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Resumo

A diversidade atual de espécies reflete as alteragdes que ocorrem nos habitats ao longo do tempo
e do espaco, sendo que os padrdes e 0s processos envolvidos na diversificacdo do nicho sdo
fundamentais para compreender a biodiversidade. A Mata Atlantica esta entre os cinco hotspots
mais biodiversos do planeta, reconhecida por abrigar muitas espécies exclusivas, uma elevada
diversidade e ao mesmo tempo um alto grau de ameaca devido a perda e fragmentacdo de
habitats. A Floresta Ombrofila Mista faz parte do dominio da Mata Atlantica contribuindo para
esta diversidade de espécies. Sendo assim, estudos de carater biogeografico e evolutivo em
linhagens de plantas altamente diversificadas em um bioma, podem esclarecer quais foram as
principais mudancas na paisagem que influenciaram a composicéo bidtica e levaram a formacéo
da paisagem atual. Nosso trabalho buscou reconhecer os padrdes de diversidade da Floresta
Ombrofila Mista ou Floresta com Araucaria, as areas de maior riqueza, espécies endémicas e
areas de endemismo, além de inferéncias sobre a os processos de radiacdo de linhagens de
angiospermas ao longo de eventos historicos que culminaram na diversidade de espécies atual.
Para isso, foram acessadas bases de dados moleculares para analises filogenética com
estimativas do tempo de origem e diferenciacdo local de linhagens selecionadas, amplamente
diversificadas nesta formacdo. Analises para identificar areas de endemismo e métodos de
analise baseados em modelos estocasticos de evolucdo da distribuicdo geogréfica sdo
apresentados. Uma lista com 52 espécies endémicas e 28 near-endemics foi elaborada . Nossos
resultados indicam a regido leste do Planalto Sul-Brasileiro, nos Estados do Rio Grande do Sul
e de Santa Catarina, como detentora de maior diversidade de endemismos. As analises das
linhagens, mostram que existem conexdes pretéritas entre as &reas, mas que foi nos Gltimos 5
milhdes de anos que a maioria dos eventos de dispersdo se concentrou. RadiacGes na Floresta
com Araucaria sdo recentes e ocorreram em pequeno numero quando comparadas com outras
formacbes proximas. Estas informacBes poderdo ainda dar suporte & escolha das &reas
prioritarias para a conservagdo e para 0 uso sustentavel, alem de auxiliar na compreensao dos

padrdes de diversificacdo da Floresta com Araucéria.

Palavras-chaves: Biogeografia; endemismo; evolugdo; padrdes de diversidade.



Abstract

The current diversity of species reflects the changes that occur in habitats over time and space,
and the patterns and processes involved in niche diversification are fundamental for
understanding biodiversity. The Atlantic Forest is among the five most biodiverse hotspots on
the planet, recognized for hosting many exclusive species, high diversity and at the same time
a high degree of threat due to habitat fragmentation. The Mixed Ombrophilous Forest is part of
the Atlantic Forest domain, contributing to this diversity of species. Thus, studies on
biogeography and evolution in highly diversified plant lineages of a biome can clarify which
were the main changes in the landscape that influenced the biotic composition and led to the
formation of the current landscape. Our work aimed to identify the diversity patterns of the
Mixed Ombrophilous Forest, identifying the areas of greatest richness, endemic species, areas
of endemism, in addition to inferring the radiation processes of angiosperm lineages throughout
historical events that culminated in the current diversity of species. For this, molecular
phylogenetic analyzes were performed with estimates of the time of origin and local
differentiation of selected taxa, widely diversified in this formation. Analyzes to identify areas
of endemism and methods of analysis based on stochastic models of the evolution of the
geographical distribution are presented. A list of 52 endemic taxa and 28 near-endemics was
built from public databases and refined. Our results indicate the eastern region of the southern
plateau between the states of Rio Grande do Sul and Santa Catarina, as having the greatest
diversity of endemism in angiosperms. Our results show that there were past connections
between areas, but it was in the last 5 million years that most dispersion events were
concentrated. Radiations in the Araucaria Forest are recent and have occurred in small number
when compared to other areas. This information may also support the choice of priority areas
for conservation and sustainable use, as well as to help understanding the patterns of

diversification of Araucaria forests.

Keywords: Biogeography; diversity patterns; endemism; evolution.
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APRESENTACAO

Esta tese é divida em uma Introducdo Geral, seguida de dois capitulos formatados como

manuscritos a serem publicados e, por fim, pelas conclusdes e perspectivas.

CAPITULO | 1— Is there endemism in the Brazilian Araucaria Forest?
A formatacdo deste capitulo seguiu 0 modelo exigido para publicacdo na revista Rodriguésia,
para a qual o manuscrito j& foi submetido (trabalho apresentado no exame de qualificacdo de

doutorado).

CAPITULO Il — Diversificacdo de angiospermas na Floresta com Araucéria: percepcoes
sobre sua historia evolutiva
A formatacgdo deste capitulo seguiu 0 modelo exigido para publicacdo na revista Perspectives

in Plant Ecology, Evolution and Systematics, para a qual o manuscrito sera submetido.

As instrucBes para os autores podem ser encontradas nos enderecos eletronicos abaixo:

Rodriguésia (https://www.scielo.br/revistas/rod/pinstruc.htm)

Perspectives in Plant Ecology, Evolution and Systematics (https://www.elsevier.com/journals/perspectives-in-
plant-ecology-evolution-and-systematics/1433-8319/guide-for-authors)
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INTRODUCAO GERAL

Os biomas sdo unidades biogeograficas importantes na investigacdo dos padrdes
ecologicos em grande escala (CRISP et al., 2009). Sdo amplas areas com fisionomia
caracteristica, definidas por espécies dominantes, pelo clima e formas de vida (WOODWARD
et al., 2004). Segundo Séarkinen et al. (2012), diferentes mecanismos e processos impulsionam
a diversificacdo das espécies nos biomas, gerando padrdes contrastantes em termos de riqueza
e endemismo. Contudo, esses padrdes ndo podem ser apenas analisados com base em uma
espécie e as suas condigdes atuais, sdo necessarias investigacdes profundas da histéria
evolutiva, relacionando dados ecol6gicos e filogenéticos (WIENS et al., 2010).

A alta diversidade de espécies atraiu a atencdo de pesquisadores para a Regido
Neotropical (ANTONELLI et al., 2018). Esta diversidade pode estar relacionada ao fato de que
essa regido manteve certa estabilidade climatica, que possibilitou longos periodos para o
processo de especiacdo (ANTONELLI & SANMARTIN, 2011). Fatores como a deriva
continental, diferencas climaticas e formacao de cadeias de montanhas agem de forma conjunta,
no processo de formacdo dos biomas dessa regido (ANTONELLI, 2017). A Cordilheira dos
Andes é um 6timo exemplo desses fatores agindo em conjunto. Em suas florestas sazonalmente
secas (no lado oriental das cordilheiras), por exemplo, a diversificagdo ocorreu in situ, dentro
de nucleos formados pelo bioma em grande parte ndo perturbado por novos imigrantes, onde a
limitacdo da dispersdo vem das fortes correlacdes entre a variacdo genética e distancias
geograficas (SARKINEN et al., 2012).

Essa variacdo genética € significativa quando avaliamos populacdes de Araucaria
angustifolia (Bertol.) Kuntze com base em sua distribuicao nas Regides (area nuclear) e Sudeste
(&reas insulares) do Brasil (SOUSA & HATTEMER, 2001). Durante o Mioceno (23 a 5 milhdes
de anos antes do presente AP), predominou um clima mais seco e quente, a0 mesmo tempo em
que importantes eventos geoldgicos ocorreram na América do Sul, como a elevacdo dos Andes
e as transgressdes e regressdes marinhas (DONATO et al., 2003). Por alguma razdo, as
populacbes ao norte da distribuicdo da espécie mantiveram uma maior variabilidade genética
durante a retracdo e expansdo que ocorreu no Pleistoceno (2 a 00,1 milhdes de anos AP) e
Holoceno (00,1 milhGes de ano AP até o presente), confirmando a relagdo entre distancia
genética e distancia geografica. Klabunde e colaboradores (2012) sugerem atraves de estudos
filogeograficos que as populacdes do sudeste permaneceram isoladas em relagdo as do sul no
final do altimo periodo glacial (0,0275 e 0,0145 milhdes de anos AP), indicando uma barreira

genética. Estas alterac6es influenciaram diretamente nos padrées de distribuicdo da vegetacéo,
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nas composicOes floristicas de formacfes neotropicais € nos processos de especiacdo na sua
biota.

As barreiras adaptativas também podem contribuir significativamente para 0 aumento
ou reducéo da riqueza de espécies (SARKINEN et al., 2012). Simon et al. (2009) sugerem que
as linhagens de plantas do Cerrado adaptadas ao fogo divergiram recentemente deslocando-se
de biomas préximos e livres do fogo, e ndo por dispersdo de linhagens j& adaptadas a essa
condicdo. Estes resultados demostram que os padrdes de diversificagdo em biomas muito
diversos, como o Cerrado, podem ser altamente peculiares. A combinacao de informacdes sobre
0 conservatismo de nicho e do efeito do tempo para a especiacao pode ajudar a explicar muitos
padrdes de riqueza e diversidade local (WIENS et al., 2010). Deste modo abordagens baseadas
em biorregides, macroecologia e evolucdo poderiam sugerir como as linhagens tém conseguido
ultrapassar as principais barreiras ecofisiologicas ao longo do tempo evolutivo (VILHENA &
ANTONELLI, 2015). Para trazer respostas para estas questdes, € preciso levar em conta as
caracteristicas ecologicas, fisioldgicas e paleontoldgicas, ndo apenas semelhancas floristicas
entre as regides (ESCALANTE, 2009). A presenca de endemismos também tem um grande
impacto na compreensdo da dinamica floristica em uma formacéo vegetacional, fornecendo
informacdes Uteis sobre evolugdo e areas de endemismo, assim como contribui na priorizacéo
de areas para conservacdo da biodiversidade (CHIAPELLA & DEMAIO, 2015; DARU et al.,
2020).

A Floresta com Araucariaou Floresta Ombrofila Mista (FOM) é uma das principais
formacdes florestais da Regido Sul do Brasil, tendo sua distribuicdo associada a locais de
elevada altitude, baixas temperaturas médias anuais e alta humidade atmosférica,
principalmente no Planalto Sul-Brasileiro (LEITE & KLEIN, 1990; RAMBO, 1994; GUERRA
et al.,, 2002; RODERJAN et al., 2002). Esta formacdo pertence ao Dominio Atlantico e
compreende as formac0es florestais tipicas e exclusivas de areas de elevada altitude na Regido
Sul do Brasil, com disjun¢des na Regido Sudeste e em paises vizinhos (LEITE & KLEIN, 1990;
RAMBO, 1994; RODERJAN et al., 2002). A composicao floristica dessa formacéo é dominada
por géneros como Araucaria Juss., Drymis J.R.Forst. & G.Forst. e Podocarpus Pers. (VELOSO
etal., 1991).

De acordo com a altitude e a relacdo com corpos d"agua, a Floresta com Araucariapode
ser classificada em aluvial, quando acompanha os sistemas de drenagem nos vales e ficam
sujeitas a inundagdes ocasionais, em submontana quando constituindo disjunc¢des em altitudes

inferiores a 400 m, em montana de altitude (400 m e 1.000 m) e alto montana, nas partes mais
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elevadas do planalto sul-riograndense (mais de 1000 m), formando capdes entre os campos de
altitude (IBGE, 2012).

E provavel que Araucaria angustifolia (Bertol.) Kuntze tenha sido amplamente
distribuida no periodo glacial (antes de 0,02 milhdes de anos AP), mas dados sobre a
distribuic@o neste periodo sdo muito limitados (KERSHAW & WAGSTAFF, 2001). Durante o
periodo glacial tardio do final do Pleistoceno a Floresta com Araucariaestava restrita a pequenos
refugios localizados em fundos de vales, devido ao clima mais frio e seco. Sua expansao se da
no Holoceno tardio, quando formava uma rede de matas de galerias ao longo de cursos d’agua,
indicando um clima mais Umido e uma curta estacdo mais seca (BEHLING et al., 2004;
BEHLING & PILLAR, 2006; BAUERMANN et al., 2008). A expansdo mais marcante ocorre
apenas nos Ultimos 1.500 AP, quando a floresta alcanca as terras altas formando mosaicos com
a vegetacdo campestre (BEHLING, 1997; BEHLING; BAUERMAN; NEVES, 2001; DOS
REIS; LADIO; PERONI, 2014).

A expansdo da Floresta com Araucariano Holoceno pode estar ligada aos povos que
habitavam a regido do planalto (NOELLI, 2000; BITENCOURT & KRAUSPENHAR, 2006;
IRIARTE & BEHLING, 2007; GESSERT et al., 2011; DOS REIS; LADIO; PERONI, 2014).
Evidéncias paleopalinoldgicas indicam que populagdes de cacadores-coletores chegaram a
regido dos Campos de Cima da Serra por volta de 6.000 AP (COPE; BARRETO; SILVA,
2013). Em uma segunda onda migratéria, vindos do Planalto Central, temos os povos Jés,
conhecidos pelas casas subterraneas (NOELLI, 2000; COPE; BARRETO; SILVA, 2013).
Dados arqueoldgicos e paleoecoldgicos recentes, das regibes do planalto, indicam que o
desenvolvimento da tradi¢do dos povos Jés esta diretamente ligado ao avanco da FOM, no final
do Holoceno (IRIARTE & BEHLING, 2007; GESSERT et al., 2011; DOS REIS; LADIO;
PERONI, 2014).

Atualmente, a distribuicdo da Floresta com Araucariapossui nicleos esparsos sobre a
Serra do Mar em Sdo Paulo, Minas Gerais e Rio de Janeiro, na Provincia Argentina de
Missiones, passando pela parte mais continua entre Parang, Santa Catarina e Rio Grande do
Sul, no sul do Brasil (LEITE, 2002; PARODI, 2002; RODERJAN et al., 2002, CARLUCCI et
al., 2011). O clima atual favorece a expansao da Floresta com Araucériapela Regido Sul do
Brasil (BEHLING & PILLAR, 2006). A expansé&o relativamente tardia, bem como as variagdes
na altitude e, consequentemente, na temperatura, também influenciam as composi¢oes
floristicas ao longo da distribuicdo desta formacdo (OLIVEIRA-FILHO & FONTES, 2000;
BEHLING & PILLAR, 2006). Podemos encontrar formagdes densas, de arvores com altura

entre 25 m e 30 m, até formacgOes abertas, constituidas de arvoretas e arbustos associados a



14

pteriddfitas terrestres e taquarais (LEITE & KLEIN, 1990). Ao longo do gradiente latitudinal,
a composicdo floristica desta formacdo varia consideravelmente, provavelmente como
consequéncia do padrdo de mudancas climaticas que favoreceram o avanco da floresta sobre o
campo (DUARTE et al., 2009; JESKE-PIERUSCHKA et al., 2010).

A Floresta com Araucéria € uma das fitofisionomias que compde a Mata Atlantica, a
qual constitui um dos cinco hotspots mais biodiversos do planeta (MYERS et al., 2000). Como
resultado da intensa pressao exploratoria que sofreu ao longo de vérias décadas, a Floresta com
Araucériafoi drasticamente reduzida (KOCH & CORREA 2002). Estudos filogenéticos podem
elucidar os processos de dispersao, diversificacdo e a aquisi¢cao de inova¢Ges morfoldgicas que
podem estar relacionadas a histéria deste bioma (IGANCI et al., 2013). O alto nimero de
espécies restritas conhecido para as formacdes vegetacionais do sul do Brasil (IGANCI et al.,
2011) foi 0 que nos instigou a iniciar nosso trabalho. Pretendemos que os resultados gerados
aqui, contribuam para o entendimento dos padrdes de riqueza e diversidade de espécies em
linhagens selecionadas na Floresta com Araucaria, assim como dos processos evolutivos que
envolveram a formacdo da biodiversidade, possibilitando inferir sobre os seus limites de
distribuicdo, centros de origens dos taxons selecionados, padrdes de diversificacdo e grau de
conservacao de nicho. Estas informagdes poderdo dar suporte na escolha das areas prioritarias
para a conservacao e para 0 uso sustentavel, além de auxiliar na compreensao dos padrdes de

diversificacdo dos ecossistemas atuais.

OBJETIVOS

Objetivo geral
e Caracterizar os padrdes de diversidade da Floresta com Araucaria identificando as areas de
maior riqueza de espécies e inferir sobre a os processos de radiacdo de linhagens de plantas

durante os processos histdricos que culminaram na diversidade de espécies atual.

