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RESUMO 

 

É esperado que as mudanças climáticas imponham condições ambientais 
extremas aos ecossistemas, as quais podem potencialmente afetar os padrões de 
biodiversidade e serviços ecossistêmicos através do tempo e espaço. Projetar a 
distribuição de espécies em cenários climáticos futuros permite-nos avaliar os 
impactos das mudanças climáticas em comunidades biológicas. Utilizando 
modelagem de nicho ecológico, nós comparamos as condições atuais com a de 
cenários climáticos fututos previstos para 2050 para determinar potenciais 
mudanças nos padrões espaço-temporais das diversidades taxonômica e 
funcional da vegetação lenhosa das Restingas do sul e sudeste do Brasil. 
Especificamente, nossa finalidade foi: i) prever a distribuição das diversidades 
taxonômica e funcional atual e futura (2050); ii) estimar a partição da diversidade 
beta nos cenários presente e futuro (2050); e iii) prever a distribuição de atributos 
funcionais chave para a entrega de múltiplos serviços ecossistêmicos. Nós 
geramos modelos de nicho ecológico para 796 espécies de plantas lenhosas para 
as quais estimamos as mudanças espaço-temporais dos componentes da 
diversidade beta, as médias ponderadas da comunidade (CWM) e os índices de 
diversidade funcional de atributos selecionados. O cenário de maiores emissões 
de gases do efeito estufa (pessimista) indicou um aumento geral de uma perda de 
espécies da Restinga três vezes maior se comparado ao cenário otimista, 
enquanto que na escala regional (ecorregião), a perda de espécies pode chegar a 
atingir porcentagens tão altas quanto 19%. Por outro lado, a diversidade beta foi 
prevista para ser maior no futuro, com o componente de substituição de espécies 
tendo uma maior contribuição do que o aninhamento. A projeção de CWM mostrou-
se contrastante entre atributos funcionais e ecorregiões, sugerindo um futuro 
aumento em alguns atributos (densidade da madeira, comprimento da semente e 
do fruto) e uma diminuição em outros (altura máxima da planta). No geral, a 
divergência e riqueza funcional poderão diminuir no futuro, enquanto que a 
uniformidade funcional poderá aumentar. Nosso estudo fornece uma comparação 
dos efeitos dos cenários extremos das mudanças climáticas na biodiversidade da 
frequentemente marginalizada vegetação das Restingas.  

Palavras-chave: Heterogenização da beta diversidade; Homogeneização da 
diversidade funcional; Mata Atlântica; Partição da diversidade; Modelagem de 
nicho ecológico; Vegetação costeira. 

 

 

 

 

 

 



 

 

ABSTRACT 

 

 Climate change is expected to impose extreme environmental conditions 
which may potentially affect the biodiversity and ecosystem services patterns 
through time and space. Projecting the species distributions in future climate 
scenarios allows us to evaluate the climate change impacts over biological 
communities. Applying ecological niche modeling, we compared current and future 
climate scenarios predicted for 2050 to determine potential changes in the spatio-
temporal patterns of taxonomic and functional diversities of the woody plant species 
in south and southern Brazilian Restinga. Specifically, we aimed to: i) predict the 
current and future 2050 distribution of woody plant species taxonomic and 
functional diversities; ii) estimate the partition of beta diversity in the current and 
future scenarios; and iii) predict the distribution of functional traits key the delivery 
of multiple ecosystem services. We generated ecological niche models for 796 
woody plant species for which we estimated the spatio-temporal changes of beta 
diversity, and the functional indices and community-weighted means (CWM) of 
selected traits. The high greenhouse gases emission (pessimist) scenario indicated 
an overall threefold increase in woody plant species loss if compared to the 
optimistic scenario, whereas at regional scales, species loss may reach 
percentages as high as 19%. Conversely, beta diversity may increase in the future, 
with the turnover component having a greater contribution than nestedness. The 
CWM projections emphasized contrasts among traits and ecoregions, with an 
increase in some traits (stem wood density, seed length and fruit length) and a 
decrease in others (maximum plant height). Functional divergence and richness 
may decrease in future, while functional evenness, may increase. Our study 
provides a comparison between climate change extreme scenarios effects on the 
biodiversity of the frequently marginalized Restinga vegetation. 

Key words: Atlantic Forest; Beta diversity heterogenization; Coastal vegetation; 
Diversity partitioning; Functional diversity homogenization; Ecological niche 
modeling. 
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1 INTRODUÇÃO GERAL 

O crescimento das concentrações atmosféricas de gases do efeito estufa 

é atribuído à ação antropogênica como a queima de combustíveis fósseis e o 

desmatamento (BEERLIN; ROYER, 2011). Nos ambientes terrestres e oceânicos 

superficiais, o aquecimento global, desde 1880, já corresponde a um aumento de 

0,85º C de temperatura média (IPCC, 2014) e a estimativa desde o período pré-

industrial é de aproximadamente 1º C (BINDOFF et al., 2013; SMITH et al., 2015).  

Entre os efeitos das mudanças climáticas de causa antropogênica, a 

intensificação da perda de biodiversidade é um dos mais preocupantes 

(PARMESAN; YOHE, 2003; BUTCHART et al., 2010; CBD SECRETARIAT, 2010; 

WWF, 2012). Existe um grande volume de evidências de que as mudanças 

climáticas já ocasionaram globalmente diversas respostas biológicas nos 

organismos vivos. Alterações genéticas, morfológicas, fenológicas e 

demográficas já foram detectadas em diversas espécies e, como resultado, teias 

alimentares serão afetadas e novas interações surgirão em detrimento de 

mudanças na distribuição de muitas espécies (SCHEFFERS et al., 2016). Como 

resultado da redistribuição de espécies, uma grande parcela da vida na Terra 

deverá ser afetada (PECL et al., 2017). Associado a isso, mudanças nas 

interações ecológicas poderão gerar efeitos desconhecidos e alterações em todos 

os níveis ecológicos. Na iminência destes novos regimes ambientais surge a 

demanda de se criar outras formas de lidar com as condições emergentes, o que 

é um cenário desafiador para a humanidade (PECL et al. 2017). 

A manutenção da vida humana na Terra depende de que os processos e 

funções ecossistêmicas estejam intactos e em funcionamento para a provisão de 

inúmeros bens e serviços, incluindo aqueles relacionados à adaptação em novas 

condições climáticas (MARTIN; WATSON, 2016). As funções ecossistêmicas são 

provenientes de processos ecossistêmicos desempenhados pelos organismos 

que compõem o ecossistema como reflexo da expressão somada de seus 

atributos funcionais que, individualmente ou coletivamente (ao nível da 

comunidade), afetam os recursos do ambiente e o próprio fitness das espécies 

(LAVOREL; GARNIER, 2002; VIOLLE  et al., 2007; LUCK et al., 2009). Como as 

mudanças climáticas implicam em alterações das condições ambientais, a 
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degradação dos ecossistemas afeta diretamente a sua resiliência (COLLS et al., 

2009), a qual pode chegar a atingir um ponto de virada na qual a recuperação e 

auto-organização são impossibilitadas de ocorrer (CARPENTER et al., 2001). A 

resiliência ecossistêmica é a capacidade do ecossistema de sofrer um distúrbio e 

retornar ao estado de equilíbrio que possuía antes do mesmo e pode ser medida 

pela diversidade funcional. Como consequência, a ação dos impactos 

antropogênicos sobre a mesma influencia os serviços ecossistêmicos ao afetar 

diretamente os processos ecossistêmicos (HOOPER et al., 2005), os quais 

representam a expressão conjunta dos atributos funcionais.  

Atributos funcionais têm sido amplamente utilizados para relacionar 

diversos níveis ecológicos, desde indivíduos e espécies até os ecossistemas 

(HOOPER et al. 2005). Como o componente vegetal de um ecossistema terrestre 

é o que representa a maior proporção da biomassa, a vegetação tende a 

influenciar majoritariamente as estruturas físicas dos mesmos, bem como os 

ciclos de energia, água e nutrientes (MOOR et al. 2015). Uma maneira de analisar 

a influência desse fenômeno na funcionalidade ecossistêmica é quantificar o 

efeito da dominância em cada atributo, já que a hipótese de razão da massa 

estabelece que os atributos das espécies dominantes na comunidade conduzem 

significativamente as funções ecossistêmicas (GRIME, 1998). Uma das formas 

de se medir estes efeitos é agregando os atributos das espécies da comunidade 

e estimando as contribuições relativas de determinados atributos (GARNIER et 

al. 2007). O efeito da dominância de atributos pode ser determinado pelo valor da 

média dos atributos na comunidade, ponderada pela abundância (“community-

weighted mean”, ou “CWM”, VIOLLE et al., 2007). Essa medida de diversidade 

funcional permite o desenvolvimento de modelagens preditivas de distribuição 

espacial de atributos funcionais, além de mudanças em potencial devido a 

alterações na composição (como em LAVOREL et al., 2011). 

A diversidade funcional não é igualmente afetada por todas as espécies, já 

que o conjunto de atributos funcionais de cada espécie contribui diferentemente 

nos processos ecossistêmicos (MOUCHET et al., 2010). Para além do efeito de 

dominância, os componentes da diversidade funcional têm a propriedade de 

descrever o espaço funcional e podem ser medidos por três índices 

multidimensionais: riqueza funcional (FRic), uniformidade funcional (FEve) e 
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divergência funcional (FDiv; VILLÉGER et al, 2008). A propriedade complementar 

dessas facetas da dimensão funcional permite-nos preencher o espaço funcional 

de uma comunidade com as distribuições das abundâncias das espécies 

(MOUCHET et al., 2010). Enquanto o FRic delimita as dimensões do espaço 

funcional através de seu volume, o FEve descreve a regularidade das 

abundâncias das espécies distribuidas nesse espaço funcional e o FDiv, quão 

longe as abundâncias se encontram do centro do espaço funcional (MOUCHET 

et al., 2010). 

Enquanto a diversidade funcional representa a dimensão dos atributos 

funcionais que as espécies em geral exibem, a diversidade taxonômia representa 

como a riqueza de espécies em uma comunidade contribui para sua 

biodiversidade. Podemos compreender a diversidade taxonômica em escala 

regional através da exploração da diversidade beta das comunidades em escala 

local (SOCOLAR et al., 2016). Essa última é medida pela diversidade alfa em um 

sítio e a diversidade beta, por sua vez, quantifica o número de diferentes unidades 

composicionais em uma região (TUOMISTO, 2010). Além de permitir a 

comparação entre comunidades locais e regionais, a diversidade beta também 

indica o grau de diferenciação entre as comunidades, e pode ser particionada em 

dois componentes: substituição de espécies e aninhamento (BASELGA, 2010). O 

aninhamento ocorre quando as biotas de sítios com um número menor de 

espécies representam sub-conjuntos dos sítios mais ricos em espécies. Já a 

substituição de espécies indica a troca de uma espécies por outra em um sítio 

devido à filtragem ambiental e a limitações na dispersão.  

Para calcular os componentes da diversidade beta, utilizam-se os dados 

de ocorrência de cada espécie em cada sítio da comunidade. Em estudos 

macroecológicos que incluem cenários futuros, uma maneira de obtê-los é 

através da modelagem de nicho, a qual gera o índice de adequabilidade de habitat 

para cada espécie da comunidade em cada cenário projetado. Apesar de que 

prever as exatas ocorrências futuras de espécies para calcular as abundâncias 

pode representar um grande desafio, o índice de adequabilidade nos viabiliza 

assumi-lo como proxy de abundância em cenários futuros (WEBER et al., 2017).  

Abordagens macroecológicas da distribuição da biota permitem 
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compreender fenômenos ecológicos que ocorrem simultaneamente em extensas 

áreas. Como a distribuição de espécies ao nível continental é altamente 

influenciada pelo clima (MCGILL, 2010), a modelagem de nicho é  uma 

abordagem eficiente e amplamente difundida para os estudos macroecológicos, 

que ao predizer a distribuição das espécies, possibilita prever as respostas 

espaciais e evolutivas das distribuições das espécies (DINIZ-FILHO et. al. 2009). 

A modelagem de nicho associa informações sobre as características 

abióticas que definem o nicho atual de uma espécie com a distribuição espacial 

de cada característica, projetando, assim, o nicho potencial dessa espécie, de 

acordo com os requisitos ecológicos necessários (WIENS et al., 2009). Os 

modelos preditivos de distribuição potencial são capazes de indicar áreas 

potenciais de ocorrência de determinada espécie em locais de ocorrência 

desconhecida, de modo que sejam precursores para a projeção de distribuições 

futuras em diversos cenários de mudanças climáticas (WILLIAMS; BLOIS, 2018). 

1.1 AS RESTINGAS DO SUL E SUDESTE DO BRASIL 

Ao longo de quase todo o litoral brasileiro, na área geológica chamada de 

planície costeira ou litorânea, a vegetação distribui-se em uma estrutura de 

mosaico caracterizado por grande heterogeneidade florística e estrutural. 

Conhecida como Restigas (ou Restinga), essa vegetação apresenta fisionomias 

predominante herbáceas, arbustivas ou arbóreas, dispostas adjacentemente 

sobre um solo formado de depósitos costeiros arenosos e rochosos do 

Quaternário (CONAMA, 1999) os quais, por sua vez, são relacionados aos efeitos 

geológicos ocorridos entre períodos glaciais e interglaciais (ARAÚJO e 

LACERDA, 1987). Floristicamente, as Restingas representam as fitofisionomias 

costeiras associadas à Mata Atlântica, (MORELLATO; HADDAD, 2000; 

OLIVEIRA-FILHO; FONTES, 2000) a qual, somada com manguezais e campos 

de altitude, formam um complexo vegetacional (RIZZINI, 1979). 

As planícies litorâneas no eixo sudeste-sul do Brasil variam em função de 

singularidades geológicas, oceanográficas e climáticas, as quais refletem as 

peculiares paisagens (SILVEIRA, 1964). No Espírito Santo, ocorre a formação 

Barreiras e o litoral é marcado pela intercalação de afloramentos rochosos e 
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penhascos com extensas planícies costeiras (SILVEIRA, 1964). Desde o Rio de 

Janeiro até a metade de Santa Catarina (Cabo de Santa Marta), o litoral 

prossegue com a proximidade, a oeste, da cadeia de montanhas da Serra do Mar, 

exibindo extensas planícies, muitas vezes indentadas, ocorrendo a formação de 

ilhas, baías e lagoas (SILVEIRA, 1964). O clima varia de tropical a subtropical em 

ambas as regiões, com alta pluviosidade causada pela interceptação do alto 

relevo da Serra do Mar (MAACK, 1947). A região mais meridional da costa 

brasileira compreende a faixa territorial do Cabo de Santa Marta (SC) até o Chuí 

(RS), sendo o clima subtropical (MAACK, 1947), e o relevo, formado por amplas 

planícies sedimentares arenosas, onde ocorrem lagoas conjugadas e uma 

elevação basáltica na região de Torres (RS) (SILVEIRA, 1964). 

O solo predominantemente quartzoso, a alta intensidade de luz solar, a 

influência marinha da umidade e maresia, a presença de rios, estuários e lagos 

(PEREIRA, 1990), fazem das Restingas um ambiente estressante para muitas 

espécies vegetais, propiciando que apenas uma seleção de espécies da 

comunidade sejam capazes de sobreviver e perpetuar-se frente a esses fatores 

abióticos. Essa singularidade fazem as florestas de Restinga serem 

particularmente interessantes do ponto de vista taxonômico e funcional 

(MARQUES  et al., 2015). Estima-se que 40% das espécies lenhosas dessas 

florestas sejam compartilhadas com fragmentos do interior. No trecho que 

compreende os litorais sul e sudeste brasileiro a diversidade é alta, com 1.588 

espécies vegetais, sendo 4% exclusivas desse tipo vegetacional, o que sugere 

certo grau de endemismo (MARQUES et al., 2015). Embora seja importante em 

termos de conservação da biodiversidade e da funcionalidade da Mata Atlântica 

como um todo (SCARANO, 2009), a Restingas são historicamente 

negligenciadas. Isso é refletido na ameaça de impactos antrópicos caracterizada 

pela ampliação de áreas urbanas (GOUDIE, 2013), muito relacionada à intensa 

atividade turística e grande pressão imobiliária. No entanto, estes ecossistemas 

apresentam funções importantes, tais como a proteção de corpos d’água, a 

retenção de sedimentos e dunas, a formação de solos e a ciclagem de nutrientes 

(MARQUES et al., 2015). Esses e outros aspectos reforçam a necessidade de 

esforços de conservação e restauração das Restingas (ZAMITH; SCARANO, 

2006).  
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Estimativas globais futuras acerca dos efeitos das mudanças nas 

condições climáticas sobre as Restingas mostram diversas tendências em 

relação à precipitação e à temperatura. Até 2100, as previsões para a porção sul 

e sudeste da Mata Atlântica, por exemplo, indicam aumento de temperatura de 

2,5°C e 3°C e aumento de 25% a 30% na precipitação (RAN1, 2013). Ambos os 

fatores (temperatura e precipitação) estão diretamente envolvidos na regulação 

dos processos biológicos e químicos, e estão entre os fatores ambientais mais 

importantes para o desenvolvimento das plantas (BEIER, 2004). Somado a isto, 

mudanças no uso da terra (HOF et al., 2011), o aumento de caça predatória, 

invasão de espécies exóticas (BECHARA et al., 2013) representam outros fatores 

antrópicos diretos que acentuarão a degradação desses ecossistemas. 

