regions 

 

H4a: The observed genus diversity in harsher 

environments was caused mainly by in situ 

diversification 

 

4a.1.Tropical South American lowland forests 

will have significant and high NRI in regions 

with high precipitation seasonality, indicating 

phylogenetic clustering of tree genera over the 

whole pool phylogeny 

  

4a.2. Phylogenetic beta diversity in regions with 

high precipitation seasonality will be mainly due 

to phylogenetic turnover 

 

H4b: The observed genus diversity in less harsh 

environments was caused mainly by habitat shift 

 

 

4b.1. Tropical South American lowland forests 

will have non-significant or negative NRI in 

regions of low climatic seasonality, indicating 

phylogenetic overdispersion of tree genera over 

the whole pool phylogeny 

  

4b.2. Phylogenetic beta diversity in regions of 

low climatic seasonality will be mainly due to 

nestedness 
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II. CHAPTER II: MATERIALS AND METHODS 

II.1ALLEGED PHYTOGEOGRAPHICAL REGIONS 

a) Amazon rain forest 

Although the delimitation of the Amazon rain forest is still controversial,  its 

boundaries are often based on the extension of the Amazon Basin (Goulding et al. 2003). 

Estimates of flowering plant diversity range from 25,000 to over 50,000 species (Hubbell et 

al. 2008; Goulding et al. 2003), of which 76% would be endemics (Gentry 1982).Regarding 

floristic composition, the Amazon vegetation is often segregated into four different types. 

These are the tepuis, the white sand-forests, the savannas and the lowland rainforest (Fiaschi 

& Pirani 2009; Goulding et al. 2003).  

The tepuis are mainly distributed across the Guayana shield, and are characterized by 

sandstone soils of Precambrian origin and high vegetation heterogeneity (lowland forest, 

savannas and uplands plateaus). Although the tepuis represent only a small proportion of land 

surface compared to lowland forests, they encompass considerably high levels of species 

richness and endemism (Berry & Riina 2005). 

The white-sand campinaranas are woodlands found in scattered patches across the 

Brazilian and Guayana shields, including the Amazon basin’s lowlands (Daly & Mitchel 

2000). The white-sand forests contain high level of endemic species and is strongly 

determined by the soil, which is extremely nutrient-poor, alkaline and have low water 

retention capacity (Frasier et al. 2008). 

Savannas formations are also  found as scattered patches  across the Amazon basin, 

covering 4 – 5% of land surface of the Brazilian Amazon (Daly & Mitchel 2000). Although 

the physiognomy is very similar to the Cerrado savannas, both formations share few species 

in common and Amazonian savanna specieslack important fire-related traits (Daly & Mitchel 

2000). 

The lowland rainforest is the dominant vegetation, with an extension of 6 million km
2
 

(Myster 2009), and its floristic composition is highly determined by the flood levels. The 

unflooded forests (terra firme) have a complex vertical stratification of lifeforms as well as 

horizontal variety determined by micro-topological relief and soil types (Myster 2009). The 

flooded forest can be divided in two types: swamp forest and floodplain forests. The former 

environment is defined by long lasting flooding or soil waterlogging, whereas the floodplain 

environment is defined by periodic flooding by freshwater (Junk & Piedade 2010). Further, 
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the floodplain forest is often subdivided into two different types; várzea and igapó. These 

types are defined by physical and chemical characteristics of the water. Várzeas are found 

along “white water” riversderived from sedimentary nutrient-rich deposits, usually from the 

Andes. On the other hand, the igapós are found along “black water” rivers originated from 

local drainage of rain water that moves through litter. Compared with white water rivers, they 

are poor in sediments, but rich in organic matter (tannic acid, humic acid and degradable 

phenolic substances) derived from the forest litter (Myster 2009). 

b) Atlantic rain forest 

The Atlantic rain forest encompasses high levels of diversity and endemism, but 

unlike the Amazon , the Atlantic forest has been historically overdegraded, and only 7.5% of 

its original vegetation remains nowadays (Fiaschi & Pirani 2009). These relatively 

outstanding levels of both diversity and deforestation were considered while defining the 

Atlantic forest as one biodiversity hotspot with conservation priority (Myers et al. 2000). The 

boundaries of this phytogeographical region have been difficult to define in the literature. The 

delimitation of Atlantic forest sensu strictooriginally comprised only the coastal area of 

Brazil from the latitude 6°S to the 30°S. Nowadays its delimitation also includes enclaves 

across central Brazil, an area mainly covered by woody savannas (Oliveira-Filho et al. 2006). 

The climate is variable, but generally wet and hot in the lowlands and cold and wetter in the 

slopes (Oliveira-Filho & Fontes 2000). Furthermore, the current delimitation of the Atlantic 

forests also includes the coastal white-sand forests found in saline soils (known as restingas)  

(Duarte et al. 2014), and  the Araucaria forest found in highland plateaus of southern Brazil. 

comprising a mixed flora with Austral-Antarctic elements such as Araucaria angustifolia 

(Bertol.) Kuntze, Podocarpus lambertii Klotzsch, Dicksonia sellowiana Hook., Drymis spp 

(Duarte et al. 2014). 

c) Caatinga 

The Caatinga from northeastern Brazil, covers approximately 850,000 km
2
. The 

vegetation is adapted to a semiarid climate, wherein the evapotranspiration (1,500-2,000 

mm/year) exceeds the precipitations (300-1,000 mm/year) and this one is concentrated in 

only three to five months (Fiaschi & Pirani 2009). The dominant vegetation within 

Caatingaare the seasonally dry tropical forests (SDTFs), which are highly structured by 

edaphic conditions (Werneck et al. 2011; Oliveira-Filho et al. 2006; Pennington et al. 2006). 

Queiroz (2006), for instance, proposed two Caatinga subdivisions based on the distribution of 

legume species: one found in crystalline basement surface, and another in sandy sedimentary 
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surfaces. Furthermore, in isolated mountain tops of northern Caatinga, there are some 

relictual wet forests (brejos) of what could have been connections between the Amazon and 

Atlantic forest (Costa 2003), and they are still being used as biological corridors for 

dispersion of some taxa between both forest types (Oliveira-Filho & Ratter 1995). 