Obijetivos especificos
e Atualizar a lista de espécies e analisar os padrGes de diversidade de taxons restritos a
Floresta com Araucaria.

e Analisar os processos envolvidos na diversificacdo de linhagens selecionadas, ao longo da

historia evolutiva da Floresta com Araucaria.
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RESUMO

Exite endemismo na Floresta com Araucaria? Seria Araucaria angustifolia a Gnica espécie
cuja a presenca caracteriza a Floresta Ombrofila Mista, ou esta formagdo poderia ser também
definida pela ocorréncia de outras espécies endémicas? Para responder a pergunta, partimos de
listas j& publicadas, revisitamos a histéria da formagdo e através dos dados de distribuicdo atuais
das espécies norteamos nossas discussdes. Para isso, buscamos identificar espécies endémicas
dessa formacéo, analisar as areas de endemismo, a riqueza de espécies e 0 numero de coletas.
Uma lista com 52 espécies endémicas e 28 near-endemic foi elaborada a partir de bancos de
dados. Nossos resultados indicam a regido leste do planalto meridional nos Estados do Rio
Grande do Sul e de Santa Catarina, como detentora de maior diversidade de endemismos na
formagc&o. Areas com pouco esforco amostral sio destacadas. Sugerimos que a atuacio de uma
complexa interacao de fatores estd envolvida na formacgéo dos endemismaos, e que as linhagens
presentes na lista de espécies endémicas podem conter a chave para a compreensao desses
fatores em estudos futuros.

PALAVRAS-CHAVE: Areas de endemismo — Bancos de Dados — Conservagio — Floresta
Ombrdfila Mista.

ABSTRACT

Is there endemism in the Brazilian Araucaria Forest? Would the presence of Araucaria
angustifolia be the only factor characterizing the Mixed Ombrophilous Forest, or is this
formation also defined by the occurrence of other endemic species? To answer this question,
we revisited the history of this vegetation from published lists and the current distribution data
of other species besides A. angustifolia. We aimed to identify other endemic species in this
vegetation type, analyze endemism areas, species richness, and records over the study area. A
list with 52 endemic species and 28 near-endemic was built from databases. Our results
indicated that the eastern region of the South Brazilian Plateau in states of Rio Grande do Sul
and Santa Catarina is the one with the highest endemism diversity. We suggest that a complex
web of interactions is involved in the formation of endemism, and that lineages present in the
list of endemic species may contain the key for understanding these drivers in future studies.
KEYWORDS: conservation — databases - endemism areas - Mixed Ombrophilous forest.
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Introduction

Different hypotheses are proposed to explain the extraordinary biodiversity of the
Neotropics Community-based approaches, within biomes, might help identifying different
diversification processes among taxa (Antonelli & Sanmartin, 2011; Hughes et al., 2013).
Endemism areas are delimited by the overlapping of distribution ranges of endemic taxa
(Morrone, 1994). Groups of taxa distributed in the same area might have suffered the influence
of the historical and current drivers that determine their distribution in a similar way (Szumik
etal., 2002).

Current species diversity reflects changes in habitats over time and space, with the
patterns and processes involved in niche diversification being critical to understanding
biodiversity (Wuest et al., 2015). Identifying diversity gradients, as well as the processes
involved in their dynamics on a species-rich continent like South America is still a central issue
in ecology and evolutionary biology (Sarkinen et al., 2011).

A fundamental step towards understanding biodiversity patterns and processes is the
production of species lists accompanied by good quality and easily accessible information
(Paton et al., 2020). It is also necessary to intensify efforts to assess species’ conservation status,
and to evaluate the presence of endemism to protect biodiversity (Kilkamp et al., 2018; Pla et
al., 2020). Local endemism might be under-estimated in global species lists and conservation
overviews, while endemic species could be at greater risk of extinction, depending on their
ecological context (Nic Lughadha et al., 2020). Once species lists and risk assessments are in
place, increased efforts to gather ecological data are vital to guide conservation strategies and
to provide reliable information to direct conservation priorities (BFG, 2018; Nic Lughadha et
al., 2020; Paton et al., 2020; Ulian et al., 2020).

The Araucaria Forest in Southeastern South America is a formation dominated by the

species Araucaria angustifolia (Bertol.) Kuntze, that presents a dense understory composed of
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species of both tropical and temperate origin. It is part of the Atlantic Forest, a Brazilian
biodiversity hotspot, recognised for harboring a high number of endemic species (Myers et al.,
2000). The Atlantic Forest is an important region for understanding the diversity patterns of
angiosperms and is threatened by habitat fragmentation and loss (Hughes, Pennington &
Antonelli, 2013).

The Araucaria Forest is one of the largest forest formations in southern Brazil, having a
distribution associated with high elevation and low average annual temperatures (Leite & Klein,
1990; Rambo, 1994; Guerra et al., 2002; Roderjan et al., 2002). Expansion and retraction
periods occurred in its history (Behling, 1997; Behling et al., 2004; Behling & Pillar, 2006;
Bauermann et al., 2008), with the most prominent extension taking place over the last 1500
years, when the forest reached the highlands, forming a mosaic with the grassland vegetation
there (Behling, 1997; Behling et al., 2001; Dos Reis, Ladio & Peroni, 2014). Species
characteristic of the Araucaria Forest include Araucaria angustifolia (Araucariaceae Henkel
& W.Hochst.), Drimys brasiliensis Miers (Winteraceae Lindl.) and Podocarpus lambertii
Klotzsch ex Endl. (Veloso et al., 1991) (Podocarpaceae Endl.). The floristic composition of the
Araucaria Forest formation varies considerably along the latitudinal gradient, mostly
influenced by other vegetation formations that interface with it (Duarte et al., 2009; Jeske-
Pieruschka et al., 2010).

Our study aims to ascertain how many plant species are endemic to the Araucaria Forest
and where they occur. Our starting point is that the Araucaria Forest is documented as home to
several range-restricted taxa (Stehmann, 2009; Iganci et al., 2011; Brazil Flora Group, 2020).
Our goal is to present a list of angiosperm species endemic to the Araucaria Forest and, by
collating and analysing distribution data for these species, to identify areas of endemism within

the formation.
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Methods
Study area

The study was conducted in the Araucaria Forest (Figs. 1 and 2). This vegetation is found
mainly in Brazil’s Southern Plateau (Leite, 2002), distributed predominantly between 800 and
1200 m of elevation, but occasionally occurring above these limits (Roderjan et al., 2002), in
the states of Parand, Rio Grande do Sul and Santa Catarina, and in disjunct areas of the states
of Minas Gerais, Rio de Janeiro and S&o Paulo. It also occurs in the province of Misiones,
Argentina (Parodi, 2002; Gessert et al., 2011) and in the department of Alto Parana in Paraguay.
It comprises a mixture of tropical and temperate floras (Guerra et al., 2002; Leite, 2002). The
climate is humid temperate, Cfa and Cfb, according to the Kdppen classification, defined by
temperature differences due to altitudinal variation (Peel et al., 2007). Depending on elevation
and influence from water bodies, the Araucaria Forest can be divided into alluvial formations
that follow drainage systems in valleys; submontane formations that form disjunctions at
elevations below 400 m a.s.l.; montane formations occurring between 400 m and 1000 m a.s.l.
and upper montane formations in the most elevated highland areas, which comprise ‘islands’
of fragmented forests in a matrix of highland grasslands, at elevations greater than 1000 m
(IBGE, 2012).

Fieldwork expeditions were undertaken during 2017, in Rio Grande do Sul and Santa
Catarina states, in the core area of the Araucaria Forest, and included the National Forest of
Canela, the Aparados da Serra and Sdo Joaquim National Parks, the Corvo Branco mountain,
the Monte Negro peak, and the municipalities of Canela, Sdo Francisco de Paula, Bom Jesus,
Sdo José dos Ausentes, Bom Jardim da Serra, Urubici, Sdo Joaquim, Jaquirana and Cambara
do Sul. The fieldwork aimed to observe different forest physiognomies along the distribution
of Araucaria Forest, and to collect and photograph endemic plants and habitats. The samples

collected were deposited at the herbarium PEL, at the Universidade Federal de Pelotas, Brazil.
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Figure 1. A, Distribution of Araucaria Forest in east South America, based on the distribution
of Araucaria angustifolia. The fragments in Paraguay are small and cannot be mapped in the
adopted scale; B, The distribution of Araucaria Forest in brazilian states (MG: Minas Gerais,

PR: Parana, RJ: Rio de Janeiro, RS: Rio Grande do Sul, SC: Santa Catarina, SP: Sao Paulo).
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Figure 2. Araucaria Forest. A, Araucaria angustifolia as an emergent stratum; B, The
understory of Araucaria Forest; C, Image of light entering the Araucaria Forest. Detail of
Araucaria trunk with several epiphytes; D, Ground layer with Bryophytes; E, dry branches of
Araucaria angustifolia (grimpa); F, Group of Dicksonia sellowiana Hook. And, G, sedges

(Cyperaceae) in the understory of the Araucaria Forest. Photographs: M.P. DORNELES.

Dataset and Analyses

With the goal of producing an updated list of angiosperm species endemic to the
Araucaria Forest, data for species reported to be endemic to the Araucaria Forest were
compiled from the publications of Stehmann (2009), Iganci et al. (2011) and from Brazil Flora
Group (2020), selecting only the species indicated as endemic to the Atlantic Forest biome and

having geographic distribution restricted to the Araucaria Forest in each list. The International
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Plant Names Index (IPNI, 2020) was used to detect possible newly described species from the
study area, via a search for publications from January 1%, 2008 to September 30", 2019. Here
we used a filter to search by states in Brazil, selecting only those states in which Araucaria
Forest is present. Later, we manually searched the original publications (protologues) to
ascertain the vegetation types where the new species described occur, retaining only those
species reported as occurring exclusively in the Araucaria Forest. The final list of endemics
was used to delimit our search for georeferenced specimen records, using shape files of the
Araucaria Forest distribution to confirm each species distribution within the study area. We
obtained georeferenced specimen records from GBIF (GBIF, 2020), REFLORA Virtual
Herbarium (REFLORA, 2020) and CRIA speciesLink (CRIA, 2020). The search for
georeferenced records including all species identified as endemics resulted in 10,246 records.
The distribution records for 136 species were tabulated and the data organized by plant family,
genus, species, author name, collector name, collector number, original collection and code,
collection date and locality, georeferences and elevation. Since our database included quite a
low number of records, we opted for manual data cleaning to achieve more precise results
through a careful evaluation of which records to retain in the final table during the cleaning
(Panter et al., 2020). Manual data cleaning steps were undertaken to exclude duplicate records,
as well as records lacking precise location, collector name or number, and records with invalid
coordinates or dubious identification (the latter being possible to check when a specimen image
was consulted through virtual herbaria). Records lacking georeferences were georeferenced
using the tool geoLoc by speciesLink (CRIA, 2020), whenever the location described was
sufficiently precise. Records for which it was not possible to infer the georeference due to lack
of information, were excluded from the table. Maps for each species were produced using
ArcGIS (ESRI, 2010). Only records with complete, valid coordinates associated with herbarium

vouchers were included. Species that had their distribution areas in non-forest habitats, based
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on shape files of the vegetation distribution, such as grasslands and rock outcrops close to the
Araucaria Forest, were also manually checked and removed from the list. We refined the
selection of endemic species by analyzing the maps. We used two shapefiles (Hasenack et al.,
2017; Dinerstein et al., 2017) that delineate the Araucaria Forest distribution to identify
collection records that fell outside mapped areas.

All information was reviewed so that species could be classified as endemic to the
Araucaria Forest, near-endemic, or non-endemic, the latter being excluded from the final list.
We defined as endemic those species known only from records found within the mapped
Araucaria Forest boundaries. The near-endemics are those species that have a significant
number of distribution records within the Araucaria Forest but also presented a few records in
other formations close to the Araucaria Forest limits (which could be attributable to map scale
or even minor inaccuracies in the distribution data, or in the mapping and delimitation of the
formation), or those species showing a high affinity to the formation, i.e. presenting more than
90% of their mapped distribution within the Araucaria Forest.

Once the species list was finalized, a database was compiled, in which we included
species protologues, type specimen images and the herbaria where the vouchers are deposited
for each taxon, through research in nomenclatural databases (IPNI, 2020), herbarium databases
(CRIA, 2020; GBIF, 2020; REFLORA, 2020) and the scientific literature. We then checked
which of the listed species had been assessed for their conservation status (extinction risk) on
published lists including areas where the Araucaria Forest occurs in the states of Rio Grande
do Sul (Live, 2014, decree n° 42. 099), Santa Catarina (Consema, 2014), Sdo Paulo (Institute
of Botany, 2016), Minas Gerais (Drummond et al., 2008), Brazil (Martinelli & Moraes 2013),
province of Misiones, Argentina (PlanEAr, 2008) and the global IUCN Red List (2020) (see
Appendix 1). Types of habit were assigned for each species based on protologues, taxonomic

literature, herbarium samples and the Brazilian Flora Group (2020).
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Endemic and near-endemic taxa distribution, species richness (number of species in each
cell) and collection richness (hnumber of collections per cell) were analyzed using DIVA-GIS
7.5.7 (Hijmans et al., 2012), in 30 x 30 km grid cells. Near-endemic species were excluded
from our analysis of areas of endemism as their inclusion would have resulted in the whole of
the Araucaria Forest area being recognised as a single area of endemism (results not shown).

To delineate endemism areas within the study area, we then analysed the distribution of
the true endemic species using the software NDM/VNDM v.3.1 (Goloboff, 2004), according to
Szumik et al. (2002) and Szumik & Goloboff (2004). This non-hierarchical approach facilitates
recognition of consensus areas with good resolution and has been widely adopted (Szumik et
al., 2012; Aagesen, Szumik & Goloboff, 2013; Gomes-da-Silva & Forzza, 2020; Liria, Szumik
& Goloboff, 2020; Ruiz-Sanchez et al., 2020; Ostroski et al., 2020). The software analyses
species presence or absence in every grid cell, based on each record, generating an endemicity
score value for each area and for each species analyzed in that area (Szumik & Goloboff, 2004).
To identify endemism areas, an endemicity score (E) is calculated for each taxon, where E is
based on the presence or absence of taxa in grids, and considers the number of different grids
where the taxa are present (p), inferred (i), assumed (a) and the total number of grids in the
study area (t). The endemicity score also considers the presence or absence of taxa in adjacent
grids within the entire distribution of the taxon (0), where it is assumed to occur (d) and where
it does not occur (n). The analysis generates factors (F) that make the corresponding terms more
or less influential (factor for inferred presence within the area (Fa), factor for observed presence
within the area (Fo), factor for presence assumed adjacent to the area (Fd) and presence assumed
nonadjacent to the area (Fn)) (Szumik & Goloboff, 2004). Thus, endemism areas present higher
E which is calculated by the sum of each taxon’s E. For an area to receive a high endemicity
score, the species found within the area must also present a high endemicity score, since the

area score is the sum of scores of the species occurring in the area. Consensus areas are created
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based on the proportion of species that define the area, and species are considered as endemics
once they present a spatial overlap with the areas of endemism (Aagesen, Szumik & Goloboff,
2013). Thus, the more species are considered as endemic to a specific area, the higher will be
the endemicity score and the higher will be the support values for grids within the endemism
area (Szumik & Goloboff, 2004).

To estimate grid cells for NDM/VNDM analysis, we tested different grid sizes, and
selected a rectangular grid of 1.150 x 0.790 (where 1 equals ca. 100 km) (Szumik et al., 2012).
In general, grids used in similar studies are much greater than in the present study, usually due
to the larger study area and amounts of data analyzed (Aagesen, Szumik & Goloboff, 2013;
Gomes-da-Silva & Forzza, 2020). Considering the Araucaria Forest as a vegetation formation
within the Atlantic Forest, and its fragmented distribution forming mosaics with grasslands,
smaller grids allowed us to better detect and show minor variations inside the Araucaria Forest
(Aagesen, Szumik & Goloboff, 2013). Based on the reduced grid size we choose the strict
consensus to calculate the consensus endemism areas (Aagesen, Szumik & Goloboff, 2013).
Consensus endemism areas are created when the areas share a great proportion of species that
define them. So, species are considered endemic only when they present a spatial concordance
with the endemism area, producing consensus areas in this same way (Aagesen, Szumik &
Goloboff, 2013). Thus, the greater the number of endemic species in one area, the greater will
be the endemicity score (E) in the area, and the greater will be the support values for the grids
within the endemism area (see Szumik & Goloboff, 2004 for a complete explanation of the
formula and analysis). Based on this analysis, we developed a shapefile of the areas with the

highest endemicity scores.