Neste estudo, foram analisados os aspectos taxonômicos e funcionais da 

vegetação lenhosa das Restingas no sul e sudeste do Brasil. Comparamos as 

distribuições das espécies e das funcionalidades ecossistêmicas do presente com 

as projetadas para o cenário pessimista e otimista de emissões de gases do efeito 

estufa para o ano de 2050. A partir dessas comparações, buscamos prever os 

efeitos das mudanças climáticas sobre a vegetação das Restingas, a fim de 

direcionar medidas de conservação da biodiversidade e mitigação e adaptação 

desses sistemas ecológicos.  
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Abstract 

Climate change may impose extreme conditions which potentially affect 
species’ distributions, leading to spatio-temporal variation in biodiversity and 
ecosystem services patterns. Here we compared current climate conditions 
to future climate scenarios projected to 2050 to assess potential changes in 
the spatio-temporal patterns of the taxonomic and functional diversities of 
the woody species of the Restinga vegetation in Brazil. We generated 
Ecological Niche Models (ENM) for 796 woody plant species from which we 
estimated the spatio-temporal changes of beta diversity components, the 
community- weighted means (CWM) of selected traits and functional 
diversity indices. The pessimistic scenario indicated an overall threefold 
increase in woody plant species loss compared to the optimistic scenario, 
whereas at regional scales, species loss may reach percentages as high as 
19%. Conversely, beta diversity may increase in the future, in which the 
turnover component had a greater contribution than nestedness. The CWM 
projection emphasized contrasts among traits and ecoregions, with an 
increase in most analysed traits (stem wood density, seed length and fruit 
length) and a decrease in one of them (maximum plant height). Functional 
divergence and richness may decrease in future, while functional evenness 
may increase. Our study highlighted important potential changes in the 
distribution of biodiversity that could lead to biotic homogenization in the 
Restinga vegetation and calls for the inclusion of this marginalized vegetation 
in plans for mitigation and adaptation to climate change. 

 

Introduction 

 

The impacts of climate change on the world’s ecosystems have already 

been documented on every continent, ocean and in most taxonomic groups 

(Scheffers et al., 2016). Greenhouse gases atmospheric concentrations are 

reaching levels never seen in recent history nor estimated over the past 20 

million years (Beerling and Royer, 2011). Coupled with the intensification of 

habitat loss and aggressive land-use change, climate change represents one 

of the main threats to biodiversity and associated ecosystem services, 

particularly to tropical regions where most of the biodiversity is concentrated 

(Asner et al., 2010; Zwiener et al., 2017). 

One of the most species-rich and yet highly degraded tropical domains 

is the Atlantic Forest (Mittermeier et al., 2011). This highly diverse South-

American ecosystem complex formed by multiple physiognomies has 
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approximately 28% left of its original vegetation cover (Rezende et al., 2018). 

Sadly, it is considered one of the ‘hottest of the hotspots’ (Laurance, 2009) and 

one of the three most vulnerable to climate change (Béllard et al., 2014). One 

of its most heterogeneous physiognomies is the Restinga vegetation, a mosaic 

of distinct coastal physiognomies dominated by herbs, shrubs and trees 

occurring side by side (Marques et al., 2015), and where peripheral plant 

communities face more extreme environment conditions than the hinterland 

forests (Scarano, 2002). 

Despite exhibiting some floristic, functional and historical connections to 

other Atlantic Forest ones, at least 4% of Atlantic Forest plant species are endemic 

to the Restinga forest physiognomies (Marques et al., 2015). The biodiversity in 

these ecosystems is under serious threat as they are considered extremely 

vulnerable to climate change and highly exposed to deforestation and biological 

invasion (Zamith and Scarano, 2006). As such, species displacement (Pecl et al., 

2017) and extinction (Waller et al., 2017), related  to climate change, may entail 

irreversible consequences to the many aspects of biodiversity and ecosystem 

services. Indeed, services such as sediment retention, protection from sea-level 

rise and extreme high tide events are key to human well-being and climate change 

mitigation (Scarano and Ceotto, 2015). 

Taxonomic diversity, i.e., the species composition and abundance at a 

given location and time, can be measured locally (alpha), among locations 

(beta) and regionally (gamma; Whittaker, 1972). Beta diversity indicates the 

degree of differentiation among communities and can be partitioned into two 

components: turnover and nestedness (Baselga, 2010). Disentangling these 

components allows beta diversity to be scaled up to regional levels (Socolar et 

al., 2016). The nestedness phenomenon occurs when the biotas of sites with 

less species are subsets of the biotas at richer sites, while spatial turnover 

denotes the replacement of some species by others due to environmental 

sorting and spatial constraints. Disentangling the beta diversity components 

represents an important tool for understanding the anthropogenic effects on the 

distribution of taxonomic diversity (Kraft et al., 2011). 

Climate change is predicted to alter the environment and, by extension, 

the spatial distribution of biodiversity and ecosystem functioning. Species may 
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locally adapt or track suitable conditions, however, given spatio-temporal 

restrictions to dispersal many species are expected to go locally extinct or 

retract their distribution leading to ecosystem degradation (Carpenter et al., 

2001; Colls et al., 2009). Evidence shows that species responses to climate 

change may lead to biotic homogenization or heterogenization of ecological 

communities with detrimental effects to biodiversity (Hidasi-Neto et al., 2019; 

Socolar et al., 2016; Zwiener et al., 2018). Such changes directly affect the 

delivery of ecosystem services crucial to human well-being (Díaz et al., 2007). 

A way to assess these changes is by measuring functional diversity (Hooper et 

al., 2005), which represents the combined expression of functional traits. 

Functional diversity is not equally affected by all species, as the set of functional 

traits of each species matters differently to ecosystem processes (Mouchet et 

al., 2010). Combining different facets of diversity (i.e., taxonomic and 

functional) may represent an effective approach to estimate the effects of 

climate change on ecosystem structure and processes. In fact, considering the 

current land use changes and increasing impacts of climate disturbances in 

tropical ecosystems, measuring the different biodiversity levels adequately 

could account as an urgent task in Latin America (see Pearson et al., 2019). 

Here we assessed the potential effects of climate change on woody 

plants of the Restinga vegetation in Brazil. Based on species checklists from 

local studies we generated ecological niche models and compiled functional 

traits for 796 woody plants to: i) predict the current and future distribution of 

taxonomic and functional diversities; ii) estimate the beta diversity between 

current and future scenarios and compare the relative contribution of turnover 

and nestedness; and iii) predict the distribution of functional traits 

indispensable to the delivery of multiple ecosystem services. Ultimately, our 

results contribute to the discussion of biotic homogenization and 

heterogenization that affect ecological communities and may jeopardize the 

conservation of biodiversity and human well-being. 

 

Methods 

 

Study region and occurrence data 
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The study encompasses the forest component of the Restinga vegetation 

of South and Southeastern Brazil (States of Espírito Santo, Rio de Janeiro, São 

Paulo, Paraná, Santa Catarina and Rio Grande do Sul; Fig. 1A), a  well-defined  

floristic  zone  in  historical and ecological terms (Marques et al., 2011). This 

vegetation is part of the Atlantic Forest complex, and include the Edaphic System 

of First Occupation and the Lowland Dense Rain forest in the Brazilian vegetation 

classification (IBGE, 1992). The study region was defined by overlapping the area 

of Edaphic System and Lowland Forest from the IBGE vegetation map 

(www.ibge.gov.br) and the area of Restinga vegetation from the SOS Mata 

Atlântica map (www.maps.sosma.org.br). We divided the study region (5 km2 

grid resolution) into five ecoregions – eco-0, eco-5, eco-12, eco-16 and eco-18 

(Fig. 1) – considering the regionalization proposed by Cantídio and Souza (2019), 

which was based on a spatially contiguous estimation of floristic dissimilarity and 

ecosystem variation. 

In order to create a checklist of woody plant species occurring in the 

Restinga vegetation, we gathered floristic and phytosociological studies from the 

literature based on a list previously compiled by Marques et al. (2015). The 

search resulted in 47 published studies, which were developed in 44 sites and 

comprised 796 native woody plant species (occurrence data ranged from 10 to 

2435 records) of 89 families. Henceforth, the occurrence data of each species 

was compiled from SpeciesLink (http://splink.cria.org.br/) and GBIF 

(http://gbif.org/). Synonymies and misspelled names were resolved using the 

information provided by specialists at Flora do Brasil 2020 

(http://floradobrasil.jbrj.gov.br/). See Appendix A for more details about the 

obtention and preparation of the occurrence data. 

 

Climatic data and ecological niche modeling 

 

A total of 19 climatic variables for future climate projections were 

compiled from the WorldClim database (Hijmans et al., 2005), which are based 

on the IPCC Fifth Assessment Report. The first six principal component 

analysis (PCA) axes from current conditions projected to three global climate 

models (CCSM4, GISS-E2-R and MIROC5) for 2050 optimistic (RCP 2.6) and 
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pessimistic (RCP 8.5) scenarios were chosen as proxy for the climatic 

variation in the region. These variables and the occurrence data of 796 woody 

species were used to estimate geographic distributions with ecological niche 

modeling (ENM) for the present time and for both 2050 scenarios (see details 

in Supplementary Material, Appendix A). Our models were performed in 

package ‘dismo’ (Hijmans et al., 2012) in R using the Maxent implementation, 

and considered all the assumptions stated by Peterson (2001). 

 

Species loss assessment 

 

In order to calculate the number and percentages of projected species 

loss, we compared the current distribution of the Restinga woody plant species 

to the future RCP 2.6 and 8.5 scenarios’ presence-absence matrices obtained 

from niche modeling. To determine the magnitude of distribution, we separated 

the species into range categories by calculating the quartiles based on the range 

of the most ubiquitous species (Securidaca diversifolia) and classifying the 

species in narrow (1st quartile), intermediate (2nd quartile) and wide (3rd and 

4th quartiles) distribution. In addition, we determined the pattern of range 

dynamics (i.e., expansion, retraction and stabilization) every species in each 

range category presented in both future scenarios. We also calculated the net 

retraction rate (expansion minus retraction) for each species. We considered 

a potential local extinction event when the species showed no suitability in the 

future scenarios (i.e, 100% retraction). 

 

Taxonomic beta diversity partitioning 

 

We partitioned beta diversity into nestedness and turnover components 

in order to estimate the taxonomic beta diversity – Sørensen total dissimilarity 

index (þsor) – of each ecoregion by calculating the sum of its components in 

the current, RCP 2.6 and RCP 8.5 scenarios. Simpson’s dissimilarity index 

(þsim) was used to represent turnover and nestedness was represented by 

Sørensen’s beta diversity component of nestedness (þsne). Further on, we took 

the present time presence–absence matrices to compute the dissimilarity for 
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each focal grid cell between present time and future scenarios considering 

þsim and þsne components of temporal change, and the sum of both values 

(i.e., þsor). Both analyses were calculated with the functions ‘beta.multi’ and 

‘beta.temp’, respectively, available in the ‘betapart’ package (Baselga and 

Orme, 2012; R Core Team, 2017). 

 

Plant traits and functional diversity 

 

Five functional traits for each species were compiled from the ‘UFPR Atlantic 

Forest trait’ dataset, complemented with information from the literature and herbaria. The 

traits used were maximum plant height (Hmax), wood density (WD), leaf area (LA), seed 

length (SL) and fruit length (FL). These traits were chosen because of their association to 

key ecological functions and services for these coastal forest ecosystems. The missing 

trait values were imputed with ‘phylopars’ function in ‘Rphylopars’ package (Goolsby et al., 

2017) considering the macroevolutionary parameters under the Brownian Motion model. 

The mean percentage of imputed trait data was 43%, what is considered reliable (Penone    

et al., 2014). For this procedure, we obtained a phylogenetic tree of all 796 species 

(Appendix C) from ‘V.PhyloMaker’ package (Jin and Qian, 2019), which is based on an 

extended version of the GBOTB megatree (Smith and Brown, 2018). All analyses were 

performed in R (R Core Team, 2017). 

To measure functional diversity, we calculated the community-

weighted mean of each trait mentioned above and the three components of 

functional diversity with the following multidimensional indices: functional 

richness (FRic), functional evenness (FEve) and functional divergence (FDiv; 

Villéger et al., 2008). The complementary nature of these facets allows us to 

fill the functional space of a community with the distributions and abundances 

of the species (Mouchet et al., 2010). While FRic defines the dimensions of the 

functional space by its volume, FEve describes how regularly of the species 

abundances are distributed in the functional space and FDiv, how far high 

species abundances are from the center of the functional space (Mouchet et 

al., 2010). All the functional metrics were calculated with the ‘dbFD’ function 

implemented in the ‘FD’ package (Laliberté and Shipley, 2011) and were 

performed in R (R Core Team, 2017). ENM’s environmental suitability index 

was used as a proxy of species abundance (Weber et al., 2017). 
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Analyses 

 

Two-way permutational ANOVA was used to compare the averages of 

the taxonomic beta diversity components (þsim, þsne and þsor), þsim and 

þsor temporal change and the functional diversity indices (FDiv, FEve, FRic 

and CWM of all five traits) of the climate scenarios (present, RCP 2.6 and 

RCP 8.5) for each ecoregion, using the ‘aovp’ function in the ‘lmPerm’ 

package (Wheeler and Torchiano, 2016). The datasets with significant 

variations were submitted to the Fisher’s Least Significant Difference test 

(LSD) employing Bonferroni’s correction with p < 0.05, using the ‘LSD.test’ 

function in the ‘agricolae’ package (Mendiburu, 2017; Table S1–5) performed 

in R (R Core Team, 2017). 

 

Results 

 

Species loss assessment 

 

Overall, our models suggested expressive losses in woody-plant species 

of the Restinga vegetation for future climatic scenarios (Fig. 1). The RCP 8.5 

presented more than three times higher species loss rate than RCP 2.6 (0.75% 

and 0.25%, respectively). The highest individual ecoregion proportional rate of 

projected species loss occurred in eco-5, the northernmost ecoregion (14% in 

RCP 2.6 and 19% in RCP 8.5), whilst the lowest was in eco-16, located in the 

central region of the study area (1% in RCP 2.6 and 1.6% in RCP 8.5; Fig. 1). 

Regarding the range dynamics, the species in the optimistic scenario exhibited 

10.0%, 80.5% and 9.7% of expansion, retraction and stabilization, respectively 

(Table S6). The pessimistic scenario showed a more contrasting pattern than the 

previous scenario as expansion and retraction presented even higher rates, 

reaching 11.3% and 82.7%, respectively, although stability was lower, 

representing 6.2 % of species only (Table S6). Furthermore, the optimistic 

scenario had not only a net retraction rate 1% lower than the pessimistic, but also 

a 3% higher stability rate. Comparing the patterns of range distribution with 
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present, 2050’s RCP 2.6 and RCP 8.5 showed that narrow distributions decrease 

(80.65%, 80.60% and 80.50%, respectively) whilst wide (6.03%, 6.04 and 6.07%, 

respectively) and intermediate distributions (13.31%, 13.35% and 13.41%, 

respectively) increase. 

 

Taxonomic beta diversity partitioning 

 

All beta diversity components significantly changed from the current 

scenario to the future scenarios (ANOVA, Table S2). In the whole area (eco-all) 

and all individual ecoregions, þsim was significantly higher (p < 0.05) than þsne 

within each scenario, except for eco-5, where þsne was higher than þsim (Table 

S1). Additionally, in all regions, þsor increased in the future scenarios (Fig. 2; 

Table S2). For all ecoregions, þsor was higher in RCP 8.5 than in RCP 2.6 and 

present scenarios. All the individual beta diversity measures (þsim, þsne and 

þsor) were higher in RCP 2.6 and RCP 8.5 than in the present scenario, except 

in eco-0, where the present þsim was indeed higher than in future scenarios 

(Table S2). Moreover, RCP 

8.5 showed even higher indices than RCP 2.6, except for the þsim of 

eco-5 and eco-12, where no significant difference was found. 

In the temporal pairwise comparison among scenarios, þsim and þsne 

of the present–RCP 2.6 pair were significantly higher than the present–RCP 8.5 

pair, except for þsim in eco-18 and þsne in eco-0, where there were no 

differences detected with ANOVA (Fig. S1; Table S3). 