The physiognomy of SDTFs is very heterogeneous, and comprises open thorny 

scrublands to arboreal dry forests (Fiaschi & Pirani 2009). Woody plants are mostly 

deciduous during the dry season, with a few exceptions (e.g. Ziziphus joazeiro Mart., 

Maytenus rigida Mart.) and sometimes they have small leaves with a waxy cuticle (Daly & 

Mitchel 2000). An important characteristic that distinguishes this vegetation from the 

savannas is the presence of succulent plants, as several species of Cactaceae, Bromeliaceae or 

Euphorbiaceae (Pennington et al. 2009), which includes Caatinga with the global 

classification of ‘succulent biome’ (Oliveira-Filho et al. 2013). Others strategies of these 

drought-prone trees are the storage of water in swollen trunks as found in Cavanillesia 

arborea K.Schum. and Ceiba glaziovii (Bureau & K.Schum.) Melch., or water and/or food 

storage in tuberous roots as Spondias tuberosa Arruda, Sterculia striata St. Hil. et Naud, and 

Thiloa glaucocarpa (Mart.) Eichler (Daly & Mitchel 2000). 

d) Cerrado 

The Cerrado covers 2 million km2 across central Brazil, being the second largest 

phytographical region in South America. As the Atlantic forest, this phytogeographical 

region is considered a biodiversity hotspot due its diversity (6,429 recorded species of native 

vascular plants and more than 10,500 estimated; Pennington et al. 2006; Ratter et al. 2006) 

and anthropic impacts (Myers et al. 2000). Cerrado also contains high levels of endemism, 

with 35% of endemic trees and 70% of endemic herbaceous and shrubby plants (Pennington 

et al. 2006; Ratter et al. 2006). There is a particular high level of endemism in savannas of 

sandy or rocky soils found in mountain areas above 900-1,000 m, known as campos 

rupestres, probably due recent radiation of those taxa (Pennington et al. 2006). In an attempt 

to recognize the main phytogeographical subdivisionsof Cerrado, Ratter et al. (2003) 

recognized five floristic subdivisions, mostly determined by levels of soil fertility and 

biogeographical disjunction (two group of savanna formations presents within the Amazon). 

The Cerrado is mainly covered by savanna-kind formations, with a rich grass strata 

and woody plants with sclerophyllous evergreen leaves (Fiaschi & Pirani 2009). The 

dominance of the woody component can vary gradually. Because of that, Ratter et al. (2006) 

created a ranked definition of the gradual vegetation variation using vernacular names, which 
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are used to denominate the physiognomy from complete absence of shrubs (grasslands or 

campo limpo), to closed canopy forested savannas (cerradão).  

e) Chaco 

The Chaco is found in northern Argentina, western Paraguay, southeastern Bolivia 

and western edge of the Mato Grosso do Sul state in Brazil, covering ~ 800,000 km
2
 of land 

surface. The vegetation is adapted to a semiarid climate with a rainy season in the summer 

varying from 1,000 to 500 mm/year from east to west, and high temperature seasonality 

(from winter frosts to summer maxima of over 49°C; Pennington et al. 2000). These authors 

indicate that the topography is plain and the soils are saline, sometimes with highly alkaline 

horizons and low drainage. 

Unlike previous phytogeographical regions, the flora of Chaco is low in endemism 

(Kier et al. 2009)Regarding floristic composition, Cabrera & Willink (1973) proposed four 

phytogeographical subdivisions: an eastern district (distrito oriental; wetter and dominated by 

Schinopsis balansae Engl.), a western district (distrito occidental; dry and dominated by 

Schinopsis lorentzii Engl.), a mountain district (distrito serrano; at the Andean piedmont, 

dominated by Schinopsis haenkeana Engl.), and an austral district (distrito austral; without 

dominant trees and dominated by grasses). On the other hand, a classification proposed by 

Zak & Cabido (2002) using remote sensing methods classified Chaco into two 

phytogeographical subdivisions: lowland mountane vegetation. The lowland vegetation 

comprised two forest type, three shrubland types and one grassland, whereas and the mountae 

cover comprised one woodland type, two shrublands types and one grassland.  

Due to the tropical/subtropical distribution of Chaco, the region is under regular 

frosts, thus favouring the colonization by cold-adapted elements from highland regions 

(Andean Prepuna, Monte) (Pennington et al. 2000). 

II.1.2 DISTRIBUTION OF THE DRY FORESTS 

Scattered patches of neotropical seasonally dry tropical forests (SDTFs), called nuclei, 

are found across Latin America. Prado & Gibbs (1993) and Prado (2000) recognized three 

major nuclei:  Caatinga , Misiones and Piedmont , using as a paradigm the distribution of 

Anadenanthera colubrina (Vell.) Brenan. The Caatinga nucleus comprises essentialy the 

same area as the Caatinga phytogeographical regions in northeastern Brazil, and is the largest 

continuous extension of SDTF (Pennington et al. 2000). The Misiones nucleus is located in 

eastern Paraguay, northern Argentina (Misiones Province) and southern Brazil. The Piedmont 
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nucleus is distributed throughout the eastern base of the Andes in northern Argentina and 

southern Bolivia. Other patches of SDTFs are also found in the Caribbean coast of Colombia 

and Venezuela, and in dry valleys of the Andes, along coastal areas of Ecuador and northern 

Peru and in fertile soils throughout the Cerrado in central Brazil (Ratter et al. 1988; 

Pennington et al. 2000; Werneck et al. 2011; Neves et al. 2015). 

SDTFs have received increased attention in recent years because of both their highly 

threatened status ( e.g. Mooney et al., 1995; Pennington et al. 2006, 2009; Dirzo et al., 2011) 

and the influential Pleistocene Arc Hypothesis (PAH; Prado & Gibbs 1993; Pennington et al. 