Results
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We found a total of 1333 species and 57 varieties of angiosperms with occurrences in the
Araucaria Forest at the Brazil Flora Group (2020). Considering only endemics, this number is
reduced to 75 species (5.63%) and two varieties of angiosperms in the Araucaria Forest. lganci
et al. (2011) reported 70 species as endemic to the Araucaria Forest, but some of these species
are distinct from those found in the database of the Brazil Flora Group. In Stehmann (2009) we
found 216 species reported as endemic to the Araucaria Forest. Together these lists include 361
species. Our search on IPNI (IPNI, 2020), for new species described from January 2008 until
September 2019 and occurring in the states where the Araucaria Forest is present, generated a
total of 1109 species names; however, following consultation of each original publication and
the Brazilian Flora Group (2020), for details on species distribution and occurrence in different
vegetation types, only three new taxa were added to the Araucaria Forest endemic species list.
During the collation of data from all consulted lists, we started with 364 species names.
Elimination of species repeated in more than one list and possible nomenclatural synonyms
reduced the list to 315 species, as 49 names were synonymized, combined into other genera or
lumped with other species having a broader circumscription and distribution, not restricted to
the Araucaria Forest. Finally, 204 species were excluded from the final list of endemic
angiosperms from the Araucaria Forest during our revision of distribution records for each
species.

Starting from the 364 species found among the four initial species lists we arrived at a
final list of 52 Araucaria Forest endemic plant species and 28 near-endemics (Tab. 1 and 2).
This list includes species from 25 botanical families, of which Asteraceae is represented by
most species in the list, with eight species (Tab. 1). The families Fabaceae, Melastomataceae,
Myrtaceae and Solanaceae have four species each, while Apocynaceae, Orchidaceae and
Poaceae have three species each. The genera Leandra Raddi (Melastomataceae), Mimosa L.

(Fabaceae) and Solanum L. (Solanaceae) are represented by three species each (Tab. 1). As a
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result of all the datacleaning steps, the final number of records for Araucaria Forest endemics
or near-endemics was 4,851. Maps of the distribution of species from all families were
produced, but only Asteraceae is presented here, as the richest family in endemic species from
the Araucaria Forest (Appendix 1). Of the 52 endemic taxa, 18 appear on threatened species
lists (see Appendix 1). Seven are classified as critically endangered: Matelea dusenii Morillo
(Apocynaceae), Smallanthus araucariophilus Mondin (Asteraceae), Trixis thyrsoidea Dusen ex
Malme (Asteraceae), Senegalia magnibracteosa (Burkart) Seigler & Ebinger (Fabaceae),
Myrcianthes riparia Sobral, Grippa & T.B.Guim (Myrtaceae), Merostachys pilifera Send.
(Poaceae) and Petunia mantiqueirensis T.Ando & Hashim. (Solanaceae). Twenty-eight species
were classified as near-endemics, representing 16 families (Tab. 2). Asteraceae is again the
family represented by most species (five). (Appendix 2). The map presented in Figure 3 also
shows the distribution of endemic and near-endemic species to the Araucaria Forest. Regarding
life-form, most endemic angiosperms of the Araucaria Forest present shrubby habit (38.5%),
followed by vines and epiphytes (27%), herbs (25%) and trees (9%).

Concerning the conservation status of endemic species found in our analyses, of the 18
species (34.6% of the total 52 endemic species) that have been classified as threatened, only
one appears in the global IUCN Red List (2020), six are in the Red Book of the Brazilian Flora
(Martinelli & Moraes, 2013), and the remaining eleven are included in regional lists (Consema,
2014; Drummond et al., 2008; Institute of Botany, 2016; Live, 2014, decree n® 42. 099;
PlanEAr, 2008). Three species of Melastomataceae are listed as Data Deficient in the state of
Rio Grande do Sul. The situation is even worse for rare taxa with restricted distribution; many
of the 52 species in our list of endemic angiosperms from the Araucaria Forest have few
collection records, and ten species are represented only by collection records based on the
centroid of the municipality, that does not show the precise location of the collection, but only

the administrative area (municipality) in which they were recorded. Moreover, 30 species



34

endemic to the Araucaria Forest (57.7%) have never been evaluated for their conservation

status, and three (5.8%) were considered as Data Deficient.

Table 1. Endemic species to the Araucaria Forest in Brazil.

Threatened species

Apocynaceae

Asteraceae

Cactaceae
Convolvulaceae
Cyperaceae

Dioscoreaceae

Elaeocarpaceae

Euphorbiaceae

Fabaceae

Gesneriaceae

Lamiaceae

Matelea dusenii Morillo

Matelea reitzii Fontella

Oxypetalum oblanceolatum Farinaccio & Mello-Silva
Hypochaeris catharinensis Cabrera

Malmeanthus catharinensis R.M.King & H.Rob.
Mikania oreophila M.R.Ritter & Miotto

Mikania orleansensis Hieron.

Senecio stigophlebius Baker

Smallanthus araucariophilus Mondin

Smallanthus riograndensis Mondin

Trixis thyrsoidea Dusén ex Malme

Schlumbergera rosea (Lagerh.) Calvente & Zappi
Calystegia brummittii P.P.A.Ferreira & Sim.-Bianch.
Scleria filiculmis Boeckeler

Dioscorea curitybensis R.Knuth

Dioscorea fractiflexa R.Knuth

Crinodendron brasiliense Reitz & L.B.Sm.

Croton polygonoides L.B.Sm. & Downs

Croton reitzii L.B.Sm. & Downs

Mimosa bathyrrhena Barneby

Mimosa dolens var. pangloea Barneby

Mimosa urticaria Barneby

Senegalia magnibracteosa (Burkart) Seigler & Ebinger
Sinningia vacariensis G.E.Ferreira, Waechter & Chautems

Glechon elliptica C.Pereira & Hatschb.

X X X

X



Loasaceae
Malvaceae

Melastomataceae

Myrtaceae

Orchidaceae

Phyllanthaceae
Picramniaceae

Poaceae

Rubiaceae

Solanaceae

Tropaeolaceae
Verbenaceae

Vivianiaceae

Blumenbachia amana T.Henning & Weigend
Callianthe latipelata (G.L.Esteves & Krapov.) Donnell
Leandra luctatoris Wurdack

Leandra opaca Brade

Leandra ramboi Brade

Ossaea flaccida Brade

Curitiba prismatica (D.Legrand) Salywon & Landrum
Myrceugenia bocaiuvensis Mattos

Myrceugenia hatschbachii Landrum

Myrcianthes riparia Sobral, Grippa & T.B.Guim.
Acianthera dutrae (Pabst) C.N.Gong. & Waechter
Pabstiella varellae Toscano, Luer & Jacques Klein
Pleurothallis ipyrangana Schitr.

Phyllanthus salesiae M.J.Silva

Picramnia excelsa Kuhlm. ex Pirani

Chusquea gracilis McClure & L.B.Sm.

Merostachys pilifera Send.

Merostachys vestita McClure & L.B.Sm.

Galium humilioides (M.L.Porto & Ehrend.) K.DeToni & Mariath
Galium muelleri (K.Schum.) Dempster

Petunia mantiqueirensis T.Ando & Hashim.

Solanum aparadense L.A.Mentz & M.Nee

Solanum matadori L.B.Sm. & Downs

Solanum subhastatum (L.B. Sm. & Downs) A.Child
Tropaeolum sanctae-catharinae Sparre

Aloysia brasiliensis Moldenke

Viviania linostigma R.Knuth
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Table 2. Associated species nearly endemic to the Araucaria Forest in Brazil.

Acanthaceae Dyschoriste smithii Leonard
Apocynaceae Ditassa edmundoi Fontella & C.Valente
Jobinia fontellana Liede & Meve

Araceae Asterostigma reticulatum E.G.Gong.

Asteraceae Macropodina reitzii R.M.King & H.Rob.

Chaptalia cordifolia (Baker) Cabrera
Mikania paranensis Dusén
Mikania pseudohoffmanniana G.M.Barroso

Mikania pseudohoffmanniana var. microphylla G.M.Barroso

Convolvulaceae Ipomoea sulina P.P.A. Ferreira & Miotto
Curcubitaceae Apodanthera laciniosa Cogn.

Gesneriaceae Sinningia nivalis Chautems

Lamiaceae Cantinoa heterodon (Epling) Harley & J.F.B.Pastore

Cunila angustifolia Benth.
Loganiaceae Spigelia vestita L.B.Sm.
Malvaceae Callianthe darwinii (Hook. f.) Donnell

Callianthe muelleri-friderici (Garcke & K.Schum.) Donnell
Melastomataceae Leandra catharinensis Cogn.

Leandra planifilamentosa Brade
Myrtaceae Eugenia coaetanea O.Berg

Eugenia oeidocarpa O.Berg

Eugenia rotundicosta D.Legrand
Orchidaceae Pabstiella aveniformis (Hoehne) Luer

Acianthera langeana (Kraenzl.) Pridgeon & M.W.Chase
Proteaceae Roupala asplenioides Sleumer

Rosaceae Agrimonia hirsuta Bong. ex C.A.Mey.
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Solanaceae Brunfelsia cuneifolia J.A.Schmidt
Solanum kleinii L.B.Sm. & Downs
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Figure 3. Distribution records of endemic plant species and near-endemic outliers in the

Araucaria Forest. ES: Espirito Santo, MG: Minas Gerais, MS: Mato Grosso do Sul, PR: Parana,

RJ: Rio de Janeiro, RS: Rio Grande do Sul, SC: Santa Catarina, SP: Sao Paulo.
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Araucaria forest diversity patterns

Regarding the number of endemic species, we identified six nuclei having the greatest
numbers of endemic species: cells containing from 8 to 12 species (Fig. 4). These nuclei are all
located in the eastern edge of the Serra Geral mountain range, between (i) Curitiba and (ii)
Bocailva do Sul municipalities (state of Parand); (ii) Urubici and Urupema municipalities (state
of Santa Catarina); and (iii) Cambara do Sul, (iv) Jaquirana, (v) near Rio das Antas river and
(vi) S&o Francisco de Paula municipalities (state of Rio Grande do Sul). Regarding the total
number of records, we identified eight nuclei that have the greatest number of records of
endemic species, with cells containing 27 to 66 collections (Fig. 5). The nuclei with most
collections of endemic species are also located in the eastern edge of the Serra Geral, between
(i) Curitiba and (ii) Bocaitva do Sul municipalities, (iii) between Lavador and Fluviopolis
municipalities, (iv) near Negro river (state of Parand), (v) between Urubici and Urupema
municipalities (state of Santa Catarina), (vi) Cambara do Sul, (vii) Bom Jesus and (viii) Séo
Francisco de Paula municipalities (state of Rio Grande do Sul).

The NDM/VNDM v.3.1 (Goloboff, 2004) analysis of areas of endemism evaluated 36
areas based on georeferenced records of endemic species. Six contiguous grids found in
northeastern Rio Grande do Sul and eastern Santa Catarina states had the highest endemicity
scores (E= 6.397) strict consensus (5.815 — 6.396) (Fig. 6). Nine flowering plant species are
endemic to the Araucaria Forest area within these six grids supporting the endemism area:
Smallanthus araucariophilus Mondin (Asteraceae), Crinodendron brasiliense Reitz & L.B.Sm.
(Elaeocarpaceae), Senegalia magnibracteosa (Burkart) Seigler & Ebinger (Fabaceae), Leandra
luctatoris Wurdack (Melastomataceae), Leandra ramboi Brade (Melastomataceae),
Myrcianthes riparia Sobral, Grippa & T.B.Guim. (Myrtaceae), Acianthera dutrae (Pabst)
C.N.Gong. & Waechter (Orchidaceae), Galium humilioides (M.L.Porto & Ehrend.) K.DeToni

& Mariath (Rubiaceae) and Solanum subhastatum (L.B.Sm. & Downs) A.Child (Solanaceae).
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Within this region, there are 24 protected areas, namely: RPPN (Private Natural Heritage
Reserve) Canto da Araponga, RPPN Pedra Branca, RPPN Curucaca, RPPN Estadual das
Cascatas, RPPN Portal das Nascentes, RPPN Grande Floresta das Araucérias, RPPN Fazenda
Agua Branca, RPPN Florescer, RPPN Pedra da Aguia, RPPN Papagaios-de-Altitude, S&o
Joaquim National Park, Rio Canoas State Park, Espigdo Alto State Park, PPN (Natural Heritage
Reserve) Emilio Einsfeld Filho, Ecological Station Aracuri-Esmeralda, Ibitirid State Park,
Tainhas State Park, Canela National Forest, Aparados da Serra National Park, Serra Geral
National Park, Rota do Sol Environmental Protection Area, Mata Paludosa State Biological
Reserve, S&o Francisco de Paula National Forest and RPPN O Bosque. Considering the six
grids highlighted as areas of endemism of the Araucaria Forest, most protected areas are found
in the three eastern grids, along the eastern edge of the Serra Geral mountain range, while the
three adjacent grids to the west include a much smaller area that is formally protected but also

present a great number of endemic species.
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Figure 4. Distribution of plant species endemic to the Araucaria Forest. Different colors

represent the number of endemic species per 30 km x 30 km cells. Dark grey represents the
mapped distribution of the Araucaria Forest. MG: Minas Gerais, PR: Paran, RJ: Rio de

Janeiro, RS: Rio Grande do Sul, SC: Santa Catarina, SP: Sdo Paulo.

Discussion
Our results report a lower number of Araucaria Forest endemic plant species than
previous studies. Stehmann (2009) reported 216 endemic species for the Araucaria Forest, the

greatest overestimation of plant endemism in this vegetation. This latter study was also one of



41

the first compilations of the Brazilian flora, and the disparity in results reflects the great
advances in knowledge of the Brazilian flora over the past decade. The Brazil Flora Group
(2020), Iganci et al. (2011) and IPNI (2020) were primary sources of endemic species lists
analysed here, and provided respectively 75, 70 and 3 records of plant species endemic to the
Araucaria Forest. From these, 204 species in our study were determined to occur in vegetation
formations other than the Araucaria Forest, while a further 59 species names were recently
merged or synonymized and were also excluded from the list of endemics, as the species to
which they refer are now known to present a wider distribution. In total, 263 plant species names
previously reported as endemic to the Araucaria Forest were excluded, illustrating the recent
advances in species distribution and diversity knowledge in Brazil since 2009 due to increased

availability of data online, and also as a result of our data cleaning (Panter et al., 2020).
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Figure 5. Distribution of records of plant species endemic to the Araucaria Forest. Different
colors represent the number of endemic species records per 30 km x 30 km cells. Dark grey
shows the distribution of Araucaria Forest. MG: Minas Gerais, PR: Parand, RJ: Rio de Janeiro,

RS: Rio Grande do Sul, SC: Santa Catarina, SP: Sao Paulo.

The great increase in availability of distribution data over recent years complemented by
herbarium specimen digitization (BFG, 2018; Paton et al., 2020), contributed to new species
descriptions, new collections available in online databases, reidentification of specimens,
revisions to species delimitations, recent fieldwork increasing specimen numbers in herbaria,
and other issues that all led to the reduction in number of species considered endemic to the
Araucaria Forest in our results. Online data availability allows specialists to determine or
correct species names, increasing collections database accuracy. Substantial amounts of online
information can be collated in a short time and with low costs (Maldonado et al., 2015; Paton
et al., 2020), producing fundamental information to feed bioprospecting and conservation
studies (Nic Lughadha et al., 2020; Ulian et al., 2020). However, the current available online
data may present errors in georeferences, taxonomic identifications, or lack of information on
labels, requiring careful and exhaustive cleaning of datasets to minimize bias in results

(Kulkamp et al., 2018; Maldonado et al., 2015; Nic Lughadha et al., 2019).

Endemism and the heterogeneity of the Araucaria Forest

The Araucaria Forest represents, within the Atlantic Forest Domain, a unique floristic
combination, with distinct biogeographic and phylogenetic origins (Guerra et al., 2002; Leite,
2002; Duarte et al., 2014). Phylobetadiversity analyses show that three forest types make up
the Atlantic Forest Domain — Dense Ombrophilous Forest, Seasonally Dry Tropical Forest, and

Araucaria Forest, this last showing greater phylogenetic differentiation from the other two
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types (Duarte et al., 2014). There are endemic plants in the Araucaria Forest, but they are much
fewer in number than might be expected given the unique nature of the formation (Stehmann,
2009; lganci et al., 2011; Brazil Flora Group, 2020). Our analyses indicate the occurrence of
52 endemic angiosperm species in the Araucaria Forest. Most endemic species (Tab. 1) have
shrubby habit (38.5%), followed by herbs, vines and epiphytes, with only three species
presenting arboreal habit. Oliveira-Filho et al. (2015), analyzing tree species from the Atlantic
Forest, highlight the differences between coastal and inland forest formations, which are
attributed more to lower species frequencies in inland forest than in coastal forests, rather than
to species composition. Comparing the number of tree species, the authors observed that the
proportion of endemic tree species falls as the total number of species rises. Besides presenting
lower proportions of endemic trees (9%) than reported by Oliveira-Filho et al. (2015), our
results suggests that endemism in the Araucaria Forest is present mainly in understory species,
since most endemic species highlighted there are herbs (25%), shrubs (38.5%) and vines and
epiphytes (27%). When compared to other formations that are part of the Atlantic Forest, the
Araucaria Forest presents the lowest proportion of endemic species in relation to all endemic
species in the Atlantic Forest (0.71%), while the Seasonally Dry Tropical Forest comprise
3.25% endemic species and the Ombrophilous Dense Forest is the richest in endemic plants
(49.35%) (Brazil Flora Group, 2020).

