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INTRODUCAO GERAL

Por que as espécies ocorrem no seu espaco atualguBoe como algumas
comunidades sustentam maior diversidade de espgugesutras? Qual o papel do clima,
topografia e interacbes como fatores limitantesddribuicdo de uma espécie? Estas
ambiciosas e amplas perguntas determinam o fodaavdstigacdes cientificas de ecologos
e biogeografos em todo o globo, em parte por qoeatdmente relevantes para a vida
humana, em parte porque fascinam os cientistagddos. Ha varias hipoteses propostas
para explicar a distribuicdo dos organismos, masaje nenhuma delas sozinha foi capaz
de se sustentar de maneira satisfatoria para solatar como uma teoria unificadora.
Nesta tese, investigo os mecanismos fisiologicos gadem contribuir para explicar
padrbes de abundancia, distribuicdo e coexist&eiplantas em comunidades ricas em
espécies. Aqui, utilizo a expressao “distribuic&opthntas” para me referir a distribuicdo
geogréfica (escala global) - padrdes que vao demdwoendemismos até plantas
amplamente distribuidas na América do Sul - e pafarir-me a distribuicio em
microhabitats (escala local), que diz respeito sribuicdo em sitios distintos em suas
propriedades fisicas e quimicas em ambientes edp&cite heterogéneos.

A abordagem ecofisiolégica (fusdo entre a Ecal@ga Fisiologia) empregada aqui
objetiva utilizar explicacdes fisiologicas para kogr os padrbes ecoldgicos de
organismos, espécies ou populacdes. Tal abordagénlange de representar alguma
novidade cientifica, uma vez que estudos em nigetamunidade foram realizados em
diversos biomas do mundo a fim de correlacionagosdisiolégicos e a capacidade de
colonizacdo e sobrevivéncia a ambientes especiftadsetanto, a maior parte dos estudos
ecofisioldgicos realizados ao nivel de comunidade ignorado um importante aspecto que
pode causar ruido nas analises: o efeito da filag@®eja detalhes em Felsenstein 1985).
Apenas recentemente no Brasil, o paradigma daragég da informacéo filogenética vem
sendo considerado para a compreensdo da evolucdorma e funcdo de plantas
(Hoffmann & Franco 2008). De fato, os estudos a&gide C. Darwin em fisiologia de
plantas foram conduzidos com o objetivo de testéalsbilidade da descendéncia com
modificacdo (Kutschera & Niklas 2009). Portant@b@mrdagem evolutiva para o estudo da

fisiologia vegetal deixou de ser uma novidade hé&mea 150 anos. Dada a enorme lacuna
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(eu diria até negligéncia) na interpretacdo ewsdutie dados fisiolégicos, Kutschera &
Niklas (2009) chamam a fisiologia vegetal evolutila“sintese esquecida de Darwin”.

Obviamente, a ecofisiologia evolutiva moderna ndeitd da mesma forma como
nos tempos de C. Darwin. Atualmente, esta dispbuiva pletora de métodos estatisticos
para analisr os resultados de estudos experimeatas informacbes funcionais dos
organismos sao interpretadas sob a luz da pergpdittigenéticaDentro desta agenda, as
pesquisas tém como objetivo investigar selecaaalanestricoes filogenéticas e evolucao
de tracos ecofisiologicos (Ackerly et al. 2008jualmente, sabe-se ha mais de 25 anos que
utilizar testes estatisticos rotineiros como ANOYIAo sdo suficientes para determinar
como tracos variam entre espécies, grupos fun@omaimesmo comunidades vegetais.
Métodos comparativos sdo, portanto, (algumas velzegatoriamente) complementares as
andlises tradicionais. Somente através integragdinformacéo historica revelada pela
filogenia, é possivel inferir sobre evolugcédo dedraecofisioldgicos.

Desta forma, utilizei uma abordagem baseada em do®tofilogenéticos
comparativos atuais para (1) corrigir o efeito @gehdéncia filogenética, (2) mapear a
evolucdo de caracteres ecofisioldégicos ao longbistaria evolutiva das plantas estudadas
e (3) avaliar a evolucao coordenada de caracterlEmgo da histéria evolutiva dos taxa. A
incorporacdo da informacéo filogenética caractanirasignificativo avango nas pesquisas
ecofisioldgicas realizadas no Brasil. A integragoinformacado filogenética possibilita
encontrar padrées que muitas vezes estariam ocaoéss, tal informacdo ndo fosse
incorporada (Hoffmann & Franco 2008) e podem reveaainexisténcia de padrbes
funcionais que n&o poderiam ser detectados atm@de&ésstatistica convencional (Ackerly
2009a).

Nesta tese foquei em tracos relacionados a biolodga sementes de
Melastomataceae de campo rupestre (Figura 1). Estotencido que a grande diversidade
de espécies e microhabitats do campo rupestresesgieeum modelo ideal para estudos que
integralizam a ecologia, filogenia e fisiologia. variagdo nos atributos ecoldgicos,
morfologicos e fisiologicos de Melastomataceae dempnta de forma fascinante a
heterogeneidade ambiental dos campos rupestres. niinfha pequena sapiéncia,
desconheco uma familia que apresente tamanha &ar@aq histéria de vida, habitat,

biogeografia e, sobretudo, compreenda elevadadiilzgte filogenética. Todos estes séo
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aspectos-chave para entender a evolucdo da geéuimagdorméncia. No meu ponto de

vista, 0 casamento da Ecologia, Fisiologia e Filkged pode ser rivalizado pela elegante
sintonia entre Melastomataceae e campo rupestteu Esrto que os cientistas brasileiros

tém em maos um modelo biolégico extraordinario gade gerar informacgdes valiosas

para o entendimento do funcionamento da vida neaTbem como dados que possam ser
efetivamente empregados na conservacéo da biodizdese restauracéo ecoldgica.

Esta tese foi escrita na forma de capitulos. Nmero capitulo, fizemos uma
revisdo teodrica sobre a ecofisiologia de sementeplaatulas de Melastomataceae
neotropicais. Espero que esta revisdo possa faraeloase e dar suporte a outros estudos
relacionados a biologia de plantas Neotropicaise@undo capitulo trata dos efeitos da
passagem pelo tubo digestivo na germinacdo de s$esnde espécies ornitocoricas. O
terceiro capitulo investiga a relacdo entre o nidboegeneracao (respostas germinativas a
fatores ambientais) e a distribuicdo de plantagerala local e global. O quarto descreve a
evolucdo de dorméncia fisiologica e as pressoesiwas que favoreceram a evolucao desta
estratégia. No quinto capitulo, exploro as relag¥egutivas e ecoldgicas da germinacédo de
sementes em grupos funcionais através dos métodospacativos filogenéticos.
Finalmente, informacdes sobre o banco de semeatesmesentadas no sexto capitulo.
Infelizmente, os dados de fenologia reprodutivantjtativa, tdo importantes para 0s
demais capitulos, ndo puderam ser incluidos nadesspero trabalhar neles em breve.
Ainda ha um longo caminho a ser trilhado e entandoesta tese toca apenas na superficie
do problema.

Uma consequéncia da formatagdo em capitulos € dascaicdo da area de estudo,
das espécies estudadas e alguns métodos foi @emetidcada capitulo. O atual formato
digital de publicagbes permitiu a criacdo de argsivsuplementares que contém
informacgdes importantes, mas ndo essenciais paeatendimento do artigo. Para o0s
capitulos que contém arquivos suplementares, edtesimentos sdo apresentados
individualmente, embora contenham dados repetisdosgende parte. Por motivos de
economias de folhas (leia-se recursos naturaidgstas referéncias bibliograficas foram
agrupadas em uma lista apresentada no final da @geimeiro capitulo foi submetido
para oAnnals of the Missouri Botanical Garden segundo esta submetido Btant

Ecology and Evolutigno terceiro foi submetido paraJournal ofEcologye o quarto esta
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publicado noSeed Science Researétara os dois trabalhos que ainda nao foram ewsjiad
temos em mente algumas idéias de revistas, mas eestimento todos os capitulos estao

formatados de forma padronizada.
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Figura 1. DistribuicAo dos campos rupestres aododg Cadeia do Espinhago
(http://botany.si.edu/projects/cpd/sa/map56)htm
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REsumO

Sementes apresentam um importante papel na eceleg@lucéo de plantas. Os beneficios
conferidos pelas sementes foram cruciais para @imsento e dominancia das
espermatofitas no globo. Sementes sédo de grandetanpia para 0 sucesso reprodutivo e
seus tracos estdo sob forte pressao seletiva,geaim o estabelecimento de plantulas apos
a germinagado, nenhum fenotipo pés-germinacdo pedexpresso. Além disto, tracos de
sementes estdo associados com a fecundidade, e ografica, segregacédo de habitat,
abundancia de adultos, persisténcia no solo, adgdeide dispersdo e sobrevivéncia das
plantulas. Neste estudo, ndés empregamos metodopacativos filogenéticos para
investigar a evolugcdo do tamanho da semente estiggoninativos NnoS campos rupestres.
A heterogeneidade micro-espacial dos campos r@seassociada a uma diversidade de
padrbes biogeograficos de suas espécies permiferax@ associacdo entre tracos de
sementes e distribuicdo geogréfica de plantas ealaeglobal e local. Nosso foco foi em
Melastomataceae porque esta familia de plantagipgencompreende um dos clados mais
diversos em termos funcionais e ecolégicos de Aspgionas. No primeiro capitulo, nos
revisamos a ecologia funcional das transi¢cdes descde vida de Melastomataceae em
dois hotspots, o Cerrado e a Mata Atlantica. Exist@ grande varia¢do na historia de vida
de Melastomataceae no que diz respeito a fenotogitabelecimento, mas ndo em termos
de dispersdo e germinacdo. Todas as espécies datupeoduzem sementes pequenas,
fotoblasticas que se incorporam em bancos de semdfm relacdo a frugivoria, os frutos
ricos em carboidratos e agua sdo consumidos por ammgla gama de frugivoros,
principalmente aves. Embora seja frequentementenagtado que as Melastomataceae
vao se beneficiar com mudancas antrépicas, redutdegerminacdo e estabelecimento
causadas por aumento de temperatura e frequénitansidade de fogo, provavelmente
superardo os aumentos de densidade em bordasrédstd Finalmente, as implicacdes
para a ecologia da restauracdo sdo discutidas.ejondo capitulo, examinamos se a
passagem pelo tubo digestivo de aves afeta a gagéunde sementes de 8 espécies de
Melastomataceae. A limpeza das sementes € um quiéite para a germinagdo, uma vez
gque a germinacao foi nula ou menor que 4% dentrofrds intactos. Efeitos
mecanicos/quimicos do tubo digestivo ndo foramifsigiivos em sua maioria, e poucas

respostas foram espécie-especificas. Nossos kssilliugerem que os variaveis efeitos
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resultantes das complexas interacdes fruto-frugipotencialmente afetam o recrutamento
de Melastomataceae no Cerrado. No terceiro capéntmiamos o papel das sementes na
distribuicdo geogréafica e amplitude ecoldgica. ikdiinos diversas abordagens estatisticas
para encontrar possiveis relacdes entre tracosederdes e a distribuicdo global