2000). The PAH postulates that SDTFs had a more widespread and contiguous distribution in 

South America during Pleistocene glaciation phases, including areas that are currently 

covered by rain forest or savanna. Despite the similarity in physiognomy studies have 

indicated a high floristic heterogeneity amongst SDTF nuclei (Linares-Palomino 2006; Trejo 

& Dirzo 2002). For instance, Linares- Palomino et al. (2011) found that less than 2% of 3839 

SDTF tree species are found in 10 or more of 21 disjunct SDTF nuclei across the Neotropics. 

On the other hand, the same authors (Linares-Palomino et al., 2011) found higher floristic 

similarity (Sørensen similarity index values > 0.25) among SDTF nuclei in Brazil and 

southern South America and suggested that this offers some support for the idea that SDTF 

was more widespread and continuous within this region during Pleistocene glacial phases.  

II.2 THE DATABASE OF TROPICAL SOUTH AMERICAN LOWLAND VEGETATION 

We extracted floristic inventory data from the NeoTropTree database (available at 

http://prof.icb.ufmg.br/treeatlan). This database consists of > 2000 georeferenced localities 

for which lists of tree species (trees defined here as woody plants > 3 m in height) were 

compiled from an extensive survey of published and unpublished literature. A NeoTropTree 

site is defined by a single vegetation type contained within a circular area with 5-km radius. 

Therefore, where two or more vegetation types co-occur in one 10-km area, there may be two 

geographically overlapping sites in the NeoTropTree database, each for a distinct vegetation 

type. The NeoTropTree data were derived primarily from inventories of woody vegetation 

(i.e. plots, transects and vegetation surveys). Surveys of specimens at major herbaria were 

then used to augment the lists for each NeoTropTree site with any tree species that were 

collected within the 5-km radius of the original NeoTropTree site and within the same 

vegetation type. Moreover, all NeoTropTree species were checked regarding their taxonomy 

and synonymies by using the Flora do Brasil database for plants that occur in Brazil, and the 
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Tropicos database for plants that do not occur in Brazil (available at 

http://floradobrasil.jbrj.gov.br/ and http://tropicos.org/, respectively). NeoTropTree does not 

include occurrence records without an indication or evidence of vegetation type, nor sites 

with very incomplete species lists. The latter is an important filter because different sampling 

efforts across sites may bias their descriptive power. 

The 1958 tropical South American lowland floristic sites used in this study comprised 

583 rain forest sites from the Amazon, 600 rain forest sites from the tropical portion of the 

Mata Atlântica (hereafter “Atlantic rain forests”), 413 cerrado woody savanna sites, 39 semi-

arid thorn woodland sites from tropical portion of Chaco and 323 seasonally dry tropical 

forest sites (hereafter “SDTFs”). These SDTFs are often called seasonal deciduous forests 

because of the high rates of deciduousness during the marked dry season of 5–6 months  

(Bullock 1995; Gentry 1995; Oliveira-Filho et al. 2006), and they occur as fragments of 

varying size across South America, from north-east Brazil through central Brazil and, in 

some cases, as far as the dry inter-Andean valleys of western South America. The final 

species matrix contained presence–absence data for 10,006 tree species across the 1958 

floristic sites, with a total of 368,638 presences (Figure 1). 

The NeoTropTree database also includes environmental data for all sites, derived 

from multiple sources. Environmental variables include the mean duration (days) and severity 

(mm) of water-deficit periods, both extracted from Walter diagrams (Walter, 1985); the 19 

bioclimatic variables produced by WorldClim 1.4, a high-resolution (1 km) database of 

global climate layers created by (Hijmans et al. 2005); mean frequency of frosts (days) and 

cloud cover (%), obtained from gridded datasets produced by Jones & Harris (2008); and 

three additional variables derived from WorldClim by Zomer et al. (2007, 2008): potential 

and actual evapotranspiration (mm) and an aridity index. A full description with details of 

protocols for NeoTropTree can be found at http://prof.icb.ufmg.br/treeatlan. 

II.3 DELIMITING PHYTOGEOGRAPHICAL REGIONS 

As might be expected for a vast region with heterogeneous vegetation types (rain 

forests, woody savannas, semi-arid woodlands), the South American phytogeographical 

regions have been labelled with several names and their classification and geographic 

distribution are still controversial (Cabrera & Willink 1973; Ab’Saber 1977, IBGE 1992; 

Olson & Dinerstein 2002; Oliveira Filho 2009; Rivas Martínez et al. 2011). Therefore, the 

proposed phytogeographical regions (Amazon, Atlantic rain forest, Cerrado, SDTF and 

Chaco) were treated as an initial hypothesis for natural phytogeographical regions and were 



13 

 

tested by exploring the patterns of similarity in community composition in a hierarchical 

clustering analysis of all 1958 sites. We used Jaccard distance as the dissimilarity metric and 

unweighted paired groups as the linkage method (McCune & Grace 2002). 

II.4 PHYLOGENETIC HYPOTHESIS 

 Due to the lack of DNA sequence data to generate a species-level phylogeny, for the 

subsequent analyses we reconstructed a phylogenetic hypothesis by assembling DNA 

sequence data for each of the 891 genera of angiosperms of our genus-by-site matrix using 

two chloroplast markers: rbcL (5-end fragment of the ribulose-1,5-bisphosphate 

carboxylase/oxygenase large subunit gene) and matK (maturase K-like gene). Most of the 

sequences were produced using Sanger sequencing (ABI3730, Applied Biosystems, Foster 

City, CA, USA) from DNA extracted from plants collected during fieldwork, but for some 

genera we complemented these by accessions from GenBank (http://www.ncbi.nlm.nih.gov/). 