In relation to the formations in the interior of the continent, seasonal forest species are
impeded from invading the Araucaria Forest due to the low temperatures and frosts, together
with high elevations and shallow soils (Scarano, 2009; Oliveira-Filho et al., 2015; Vicente-
Silva et al., 2016; Bergamin et al., 2019). Studies on large neotropical areas show the great
variety of ecological and environmental drivers acting on species distribution.

Gomes-da-Silva & Forzza (2020) analysed endemism areas over an area including the

entire Atlantic Forest of Brazil, and found endemism areas in the Araucaria Forest as well,
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although presenting lower E scores (2° x 2° grid size: basal angiosperms 9.04 - 9.29; monocots
56.17 — 62.86 and eudicots 177.27-191.49) when compared to other forests studied. The E
scores found over the Araucaria Forest by Gomes-da-Silva & Forzza (2020) are higher than
the E scores we found in the present study (5.815-6.396) due to the number of taxa analysed
and the greater size of the study area: while we used only 52 endemic species from the
Araucaria Forest to look for endemism areas within the formation, Gomes-da-Silva & Forzza
(2020) were considering the entire Atlantic Forest Domain, and sampling 652 basal
angiosperms, 3873 monocots and 10509 eudicots. Szumik et al. (2012) had better results when
using smaller grid (0,25-0,50) cells than using larger cells, being able to refine the results based
on the species distribution, as we also found here. Decreasing the grids cell size was necessary
for our study since larger grid cells generated endemism areas covering the whole Araucaria
Forest formation, lacking finer resolution, and differences in species diversity over the
Araucaria Forest were not possible to detect as the larger grid cells could not reflect the
diversity of habitats, climate and species distribution within the area (Aagesen, Szumik &
Goloboff, 2013). Since Gomes-da-Silva & Forzza (2020) analysed a continental scale area
considering the Brazilian flora in general, without excluding near-endemic species from the
Araucaria Forest and without defining specific vegetation formations a priori, they also had a
greater number of species indicated as endemic (72 basal angiosperms, 259 monocots and 663
eudicots) to search for endemism areas, resulting in endemism areas and endemicity scores
larger than we found here. Thus, when larger areas are studied, the results tend to generate
higher endemicity scores due to the diversity of vegetation formations included to determine
endemism areas. On the other hand, when analyzing only one vegetation formation it is harder
to show differences in vegetation composition and abundance using only occurrence data for

species.
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Although endemism seems low in comparison to other formations, we emphasize that the
Araucaria Forest is part of the Atlantic Forest Phytogeographic Domain, one of the five most
biodiverse hotspots on the planet, and one that still presents one of the globally highest levels
of plant species endemism despite the drastic reduction in area it suffered (Myers et al., 2000).
Furthermore, the Araucaria Forest underwent a recent expansion and composes mosaics with
highland grasslands, where 25% of the plant species are endemic (Kilkamp et al., 2018; Pla et
al., 2020), contributing to the biodiversity, ecosystem services and the scenic beauty of the
region.

Asteraceae, Fabaceae, Melastomataceae and Myrtaceae are the richest plant families in
number of species in Araucaria Forest floristic surveys and, in our list, they emerge amongst
the families with the highest numbers of endemic species (see Duarte et al., 2009 for a
compilation of floristic surveys in the Araucaria Forest). As we found for the Araucaria Forest,
Asteraceae is also the richest family in species number in the list of endemic angiosperms of
the highland grasslands from southern Brazil, confirming the importance of this family in the

southern Brazilian flora (Iganci et al., 2011; Kulkamp et al., 2018; Pla et al., 2020).
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Figure 6. The six areas with the highest rates of plant species endemism in the Araucaria

Forest, according to the results of NDM/VNDM analysis with georeferenced occurrence
records of endemic plant species. Federal and state protection areas are highlighted in green.
The Araucaria Forest distribution is shown in grey. A. Total distribution of the Araucaria
Forest and protected areas. B. Detail of the areas with higher endemism levels within the
formation. MG: Minas Gerais, PR: Parand, RJ: Rio de Janeiro, RS: Rio Grande do Sul, SC:

Santa Catarina, SP: Sao Paulo.

What is already known about the natural history of the Araucaria Forest?

Understanding the assembly of the Araucaria Forest can help us to comprehend its
current distribution and diversity. According to paleopalynological data, the first records of
Araucariaceae are from the Triassic period, but the two species of Araucaria from South

America only appear by the end of the Miocene (Dutra & Stranz, 2003; Dutra & Stranz, 2009).
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The first A. angustifolia pollen records in Brazil date from 48,000 y.a., in the high altitude
regions of Minas Gerais and Séo Paulo states, and 40,000 y.a. in the central region of the country
(Dutra & Stranz, 2003). Few data are found for the time before the Last Glacial Maximum, as
most studies only present distribution data for after this event (Behling, 1995; Behling, 1997,
Behling et al., 2001; Behling et al., 2004; Behling & Pillar, 2006; Iriarte & Behling, 2007;
Gessert et al., 2011; Dos Reis, Ladio & Peroni, 2014). Studies highlight three important periods
in the Holocene for the processes that involve the Araucaria Forest: the last glacial period
(between 42,840 — 10,120 y.a.) when the forest was found in refugia, the initial and medium
periods (10,120 — 3,950 y.a.) when the expansion occurred through riverine forest, and the late
period (3,950 y.a. — current) when the forest expanded southwards over the grasslands (Behling,
1995; Behling, 1997; Behling, Bauermann & Neves, 2001; Dutra & Stranz, 2003; Behling et
al., 2004; Dutra & Stranz, 2009). This expansion period in the late Holocene already involved
the presence of hunter-gatherer peoples, who arrived in the highland grasslands around 6,000
y.a. (Behling et al., 2004; Cope et al., 2013). Recent archaeological and paleoecological data
from the highland area show that the development of the Jé traditions could be linked to their
expansion towards the borders of the distribution area of the Araucaria Forest at the end of the
Holocene (Iriarte & Behling, 2007; Gessert et al., 2011; Dos Reis et al., 2014). However,
Cérdenas et al. (2019) suggest that this information should be evaluated cautiously. They
studied modern pollen rain in plots in areas with minimal disturbance and different
phytophysiognomies within the Araucaria Forest, and found that many taxa present in the
vegetation are underrepresented in the pollen rain, suggesting that significant floristic changes
may not be identified through historical pollen records alone. The authors also highlight the
great challenge of understanding the anthropogenic contribution to this formation, as well as

floristic changes through climate change.
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When did the species endemic to the Araucaria Forest appear? Endemic species tend to
have been reported from the Pleistocene refugia period (Dos Reis, Ladio & Peroni, 2014; Barros
et al.,, 2015). Morawetz & Raedig (2007) identified angiosperm endemism centers in the
Neotropical region that do not coincide with refugia, suggesting they could not be the sole
explanation for endemism, but part of different evolutionary histories of the taxa. When tested
with specialized mammals from the tropical forest, the refugia theory brings a new perspective
on the subject, suggesting that more extensive forest areas could have existed in the last glacial
period in the Brazilian coast, even with the colder climate, with lower sea levels and slightly
reduced precipitation (Leite et al., 2016).

Thomé et al. (2010), analyzed a group of amphibians endemic to the Atlantic Forest, and
found five stable areas during the last glacial period, showing that refugia do not need to exclude
other drivers, possibly operating in different spatial and temporal scales. It is likely that a
complex interaction of factors is involved in the endemism richness found in the Araucaria
Forest. Based on three species rich plant lineages from the Subtropical Highland Grasslands,
also found over the Serra Geral mountain range, Barros et al. (2015) identified climatically
stable areas since the last glacial maximum, where the taxa studied presented highest taxonomic
and genetic diversity. Three of the stable areas found by Barros et al. (2015) overlap with the
areas highlighted in our results as presenting the greatest diversity of endemic plants in the
Araucaria Forest (Figs. 4 and 5). The close geographic and climatic relationships between the
Subtropical Highland Grasslands and the Araucaria Forest, and the overlapping areas with
greatest plant species diversity and endemism for both formations highlight the importance of
these stable areas as source of migrants for recolonization of neighboring areas after the last
glacial maximum (Barros et al., 2015). The evolutionary dynamic of the neotropical region and
its high endemism levels has been widely discussed, and one of the approaches to find other

explanations is through more refined scales, analysing lineages and formations found in the
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region (Myers et al., 2000; Freitas et al., 2016; Hughes, Pennington & Antonelli 2013;
Morawetz & Raedig, 2007; Antonelli & Sanmartin, 2011). Considering the assemblage of
tropical and temperate lineages found nowadays, a complex evolutionary history was probably
linked to the origin of the Araucaria Forest understory, where lineages of tropical origin arrived

relatively recently, contributing to the species diversity of the area.

Effects of different drivers in the assembly of the Araucaria Forest

The evolutionary success of many species may not be the result of adapting to new
biomes, but rather of expanding their niche due to climate change (Crisp et al., 2009).
Regarding the endemic species from the Araucaria Forest, this expansion may have occurred
through marginal habitats, which have a high diversity and are constituted mainly of migrant
rainforest species, demonstrating how versatile these endemic species can be in face of
environmental conditions (Scarano, 2009), and reflecting also the similar environmental drivers
acting in both vegetation formations. Simon et al. (2009) suggest that the fire-adapted plant
lineages from the Cerrado have recently (ca. 5 m.y.a.) diverged by migrating from surrounding
biomes that do not experience severe fires, rather than by dispersal and diversification of
lineages pre-adapted to fire. These results demonstrate that diversification patterns of biomes
can be highly idiosyncratic. The occurrence in the Araucaria Forest of species from tropical
lineages could be even more recent than those in the Cerrado, and those lineages might not have
gone through a significant diversification event following such potentially recent migration
events. This hypothesis might explain why there is a high phylogenetic diversity in Araucaria
Forest plant species, but not a high number of endemic species (Duarte et al., 2014).

For some taxa it is easier to disperse than to evolve, and the traits needed for adaptation
are so complex that niche conservatism ends up being the most common solution (Hughes,

Pennington & Antonelli 2013). Considering the proximity of the Araucaria Forest to the
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Ombrophilous Dense Forest, and their similar rainfall patterns, sharing species between these
formations appears probable in comparison to the interchanges between the Ombrophilous
Dense Forest and the Cerrado. Some taxa in Orchidaceae provide an example of niche
conservatism, as even though they produce diaspores that can disperse over long distances, they
still need mycorrhizal associations to establish and develop (Christenhusz & Chase, 2013). The
species of Orchidaceae endemic to the Araucaria Forest are part of the neotropical tribe
Pleurothallidinae, which started to diversify around 10 m.y.a., during the late Miocene (Givnish
et al., 2015). This suggests that these species may have existed before the Pleistocene refugia
and may have remained only in the areas where they originated. Their distribution range is close
to one of the areas suggested as stable during the last glacial period, located in the Serra do Mar

mountain range (Thomé et al., 2010).

Conservation

Diversity analyses based on the number of collections and number of species show that
there are still several poorly sampled regions within the Araucaria Forest area, with many
species represented by few collection records which impedes efforts to determine their
conservation status (Rivers et al., 2011). Areas of Araucaria Forest that have been subject to
higher sampling effort also presented higher richness (Figs. 4 and 5), which could also represent
biases in sampling efforts across the Araucaria Forest. One pressing issue is that climate change
might cause a great reduction in the area occupied by the Araucaria Forest. This reduction is
mainly predicted for the western and northern regions of the formation (Bergamin et al., 2019).

The endemism areas highlighted in the present study correspond closely to the potential
microrefugia in the Araucaria Forest highlighted by Wilson et al. (2019). Most of the
microrefugia predicted to present greater climate stability recognized by the authors are mosaics

of Araucaria Forest found close to the highland grasslands, where most of the conservation
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units in the region are also located (Bergamin et al., 2017). This area also presents greater
numbers of collections and endemic species in our results, suggesting a high sampling bias. The
western and northern regions should be prioritized for future floristic studies, increasing their
representation in collections and offering potential for description of species new to science.

During fieldwork expeditions, it was possible to identify the wide variety of plant
physiognomies represented in the Araucaria Forest throughout its distribution and their
influence in the species richness of visited areas (Lacerda, 2016). The marked heterogeneity of
the Araucaria Forest is one of its most striking features, and is explained by how its expansion
process occurred, leading to larger and older forests covering valleys, while smaller, younger
fragments are scattered across the highland grasslands (Behling & Pillar, 2006). This
fragmentation increases species heterogeneity and diversity and shows the need for
conservation policies that include both small and large fragments, to prevent conservation areas
from becoming large islands (Lacerda, 2016).

Most of the endemic species found in our analyses lack an evidence-based assessment of
their conservation status. The situation is even worse for rare taxa with restricted distribution,
as many species in the list are represented by only a few collection records that usually do not
show the precise location of the sample, but only the municipality area or closest city. A similar
situation is found in the highland grasslands, which have a large number of endemic species,
many classified as threatened, but with few, poorly georeferenced records (Kilkamp et al.,
2018, Pla et al., 2020).

The Araucaria Forest has been drastically reduced as a result of the intense exploitation
pressure it suffered over several decades (Guerra et al., 2002; Koch & Corréa 2002; Behling &
Pillar, 2006). Urbanization, logging and forestry with exotic species have caused irreversible
damage, with 97% of its original area being lost since the early 20" century (Guerra et al., 2002;

Behling et al., 2004; Thomas, 2014). The spread of invasive plants is also a growing problem
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(Zalba et al., 2009). This scenario has compromised the genetic variability of Araucaria
angustifolia populations, increasing concerns about climate change, which could lead to an
imminent risk of extinction (Guerra et al., 2002; Wrege et al., 2009; Thomas, 2014; Wrege et
al., 2017).

The drastic reduction of forest coverage has a direct impact on indigenous peoples, such
as the Kaingang, whose culture is directly linked to the forest (Gavério, 2019). The seeds of
Araucaria, called “pinhao”, are an important source of food, making the areas where it occurs
an abundant source for people and animals, thus also guaranteeing hunting as diet
complementation (Noelli, 2000; Iriarte & Behling, 2007; Gavério, 2019).

Even though the expansion of the Araucaria Forest is recent in geological terms
(Behling et al., 2004, Iriarte & Behling 2007, Behling & Pillar 2007, Bauerman et al., 2008),
the areas where it occurs present endemic taxa (Tab. 1) that contribute to species diversity
(Oliveira-Filho & Fontes, 2000). Endemic species may be present from the time when
Araucaria Forest was restricted to valley refugia in the Pleistocene (Dos Reis, Ladio & Peroni,
2014), or may have arisen later notwithstanding the extreme conditions of the refugia (Oliveira-
Filho et al., 2015). Endemism should not be overlooked, as it demonstrates the importance of
these forests as a conservation priority (Myers et al., 2000; Duarte et al., 2014).

Floristic analysis with a multi-taxon approach offers important advantages for
understanding these processes, which contributes to conservation, as efforts can be directed to
protect remaining fragments of threatened biomes rather than individual species (Vilhena &
Antonelli, 2015). Thus, floristic lists can be used alongside modern climatic and geological data
to explain variations found among different biomes (Oliveira-Filho & Fontes, 2000). To do so,
it is still necessary to improve the quality and quantity of available data and to combine this
knowledge with the development and application of integrated methodologies (Vilhena &

Antonelli, 2015). Geographical distribution data is still unreliable for many taxa, which
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precludes their use in diversity and conservation studies (Iganci et al., 2011; Nic Lughadha et

al., 2020).

Conclusion

Our results highlight the diversity of angiosperm species which are endemic to the
Araucaria Forest, albeit in lower numbers than reported in previous studies. The results
presented here are an important step forward in understanding diversity distribution patterns
and biogeographic history in the Araucaria Forest. Future studies should seek to elucidate this
history and to understand the relationship of the Araucaria Forest with other formations. The
list of endemic species produced in this study indicates taxa of high interest for future studies
on the origin and diversification of the Araucaria Forest and its biodiversity conservation. Many
areas within the Araucaria Forest have low sampling effort, demonstrating the importance of
complete information generated by taxonomic work and its availability in databases. The area
of higher endemism recognized in this study is promising for the description of new species
and concerning for the lack of protected area coverage in its western half. The heterogeneity of
the landscape, its phylogenetic uniqueness and the habitat loss that the formation is facing
corroborate the need for more assertive conservation actions (Guerra et al., 2002; Duarte et al.,

2014).

Araucaria Forest diversity patterns

The collection records of endemic and near-endemic species (Fig. 4) would be used to
conduct the area of endemism analysis, but the presented result would cover the whole southeast
area were the Araucaria Forest is distributed. Thus, we decided to use only endemic species to

perform the analysis.
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Regarding the number of endemic species records, we identified six nuclei that stand out
within the largest range, with cells containing from 8 to 12 species (Fig. 5). These records are
located between Curitiba and Bocailva do Sul municipalities (state of Parand), between Urubici
and Urupema municipalities (state of Santa Catarina), Cambara do Sul, Jaquirana, near Rio das
Antas river and S&o Francisco de Paula municipalities (state of Rio Grande do Sul).