(endémicas vs. amplamente distribuidas) e locatr@habitats xéricos vs. mésicos). A

germinabilidade e amplitude térmica variaram ena® espécies, mas nao foram

relacionadas ao endemismo. Desta forma, propomas fqtores relacionados ao

estabelecimento de plantulas controlam a distrdmugeografica das espécies endémicas. A
amplitude térmica de plantas de ambientes mésmosdior que aquelas em ambientes
xéricos, embora as plantas higrofilas estejam tagjea menor flutuagdo diaria de

temperatura. Diminuicdes na germinabilidade solasaltemperaturas sugerem fortes
impactos negativos na germinacdo com aumento dasetaturas globais causadas por
acOes antropicas. O quarto capitulo registra auedol da dorméncia em Melastomataceae
tropical. Estudos anatdbmicos e experimentos de igagio com sementes coletadas em
diferentes locais e anos indicam a ocorréncia aeélacia fisiologica em quatro das 50

espécies estudadas. A posicao filogenética dasiespiormentes sugere que a dorméncia
evoluiu multiplas vezes em espécies e populacdgsediando sementes em ambientes
xéricos durante periodos desfavoraveis para o a@stiaimento. Assim, propomos que a

dorméncia evoluiu como uma resposta a alta moaddidnduzida pela seca. No capitulo 5,
investigamos a evolucdo do tamanho da sementeastgerminativos em 50 espécies dos
campos rupestres. Correlagdes entre tracos foigmfisativos para a germinabilidade e a

sincronia de germinacdo, mas ndo para o tamaniserdante e requerimento de luz que
foram considerados filogeneticamente conservadosorframos um padréo consistente de
divergéncias entre Merianieae e Miconieae e datdgrbliconieae e um padréo consistente
de convergéncias entre Melastomeae e Microliciaden&o de Microlicieae. Estes padrbes
indicam diferentes pressdes seletivas governaneMoklcdo das estratégias germinativas
destes grupos e a evolucdo coordenada da germioagfo modo de dispersao e forma de
vida. No ultimo capitulo, avaliamos o comportament® sementes de 18 espécies
artificialmente enterradas em solos associados adlmsamentos rochosos e campos
graminosos em intervalos regulares de seis mesesirpoperiodo de até 18 meses. A

dorméncia secundaria e ciclos anuais de dormé@ciaegistrados pela primeira vez na
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familia. Sementes enterradas apresentaram alteeimlagle, mas a emergéncia néo
dependeu do tipo de substrato ou condi¢cdes degfaisrpara o estabelecimento. Estes
resultados sugerem que filtros ecoldgicos e o cwasemo de nicho controlam a

manutencdo da distribuicdo em manchas em habiatplexos. Os resultados desta tese
contribuem para o entendimento da evolugdo da dwi@é& germinacdo de sementes nos
neotropicos e também ajudam a compreender o pasebeimentes na determinacdo da

distribuicdo de plantas em habitats complexos.

Palavras-chave: bancos de sementes, correlacaardeteres, dispersdo de sementes,
dorméncia fisiolégica, ecofisiologia vegetal conguh, ecologia de sementes, frugivoria,

germinacdo de sementes, métodos comparativosrigbiges, nicho de regeneragéo.

ABSTRACT

Seed biology plays a central role in plant ecolagyl evolution. The multiple benefits
provided by seeds to seed plants were crucial eir tise and dominance throughout the
globe. Seeds are of primary significance for repotide success and seed traits are under
strong selective pressure because without suct¢essthblishment following germination,
no postgermination phenotype can ever be expresSeed traits are associated with
fecundity, range size, habitat segregation, adiaibtpabundance, seed persistence in the
soil, dispersal ability and seedling survival. hist study, we implemented phylogenetic
comparative methods to investigate the evolutiorsedd size and germination traits in
Neotropical montane savannas (rupestrian fields)e Vdke advantage of micro-
environmental spatial heterogeneity and contrasgeggraphic distribution patterns in
plant communities of rupestrian fields to explone association of seed traits and plant
distribution in both global and local scales. Weused on Melastomataceae because this
pioneer-dominated family comprises one of the nfiasttionally distinctive, ecologically
diverse and species-rich clade of Angiosperms.him first chapter, we reviewed the
functional ecology of life cycle transitions in Mestomataceae in two Neotropical hotspots,
namely the Brazilian Cerrado and the Atlantic R&orest. The life-history traits of
Melastomataceae are very variable in terms of ifigitphenology and seedling

establishment, but not in terms of dispersal egolaigd seed germination. All examined
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species produce small-sized, photoblastic seedsjndmt across Neotropical seed banks.
With regards to frugivory, a taxonomic wide randefragivores (mainly birds) consume
the water- and sugar-rich berries. Although it nsgtiently argued that melastomes are
expected to benefit from human-induced changes,redses in germination and
establishment caused by high temperatures and esthdlire frequency are likely to
override possible increases in plant density iregbredges. We discuss how seed- and
seedling-based restoration techniques can helstassosystem recovery in restoration
ecology. In the second chapter, we examined whefliepassage affects seed germination
in ten melastome species. We compared the dispqusdity of seven bird species by
contrasting seed germination of hand-extracted;pgased seeds and seeds within intact
fruits. Seed cleaning is required prior to germoratfor all species, because germination
within intact fruits was < 4% across species. Maostchanical/chemical action of guts on
the seeds was non-significant and a few responsgs 8pecies-specific. Our results
suggest that the variable outcomes resulting framptex fruit-frugivore interactions
potentially affect the recruitment of Cerrado m&ages. In the third chapter, we addressed
the role of seeds in determining the geographigeand ecological breadth. We used a
multitude of statistical approached in order tadfiwhether seed germination requirements
are associated with plant distribution in globaldemics vs. widespreads) and local scales
(xeric vs. mesic sites). Germinability and tempamatrange greatly varied among species,
but variation was not related to plant endemismer&fore, we argued that factors
controlling seedling establishment, rather thard sgermination, constrain the geographic
expansion of endemic species. Temperature ranges higher for plants in mesic
microhabitats compared to plants associated witlt xeicrohabitats, though hygrophilous
experience lower daily soil temperature fluctuasio@ecreased germination under high
temperatures suggests major negative impacts dweiggneration from seed as global air
and soil temperature increases. In the fourth @rapte provide the framework for the
evolution of seed dormancy in tropical Melastomess: Anatomical analysis and
germination experiments with seeds collected ifietkht years and sites indicated the
occurrence of physiological dormancy in four out 60 species. Phylogenetic
reconstruction methods allowed us to detect meltgdolution of physiological dormancy

in species and populations dispersing seeds irc xaitrohabitats during unfavourable
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times for establishment. Therefore, drought-induceattality may have been a strong
selective pressure favouring the evolution of dorayain Melastomataceae. In chapter 5,
we have investigated the evolution of seed size garhination traits in 50 species in
Neotropical montane savannas. Trait-trait correfegi along the phylogenetic tree of
Melastomataceae were significant for germinabdityl germination synchrony, but not for
seed size or light requirement, since these twitstrgere phylogenetically conserved. We
found a consistent pattern of divergences in geatiun traits between Merianieae and
Miconieae and within the Miconieae whereas cootethgpatterns of convergences in
germination traits were found between Melastomead Microlicieae and within
Microlicieae. These contrasting patterns indicatéer@nt selective pressures driving the
evolution of seed strategies in different groupd emordinated evolution of dispersal mode
and growth-form. In the last chapter, we have eatald seed behaviour of 18 melastome
species atrtificially buried in soils associatedhmbcky outcrops and grassy fields for
regular intervals of six months up to 18 monthscdBeary dormancy and annual
emergence cycles are documented for the first fon¢he family. Buried seeds are long-
lived but emergence was independent of microhabitat favourable conditions for
establishment, suggesting that ecological filteramgl niche conservatism both operate in
maintaining the patchy distribution in complex hats. Overall, our data contribute to the
understanding of the evolution of seed dormancy gardhination in the Neotropical area
and also shed light into the roles of seeds inrdeténg plant distribution in complex
habitats.

Key-words: comparative plant ecophysiology, frugiyo phylogenetic comparative
methods, physiological dormancy, regeneration nicde=d banks, seed dispersal, seed

germination, seed ecology, trait-trait correlation.
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CAPITULO |

A REVIEW ON SEED AND SEEDLING ECOPHYSIOLOGY OF

NEOTROPICAL MELASTOMATACEAE : IMPLICATIONS FOR
CONSERVATION AND RESTORATION OF SAVANNAS AND RAIN
FORESTS

Fernando A. O. Silveira, G. Wilson Fernan&e¥osé P. Lemos-Filho

ARTIGO SUBMETIDO AO ANNALS OF THE MISSOURI BOTANICAL GARDEN
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ABSTRACT

We review the ecophysiology of life cycle trangigo (patterns of fruit maturation,
dispersal, germination, seed bank formation and dlsee establishment) of
Melastomataceae in two Neotropical hotspots, treziBan Cerrado and the Atlantic Rain
Forest. Studies on seed biology of Melastomataeeaerelevant because this family is
ubiquitous, species-rich and dominant in these Itveadliversity hotspots and its increased
relative importance is anticipated under the curssenario of habitat loss and forest
fragmentation. The life-history traits of this peer-dominated family are very variable in
terms of fruiting phenology and seedling establishinbut not for dispersal ecology and
seed germination. The seed biology is used to iafethe predicted impacts of global
change and forest fragmentation for forest and &derr melastomes. Species in
Melastomataceae are key in restoration ecologyvemdliscuss how seed- and seedling-

based restoration techniques can assist ecosystavery.

RESUMEN

Revisamos la ecofisiologia de transiciones de sickitales (maturacion de frutos,
dispersion, germinacion, banco de semillas y estabiento de plantas) de
Melastomataceae en dos biomas brasilefios, el @eyrdd Mata Atlantica. Estudios de
semillas de Melastomataceae son importantes pdagizmilia presenta alta diversidad y
es dominante en un gran rango de habitats. Adeesdia que la familia tiene prevista su
importancia aumentada en escenarios de fragmentdeidbbosques. Las caracteristicas de
historia de vida de esta familia de plantas piohes muy variable con respecto a la
fenologia reproductiva y establecimiento de pl&stupero no con respecto a la ecologia de
dispersion de semillas y germinacion. La biologtasdmillas embasa la discusion sobre los
impactos de los cambios globales y fragmentaciérbakxrjues en Melastomataceae de
sabanas y bosques tropicales. Especies de Meldatteaa son claves para la ecologia de
la restauracion y discutimos como las técnicas edtauracion basadas en semillas y
plantulas pueden ayudar en la restauracion. Losadtop de los cambios globales y
fragmentacion de habitats en la biologia de sesndlia Melastomataceae son discutidos.
Finalmente, son discutidas como los rasgos funt@srde las semillas de Melastomataceae

pueden ayudar en la restauracion de ecosistemaslest
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Key wordsforest fragmentation; global change; seed gernanaseed bank; seed

dispersal; seedling establishment.