 

Functional traits and diversity distribution 

 

Comparing the present time to future scenarios (RCP 2.6; RCP 8.5), 

the CWM for all five traits changed, in most ecoregions and for the whole study 

area (Fig. 3; Table S4). In addition, all five ecoregions did not show the same 

tendencies for changes in future scenarios, especially eco-0 (located at the 

southern limit of the study area), and eco-5 and eco-12 (the northernmost 

ecoregions; Fig. 3). In general, there was a decrease in maximum height 

(Hmax), except for the opposite result in eco-0, (Fig. 3A; Table 4), and    an 
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increase in stem wood density (SWD), seed length (SL) and fruit length (FL) 

(Figs. 3C, 3D and 3E, respectively; Table S4). Leaf area (LA) did not exhibit 

change for the whole area (eco-all), but eco-5 and eco-12 had increased 

values, whilst eco-16 and eco-18, decreased. 

 

Seemingly to the CWMs, the values within each functional diversity index 

showed a congruent pattern of variation in future scenarios (Fig. 4). Functional 

divergence (FDiv; Fig. 4A) and functional richness (FRic; Fig. 4C) decreased, 

whilst functional evenness (FEve; Fig. 4B) increased. The only exception was FDiv 

in eco-0, which increased in the pessimistic future scenario (Fig. 4A; Table S5). 

 

Discussion 

 

In general, we found that climate change has the potential    to critically 

alter the woody plant biodiversity in the Restinga vegetation by 2050. The 

results point to a potential taxonomic heterogenization and functional 

homogenization, which indicate the first stages of a sequential process of long-

term biodiversity loss and biotic homogenization. The gauged increase of 

taxonomic beta diversity in pessimistic future scenarios accompanied by the 

predicted loss of species suggests subtractive taxonomic heterogenization, 

where the loss of few highly ubiquitous species boosts beta diversity (Socolar 

et al., 2016). In addition, the higher turnover in relation to nestedness indicates 

the replacement of some ubiquitous species by non-ubiquitous ones despite the 

observed overall richness reduction. The combination of higher beta diversity 

values and species loss supports the heterogenization hypothesis, which 

states that an increase in beta diversity corresponds to a decrease in the mean 

of distribution range sizes either through the incursion of micro-endemic species 

(e.g., non-ubiquitous species) into the study area or through the net contraction 

of species ranges (Ochoa-Ochoa et al., 2012). Nevertheless, the decrease in 

the number of narrow-ranged species may be a sign that some non-ubiquitous 

and/or endemic species are predicted to be lost, what may contribute to a 

process of taxonomic homogenization in the future. Regarding the functional 

dimension, however, we observed an ongoing process of functional 
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homogenization whereby the mean of key traits changes and clings towards one 

direction. Future environmental filters will potentially constrain species 

functional diversity to more acclimated trait values, narrowing the functional 

space. The taxonomic and functional outcomes forecast by our results are 

alarming, considering that human impacts extend beyond the climatic factors, 

therefore the estimated detrimental impacts on biodiversity are likely 

conservative and may act in synergy with other anthropogenic impacts, 

potentially leading to an even worse scenario of expressive loss of biodiversity 

and functions (Hidasi-Neto et al., 2019; Prieto-Torres et al., 2020). 

Climate change may impose particular ecological filters that constrain 

the occurrence of trait diversity. At a single trophic level, disturbance, if in low 

intensity and frequency, may increase species richness (McCabe and Gotelli, 

2000), on the other hand, it may lead to species loss, as only species at a 

certain range of the functional traits are allowed to establish and perpetuate. 

As our models predicted species loss in local, regional and continental scales, 

climate change in the Restinga vegetation may represent an intense and 

growing disturbance phenomenon. The regional scale (study area), 

representing gamma diversity, may witness the loss of two species in the 

optimistic scenario and six species in the pessimistic, all with narrow 

distribution. The models indicated that the species Unonopsis aurantiaca may 

disappear in both contrasting future scenarios of the study area where it is 

endemic, what endorses the concerning result of our models. In the more 

localized scale (ecoregions), species loss reached striking levels, making up to 

134 of projected lost species by eco-5 in the pessimistic scenario, which 

represents 19% of its current estimated woody plant species number. 

Moreover, the unsettling levels of species loss and displacement will potentially 

hinder ecosystem processes in the Restinga vegetation and, by extension, the 

provision of ecosystem services crucial to human well-being. 

The general projected increase of wood density and decrease of 

maximum height (and leaf area in a couple of ecoregions) suggest that these 

ecosystems might face dryer and warmer environmental conditions in 2050, as 

woody plant species are driven towards a more conservative ecological 

strategy, although further studies are necessary to explore this matter. The 
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above-mentioned homogenization of functional diversity is attributed to the 

decrease of two out of the three aspects of functional diversity measures, FRic 

and FDiv. This outcome indicates a narrower functional space with declining 

species abundances in more extreme trait values. Although FEve showed, 

instead, an overall increase in future projections, this result is rather expected, 

considering the significant loss of projected species richness and 

environmental suitability (proxy of abundance). Moreover, an increase in FEve, 

coupled with a decrease in FRic, has been observed in the latitudinal gradient 

of taxonomic diversity (Schumm et al., 2019) and after mass extinction events 

(Edie et al., 2018). In these cases, despite major loss of species, the majority 

of, if not all, functional groups will persist, even with very few species and lower 

abundances, so the distribution of the species’ abundances tends to be more 

uniform. 

The Restinga is one of the most vulnerable marginal ecosystems of the 

Atlantic Forest (Scarano, 2009). Our models have indicated drastic effects of 

climate change on the diversity and functionality of these systems in a near 

future. Nevertheless, other current menaces such as deforestation, biological 

invasion and land-use change (Zamith and Scarano, 2006) are not expected 

to decrease nor cease in the near future, and they can act in synergy with 

climate change. The future conservation of the Restinga can be more uncertain 

than the outcome pointed out in this work, as we have addressed only one 

threat. It is important to highlight that this vegetation is typically composed by 

species with high phenotypic plasticity (Zamith and Scarano, 2006), which 

could affect species distribution. Another relevant aspect is that part of these 

Restinga plant communities is also structured by the facilitation process, 

especially in non-forest areas at initial stages of succession (Dalotto et al., 

2018). Thus, incorporating the information on the species phenotypic plasticity, 

biological interactions and even considering sea-level rise in future models 

could promote higher refinement to predictions of the effects of climate change 

on the Restinga vegetation. 

The used method for estimating abundance from environmental 

suitability is a practical approach to capture changes in species distributions 

and their functionalities. Despite the evidence of significant correlation 
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between the suitability index and abundance, several factors may contribute to 

some degree of uncertainty in the results. For instance, (i) ENMs may 

inaccurately estimate species-environment correlation due to limited 

environmental representability within accessible areas; (ii) local factors and 

biological interactions not anticipated by the models may limit the occurrence 

of species at a given site; and (iii) correlative models assume niche stability, 

when in fact it is dynamic. In spite of the methodological limitations and 

associated uncertainty, ENM endorses conjecturing over large spatial and 

temporal scales, and allows exploring macroecological community assembly 

processes (Distler et al., 2015). 

Understanding the relationship between the distribution of the 

taxonomic and functional facets of biodiversity across spatio-temporal scales 

and different scenarios is crucial to guide conservation strategies that deal with 

the uncertainty of the future. The predicted higher future turnover associated 

to decreasing species richness should be considered when planning 

protected areas in the Restinga vegetation, otherwise it would risk losing 

species and functions (Tuomisto et al., 2003). Moreover, the conservation of 

the Restinga is also vulnerable to law subterfuges (Marques et al., 2015). 

Tackling this and many other issues to attain healthier ecosystems is 

paramount not only for the intrinsic value and maintenance of the Atlantic 

Forest biodiversity, but also to preserve ecosystem services essential to the 

prevalence of the Brazilian coastal natural wonders as well as the traditional 

peoples and communities that rely on its integrity. 
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FIGURES  

 

Fig. 1. Study ecoregions eco-0, -5, -12, -16 and -18 plus eco-all – assigning to the whole summed up 
area – (A), current number of species (B), and future projected species loss (C and D). A buffer of 20 
km was created around the final ecoregions to fit the shapefiles and the distribution raster resolution 
and to better integrate the total area, specially the isolated and smaller ones, in more detail. 

 

Fig. 2. Boxplots of each taxonomic Sørensen's beta diversity (βsor) and its components of turnover 
(βsim) and nestedness (βsne) in five ecoregions (A, B, C, D and E) and in the whole area (F) in the 
present and future scenarios. 
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Fig. 3. Functional traits' community-weighted mean (CWM) boxplots of five functional traits in five ecoregions (eco-0, eco-5, eco-12, eco-16 and eco-18) and in the 
whole area (eco-all) at the present and in future scenarios. 
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Fig. 4. Functional diversity indices boxplots (FDiv (A), FEve (B) and FRic (C)) in five ecoregions (eco-
0, -5, -12, -16 and -18) and in the whole area (eco-all) at the present and in future scenarios. 
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Appendix A – Supplementary material 

 

Methods for climatic data and ecological niche modeling 

 

Species occurrence data 

The 144,375-occurrence data from 796 woody plant species collected from 

SpeciesLink and GBIF databases were projected in ArcGis and cleaned up. This 

process consists in excluding problematic and imprecise occurrence data like 

duplicated and improbable points such as those on the sea and out of the distribution 

range according to Flora do Brasil (http://floradobrasil.jbrj.gov.br/) and Tropicos 

(http://www.tropicos.org/). After cleaning species occurrence data, we applied a spatial 

filtering procedure to reduce sampling bias. Occurrences from the same species that 

were closer than 20 km were excluded and we also only considered species that 

contained a minimum of 10 occurrences points inside South America, after data 

cleaning and spatial filtering. We opted for 20 km based on assessment of the number 

of species having a minimum of 10 occurrences. In fact, increasing such filtering 

distance (e.g., 25 km) would drastically reduce the number of species with at least 10 

occurrences in the study, whereas considering smaller distances and species with less 

than 10 occurrences could lead to biased models (Zwiener et al., 2020). Increasing 

such filtering distance would drastically reduce the number of species in the study, 

whereas considering smaller distances and species with less than 10 occurrences 

could lead to biased models. We used the Maxent implementation in the ‘dismo’ 

(Hijmans et al.,2012) R package, all feature classes (as the default), raw output, and 

no clamping. It is important to highlight that for this study, despite that WorldClim 1.4 

uses climatic variables from 1960 to 1990, the species occurrences are not restricted 
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to that period of time. 

Climatic data 

Climatic variables were compiled from the WorldClim 1.4 database (Hijmans 

et al., 2005) at a spatial resolution of 5’. The 19 variables summarize precipitation 

and temperature tendencies and represent annual seasonal tendencies as well as 

limiting and extreme environmental drivers (Hijmans et al., 2005). The set of variables 

for future climate projections was chosen based on the IPCC Fifth Assessment 

Report. We selected the global climate models (GCM) CCSM4, GISS-E2-R and 

MIROC5 and two contrasting representative concentration pathways (RCP 2.6 and 

RCP 8.5) for the year 2050 (the average for 2041-2060). The GCMs were selected 

based on the variability of climate predictions. We randomly sampled 1,000 pixels of 

bioclimatic rasters from all GCMs of the CMIP5 (Coupled Model Intercomparison 

Project Phase 5) RCP 2.6 and RCP 8.5 scenarios, available for 2050 in the WorldClim 

database, extracted the respective bioclimatic variables and performed a non-metric 

multidimensional scaling (NMDS) based on Euclidean distances. We selected 

contrasting GCMs, in terms of predictions, based on the ordination plot of the NMDS. 

Hereupon, the bioclimatic variables were submitted to principal component analysis 

(PCA) in order to reduce the dimensionality and collinearity of environmental layers, 

which was based on a correlation matrix of standardized variables. Finally, we chose 

the first six principal components axes as a proxy for the climatic variables in the 

ecological niche modeling, as they account for >95% of the variation. Moreover, 

despite WorldClim 1.4 uses climatic variables from 1960 to 1990, the species 

occurrences are not restricted to that period of time. 

Ecological niche modeling 
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Ecological niche modeling approach was used to predict suitable areas where 

each species could naturally occur in the present and in the future, based on 19 

WorldClim (Hijmans et al., 2005) environmental variable models and potential 

dispersal dynamics. Its core assumptions are that environmental conditions are crucial 

components of a species’ ecological niche and that the equilibrium between them has 

been reached where they occur (Peterson et al., 2011; Soberón and Nakamura, 2009). 

Other assumptions are that species interactions play null or little effect on large-scale 

distributional patterns (Soberón and Nakamura, 2009; but see Anderson, 2017; Inderjit 

et al., 2017), and that phenotypic plasticity would potentially take place despite the fact 

it is unlikely to be precisely predicted in order to be incorporated into niche modeling. 

As dispersal is a pivotal factor in determining species distributions, a calibration area 

buffer of either 100 or 200 kilometers - for restricted (i.e., regional) and wide (i.e., 

continental) distributions, respectively – was created around each occurrence point 

and a convex hull polygon of minimum bounding geometry was drawn in ArcGIS. The 

resulting polygon represented the M dimension, which depicts the potential areas 

where the species could physically reach, and was used in the niche modeling. 

The maximum entropy (Maxent) method was used to construct niche models 

(Phillips et al., 2006). It was chosen over other available modeling methods given its 

high performance and suitability for presence-only data (Elith et al., 2006; Peterson 

et al., 2011). The settings were: five bootstraps replications, raw output and a 

threshold of 5% lower values of training presences over the mean estimate to produce 

binary predictions (Merow et al., 2013; Peterson et al., 2011). Other settings were 

kept as the default. 

The geographical distribution estimates for each species in the future were 

derived from overlaying the thresholded projections of the three global circulation 
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models and selecting only the areas where the three models overlapped. The climatic 

data and ENM processing were performed with the package 'dismo' (Hijmans, et al., 

2012) and scripts available at https://github.com/narayanibarve/ENMGadgets. All 

analyses in this work were performed in R (R Core Team, 2017). 

To evaluate models, we randomly split the data into training (70%) and testing 

(30%) datasets. Due to lack of true absence data, we used omission error as a 

performance metric using the function ‘kuenm_omrat’, implemented in the R package 

‘kuenm’ (https://github.com/marlonecobos/kuenm) with default parameters (threshold 

= 5). We only considered models that presented error rate ≤ 5% on testing data. Final 

models were calibrated with all occurrences and applied in the subsequent biodiversity 

analyses. 
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Figures and tables 

 Fig. 
S1. Temporal pairwise comparison boxplots for each ecoregion in each present-future scenario pair. 

Table S1. βsim and βsne comparison in each scenario ANOVA (DF = 1) and Fisher's LSD (post hoc) 
results in each ecoregion ('ecoreg') and scenario. Significance codes:  0 (***), 0.001 (**), 0.01 (*) and 
0.05 (٠). 
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Table S2. ANOVA (DF = 2) and Fisher's LSD (post hoc) results of βsim, βsne and βsor comparison 
among all three scenarios, with each variable ('var.') in each ecoregion ('ecoreg.'). Significance codes:  
0 (***), 0.001 (**), 0.01 (*) and 0.05 (٠). 

 

 

 

Table S3.  ANOVA (DF = 1) and Fisher's LSD (post hoc) results of the temporal βsim and βsne 
comparison among the pairwise scenarios, with each variable ('var.') in each ecoregion ('ecoreg'). 
Significance codes:  0 (***), 0.001 (**), 0.01 (*) and 0.05 (٠). 
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Table S4. ANOVA (DF = 2) and Fisher's LSD (post hoc) results of the community-weighted means 
comparison among all three scenarios, with each variable ('var.') in each ecoregion ('ecoreg.'). 
Significance codes:  0 (***), 0.001 (**), 0.01 (*) and 0.05 (٠). 

 

Table S5. ANOVA (DF = 2) and Fisher's LSD (post hoc) results of the functional diversity indices 
comparison among all three scenarios, with each variable ('var.') in each ecoregion ('ecoreg.'). 
Significance codes:  0 (***), 0.001 (**), 0.01 (*) and 0.05 (٠).  
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Table S6. Number of species in each range category for the study area in the climatic scenarios. 