For primers and sequencing details, see Gonzalez et al. (2009) and (Dunning & Savolainen 

2010). A multiple alignment was generated using MAFFT (http://align.bmr.kyushu-

u.ac.jp/mafft). The aligned matrix consisted of 1346 bp, 690 for the matK and the rest for the 

rbcL region. Because both markers are from the chloroplast genome, they were treated as a 

single partition. The GTR+I+G model of evolution was selected for this dataset using 

jModel- Test (Posada 2008), and a phylogenetic analysis was performed by Maximum 

Likelihood using the PhyML software (Guindon et al. 2010). To obtain an ultrametric tree we 

produced a chronogram using Penalized Likelihood implemented by the function chronoPl of 

package ape in R (Paradis et al. 2004) with the parameter lambda set to 0. 

II.5 PHYLOGENETIC STRUCTURE WITHIN PHYTOGEOGRAPHICAL REGIONS 

We analyzed the phylogenetic structure of floristic sites using two different methods, 

in order to capture distinct properties of the phylogenetic structure of these sites. Since our 

genus-by-sites matrix had only occurrences, no methods employed took into account genera 

abundances. Phylogenetic diversity (PD) was computed as the total sum of branch lengths for 

genera occurring in each floristic site (Webb & Donoghue 2005). Phylogenetic 

clustering/overdispersion were measured using the mean phylogenetic distances (MPD) 

between the genera present in each floristic site. For PD and MPD values we computed 

standardized effect sizes (SES) based on 999 null values obtained from a null model that 

keeps the genera composition of the floristic site while the position of each genus in the 
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phylogenetic tree for the regional genera pool (defined by all genera present in the dataset) is 

freely shuffled (‘‘taxa.label’’ model). 

Hereafter, we refer only to the standardized values of these methods, respectively 

SES.PD and NRI (net relatedness index). Positive or negative SES.PD values indicate, 

respectively, phylogenetic diversity higher or lower than expected by the null model. Positive 

or negative NRI values indicate, respectively, phylogenetic clustering or overdispersion of 

genera in the floristic site (Webb et al. 2002). Phylogenetic structure measures were 

computed in the R Statistical Environment (R Development Core Team 2015), using the 

package picante 1.6–2 (Kembel et al. 2010, available at http://cran.at.r-project. 

org/web/packages/picante/).  

We compared the phytogeographical regions in relation to taxonomic and 

phylogenetic diversity and structure methods (respectively, genus α-diversity, SES.PD, NRI) 

by applying Kruskal-Wallis tests. P-values were obtained by a Monte Carlo permutation test 

with 999 iterations. For both analyses, whenever a significant P-value was obtained, we 

performed pairwise contrast analysis to test which group differed from others (Pillar & Orlóci 

1996). The significance of contrasts was also evaluated by permutation, in a similar way as in 

Kruskal-Wallis. Analyses were performed in the R Statistical Environment. 

II.6 VARIATION PARTITIONING 

We obtained the relative contribution of measured environmental factors and 

unmeasured spatially autocorrelated factors in explaining variation in taxonomic and 

phylogenetic diversity and structure by following methods similar to those proposed by Dray 

et al. (2012) and Legendre et al. (2012). This routine comprises (i) the compilation of 

significant spatial and environmental variables through a forward selection method for 

redundancy analysis (RDA), with a permutation-based test for each variable added (Borcard 

et al. 2011); and (ii) variation partitioning of the taxonomic and phylogenetic diversity and 

structure vectors with respect to the significant spatial and environmental variables. As 

spatial variables, we used Moran’s eigenvector maps (MEMs), which represent the 

diagonalization of a centred spatial weighting matrix (Dray et al. 2012). We tested the overall 

significance of the spatial fraction (controlled for measured environmental variation) and the 

environmental fraction (controlled for spatial autocorrelation) by applying a permutation test 

(999 permutations) for RDA. All variation partitioning analyses were conducted using the 

spacemakeR (Dray, 2010), spdep (Bivand, 2012), tripack (Gebhardt, 2009) and vegan 

http://cran.at.r-project/
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(Oksanen et al., 2012) packages in the R Statistical Environment (R Development Core 

Team, 2012). 

II.7 TAXONOMIC AND PHYLOGENETIC Β-DIVERSITY AND THE EVOLUTION OF THE 

PHYTOGEOGRAPHICAL REGIONS 

We explored the patterns of phylogenetic distinctiveness among phytogeographical 

regions by calculating a phylogenetic index of beta diversity. The phylogenetic similarity 

index ranges from 0.0 (two communities share none or a very small root) to 1.0 (both 

communities are composed of the same taxa). The analysis was performing using phylosor 

function (1 – phylosor similarity index) in picante package (Kembel et al. 2010). 

We also calculated the taxonomic beta diversity index (Sorensen index) to verify if 

the taxonomic and phylogenetic indices provide equal information about dissimilarity among 

phytogeographical regions. The taxonomic beta diversity ranges from 0.0 (both communities 

are composed by totally different taxa) to 1.0 (two communities are composed by the same 

genera). The analysis was performed using beta.multifunction from betapart package 

(Baselga & Orme, 2012) in the R Statistical Environment. 

To distinguish between turnover and nestedness processes in the evolution of the 

phytogeographical regions we used the method described by Leprieur et al. (2012) to 

partition the taxonomic and phylogenetic beta diversities into turnover and nestedness 

components using beta.pair function from betapart package (Baselga & Orme, 2012). If 

taxonomic or phylogenetic beta diversity patterns are most due to the turnover component, 

different clades or genera are occurring in different phytogeographical regions. On the other 

hand, if most of the beta diversity is due to the nested component, poorer or less phylogenetic 

diverse phytogeographical regions are subgroups of the richer or more diverse (Baselga & 

Orme 2012; Leprieur et al. 2012). Therefore, if habitat shift is the predominant process in the 

evolution of a given phytogeographical region, genera from this region will be a subsample 

of another one, because only genera that could evolve adaptations could shift the habitat, 

leading to higher nestedness pattern in phylogenetic beta diversity. Otherwise, if in situ 

diversification in unshared clades was more important, we expect a higher phylogenetic 

turnover component between phytogeographical regions. 
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III. CHAPTER III: RESULTS 