Regarding the number of records, we identified eight nuclei that stand out within the
largest range, with cells containing 27 to 66 collections (Fig. 6). The richest nuclei are located
between Curitiba and Bocaillva do Sul municipalities, between Lavador and Fluvidpolis
municipalities, near Rio Negro river (state of Parand), between Urubici and Urupema
municipalities (state of Santa Catarina), Cambaré do Sul, Bom Jesus and S&o Francisco de Paula

municipalities (state of Rio Grande do Sul).
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Appendix 1. Conservation status of endemic species from the Araucaria Forest.

Families
APOCYNACEAE

ASTERACEAE

CACTACEAE
CONVOLVULACEAE
CYPERACEAE
DIOSCOREACEAE

ELAEOCARPACEAE
EUPHORBIACEAE

FABACEAE

GESNERIACEAE
LAMIACEAE
LOASACEAE
MALVACEAE
MELASTOMATACEAE

Species list

Matelea dusenii Morillo

Matelea reitzii Fontella

Oxypetalum oblanceolatum Farinaccio & Mello-Silva
Hypochaeris catharinensis Cabrera

Malmeanthus catharinensis R.M.King & H.Rob.
Mikania oreophila M.R.Ritter & Miotto

Mikania orleansensis Hieron.

Senecio stigophlebius Baker

Smallanthus araucariophilus Mondin

Smallanthus riograndensis Mondin

Trixis thyrsoidea Dusén ex Malme

Schlumbergera rosea (Lagerh.) Calvente & Zappi
Calystegia brummittii P.P.A.Ferreira & Sim.-Bianch.
Scleria filiculmis Boeckeler

Dioscorea curitybensis R.Knuth

Dioscorea fractiflexa R.Knuth

Crinodendron brasiliense Reitz & L.B.Sm.

Croton polygonoides L.B.Sm. & Downs

Croton reitzii L.B.Sm. & Downs

Mimosa bathyrrhena Barneby

Mimosa dolens var. pangloea Barneby

Mimosa urticaria Barneby

Senegalia magnibracteosa (Burkart) Seigler & Ebinger
Sinningia vacariensis G. E. Ferreira, Waechter & Chautems
Glechon elliptica C.Pereira & Hatschb.

Blumenbachia amana T.Henning & Weigend
Callianthe latipelata (G.L. Esteves & Krapov.) Donnell
Leandra luctatoris Wurdack

Leandra opaca Brade
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MYRTACEAE

ORCHIDACEAE

PHYLLANTHACEAE
PICRAMNIACEAE
POACEAE

RUBIACEAE

SOLANACEAE

TROPAEOLACEAE
VERBENACEAE
VIVIANIACEAE

Leandra ramboi Brade

Ossaea flaccida Brade

Curitiba prismatica (D.Legrand) Salywon & Landrum
Myrceugenia bocaiuvensis Mattos

Myrceugenia hatschbachii Landrum

Myrcianthes riparia Sobral, Grippa & T.B.Guim.
Acianthera dutrae (Pabst) C.N.Gong. & Waechter
Pabstiella varellae Toscano, Luer & Jacques Klein
Pleurothallis ipyrangana Schitr.

Phyllanthus salesiae M.J.Silva

Picramnia excelsa Kuhlm. ex Pirani

Chusquea gracilis McClure & L.B.Sm.

Merostachys pilifera Send.

Merostachys vestita McClure & L.B.Sm.

Galium humilioides( M.L.Porto & Ehrend. ) K.De Toni & Mariath
Galium muelleri (K.Schum.) Dempster

Petunia mantiqueirensis T.Ando & Hashim.
Solanum aparadense L.A.Mentz & M.Nee

Solanum matadori L.B.Sm. & Downs

Solanum subhastatum (L.B. Sm. & Downs) A. Child
Tropaeolum sanctae-catharinae Sparre

Aloysia brasiliensis Moldenke

Viviania linostigma R.Knuth

NE
NE
NE
NE
\4V)
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
EN
NE
NE
NE
NE
NE
NE

NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE

NE
NE
NE

R
NE

NE
NE
NE
NE
=
NE
NE
NE
NE
EN
NE
NE
NE

NE
NE

NE
NE
NE
NE
NE

NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE

NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE

NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE

NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE

NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE

67



68
Appendix 2. Distribution records of endemic plant species from the familys in the Araucaria Forest. The
Araucaria Forest range is highlighted in dark grey. A. Asteraceae, with eight species. B. Fabaceae, with four
species. C. Melastomataceae, with four species. D. Myrtaceae, with four species. E. Solanaceae, with four
species F. Apocynaceae, with three species G. Orchidaceae, with three species. H. Poaceae, with three species.
Brazilian States - MG: Minas Gerais, PR: Parand, RJ: Rio de Janeiro, RS: Rio Grande do Sul, SC: Santa

Catarina, SP: Sao Paulo
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CAPITULO II

Diversificacao e dispersao de Angiospermas ao longo
do tempo na Floresta com Araucaria: percepcoes
sobre sua historia evolutiva
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Resumo: A Mata Atlantica é uma das regides mais biodiversas do mundo. Neste dominio
fitogeogréafico existem diferentes formacdes, com caracteristicas Unicas, que interagem e
colaboram para essa grande diversidade ao longo do tempo evolutivo como por exemplo
a Floresta com Araucaria. Neste estudo identificamos os principais eventos de mudancas
de biomas, que ocorreram ao longo do tempo, através de uma analise comparativa da
diversificacdo de linhagens de angiospermas comumente encontradas na Floresta com
Araucaria. Foram selecionadas 4areas florestais e campestres, geograficamente
relacionadas a Floresta com Araucériapara estimar o intercAmbio de espécies entre as
diferentes formac6es no Dominio da Mata Atlantica: Floresta Ombrofila Densa, Campos
e Florestas Estacionais. Os taxons analisados foram escolhidos com base na presenca de
endemismos na Floresta com Araucariae, sobretudo, a disponibilidade de filogenias ja
publicadas. Foram selecionados os géneros Dioscorea, Mikania, Mimosa, Sinningia e
Solanum, como um primeiro passo em dire¢do ao entendimento dos processos evolutivos
que originaram a diversidade atual de espécies na Floresta com Araucaria. As analises
destas cinco linhagens, mostram que existem conexdes pretéritas entre as areas, mas que
foi nos ultimos 5 milhdes de anos que a maioria dos eventos de dispersao se concentrou.
Radiacfes na Floresta com Araucariasdo recentes e ocorreram em pequeno ndmero
guando comparadas com as outras areas. A Floresta Ombrofila Densa atua como principal
repositorio de linhagens, o que sugere uma possivel predominancia do conservadorismo
de nicho nas espécies analisadas devido aos semelhantes fatores abio6ticos atuando nas
duas formagoes.

Palavras-chave: Bioregides, dispersdo, Mata Atlantica, Florestas Estacionais, Floresta

Ombrofila Densa, Floresta Ombroéfila Mista, Campos.
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1. Introducéo

A Regido Neotropical é a mais diversa do planeta (Myers et al., 2000) e a dindmica
das espécies que habitam essa regido assim como as questfes que envolvem sua grande
diversidade geram muito interesse (Morawetz e Raedig, 2007; Sigrist e Carvalho, 2009
Antonelli e Sanmartin, 2011; Hughes; Pennington; Antonelli, 2013). Sua extensao
comporta muitas regides, com comunidades de espécies particulares e regiGes de
transicdo que aumentam ainda mais sua complexidade (Hughes; Pennington; Antonelli,
2013; Antonelli et al., 2018).

Estudos que abordem essa area de forma regionalizada podem ser um poderoso
instrumento para inferir sobre sua diversidade (Colli-Silva; Vasconcelos; Pirani, 2019;
Vasconcelos et al., 2020). A categorizacdo hierarquica de suas areas geograficas de
acordo com sua biota permite orientar e identificar padrdes (Escalante, 2009; Morrone,
2018). Contudo, esses padrGes ndo podem ser apenas analisados com base em uma
espécie e as suas condicBes atuais (Wiens et al., 2010). S&o necessarias investigacdes
profundas sobre a histdria evolutiva, relacionando a diversidade atual de taxons a
conservatismo de nicho, dispersdo, clima, extin¢do, condi¢fes geologicas e filogenia
(Wiens et al., 2010; Antonelli e Sanmartin, 2011).

Em conjunto temos trés fatores agindo para delimitar bioregides (Antonelli,
2017): a deriva continental gerando mudancas climaticas e geoldgicas que resultam em
vicariancia, dispersdo e especiacdo das linhagens evolutivas; a sazonalidade climatica
dentro dos continentes; e as montanhas, que funcionam como barreiras e locais para a
diversificacdo.

Quando olhamos através de uma escala de tempo mais abrangente, o tectonismo
e o clima influenciam diretamente nos processos de diversificacdo que ocorreram nessas
areas (Finarelli e Badgley, 2010). Abordar as alteracdes geoldgicas e climaticas ao longo
do tempo e como elas influenciam na composicéo floristica atual sdo fundamentais para
a compreensao dos ecossistemas (Hoorn et al., 2010; Sarkinen et al., 2012; Donato et al.,
2003). Observar esses fatores nos permite realizar inferéncias bidticas e abioticas de
forma mais eficaz, fornecendo ligacOes entre a biogeografia evolutiva e ecologica
(Morrone, 2018). Assim, fornece indicios de sua capacidade de resiliéncia frente a
possiveis mudancas no clima (Vilhena e Antonelli, 2015).

A dindmica da histdria geologica da América do Sul é extremamente relevante
para entender a origem de sua diversidade atual (Hoorn et al., 2010). Incluir endemismo
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em estudos filogeograficos, aléem de contribuir para a delimitacdo de bioregides
(Escalante, 2009), também oferece informacgdes importantes sobre as areas de paleo e
neoendemismo (Chiapella e Demaio, 2015). Estas informagdes podem nos dar respostas
mais robustas sobre o processo envolvido na histéria biogeografica (Colli-Silva e Pirani,
2019), em biomas onde existem altos niveis de intercambio biologico entre suas
principais regides floristicas (Antonelli et al., 2018).

Incluidas na Regido Neotropical, dentro do Dominio da Mata Atlantica, temos as
formacdes vegetacionais do Sul e Sudeste do Brasil, conhecidas pelo alto nimero de
espéecies endémicas (lganci et al., 2011). Uma dessas formacbes ¢ a Floresta com
Araucéria(Floresta Ombréfila Mista), que apresenta uma flora singular e uma intrigante
historia evolutiva (Leite e Klein, 1990). Com clima umido, localizada em areas de elevada
altitude, apresenta uma mistura de floras tropicais e temperadas, com Araucaria
angustifolia (Bertol.) Kuntze dominando seu dossel (Fig.1) (Leite e Klein, 1990; Rambo,
1994; Leite, 2002). A determinacdo da presenca de espécies endémicas na Floresta com
Araucéria foi o primeiro passo para compreender a dindmica da formacdo e sua
distribuicdo, mostrando que conhecemos pouco de uma bioregido tdo diversa (ver artigo
1, submetido). Assim, buscamos pelos padrées de diversificacdo podem ser identificados
nessa formagao e pelo modo como ocorre o intercAmbio floristico as regides adjacentes.
Deseja-se ainda verificar se estes eventos sdo continuos ou houve periodos com eventos
de dispersao mais frequentes (Ledru; Mourguiart; Riccomini, 2009). Nossa hipétese é de
que a combinacdo de varios fatores foi necessaria para explicar o que ocorreu ao longo

de sua evolucéo.

2. Metodologia

2.1 Area de estudo

A Floresta com Araucariacompreende atualmente o planalto da Regido Sul do
Brasil (Fig.1 e 2), ao longo da Serra Geral, com n(cleos esparsos na Serra do Mar e em
Missiones, na Argentina (Leite e Klein, 1990; Rambo, 1994; Guerra et al., 2002; Roderjan
et al.,, 2002; Gessert et al., 2011). Sua distribuicdo encontra-se associada a locais de
elevada altitude e baixas temperaturas médias anuais, com clima caracteristicamente
umido subtropical (Cfa) a temperado (Cfb) (Roderjan et al., 2002; Peel et al., 2007).
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Figura 1. Floresta com Araucéria. Diferentes fitofisionomias apresentadas pela floresta. Destaque para

Araucaria angustifolia, no detalhe individuos femininos e masculinos. Fotos: Iganci, J. e Dorneles, M.P.

2.2 Selecao das areas biogeograficas e amostragem de taxons

As éareas biogeograficas foram selecionadas com base na hipotese de que as
formacgOes proximas da Floresta com Araucaria contribuiram para sua diversidade, ja que
a mesma possui sua expansdo mais marcante nos dltimos 1500 AP (Behling, 1997;
Behling, Bauerman e Neves, 2001; Dos Reis, Ladio e Peroni, 2014). Assim, foram
selecionadas quatro areas: Floresta com Araucéria (FOM), Floresta Ombroéfila Densa

(FOD), Florestas Estacionais (incluindo Florestas Estacionais Deciduais e
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Semideciduais) (FE) e Campos (incluindo Campos de Altitude, Campos Rupestres e 0s
Pampas, que ocorrem dentro das Regides Sul e Sudeste do Brasil) (Fig. 2). A Floresta
Ombrdfila Densa fica localizada entre 0 mar e cadeias montanhosas costeira, 0 que
proporciona grande umidade e equilibrio térmico durante todo o ano (Leite, 2002) (Fig.
2). As Florestas Estacionais sao formacdes localizadas mais no interior do continente, que
apresentam duas estaches bem marcadas por variacdo térmica ou nos regimes de
precipitacdo, com espécies caducifélias em épocas desfavoraveis (Leite, 2002) (Fig. 2).
Os Campos encontram-se distribuidos em altitude inferiores a 100 m até 1600 m, em
solos que variam de arenosos a rasos e rochosas até profundos e argilosos, ndo apresentam
estacdo seca, mas podem estar expostos a variagdes térmicas mais altas (Leite, 2002;
Borghetti et al., 2019) (Fig. 2).

Para o estudo foram selecionadas linhagens que estdo presentes na lista de
espécies endémicas e near-endemics®, geradas por Dorneles et al. (ver artigo 1,
submetido). Foram analisados os tdxons Mikania Willd. (Asteraceae), Dioscorea L.
(Dioscoreaceae), Mimosa L. (Fabaceae), Sinningia Nees (Gesneriaceae) e Solanum L.
(Solanaceae). Em geral, as espécies destes géneros apresentam habito trepador, herbaceo
e arbustivo. O critério para a selecdo das espécies de cada género foi sua ocorréncia nas
areas do estudo (Flora do Brasil 2020, em construcdo, 2020) e a existéncia de analises
filogenéticas ja publicadas (Perret et al., 2003; Simon et al., 2009; Sérkinen et al., 2015;
Godoy et al., 2017; Couto et al., 2018) e com dados moleculares disponiveis em bancos

de dados, que permitissem a reconstrucdo de hipoteses evolutivas para cada taxon.

3 near-endemics: termo utilizado para identificar as espécies que sairam da lista de
endémicas da Floresta com Araucaria, mas tinham poucos pontos fora da formagao
(Dorneles et al., submetido).
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Figura 2. Areas biogeograficas selecionadas para o estudo, em detalhe na América do Sul, e no Sul/Sudeste
brasileiro e paises limitrofes. Vermelho: Floresta Ombrofila Mista; Verde: Floresta Ombréfila Densa;
Amarelo: Florestas Estacionais; Rosa: Campos; RS: Rio Grande do Sul; SC: Santa Catarina; PR: Parang;
SP: Sdo Paulo; RJ: Rio de Janeiro e MG: Minas Gerais.

2.3 Andlises filogenéticas e estimativa do tempo de divergéncia

As filogenias utilizadas para este estudo foram elaboradas com as espécies
selecionadas em cada género analisado (Tabela A). Uma busca foi realizada para
obtencéo de sequéncias de DNA depositadas no GenBank (Benson et al., 2012; NCBI,
2020). O nome das espécies, marcadores utilizados, nimero de acesso do GenBank, bem

como a referéncia ao estudo de origem do sequenciamento estdo disponiveis na Tabela



78

Al. Para cada linhagem, foi selecionado o maior nimero possivel de marcadores
disponiveis, buscando regifes nucleares e plastidiais. Os grupos externos foram
selecionados com base nas publicagdes originais, utilizados nas filogenias mais recentes
para os taxons. As sequéncias selecionadas para cada linhagem (Tabela A) (Perret et al.,
2003; Simon et al., 2009; Sarkinen et al., 2015; Godoy et al., 2017; Couto et al., 2018)
foram alinhadas utilizando MAFFT v7.450 (Katoh and Standley, 2016), com parametros
padrdes, para cada marcador/linhagem, e posteriormente concatenadas, quando mais de
um marcador foi utilizado.