 

 

Phylogenetic tree 

(((((((((((((((Symphyopappus_casarettoi:45.259634,Moquiniastrum_polymorphum:45.259634,((((Austroeupatorium_inulaefoliu

m:17.695347,Tithonia_diversifolia:17.695347):5.294113,(Baccharis_singularis:1.787296,Baccharis_semiserrata:1.787296,Ba

ccharis_patens:1.787296,Baccharis_oblongifolia:1.787296,Baccharis_longiattenuata:1.787296,Baccharis_lateralis:1.787296,

Baccharis_crispa:1.787296,Baccharis_dracunculifolia:1.787297):21.202163):7.684679,((Eremanthus_erythropappus:9.35600

8,(Piptocarpha_axillaris:2.231807,Piptocarpha_angustifolia:2.231807,Piptocarpha_rotundifolia:2.231808):7.1242):2.527079,(V

ernonanthura_puberula:1.079406,Vernonanthura_petiolaris:1.079406,Vernonanthura_discolor:1.079406,Vernonanthura_beyri

chii:1.079406):10.80368):18.791052):7.620132,(Trixis_antimenorrhoea:18.180717,Stifftia_chrysantha:18.180717):20.113554)

:6.965364,Dasyphyllum_spinescens:45.259635):47.472002,Escallonia_bifida:92.731637):0.998575,(((((((Schefflera_calva:0.6

26424,Schefflera_angustissima:0.626424):4.240055,((Schefflera_selloi:0.471605,Schefflera_macrocarpa:0.471605):1.501848

,Schefflera_morototoni:1.973453):2.893026):7.442248,(Oreopanax_fulvus:6.730207,Oreopanax_capitatus:6.730208):5.57851

9):0.082152,(Dendropanax_monogynus:10.14907,Dendropanax_australis:10.14907,Dendropanax_cuneatus:10.149071):2.24

1808):6.471233,Schefflera_vinosa:18.862111):5.692138,Aralia_warmingiana:24.554249):61.086405,Sambucus_australis:85.
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640655):8.089557):8.962629,((Ilex_theezans:41.28482,Ilex_taubertiana:41.28482,Ilex_psammophila:41.28482,Ilex_cerasifoli

a:41.28482,((Ilex_brevicuspis:16.878146,Ilex_integerrima:16.878146):16.251237,(Ilex_pseudobuxus:13.897009,Ilex_brasilien

sis:13.897009):19.232374):8.155438,((Ilex_dumosa:25.186799,Ilex_affinis:25.186799):10.589746,Ilex_paraguariensis:35.776

545):5.508276):50.689093,(Citronella_paniculata:12.834141,Citronella_gongonha:12.834141):79.139772):10.718927):4.0485

7,(((((((Aegiphila_integrifolia:30.609562,(Vitex_sellowiana:10.068114,Vitex_rufescens:10.068114,Vitex_polygama:10.068114,

Vitex_megapotamica:10.068114,Vitex_cymosa:10.068114):20.541448):16.661875,((Justicia_cydoniifolia:47.034667,(Paratec

oma_peroba:42.663836,(((Handroanthus_vellosoi:2.91547,Handroanthus_umbellatus:2.91547,Handroanthus_pulcherrimus:2.

91547,Handroanthus_heptaphyllus:2.91547,Handroanthus_arianeae:2.91547,Handroanthus_albus:2.91547,((Handroanthus_

serratifolius:1.650559,Handroanthus_impetiginosus:1.650559):0.286641,Handroanthus_chrysotrichus:1.9372):0.978271,Han

droanthus_ochraceus:2.915471):5.721857,Sparattosperma_leucanthum:8.637328):0.022101,((Tabebuia_roseoalba:3.109046

,Tabebuia_obtusifolia:3.109046,Tabebuia_elliptica:3.109046,Tabebuia_cassinoides:3.109046,Tabebuia_aurea:3.109046):5.5

45645,(Zeyheria_tuberculosa:6.470976,Cybistax_antisyphilitica:6.470976):2.183716):0.004737):34.004408,(Jacaranda_pube

rula:2.916159,Jacaranda_obovata:2.916159,Jacaranda_micrantha:2.916159,Jacaranda_macrantha:2.916159,Jacaranda_jas

minoides:2.916159,Jacaranda_cuspidifolia:2.916159,Jacaranda_bracteata:2.916159):39.747677):4.370831):0.129346,(((((La

ntana_undulata:2.5881,Lantana_canescens:2.588101,Lantana_fucata:2.588101):1.805919,Lantana_camara:4.39402):6.3364

23,Aloysia_virgata:10.730443):14.007716,(Citharexylum_solanaceum:2.027727,Citharexylum_myrianthum:2.027727):22.710

431):1.115837,Duranta_vestita:25.853995):21.310018):0.107424):23.749171,(Chionanthus_trichotomus:11.824713,Chionant

hus_micranthus:11.824713,Chionanthus_filiformis:11.824714):59.195895):17.227168,((Cordia_silvestris:20.666078,Cordia_m

agnoliifolia:20.666078,(((Cordia_trichoclada:5.524192,Cordia_ecalyculata:5.524192):0.961626,Cordia_sellowiana:6.485818):

2.062477,((Cordia_rufescens:1.264481,Cordia_taguahyensis:1.264481):0.399853,Cordia_superba:1.664334):6.883961):12.1

17784,(Varronia_polycephala:1.8390385,Varronia_curassavica:1.8390395):18.8270395):2.600357,((Cordia_alliodora:9.6214

37,Cordia_trichotoma:9.621437):4.737054,Cordia_americana:14.358491):8.907945):64.981341):1.503291,(((Salzmannia_niti

da:49.749508,Melanopsidium_nigrum:49.749508,(Emmeorhiza_umbellata:24.814736,(((Psychotria_vellosiana:8.484115,Psyc

hotria_suterella:8.484115,Psychotria_nuda:8.484115,Psychotria_longipes:8.484115,Psychotria_leiocarpa:8.484115,Psychotri

a_laciniata:8.484115,Psychotria_hoffmannseggiana:8.484115,Psychotria_hastisepala:8.484115,Psychotria_brachypoda:8.48

4115,Psychotria_brachyceras:8.484115,Psychotria_bahiensis:8.484115,(Psychotria_carthagenensis:6.407796,Psychotria_ma

pourioides:6.407796):2.07632):6.573124,(((Rudgea_reticulata:9.74195,Rudgea_recurva:9.74195,Rudgea_parquioides:9.741

95,Rudgea_jasminoides:9.74195,Rudgea_coronata:9.74195,Rudgea_coriacea:9.74195,Rudgea_viburnoides:9.741951):1.31

5291,Palicourea_marcgravii:11.057241):1.976425,Psychotria_deflexa:13.033667):2.023573):9.19829,(((Faramea_picinguaba

e:6.61292,Faramea_montevidensis:6.61292,Faramea_latifolia:6.61292,Faramea_multiflora:6.612921):7.762884,(Coussarea_

meridionalis:2.850119,Coussarea_contracta:2.850119,Coussarea_hydrangeifolia:2.85012):11.525685):3.728546,Coccocypse

lum_capitatum:18.10435):6.151179):0.559206):24.934773,(((((((((Tocoyena_sellowiana:1.418491,Tocoyena_bullata:1.41849

1,Tocoyena_formosa:1.418492):0.389761,Randia_ferox:1.808252):0.070448,Randia_armata:1.878701):3.892958,(Genipa_a

mericana:2.2553505,Genipa_infundibuliformis:2.2553505):3.5163085):1.094287,((Amaioua_pilosa:0.811564,Amaioua_interm

edia:0.811564,Amaioua_guianensis:0.811565):2.799263,(Alibertia_edulis:2.469399,(Cordiera_sessilis:1.2346985,Cordiera_m

yrciifolia:1.2346985,Cordiera_concolor:1.2346995):1.2346995):1.141429):3.255118):8.32502,(Ixora_gardneriana:4.874623,Ix

ora_brevifolia:4.874623):10.316342):8.446184,(Posoqueria_latifolia:0.733045,Posoqueria_longiflora:0.733045):22.904105):0.

230162,(Rustia_formosa:7.230677,(Alseis_involuta:1.812312,Alseis_floribunda:1.812313):5.418364):16.636635):4.157811,(((
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Ladenbergia_hexandra:17.426409,((Guettarda_viburnoides:2.342467,Guettarda_platypoda:2.342467,Guettarda_uruguensis:

2.342468):0.753368,(Chomelia_parvifolia:3.08523,Chomelia_brasiliana:3.08523):0.010605):14.330574):0.250739,(Chiococca

_nitida:5.478724,Coutarea_hexandra:5.478724):12.198425):10.188589,((Schizocalyx_cuspidatus:5.422328,(Bathysa_mendo

ncaei:0.736868,Bathysa_australis:0.736868,Bathysa_gymnocarpa:0.736869):4.68546):2.449772,(Simira_sampaioana:3.8530

78,Simira_glaziovii:3.853078):4.019022):19.993637):0.159385):21.724386):17.978354,((Malouetia_cestroides:30.894504,(((((

(((Tabernaemontana_catharinensis:0.335348,Tabernaemontana_hystrix:0.335348):0.428952,(Tabernaemontana_salzmannii:

0.740195,Tabernaemontana_laeta:0.740195):0.024105):3.944465,Tabernaemontana_flavicans:4.708765):5.685578,Macoub

ea_guianensis:10.394343):12.609999,Hancornia_speciosa:23.004342):0.437262,(Rauvolfia_grandiflora:6.962809,Rauvolfia_

mattfeldiana:6.96281,Rauvolfia_sellowii:6.96281):16.478794):2.000493,(Himatanthus_phagedaenicus:2.6220345,Himatanthu

s_obovatus:2.6220355):22.8200615):0.830546,((Aspidosperma_tomentosum:7.393327,Aspidosperma_subincanum:7.393327

,Aspidosperma_riedelii:7.393327,Aspidosperma_ramiflorum:7.393327,Aspidosperma_pyrifolium:7.393327,Aspidosperma_pyri

collum:7.393327,Aspidosperma_polyneuron:7.393327,Aspidosperma_parvifolium:7.393327,Aspidosperma_olivaceum:7.3933

27,Aspidosperma_illustre:7.393327,Aspidosperma_discolor:7.393327,(Aspidosperma_cylindrocarpon:6.971601,Aspidosperm

a_australe:6.971601):0.421727,Aspidosperma_spruceanum:7.393328):2.162122,Geissospermum_laeve:9.55545):16.717193

):4.621862):29.153,(Strychnos_trinervis:9.515945,Strychnos_parvifolia:9.515945,Strychnos_brasiliensis:9.515945):50.531559

):7.680358):18.185274,((((Solanum_sycocarpum:12.514136,Solanum_swartzianum:12.514136,Solanum_stipulatum:12.5141

36,Solanum_sanctaecatharinae:12.514136,Solanum_pseudoquina:12.514136,Solanum_martii:12.514136,Solanum_jussiaei:

12.514136,Solanum_insidiosum:12.514136,Solanum_granulosoleprosum:12.514136,Solanum_castaneum:12.514136,Solanu

m_caavurana:12.514136,Solanum_bullatum:12.514136,(((((Solanum_torvum:1.952262,Solanum_paniculatum:1.952262):5.09

6455,Solanum_lycocarpum:7.048717):0.440616,Solanum_wacketii:7.489333):2.564361,Solanum_mauritianum:10.053694):0.

240852,Solanum_diploconos:10.294546):2.219591):5.88232,((Acnistus_arborescens:6.104502,Vassobia_breviflora:6.104502

):6.535289,Aureliana_fasciculata:12.639791):5.756666):0.972875,Dyssochroma_viridiflora:19.369332):18.212214,(((Cestrum

_strigilatum:2.544406,Cestrum_schlechtendalii:2.544406,Cestrum_axillare:2.544406):2.430886,Sessea_regnellii:4.975293):2

6.811666,Metternichia_principis:31.786959):5.794587):48.331591):3.837931):11.795448,(Emmotum_affine:0.001015,Emmot

um_nitens:0.001016):101.5455):0.841058,Leretia_cordata:102.387574):4.353837):5.599318,(((((Gaylussacia_brasiliensis:19.

444381,(Agarista_revoluta:7.5746685,Agarista_eucalyptoides:7.5746695):11.8697115):59.781714,(Clethra_uleana:8.287598,

Clethra_scabra:8.287599):70.938496):14.007353,((Symplocos_laxiflora:23.553149,((Symplocos_pubescens:0.217407,Sympl

ocos_uniflora:0.217407):0.211833,Symplocos_nitens:0.42924):23.12391):57.632084,(Styrax_glabratus:7.979614,((Styrax_le

prosus:2.872789,(Styrax_ferrugineus:2.226078,Styrax_camporum:2.226078):0.646711):1.19739,Styrax_pohlii:4.070179):3.90

9436):73.205619):12.048214):1.649845,(((((Myrsine_parvula:5.576693,Myrsine_parvifolia:5.576693,Myrsine_lineata:5.57669

3,Myrsine_laetevirens:5.576693,Myrsine_hermogenesii:5.576693,Myrsine_guianensis:5.576693,Myrsine_gardneriana:5.5766

93,Myrsine_coriacea:5.576693,(Myrsine_venosa:0.569213,Myrsine_umbellata:0.569213):5.007481):1.422381,(Cybianthus_d

ensiflorus:3.331649,Cybianthus_peruvianus:3.33165,Cybianthus_brasiliensis:3.33165):3.667425):45.051879,(Jacquinia_armil

laris:13.454124,Clavija_spinosa:13.454125):38.596829):34.903644,((Diospyros_lasiocalyx:10.08508,Diospyros_inconstans:1

0.08508,Diospyros_brasiliensis:10.08508,Diospyros_apeibacarpos:10.08508):62.424236,((Cariniana_estrellensis:25.8534195

,Cariniana_legalis:25.8534195):25.8534195,(((Eschweilera_ovata:16.033543,(Lecythis_lurida:15.270225,(Lecythis_pisonis:6.

420922,Lecythis_lanceolata:6.420922):8.849304):0.763317):1.05962,Couratari_asterotricha:17.093162):14.860259,Gustavia

_augusta:31.953421):19.753418):20.802477):14.445281):7.403593,((((((((Pouteria_psammophila:8.286368,Pouteria_procera:
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8.286368,Pouteria_pachycalyx:8.286368,Pouteria_coelomatica:8.286368,Pouteria_butyrocarpa:8.286368,Pouteria_bullata:8.

286368,(Pouteria_ramiflora:7.605919,(Pouteria_reticulata:6.180708,Pouteria_gardneri:6.180708):1.425211):0.68045,(((Poute

ria_torta:0.775776,Pouteria_caimito:0.775776):0.552628,Pouteria_guianensis:1.328404):5.150859,Pouteria_durlandii:6.4792

63):1.807106):0.094325,(Pradosia_lactescens:8.130328,(Pouteria_beaurepairei:2.573643,Pouteria_gardneriana:2.573643):5.

556685):0.250366):0.200381,(Chrysophyllum_viride:8.307892,Chrysophyllum_marginatum:8.307892,Chrysophyllum_lucentif

olium:8.307892,Chrysophyllum_januariense:8.307892,Chrysophyllum_inornatum:8.307892,Chrysophyllum_gonocarpum:8.30

7892,Chrysophyllum_flexuosum:8.307892):0.273182):0.053813,((Pouteria_venosa:4.491077,Pouteria_grandiflora:4.491077):

3.976506,Chrysophyllum_splendens:8.467583):0.167305):0.096449,Diploon_cuspidatum:8.731337):0.624165,(Ecclinusa_ra

miflora:8.786558,(Micropholis_venulosa:6.066939,Micropholis_crassipedicellata:6.066939):2.719619):0.568944):10.015296,((

Manilkara_maxima:1.740219,(Manilkara_subsericea:0.196782,Manilkara_salzmannii:0.196782):1.543437):16.865139,Siderox

ylon_obtusifolium:18.605358):0.76544):42.541001,Laplacea_fruticosa:61.911798):32.446392):0.525102):4.822744,Ternstroe

mia_brasiliensis:99.706037):12.634692):7.533505,(((((Pilosocereus_arrabidae:6.680302,(Cereus_jamacaru:1.868444,(Cereu

s_fernambucensis:1.590504,Cereus_hildmannianus:1.590504):0.277941):4.811858):14.888882,(Brasiliopuntia_brasiliensis:2

1.407977,Pereskia_aculeata:21.407977):0.161208):61.386254,((Leucaster_caniflorus:56.079877,(((Pisonia_zapallo:8.306363

,Pisonia_ambigua:8.306363):5.132333,(Guapira_pernambucensis:3.667341,Guapira_obtusata:3.667341,Guapira_noxia:3.66

7341,Guapira_nitida:3.667341,Guapira_laxiflora:3.667341,Guapira_graciliflora:3.667341,Guapira_opposita:3.667342):9.7713

55):20.006114,Bougainvillea_glabra:33.444811):22.635067,(Andradea_floribunda:14.446272,Ramisia_brasiliensis:14.446272

):41.633606):15.360937,((Gallesia_integrifolia:33.96882,Seguieria_langsdorffii:33.96882):36.364504,Phytolacca_dioica:70.33

3324):1.107491):11.514624):4.895165,Achatocarpus_praecox:87.850604):19.200704,((Ruprechtia_laxiflora:15.895847,((Tripl

aris_weigeltiana:5.00347,Triplaris_gardneriana:5.00347):1.105446,Triplaris_americana:6.108916):9.786931):16.89156,(Cocc

oloba_warmingii:8.10879,Coccoloba_glaziovii:8.10879,Coccoloba_declinata:8.10879,Coccoloba_cordata:8.10879,Coccoloba

_arborescens:8.10879,Coccoloba_alnifolia:8.10879,Coccoloba_mollis:8.108791):24.678616):74.263901):12.822926):1.51043

1,((((Schoepfia_brasiliensis:81.472735,(Jodina_rhombifolia:80.620128,(Agonandra_excelsa:11.406315,Agonandra_brasiliensi

s:11.406315):69.213812):0.852608):13.916853,Dulacia_papillosa:95.389588):1.184977,((Cathedra_rubricaulis:16.110806,Ca

thedra_bahiensis:16.110807):77.959697,Ximenia_americana:94.070504):2.504062):7.009373,(Tetrastylidium_grandifolium:9

7.789982,(Heisteria_perianthomega:32.776527,Heisteria_silvianii:32.776528):65.013454):5.793957):17.800726):1.196363,C

uratella_americana:122.581028):1.153209,((((((Stylosanthes_viscosa:84.763337,Samanea_tubulosa:84.763337,Lachesioden

dron_viridiflorum:84.763337,Guilandina_bonduc:84.763337,(Dimorphandra_jorgei:42.3816685,Dimorphandra_mollis:42.3816

685):42.3816685,Deguelia_hatschbachii:84.763337,Arapatiella_psilophylla:84.763337,((((((((Erythrina_verna:4.131738,Erythri

na_velutina:4.131738,Erythrina_fusca:4.131738,Erythrina_falcata:4.131738,Erythrina_cristagalli:4.131738,Erythrina_speciosa

:4.131739):37.793874,Platycyamus_regnellii:41.925613):2.128016,(((Lonchocarpus_sericeus:8.453211,(Dahlstedtia_muehlb

ergiana:5.45491,(Dahlstedtia_pentaphylla:2.727454,Dahlstedtia_pinnata:2.727455,Dahlstedtia_floribunda:2.727455):2.72745

5):2.998301):10.731941,(Lonchocarpus_nitidus:10.567518,Lonchocarpus_cultratus:10.567518,Lonchocarpus_campestris:10.

