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RESUMO

Distribuido ao longo da costa leste da América do Sul, o Dominio da Mata Atlantica abriga
uma ampla regido de Inselbergues inserida na borda sudeste do Escudo Brasileiro ao longo da
Serra do Mar e Serra da Mantiqueira. Dentre os elementos mais conspicuos destes
inselbergues estd Velloziaceae, que compreende plantas helidfitas adaptadas as condig¢des
xéricas e aos substratos especificos. Cinco géneros, Acanthochlamys, Barbacenia,
Barbaceniopsis, Vellozia e Xerophyta, e aprox. 250 espécies, distribuidas principalmente em
um padrdo anfiatlantico, sdo reconhecidas na familia atualmente. Barbacenia s.l. (incluindo
Aylthonia, Barbacenia, Burlemarxia e Pleurostima), abrange cerca de 100 espécies,
exclusivamente neotropicais, que ocorrem predominantemente na Serra do Espinhago e
Planalto Central do Brasil. O género ¢ sustentado pela presenca de bainha dupla nos feixes
vasculares foliares e pela presenca de corona. Em recentes reconstrugdes filogenéticas,
Barbacenia foi recuperado como dois principais clados caracterizados pela sua ocorréncia
ambiental e geografica, o clado dos Inselbergues da Mata Atlantica (AFI, Atlantic Forest
Inselbergs) e o clado dos Campos Rupestres (CR). Considerando que as andlises disponiveis
ndo incluiram todas as espécies de Barbacenia que ocorrem nos AFI, mais evidéncias e uma
amostragem mais ampla sdo necessdrias para inferir sua histéria evolutiva e biogeogréfica.
Portanto, os objetivos do presente estudo foram: (i) reconstruir as relagdes filogenéticas de
Barbacenia usando uma amostragem mais ampla para o grupo Barbacenia AFI; (ii) estimar
idades de divergéncia, reconstruir as areas ancestrais e comparar a diversidade morfoldgica
entre as linhagens do género; e (ii1) conduzir um tratamento taxonémica do grupo Barbacenia
AFI. A andlise filogenética apresentada neste estudo recuperou as mesmas linhagens
supracitadas (Barbacenia AFI e CR). Estase morfoldgica foi constatada no clado Barbacenia

AFI, e possivelmente heterogeneidade ambiental combinada com diferentes dindmicas
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paleovegetacionais durante o Plio-Pleistoceno influenciaram na disparidade morfoldgica entre
os clados AFI e CR. Conservantismo de nicho em interagdo com as dindmicas da
paleovegetacdo durante o resfriamento global no Mioceno e oscilacdes climaticas no
Pleistoceno, provavelmente contribuiram com a diversificagdo e distribui¢do das linhagens
modernas de Barbacenia. Na revisdo taxondmica do clado Barbacenia AFI, reconhecemos
doze taxons e descrevemos duas novas espécies, Barbacenia amphirupia ¢ B. maritima. Esta
monografia incluiu uma lista completa de sindnimos, descri¢des anatdmicas e morfologicas,
chave de identificacdo, informagdes sobre conservagdo, distribuicdo geografica, habitat,
fenologia e comentéarios taxondmicos para todas as espécies. Esta dissertagdo destaca a
importincia de estudos filogenéticos, biogeograficos e taxondmicos na descoberta da
diversidade oculta, evidenciando grandes lacunas amostrais sobre a biodiversidade dos
Inselbergues da Floresta Atlantica e dos Campos Rupestres brasileiros, ambientes ricos em
espécies e endemismos. Estes estudos sdao particularmente importantes para fornecer base de

conhecimento para a conservacao e manutengao da biodiversidade.

Palavras-chave: biogeografia, campos de altitude, conservantismo de nicho, diversidade

morfoldgica, Floresta Atlantica, taxonomia.
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ABSTRACT

Distributed along the east coast of South America, the Atlantic Forest Domain houses a
widespread Inselberg region, which is inserted in the southeastern rim of the Brazilian Shield
along the Serra do Mar and Serra da Mantiqueira. Among the most conspicuous elements of
these inselbergs is Velloziaceae, which comprises heliophyte plants adapted to xeric
conditions and to specific substrates. Five genera, Acanthochlamys, Barbacenia,
Barbaceniopsis, Vellozia and Xerophyta, and approx. 250 species, distributed mostly in an
amphiatlantic pattern, are nowadays recognized within the family. Barbacenia s.I. (including
Aylthonia, Barbacenia, Burlemarxia, and Pleurostima), encompasses about 100 species,
exclusively Neotropical, that occur predominantly in the Espinhaco Range and Central
Plateau of Brazil. The genus is supported for double sheath in leaf vascular bundles and
presence of corona. In recent phylogenetic reconstructions, Barbacenia was recovered as two
major clades characterized by the environmental and geographical occurrence, the Atlantic
Forest Inselbergs clade (AFI clade) and the Campos Rupestres (CR) clade. Whereas the
available analyses did not include all Barbacenia species that occur in AFI, more evidence
and a wider sampling are necessary to infer its evolutionary and biogeographic history.
Therefore, the aims of the present study were: (i) to reconstruct the phylogenetic relationships
of Barbacenia using a wider taxon sampling for Barbacenia AFI group; (ii) to estimate
divergence times, reconstruct the ancestral areas and compare the morphological diversity of
Barbacenia lineages; and (iii) to conduct a taxonomic treatment of Barbacenia AFI group.
The phylogenetic analysis presented in this study recovered the same lineages mentioned
above (Barbacenia AFI and CR). Morphological stasis was found in Barbacenia AFI clade,
and possibly environmental heterogeneity combined with different paleovegetational