III.1 DELIMITING PHYTOGEOGRAPHICAL REGIONS 

The cluster analysis of the 1,958 floristic sites showed seven phytogeographical 

regions: 513 rain forest sites from the Amazon (70 less sites than the initial hypothesis) , 549 

sites from the tropical portion of the Atlantic rain forest (51 less)447 cerrado woody savannas 

(34 more), 25 chaco thorn woodlands (14 less), 297 SDTFs (26 less). Two groups of floristic 

sites segregated from their phytogeographical regions defined in the initial hypothesis: 96 

coastal white-sand forests segregated from the Atlantic rain forest (hereafter “restinga”) and 

31 SDTFs of the inter-Andean valleys of Bolivia, Peru and Ecuador (hereafter “Andean 

SDTFs”) segregated from the initial hypothesis for SDTFs (Figure 1). Some 

phytogeographical regions showed disjunction or scattered distribution (Atlantic rain forest, 

cerrado woody savannas and the main group of SDTFs). The Atlantic rain forest is mainly 

distributed along the Atlantic coast and is also found across central Brazil (an area mainly 

covered by cerrado woody savannas), reaching the limits with the Amazon rain forest.. The 

major group of SDTFs (hereafter “Dry) diagonal SDTFs”) is mainly distributed in 

northeastern Brazil, and smaller patches of dry forest vegetation are also found in eastern 

Bolivia (an area known as Chiquitania), western Paraguay and scattered across central Brazil. 

The cerrado woody savannas are mainly distributed in central Brazil , but disjunct patches are 

also found in the Amazon basin, in the Brazilian states of Roraima and Amapá. On the other 

hand, chaco thorn woodlands, SDTFs from the inter-Andean valleys, Amazon rain forests 

and restingas were more spatially structured rather than interdigitated..  
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Figure 1. Distribution of the seven floristic clusters defined by our analysis of 10,006 tree species in 

1,958 sample sites of tropical South American lowland forests overlaid on a base map showing 

country boundaries. The dissimilarity measure and linkage methods used were Jaccard and 

unweighted group average, respectively. (a) Each sample is colour coded by cluster: Amazon rain 

forest (n = 513), Atlantic rain forest (n = 549), Dry Diagonal SDTFs (n = 297), cerrado woody 

savannas (n = 447), restingas (n = 96), chaco thorn woodlands (n = 25) and SDTFs from the inter-

Andean valleys (n = 31). 

III.2 TAXONOMIC AND PHYLOGENETIC DIVERSITY AND STRUCTURE 

 We found 737 tree genera in Amazon rain forest sites, 651 in Atlantic rain forest sites, 

388 in restingas, 435 in cerrado woody savannas, 473 in Dry Diagonal SDTFs, 250 in 

Andean SDTFs and 120 in chaco thorn woodlands. The results of Kruskal-Wallis tests with 

Monte Carlo permutations yielded a significant difference in logarithmized genera number 

across phytogeographical regions. In relation to pairwise contrast analyses, Amazon and 

Atlantic rain forests showed significantly higher logarithmized genera number (higher in the 

Amazon). Restinga, cerrado woody savannas and Dry Diagonal SDTFs presented 

intermediary values and did not vary in relation to each other. Andean SDTFs and chaco 
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thorn woodlands showed the lowest logarithmized genera number and did not vary in relation 

to each other (Error! Not a valid bookmark self-reference.A). 

Our results showed that 76.7% (1501) of the 1,958 floristic sites exhibited a random 

phylogenetic structure and 23.3% (457) were significantly phylogenetically clustered. None 

of the 1,958 sites was significantly overdispersed (Figure 3A). These patterns differed when 

examining the phytogeographical regions individually. Specifically, 99.6% (511) of Amazon 

rain forest sites, 94.9% (521) of Atlantic rain forest sites, 81.3% (78) of restingas, 66% (295) 

of cerrado woody savannas, 21.9% (65) of Dry Diagonal SDTFs, 51.6% (16) of Andean 

SDTFs and 72% (18) of chaco thorn woodlands had a random phylogenetic structure (Figure 

3B-H). Significant phylogenetic clustering was observed in 0.4% of Amazon rain forest sites 

(2), 5.1% (28) of Atlantic rain forest sites, 18.7% (18) of restingas, 37% (152) of cerrado 

woody savannas, 88.1% (232) of Dry Diagonal SDTFs, 48.4% (13) of Andean SDTFs and 

28% (7) of chaco thorn woodlands. The Kruskal-Wallis results yielded a significant 

difference in both standardized phylogenetic diversity and NRI across phytogeographical 

regions. Amazon and Atlantic rain forests showed higher standardized phylogenetic diversity 

(statistically similar in relation to each other) and lower NRI values than the other 

phytogeographical regions, indicating phylogenetic overdispersion (Error! Not a valid 

bookmark self-reference.B-C). By its turn, restingas, cerrado woody savannas, Dry 

Diagonal SDTFs, Andean SDTFs and chaco thorn woodlands showed lower standardized 

phylogenetic diversity and higher NRI values, indicating phylogenetic clustering (Fig 2b-c). 

In relation to pairwise contrast analyses, cerrado woody savannas showed the second highest 

standardized phylogenetic diversity and were significantly different from any other 

phytogeographical region. Restinga, Andean SDTFs and chaco thorn woodlands showed 

intermediary values and did not vary in relation to each other. Dry Diagonal SDTFs showed 

the lowest standardized phylogenetic diversity and were significantly different from any other 

phytogeographical region. As for NRI contrasts, restingas showed the lowest values among 

the phylogenetic clustered regions and were significantly different from any other 

phytogeographical region. Cerrado woody savannas, Andean SDTFs and chaco thorn 

woodlands showed intermediary NRI values and did not vary in relation to each other.  Dry 

Diagonal SDTFs showed the highest NRI values and were significantly different from any 

other phytogeographical region. (Error! Not a valid bookmark self-reference.B). 
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 Figure 2. Rank order of Net Related Index values for the eight community datasets examined: (a) All tropical South American lowland forests, (b) 

Amazon forests only, (c) Atlantic rain forests only, (d) restinga coastal forests only, (e) cerrado woody savannas only, (f) seasonally dry tropical forests 

(SDTFs) only, (g) inter-Andean valleys SDTFs only, and (h) chaco thorn woodlands only. Vertical dashed lines indicates 50th percentile. 
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Figure 3.Taxonomic and phylogenetic diversity and structure of tropical South American 

phytogeographical regions: (c) net relatedness index (NRI), (a) logarithmized genera number, 

and (b) standardized phylogenetic diversity (SES.PD). Probability plots drawn for each 

phytogeographical region define the relative frequency of values for each response variable. 