567518):8.617633):20.265851,Abrus_precatorius:39.451003):4.602626):20.162297,((((Crotalaria_vitellina:55.685511,(Poecila

nthe_parviflora:12.81778,(Poecilanthe_falcata:11.983301,Poecilanthe_ulei:11.983301):0.834479):42.867732):3.521698,(((((D

albergia_villosa:11.697899,Dalbergia_nigra:11.697899,Dalbergia_frutescens:11.697899,Dalbergia_brasiliensis:11.697899,Da

lbergia_ecastaphyllum:11.6979,Dalbergia_miscolobium:11.6979):14.015041,(Machaerium_villosum:9.281113,Machaerium_st

ipitatum:9.281113,Machaerium_scleroxylon:9.281113,Machaerium_pedicellatum:9.281113,Machaerium_paraguariense:9.281
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113,Machaerium_nyctitans:9.281113,Machaerium_lanceolatum:9.281113,Machaerium_hirtum:9.281113,Machaerium_hatsch

bachii:9.281113,Machaerium_fulvovenosum:9.281113,Machaerium_brasiliense:9.281113,Machaerium_acutifolium:9.281113):

16.431827):16.83405,((((Pterocarpus_rohrii:11.465997,(Centrolobium_tomentosum:1.78553,((Centrolobium_sclerophyllum:1.

086821,Centrolobium_microchaete:1.086821):0.451957,Centrolobium_robustum:1.538778):0.246753):9.680466):12.381741,(

Platypodium_elegans:20.728725,Grazielodendron_riodocensis:20.728725):3.119013):2.011397,Acosmium_lentiscifolium:25.

859135):10.906174,Geoffroea_spinosa:36.765309):5.781682):16.319519,((Sophora_tomentosa:37.991003,((Leptolobium_bij

ugum:10.503739,Bowdichia_virgilioides:10.50374):6.664924,(Diplotropis_purpurea:1.889656,Diplotropis_incexis:1.889656):1

5.279008):20.822339):4.738289,Ormosia_arborea:42.729292):16.137218):0.333846,(Myroxylon_peruiferum:9.861717,Myroc

arpus_frondosus:9.861717):49.338639):0.006854):1.93926,(((Luetzelburgia_guaissara:16.474945,Vatairea_macrocarpa:16.4

74945):1.483369,Sweetia_fruticosa:17.958314):5.506298,Vataireopsis_araroba:23.464612):37.681858):1.230968,(((((Ateleia

_glazioveana:33.373256,(Swartzia_oblata:9.544143,Swartzia_macrostachya:9.544143,Swartzia_langsdorffii:9.544143,Swartz

ia_acutifolia:9.544143,(Swartzia_flaemingii:7.955741,(Swartzia_apetala:7.621494,Swartzia_simplex:7.621494):0.334247):1.5

88403):23.829112):5.697526,Amburana_cearensis:39.070782):7.401219,(((Zollernia_ilicifolia:1.049497,Zollernia_glabra:1.04

9497):16.381488,(Harleyodendron_unifoliolatum:15.225306,Holocalyx_balansae:15.225306):2.205679):1.731241,Exostyles_

venusta:19.162226):27.309775):5.840819,((((Andira_fraxinifolia:0.161958,Andira_anthelmia:0.161958):0.010551,Andira_nitid

a:0.172509):0.81493,Andira_legalis:0.987439):9.453685,Hymenolobium_janeirense:10.441124):41.871696):10.048861,(Platy

miscium_floribundum:11.16037,Platymiscium_pubescens:11.160371):51.20131):0.015757):1.838488):1.906331,((Dipteryx_al

ata:1.368675,Dipteryx_odorata:1.368675):4.394994,Pterodon_emarginatus:5.763669):60.358588):11.84093,((((((((Senegalia

_polyphylla:25.536718,(((Albizia_edwallii:17.804326,(((((Inga_vulpina:5.510497,Inga_virescens:5.510497,Inga_subnuda:5.51

0497,Inga_striata:5.510497,Inga_sessilis:5.510497,Inga_sellowiana:5.510497,Inga_pleiogyna:5.510497,Inga_maritima:5.510

497,Inga_marginata:5.510497,Inga_lentiscifolia:5.510497,Inga_hispida:5.510497,Inga_exfoliata:5.510497,Inga_edwallii:5.510

497,Inga_bullata:5.510497,(((Inga_edulis:0.749358,Inga_vera:0.749358):1.670777,(Inga_cylindrica:2.257224,Inga_laurina:2.

257224):0.162911):0.838998,(Inga_capitata:2.956951,Inga_heterophylla:2.956951):0.302182):2.251365):7.523281,Zygia_lati

folia:13.033778):2.197558,Leucochloron_incuriale:15.231337):1.811502,(Enterolobium_contortisiliquum:8.790916,Enterolobiu

m_gummiferum:8.790917):8.251922):0.486528,(Albizia_polycephala:13.108398,((Abarema_langsdorffii:5.192417,Abarema_fi

lamentosa:5.192417,Abarema_brachystachya:5.192417,Abarema_jupunba:5.192418,Albizia_pedicellaris:5.192418):4.55466,

Albizia_niopoides:9.747078):3.36132):4.420969):0.27496):0.027893,Chloroleucon_tortum:17.832219):6.561573,(Calliandra_f

oliolosa:20.795763,Calliandra_tweedii:20.795764):3.598029):1.142926):2.047382,(((Mimosa_schomburgkii:24.167593,Mimos

a_bimucronata:24.167593,((Mimosa_scabrella:11.727969,Mimosa_tenuiflora:11.727969):3.233822,Mimosa_caesalpiniifolia:1

4.961791):9.205803):1.833387,(Piptadenia_paniculata:13.982049,((Piptadenia_adiantoides:11.472512,Piptadenia_stipulacea

:11.472512):1.777726,(Piptadenia_trisperma:9.023525,Piptadenia_gonoacantha:9.023525):4.226713):0.731812):12.018931):

0.598226,((((Stryphnodendron_adstringens:1.771421,Stryphnodendron_polyphyllum:1.771421):0.857919,Stryphnodendron_p

ulcherrimum:2.62934):11.958726,(Parapiptadenia_pterosperma:5.499611,Parapiptadenia_rigida:5.499611):9.088455):0.8335

29,(Pityrocarpa_moniliformis:14.797775,(Pseudopiptadenia_warmingii:8.288858,Pseudopiptadenia_leptostachya:8.288858,P

seudopiptadenia_contorta:8.288859):6.508916):0.62382):11.177612):0.984894):0.200133,(Anadenanthera_peregrina:6.0969

44,Anadenanthera_colubrina:6.096944):21.68729):0.115327,Parkia_pendula:27.89956):3.977251,Plathymenia_reticulata:31.

876812):13.870887,((Schizolobium_parahyba:28.840053,Peltophorum_dubium:28.840053):14.022922,(Tachigali_multijuga:5.

848502,Tachigali_denudata:5.848502):37.014472):2.884724):2.079759,Caesalpinia_echinata:47.827458):2.87239,(((((Senna
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_silvestris:26.022372,Senna_multijuga:26.022372,Senna_macranthera:26.022372,Senna_appendiculata:26.022372,Senna_a

ngulata:26.022372,Senna_affinis:26.022372,((Senna_pendula:14.041423,Senna_spectabilis:14.041423):1.543309,Senna_co

rymbosa:15.584732):10.437641):14.501249,Chamaecrista_ensiformis:40.523621):0.451761,(Cassia_leptophylla:13.059639,

Cassia_ferruginea:13.059639,Cassia_grandis:13.05964):27.915743):2.104962,Melanoxylon_brauna:43.080345):4.284109,Pt

erogyne_nitens:47.364454):3.335394):27.263339):3.314125,(Dialium_guianense:18.399265,Apuleia_leiocarpa:18.399265):6

2.878047):2.749133,(Bauhinia_longifolia:24.234936,Bauhinia_cheilantha:24.234936,(Bauhinia_forficata:4.199862,Bauhinia_u

ngulata:4.199862):20.035075):59.791508):0.736893,((Macrolobium_latifolium:40.201707,((Copaifera_trapezifolia:14.809454,

Copaifera_lucens:14.809454,Copaifera_langsdorffii:14.809454):14.209594,((Guibourtia_hymenaeifolia:16.625374,(Hymenae

a_rubriflora:7.330676,Hymenaea_martiana:7.330676,Hymenaea_courbaril:7.330677):9.294698):3.16959,Peltogyne_confertifl

ora:19.794965):9.224084):11.182659):6.149647,(Goniorrhachis_marginata:16.215525,Barnebydendron_riedelii:16.215525):3

0.13583):38.411983):11.311575,Securidaca_diversifolia:96.074913):2.622818,Quillaja_brasiliensis:98.697731):14.003465,((P

runus_brasiliensis:26.530303,Prunus_myrtifolia:26.530304):72.431492,((((Clarisia_racemosa:42.463896,((((Ficus_tomentella:

11.922425,Ficus_pulchella:11.922425,Ficus_organensis:11.922425,Ficus_obtusiuscula:11.922425,Ficus_mexiae:11.922425,

Ficus_hirsuta:11.922425,Ficus_guaranitica:11.922425,Ficus_enormis:11.922425,Ficus_cyclophylla:11.922425,Ficus_bahiens

is:11.922425,((((Ficus_obtusifolia:1.135866,Ficus_luschnathiana:1.135866):0.34521,Ficus_trigona:1.481076):0.361797,(((Fic

us_gomelleira:0.343661,Ficus_eximia:0.343661):0.359899,Ficus_cestrifolia:0.70356):0.86423,(Ficus_pertusa:0.580424,Ficus

_clusiifolia:0.580424):0.987366):0.275083):1.068414,Ficus_citrifolia:2.911287):9.011139,(Ficus_adhatodifolia:0.617372,Ficus

_insipida:0.617372):11.305054):18.638083,Helicostylis_tomentosa:30.560509):9.466051,(Brosimum_glaziovii:7.674534,Brosi

mum_gaudichaudii:7.674534,(Brosimum_guianense:6.222721,Brosimum_rubescens:6.222721):1.451814,Brosimum_lactesce

ns:7.674535):32.352025):1.729536,Maclura_tinctoria:41.756095):0.707801,(Bagassa_guianensis:9.836171,(Sorocea_racem

osa:4.225937,Sorocea_jureiana:4.225937,Sorocea_hilarii:4.225937,Sorocea_guilleminiana:4.225937,Sorocea_bonplandii:4.2

25937):5.610233):32.627726):26.048553,((Urera_nitida:12.313898,Urera_baccifera:12.313899):34.385206,((Boehmeria_cau

data:15.666724,Boehmeria_cylindrica:15.666725):26.132883,(((Pourouma_velutina:7.415524,Pourouma_guianensis:7.41552

4):10.307884,(Cecropia_pachystachya:11.576871,Cecropia_hololeuca:11.576871,Cecropia_glaziovii:11.576871):6.146537):2

.716782,(Coussapoa_microcarpa:18.618764,Coussapoa_curranii:18.618764):1.821426):21.359417):4.899497):21.813345):4.

956685,(Trema_micrantha:67.169797,Celtis_iguanaea:67.169797):6.299338):12.024281,(((Ziziphus_undulata:13.310578,Zizi

phus_joazeiro:13.310578):16.543798,Colubrina_glandulosa:29.854376):21.544115,((Rhamnus_sphaerosperma:24.288237,(

Condalia_buxifolia:15.051653,Rhamnidium_elaeocarpum:15.051653):9.236585):1.595671,(Scutia_arenicola:25.309436,Scuti

a_buxifolia:25.309437):0.574472):25.514583):34.094924):13.46838):13.7394):3.084369,(((((((((((Vismia_brasiliensis:89.0659

54,(((Clusia_spiritusanctensis:9.072829,(Clusia_nemorosa:8.254838,Clusia_fluminensis:8.254838):0.817992,((Clusia_lanceol

ata:0.934388,Clusia_criuva:0.934388):0.513841,Clusia_hilariana:1.448229):7.624601):2.664655,(Tovomita_fructipendula:8.8

3964,Tovomitopsis_paniculata:8.839641):2.897844):39.33997,((Garcinia_gardneriana:17.280092,Garcinia_brasiliensis:17.28

0092,Garcinia_macrophylla:17.280093):3.56878,Symphonia_globulifera:20.848873):30.228582):37.9885):1.651246,((Caloph

yllum_brasiliense:41.229142,(Kielmeyera_rizziniana:2.217278,Kielmeyera_membranacea:2.217278,Kielmeyera_albopunctata

:2.217278,Kielmeyera_petiolaris:2.217279):39.011863):47.150751,Bonnetia_stricta:88.379893):2.337308):3.842605,(((Bunch

osia_maritima:5.824816,Bunchosia_pallescens:5.824817):30.890998,Barnebya_dispar:36.715815):14.61476,(Byrsonima_stip

ulacea:4.612732,Byrsonima_sericea:4.612732,Byrsonima_niedenzuiana:4.612732,Byrsonima_lancifolia:4.612732,Byrsonima

_japurensis:4.612732,Byrsonima_intermedia:4.612732,Byrsonima_bahiana:4.612732,Byrsonima_crispa:4.612733,(Byrsonim
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a_crassifolia:0.337026,Byrsonima_ligustrifolia:0.337026):4.275707):46.717842):43.229231):0.305473,((((Salix_humboldtiana:

46.049138,((Xylosma_venosa:13.697703,Xylosma_tweediana:13.697703,Xylosma_pseudosalzmannii:13.697703,Xylosma_gl

aberrima:13.697703,Xylosma_ciliatifolia:13.697703):27.666381,((Banara_tomentosa:12.396255,Banara_serrata:12.396255,B

anara_parviflora:12.396255,Banara_brasiliensis:12.396255):0.002922,Prockia_crucis:12.399178):28.964907):4.685053):16.5

58183,(Casearia_rupestris:12.629179,Casearia_paranaensis:12.629179,Casearia_oblongifolia:12.629179,Casearia_obliqua:

12.629179,Casearia_lasiophylla:12.629179,Casearia_gossypiosperma:12.629179,Casearia_decandra:12.629179,(Casearia_

sylvestris:12.49474,Casearia_commersoniana:12.49474):0.13444):49.978141):11.50535,(Lacistema_robustum:17.373221,La

cistema_pubescens:17.373221,Lacistema_lucidum:17.373221,Lacistema_hasslerianum:17.373221):56.739449):20.249384,((

Rinorea_guianensis:4.466848,Rinorea_bahiensis:4.466848):85.533967,Carpotroche_brasiliensis:90.000815):4.36124):0.503

224):0.046307,(((Hyeronima_alchorneoides:35.9625695,Hyeronima_oblonga:35.9625695):35.9625695,((Phyllanthus_riedelia

nus:41.519406,Margaritaria_nobilis:41.519406):12.731273,(Savia_dictyocarpa:26.266266,Amanoa_guianensis:26.266266):2

7.984414):17.67446,Richeria_grandis:71.92514):20.420516,(Erythroxylum_vacciniifolium:17.307109,Erythroxylum_tenue:17.