Introduction

The patterns of seed germination have importaniogaal and evolutionary
implications. At the population level patterns eed germination have been shown to be
determinant of regeneration strategies (Tombachl.et2001), and to affect geographic
distribution (Donohue et al., 2010), abundance (B@& Goldber, 2001), and population
dynamics (Garcia & Oliveira, 2007), ultimately |&aglto changes at the community level.
Differences in germination timing have been showaftect plant performance and fitness,
modifying the phenotypic expression of importarié-history traits (Verdd & Traveset,
2005; Donohue et al., 2010). The patterns and psaserelated to seed germination have
also been used to explain intra-specific competi{Merdd & Traveset, 2005), coexistence
of sympatric species (Daws et al., 2002), ecoldglm@adth and geographic range
(Donohue et al., 2010), hence highlighting the rofegermination in structuring plant
communities. Moreover, the knowledge of seed biplagamongst the key elements to
understand processes such as plant establishnebnggural succession (Vasquez-Yanes &
Orozco-Segovia, 1993), providing a theoretical fearmark for restoration ecology.

In the face of increasing pressure on natural enwmients, seed biology has been
recently attracting the interest of the scientdfm@mmunity because of its implications in
restoration ecology. Here, we review the availadd¢éa on seed development, dispersal,
germination and seedling ecophysiology of Cerradad aAtlantic Rain Forest
Melastomataceae. We also interpret the availablea da build a comprehensive
understanding on the selective pressures that dile¥eevolution of melastome seeds.
Finally, we discuss how knowledge on seed and segeéicology of melastomes can be

applied to conservation and restoration practices.
THE CERRADO AND THEATLANTIC FOREST

The Brazilian Cerrado and the Atlantic Forest hlwth experienced a considerable

area loss due to human activities (Myers et aD020The Cerrado biome covered nearly 2
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million km?, representing 22% of the land surface of Brazitupying an altitudinal range
from near sea-level to 1,800 m (Oliveira-Filho &tiea, 2002). The Cerrado developed on
old, Al-rich, highly weathered, deep or shallowlsomostly dystrophic, with low pH and
Ca and Mg availability (Ratter et al., 1997). Thienate is seasonal with dry winters from
April-September and rainy summers (Oliveira-Filho Ratter, 2002). The typical
vegetation landscape of the Cerrado consists of omplkex mosaic of savanna
physiognomies on the well-drained interfluves witiparian forests following the
watercourses. The physiognomies range from denasslgnd, usually with a sparse
covering of shrubs and small trees, to almost dageodlands (Ratter et al., 1997). The
woody layer is composed of small, gnarled treexistiag with scattered shrubs whereas
the herbaceous layer is made up of grasses, sadgkesubshrubs with variations in
continuity (Furley, 1999). The flora of both woodynd ground layers evolved typical
features of pyrophytic savanna vegetation. Thestege of a low contorted form with thick,
corky, fire-resistant bark and sclerophyllous lesaaed underground organs (Ratter et al.,
1997; Oliveira-Filho & Ratter, 2002).

Soil erosion, land degradation, uncontrolled firdse spread of exotic species,
increasing cleared area for agriculture and pasame charcoal production pose major
threats to Cerrado biodiversity. Deforestationgdiave been higher in the Cerrado than in
the Amazon rainforest, whereas conservation effoatgee been modest: only 2.2% of the
Cerrado area is under legal protection (Klink & Mado, 2005).

The Atlantic Forest originally covered ca. 1 miflikn? extending throughout
Brazilian coast. It is composed of two major vetetatypes, the Atlantic Rain Forest
which covers mostly the low to medium elevationsngl South America coastline and the
Atlantic Semi-Deciduous Forest that extends acrties plateau in the center and
southeastern interior of the continent (Oliveir#i&i& Fontes, 2000; Morellato & Haddad,
2000). The orientation of the coastline and moumtanges gives rise to orographic rains
and a considerable winter rainfall. The resultriseger-wet rain forest climate with annual
precipitation > 2000 mm. Relative humidity can bé5% year-round and mean annual
temperature is nearly 22°C (Morellato et al., 2000)

The Atlantic Forest is constantly subjected tonseeshuman pressures. Only a small
portion of the original area (aprox. 11.4-16%)l sémains in the form of small and isolated

23



fragments (Ribeiro et al., 2009). Almost 60% of fBemzilian population lives within
deforested areas of Atlantic Forest (Morellato &dHad, 2000), which contributes to

increasing levels of habitat loss and forest fragfiatgon.

THE CERRADO AND ATLANTIC FORESTMELASTOMES

Melastomataceae comprise shrubs, climbers, hegighytes or trees that occur
from montane to lowland forests, savannas and rthstuvegetation (Clausing & Renner,
2001). This pantropical family comprises 4570 spgdn 150--166 genera arranged into
nine tribes (Renner, 2004) and attains highestrsiityein the Neotropics, with nearly 3000
species (Renner et al., 2001).

With nearly 521 taxa (Mendonca et al., 2008), thelddtomataceae is the fifhh
most speciose family in the Cerrado. The diversftynelastomes in the Cerrado is high in
both herbaceous (Filgueiras, 2002) and woody contrean(Ratter et al., 1997). The
family is one of the most important in terms of @ge number, occurrence, aerial cover
(Filgueiras, 2002; Jacobi et al., 2007) and endemi®komero & Martins, 2002).
Representative taxa in the Cerrado include Micaiddicrolicieae and Melastomeae.
Miconieae is a monophyletic group characterizedsimall flowers with inferior or partly
inferior ovaries that develop into baccate fruitéidhelangeli et al., 2008), and it is the
most species-rich tribe. Nearly 90% of the 275--8p8cies of Microlicieae are endemic to
the Cerrado, where it originated (Fritsch et al04). Most threatened species belong to
endemic Microlicieae (Mendoncga & Lins, 2000).

Melastomataceae is the second most important fam#putheastern Atlantic Rain
Forest and the fifth one in the Atlantic Semi-Demds ForestMiconia stands out as the
second most speciose genus in both physiognoffilesuchinais also important, with 28
species in Atlantic rain forest and 14 in semi-daous forests (Oliveira-Filho & Fontes,
2000). The family is diverse in both lowland andthiland montane forest enclaves, i.e.
the “brejos de altitude” in northeastern Atlantiorést (Cavalcanti & Tabarelli, 2004). The
Microlicieae is species-poor in the Atlantic Forddhderstorey gap-specialists shrubs and

shade-tolerant trees account for the highest dtyers

FROM FLOWER TOFRUIT
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The pollination biology and breeding system of mtdenes are very diverse and
have been thoughtfully reviewed by Renner (1989icoMieae shows a disproportional
occurrence of apomictic species (Goldenberg & Sbephl998; Goldenberg & Varassin,
2001), and seeds obtained from apomictic species afle to germinate normally.
Polyembryony is reported fdvliconia rubiginosa(Bonpl.) DC. (Goldenberg & Shepherd,
1998).

Fruit and seed maturation studies provided theainibasis for understanding
germination ecology. The heterogeneity of melastaaygsules and berries suggests that
both structures may have evolved independently rabtenes within the family. Fruit
character plasticity in Melastomataceae must ret@thifts in seed dispersal mechanisms,
which in turn relate to the type of habitat anddisipersal agent. Thus, changes from fleshy
berries todry capsules may correlate with colonization of enopen habitats where wind
dispersal may be less costly than animal dispessalvhere frugivorous understory
dispersers may be less abundant. Alternativelysudap species may undergo selection for
increased exocarp and placenta fleshiness uponrentaore closed forest habitats where
vertebrate dispersal predominates (Clausing et2800). In general, animal-dispersed
melastomes are most diverse in lowlands and morfanests, whereas capsular-fruited
tribes are richer in savannas (Renner, 1989; SRilB®sseli, 1993).

The extent of berry maturation greatly varies agorelastomes, with most species
showing irregular fruit maturation within the camnom@nd inflorescence (Pereira &
Mantovani, 2001). The period of fruit and seed mattan is 100-220 days after anthesis
(DAA) for fleshy-fruited species (Carreira, 200germination inhibitors occur in unripe
and ripe fruits ofMiconia cinnamomifolia(DC.) Naudin (Amaral & Paulilo, 1992),
Miconia albicans(Sw.) Steud. andM. rubiginosa (Carreira, 2004), thus requiring seed
cleaning by frugivores prior to germination (seespgrsal Ecology section). Capsule
maturation period is more variable compared toiéerrin Tibouchina mutabiligVell.)
Cogn., 10% of dry seeds are viable 14 DAA, andgh lpercentage of dehydrated and
viable seeds is observed 21 DAA (Siméo et al., 208@wever, forTibouchina granulosa
(Desr.) Cogn., mature seeds can be harvested atlyebn 84-105 DAA (Lopes et al.,
2005).
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In fleshy-fruited species fruit growth precedesocathange (Pereira & Mantovani,
2001; Carreira, 2004; Lopes & Soares, 2006; CofteZarmello-Guerreiro, 2008). As
fruits mature, fruit tissues remain hydrated (fraf@ to 80% of water content) and
accumulate sugars (Maruyama et al., 2007). Atdtage, germination is prevented due to
the high-water content of immature seeds (Pereifsla&atovani, 2001; Lopes & Soares,
2006). Seed water content at maturity is Zo¥dM. albicans(Carreira, 2004), and 23% for
M. cinnamomifolia (Lopes & Soares, 2006) and. granulosa(Lopes et al., 2005).
Recalcitrance has been reported Kbelastoma malabathrichrh. from tropical swamp
forests (Farnsworth, 2000). The desiccation-toleost-harvest behavior of melastome
seeds contributes to the formation of persistead $mnks (see below).

Melastome seeds are small to minute in size aok é&mdosperm (Baumgratz,
1985). Most seeds are typically between 0.4--2mut, ilb some genera seeds are often
smaller and few larger. Seed mass is generally0& @. There are six morphologically
different seed types: cochleate, obpyramidal, al@atate-oblong-obovate, orbicular plano-
convex, and clavate. Fully developed embryos aféerdntiated in cotyledons and
hypocotyl (Baumgratz, 1985) and are often bentidd] investing, linear and spatulate
(Baskin & Baskin, 2007). Melastome seeds havednlbryos that completely fill the seed
with a high embryo:seed ratio (Forbis et al., 2002)

Malformed and well-developed but embryoless s€@dsSLS) are a commonplace
in the family (Baumgratz, 1985). Quantitative data lacking perhaps due to the difficulty
in evaluating viability in small-seeded speciesglilevels of WELS are recorded across
lineages of melastomes includifig mutabilis(60 to 80% of WELS; Simao & Takaki,
2008), Tibouchinapulchra Cogn.and T. granulosa(70 to 80%; Zaia & Takaki, 1998),
Trembleya laniflora(D. Don) Cogn. (86.5%; Rodrigues & Silveira, inegs.),Miconia
ferruginataDC. (79.7%; Mendes-Rodrigues et al., 2010), ldiadcetia (ranging from 2.4%
in M. candolleanao 54.4% inM. harleyi Wurdack; Vasconcelos et al., 2007). High levels
of WELS can potentially lead to erroneous conclasion the occurrence of seed dormancy
(Lopes et al., 2005, Mendes-Rodrigues et al., 2010)

FROM THEMOTHERPLANT TOSOIL
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Seed dispersal is strongly influenced by life-mgttraits and fruit morphology.
Melastome fruits are structurally diverse and dispemode varies as a function of fruit
morphology (Clausing et al., 2000). Species in Mieae are animal-dispersed, whereas
Melastomeae and Microlicieae are abiotically dispdr Nearly 40% of Neotropical
melastomes have capsular fruits while 60% have zyaihorous berries (Renner, 1989).
Apart from differences in fruit morphology, melastes are also diverse in reproductive

phenology.