Analises filogenéticas foram realizadas para a estimativa do tempo de divergéncia
de cada um dos taxons amostradas utilizando BEAST 2.5.2 (Bouckaert et al., 2019), com
pontos de calibracdo secundéria para datacdo molecular dos principais eventos de
dispersdo entre as areas analisadas, para cada um dos géneros (Tabela 1). Todas as
analises foram realizadas utilizando o modelo Birth-Death como Tree prior, relogio
molecular relaxado com distribui¢do log-normal e modelo de evolucédo molecular GTR +
I+I" (ndo particionado). Trés corridas independentes de 20 milhdes de geracdes foram
implementadas para cada linhagem. Valores dos parametros das corridas foram
examinados utilizando Tracer v. 1.7 (Rambaut et al., 2018) para checar convergéncia, e
foram aceitos quando ESS > 200. As corridas independentes de cada linhagem foram
combinadas utilizando LogCombiner version 2.4.7, apds apropriados burn-in de cada
analise. Uma arvore de clados de maxima credibilidade (MCC) com os mean heights foi
gerada para cada linhagem utilizando TreeAnnotator and FigTree v. 1.4.4 (Rambaut,
2018) para conferir topologias e valores de suporte com os estudos originais de cada
linhagem (Tab 1).

Tabela 1. Datagdo utilizada nas analises para a construgdo das arvores filogenéticas em estudo de cinco
géneros na Floresta Atlantica su Ibrasileira e Pampa. A datagdo utilizada para cada género e a referéncia

utilizada como base.

Téaxon Clado Idade Referéncia
Mikania

Mikania 9 Ma (sdt 1.2) (stem) Godoy et al. (2017)
Dioscorea

Dioscorea 63.7 Ma (std 7.0) (stem) Couto et al. (2018)
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Mimosa
Mimosa 23.4 Ma (std 3.5) (stem) Simon et al. (2009)
Sinningia
Sinningieae 31.7 Ma (std 3.5) (stem) Perret et al. (2013)
Solanum Solanum 17 Ma (std 1.5) (stem) Sérkinen et al. (2013)

2.4 Analises Biogeograficas

Para as anélises, foram elaboradas matrizes de presenca/auséncia das espécies
selecionadas (Tabela Al) nas quatro areas. Todas as espécies ocorrem em pelo menos
uma das areas utilizadas no estudo. As analises foram realizadas, para cada um dos taxons,
no software R (R Development Core Team, 2020). Para realizar inferéncias sobre a
historia biogeografica dos taxons escolhidos, usamos fungdes do pacote R
BioGeoBEARS (Matzke, 2013). O modelo escolhido foi o Dispersdo, Extincdo e
Cladogénese (DEC), para as estimativas de modelo ancestral para cada uma das arvores.
Estimamos o numero relativo de eventos de dispersdo e o provavel periodo em que
ocorreram entre a Floresta com Araucériae as demais areas, através do pacote
Biogeographical Stochastic Mapping (BSM) (Dupin et al., 2016). Para levar em conta a
incerteza, foram gerados 1000 mapas estocasticos para cada uma das arvores de cada
grupo. Os resultados das analises descritas foram adicionados ao material complementar
(Figs.B1-B5).

3. Resultados

3.1 Eventos de disperderdo nas quatro areas

Foram analisados cinco géneros, totalizando 165 espécies (Tabela Al). O
ancestral comum mais recente de cada um dos taxons foi Dioscorea, com 17,58 Ma,
Mikania com 4,7 Ma, Mimosa com 19,03 Ma, Sinningia com 25,9 Ma e Solanum com
13,67 Ma (Fig. B1, B2, B3, B4 e B5). A riqueza e 0 endemismo das espécies, com base

nas areas do estudo, sdo apresentados na Figura 3.
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Figura 3. Riqueza e endemismos dos taxons estudados na Floresta Atlantica e Pampa. Gréfico elaborado a
partir da matriz de presenca e auséncia utilizada para identificar as areas de estudo. A Floresta Ombrofila
Densa (FOD) se sobressai em nimero de espécies. Apenas Mimosa apresenta maior riqueza e endemismo

na area de Campo. FOM= Floresta Ombréfila Mista (Floresta com Araucéria), FE=Florestas estacionais.

Foram identificados 132 eventos de dispersdo nas quatro areas, assumindo a
mesma conectividade em todas as areas ao longo do tempo (Tabela 2). A Floresta
Ombréfila Densa foi a fonte de 49,25 % dos eventos entre as areas, seguida dos Campos
(21,21%), Florestas Estacionais (17,42%) e Floresta com Araucéria(12,12%) (Tabela 2).

As Florestas Estacionais aparecem como principal dreno recebendo 30,30% dos eventos,
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seguida da Floresta com Araucaria (25%), Floresta Ombrofila Densa (24,25%) e Campos
(20,45%) (Tabela 2).

Tabela 2. Namero de eventos de disperséo por linhagens em todas as areas. Direcdo e nimero médio
de eventos ocorridos nas areas para cada uma das linhagens, obtidos pela analise de BSM. FOM=
FlorestaOmbréfila Mista (Floresta com Araucéria), FOD= Floresta Ombréfila Densa, FE=Florestas
estacionais.

Area Direcédo Dioscorea Mikania Mimosa Sinningia Solanum Total
FOM A partir de 0 4 5 0 7 16
FOD A partir de 9 14 7 7 28 65
CAMPOS A partir de 2 3 16 0 7 28
FE A partir de 2 4 4 0 13 23
FOM Para 1 8 8 1 15 33
FOD Para 2 5 13 0 12 32
CAMPOS Para 4 6 4 5 8 27
FE Para 6 6 7 1 20 40

3.1 Eventos de dispersao e idade estimada relacionados com a Floresta com Araucaria

Foram 49 eventos de dispersdo que envolveram a Floresta com Araucaria
(Tabelal), onde sua direcdo e niUmero por area sao mostrados nas Figuras 4 e 5. Para
Dioscorea, Mikania, Sinningia e Solanum, a Floresta Ombrofila Densa foi a principal
fonte (Fig. 4). Mimosa é o Unico género que contribui mais com linhagens campestres
(Fig. 4). Quando avaliamos a colaboracdo da Floresta com Araucariapara as demais
areas, para o0 g@énero Mikania as linhagens presentes na Floresta com
Araucariaapresentaram mais eventos de dispersdo em direcdo a Floresta Ombrofila
Densa. Nos géneros Solanum e Mimosa, a Floresta Ombrofila Densa e as Florestas
Estacionais receberam praticamente a mesma quantidade de eventos (Fig. 4). Os eventos
de dispersdo concentraram-se no periodo Holoceno (Fig. 5). A dispersdo da Floresta
Ombrofila Densa para a Floresta com Araucariaocorreu nos cinco taxons, durante o
Plioceno, Pleistoceno e Holoceno (Fig. 5). Eventos pontuais de dispersdo de uma das
areas para as outras sdo representados na Figura 4, para Mikania, Mimosa e Solanum.

Solanum e Mimosa foram as linhagens em que os Campos e as Florestas

Estacionais tiveram uma contribuicdo maior nos eventos de dispersdo. Dioscorea,
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Sinningia e Mikania possuem, em sua maioria, espécies herbaceas e localizadas em
regibes mais internas da floresta, o que talvez possa explicar a maior facilidade de
intercambio com a Floresta Ombréfila Densa.



83

Sinningia

12

Mimosa ®
Solanum

12

o -

©
to FOM  from FOM
==
o
to FOM  from FOM

to FOM  from FOM

Dioscorea

12

o -

to FOM  from FOM

B FOM
M FOD

B CAMPOS ’
FE k=

\\4_/—*,.»/ to FOM  from FOM

12

4

Figura 4. Eventos de dispersdo a partir da FOM e para a FOM. O mapa traz as areas e 0 nimero de eventos
encontrados para cada uma delas. As setas indicam a dire¢do dos eventos. Os graficos mostram como
ocorreu a contribuicdo de cada linhagem nos eventos apresentados. Dioscorea, Mikania, Sinningia e
Solanum mostraram uma maior influéncia da FOD sobre a FOM. Em Mimosa o Campo contribui mais.
FOM= FlorestaOmbrofila Mista (Floresta com Araucéria), FOD= Floresta Ombréfila Densa, FE=Florestas
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estacionais. As imagens representam os géneros e foram tiradas na Floresta com Araucaria. Fotos:

Kilkamp, J. (Solanum sp., Dioscorea, sp., Mimosa sp. e Sinningia sp.); e Heiden, G. (Mikania sp.).
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Figura 5. Dispersdo a partir da Floresta com Araucariae para a Floresta com Araucaria, ao longo do tempo.
Apenas eventos de dispersao foram considerados para elaborar esse grafico. O fluxo de eventos comega a
aumentar no final do Mioceno, com seu pico no Pleistoceno e Holoceno. FOM= FlorestaOmbroéfila Mista
(Floresta com Araucaria), FOD= Floresta Ombrdfila Desna, FE= Florestas Estacionais, ranges= mais de

uma area como fonte dos eventos.

3.3. Radiagdes locais e idade estimada nas quatro areas

As radiac@es locais que ocorreram ao longo do tempo nas areas sao representadas
na Figura 6. RadiacGes in situ na Floresta com Araucariasdo recentes e ocorreram em um
ndmero pequeno quando comparado com as outras areas. Nossos resultados mostram um
aumento na taxa de especiacao, nas areas, significativo nos ultimos 5 milhdes de anos
(Fig. 6). Em nossos resultados a Floresta Ombrofila densa é a Unica que apresentou

diversificacdo desde o Paleogeno, as demais areas comecam a apresentar a partir do

Mioceno.
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Figura 6. Radiacfes locais ao longo do tempo. Eventos de cladogénse, mudangas ao longo dos ramos. O
destaque é da Floresta Ombrofila Densa, e para os periodos que vado do Oligoceno ao Holoceno. FOM=
FlorestaOmbrofila Mista (Floresta com Araucaria), FOD= Floresta Ombroéfila Desna, FE=Florestas

estacionais.

4. Discussao

4.1. Uma histéria complexa de diversificagao recente

Ainda ndo possuimos uma definicdo do meomento em que a historia da Floresta
com Araucaria comec¢a, mas alguns acontecimentos podem servir como parametros.
Diversos estudos estimam que a separacgdo entre A. araucana e A. angustifolia ocorreu ha
10,19 Ma (Biffin e Lowe, 2010; Crisp e Cook, 2011; Leslie et al., 2012; Liu et al., 2013;
Kranitz et al., 2014). Poucos eventos de dispersdao ocorrem antes dos 10 Ma segundo
nossos resultados, sugerindo que os eventos mostrados aqui realmente acompanham a
formacéo da floresta. No Mioceno tardio, quando provavelmente ocorreu a separacao das
espécies de araucérias, o clima era frio e seco, 0 que favoreceu a expansdo de habitats
abertos (Dutra e Stranz, 2003; Dutra e Stranz, 2009; Hughes et al., 2013). Esse cenério
provavelmente beneficiou a dispersdo da A. angustifolia. As sementes de Araucaria ndo
possuem nenhuma adaptacdo para facilitar a dispersdo, mas sdo nutritivas e acabam
atraindo os animais, germinando com facilidade em locais abertos e com alta incidéncia
de luz (Dutra e Stranz, 2003). As novas plantas formam pequenos capdes de florestas
préximos ao campo. Sub-bosques sombreados ndo favorecem o crescimento de novas
plantas de araucarias, mas podem ter sido um habitat muito atrativo para espécies vindas
de outras formacdes, como as linhagens utilizadas para nossas analises (Dutra e Stranz,
2003; Dutra e Stranz, 2009).

Com poucos acontecimentos no Plioceno (Fig. 7), é no Pleistoceno e no Holoceno
gue encontramos a maioria dos eventos de dispersdo que envolvem a Floresta com
Araucéria (Fig 5). Um periodo de forte instabilidade climatica e ciclos de glaciagdo, onde
a primeira expansao a partir dos vales vai ocorrer no final do Holoceno (Fig. 6) (Ledru;
Mourguiart; Riccomini, 2009), indicando um clima mais imido e uma estacao seca mais
curta (Behling, 1997; Behling et al., 2001; Behling e Pillar, 2006). Behling (1997) sugere
gue o aumento da frequéncia dos incéndios nesse periodo, pode ter influenciado a
migracdo da espécie para areas de campos, mesmo com um numero baixo encontramos

dispersdo para o campo (Fig. 4). No geral, as espécies analisadas neste estudo localizam-
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se nas regides de borda da Floresta com Araucaria e no geral apresentam habito arbustivo
(Mimosa e Solanum), o que poderia facilitar sua transi¢do para esses ambientes onde as
condic@es climaticas sdo mais extremas.

Entre 50.000 e 40.000 mil anos temos registros de graos depdlen da Floresta com
Araucariano no Sul do Brasil (Fig. 7) que mostram que a dinamica de retracdo e expansao
da floresta pode estar relacionada ao ultimo periodo glacial (Bergamin et al., 2019) e as
alteracOes que o fim desse periodo trouxe, com 0 aumento das temperaturas e a reducdo
da estacdo seca (Behling, 1997; Behling et al. 2001; Dutra e Stranz, 2003; Behling et al.,
2004; Dutra e Stranz, 2009, Duarte et al., 2009; Jeske-Pieruschka et al., 2010;). A retracdo
e a expansdo que ocorreram durante o Quaternario (Fig.7), relacionadas as mudancas
climaticas, podem ter permitido que os eventos de intercdmbio entre as areas ocorressem
de forma mais intensa, assim como uma maior diversificacdo dentro da Floresta com
Araucaria (Fig. 6).

Antonelli (2017) sugere que em nivel global a delimitacdo de bioregifes e 0s
padr@es atuais, teriam evoluido em conexao com a geologia e eventos climaticos antes do
Quaternario. Casos de especiacao rapida e recente sdo comuns, como os identificados
para a Floresta com Araucaria (Rando et al., 2016). Para a Regido Neotropical, o Mioceno
tardio é apontado como periodo importante para o intercambio de espécies (Hughes et al.,
2013). Dessa forma ndo seriam apenas os refagios (Morawetz e Raedig, 2007) que
estariam influenciando nessa diversificacdo, ja que areas da plataforma continental
podem ter mantido uma extensdo maior de floresta durante a Gltima glaciacédo (Leite et

al., 2016), e sim diferentes historias evolutivas, influenciadas em parte pelos reflgios.
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Em torno de 1140 AP expansdo sobre os campos, no RS.
Expansdo da FOM sobre os campos em SC

Expansio da FOM em dire¢io aos campos, no Parana.

Expansdo da FOM ao longo das matas de galerias ao
longo dos riachos, indicando clima mais \imido e
reducio da estacao seca.

Seccio Araucaria

Radiagoes locais na FOM come¢am nesse perido
segundo as linhagens analisadas.

FOM formando pequenas popula¢des em reftigios.
Restrita a a fundo de vales e encostas.

Pélen de Araucaria angustifolia em areas centrais do
Brasil.

Pélen de Araucaria angustifolia em regides altas de
MG e SP.

Aumento dos eventos de dispersdo. FOD e Campo para
FOM. Da FOM para FOD e FE.

Género Araucaria

Provavel origem da 4. angustifolia :

Familia Araucariaceae

“Paleoflora Mista”

[
Trés géneros modernos j4 estio estabelecidos
__66 (Wollemia, Agathis, Araucaria).

Figura 7. Linha do tempo de Araucariaceae e das Paleofloras. Os principais eventos sdo detalhados,
comecando pelo periodo de surgimento da Familia no Tridssico superior. Tempo em Ma. FOM= Floresta
com Araucaria; FOD= Floresta Ombrofila Densa; FE= Florestas Estacionais. (Behling, 1997; Hill &
Brodribb, 1999; Behling et al., 2001; Dutra & Stranz, 2003; Behling & Pillar, 2006; Iriarte & Behling,
2007; Dutra; Stranz, 2009; Dos Reis et al., 2014; Farjon, 2010; Gessert et al., 201; Farjon, 2018). llustrag&o:
Dorneles, M. P.
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4.2. Padroes de diversidade e intercaAmbio floristico entre as areas

A distancia entre as areas, a fisionomia de suas formacbes, o clima e o
conservadorismo de nicho podem ser agentes que contribuiram para os padrbes de
diversificacdo na Floresta com Araucaria (Antonelli ¢ Sanmartin, 2011; D’Horta et al.,
2011; Hughes et al., 2013; Daru et al., 2020). A vegetacdo é caracterizada por uma mistura
unica de floras, com uma distinta origem biogeogréafica e filogenética (Duarte et al., 2014,
Peres et al., 2020). Os eventos de intercambio floristico, por dispersdo de espécies tanto
da Floresta com Araucariaquanto aqueles a partir dela, corroboram nossa hipétese de uma
histéria de formacdo marcada pela colaboracdo das areas adjacentes e recente
diversificacdo. A troca de linhagens entre as areas € uma caracteristica ja sugerida para
0s biomas neotropicais, podendo ser o que impulsiona o dinamismo da evolucdo de
espécies nos tropicos (Hughes et al., 2013, Peres et al., 2020).