307109,Erythroxylum_subsessile:17.307109,Erythroxylum_subrotundum:17.307109,Erythroxylum_pulchrum:17.307109,Eryth

roxylum_pelleterianum:17.307109,Erythroxylum_passerinum:17.307109,Erythroxylum_ovalifolium:17.307109,Erythroxylum_c

uspidifolium:17.307109,Erythroxylum_cuneifolium:17.307109,Erythroxylum_campestre:17.307109,Erythroxylum_amplifolium:

17.307109,(Erythroxylum_argentinum:7.126863,Erythroxylum_deciduum:7.126863):10.180247):75.038546):2.56593):4.21894

7,((Microdesmia_rigida:33.66152,((Licania_nitida:12.395492,Licania_littoralis:12.395492,Licania_humilis:12.395492,Licania_h

oehnei:12.395492,((Licania_kunthiana:11.263585,(Licania_heteromorpha:10.924663,Licania_tomentosa:10.924663):0.33892

2):0.602575,Licania_octandra:11.86616):0.529333):0.010167,((Hirtella_angustifolia:4.362979,(Hirtella_glandulosa:2.186824,

Hirtella_hebeclada:2.186824):2.176156):7.554726,(Couepia_venosa:9.43246,Couepia_schottii:9.43246,Couepia_rufa:9.4324

6,Couepia_longipetiolata:9.43246,Couepia_belemii:9.43246):2.485245):0.487954):21.255861,(Parinari_alvimii:3.425459,Pari

nari_excelsa:3.42546):30.236061):34.746437,Stephanopodium_blanchetianum:68.407957):30.722575):0.011706,Drypetes_s

essiliflora:99.142238):3.46552,(((Algernonia_obovata:61.896506,(((((Sebastiania_serrata:6.339756003,Sebastiania_brasilien

sis:6.339756003,Sebastiania_commersoniana:6.339757003):7.036154,(Sapium_haematospermum:10.787401,Sapium_gland

ulosum:10.787402):2.588509):10.440811,((Mabea_fistulifera:7.521182003,Microstachys_corniculata:7.521183003):9.35177,(

(Actinostemon_klotzschii:10.709642,Actinostemon_concolor:10.709643):0.007678,(Maprounea_brasiliensis:2.416446003,Ma

prounea_guianensis:2.416447003):8.300874):6.155632):6.943769):0.020979,Pachystroma_longifolium:23.837701):28.03315

3,((((((Croton_astraeatus:11.469761,((((Croton_glandulosus:5.952009003,Croton_floribundus:5.952009003):0.552258,Croton

_hemiargyreus:6.504267003):0.678987,((Croton_celtidifolius:0.9750120032,Croton_macrobothrys:0.9750120032):0.74924,Cr

oton_urucurana:1.724252003):5.459002):1.967009,Croton_piptocalyx:9.150263003):2.319499):9.392232,Astraea_lobata:20.

861994):7.843363,Joannesia_princeps:28.705357):11.559031,Pausandra_morisiana:40.264388):4.818753,Tetrorchidium_ru

brivenium:45.083141):1.976129,(Manihot_tripartita:14.149101,Micrandra_elata:14.149101):32.910168):4.811584):10.025653,

((Romanoa_tamnoides:38.776191,((Alchornea_triplinervia:9.776699003,Alchornea_sidifolia:9.776699003,Alchornea_glandulo

sa:9.776699003):4.025889,Aparisthmium_cordatum:13.802589):24.973602):8.93186,(Chaetocarpus_myrsinites:6.211896003

,Chaetocarpus_echinocarpus:6.211897):41.496154):14.188456):12.334287,((Pera_glabrata:6.422346,Pera_heteranthera:6.4

22346):61.226116,Pogonophora_schomburgkiana:67.648462):6.582332):19.975843,(((Ouratea_salicifolia:2.930158,Ouratea

_parviflora:2.930158,Ouratea_multiflora:2.930158,Ouratea_cuspidata:2.930158,Ouratea_castaneifolia:2.930158):55.302809,

Quiina_glaziovii:58.232967):33.997047,(Caryocar_edule:6.7626765,Caryocar_brasiliense:6.7626775):85.4673375):1.976622)
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:8.401122):0.903128,(Schistostemon_retusum:24.417956,Humiriastrum_dentatum:24.417957,(Vantanea_compacta:19.22367

4,Humiria_balsamifera:19.223675):5.194282):79.09293):7.91554,(((Sloanea_lasiocoma:36.946379,Sloanea_hirsuta:36.94637

9,Sloanea_guianensis:36.94638):47.581932,((Weinmannia_humilis:21.476953,Weinmannia_paulliniifolia:21.476954):22.3253

83,Lamanonia_ternata:43.802337):40.725975):6.818083,(Rourea_martiana:27.689093,(Connarus_rostratus:19.844721,Conn

arus_nodosus:19.844721,Connarus_blanchetii:19.844721):7.844372):63.657301):20.080032):0.594159,(Monteverdia_rigida:

70.163257,(((Salacia_elliptica:8.854419,Salacia_arborea:8.854419):4.409213,(Cheiloclinium_anomalum:3.052351,Cheiloclini

um_cognatum:3.052352):10.21128):20.262812,((Maytenus_schumanniana:19.810242,Maytenus_littoralis:19.810242,Mayten

us_gonoclada:19.810242,Maytenus_dasyclada:19.810242,Maytenus_communis:19.810242,Maytenus_cassineformis:19.810

242,Maytenus_brasiliensis:19.810242,Maytenus_aquifolia:19.810242,(((Maytenus_obtusifolia:4.144075,Maytenus_robusta:4.

144075):0.887422,Maytenus_ilicifolia:5.031497):1.689385,Maytenus_distichophylla:6.720882):13.089361):0.07777,Plenckia_

populnea:19.888013):13.638431):36.636814):41.857328):3.764979):2.793039,((((((Monilicarpa_brasiliana:23.353734,Mesoca

pparis_lineata:23.353734,Cynophalla_flexuosa:23.353735,Crateva_tapia:23.353735):55.635462,(Jacaratia_heptaphylla:6.30

3346,Jacaratia_spinosa:6.303347):72.68585):13.96394,(((Spirotheca_rivieri:38.361133,Bastardiopsis_densiflora:38.361133,((

(Pavonia_alnifolia:22.394479,(Quararibea_turbinata:7.8081,Quararibea_penduliflora:7.8081):14.586379):0.304108,(((Eriothec

a_globosa:9.214161,(((Eriotheca_pentaphylla:5.305094,Eriotheca_gracilipes:5.305094):0.840627,Eriotheca_candolleana:6.1

45721):0.844749,Eriotheca_macrophylla:6.99047):2.223692):0.893876,(Pachira_stenopetala:10.014417,Pachira_aquatica:10

.014418):0.09362):3.211003,(Ceiba_speciosa:12.425773,(Pseudobombax_longiflorum:5.830494,Pseudobombax_grandifloru

m:5.830495):6.595278):0.893268):9.379547):2.845133,(Sterculia_striata:9.631792,Sterculia_excelsa:9.631792):15.911928):1

2.817413,(Guazuma_ulmifolia:32.280668,((Heliocarpus_popayanensis:22.443552,Apeiba_tibourbou:22.443552):1.546275,(L

uehea_ochrophylla:6.943567,Luehea_grandiflora:6.943567,Luehea_divaricata:6.943567,Luehea_candicans:6.943568):17.04

6259):8.290841):6.080466):28.431909,(Bixa_orellana:20.2342135,Bixa_arborea:20.2342135):46.5588295):3.325043,(Daphn

opsis_schwackeana:5.1068,Daphnopsis_racemosa:5.1068,Daphnopsis_fasciculata:5.1068,Daphnopsis_coriacea:5.1068,Dap

hnopsis_brasiliensis:5.106801):65.011285):22.835051):11.304922,(((((Rauia_nodosa:32.1919645,Rauia_resinosa:32.191964

5):32.1919645,((((Zanthoxylum_riedelianum:27.931214,Zanthoxylum_petiolare:27.931214,Zanthoxylum_monogynum:27.931

214,Zanthoxylum_kleinii:27.931214,Zanthoxylum_caribaeum:27.931214,Zanthoxylum_fagara:27.931215,Zanthoxylum_rhoifol

ium:27.931215):18.230543,((Pilocarpus_riedelianus:19.809041,Pilocarpus_pennatifolius:19.809041,Pilocarpus_pauciflorus:1

9.809041,Pilocarpus_spicatus:19.809042,Pilocarpus_grandiflorus:19.809042):22.878003,Ravenia_infelix:42.687045):3.47471

3):2.847994,((((Esenbeckia_leiocarpa:30.027661,Esenbeckia_grandiflora:30.027662,Esenbeckia_febrifuga:30.027662):0.080

075,Helietta_apiculata:30.107737):3.092061,(Metrodorea_nigra:16.599899,Metrodorea_stipularis:16.599899):16.599899):4.5

31433,Balfourodendron_riedelianum:37.731231):11.278521):1.993984,((((Conchocarpus_longifolius:34.138886,Conchocarpu

s_insignis:34.138886,Conchocarpus_heterophyllus:34.138887):0.031947,Neoraputia_alba:34.170834):0.606353,Almeidea_ru

bra:34.777187):3.173572,Galipea_jasminiflora:37.950759):13.052977):13.380194,Dictyoloma_vandellianum:64.38393):4.895

796,((((Cabralea_canjerana:23.717785,(Guarea_kunthiana:17.445579,(Guarea_macrophylla:6.754691,Guarea_guidonia:6.75

4691):10.690889):6.272205):9.757951,(Trichilia_clausseni:26.759655,Trichilia_casaretti:26.759655,((((Trichilia_silvatica:4.70

5415,(Trichilia_pseudostipularis:3.354709,Trichilia_catigua:3.354709):1.350706):12.009283,Trichilia_lepidota:16.714698):1.8

82246,Trichilia_pallida:18.596944):3.771647,((Trichilia_elegans:16.235471,Trichilia_pallens:16.235471):5.893497,Trichilia_hi

rta:22.128968):0.239623):4.391065):6.71608):17.158197,(Cedrela_fissilis:5.1883,Cedrela_odorata:5.1883):45.445633):16.25

5865,(Homalolepis_cedron:48.568167,(Simaba_floribunda:10.416406,(Simarouba_amara:3.438337,Simarouba_versicolor:3.
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438337):6.97807):38.151761,Picrasma_crenata:48.568168):18.32163):2.389928):9.868676,(Toulicia_laevigata:60.766221,Pa

ullinia_racemosa:60.766221,Diatenopteryx_sorbifolia:60.766221,((((((Matayba_juglandifolia:4.585664,Matayba_intermedia:4.

585664,Matayba_guianensis:4.585664,Matayba_elaeagnoides:4.585664,Matayba_discolor:4.585665):12.094835,(Cupania_r

acemosa:13.884348,Cupania_oblongifolia:13.884348,Cupania_emarginata:13.884348,Cupania_scrobiculata:13.884349,Cup

ania_vernalis:13.884349):2.796151):4.237611,(Allophylus_semidentatus:2.706328,Allophylus_racemosus:2.706328,Allophylu

s_puberulus:2.706328,Allophylus_petiolulatus:2.706328,Allophylus_guaraniticus:2.706328,Allophylus_edulis:2.706329):18.21

1782):12.356462,((Talisia_esculenta:18.90543,Melicoccus_oliviformis:18.90543):12.169598,Dilodendron_bipinnatum:31.0750

28):2.199545):0.963066,Sapindus_saponaria:34.237639):18.483365,Dodonaea_viscosa:52.721004):8.045218):18.38218):0.

769939,(((Protium_widgrenii:7.783763,Protium_warmingianum:7.783763,Protium_spruceanum:7.783763,Protium_kleinii:7.78

3763,(Protium_heptaphyllum:4.584125,Protium_icicariba:4.584125):3.199639,Protium_brasiliense:7.783764):22.674038,Com

miphora_leptophloeos:30.457802):21.101372,(Thyrsodium_spruceanum:43.834636,Myracrodruon_urundeuva:43.834636,Lith

raea_brasiliensis:43.834636,((((Lithraea_molleoides:14.547972,(Schinus_polygama:7.723015,Schinus_terebinthifolia:7.7230

16):6.824956):2.348483,(Astronium_concinnum:7.915296,(Astronium_graveolens:7.877264,Astronium_fraxinifolium:7.877264

):0.038033):8.981158):8.135524,Anacardium_occidentale:25.031979):18.321453,(Tapirira_obtusa:6.403552,Tapirira_guianen

sis:6.403552):36.94988):0.481205,(Spondias_macrocarpa:12.32539,((Spondias_tuberosa:3.615955,Spondias_mombin:3.615

955):7.864307,Spondias_venulosa:11.480262):0.845129):31.509246):7.724537):28.359167):24.339718):5.686564,(Picramni

a_gardneri:36.648223,Picramnia_glazioviana:36.648223,Picramnia_bahiensis:36.648223,Picramnia_parvifolia:36.648223,Pic

ramnia_ramiflora:36.648223):73.2964):7.048573,(((((Pleroma_stenocarpum:22.1204755,Pleroma_mutabile:22.1204755,Plero

ma_granulosum:22.1204755,Pleroma_gaudichaudianum:22.1204755,Pleroma_arboreum:22.1204755,Pleroma_candolleanu

m:22.1204755):22.1204755,(((((((((((Leandra_variabilis:0.371933,Leandra_acutiflora:0.371933):0.072227,Leandra_aurea:0.4

4416):2.553532,Leandra_barbinervis:2.997692):0.446653,(Leandra_regnellii:0.578534,Leandra_ionopogon:0.578534):2.8658

11):0.819324,(Leandra_glazioviana:1.051267,Leandra_melastomoides:1.051267):3.212402):2.950698,Leandra_reversa:7.21

4367):1.504558,(Clidemia_capitellata:6.893217,Clidemia_hirta:6.893217):1.825708):0.861619,(((((Miconia_trianae:7.191747,

Miconia_paniculata:7.191747,Miconia_cinerascens:7.191747,Miconia_brevipes:7.191747,Miconia_amacurensis:7.191747,((((

((Miconia_latecrenata:1.617607,Miconia_petropolitana:1.617607):0.207017,Miconia_inconspicua:1.824624):1.445981,(Miconi

a_cinnamomifolia:1.989472,Miconia_pyrifolia:1.989472):1.281133):0.200795,((Miconia_minutiflora:2.581893,Miconia_ligustroi

des:2.581893):0.413937,Miconia_rubiginosa:2.99583):0.47557):2.300014,Miconia_collatata:5.771414):0.298347,((((Miconia_

hyemalis:0.53276,Miconia_castaneiflora:0.53276):0.504494,(Miconia_fasciculata:1.026976,Miconia_pepericarpa:1.026976):0.

010278):0.274306,(((Miconia_brunnea:1.131876,(Miconia_cabucu:0.878789,Miconia_budlejoides:0.878789):0.253087):0.020

579,(Miconia_octopetala:1.123258,Miconia_cubatanensis:1.123258):0.029197):0.025496,Miconia_discolor:1.177951):0.1336

09):3.208235,((((Miconia_elegans:0.501675,Miconia_albicans:0.501675):2.211095,Miconia_hypoleuca:2.71277):0.958263,Mi

conia_argyrophylla:3.671033):0.827204,Miconia_lepidota:4.498237):0.021558):1.549966):1.121987,(((Miconia_chamissois:1.

708312,Miconia_prasina:1.708312):3.377792,(((Miconia_pusilliflora:2.189401,(Miconia_brasiliensis:1.758445,Miconia_tristis:1

.758445):0.430956):0.146422,Miconia_calvescens:2.335823):0.181043,Miconia_sellowiana:2.516866):2.569238):1.929655,M

iconia_holosericea:7.015759):0.175989):0.23727,Miconia_nervosa:7.429018):0.743432,Miconia_ciliata:8.17245):0.774054,Mi

conia_theizans:8.946504):0.325495,(Miconia_centrodesma:8.580448,(Miconia_mirabilis:0.855434,Miconia_dodecandra:0.85

5434):7.725014):0.691551):0.308545):12.561582,Meriania_calyptrata:22.142126):7.112846,(((Tibouchina_sellowiana:2.5345

43,Tibouchina_trichopoda:2.534543):0.135878,(Tibouchina_clavata:1.870832,Tibouchina_pulchra:1.870832):0.799589):24.4
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26125,(Huberia_semiserrata:2.025181,Huberia_ovalifolia:2.025181,Huberia_laurina:2.025181):25.071364):2.158426):0.5951

48,(Henriettea_glabra:12.235108,Henriettea_succosa:12.235109):17.615011):14.390832,(Mouriri_glazioviana:0.503919,Mour

iri_chamissoana:0.503919,Mouriri_arborea:0.503919):43.737032):48.023447,((Siphoneugena_densiflora:57.611159,(Plinia_ri

vularis:28.8055795,Plinia_peruviana:28.8055795,Plinia_grandifolia:28.8055795,Plinia_cauliflora:28.8055795,Plinia_edulis:28.