FRUITING PHENOLOGY

Fruiting phenology of Atlantic Forest trees is ase®l (Morellato et al., 2000). In
the lowland Atlantic Foresti.eandraaff. sublanata(Gridi-Papp et al., 2004Miconia
dodecandraCogn. andTibouchina pulchraCogn. fruit year-round, wheredgiconia
prasina (Sw.) DC., Miconia rigidiuscula Cogn. (Talora & Morellato, 2000)M.
cinnamomifolia(Mantovani et al., 2003)Miconia cinerascendMiq. (Gridi-Papp et al.,
2004) andMiconia hypoleucgBenth.) Triana (Galetti & Stotz, 1996) fruit duginhe dry
seasonMiconia cabucu(Mantovani et al., 2003) and. urophyllaDC. (Manh&es et al.,
2003) in turn, fruit during the rainy season.

The aseasonal fruiting phenology of melastomes hi@ Atlantic Rain Forest
suggests that climatic factors do not limit fruitoguction in forest tress. Rather,
competition for frugivores seems to be a strongéective pressure and in both seasonal
and aseasonal forests and fleshy fruits are availaar-round for frugivores (Morellato et
al., 2000). Snow (1965) proposed that displaceitiigiseasons in species Miconia that
share the same dispersers have evolved as a resfwonempetition for seed dispersers.
Melastome berries are regarded as a key resourcBdotropical frugivorous birds for
providing them with water and sugars-based ressuvdeen they are limited (Stiles &
Rosselli, 1993; Galetti & Stotz, 1996). Fruitingegpiologies of foresmiconia from other
sites have also been reported to be segregateidhén (Poulin et al., 1999), providing
support for the hypothesis that segregated fruitenplved through interspecific
competition (Snow, 1965).

At the Cerrado, however, seedling establishmenasisumed to be constrained

during the dry winters and therefore, the time dndation of reproductive phenophases
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should have been selected to adjust for dispetsaiglthe onset of the rainy season. Thus,
the synchronization of seed dispersal near or dutite onset of the rainy season (the
period of high soil moisture) is assumed to inceessedling survival and avoid drought-
induced mortality (Oliveira, 2008). As a consequendry-fruited species from Cerrado
shed seeds during the dry-wet transition and apea®d to produce non-dormant seeds
that promptly germinate at the beginning of thenyaseason (in October). In contrast,
zoochorous species disperse fruits during the ordate rainy season and are expected to
have evolved dormancy that would prevent germinatiaring the dry season. Species with
dormant seeds are expected to synchronize germinatith the onset of the following
rainy season (Oliveira, 2008).

The greater seasonality in the Cerrado may haeeteel for more adjusted fruiting
phenologies when compared to the more aseasonaestfgpecies. However, the few
available data on melastome phenology from the aderprevents testing the Oliveira’s
(2008) predictions. Data from scattered studiesvideo partial support to Oliveira’s
hypothesis (Antunes & Ribeiro, 1999; Lopes et 2005; Montoro & Santos, 2007; Siméo
et al.,, 2007; Carreira, 2004; Garcia et al., 20@), shedding light on how biotic and
abiotic pressures drove melastome phenology caly bel achieved by conducting
comparative studies designed to include a largetyanf sympatric species. The current
data suggest that competition for frugivores rathan abiotic factors have shaped fruiting
phenology of fleshy-fruited taxa. In contrast, treuirement of low air moisture to
promote opening of dry dehiscent capsules coupléd improved seedling establishment
during wet season may have been more importarmafosular-fruited taxa.

DISPERSAL ECOLOGY

Data on abiotic dispersal of capsular fruits arerse and focus will be given on
biotic dispersal. Even though most capsular-fruibeelastomes are thought to be wind-
dispersed, rain is necessary to release the seamustlie capsules ddertolonia mosenii
Cogn. and probably other Bertolonieae (Renner, 19880 & Morellato, 2002). The
distance of the anemochoric dispersal for melassormecurrently unclear. The striking
disjunct distributions of populations of wind-disped species (e.fylarcetia taxifolia(A.
St.-Hil.) DC.)) could attest to good dispersabilfgenner, 1989). Mature berries from
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riparian Tococaspecies that fall to the water and float into thesst could represent
another example of abiotic dispersal. These fraeswater-dispersed and pubescent seeds
could be an adaptation to water and/or fish dispéMichelangeli, 2005).

Fleshy berries of Miconieae (hereafter berries)allgthave fleshy placentas and
fused tissues or carpels and other accessorystesafCortez & Carmello-Guerreiro, 2008)
with high water- and sugar-content in which numer@nd small seeds are embedded
(Maruyama et al., 2007). Small berries are of @amding importance for small frugivorous
and omnivorous birds (Renner, 1989; Michelangdi3). Berry size ranges from 5--35
mm in diameter (Renner, 1989). Melastome berridisifito the category of generalist
fruits, which is typically characterized by highctmdity, small-sized seeds and low
nutritional value (Mckey, 1975). The community aludivores exploiting melastome
berries encompasses birds in several families wipidvide them with low dispersal
guantity (Mckey, 1975; Schupp et al., 2010).

In Costa Rica and Amazonian forest, Tyrannidae -qélichers), Pipridae
(manakins), Turdidae (thrushes) and Thraupidaeadiars) represent the major frugivores
(Loiselle & Blake, 1999). The spectrum of bird féiss consuming fruits in the Atlantic
Forest and Cerrado is wide; these four families mige more than 84% of the frugivores
(Silveira et al., in prep.). However, Pipridae pesies-poor in the Cerrado (Macedo, 2002).
Large birds such as Cracidae, Columbidae and Rastigha (Ragusa-Netto, 2008) play a
minor role in fruit removal. Interestingly, fruitef Mouriri elliptica Mart. (formerly
Memecylaceae) are thought to be anachronic (unifiisfwith apparent exadaptations to the
extinct South American megafaunal community of ivoges; Guimaréaes et al., 2008).

Compared to pollination ecology, bird-fruit intetiats are less specific and their
coevolution is nearly always diffuse (Stiles & Rel§s1993). If competition for frugivores
has significantly shaped Miconiephenology determining niche differentiation in timee
should expect some degree in diet overlap amorgivittes. Studies addressing the basis
of fruit choice among birds suggest that both frastd bird traits affect bird decision
(Griddi-Papp et al., 2004).

In Costa Rica rainforests, understory melastomebshnave a relatively small set of
seed dispersers in contrast to melastome canopy.tidhe set of effective dispersers is

essentially composed of two or three species aaat{blird interactions may be much more
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specific in forest understory than in species-roamopies (Loiselle & Blake, 1999). At
these sites, there is a significantly greater niokerlap in the diet of two manakins
(Loiselle et al., 2007). Manakins and tanagerscaremon dispersers in the Neotropics, but
Brazilian melastome shrubs are visited by a laggsemblage of frugivores and plants are
not particularly associated with a particular defrgivores (Galleti & Stotz, 1996; Pereira
& Mantovani, 2001; Marcondes-Machado, 2002; Manhéesal., 2003; Michelangeli
2005).

The low values of bird-melastome dependence (SEil&selli, 1993) for tropical
forests reflect either the relative rarity of birdsa low preference for the typically low
energy and nutrient content melastome fruits. Fpecies are highly dependent upon
melastomes. In a lowland montane forest, btieonia and oneLeandrashare only two
frugivores (Griddi-Papp et al., 2004). In the AmaZeorest, tanagers and manakins show
low fruit removal (Blendinger et al., 2008), sugtyeg they are not food-limited and are not
likely to engage interespecific competition. A kdospectrum of bird species consuming
melastome berries would intuitively suggest an aNdrigh overlap in fruit consumption.
However, the low dispersal quality (low removalesgt may offset diet overlap and
decrease competition probabilities. If competitisnor has been a significant force in

determining the phenology of melastomes remaingtaio.

Effects of frugivores on seeds and seedlings

Fruit consumption by frugivores does not necessanigan that seeds are dispersed
because ingested seeds can be negatively impagiguat passage. Therefore, experimental
evidence is needed to determine the effects opgstage on seed germination and seedling
establishment.

The effect of dispersal can be measured in quémgtand qualitative components.
Dispersal quantity refers to the number of visited anumber of seeds removed/visit
whereas dispersal quality refers to the conditibreeeds following seed handling and
probability of seeds surviving to later stages (fghet al., 2010). The outcome of fruit-
frugivore interaction depends on intrinsic bird dwtry traits. Birds are not equivalent in
their ecological roles as seed dispersers for Nataes shrubs because they differ in both

dispersal quantity and quality (Loiselle & Blake9P9. Removal rates are typically low by
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manakins and tanagers (Blendinger et al., 2008)tHmy differ in feeding ecology, as the
formers are gulpers, eating the whole fruit (higbpdrsal quantity) and the latter act as
mashers and drop seeds near the parent plant (sperdal quantity; Fig. 1A, B) where

survival is reduced due to density-dependent nitytgBtiles & Roselli, 1993).

Seeds can benefit from frugivores through numenmeshanisms. Firstly, seed
cleaning by frugivores improve dispersal qualityotigh the de-inhibition effect. The
inhibition effect arises from high osmotic pressoagised by the high sugar content of ripe
fruits, by light-blocking pigmentation that preventnough light reaching the seeds and
from secondary metabolites that directly inhibiedegermination (Samuels & Levey,
2005). Germination inhibitors in fruits of sevendiconia species (Amaral & Paulillo,
1992; Carreira, 2004) suggest the widespread cemcerof these compounds in the family.
The pulp removal and consequent release of thesskenh this kind of inhibition are
provided by gulpers and to a less extent by masisersds concealed in intact fruits only
rarely germinate (Silveira et al., in prep.; Fidg:)1making seed cleaning a vital step for
recruitment. Finally, the removal of the fruit puldso decreases the probability of
pathogen-induced seed death.