Different letters within the probability plots indicate significant difference between 

phytogeographical regions (P < 0.05). Am = Amazon rain forests; AF = Atlantic rain forests; Re 

= Restinga coastal forests; Ce = Cerrado woody savannas; DF = Seasonally Dry Tropical 

Forests (SDTFs); ADF = inter-Andean valleys SDTFs; Ch = Chaco thorn woodlands. 

 

III.3 ENVIRONMENTAL AND SPATIAL PATTERNS 

III.3.1 ENVIRONMENTAL VARIABLES AND VARIATION PARTITIONING 

The forward selection procedure retained 11, 10 and 12 out of 25 environmental 

variables for modelling variation in genus α-diversity, standardized phylogenetic 

diversity and NRI, respectively. (Table 2 and Figure 5A). Annual precipitation was the 

most explanatory predictor in all cases, whereas the second most explanatory predictor 

varied between water deficit severity in genus α-diversity and NRI and minimum 
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temperature of the coldest month in standardized phylogenetic diversity. Temperature-

related variables were only the third (or lower) most explanatory variables in genus α-

diversity (temperature seasonality) and NRI (temperature daily range), while in 

standardized phylogenetic diversity the third most explanatory was still related to 

temperature (days of frost) (Table 2 and Figure 5B). 

After partitioning the variation explained by the selected spatial and 

environmental predictors, we found that the measured environmental factors explained 

35%, 31% and 52% of the variation in genus α-diversity, standardized phylogenetic 

diversity and NRI, respectively, with 8%, 11% and 5% (respectively) of this being 

independent of spatial autocorrelation. A spatially structured fraction of 8%, 2% e 10% 

genus α-diversity, standardized phylogenetic diversity and NRI, respectively, could not 

be accounted for by the measured environmental predictors; 57%, 67% and 37% of the 

variation remained unexplained in genus α-diversity, standardized phylogenetic 

diversity and NRI, respectively (Figure 4). 
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Table 2. Selected environmental variables ranked by the value of explanation in genus α-

diversity, standardized phylogenetic diversity (SES.PD), net relatedness index (NRI) and 

nearest taxon index (NTI) across the tropical South American phytogeographical regions. P < 

0.05 in all cases. 

Variables 

Adjusted R
2 

Cumulative 

α-

diversity 

rank
α
 

SES.P

D 

rank
P

D
 

NR

I 

rank
N

RI
 

Annual precipitation 0.23 1 0.16 1 
0.4

3 
1 

Severity of water deficit 0.28 2 0.3 7 
0.4

9 
2 

Temperature seasonality 0.3 3 0.28 5 0.5 4 

Cloud cover 0.3 4 0.3 9 
0.5

3 
11 

Min temperature of the coldest 

month 
0.31 5 0.22 2 

0.5

3 
12 

Altitude 0.32 6 - - 
0.5

2 
9 

Precipitation of driest month 0.32 7 0.25 - 
0.5

1 
6 

Precipitation seasonality 0.33 8 - - 
0.5

2 
8 

Precipitation of wettest month 0.35 9 0.31 10 
0.5

2 
10 

Days of frost 0.35 10 0.23 3 
0.5

1 
5 

Isothermality 0.35 11 0.3 8 
0.5

1 
7 

Duration of water deficit - - 0.26 4 - - 

Mean annual temperature - - 0.29 5 - - 

Max temperature of the hottest 

month 
- - 0.3 6 - - 

Temperature daily range - - - - 
0.4

9 
3 
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Figure 4. Variation partitioning by redundant analysis to determine how much of the spatial 

variation in genus α-diversity, standardized phylogenetic diversity (SES.PD) and net relatedness 

index (NRI) across the tropical South American phytogeographical regions was accounted for 

by the environmental variables measured. Fraction (a) represents non-spatial environmental 

variation, fraction (b) spatially structured environmental variation, i.e. the overlap between 

environmental and spatial components, and fraction (c) the spatial structure not explained by the 

measured environmental variables. All values are expressed as percentages. 
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Figure 5. The relationship between (a) annual precipitation and (b) temperature daily range and 

the phylogenetic structure of tropical South American lowland forests. Darker colours represent 

higher phylogenetic structure based on the Net Related Index.  
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III.4 BETA DIVERSITY 

III.4.1 TAXONOMIC AND PHYLOGENETIC DISSIMILARITIES 

Our results showed that Amazon and Atlantic rain forests were taxonomically 

less dissimilar to each other than to other phytogeographical regions, whereas Dry 

Diagonal SDTFs and cerrado woody savannas were phylogenetically less dissimilar to 

each other than to other phytogeographical regions (Table 3 and Table 4). The chaco 

thorn woodlands were the most taxonomically and phylogenetically dissimilar floristic 

sites. The taxonomic dissimilarity was mainly due to nestedness and high turnover was 

observed in a few cases (e.g., 84.3% between cerrado woody savannas and Dry 

Diagonal SDTFs and between cerrado woody savannas and restingas in Table 3). 

Similarly, phylogenetic dissimilarity was mainly due to nestedness and high turnover 

was observed in a few cases (e.g., 99.6% between Dry Diagonal SDTFs and restingas in 

Table 4). 