8055795):28.8055795,(Neomitranthes_obscura:28.8055795,Neomitranthes_langsdorffii:28.8055795,Neomitranthes_glomerat

a:28.8055795,Neomitranthes_cordifolia:28.8055795,Neomitranthes_gemballae:28.8055795):28.8055795,Myrrhinium_atropur

pureum:57.611159,((((((((((Eugenia_uruguayensis:22.874727,Eugenia_umbellata:22.874727,Eugenia_supraaxillaris:22.8747

27,Eugenia_subterminalis:22.874727,Eugenia_speciosa:22.874727,Eugenia_sonderiana:22.874727,Eugenia_schottiana:22.8

74727,Eugenia_rostrifolia:22.874727,Eugenia_rostrata:22.874727,Eugenia_ramboi:22.874727,Eugenia_pruniformis:22.87472

7,Eugenia_pruinosa:22.874727,Eugenia_platysema:22.874727,Eugenia_neotristis:22.874727,Eugenia_multicostata:22.8747

27,Eugenia_mosenii:22.874727,Eugenia_monosperma:22.874727,Eugenia_magnibracteolata:22.874727,Eugenia_macrospe

rma:22.874727,Eugenia_longipedunculata:22.874727,Eugenia_leptoclada:22.874727,Eugenia_klotzschiana:22.874727,Euge

nia_itapemirimensis:22.874727,Eugenia_involucrata:22.874727,Eugenia_ilhensis:22.874727,Eugenia_hirta:22.874727,Eugen

ia_handroi:22.874727,Eugenia_handroana:22.874727,Eugenia_gracillima:22.874727,Eugenia_fusca:22.874727,Eugenia_flav

escens:22.874727,Eugenia_expansa:22.874727,Eugenia_dichroma:22.874727,Eugenia_cymatodes:22.874727,Eugenia_cop

acabanensis:22.874727,Eugenia_chlorophylla:22.874727,Eugenia_cereja:22.874727,Eugenia_cerasiflora:22.874727,Eugeni

a_catharinensis:22.874727,Eugenia_catharinae:22.874727,Eugenia_capitulifera:22.874727,Eugenia_burkartiana:22.874727,

Eugenia_brejoensis:22.874727,Eugenia_bocainensis:22.874727,Eugenia_beaurepairiana:22.874727,Eugenia_bahiensis:22.8

74727,Eugenia_ayacuchae:22.874727,Eugenia_aurata:22.874727,Eugenia_arenaria:22.874727,Eugenia_acutata:22.874727,

(((((((Eugenia_florida:8.938032,Eugenia_oblongata:8.938032):1.131793,Eugenia_pisiformis:10.069825):7.457521,(Eugenia_

punicifolia:14.523087,Eugenia_melanogyna:14.523087):3.004259):0.62794,(((((Eugenia_verticillata:2.91032,Eugenia_neover

rucosa:2.91032):8.243261,Eugenia_bimarginata:11.153581):3.017542,Eugenia_neoglomerata:14.171123):2.459772,Eugenia

_pluriflora:16.630895):0.138325,Eugenia_hiemalis:16.76922):1.386066):0.477095,Eugenia_bacopari:18.632381):1.40524,((((

Eugenia_subavenia:8.146353,Eugenia_nutans:8.146353):2.810148,Eugenia_prasina:10.956501):5.090949,((Eugenia_ligustri

na:10.88471,Eugenia_sulcata:10.88471):5.057735,Eugenia_myrcianthes:15.942445):0.105005):2.735006,(Eugenia_astringe

ns:12.819894,Eugenia_umbrosa:12.819894):5.962562):1.255165):2.466922,((Eugenia_excelsa:6.990782,Eugenia_brasiliens

is:6.990782):11.37599,Eugenia_brevistyla:18.366772):4.137771):0.370185,((Eugenia_repanda:20.953624,Eugenia_neomyrtif

olia:20.953624):0.040807,Eugenia_stigmatosa:20.994431):1.880297):0.026144,Eugenia_dysenterica:22.900872):0.851568,(

Eugenia_uniflora:16.246671,Eugenia_dodonaeifolia:16.246671):7.505769):0.762006,Eugenia_pyriformis:24.514446):2.64632

5,Eugenia_candolleana:27.160771):0.021734,(Myrcianthes_gigantea:18.197102,Myrcianthes_cisplatensis:18.197102,Myrcia

nthes_pungens:18.197103):8.985402):0.224626,(Myrceugenia_mesomischa:27.160764,(((Myrceugenia_reitzii:5.55989,Myrce

ugenia_miersiana:5.55989):1.933373,Myrceugenia_campestris:7.493263):8.29272,(((Myrceugenia_euosma:2.555309,Myrceu

genia_glaucescens:2.555309):8.056636,Myrceugenia_oxysepala:10.611945):1.931104,Myrceugenia_myrcioides:12.543049):

3.242934):11.374782):0.246366):0.021099,Blepharocalyx_salicifolius:27.42823):0.299658,(((((Myrcia_tomentosa:20.639433,

Myrcia_thyrsoidea:20.639433,Myrcia_sucrei:20.639433,Myrcia_recurvata:20.639433,Myrcia_pubiflora:20.639433,Myrcia_pal

ustris:20.639433,Myrcia_ovata:20.639433,Myrcia_oblongata:20.639433,Myrcia_neoglabra:20.639433,Myrcia_insularis:20.63

9433,Myrcia_heringii:20.639433,Myrcia_hatschbachii:20.639433,Myrcia_grandifolia:20.639433,Myrcia_dichrophylla:20.63943

3,Myrcia_cerqueiria:20.639433,Myrcia_bergiana:20.639433,(((((Myrcia_splendens:9.623278,Myrcia_retorta:9.623278):9.9510
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18,((Myrcia_amazonica:18.084087,((Myrcia_glabra:8.181327,Myrcia_racemosa:8.181327):4.566896,Myrcia_multiflora:12.748

223):5.335864):0.073896,Myrcia_inaequiloba:18.157983):1.416313):0.042125,Myrcia_pulchra:19.616421):0.462285,Myrcia_

guianensis:20.078706):0.492124,((Myrcia_hartwegiana:12.122252,(Myrcia_vittoriana:8.199796,Myrcia_spectabilis:8.199796):

3.922456):3.018232,Myrcia_pubipetala:15.140484):5.430346):0.068604,((Myrcia_selloi:10.096336,Myrcia_laruotteana:10.096

336):4.173734,Myrcia_tenuivenosa:14.27007):6.369364):1.02786,(Calyptranthes_widgreniana:21.055597,Calyptranthes_strig

ipes:21.055597,Calyptranthes_rubella:21.055597,Calyptranthes_pileata:21.055597,Calyptranthes_pauciflora:21.055597,((Cal

yptranthes_brasiliensis:5.710949,Calyptranthes_concinna:5.710949):1.376339,Calyptranthes_lanceolata:7.087288):13.96831

,Calyptranthes_lucida:21.055598):0.611696):0.040489,(((Myrcia_fenzliana:2.363606,Myrcia_hebepetala:2.363606):3.85473,(

Myrcia_ilheosensis:0.062825,Myrcia_brasiliensis:0.062825):6.155511):2.553432,Myrcia_tijucensis:8.771768):12.936015):1.6

49354,(Marlierea_reitzii:23.257058,Marlierea_polygama:23.257058,Marlierea_neuwiediana:23.257058,(((((Marlierea_regelian

a:3.597859,Marlierea_excoriata:3.597859):1.539468,Marlierea_suaveolens:5.137327):0.034274,Marlierea_tomentosa:5.1716

01):0.90399,Marlierea_obscura:6.075591):5.086467,Marlierea_obversa:11.162058):12.095001,(Marlierea_racemosa:6.99887

6,Marlierea_eugeniopsoides:6.998876):16.258183):0.100078):2.098461,(Myrciaria_tenella:14.02889,Myrciaria_strigipes:14.0

2889,Myrciaria_plinioides:14.02889,Myrciaria_floribunda:14.02889,Myrciaria_delicatula:14.02889,Myrciaria_cuspidata:14.028

89):11.426707):2.27229):0.454975,(((Pimenta_pseudocaryophyllus:23.418539,(Campomanesia_schlechtendaliana:18.70857

5,Campomanesia_reitziana:18.708575,Campomanesia_phaea:18.708575,Campomanesia_neriiflora:18.708575,Campomane

sia_laurifolia:18.708575,Campomanesia_guaviroba:18.708575,Campomanesia_eugenioides:18.708575,Campomanesia_dich

otoma:18.708575,(Campomanesia_pubescens:16.906546,Campomanesia_xanthocarpa:16.906546):1.80203,Campomanesia

_guazumifolia:18.708576):4.709963):1.297878,Acca_sellowiana:24.716417):2.325274,(Psidium_sartorianum:21.440656,Psidi

um_rufum:21.440656,Psidium_oligospermum:21.440656,Psidium_myrtoides:21.440656,Psidium_longipetiolatum:21.440656,

Psidium_guyanense:21.440656,Psidium_cattleyanum:21.440656,Psidium_brownianum:21.440656,Psidium_acutangulum:21.

440656,Psidium_guineense:21.440657):5.601034):1.141172):29.428297):28.027593,((Callisthene_major:18.1777725,Callisth

ene_minor:18.1777725):18.1777725,((Vochysia_thyrsoidea:11.681031,Vochysia_riedeliana:11.681031,Vochysia_oppugnata:

11.681031,Vochysia_magnifica:11.681031,Vochysia_bifalcata:11.681031,Vochysia_tucanorum:11.681032):18.61152,(Quale

a_selloi:9.098852,Qualea_multiflora:9.098852,Qualea_dichotoma:9.098852,Qualea_cordata:9.098852):21.193699):6.062994

):49.283207):6.625646):1.055119,(Lafoensia_glyptocarpa:11.529959,Lafoensia_pacari:11.52996):81.789558):3.319806,((Ter

minalia_triflora:13.180947,Terminalia_januariensis:13.180947,Terminalia_glabrescens:13.180947,Terminalia_fagifolia:13.180

947,Terminalia_dichotoma:13.180947,Terminalia_argentea:13.180947):13.617949,(Buchenavia_tomentosa:13.801847,Buche

navia_kleinii:13.801847,Buchenavia_tetraphylla:13.801848):12.997049):69.840427):20.353872):1.585408):5.155633):6.5902

94,(((Roupala_paulensis:19.283501,Roupala_montana:19.283502):10.561735,(Panopsis_rubescens:27.808527,(Euplassa_le

galis:1.053152,Euplassa_incana:1.053152,Euplassa_hoehnei:1.053152,Euplassa_cantareirae:1.053152):26.755375):2.0367

09):83.031881,(Meliosma_sellowii:22.416351,Meliosma_itatiaiae:22.416351):90.460766):17.447413):1.356169,Berberis_lauri

na:131.680699):4.077365,((Euterpe_edulis:16.45521362,(Geonoma_rubescens:6.378578435,Geonoma_gamiova:6.3785784

35,Geonoma_brevispatha:6.378578435,((Geonoma_schottiana:3.293446332,Geonoma_pohliana:3.293446332):3.0270844,G

eonoma_pauciflora:6.320530732):0.058048703):10.07663519):4.29508928,(((Astrocaryum_aculeatissimum:7.897226556,(Ba

ctris_vulgaris:5.869041556,Bactris_setosa:5.869041556,Bactris_caryotifolia:5.869041556,Bactris_bahiensis:5.869041556):2.

028184):2.3970325,(Desmoncus_orthacanthos:8.859641656,Acrocomia_aculeata:8.859641656):1.4346174):4.8881591,(((Att

alea_humilis:3.712027626,Attalea_dubia:3.712027626):1.8452172,((Syagrus_schizophylla:4.085579661,Syagrus_pseudococ
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os:4.085579661,Syagrus_oleracea:4.085579661,Syagrus_hoehnei:4.085579661,Syagrus_botryophora:4.085579661,Syagrus

_romanzoffiana:4.085580661):1.452201835,(Allagoptera_caudescens:4.837508456,Allagoptera_arenaria:4.837509456):0.70

027304):0.01946333):1.6326511,Butia_capitata:7.189896926):7.99252123):5.567885744):115.0077611):0.154122,(((((((((((((

(Annona_sylvatica:12.97022,Annona_salzmannii:12.97022,Annona_pickelii:12.97022,Annona_neosericea:12.97022,Annona_

neosalicifolia:12.97022,Annona_mucosa:12.97022,Annona_maritima:12.97022,Annona_emarginata:12.97022,Annona_dolab

ripetala:12.97022,Annona_cacans:12.97022,Annona_bahiensis:12.97022,Annona_acutiflora:12.97022):2.444492,Annona_gl

abra:15.414713):0.460671,Annona_rugulosa:15.875384):1.885401,(Annona_crassiflora:13.465451,Annona_montana:13.465

451):4.295334):28.951497,((Xylopia_sericea:21.530119,Xylopia_ochrantha:21.530119,Xylopia_langsdorffiana:21.530119,Xyl

opia_laevigata:21.530119,Xylopia_emarginata:21.530119,((Xylopia_aromatica:6.744052,Xylopia_frutescens:6.744052):1.690

745,Xylopia_brasiliensis:8.434797):13.095323):24.048894,(Duguetia_pohliana:6.703132,Duguetia_lanceolata:6.703132,Dug

uetia_gardneriana:6.703132,(((Duguetia_sessilis:1.32775,Duguetia_salicifolia:1.32775):1.005536,Duguetia_bahiensis:2.3332

86):1.119723,Duguetia_riedeliana:3.453009):3.250124):38.875881):1.133268):1.254755,(Guatteria_pogonopus:3.101524,(G

uatteria_macropus:2.302407,(((Guatteria_pohliana:1.339907,Guatteria_sellowiana:1.339907):0.045943,Guatteria_oligocarpa:

1.38585):0.075289,Guatteria_australis:1.461139):0.841268):0.799117):44.865513):4.715475,(Cymbopetalum_brasiliense:19.

546988,Porcelia_macrocarpa:19.546988):33.135524):2.813987,((Unonopsis_guatterioides:31.89037,Unonopsis_aurantiaca:3

1.89037):8.661375,Oxandra_nitida:40.551746):14.944753):15.706947,(Anaxagorea_dolichocarpa:43.397639,Anaxagorea_ph

aeocarpa:43.397639):27.805807):37.176656,Magnolia_ovata:108.380101):1.208338,((Virola_gardneri:17.549934,Virola_bicu

hyba:17.549934):6.785077,Virola_sebifera:24.335012):85.253428):18.112747,((Phyllostemonodaphne_geminiflora:84.59524

1,((((((((Ocotea_velutina:6.752231,Ocotea_teleiandra:6.752231,Ocotea_pulchra:6.752231,Ocotea_nutans:6.752231,Ocotea_

notata:6.752231,Ocotea_lobbii:6.752231,Ocotea_lanata:6.752231,Ocotea_glaziovii:6.752231,Ocotea_elegans:6.752231,Oco

tea_divaricata:6.752231,Ocotea_dispersa:6.752231,Ocotea_complicata:6.752231,Ocotea_cernua:6.752231,Ocotea_brachyb

otrya:6.752231,Ocotea_acutifolia:6.752231,((((((((Ocotea_spixiana:2.015512,Ocotea_venulosa:2.015512):0.600276,Ocotea_

silvestris:2.615788):0.655543,(Ocotea_pulchella:1.881294,Ocotea_lancifolia:1.881294):1.390037):0.596141,(Ocotea_vellozia

na:0.813467,Ocotea_puberula:0.813467):3.054005):0.310209,(Ocotea_corymbosa:1.350115,Ocotea_laxa:1.350115):2.8275

66):0.72251,Ocotea_diospyrifolia:4.900191):1.036745,(Ocotea_minarum:2.459306,Ocotea_daphnifolia:2.459306):3.47763):0.