dynamics during the Plio-Pleistocene influenced the morphological disparity between AFI and
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CR clades. Niche conservatism in interplay with paleovegetation dynamics during the
global Miocene cooling and Pleistocene climatic oscillations likely contributed to
diversification and distribution of modern Barbacenia lineages. In taxonomic revision of
Barbacenia AFI1 clade, we recognized twelve taxa and described two new species,
Barbacenia amphirupia and B. maritima. This monograph included a complete list of
synonyms, anatomical and morphological descriptions, identification key, information on the
conservation, geographic distribution, habitat, phenology, and taxonomic comments of all
species. This Master’s thesis highlights the importance of phylogenetic, biogeographic and
taxonomic studies in the discovery of hidden diversity, highlighting large sample gaps on the
biodiversity of the Brazilian Atlantic Forest Inselbergs and Campos Rupestres, environments
with high species richness and endemisms. These studies are particularly important to provide

a knowledge base for the conservation and maintenance of biodiversity.

Key words: Atlantic Forest, biogeography, campos de altitude, morphological diversity,

niche conservatism, taxonomy.
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GENERAL INTRODUCTION

Velloziaceae is a family of monocotyledons placed in the small and morphologically
diverse Pandanales, along with Cyclanthaceae, Pandanaceae, Stemonaceae and Triuridaceae
(Chase et al., 2000, APG IV). The family has five genera, Barbacenia Vand., Vellozia Vand.,
Barbaceniopsis L.B.Sm., Xerophyta Juss., and Acanthochlamys P.C.Kao, and approx. 250
species, distributed mostly in an amphiatlantic pattern, are currently recognized within the
family (Mello-Silva et al., 2011). The majority of the species is Neotropical, about 30 species
occur in continental Africa, three in Madagascar, one in the Arabian Peninsula and one in
China (Mello-Silva et al, 2011). The distribution of Velloziaceae suggests a Gondwanan
origin with vicariant splitting of main clades (Mello-Silva ef al., 2011). On the other hand, the
chronogram suggests a long distance dispersal event through the Boreotropical connection
during the Eocene and with subsequent diversification mainly in the Miocene (Alcantara ef al.,

2018).

The family comprises heliophile plants (Smith, 1962), with its center of diversity
located in the Brazilian Campos Rupestres Archipelago (Prance, 1994), a vegetation with
rocky or sandy soils and open vegetation on mountain areas from Central and South-Eastern
Brazil. Velloziaceae is also the most conspicuous elements of Atlantic Forest Inselbergs (de
Paula et al., 2016, 2017). These Inselbergs are Precambrian granites and gneisses outcrops
inserted in the southeastern rim of the Brazilian Shield along the Serra do Mar and Serra da
Mantiqueira (Safford and Martinelli, 2000).

From the first species of Velloziaceae described by Vandelli (1788) to the classification
of Smith and Ayensu (1974, 1976) and Menezes (1980, 1981), nine genera have been
recognized in Velloziaceae (Mello-Silva, 1991), with very conflicting delimitations.

Thereafter, in phylogenetic analyses using morphological and DNA evidence, Mello-Silva et
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al. (2011) recognized five genera, Acanthochlamys, Barbacenia s.l. (including Aylthonia,
Burlemarxia, and Pleurostima), Barbaceniopsis, Vellozia s.l. (including Nanuza), and
Xerophyta s.I. (including Talbotia), related as (Acanthochlamys (Xerophyta (Barbacenia

(Barbaceniopsis, Vellozia)))).

Barbacenia s.I. comprises about 100 species, exclusively Neotropical, that occur
predominantly in the Espinhaco Range and Central Plateau of Brazil. Only one species is not
endemic to Brazil, Barbacenia celiae Maguire, which also occurs in Venezuela (Mello-Silva
in FDB 2019). The genus is supported for the presence of double sheath in leaf vascular

bundles and corona (Mello-Silva, 2005b, Mello-Silva ef al., 2011).

In a recent phylogenetic reconstructions using a large sampling of Velloziaceae and
outgroup species, Barbacenia was recovered as two major lineages (Alcantara et al., 2018).
One of the clades comprised only endemic species from Brazilian Atlantic Forest Inselbergs
(granite/gneissic inselbergs and campo de altitude of Serra do Mar and Serra da Mantiqueira,
Safford and Martinelli, 2000), viz., Barbacenia fanniae, B. gounelleana, B. irwiniana, B.
mantiqueirae, B. purpurea, and B. spectabilis. Its sister clade included the other 44 analyzed
species of Barbacenia, all from the Campos Rupestres in central/south-eastern Brazil

(Vasconcelos, 2011).