Secondly, seed passage through bird guts diffgraaftects germinability (final
germination) and germination speed according tostinecture of seed coat. Also, seed
retention time inside the disperser, the morpholagy physiology of the digestive tract all
affect the survival probability of the ingested deé different ways (Traveset el al., 2007).
There are reports of intact seedsTotocafollowing gut passage of fishes (Michelangeli,
2005) and coatis Nasua nasup (Alves-Costa & Eterovick, 2007), but effects on
recruitment have not been properly evaluated becaagermination experiments have not
been conducted. The studies of gut passage efféstammal dispersers on melastome
seeds were done with marsupials and rodents. Gebitity of seeds from scats was not
affected by rodents (Lessa & Costa, 2009), but #s wvsignificantly improved after
marsupial gut passage (Lessa & Costa, 2010).

In contrast to mammals, more information is avadddbr the effects of avian gut
passage on melastome seed germination. For Casta Rnderstory melastomes Elisson et
al., (1993) have found divergent results for thfea$ of fruit ingestion by the red-capped

manakin,Pipra mentalis The effects of gut passage ranged from positveegative for
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germination ofClidemia Miconia and Conostegiaspecies. For the Cerrado, seed passage
through the guts of seven bird species had mirfectf on germinability o€lidemiaand
Miconia species (Silveira et al., in prep.).

The seeds oflidemia hirta(L.) D. Don are argued to be dormant and requiré bi
ingestion for dormancy break (Pereira-Diniz, 200)r this species, there is a positive
effect of gut passage on germination (Linnebjerglet2009), but data do not support the
hypothesis that its seeds are dormant. Our surmdicdtes that to date no Brazilian
melastome is dormant (see Seed Dormancy sectiah)yd still need data concerning the
effects of frugivores on seed coat scarificatiowef@ll for forest species, seed passage
through bird gut has minor effects on germinatiglaijhaes et al., 2003; Alves et al., 2007,
Gomes et al., 2008). Even though birds do not asgegerminability or germination speed
of Neotropical species, fleshy-fruited melastomésarty benefit from bird dispersal

through seed cleaning and are likely to escapeos$ity-dependent mortality and mortality

Other primary and secondary dispersers

Although birds are the main dispersers of melasgoberries, mammals also play
an important role in primary dispersal. Whilst mdsitonieae producemall red or blue
berries, a few have much larger yellow ones adafutedispersal by bats or frugivorous
monkeys (Renner, 1989; Galleti & Stotz, 1996; DguEiredo & Longatii, 1997; Garcia et
al., 2000; Lapenta & Procopio-de-Oliveira, 2008)dents, marsupials (Magnusson &
Sanaiotti, 1987; Lessa & Costa, 2009, 2010) andixgalves-Costa & Eterovick, 2007).
Bats and monkeys are not amongst the more impogamsumers perhaps due to the
predominant understory habitat of Melastomataceaepaeference of monkeys for acidic
fruits (Renner, 1989).

A large part of the fruit produced by Miconieae rist removed by primary
dispersers. Fallen fruits to the ground are eayetutbles, lizards, tapirs (Renner, 1989) and
armadillos (Baumgratz et al., 2006). Neverthelemsts are the most important seed
consumers of fallen fruits (Fig. 1D, 1E). Ants gveral subfamilies actively forage on soil
in search for small-sized diaspores (Rico-Gray &véda, 2007) or even climb in the

plants cutting fruit stalks (Fig. 1C). Attini antiirectly disperseMiconia fruits in the
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Cerrado(Christianini et al., 2007; Christianini & Oliveir2009; Lima et al., in prep.) and
also remove seeds from bird feces (Leal & Olivelr@98; Christianini & Oliveira, 2009).
Interactions between ants and fallen melastomdsfroiay be especially common in
lowland rain forests in which the abundance of astxoupled with the year-round
availability of fleshy fruits (Galetti & Stotz, 189 Dalling & Wirth, 1998; Pizo & Oliveira,
2000; Pereira & Mantovani, 2001).

Potential benefits to nonmyrmecochorus melastonedude seed cleaning,
increased germination success, reduced damageéds and seedlings and reduced sibling
competition (Rico-Gray & Oliveira, 2007). As seedghin fallen fruits are unlikely to
germinate (Fig. 1F), pulp removal and subsequeahiateoon in fungal infestation (Samuels
& Levey, 2005; Rico-Gray & Oliveira, 2007) maybe mmportant benefit emerging from
ant-melastome interaction. Fruit displacement mksp ancrease the chances of seeds
reaching safe sites and seed deposition in theseghiles may provide seedlings with a
suitable soil for establishment (Christianini et, 007). Since seed delivery patterns by
ants may differ from that of birds, ants may haw&rang potential in the local population
dynamics and spatial distribution of nonmyrmecoasomelastomes (Christianini &
Oliveira, 2009).

FROM SEED TOSEEDLING
EFFECTS OF LIGHT AND TEMPERATURE

Light and temperature are among the most imporddmtic factors controlling
germination (Heschel et al., 2007). The physiolagimechanisms employed by seeds to
detect changes in light and temperature and howetlf@ctors control germination have
been comprehensively discussed elsewhere. In éview, we focus on the light and
temperature requirements of melastome seeds antnfiieations of seed responses to
these abiotic stimuli to understand the ecologthobe species.

Despite the low number of species reviewed (29 ispein nine genera), general
pattern for the Melastomataceae germination aridager controlled conditions, seeds of
all studied melastomes are positively photoblagtiermination under dark conditions was
null or insignificant irrespective of phylogenetmosition, geographic distribution, or

temperature (Table 1).
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Table 1. The effects of light and temperature amgeation of Melastomataceae seeds from Braziliarr&lo and Atlantic Forest.

Biome Tribe Species MaximumTemperature Optimum Light  Dormancy Reference
G(%) range  temperatur® responsé  type’
CE Melastomeae Marcetia taxifolia 51 15-30 15-25 L>D ND Silveira et al. 2004
CE  Microlicieae Lavoisiera cordata ~85 15-30 20-30 L>D ND Ranieri et al. 2003
CE Microlicieae Lavoisiera francavillana  ~35 15-30 25 L>D ND Ranieri et al. 2003
CE  Microlicieae  Trembleya laniflora 16,5 15-30 20 L>D ND Rodrigues & Silveira, in
press

CE Melastomeae Tibouchina multiflora 73 15-30 25-30 L>D ND Garcia et al. 2006
CE Melastomeae Tibouchina papyrus 70* NA NA NA ND Montoro & Santos 2007
CE Miconieae Miconia albicans ~80 15-35 20-30 L>D ND Carreira & Zaidan 2007
CE Miconieae  Miconia stenostachya ~65 15-35 20-30 L>D ND Carreira & Zaidan 2007
CE Miconieae Miconia langsdorfii ~65 15-30 25 L>D ND Carreira & Zaidan 2007
CE Miconieae Miconia rubiginosa ~30 20-35 25 L>D D* Carreira & Zaidan 2007
CE Melastomeae Heterocentron elegans  ~85 20-30 30 L>D ND Carreira & Zaidan 2007
CE Melastomeae Tibouchina gracilis ~75 15-35 25-30 L>D ND Carreira & Zaidan 2007
CE Miconieae Miconia theazans 98 15-32.5 15-32.5 L>D ND Godoi & Takaki 2007
CE Melastomeae Marcetia macrophylla 1 NA NA NC D* Vasconcelos et al. 2007
CE Melastomeae Marcetia shepherdii 2 NA NA NC D* Vasconcelos et al. 2007
CE Melastomeae Marcetia harley 2 NA NA NC D* Vasconcelos et al. 2007
CE Melastomeae Marcetia candolleana 2 NA NA NC D* Vasconcelos et al. 2007
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Miconieae Miconia cinnamomifolia

Miconieae Miconia cinnamomifolia

Melastomeae
Melastomeae
Melastomeae
Melastomeae

Melastomeae

Melastomeae

Melastomeae
Miconieae
Melastomeae
Miconieae

Miconieae

Tibouchina mutabilis
Tibouchina pulchra
Tibouchina granulosa
Tibouchina granulosa
Tibouchina
moricandiana
Tibouchina
benthamiana
Tibouchina grandifolia
Leandra brevifolia
Tibouchina sellowiana
Miconia urophylla

Miconia chamissois
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59.5
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NA
NA

NA

20-30
15-35
NA
NA
NA
20-30

20-30

15-35
NA
NA
NA
NA

NA
NA

25

25-30

25-30
NA
NA
NA
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25-30
NA
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NA
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L>D
L>D

L>D

L>D

L>D
L>D
L>D
L>D

L>D

L>D

L>D
L>D
L>D
L>D
L>D

D*
D*

ND

ND

ND
ND
ND
ND

ND

ND

ND
ND
ND
ND
ND

Pereira-Diniz 2003
Mendes-Rodrigues et al.
2010
Pereira & Mantovani
2001
Amaral & Paulilo 1992
Siméo & Takaki 2008
Zaia & Takaki 1998
Zaia & Takaki 1998
Lopes et al. 2005
Andrade 1995

Andrade 1995

Andrade 1995
Andrade 1995
Barbosa et al. 1988
Manhées et al. 2003
Valio & Scarpa 2001
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a- percentages were not correct for viability; efided as the temperature that allowed
maximum germinability in less time; c- L, light abd dark; d- ND, nondormant; D,
dormant. NC — non-conclusive, NA — data not avddabindicates that dormancy is

plausible but data are insufficient to confirm atedermine dormancy type.

Extreme temperatures seem to be deleterious ftasteene germination. Only 33%
of Cerrado and 40% of forest species germinate @b®C (Table 1). Optimum
temperature is between 20 and 30°C for most spedietespread specied/( albicans
Miconia stenostachyd&C. andMiconia theazangCogn. in Cerrado and. mutabilisand
Tibouchina grandifoliaCogn. in Atlantic forest) are eurythermic (gerntenaver a wide
temperature range). But contrary to predictionghefniche breadth hypothesis (Donohue et
al., 2010), endemic speci€E. (aniflora, Lavoisiera cordataCogn. ex GlazandLavoisiera
francavillana Cogn.) are not stenothermic (with a narrow tempeearange; Table 1).
Therefore, the available data do not support thegothesis that predicts a relationship
between germination and melastome geographicalliison.

The photoblastic response of melastome seeds pgaty of small-seeded
Neotropical pioneer species, which produce seedabta of germinating in forest gaps
(Pearson et al., 2002, 2003; Daws et al., 20083. cdmtrol of seed germination by red and
far-red light is an important phytochrome-mediafdcess. Seeds of Melastomataceae
have Phytochrome B (phyB) controlling germinatibrough low-fluence responses. PhyB
is involved in the perception of red/far-red ratessociated with the presence of canopy
gaps (Casal & Sanchez, 1998) and controls germimaticross a broad range of
temperatures (Heschel et al., 2007). In the AttaRrest, the red to far-red irradiance
(R:FR) ratio significantly drops from 1.21 in opareas to 0.28 under closed canopy (Zaia
& Takaki, 1999). The low R:FR under closed canopevpnts germination, and
photoblastic seeds accumulate in the soil seedsbankil canopy opening. The R:FR
threshold for melastome seeds can be as low asfOrl®iconia argentea(Sw.) DC.
(Pearson et al., 2003). Not only light quality mpiortant for germination, but also light
guantity is of major importance. Overall, melastosg=ds required more than 60 daily

minutes of irradiation to germinate (Carreira & dan, 2007). The lack of response to
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lower irradiance time may have evolved to prevesrhgnation induced by sunflecks and
consequently establishment under unfavorable dongifor growth and survival.