03687,(((Ocotea_porosa:2.122944,Ocotea_odorifera:2.122944):0.740689,Ocotea_catharinensis:2.863633):2.284992,(Ocotea

_aciphylla:4.679813,Ocotea_indecora:4.679813):0.468812):0.825181):0.778426):0.017374,(Nectandra_reticulata:6.124357,N

ectandra_cissiflora:6.124357,(((((((Nectandra_cuspidata:1.072266,(Nectandra_membranacea:0.847475,Nectandra_psammop

hila:0.847475):0.224791):0.240605,Nectandra_grandiflora:1.312871):0.080102,Nectandra_megapotamica:1.392973):0.00481

5,Nectandra_nitidula:1.397788):0.156692,Nectandra_lanceolata:1.55448):0.008637,Nectandra_oppositifolia:1.563117):0.042

42,Nectandra_leucantha:1.605537):4.518821):0.645248):0.045154,((Aniba_intermedia:3.289684,Aniba_firmula:3.289684,Ani

ba_canelilla:3.289684):1.888326,(Licaria_bahiana:3.568237,Licaria_armeniaca:3.568237):1.609773):1.636749):0.374004,((E

ndlicheria_paniculata:2.950319,Endlicheria_glomerata:2.950319):0.966289,Rhodostemonodaphne_macrocalyx:3.916607):3.2

72156):1.181411,Aiouea_saligna:8.370175):0.403325,Cinnamomum_glaziovii:8.7735):16.480082,(Persea_aurata:10.334708,

((Persea_major:1.763647,Persea_willdenovii:1.763647):0.858584,Persea_venosa:2.622231):7.712478):14.918873):55.55262

5,(Beilschmiedia_emarginata:37.058821,((Cryptocarya_aschersoniana:1.145615,Cryptocarya_moschata:1.145615):5.427108

,Cryptocarya_saligna:6.572723):30.486098):43.747386):3.789035):20.286604,((Mollinedia_uleana:0.870375,Mollinedia_triflor

a:0.870375,Mollinedia_oligantha:0.870375,Mollinedia_longifolia:0.870375,Mollinedia_lamprophylla:0.870375,Mollinedia_glabr
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a:0.870375,Mollinedia_clavigera:0.870375,Mollinedia_calodonta:0.870375,(Mollinedia_schottiana:0.632855,Mollinedia_widgr

enii:0.632855):0.237521):2.513634,Hennecartia_omphalandra:3.38401):101.497836):22.819341):4.692694,((Piper_solmsian

um:22.66619,Piper_gaudichaudianum:22.66619,Piper_caldense:22.66619,((((Piper_cernuum:8.610422,Piper_arboreum:8.61

0422):4.422663,Piper_aduncum:13.033085):1.611178,Piper_divaricatum:14.644263):2.7119,Piper_amalago:17.356163):5.31

0028):107.806928,(Drimys_brasiliensis:126.003468,Cinnamodendron_dinisii:126.003468):4.469651):1.920762):2.226081,He

dyosmum_brasiliense:134.619962):1.292225):189.137841,((Podocarpus_sellowii:7.923428,Podocarpus_lambertii:7.923428):

77.363316,Araucaria_angustifolia:85.286744):239.763284); 

3 CONSIDERAÇÕES FINAIS 

 Neste estudo foram apontadas as possíveis consequências das mudanças 

climáticas para as dimensões taxonômica e funcional da diversidade da vegetação 

lenhosa na porção meridional da Restinga brasileira. Nossos resultados indicaram a 

potencial perda de espécies e consequentes processos de heterogenização da 

diversidade taxonômica beta e homogeneização da diversidade funcional para o ano 

de 2050. Estes resultados alertam para consequências drásticas na biodiversidade 

das Restingas em cenários de mudanças climáticas globais, as quais incluem as 

mudanças climáticas, eventos climáticos extremos, poluição e expansão de novos 

ecossistemas e impõem uma enorme pressão à entrega diversos desses serviços 

(CHAPIN et al., 2008). O entendimento a partir da observação dos impactos das 

mudanças climáticas, associados com processos ecossistêmicos fundamentais para 

a manutenção da vida, permitiram prever os possíveis cenários futuros. 

 A abordagem macroecológica da modelagem de nicho permitiu que 

prevíssemos de que maneira as futuras condições climáticas afetarão a 

biodiversidade das Restingas, além de gerar modelos da atual e futura distribuição 

das diversidades dessa frequentemente ignorada fitofisionomia da Mata Atlântica. 

Apesar de ser ofuscada pelos ecossistemas centrais da Mata Atlântica (Scarano, 

2002), as restingas, como um ecossistema marginal, preservam e mantém uma 

grande parte da diversidade e das funcionalidades do bioma como um todo 

(MARQUES et al., 2015; MILLENIUM ECOSSISTEM ASSESSMENT, 2005). 

 A vulnerabilidade desses ecossistemas também é devido à instabilidade 

costeira provocada pelo aumento do nível do mar (VOUSDOUKAS et al., 2020). 

Apesar desse possível avanço do mar sobre as áreas costeiras ser um processo 

relevante para estudo nesse tipo de ambiente (BARNARD et al, 2019), esse fator não 
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foi considerado neste estudo. Infelizmente, o acesso a esses modelos de elevação 

do nível do mar é oneroso, o que impossibilitou a inclusão desse fator sobre as 

modelagens de nicho.  

Apesar das limitações, nossos resultados ressaltam a importância dessa 

vegetação costeira que, similarmente como ocorre em outros lugares do mundo 

(SPALDING et al., 2014), é consideravelmente povoada, altamente ameaçada por 

impactos antrópicos e subterfúgios legais, e frequentemente negligenciada em planos 

de conservação. Por fim, advogamos para que os ecossistemas das Restingas sejam 

mais efetivamente considerados em estratégias de mitigação e adaptação a 

mudanças climáticas.  

REFERÊNCIAS 

 

ARAÚJO, D. S. D.; LACERDA, L.D. A natureza das restingas. Ciência Hoje, Rio de 
Janeiro, v.6, n.33, p. 42-48, jul. 1987. 
 
BARNARD, P. L., ERIKSON, L. H., FOXGROVER, A. C., HART, J. A. F., LIMBER, P., 
O’NEILL, A. C., ORMONDT, M; VITOUSEK, S.; WOOD, N.; HAYDEN, M. K.; JONES, 
J. M., 2019. Dynamic flood modeling essential to assess the coastal impacts of climate 
change. Scientific reports, 9(1), 1-13. 
 
BASELGA, A. Partitioning the turnover and nestedness components of beta 
diversity. Global ecology and biogeography, n. 19, p. 134-143. 2010. 
 
BECHARA, F. C.; REIS, A.; TRENTIN, B. E. Invasão biológica de Pinus elliottii 
var. elliottii no Parque Estadual do Rio Vermelho, Florianópolis, SC. Floresta, v. 
44, n. 1, p. 63-72, 2013. 

BEERLING, D. J.; ROYER, D. L. Convergent Cenozoic CO2 history. Nat. Geosci. 
4, 418–420. 2011. 

BEIER, C. Climate change and ecosystem function - full-scale manipulations of CO2 
and temperature. New Phytologist, v. 162, n. 2, p. 243-251, 2004. 

BINDOFF, N. L.; STOTT, P. A.; ACHUTARAO, K. M. et al. In: Climate Change 2013: 
The Physical Science Basis. Contribution of Working Group I to the Fifth  
Assessment Report of the Intergovernmental Panel on Climate Change, T. F. Stocker 
et al., Eds. Cambridge Univ. Press, p. 867–952. 2013. 

BUTCHART, S. H. M., WALPOLE, M., COLLEN, B. et al. Global biodiversity: 
indicators of recent declines. Science 328, 1164–1168. 2010. 



62 
 

CARPENTER, S., WALKER, B., ANDERIES, J.M., ABEL, N. From metaphor to 
measurement: resilience of what to what? Ecosystems, 4, 765-781. 2001. 

CBD Secretariat. The strategic plan for biodiversity 2011-2020 and the Aichi 
biodiversity targets. In Secretariat of the Convention on Biological Diversity: 
Nagoya, Japan. 2010. 

CHAPIN, F. S.; RANDERSON, J. T.; MCGUIRE, A. D. et al. Changing feedbacks in 
the earth-climate system. Front. Ecol. Environ., v. 6, n. 6, p.313– 320. 2008. 

COLLS, A., ASH, N., IKKALA, N. Ecosystem-based Adaptation: a natural response 
to climate change. Gland, Switzerland: IUCN. 2009. 

CONAMA. Resolucão 261/1999. Disponível em: 
<http://www.mma.gov.br/port/conama/res>. Acesso em: 20 de maio de 2018. 1999. 

DINIZ-FILHO, J. A. F.; L. M. BINI; G. OLIVEIRA, B. S. et al. Macroecologia, 
biogeografia e áreas prioritárias para conservação no Cerrado. Oecologia 
Brasiliensis, v. 13, n. 3, p. 470-497. 2009. 

GARNIER, E.; LAVOREL, S.; ANSQUER, P. et al. Assessing the effects of land-use 
change on plant traits, communities and ecosystem functioning in grasslands: a 
standardized methodology and lessons from an application to 11 European sites. 
Ann Bot, v. 99, p. 967–985. 2007. 

GOUDIE, A. S. The human impact on the natural environment: past, present, 
and future. John Wiley e Sons. 2013. 

GRIME, J. P. Benefits of plant diversity to ecosystems: immediate, filter and founder 
effects. Journal of Ecology, v. 86, n. 6, p. 902-910, 1998. 

HOF, C.; ARAÚJO, M. B.; JETZ, W.; RAHBEK, C. Additive threats from pathogens, 
climate and land-use change for global amphibian diversity. Nature, v. 480, n. 7378, 
p. 516, 2011.IPCC. Climate change 2007: the physical science basis. Contribution of 
working group I to the fourth assessment report of the Intergovernmental Panel on 
Climate Change. Cambridge University Press, Cambridge, UK, and New York, NY, 
USA. 2007. 

 
HOOPER, D. U, CHAPIN, F.S., EWEL, J. J., HECTOR, A., INCHAUSTI, P., 
LAVOREL, S.,  LAWTON, J. H., LODGE, D. M.,  LOREAU, M., NAEEM, S., SCHMID, 
B.,  SETÄLÄ, H., SYMSTAD, A. J., VANDERMEER, J., WARDLE, D. A. Effects of 
biodiversity on ecosystem functioning: a consensus of current knowledge. Ecological 
monographs, v. 75, n. 1, p. 3-35, 2005 

 

IPCC (Intergovernmental Panel on Climate Change). Climate Change 2014: 
Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change [Core Wrighting Team, 
Pachauri, T. K. e MEYERS, L. A. (eds.). IPCC, Geneva, Switzerland, p. 151. 



63 
 

LAVOREL, S. e GARNIER, E. Predicting changes in community composition and 
ecosystem functioning from plant traits: revisiting the Holy Grail. Functional 
Ecology, v. 16, p. 545-556. 2002. 

LAVOREL, S.; GRIGULIS, K.; LAMARQUE, P. et al. Using plant functional traits to  
understand   the   landscape   distribution   of   multiple   ecosystem services. Journal 
of Ecology, v. 99, n. 1, p. 135-147, 2011. 

LUCK, G. W.; HARRINGTON, R.; HARRISON, P. A. et al. Quantifying the 
contribution    of    organisms    to    the    provision    of    ecosystem     services. 
Bioscience, v. 59, n. 3, p. 223-235. 2009. 
 

MAACK, R. Breves notícias sobre os estados de Santa Catarina e 
Paraná. Arquivo de Biologia e Tecnologia, Curitiba, v. 2, p. 65-154, 1947. 

MARQUES, M. C. M.; SILVA, S. M.; LIEBSCH D. Coastal plain forests in southern 
and southeastern Brazil: ecological drivers, floristic patterns and conservation status. 
Brazilian Journal of Botany, v. 38, n. 1, p. 1-18. 2015. 

MARTIN, T. G. e WATSON, J. E. M. Intact ecosystems provide best defence against 
climate change. Nat. Clim. Chang, v. 6, p. 122–124. 2016 

MCGILL, B. J. Matters of scale. Science, v. 328, n. 5978, p. 575-576, 2010. 

MILLENIUM ECOSYSTEM ASSESSMENT.Ecosystems and human well-being. 
WHO Press: New York. 2005. 

MOOR, H.; HYLANDER, K.; NORBERG, J. Predicting climate change effects on 
wetland ecosystem services using species distribution modeling and plant functional 
traits. Ambio, v. 44, n. 1, p. 113-126, 2015. 

MORELLATO, L. P. C.; HADDAD, C. F. Introduction: The Brazilian Atlantic 
Forest. Biotropica, v. 4b, n. 32, p. 786-792. 2000. 

MOUCHET, M.A., VILLÉGER, S., MASON, N.W., MOUILLOT, D. Functional diversity 
measures: an overview of their redundancy and their ability to discriminate 
community assembly rules. Functional Ecology, n. 24, p. 867-876. 2010. 

OLIVEIRA‐FILHO, A. T.; FONTES, M. A. L. Patterns of floristic differentiation among 
Atlantic Forests in Southeastern Brazil and the influence of climate. Biotropica, v. 
4b, n. 32, p. 793-810. 2000. 

PARMESAN, C.; YOHE, G.. A globally coherent fingerprint of climate change impacts 
across natural systems. Nature, v. 421, n. 6918, p. 37, 2003. 

PECL, G. T.; ARAÚJO, M. B.; BELL, J. D. et al. Biodiversity redistribution under 
climate change: Impacts on ecosystems and human well-being. Science, v. 355, n. 
6332, p. eaai9214, 2017. 

PEREIRA, O. J. Caracterização fitofisionômica da restinga de Setiba- Guarapari/ES. 
Anais do II Simpósio de Ecossistemas da Costa Sul e Sudeste Brasileira, 3, 



64 
 

207-209. 1990. 

RAN1 - Primeiro Relatório de Avaliação Nacional sobre Mudanças Climáticas, 
Base científica das mudanças climáticas, 2013. Disponível em: 
<http://www.pbmc.coppe.ufrj.br/documentos/RAN1_completo_vol1.pdf>. Acesso 
em: 21.05. 2018. 
 
RIZZINI, C. T. Tratado de Fitogeografia do Brasil: Aspectos sociológicos e 
florísticos. Edgard Blucher Ltda./EDUSP, v. 2, São Paulo. 1979. 

SCARANO, F. R. Plant communities at the periphery of the Atlantic rain forest: Rare-
species bias and its risks for conservation. Biol Cons, v. 142, p.1201- 1208. 2009 

SCHEFFERS, B. R; DE MEESTER, L.; BRIDGE, T. C. L. et al. The broad 
footprint of climate change from genes to biomes to people. Science, v. 354, n. 6313, 
p. aaf7671. 2016. 

SILVEIRA, J. D. Morfologia do litoral. In: Azevedo, A. (ed). Brasil: a terra e o 
homem. Companhia Editora Nacional, São Paulo, v. 1, p. 253-305. 1964. 

SMITH, S. J.; EDMONDS, J.; HARTIN, C. et al. Near-term acceleration in the rate of 
temperature change. Nat. Clim. Chang, v. 5, p. 333–336. 2015. 

SOCOLAR, J.B., GILROY, J.J., KUNIN, W.E., EDWARDS, D.P. How should beta-
diversity inform biodiversity conservation?. Trends in ecology and evolution, n. 3, 
p. 67-80. 2016. 

SPALDING, M. D., RUFFO, S., LACAMBRA, C., MELIANE, I., HALE, L. Z., 
SHEPARD, C. C., BECK, M. W., 2014. The role of ecosystems in coastal protection: 
Adapting to climate change and coastal hazards. Ocean e Coastal 
Management, 90, 50-57. 

TUOMISTO, H. A diversity of beta diversities: straightening up a concept gone awry. 
Part 1. Defining beta diversity as a function of alpha and gamma 
diversity. Ecography, n. 33, p. 2-22. 2010. 

VILLÉGER, S., MASON, N.W., MOUILLOT, D. New multidimensional functional 
diversity indices for a multifaceted framework in functional ecology. Ecology, n. 89, 
p. 2290-2301. 2008. 

VIOLLE, C.; NAVAS, M. L.; VILE, D.; KAZAKOU, E.; FORTUNEL, C.; 
HUMMEL, I.; GARNIER, E. Let the concept of trait be functional!. Oikos, v. 116, n. 
5, p. 882-892. 2007. 
 
VOUSDOUKAS, M. I., RANASINGHE, R., MENTASCHI, L., PLOMARITIS, T. A., 
ATHANASIOU, P., LUIJENDIJK, A., FEYEN, L., 2020. Sandy coastlines under threat 
of erosion. Nature climate change, 10(3), 260-263. 

ZAMITH, L. R. e SCARANO, F. R. Restoration of a restinga sandy coastal plain in 
Brazil: survival and growth of planted woody species. Restoration Ecology, v. 14, 
n. 1, p. 87-94. 2006. 



65 
 

WWF. Living Planet Report. WWF International, Gland, Switzerland. 2012. 

WEBER, M.M., STEVENS, R.D., DINIZ‐FILHO, J.A.F., GRELLE, C.E.V. Is there a 
correlation between abundance and environmental suitability derived from ecological 
niche modelling? A meta‐analysis. Ecography, n. 40, p. 817-828. 2017. 

WIENS, J. A.; STRAUBERG, D.; JONGSOMJIT, D. et al. Niches, models, and climate 
change: assessing the assumptions and uncertainties. Proceedings of the National 
Academy of Sciences, v. 106, n. Supplement 2, p. 19729-19736. 2009. 

WILLIAMS, J. E.; BLOIS, J. L. Range shifts in response to past and future climate 
change: Can climate velocities and species’ dispersal capabilities explain variation in 
mammalian range shifts?. Journal of Biogeography, v. 9, n. 45, p. 2175-2189. 
2018. 
 
 

 

 
 

 