Nevertheless, all endemic species to the Atlantic Forest Inselbergs displayed
morphological atributes of Pleurostima sensu Menezes (1981), a genus re-established based
on presence of basifixed and auriculate anthers, style with subapical stigmatic region, leaves
with spiny trichomes on the margins and midvein, and fissuricidal capsule (Menezes, 1981).
However, in phylogenetic analyses of Velloziaceae so far performed (Behnke et al., 2000,
2013, Mello-Silva, 2005a, Mello-Silva et al., 2011, Alcantara et al., 2018), Menezes et al.

(1994) and Salatino et al. (2001) excepted Pleurostima would be a non-monophyletic group.
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The fast and recent radiation in Barbacenia during the Neogene is likely associated
with Miocene cooling (Zachos et al., 2008) and the expansion of rocky outcrops and the
diversification of its flora (Alcantara et al., 2018, Antonelli et al., 2010, Arakaki ef al., 2011,
Lavor et al., 2019, Luebert and Wen, 2008, Perret et al., 2012, Sarkinen et al., 2012). Besides,
paleovegetation dynamics of Pleistocene and global climatic oscillations may have
contributed to shaping the current diversity and distribution of Barbacenia lineages (Alcantara
et al., 2018). However, the evidence for an evolutionary and biogeographical history of the

Barbacenia Atlantic Forest inselbergs clade is still limited.
Given this scenario, this dissertation aimed to:

1. Reconstruct the phylogenetic relationships of Barbacenia using a wider taxon

sampling for Barbacenia Atlantic Forest Inselbergs group (chapter one);

2. Estimate divergence times, reconstruct ancestral areas and compare the

morphological diversity of Barbacenia lineages (chapter one);

3. Conduct a taxonomic treatment of Barbacenia AFI clade (chapter two).
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CONCLUSIONS

This Master’s thesis focuses on the phylogeny, biogeography and taxonomic review of
Barbacenia species from the Atlantic Forest Inselbergs (AFI). In the context of a wide-family
sampling, we were able to infer the phylogeny of Barbacenia lineages, in particular if the

Barbacenia species from the AFI are a monophyletic group (chapter one).

This study included the analysis of nuclear and plastid DNA sequences under
Maximum Likelihood and Bayesian approaches. As a result, two major lineages were
recovered in Barbacenia, each one including most of AFI and Campos Rupestres (CR)

endemic species.

Morphological analyses consisted of building up a dataset that enabled to map several
morphological characters onto the phylogenetic trees towards comparing morphological
diversity between species from Barbacenia AF1 and CR clades (chapter one). When mapping
the morphological characters, we observed that there is no evident synapomorphy uniting the
species of Barbacenia AFI lineage and its strongly supported subclades. Morphological
diversity analysis provided an interesting evidence of long-term morphological stability
(stasis) in Barbacenia AF1 when compared to its sister-group, and different paleovegetational
dynamics during the Plio-Pleistocene likely influenced in these morphological disparities

between Barbacenia lineages.

In the context of a biogeographical analysis, we have conducted divergence time
estimations using fossil calibrated molecular clocks and analyzed the resulting dated trees to
estimate the likely ancestral distribution of species and clades of this study (chapter one). Our
analyses showed that the Barbacenia diversification likely took place during the Middle
Miocene, in the Atlantic Forest and Cerrado phytogeographic domains. This ancestral
distribution of Barbacenia may have been facilitated by the expansion of open/dry

environments in the Miocene, and subsequent cladogenesis may have been through
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colonization of isolated habitats and geographical isolation. Pleistocene climatic
fluctuations and the paleovegetational dynamics may also have contributed to the
speciation process in Barbacenia AFI lineages, whose species may have extended their

geographic distribution during glacial periods.

Finally, by using an integrative approach that included the interpretation of the
molecular phylogeny considering the morphology of Barbacenia AFI species, we were able to
take important taxonomical decisions, including the description of two new species,
Barbacenia amphirupia and B. maritima, five lectotypes and one neotype. In total, we
recognized twelve species of Barbacenia AFI clade, which are treated in a monograph of the
clade (chapter two). This taxonomic review of Barbacenia AFI clade includes a complete list
of synonyms, anatomical and morphological descriptions of species and an identification key,
information on conservation, geographical distribution, habitat, phenology, and taxonomical
comments of all the species. In addition, we provide plates with anatomical and

morphological characters and distribution maps of the species.

This Master’s thesis highlights the importance of phylogenetical, biogeographical and
taxonomical studies in the discovery of hidden diversity, highlighting many sampling gaps
about the biodiversity of the Atlantic Forest Inselbergs and Brazilian Campos Rupestres,
environments with high species richness and endemism. These studies are particularly

important for providing knowledge base on environmental conservation measures.
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