An overlooked question regarding seed germinat®oriwihy some seeds do not
germinate”. Although non-germinated seeds couldvigeo interesting insights into seed
biology, they are seldom studied. There are thesesans for lack of germination: 1)
physical conditions are not suitable; 2) high frexgqey of WELS or nonviable seeds; and 3)
seed dormancy. Lack of germination when seeds iaperded to optimum environmental
conditions for germination, leaves open the twa pesssibilities. Disentagling WELS and
nonviable seeds can be confounding when data omyermborphology are lacking. If we
assume that seed viability of surveyed species|€Tap equals maximum germinability,
viability of Miconieae (72.1 + 6.54; n= 10; mean &) was twice that of Microlicieae
(35.9 £ 17.9; n=4), while Melastomeae had interratdievels (44.2 + 7.78; n=18).

This simple analysis is biased due to small andalamzed sample sizes, but it
points out the phylogenetic-dependent effects oed séevelopment and germination.
Microlicieae species occur in the altitudinal roasasslands which develop on shallow,
Al-rich and nutrient-poor soils (Benites et al.,0Z), whereas Miconieae usually colonize
mesic and soil-rich habitats. Therefore, materfifeices on seed development may be the
underlying cause of differences. When omijconia species are compared (and thus
allowing for phylogenetic control), habitat-medidteffects appear not to be important.
Maximum germinability of Atlantic ForesMiconia (67.2% + 7.6) did not differ from
CerradoMiconia (67.6% + 11.19). On the other hand, at intra-dpel@vel, germinability
of M. albicansincreased with increasing soil fertility in a Cato gradient. Germinability
increased frontampo sujo(open vegetation) towards cerradao (cerrado woodka and
seeds from cerrado sensu stricto presented hads/als the pattern holds for 3 years, this
study strongly suggests that undocumented mateffeadts help control recruitment (Sales
et al., 2010). Maternal effects also are suggegiede important for germination dfl.
ferruginata (Mendes-Rodrigues et al.,, 2010). Since these Mioonia species are
apomictic (Goldenberg & Shepherd 1998), differeneesong individuals occurring at

different sites can be attributed to maternal ¢$fec

EFFECTS OF ALTERNATING TEMPERATURES
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Temperature fluctuations can change the responteseerls to light, so that
photoblastic seeds can germinate in darkness whiemiged to alternating temperatures
(Pearson et al., 2002). Increased germinabilitysrofll-seeded species as a response to
fluctuating temperatures is expected since seedsdat low soil depths experience high
daily thermal fluctuations compared to deeply-bdireeeds. Forest gaps also promote
increased daily temperature fluctuation in the upmel layers compared to covered soil,
and seeds may cue for this variation to triggemgreation (Pearson et al., 2002, 2003).

Overall, alternating temperatures do not promotemgeation of Neotropical
melastomes nor can diel fluctuations in temperasureogate light requirement (Godoi &
Takaki 2005, Carreira & Zaidan, 2007; Simédo & Tak&008). Among the reviewed
species, Miconia chamissoisNaudin is the only one benefiting from alternating
temperatures under light conditions (Valio & Scar2®01). Indeed, when extreme
temperatures such as 35°C are included in the gfadaily alternating temperatures,
germinability of melastomes is not observed (G&ldiakaki, 2005).

The inability of melastome seeds to respond totdlaiing temperature highlights
the critical role of seed size in determining paiteof germination. Daily variation in
temperatures has been shown to favor germinatidropical large-seeded pioneers (Valio
& Scarpa, 2001; Pearson et al., 2002), but for Mgatal small-seeded species, alternating

temperatures have a minor role in seedling emeggenc

SEED DORMANCY
A completely nondormant seed has the capacity tmigate over the widest range
of normal physical environmental factors that imiduwater, oxygen and an appropriate
temperature (Finch-Savage & Leubner-Metzger, 20R&)ormantseed is one that will not
germinate under any combination of normal physaralironmental factors that otherwise
is favorable for its germination (Baskin & Baski204). The adaptive significance of seed
dormancy is to distribute germination in time amhee, so that seedling establishment
takes place in suitable periods that insure suhdmd growth (Fenner & Thompson, 2005;
Finch-Savage & Leubner-Metzger, 2006; Heschel et 2007). Plant lineages have
independently evolved a great variety of mechanisiaed to seed dormancy in response

to different selective pressures. Current datecatdi that about 60% of the seeds of tropical
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rainforest and about 50% of those of tropical sewsrgreen forest are non-dormant at
maturity. In contrast, more than 70% of savanna&siseare dormant (Baskin & Baskin,
2004).

To date, there is no evidence supporting the oeooce of seed dormancy in
melastomes (Miyanishi & Kellman, 1986; Carreira &idan, 2007; Silveira et al., 2010)
from Cerrado and Atlantic Forest (Table 1). Thedsst&ucture of melastomes does not
offer resistance to germination due to a weak cctime between the testal and the raphal
sclerotic layer; the raphal part easily breaksdffing germination (Cortez & Carmello-
Guerreiro, 2008). Although there is a layer of ifggad cells in the seed coat (Baskin &
Baskin, 1998), seeds of melastomes do not haveigathydormancy (Baskin & Baskin,
2000). Also, melastome seeds have fully-developmtbryos (Forbis et al., 2002) thus
lacking morphological or morphophysiological dorragn Nevertheless, Elisson et al.
(1993) reported on nondormant and physiologicatlynthnt seeds of melastome shrubs
from Costa Rica, but level of physiological dormamnas not provided. The temperate
herbRhexia mariand.. have nondeep physiological dormancy (FBaskin et al., 1999).
Andrade (1995) regards light as the main dormameghing factor in Melastomataceae.
However, if darkness (photodormancy) is consideréactor causing seed dormancy, then
all melastome species produce dormant seeds.

PD is argued to have evolved @ hirta (Pereira-Diniz, 2003) anill. ferruginata
(Mendes-Rodrigues et al., 2010). However, the aeoae of PD in both species is dubious
because germinability is typically high and gernim@a promoters do not increase
germinability. For two other Cerrado species (Tadlelow germinability cannot entirely
be attributed to seed dormancy since embryo dexmedap (i.e., seed filling) has not been
investigated. Lopes et al. (2005) observed low geability for T. granulosaseeds and
described dormancy, although no determination ef dormancy level was provided.
However, embryo analysis was not undertaken andtanction between dormant seeds
and WELS is not possible. The high frequency of \Ein four Marcetia species
(Vasconcelos et al., 2007) is insufficient to explalmost null germinability (Table 1),
suggesting moderate levels of seed dormancy. Glyyéhere is no evidence of evolution

of seed dormancy in Atlantic Forest melastomes Ielap
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Table 2. Germinability (%) o€omolia sertulariaand Microlicia tetrastichaseeds under
different light and temperature conditions. Foplieates of 25 seeds were set to germinate
in a 12-hr photoperiod (light) and continuous dégkrk) in constant temperatures of 15,
20, 25 and 30°C for 30 consecutive days. (-) itdg&cdata not available. Original data.

Species Year of Temperature (°C)
collection
15 20 25 30
Light Dark Light Dark Light Dark Light Dark
C. sertularia 2001 0 0 1 0 3 2 - -
C. sertularia 2002 0 0 1 0 0 0 1 0
M. tetrasticha 2001 2 0 0 0 0 0 - -

The lack of dormant melastomes in the Cerrado astgrwith existing models of
seedling establishment (Oliveira, 2008). The copfusnay lie on the assumption that
dormancy is required to seed bank formation, big itot (Thompson et al., 2003). Hence,
the underlying mechanism accounting for melastoessl persistence in seed banks is the
light requirement rather than dormancy (see Seeatk B@rmation section). Nondormant
melastome seeds dispersed during mid- or late-iseagon may be incorporated in the soil

seed banks during the dry season and germinate ifolowing rainy season.

SEED BANK FORMATION
In both Cerrado and Atlantic Forest physiognomiaslastome seeds are species-
rich and abundant in seed banks. Studies carriédnogallery forests (Pereira-Diniz &
Ranal, 2006), rupestrian fields (Medina & Fernan@®07), “campo cerrado” (Carreira,
2004) and cerrado sensu stricto (Sassaki et aB9;1€arreira 2004) documented
melastome seeds as one of the most important &smili the soil seed bank communities.
The importance of melastomes in seed banks is niyt due to their abundance and
diversity but also because seeds can be foundratadesoil depths (Pereira-Diniz & Ranal,
2006), in both dry and wet seasons (Sassaki efl@99), significantly accounting for a
large part of emerging seedlings (Medina & Fernand®07).Miconia, Clidemia and

Tibouchinaspecies are the dominant ones (Baider et al.,,12091; Neto et al., 2007),
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whereas endemic Microlicieae are particularly int@ot for the rupestrian fields (Medina
& Fernandes, 2007).

In degraded areas of Atlantic Forest, Melastomatao®mes in the second place in
terms of seeds/spores in the soil, after Dennsizesde, which includes the high invasive
Pteridium arachnoideunfKaulf.) Maxon (Silva & Silva-Matos, 2006). Duringap-phase
regeneration, the seed bank is likely responsirigife establishment of Melastomataceae.
Melastome seeds are found in seed banks in secomdigstages and in mature forest
stands, but seed density decreases with incre&siegt age (Aidar et al., 2001; Baider et
al., 2001). These species constitute the earlyiarger communities, which are essential
for the establishment of shade-tolerant trees ammserjuently for forest regeneration
(Baider et al., 2001). The high richness of melagt® in the soil seed bank highlights their
potential role in restoration ecology.

The typical small-sized seeds of Melastomes mayegarded as the main factor
accounting for high seed longevity. Easiness fardsburial prevents germination and
decreases predation, leading to a predictable @adlynuniversal relationship between
small seed size and persistence in soil (Milbergl.e2000; Fenner & Thompson 2005). In
laboratory studies, artificially stored melastoneeds also have high longevity (Zaia &
Takaki, 1998; Pereira-Diniz, 2003; Carreira, 200Zhe positive photoblastism of
melastome seeds prevents germination of buriedsseedl the light requirement is the
physical factor that triggers germination when subisture is suitable. Under darkness
and/or low R:FR ratio conditions seeds remain et until optimal conditions for
seedling establishment occurs.