 

Table 3. Taxonomic index of beta diversity for tree species among the tropical South American 

phytogeographical regions. Lower diagonal, beta diversity index; upper diagonal, percentage of 

beta diversity due to genera turnover. AF = Atlantic rain forest; SDTF = seasonally dry tropical 

forests from the Dry Diagonal; Andean DF = SDTFs from the inter-Andean valleys. 

 
Amazon Cerrado AF Chaco Andean DF SDTF Restinga 

Amazon - 28.8 75 41 27.3 52.5 24.2 

Cerrado 0.33 - 16.1 42.1 63.5 84.3 84.3 

AF 0.21 0.23 - 27.7 33.6 39.3 13.7 

Chaco 0.81 0.69 0.75 - 67.8 6.8 52.3 

Andean DF 0.57 0.50 0.55 0.63 - 43.5 72.9 

SDTF 0.37 0.22 0.24 0.61 0.44 - 74.5 

Restinga 0.37 0.28 0.28 0.70 0.50 0.30 - 
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Table 4. Phylogenetic index of beta diversity (PhyloSor dissimilarity index) for tree genera 

among the tropical South American phytogeographical regions. Lower diagonal, PhyloSor 

index; upper diagonal, percentage of phylogenetic beta diversity due to phylogenetic turnover. 

AF = Atlantic rain forest; SDTF = seasonally dry tropical forests from the Dry Diagonal; 

Andean DF = SDTFs from the inter-Andean valleys. 

 
Amazon Cerrado AF Chaco Andean DF SDTF Restinga 

Amazon - 20.7 97.6 5.5 25.3 13.5 23.8 

Cerrado 0.14 - 2.6 9.7 42.7 50.8 76.7 

AF 0.11 0.11 - 4.2 28.4 10.8 2.4 

Chaco 0.49 0.41 0.49 - 34.4 1 11.1 

Andean DF 0.31 0.22 0.31 0.35 - 49.9 63.4 

SDTF 0.17 0.08 0.16 0.36 0.19 - 99.6 

Restinga 0.19 0.14 0.15 0.38 0.24 0.17 - 
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IV. CHAPTER IV: DISCUSSION 

IV.1 DELIMITING PHYTOGEOGRAPHICAL REGIONS 

Our analyses segregated the 1958 sites into seven regions, diverging from the 

previously proposed biogeographical regionalizations (Cabrera & Willink 1973, 

Ab’Saber 1977, IBGE 1992, Olson & Dinerstein 2002, Rivas-Martínez et al. 2011; 

Morrone 2014). Although the overall pattern remained (Amazon rain forest, Atlantic 

rain forest, SDTFs, cerrado woody savannas and chaco thorn woodlands), 127 floristic 

sites did not cluster with one of the five previously proposed regions (96 restinga 

coastal forests and 31 inter-Andean valleys SDTFs in Fig. 1a). The low similarity 

between Dry Diagonal SDTFs and Andean SDTFs (Fig. 2) was also found in other 

studies (Pennington et al. 2009; Linares-Palomino et al. 2011), which does not offer 

support for a continuous area of SDTF during the cooler and drier climates of 

Pleistocene glaciations as proposed in the Pleistocenic Arc Hypothesis (Prado & Gibbs 

1994; Pennington et al. 2000). On the other hand, the restinga coastal white-sand forests 

segregating from the Atlantic rain forest region (Cabrera & Willink 1973; Morrone 

2014) is a new and intriguing pattern that merits future investigations. 

We also showed the potential role of climatic conditions in driving the patterns of 

similarity vs. distinctiveness among tropical South American phytogeographical 

regions. Across the dry diagonal, for instance, precipitation seasonality seems to be an 

ecological barrier for rain forest species (e.g., relatively low similarity between Amazon 

rain forests and any of the phytogeographical regions that occur under the seasonal 

climates of the dry diagonal). Furthermore, we believe that our results not only add new 

information for South American biogeography but also contribute to conservation 

strategies. The restinga coastal white-sand forests belonging to a distinct floristic cluster 

suggests the necessity of further appraisal. If restinga is indeed a distinct 

phytogeographical region instead of a stretch of Atlantic rain forest into saline white-

sand environments, as often assumed, a simple conservation assessment may highlight 

how unprotected restinga coastal forests are in Brazil as a consequence of being 

neglected under the Atlantic rain forest classification. 
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IV.2 PHYLOGENETIC STRUCTURE ACROSS PHYTOGEOGRAPHICAL REGIONS 

This was the first study to effectively approach the phylogenetic structure of 

plant communities in a continental scale and across several phytogeographical regions, 

and therefore we believe that our results have significantly improved the knowledge of 

biogeographic processes influencing phylogenetic structure.  Our main finding 

supported the stress gradient hypothesis (Bertness & Callaway 1994) and there was 

higher phylogenetic clustering in harsher environments(cerrado woody savannas, Dry 

Diagonal SDTFs, Andean SDTFs chaco thorn woodlands and restingas).  However, the 

amount of annual precipitation, rather than seasonality (H1a and H1b), was the primary 

determinant of phylogenetic clustering vs. overdispersion across tropical South 

American phytogeographical regions. The annual precipitation threshold of 1300-1500 

mm has given rise to a pattern of phylogenetic niche conservatism such that tropical 

woody species inhabiting this gradient can be said to belong to either wet-habitat-

inhabiting clade or a dry-inhabiting clade. In this community phylogenetic analysis, 

plant families that tended to be sampled more in dry (cerrado woody savannas, Dry 

Diagonal SDTFs, Andean SDTFs and Chaco) than wet phytogeographical regions are 

exemplified by Bignoniaceae, Vochysiaceae, Malpighiaceae, Cactaceae, Dilleniaceae 

and Capparaceae. Plant families that tended to be sampled more in wet (Amazon, 

Atlantic forests and restingas) than dry phytogeographical regions numbered many 

more and are exemplified by Leguminosae, Myrtaceae, Rubiaceae, Lauraceae, 

Moraceae and Melastomataceae. An accurate profile of such ecological phylogenetic 

structure, however, awaits a community phylogenetic analysis that incorporates species 

abundances into the community matrix rather than just incidences, as in this study. 