A disperséo foi identificada por nossos resultados, sugerindo que a evolucao nas
areas ndo ocorreu de forma isolada e que existe uma conexdo entre elas ao longo do tempo
evolutivo (Antonelli et al., 2018, Peres et al., 2020). Essa conexdo pode ser identificada
pelos acontecimentos de dispersdo identificados em nosso trabalho (Fig. 4), onde a
Floresta Ombrdfila Densa aparece como a principal fonte de eventos para a Floresta com
Araucaria, Campos e Florestas Estacionais, e mesmo apresentando nimero menor de
episddios, também apresentaram intercambio. Identificando a existéncia de eventos entre
as areas o desafio é saber quais os fatores que regulam essas mudancas e porque algumas
espécies respondem migrando e outras se adaptando (Donoghue e Edwards, 2014;
Antonelli e Sanmartin, 2011; Zanne et al., 2014; Antonelli et al., 2018; Peres et al., 2020).

A proximidade das areas e o fato da Floresta com Araucériaestar localizada em
uma regido central s demais, ndo garante o sucesso dos eventos de dispersdo (Fig.2 e 4).
Questdes relacionadas a particularidades de cada uma das linhagens e de cada uma das
areas devem ser levadas em consideracdo para essa avaliagdo (Wiens et al., 2010;
Sarkinen et al, 2012; Hughes et al., 2013). As areas de nosso estudo, mesmo proximas,
mostram divergéncias com relacdo a umidade e a periodos climaticos mais extremos
(Leite, 2002). Sdo muitos os fatores que agem em conjunto na relagdo entre as areas
(Antonelli e Sanmartin, 2011, Peres et al., 2020), mas € possivel identificar que entre os
taxons apresentados, o conservantismo de nicho foi presente, o que pode ser identificado

pelo grande intercdmbio entre a Floresta Ombrofila Densa e a Floresta com Araucaria.
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Divergindo de outros estudos, que levam em conta a diversidade filogenética, a Floresta
Ombréfila Densa fica mais proxima das Florestas estacionais (Duarte et al., 2014),
enquanto pela diversidade a Floresta com Araucariae Florestas Estacionais so
consideradas mais proximas (Oliveira-Filho et al., 2013). Este alto intercambio entre a
Floresta Ombrofila Densa e a Floresta com Araucariaem nossos resultados podem estar
relacionado as linhagens escolhidas e pelas condigdes que ambas proporcionam a sua
biota. A proximidade com a regido costeira garante uma estabilidade climatica maior,
com umidade e precipitacdo distribuidas ao longo do ano (Antonelli e Sanmartin, 2011).
Mesmo as baixas temperaturas apresentadas durante o inverno, para as areas de maior
altitude, ndo sdo uma barreira intransponivel para todos os tdxons. A maioria das espécies
do estudo apresenta habito herbaceo, caracteristica que evoluiu antes da ocupacdo do
clima, e que apresenta taxas de diversificacdo e extincdo maiores que nas espécies
lenhosas (Zanne et al., 2014).

4.3 Endemismo, clima e radiacéo

O baixo numero de espécies endémicas encontradas em nosso primeiro trabalho
para a Floresta com Araucaria (ver artigo 1, submetido) pode estar relacionado ao alto
namero de eventos de dispersdo entre as areas e ao fato de as radiacfes serem recentes.
Altas taxas de dispersdo fazem com que menos espécies sejam restritas a uma
determinada area (Jansson, 2003). Espécies com pouca capacidade de dispersdo geram
aglomeracdo de tdxons préximos, aumentando o endemismo (Daru et al., 2020).

O que também pode influenciar na diversidade € a estabilidade climatica, visto
gue guanto maior a variacao climatica, menor o nimero de endemismos (Jansson, 2003).
A regido Neotropical manteve uma certa estabilidade climética durante longos periodos
(Jansson, 2003; Antonelli e Sanmartin, 2011). Morawetz e Raedig (2007) sugerem que as
areas na plataforma continental, onde areas mais amplas de floresta podem ter se mantido
durante o ultimo periodo glacial. Local em que hoje localizamos a Floresta Ombréfila
Densa, &rea em que encontramos as radiacdes mais pretéritas datando do Paleoceno (Fig.
6).

5. Considerac0es Finais
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Os dados aqui obtidos sugerem que os padrdes que estdo agindo na diversificacdo
da Floresta com Araucériasdo a distancia entre as areas, o clima e o conservadorismo de
nicho. A maioria dos eventos de intercAmbio floristico entre as areas analisadas e para as
linhagens selecionadas neste estudo s@o recentes. Mesmo as analises sendo baseadas em
linhagens atuais encontramos uma conectividade pretérita com eventos no Mioceno e
Pleistoceno. J& as radiages in situ na Floresta com Araucériaocorrem a partir do
Pleistoceno, e confirmam uma histdria recente e complexa para a Floresta com Araucéria.

Recentes radiacdes, intercambio floristico com todas as areas ao seu redor, com
influéncia de clima e fitofisionomia e possivel preferéncia pelo conservadorismo de nicho
sdo apenas 0s primeiros resultados em direcdo a compreensao das dinamicas ecoldgicas

e evolutivas que contribuem para a formacéao da Floresta com Araucaria.
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B. Resultados do DEC para cada uma das linhagens.
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Tabela A. Lineages to the Araucaria Forest in Brazil, and GenBank accession numbers for all sequences included in this study.

Asteraceae

Outgroup

Outgroup

Mikania Willd.

Mikania campanulata Gardner
Mikania cordifolia (L.f.) Willd.
Mikania glomerata Spreng.

Mikania hastato-cordata Malme

Mikania hemisphaerica Sch.Bip. ex Baker

Mikania hirsutissima DC.

Mikania involucrata Hook. & Arn.

Mikania laevigata Sch.Bip. ex Baker

Mikania lindbergii Baker

Mikania lundiana DC.

Mikania smaragdina Dusén ex Malme

Mikania ternata (Vell.) B.L.Rob.
Mikania trachypleura B.L.Rob.
Mikania triangularis Baker
Mikania trinervis Hook. & Arn.
Mikania viminea DC.

Mikania vitifolia DC.

Mikania thapsoides DC.

Stevia triflora DC.

Senecio L.

Senecio brasiliensis (Spreng.) Less.

Senecio stigophlebius Baker
Senecio adamantinus Bong.
Senecio selloi (Spreng.) DC.
Senecio leptolobus DC.

Senecio bonariensis Hook. & Arn.

Chersodoma diclina (Wedd.) Cabrera

ITS

KU295364

KU295392

KU295378

KU295346

KU295365

KU295349

KU295380

KU295384

KU295385

KU295386

KU295388

KU295368

KU295375

KU295390

KU295334

KU295393

KU295391

KU295374

KU295400

ITS

AF457434

EF538385

EF538294

EF538379

EF538355

EF538306

EF538166

ETS

KU245392

KU24541

KU245373

KU245394

KU245397

KU245374

KU245378

KU245382

KU245384

KU245385

KU245390

KU245399

KU245425

KU245369

KuU245427

KU245406

KU245370

KU245404

KU245432



Dioscoreaceae

Outgroup

Euphorbiaceae

Dioscorea L.

Dioscorea bradei R.Knuth

Dioscorea campestris Griseb.
Dioscorea campos-portoi R.Knuth
Dioscorea cienegensis R. Knuth
Dioscorea coronata Hauman
Dioscorea cynanchifolia Griseb.
Dioscorea flabellispina R. Couto & J. M. A. Braga
Dioscorea itatiaiensis R.Knuth
Dioscorea leptostachya Gardner
Dioscorea mollis Kunth

Dioscorea monadelpha (Kunth) Griseb.

Dioscorea olfersiana Klotzsch ex Griseb.

Dioscorea pedalis (Uline ex R. Knuth) R. Couto & J. M.

A. Braga

Dioscorea sphaeroidea R. Couto & J. M. A. Braga
Dioscorea stegelmanniana R.Knuth
Dioscorea subhastata Vell.

Dioscorea therezopolensis Uline ex R.Knuth
Tacca palmatifida Baker

Croton L.

Croton alchorneicarpus Croizat

Croton argenteus L.

Croton campanulatus Caruzo & Cordeiro
Croton celtidifolius Baill.

Croton dichrous Mull.Arg.

Croton echinocarpus Mill. Arg.

Croton eichleri Mull.Arg.

Croton erythroxyloides Baill.

Croton floribundus Spreng.

psbA-trnH

KU527742
KU527743
KU527744
KU527765
KU527746
KU527747
KU527749
KU527752
KU527754
KU527757
KU527758

KU527760

KU527761
KU527767
KU527768
KU527769

KU527770

ITS

HMO044788
AY971181
HMO044790
EU586920
HMO071952
EU586922
EU586949
EU586938

HM564080

tRNA_Lys
(trnK) K
(matk)

KuU308791
KuU308792
KuU308793
KuU308794
KuU308797
u308798
KuU308802
KU308805
KU308807
KU308810
KU308811

KU308813

KU308814
KU308820
KU308821
AY972492

KU308823

rbcL

KU308747

KU308748

KU308749

KU308775

KU308751

KU308752

KU308757

KU308760

KU308762

KU308765

KU308766

KuU308768

KU308770

KU308778

KU308779

KU308780

KU308781
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KU308747



Outgroup

Fabaceae

Croton fuscescens Spreng.

Croton gracilipes Baill.

Croton hemiargyreus Mull.Arg.

Croton heterocalyx Baill.

Croton linearifolius Mull.Arg.

Croton macrobothrys Baill.

Croton medusae Miill. Arg.

Croton montevidensis Spreng.

Croton organensis Baill.

Croton pallidulus Baill.

Croton pedicellatus Kunth

Croton piptocalyx Mull.Arg.

Croton priscus Croizat

Croton rottlerifolius Baill.

Croton salutaris Casar.

Croton sapiifolius Mull.Arg.

Croton sellowii Baill.

Croton serratifolius Baill.

Croton thomasii Riina & P.E. Berry

Croton argentinus Mull.Arg.

Brasiliocroton mamoninha P.E.Berry & Cordeiro
Mimosa L.

Mimosa acutistipula (Mart.) Benth.

Mimosa atlantica Barneby

Mimosa aurivillus var. calothamnos (Benth.) Barneby
Mimosa bathyrrhena Barneby

Mimosa bifurca Benth.

Mimosa bimucronata (DC.) Kuntze var. bimucronata
Mimosa caesalpiniifolia Benth.

Mimosa callidryas Barneby

Mimosa candollei R.Grether

HM564081

EU586909

HMO044793

HM564082

HMO071954

EU586928

EU586933

AY971235

EU586914

EU586939

FJ614766

EF421791

EU586950

HMO044801

HMO044804

EF421754

HM564095

HM564096

EU586951

HMO071943

AY971175

trnD-trnT

FJ981981

FJ982001

JF694258

FJ981988

FJ982005

FJ982006

FJ982014

FJ982016

FJ982020

101



Outgroup

Gesneriaceae

Mimosa ceratonia L.

Mimosa chartostegia Barneby

Mimosa coniflora Burkart

Mimosa cruenta Benth.

Mimosa daleoides Benth.

Mimosa dolens Vell. var. dolens

Mimosa dryandroides var. extratropica Barneby
Mimosa dutrae Malme

Mimosa fachinalensis Burkart

Mimosa flagellaris Benth.

Mimosa flocculosa Burkart

Mimosa gymnas Barneby

Mimosa incana Benth.

Mimosa oblonga Benth. var. oblonga

Mimosa orthacantha Benth.

Mimosa per-dusenii Burkart

Mimosa pithecolobioides Benth.

Mimosa polydactyla Humb. & Bonpl. ex Willd.
Mimosa pseudocallosa Burkart

Mimosa ramulosa Benth.

Mimosa scabrella Benth.

Mimosa brevipetiolata var. hirtula (Burkart) Barneby
Mimosa pedersenii Barneby

Mimosa ramboi Burkart

Anadenanthera colubrina (Vell.) Brenan
Sinningia Nees

Sinningia nivalis Chautems

Sinningia aggregata (Ker Gawl.) Wiehler
Sinningia allagophylla (Mart.) Wiehler

Sinningia barbata (Nees & Mart.) G.Nicholson

JF694259

FJ982023

FJ982028

FJ982033

FJ982039

JF694261

J982057

J982058

J982064

J982066

FJ982067

FJ982079

FJ982091

FJ982135

FJ982140

FJ982146

FJ982151

FJ982156

FJ982159

FJ982172

J982181

FJ982012

J982145

FJ982171

FJ981975

trnT-trnL

AJ439272

AJ439262

AJ439306

AJ439285

rpll6

AJ4A87725
AJ487715
AJ48T7758

AJ48T7738
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Sinningia brasiliensis (Regel & Schmidt) Wiehler &
Chautems

Sinningia calcaria (Dusén ex Malme) Chautems
Sinningia canescens (Mart.) Wiehler
Sinningia carangolensis Chautems
Sinningia cardinalis (Lehm.) H.E.Moore
Sinningia cochlearis (Hook.) Chautems
Sinningia cooperi (Paxton) Wiehler
Sinningia curtiflora (Malme) Chautems
Sinningia douglasii (Lindl.) Chautems
Sinningia elatior (Kunth) Chautems
Sinningia eumorpha H.E.Moore

Sinningia gigantifolia Chautems

Sinningia glazioviana (Fritsch) Chautems
Sinningia guttata Lindl.

Sinningia hatschbachii Chautems
Sinningia hirsuta (Lindl.) G.Nicholson
Sinningia iarae Chautems

Sinningia incarnata (Aubl.) D.L.Denham
Sinningia insularis (Hoehne) Chautems
Sinningia lateritia (Lindl.) Chautems
Sinningia leopoldii (Scheidw. ex Planch.) Chautems
Sinningia leucotricha (Hoehne) H.E.Moore
Sinningia lindleyi Schauer

Sinningia lineata (Hjelmg.) Chautems

Sinningia macrophylla (Nees & Mart.) Benth. & Hook.

ex Fritsch

Sinningia macropoda (Sprague) H.E.Moore
Sinningia magnifica (Otto & A.Dietr.) Wiehler
Sinningia mauroana Chautems

Sinningia piresiana (Hoehne) Chautems

Sinningia pusilla (Mart.) Baill.

AJ439261

AJ439277

AJ439256

AJ439290

AJ439280

AJ439304

AJ439269

AJ439305

AJ439275

AJ439297

AJ439258

AJ439293

AJ439267

AJ439301

AJ439268

AJ439283

AJ439295

AJ439307

AJ439271

AJ439310

AJ439276

AJ439265

AJ439251

AJ439263

AJ439254

AJ439257

AJ439288

AJ439281

AJ439255

AJ439309

AJ4A87714

AJ487730

J487709

AJ487743

AJ4A87733

AJ487756

AJ487722

AJ48T7758

AJ487728

AJ48T7749

AJ487711

AJA8T7746

AJ487720

AJ487753

AJ487721

AJ48T7736

AJABT747

AJ48T7759

AJA8TT724

AJABT763

AJA8T729

AJ487718

AJ487704

AJ48T7716

AJA87707

AJ487710

J487741

AJ4A87734

AJ487708

AJA87761
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Outgroup

Melastomataceae

Sinningia reitzii (Hoehne) L.E.Skog
Sinningia richii Clayberg

Sinningia sceptrum (Mart.) Wiehler
Sinningia schiffneri Fritsch

Sinningia sellovii (Mart.) Wiehler
Sinningia speciosa (Lodd.) Hiern
Sinningia striata (Fritsch) Chautems
Sinningia valsuganensis Chautems
Sinningia villosa Lindl.

Sinningia warmingii (Hiern) Chautems
Nematanthus villosus (Hanst.) Wiehler
Leandra Raddi

Leandra brackenridgei (A.Gray) Cogn.
Leandra catharinensis Cogn.

Leandra planifilamentosa Brade
Leandra acutiflora (Naudin) Cogn.
Leandra adenothrix Cogn.

Leandra cancellata Cogn.

Leandra carassana (DC.) Cogn.
Leandra regnellii (Triana) Cogn.

Leandra reversa (DC.) Cogn.

Leandra barbinervis (Cham. ex Triana) Cogn.

Leandra alpestris (Gardner) Cogn.
Leandra amplexicaulis DC.

Leandra eichleri Cogn.

Leandra itatiaiae (Wawra) Cogn.
Leandra neurotricha Cogn.

Leandra pallida Cogn.

Leandra purpureovillosa Hoehne
Leandra quinquedentata (DC.) Cogn.

Leandra riedeliana (O.Berg ex Triana) Cogn.