Melastomes produce a great number of seeds (G&l&totz, 1996; Dalling et al.,
1998) in a short period of time and enter tropmatd banks together with other woody
pioneer and herbaceous species (Baskin & Baski®g)1®ence playing an important role
in regeneration following disturbance (Swaine & WWore, 1988). The high seed
longevity leading to a high potential for seed b&knation helps to explain why invasive

melastomes such as the we&tiscalvescenandC. hirtacan be difficult to control.
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Figure 1. Bird and ant frugivory iNMiconia. A- mashed fruit oM. albicans B- mashed
fruit of M. irwinii. C- Attini ant chewing on a fruit stalk; DAtta sexdenssoldier carrying

M. irwinii berry; E- Fallen fruits oM. albicans near Atta sexdensnest; F- Failure in
recruitment of seeds in fruits df. albicans G- Early seedling establishment in the campo
sujo. Photo D by Ménica HC Lima.
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SEEDLING ESTABLISHMENT

Seedling establishment is the most sensitive phmasige plant’s life cycle. Due to
high susceptibility to both biotic and abiotic sses, understanding how selective pressures
act on seedling response to multiple stressesi@atrin the conservation and management
of plant populations and for restoration ecolognpeQvould expect remarkable differences
in recruitment between Cerrado and Atlantic fosgstcies because these habitats provide
seedlings with contrasting selective pressuresnduthe establishment phase. Because
studies on melastome seedling establishment age tha following discussion is based on
studies conducted in the rainforests of Central Ataeand the few studies conducted for
Cerrado species.

Early accounts of germination and establishmemvoddy plants in the Cerrado
indicated little success of sexual reproductiospite of the high proportion of viable seeds
and good germinability under laboratory conditi¢@dveira, 2008). These pioneer studies
based on observations of a high proportion of gsethat resprout after fire suggested that
fire-induced mortality would limit the role of regeration from seeds (i.e., sexual
reproduction).

The seasonal climate of the Cerrado prevents sepdiitablishment during the dry
season (Fig. 1G). Drought, fire, cover effects amdrespecific competition are important
factors driving seedling establishment in the GiawraNater shortage during the dry season
limits establishment to periods of high soil moistthat allow seed imbibition and seedling
growth. Seedling roots tend to be restricted toujyger layers of soil during the first years
of life, and therefore, they do not have accesth¢oavailable water in deeper soil layers
during the dry season (Goldstein et al., 2008)eiP®iDiniz & Ranal (2006) detected
germinable seeds of melastomes in September, mualbne does not mean successful
establishment as drought-induced mortality in eaty season can directionally select for
delayed germination until the arrival of perennm&@hs during mid-rainy season. Sporadic
rains at the onset of the rainy season may nonbagh to increase soil moisture above the
threshold that ensures seedling establishment.

Soil evapotranspiration is high at the onset ofrliay season and water does not
reach the lower soil layers to allow root growtlriglation positively increase seedling

establishment oM. albicans(Hoffmann 1996). Recruitment begins in Decembeakpen
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February and decreases as the dry season proceausir@, 2004). Establishment during
the mid-rainy season is thus an effective strategyensure seedling growth and root
elongation that result in the typical low shoottroatio of Cerrado species (Hoffmann &
Franco, 2003). Higher biomass allocation to rodisws for root growth at deeper soil

layers where moisture remains high, even afterraéweonths without rains (Goldstein et
al., 2008). High relative growth rates in melastesmmay thus represent an effective
strategy that increases net carbon gain duringédly establishment phase.

Fire may also have selected for establishment duthe rainy season. Fire
negatively impacts sexual reproduction, destroysoductive structures, decreases size-
specific reproductive output and kills seedling®ffrhann, 1998). Forest species are fire-
sensitive, whereas most Cerrado species are ablespoout following fire (Hoffmann,
2000). Fire-induced mortality is particularly cgstbr small-seeded species (Lahoreau et
al., 2006). Fire-induced mortality is 100% figk. albicansseedlings, even for 2-year old
seedlings (Hoffmann, 1998) and establishmenMofalbicansand Clidemia sericeaD.
Don. peaked the second and third year after fingdMshi & Kellman, 1986).

Cover effects on seedling establishment includeoggrshading and litter cover.
Canopy shading is usually neglected as a limiteagfdr in the Cerrado but it potentially
restricts seedling growth during early establishmeren in open grasslands and
particularly in cerraddao (cerrado woodlands; Fra@002, Goldstein et al., 2008). The
effects of canopy shading on germination are amlogked component of regeneration
dynamics. The grass layer reduces up to 70% ofoglinthetic photon flux densities
(Franco, 2002) and is very likely to alter R:FRioahence hampering regeneration from
seed.

Litter modifies conditions on the soil surface byerrcepting light, reducing thermal
amplitude, releasing nutrients and toxins and rieduevaporation (Fenner & Thompson,
2005). In woodlands, litter prevents the establishtrof small-seeded species. In open
grassland, however, scant litter positively affexttablishment as it probably reduces soill
temperature and desiccation (Hoffmann, 1996). Shatboted herbaceous species die
back during the 4- to 5-month-long dry season (&eld et al., 2008), but the effects of

dry/death aerial biomass on seedling establishmeend&ins unexplored.
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Finally, grass root competition for water shouldéeritical factor during the wet
season, even though the topsoil layers remain vest wf the time. Low shoot:root ratio
and biomass allocation to roots (Goldstein et26lQ8) should allow roots to reach moist
soil layers beyond the grass root zone. Also, Wit buildup of underground energy
reserves would allow regrowth of aerial biomaserafire or drought (Franco, 2002). It
should be investigated, however, whether a low arhof food reserves in small seeds
limits seedling root growth, which in turn, affecsmpetition with grass roots.

Recruitment in forests drastically differs from ttha savannas. The closed canopy
of rain forests alters light quality and quantiBafa & Takaki, 1998; Pearson et al., 2003),
thereby hindering regeneration from photoblastiedse The small light-demanding
melastome seeds accumulate in the seed banks emdhgton is inhibited unless canopy
gaps occur. However, canopy gaps not only changesduantity/quality but also increase
diel temperature fluctuations providing cues foedseto detect a canopy opening. Small-
seeded species (dry mass <1 mg) respond to ammedcue for germination, whilst only
larger-seeded pioneers respond positively to areasing magnitude of diel temperature
fluctuation (Pearsoet al., 2002). Small-seeded forest pioneers show sigmifigayreater
germination in response to irradiance than in ceteptiarkness (Pearson et al., 2002) and
accordingly melastomes recruit in canopy gaps. dst& RicaMiconia seedlings were 20-
fold more abundant in gaps than in understory, wititergence increasing with gap size,
though survival success was low (<0.5%) irrespectilight environment (Elisson et al.,
1993).

Because gaps severely reduce soil moisture, seeaflortality in gap-induced dry
soils should select for germination in suitable nosttes within the gap. These microsites
must also be litter-free as a thick soil or lit@yvering prevents light penetration and
reduces the R:FR to inhibitory levels for germioatiPearson et al., 2003). Melastome
seedlings are unevenly distributed within gaps.yTaee frequent in root pit and mound
(Elisson et al., 1993) and recruit preferentialtylitter-free sites (Metcalfe et al., 1998;
Dalling & Hubell, 2002). Small-seeded species geaté only in comparatively moist
microsites, such as small canopy gaps, which mducee the risk of drought-induced
mortality (Daws et al., 2008).
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Despite its importance, the role of biotic factorgecruitment has been neglected
for melastomes. Fungal and oomyceteous pathogenmajor cause of seed mortality in
the soail for tropical pioneers includingiconia (Dalling et al., 1998) and may decrease
recruitment from seed banks. On the other hand, abtmurrence of mycorrizhae in
Melastomataceae may be underestimated and theingdtin increasing establishment has
been overlooked (Elisson et al., 1993; Metcalfalet1998; Urcelay et al., 2005; Matias et
al., 2009), while nothing is known about the roléumgal endophytes.

SEED ECOLOGY OFMELASTOMES IN ACHANGING WORLD
EFFECTS OF GLOBAL CHANGE

There is certain agreement among scientists tleaeasing levels of carbon dioxide
(CO,) and temperature in the last decades result fromam activities (IPCC, 2007).
Potential effects of climate change on melastonesl sa1d seedlings include changes in
seed size and production, germinability, germimatione, seed bank dynamics, seedling
establishment and indirect effects on frugivoreslagy. Global climate change effects on
seed germination are unclear, and their effectssang speculative (Fenner & Thompson,
2005) since responses are species-specific. M@slable data on the effects of climate
change comes from studies conducted on temperatgesp(Fenner & Thompson, 2005).
Thus, the following discussion is grounded on aldé evidence and should be viewed
with caution, as no study to date has specifidalépised on melastomes.

Current models predict an increase of ca. 0.2°Glpeade for the next two decades
for a range of emissions scenarios. In the bestaste temperature increase at the end of
21 century is expected to be 1.8°C above 2000 saloghe worst, a global increase of 4°C
is projected (IPCC, 2007). Regeneration from seedenerally expected to benefit from
climate warming, but perhaps this is because atrertas tended to focus on the colder
parts of the globe (Fenner & Thompson, 2005). Bseamelastome germination is
disfavored at high temperatures (Table 1), a negaitnpact of temperature raise is
anticipated (Table 3).

With regards to C@ some studies have found little or no effect odvated
atmospheric global CQOon seed germination (Thurig et al., 2003; Stilingak, 2004),

while others have found a positive effect of eledatCQ in germination time,
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germinability and seedling emergence (Mohan et 2004; Zavaleta 2006). Studies
investigating the combined effects of temperaturé @G, on germination have provided

evidence for significant interaction on reproduetadlocation and germination parameters
(Hovenden et al., 2008, Qaderi & Reid, 2008). HegaCQ effects on melastome seeds
are unpredictable but seedling growth may be erdthres species evolved the C3
photosynthetic pathway (Table 3). There is somécaimbn that climate change may have
large indirect effects on seed banks (Fenner & Tgswn, 2005). In advance, regeneration
from seed banks of melastomes would also be comipenimas high temperatures are
inhibitory for seed germination and/or seedlingvatal.

Multi-models also project an altered pattern ofcppeation worldwide due to
global climate change. Data forecast reduced ptatgn in both savannas and rainforests,
with a 10-20% reduction in the Atlantic Forest amdeduction of more than 20% in
precipitation for Cerrado during the dry seasorC@? 2007). Conversion of Cerrado to
grasslands increases mean surface air temperatdréha frequency of dry periods within
the wet season (Hoffmann & Jackson, 2000), a chdragecould be particularly damaging
to the small-sized melastomes seedlings. Effectshahges in precipitation are hard to
predict, partly because predicted patterns of &trainfall are less certain and partly
because effects on plants may depend cruciallynwouat, timing and reliability of rainfall
(Fenner & Thompson, 2005). However, there is lidieibt that recruitment of melastomes
may be constrained by a predicted shortened ragagm and decreased soil moisture
(Table 3). Water shortage is critical for estabigmt in the seasonal Cerrado and the
intensification of fire frequency may further impscrecruitment. At Cerrado/forest
boundaries, enlarged fire seasons can be detrifriereaotone-colonizing plants (Table 3).