Oliveira-Filho et al. (2013) also showed the importance of annual precipitation in 

structuring Leguminosae clades inhabiting Dry Diagonal SDTFs and cerrado woody 

savannas. On the other hand, Moro et al. (2015) showed that edaphic condition was the 

main driver of phylogenetic structuring across SDTFs from northeastern Brazil. 

 The proportion of woody plant communities that were significantly 

phylogenetically structured depended on the dataset. For instance, Dry Diagonal SDTFs 

yielded the highest proportion of significantly high NRI values, indicating that 

communities contained genera that were closely related relative to the null model. On 

the other hand, most individual communities of wet phytogeographical regions 

(Amazon and Atlantic forest) did not exhibit significant phylogenetic structure, which 
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does not offer support to our hypothesis that competitive interactions would be stronger 

in less harsh environments leading to phylogenetic overdispersion of tree genera over 

the whole pool phylogeny (H1b). An important assumption of the community 

phylogenetic framework is the idea that traits of ecological relevance in a given region 

may exhibit weak phylogenetic signal, being randomly distributed across the 

phylogeny. If this assumption holds, then this may help to explain the high proportion 

of Amazon and Atlantic forest communities with a phylogenetic structure no different 

from a null expectation. Interestingly, among the wet phytogeographical regions, 

restingas showed a significantly higher proportion of phylogenetic clustering, even 

when compared to Atlantic forests. Despite the lack of edaphic information in our 

analyses, we believe that the pattern of phylogenetic structure found in coastal restinga 

vegetation supports the stress gradient hypothesis (H1a) and there was higher 

phylogenetic clustering because of the environmental filtering imposed by saline soils. 

This finding offers support to the hypothesis raised in the previous section (Delimiting 

phytogeographical regions), and thus we reinforce the necessity to assess the patterns of 

distinctiveness vs. similarities among Atlantic forests and coastal white-sand restinga 

vegetation. 

Finally, our results indicate that biogeographical history also merits attention 

(H2a). Because the spatially scattered Dry Diagonal SDTFs had significantly higher 

levels of phylogenetic clustering than other spatially continuous regions of the Dry 

Diagonal (e.g., cerrado woody savannas, chaco thorn woodlands), it is inappropriate to 

designate environmental filtering as the sole factor shaping community assembly in 

SDTFs. Therefore, the fragmentation (leading to dispersal limitation) of SDTFs caused 

by Pleistocene climatic changes, as postulated by the Pleistocenic Arc Hypothesis 

(Prado & Gibbs 1993), holds promise for understanding the effects of climatic 

fluctuations in community structuring. 
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IV.3 PHYLOGENETIC DISSIMILARITY AND EVOLUTION OF 

PHYTOGEOGRAPHICAL REGIONS 

Our results show relatively lower phylogenetic dissimilarity of terminal taxa 

between cerrado woody savannas and Dry Diagonal SDTFs indicating that habitat 

shifting may have played a more important role in genus diversity of these 

phytogeographical regions (H4b), thus suggesting that cerrado woody savannas and Dry 

Diagonal SDTFs genera may be consistently resolved as pairs of sister genera. On the 

other hand, the high level of turnover assigned to the phylogenetic dissimilarity between 

Dry Diagonal SDTFs and restingas indicates that in situ ecological speciation may have 

also played a role in genus diversity in some cases (H4a). Notwithstanding, taxonomic 

beta diversity was always higher than phylogenetic beta diversity indicating that the 

phytogeographical regions have different angiosperm genera, but usually from the same 

lineages. 

Although previous authors point the similarity between the woody vegetation of 

Cerrado and Atlantic and Amazonia rain forests (e.g. Oliveira-Filho & Ratter, 2000; 

Gottsberger & Silberbauer- Gottsberger, 2006), and low floristic (e.g. Oliveira-Filho & 

Ratter, 1995) and phylogenetic similarities (e.g. Oliveira-Filho et al., 2013) between 

cerrado woody savannas and seasonally dry tropical forests, some studies on 

Leguminosae showed that some cerrado woody savanna lineages derived from dry or 

wet forest ancestors (Schrire et al., 2005; Simon et al., 2009). In this study there was 

relatively lower phylogenetic dissimilarity between cerrado woody savannas and Dry 

Diagonal SDTFs. During the Tertiary and the Quaternary dry periods, seasonally dry 

tropical forests may have increased its range towards Central Brazil, establishing in 

areas previously occupied by savannas (Ab’Saber 2000). These processes may have 

favoured the shifting of habitat between lineages from these biomes, causing such 

patterns of phylogenetic similarity. 
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V. CHAPTER V: CONCLUSIONS 

 

Summarizing, our main conclusions are: 

 

 Phytogeographical regions with water restrictions (low annual precipitations and 

high water deficit) and harsh temperatures (high oscillations and frosts) showed 

higher levels of phylogenetic clustering, therefore indicating that the community 

assembly of such regions are mainly shaped by environmental filtering. 

 

 The spatially scattered configuration of the Dry Diagonal SDTFs led to 

significantly higher levels of phylogenetic clustering than in other spatially 

continuous regions of the Dry Diagonal (e.g., cerrado woody savannas and 

chaco thorn woodlands). 

 

 Tropical South American phytogeographical regions show distinct patterns of 

taxonomic and phylogenetic diversity and structure. Phytogeographical regions 

with high genus diversity (e.g., Amazon and Atlantic forests) have significantly 

higher phylogenetic diversity and random phylogenetic structure. Variation in 

taxonomic and phylogenetic diversity and structure is mainly determined by 

amount of annual precipitation, and moderately determined by temperature 

oscillations and frost. 

 

  Habitat shifting between cerrado woody savannas and Dry Diagonal SDTFs 

may have played an important role in genus diversity of these phytogeographical 

regions.  
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