AJ439260

AJ439302

AJ439298

AJ439249

AJ439282

AJ439284

AJ439274

AJ439300

AJ439303

AJ439270

AJ439329

ITS

KR062490

KF821498

KR062543

KR062482

KR062483

KF821496

EU055688

EF418851

EU055701

EF418817

KR062484

KR062485

EU055690

EF418837

KR062537

KR062540

KR062546

KR062547

KR062553

AJA87713

AJ48T754

AJ487750

AJ487702

AJ487736

AJ4A87738

AJ4A8TT727

AJ487752

AJ48T7755

AJ487723

KT958418

trnS-trnG

KR062680

KR062690

KR062757

KR062666

KR062667

KR062683

KR062685

KR062771

KR062436

KR062678

KR062669

KR062672

KR062705

kR062728

KR062749

KR062751

KR062763

KR062764

KR062775

ETS

KR062374

KF820772

KR062430

KF820758

KR062366

KF820769

KR062379

KR062378

KF820767

KR062367

KF820761

KR062392

KF820800

KR062424

KF820815

KR062433

KR062434

KR062441
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Leandra sulfurea (Naudin) Cogn.

Leandra australis (Cham.) Cogn.

Leandra dendroides (Naudin) Cogn.

Leandra erostrata (DC.) Cogn.
Leandra aurea (Cham.) Cogn.
Leandra breviflora Cogn.

Leandra calvescens (Triana) Cogn

Leandra clidemioides (Naudin) Wurdack

Leandra collina Wurdack
Leandra cordifolia Cogn.

Leandra cordigera (Triana) Cogn.

Leandra cristata Reginato & R.Goldenb.

Leandra cuneata (Mart.) Cogn.
Leandra dentata Cogn.

Leandra diffusa Cogn.

Leandra echinata Cogn.

Leandra fallacissima Markgr.
Leandra fallax (Cham.) Cogn.
Leandra fluminensis Cogn.
Leandra foveolata (DC.) Cogn.
Leandra glabrata (Bunbury) Cogn.
Leandra glazioviana Cogn.
Leandra gracilis Cogn.

Leandra gynoverrucosa Reginato
Leandra hatschbachii Brade
Leandra hirta Raddi

Leandra hirtella Cogn.

Leandra humilis (Cogn.) Wurdack
Leandra ionopogon (Mart.) Cogn.
Leandra lacunosa Cogn.

Leandra laevigata (Triana) Cogn.

EF418863
EU055686
KR062503
KR062510
KR062489
KR062491
KR062492
EF418820
KR062496
EF418822
KF821500
KR062501
MK020513
KR062504
KR062505
EF418828
GQ139306
KR062511
KR062513
KF821502
EF418831
KF821503
KR062515
KR062516
EF418833
KR062519
KR062520
EF418834
EF418836
EU055694

KR062522

KR062787

KR062676

KR062700

KR062708

KR062675

KR062681

KR062682

KR062692

KR062693

KR062694

KR062698

MK006561

KR062701

KR062703

KR062704

KR062709

KR062711

KR062712

KR062714

KR062715

KR062716

KR062717

KR062402

KR062718

KR062722

KR062724

KR062725

KR062727

KR062729

KR062730

KF820843

KF820766

KR062388

KR062395

KR062372

KR062375

KR062376

KF820777

KR062381

KF820780

KR062386

KR062389

KR062391

KF820784

KF820787

KR062398

KR062399

KF820788

KF820790

KF820792

KR062401

KF820796

KR062406

KR062407

KF820799

KF820801

KR062410
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Leandra lancifolia Cogn.

Leandra lapae D El Rei Souza & Baumgratz

Leandra magdalenensis Brade
Leandra melastomoides Raddi
Leandra miconiastrum (Naudin) Cogn.
Leandra microphylla Cogn.

Leandra mollis Cogn.

Leandra mouraei Cogn.

Leandra multiplinervis (Naudin) Cogn.
Leandra multisetosa Cogn.

Leandra nianga (DC.) Cogn.

Leandra pilonensis Wurdack

Leandra polystachya (Naudin) Cogn.
Leandra purpurascens (DC.) Cogn.
Leandra quinquenodis (DC.) Cogn.
Leandra refracta Cogn.

Leandra reitzii Wurdack

Leandra reptans R.Goldenb. & Reginato
Leandra rhamnifolia (Naudin) Cogn.
Leandra ribesiaeflora (Cham.) Cogn.
Leandra riograndensis (Brade) Wurdack
Leandra rufescens (DC.) Cogn.
Leandra sabiaensis Brade

Leandra salicina (DC.) Cogn.

Leandra santos-limae Brade

Leandra sericea DC.

Leandra strigilliflora (Naudin) Cogn.
Leandra tetraquetra (Cham.) Cogn.

Leandra therezopolitana Cogn.

Leandra triantha E.Camargo & R.Goldenb.

Leandra ulaei Cogn.

KR062524

KR062525

R062527

KR062530

KR062532

KF821510

KR062533

KR062534

KR062535

KR062536

KR062538

EU055697

KR062545

EU055699

KF821514

EF418850

EU055700

KR062551

EU055702

KR062552

EF418852

KF821516

KR062555

KR062556

KR062557

KR062558

KR062560

EF418864

KR062562

KF821520

EF418865

KR062731

KR062732

KR062734

KR062735

KR062741

KR062742

KR062743

R062744

KR062745

KR062748

KR062750

KR062756

KR062759

KR062761

KR062766

KR062767

KR062772

KR062773

KF820829

KR062774

KR062777

KF820833

KR062778

KR062781

KR062782

KR062783

KR062785

KR062788

KR062789

KR062791

KR062793

KR062411

KR062412

KR062414

KF820810

KR062419

KF820813

KR062420

KR062421

KR062422

KR062423

KR062425

KF820817

KF820819

KF820820

KF820824

KR062435

KF820827

KR062439

KR062440

KF820830

KR062443

KR062444

KR062445

KR062446

KR062448

KR062449

KR062450

KR062452

KR062453
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Outgroup

Orchidaceae

Leandra umbellata DC.

Leandra vesiculosa Cogn.

Leandra xanthocoma (Naudin) Cogn.

Leandra xantholasia (DC.) Cogn.

Leandra xanthostachya Cogn.

Clidemia fluminensis Baumgratz & D'El Rei Souza
Acianthera Scheidw.

Acianthera aphthosa (Lindl.) Pridgeon & M.W.Chase
Acianthera asaroides (Kraenzl.) Pridgeon & M.W.Chase

Acianthera atropurpurea (Barb.Rodr.) Chiron & van den
Berg

Acianthera auriculata (Lindl.) Pridgeon &
M.W.Chasehase

Acianthera binotii (Regel) Pridgeon & M.W.Chase
Acianthera bragae (Ruschi) F.Barros

Acianthera capanemae (Barb.Rodr.) Pridgeon &
M.W.Chase

Acianthera capillaris (Lindl.) Pridgeon & M.W.Chase
Acianthera crepiniana (Cogn.) Chiron & van den Berg
Acianthera crinita (Barb.Rodr.) Pridgeon & M.W.Chase

Acianthera cryptantha (Barb.Rodr.) Pridgeon &
M.W.Chase

Acianthera fenestrata (Barb.Rodr.) Pridgeon &
M.W.Chase

Acianthera freyi (Luer) F.Barros & V.T.Rodrigues
Acianthera glanduligera (Lindl.) Luer

Acianthera glumacea (Lindl.) Pridgeon & M.W.Chase
Acianthera gracilisepala (Brade) Luer

Acianthera hatschbachii (Schltr.) Chiron & van den Berg
Acianthera heringeri (Hoehne) F.Barros

Acianthera hygrophila (Barb.Rodr.) Pridgeon &
M.W.Chase

Acianthera hystrix (Kraenzl.) F.Barros

Acianthera jordanensis (Brade) F.Barros

KR062565
KR062568
EF418868
KR062570
EF418869
KR062481
ITS

JQ306355

Q306431

KT599874

JQ306436
JQ306430

Q306362

Q306367
Q306425
KT599875

JQ306435

JQ306433

KT763377
JQ306494
JQ306369
AF262850
JQ306404
KY084278

JQ306363

KY084281
KT599877

JQ306378

KR062795

KR062798

KR062799

KR062800

KR062801

KR062662

KR062455

KR062457

KF820849

KR062459

KR062460

KR062364
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Acianthera karlii (Pabst) C.N.Gong. & Waechter

Acianthera klotzschiana (Rchb.f.) Pridgeon &
M.W.Chase

Acianthera leptotifolia (Barb.Rodr.) Pridgeon &
M.W.Chase

Acianthera luteola (Lindl.) Pridgeon & M.W.Chase

Acianthera macropoda (Barb.Rodr.) Pridgeon &
M.W.Chase

Acianthera micrantha (Barb.Rodr.) Pridgeon &
M.W.Chase

Acianthera minima (Cogn.) F.Barros

Acianthera montana (Barb.Rodr.) F.Barros &
L.Guimarées

Acianthera nemorosa (Barb.Rodr.) F.Barros
Acianthera octophrys (Rchb.f.) Pridgeon & M.W.Chase

Acianthera panduripetala (Barb.Rodr.) Pridgeon &
M.W.Chase

Acianthera papillosa (Lindl.) Pridgeon & M.W.Chase

Acianthera pavimentata (Rchb.f.) Pridgeon &
M.W.Chase

Acianthera pectinata (Lindl.) Pridgeon & M.W.Chase
Acianthera pubescens (Lindl.) Pridgeon & M.W.Chase
Acianthera ramosa (Barb.Rodr.) F.Barros

Acianthera recurva (Lindl.) Pridgeon & M.W.Chase
Acianthera rodriguesii (Cogn.) Pridgeon & M.W.Chase

Acianthera saundersiana (Rchb.f.) Pridgeon &
M.W.Chase

Acianthera saurocephala (Lodd.) Pridgeon &
M.W.Chase

Acianthera serpentula (Barb.Rodr.) F.Barros

Acianthera sonderiana (Rchb.f.) Pridgeon & M.W.Chase
Acianthera spilantha (Barb.Rodr.) Luer

Acianthera strupifolia (Lindl.) Pridgeon & M.W.Chase
Acianthera translucida (Barb.Rodr.) Luer

Acianthera tricarinata (Poepp. & Endl.) Pridgeon &
M.W.Chase
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JQ306489

Q306445

MK294766

KX495754

JQ306449

Q306373

JQ306382

JQ306437
JQ306466

KT599879

Q306371

Q306501

JQ306444
AF262849
JQ306366
JQ306438
JQ306375

JQ306446

JQ306452

JQ306356
Q306370
Q306496
Q306359
Q306440

JQ306368

JQ306495



Outgroup

Rubiaceae

Outgroup

Solanaceae

Acianthera johannensis (Barb.Rodr.) Pridgeon &

M.W.Chase

Shizhenia pinguicula (Rchb.f. & S.Moore) X.H.Jin, Lu

Q.Huang, W.T Jin & X.G.XiangChiron
Galium L
Galium bigeminum Griseb.

Galium hirtum Lam.

Galium hypocarpium (L.) Endl. ex Griseb.

Galium latoramosum Clos.

Galium megapotamicum Spreng.

Galium nigroramosum (Ehrend.) Dempster

Galium richardianum (Gillies ex Hook. & Arn.) Endl. ex

Walp.

Asperula taurina L.

Solanum L.

Solanum aculeatissimum Jacq.
Solanum adscendens Sendtn.
Solanum atropurpureum Schrank
Solanum chenopodioides Lam.
Solanum commersonii Poir.
Solanum acerifolium Dunal
Solanum agrarium Sendtn.
Solanum alternatopinnatum Steud.
Solanum bonariense L.

Solanum capsicoides All.

Solanum cernuum Vell.

Solanum chacoense Bitter

Solanum corymbiflorum (Sendtn.) Bohs
Solanum crinitum Lam.

Solanum decompositiflorum Sendtn.
Solanum decorum Sendtn.

Solanum diploconos (Mart.) Bohs

AF366939

MF944416
ETS
HMO061015
M061013
HMO061016
HM061017
HM061014

HM061012

HM061019
HM061073
ITS
JF978791
IN542580
KU696987
IN545013
AYS875772
KUG96985
GU591055
HQ457395
GU591062
KU696986
DQ837371
AY875811
AY523888
GQ143652
GU591068
HQ457396

AY875751

trnL-ndhJ

GU357074

GU357072

GU357076

GU357076

GU357073

HMO055872

GU357077

GU357112

trnC-psbM

U357332

GU357330
GU357334
GU357334
GU357331

HMO055833

GU357335

GU357113

109

rpoB-trnC

GU357204
GU357202
U357206

GU357206
GU357203

HMO055794

GU357207

GU357243



Solanum enantiophyllanthum Bitter

Solanum fusiforme L.B.Sm. & Downs

Solanum graveolens Bunbury
Solanum hasslerianum Chodat
Solanum hexandrum Vell.
Solanum hirtellum (Spreng.) Hassl.
Solanum hoehnei C.V.Morton
Solanum incarceratum Ruiz & Pav.
Solanum jabrense Agra & M.Nee
Solanum jamaicense Mill.
Solanum latiflorum Bohs

Solanum melissarum Bohs
Solanum metrobotryon Dunal
Solanum palinacanthum Dunal
Solanum paniculatum L.

Solanum paraibanum Agra

Solanum piluliferum Dunal

Solanum pinetorum (L.B.Sm. & Downs) Bohs

Solanum platense Dieckmann

Solanum polytrichum Moric.

Solanum reflexiflorum Moric. ex Dunal

Solanum reptans Bunbury

Solanum robustum H.L.Wendl.
Solanum rugosum Dunal

Solanum rupincola Sendtn.
Solanum sciadostylis (Sendtn.) Bohs
Solanum stagnale Moric.

Solanum stramoniifolium Jacq.
Solanum subumbellatum Vell.
Solanum torvum Sw.

Solanum vaillantii Dunal

KT820895

AY523896

KR872949

KC539150

GU591072

JN542589

AY996519

AY561266.

GU591073
MK412146
AY523900
MN215279
HQ457397
AY561268
AY996540
GU591083
HQ457398
AY523912
AY561269
GU591087
GU591088
Y 996548

KU719922
MK412154
GU591091
AY523917
AY561272
AY 263465
HQ457401
KU696993

HQ457402
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Solanum wacketii Witasek HQ457403

Outgroup Jaltomata procumbens (Cav.) J.L.Gentry AF244710
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Figura B1. Resultado do DEC para Dioscorea.
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Figura B2. Resultado do DEC para Mikania.
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Figura B3. Resultado do DEC para Mimosa.
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Figura B4. Resultado do DEC para Sinningia.
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Figura B5. Resultado do DEC para Solanum.
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CONCLUSOES E PERSPECTIVAS

Nossos resultados trazem luz sobre uma parte importante da complexa historia
evolutiva da regido Neotropical identificando através das linhagens analisadas, as
dindmicas das bioregides que compdem a Mata Atlantica em sua ocorréncia mais ao sul.

Em evidéncia a Floresta com Araucéria, uma mistura interessante de floras
tropicais e temperadas que tem como principal destaque a espécie Araucaria angustifolia.
A heterogeneidade floristica encontrada ao longo de sua distribuigdo, identificada por
nossas analises de riqueza e diversidade, pode ser explicada por sua localizacao central
nas regides Sul e Sudeste do territorio brasileiro. O grande nimero de eventos dispersivos
encontrados e o fato da Floresta com Araucériater realizado trocas com todas as areas
colaboraram para a formagcao de diferentes fisionomias e também para o baixo nimero de
espécies endémicas encontrado.

Uma diversidade maior é encontrada na regido leste da formacao, onde areas de
endemismos sdo presentes. Mesmo sabendo que um baixo esfor¢co amostral pode estar
interferindo em nossos resultados, também encontramos nessa regido uma proximidade
maior entre a Floresta com Araucariae a Floresta Ombrdéfila Densa, sua principal fonte.

Sua historia envolve periodos de expansdo e retracdo, e uma radiacdo muito
recente. Mostrando um alto potencial para ser explorado, na busca de mais informacoes
para a compreensao da diversidade Neotropical e do comportamento da nossa diversidade
com as alteracBes climéticas. Os provaveis padrdes da Floresta com Araucéria sao a
distancia entre as areas, a fisionomia de suas formacoes, o clima e o conservantismo de
nicho.

Nossos resultados também contribuem para a escolha de areas de conservacao da
Floresta com Araucaria, que devem abranger o maior nimero de fisionomias que ela
apresenta ao longo de sua distribuicdo. As linhagens escolhidas para as analises e as
espécies endémicas encontradas, compdem em sua maioria 0 sub-bosque da formacéo,
vegetacdo que mais varia ao longo de sua distribuicdo. Desmostra a necessidade de um
esforco de coleta maior nessa area, que possui um namero importante de endemismos que
ainda pode aumentar.

Nossas abordagens futuras devem investir em um ndmero maior e mais
diversidficado de taxons para as analises, na tentativa de esclarecer ainda mais sua histéria

evolutiva, com a inclusdo de variaveis climaticas e de distancia entre as areas, para
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entender de forma mais clara quais os padrdes sdo mais importantes para a Floresta com

Araucéria.