Finally, climate change may indirectly disrupt frrugivore interactions by
simultaneously reducing bird distribution range amdmoting frugivore extinction (Table
3). A conservative estimate addressing frugivongsbiting flatland forests in the Amazon
and Cerrado predicts that nearly 80% of manakingdvimse their habitable area, and 20%
of Cerrado manakin species would be potentiallynektfrom the biome under future
climate changes (Ancides & Peterson, 2006). Foligna loss of frugivores, a dramatic

decrease in regeneration from seed is anticipdiabl¢ 3).
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EFFECTS OF HABITAT FRAGMENTATION

Habitat lossand fragmentation are the most pervasive form ehdru disturbance
(Tabarelli et al., 2008). The increasing and ungdented deforestation level is creating a
landscape of edge-dominated forests where edgesare illuminated, desiccated and
wind-exposed than forest interior. These microctimanodifications strongly impact the
structure of forest community and severely decréasetional diversity, driving the forest
fragments towards early-successional conditionbdfeli et al., 2008). Throughout nearly
500 years, the Atlantic forest has been experignaimassive slash-and-burn deforestation
rate. Most Atlantic forest remnants are characterizy small (<50ha) and isolated patches
corresponding to aprox. 11.4--16% of the origimaba(Ribeiro et al., 2009).

In forest edges, pioneer-dominated plant assemblage markedly different in
terms of tree species richness, proportion of monkrge-seeded and emergent species
compared to the forest interior (Oliveira et a002; Silva et al., 2007; Santos et al., 2008).
Intense forest fragmentation, selective logging Aodting pressure will lead to regional
extinction of large-fruited trees as a result daéredd population dynamics and movement
across the landscape of large fruit-eating vertebra herefore, a dramatic shift in the plant
community in the Atlantic Forest towards small-feai and capsule-bearing species is
anticipated (Silva & Tabarelli, 2000). This distarize-driven plant community may favor
small-seeded Melastomataceae, Rubiaceae, amongfattiges (Silva & Tabarelli, 2001).

In spite of apparent success of melastomes inrdstiuhabitats, mechanisms accounting
for recruitment must be considered to accuratelgrdane long-term changes.

The effects of fragmentation on bird abundancéyngéss and behavior have been
investigated, but implications for seed dispersamain unexplored. The following
discussion explores whether forest fragmentatidiagses fruit-frugivore interactions.

Bird response to fragmentation and consequences&astome recruitment

Mechanisms accounting for differential bird distiion in edges vs forest interior
(Restrepo & Gomeéz, 1998) include changes in migrate and distribution of suitable
habitats, distribution of parasites and predatard eesource-based-driven mechanisms.
Fragmentation can reduce bird abundance, richmesdehavior (e.g. movement patterns,

migration, and fruit consumption). Available datam dragmentation of Neotropical
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rainforests suggest two key findings: 1) resporaesspecies-specific; and 2) landscape
configuration is highly relevant. There are manpomrs on altered bird community
structure and composition (Restrepo & Goméz, 188Bpn et al., 2003; Laurance 2004;
Uezu et al., 2005; Ruiz-Gutiérrez et al., 2008)ragments compared to pristine areas.
Moreover, landscape metrics (such as connectinigtrix type, fragment area, edge age)
are also determinant of bird abundance and rich(fRsstrepo et al., 1999; Galetti et al.,
2003; Martensen et al., 2008).

Studies report on higher frugivorous bird abun@aimcforest interior (Restrepo &
Goméz 1998; Hasui et al., 2007), but evidence partb lack of variation is plenty as well
(Laurance 2004; Uezu et al., 2005; Hasui et aD,720No general and clear pattern of bird
responses to fragmentation emerges because edgedtinge from anthropogenic
disturbances influence the distribution of undenstairds in complex ways (Restrepo &
Goméz, 1998). Because numerous factors control kisdribution, they may be
unresponsive to changes in fruit abundance in edge®rest interior (Restrepo et al.,
1999).

Despite the results of effects of fragmentationfaugivorous birds, few studies
have looked at the effects of fragmentation on seed Changes in the distribution and
survival of frugivores suggest that seed dispemsal be influenced by fragmentation,
leading to changes in the structure and locatioedgfes through time and fruit removal
rates (Restrepo & Gomeéz 1998; Galetti et al., 2008oretically, the demography of
generalist bird-dispersed small-seeded specie$, asdVelastomataceae and Rubiaceae,
can be affected by fragmentation (Galetti et £103). Since melastome species account for
most records of fruit consumption (20% of fruitgruore interactions) in the forest edge,
secondary-growth and also in the canopy and uratgrsff mature forest Atlantic Forest
(Silva et al., 2002), the impact should be notelyort

Negative effects of forest edge on fruit removal @ot unequivocal (Restrepo et al.,
1999). The probability of fruit consumption is lowa the interior than at the edge and less
in small than in large fragments (Galetti et ab032). Conversely, higher seed rain of small-
sized seeds at the Northeastern Atlantic fores¢ edglains continuous recruitment (Melo
et al. (2006). However, large seeds are underrepred at the forest edge vs. forest

interior, as a consequence of reduced seed delsemnyices by vertebrates. In Central
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America melastomes, removal rates were generalliyeniin young-secondary forest than
in old-growth forest regardless of where plantsagréhis was associated with higher sugar
concentration in berries from young-secondary foceEsnpared to those in old-growth
forest species which could mean higher competifamfrugivores (Lumpkin & Boyle,
2009).

The effects of fragmentation on seed rain are ¢exnperhaps due to diversity of
plant functional types in biodiversity-rich tropidarests, but it should not be assumed that
decreased dispersal would necessarily result iedowcruitment. Despite negative effects
of fragmentation on frugivory, plant fitness maynan unaffected (Valdivia & Simonetti,
2007).

Costa Rica melastomes have a relatively smallo$eteed dispersers and they
maybe more vulnerable following the extinction ofseed disperser (Loiselle & Blake
1999). For the Atlantic Forest, large networks eéd dispersers (with higher ecological
redundancy) may be robust to disturbance as atresthe large number of species with
few interactions between the few super-generdl&tsa et al., 2007). Forest fragmentation
is thought to favor small-seeded species (Silvaabadrelli, 2001), and thus melastomes
may not be negatively affected in the short-ternmalb-seeded plant species are favored
due to the overall dominance of small, habitat-gaiist birds. Most of the melastome seed
dispersers do well in degraded areas (Pizo, 2000 disruption of fruit-frugivore
mutualism may have only minor effects. Howevers thipparent resilience may not
overcompensate for increasing habitat loss. Bisfribution is edge age-dependent, so it
can be reasoned that time-lag responses may have godetected. Moreover, edge-

mediate increased fire frequency will prevent segdtstablishment in forest edges.

Ant response to fragmentation and consequenceadtastome recruitment

Ants are the dominant organisms foraging on thessforfloor and exploiting
melastome berries. Ants can be of relevance forgbeue of fruits that cannot achieve high
removal rates due to an impoverishment of vertebdapersal assemblages in fragmented
or heavily hunted habitats (Christianini & Oliveira009). Therefore, as habitat loss and
fragmentation reduce abundance and richness ofvotaus birds, ant dispersal may

become relatively more important for seedling dshment. Ant response to
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fragmentation thus, becomes critical to understémel impacts of fragmentation on
melastome recruitment.

Table 3. Predicted effects of ongoing human impacthe life cycle transitions of
Neotropical melastomes. + indicates a beneficialdeleterious, 0 a neutral and ? indicates
an unpredictable response.

Life-history stage CO, Temperature Fire  Decreased Fragmentation
increase raise precipitation

Seed production ? ? - - ?

Bird dispersal distance 0 - 0 - -

Ant dispersal distance 0 ? 0 0 -
Seed rain 0 - - -
Wind dispersal 0 0 0 ?
Ant-fruit interactions 0 0 - 0 -
Germinability ? - - - +
Germination time ? - - - 0

Seed bank dynamics ? - - - +

Seedling establishment + - - - -
Seedling herbivory - - 0 0 -

Among seed-harvesting ants, leaf cutting aAtsa(and Acromyrmek are of major
importance (Dalling & Wirth, 1998; Leal & Oliveird,998; Christianini & Oliveira, 2009;
Lima et al., in prep.), and they appear to benefin fragmentation. Colonies ditta
sexdensandAtta cephalotesre more frequently found in forest edges andrsgoowth
forest regeneration patches than in the forestiorteShifts in both bottom-up and top-
down controls have been invoked as the mechanisponsible for the higher ant
abundance in disturbed habitats (Wirth et al., 2@va et al., 2009).

As a result of ecological release — relaxationap-dlown control — and increased
abundance of less effectively defended and moratgdale pioneer plants (Silva et al.,
2009), increased herbivory in forest edge haslasm documented (Urbas et al., 2007). In

highly-disturbed sites, not only do colony densitd herbivory increase, but foraging area
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of colonies dramatic reduces compared to foresgriont (Urbas et al., 2007), suggesting
that fragmentation indirectly reduces ant dispetssiiance (Table 3). In disturbed areas,
seed harvesting by ants would restrict seed diapéos short-distances, promote seed
clumping and reduce seedling survival beneath psre&vercoming any positive benefit
plants would have from seed manipulation by antgrf@raes & Cogni, 2002; Silva et al.,
2007; Zelikova & Breed, 2008).

IMPLICATIONS FOR RESTORATION

As typical pioneer species, melastomes play a ki#g in restoration ecology
(Swaine & Whitmore, 1988). Pioneers are able tomak degraded areas and create
suitable conditions for the establishment of seeoydand late-successional species,
improving natural regeneration. Moreover, some igseare heavy metal accumulators and
are potential candidates for restoration of minezhs (Jacobi et al., 2007; Rodrigues &
Silveira, in prep). They also have been regardedingsortant sources of bioactive
compounds (Cota et al., 2002) and in ornamentatiRemieri el al., 2004), increasing
income of landowners.

Their copious year-round seed production makes seethg a direct and practical
alternative for ecological restoration. Howeveedieng mortality can be high and although
cost-effective, seed sowing should not be empl@aged single method (Table 4). Because
melastome seeds and seedlings are fire-sensitivee grotection mechanisms are
encouraged.

Although many new techniques have been developativentree planting from
different functional groups is the most used in Atkantic Forest (Rodrigues et al., 2009).
In order to overcome early seedling mortality, sapl production following soil
fertilization can be recommended, though it maycbst-prohibitive. At Cerrado, soil
fertilization is not recommended as it increases ¢hances of invasion by exotic species
(Barbosa et al., 2010).
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Table 4. The advantages and disadvantages of emglbelastomataceae in the most recommended réstotachniques.

Restoration Advantages Disadvantages

technique

A fire-free environment is likely increase recruitment because of May implicate in problems with farmers,

Fire protection
requiring pre-action social mobilization

seed and seedling fire-sensitivity

Perching Profuse berry production is attractivesfé@axonomic wide range of None
vertebrates, nucleation enhancement and low coghflementation
Seed rain management Large production of long-Isestls, low cost for seed rain No control of final seedling number
collection
Seed sowing Copious seed production and low costefed collection, handling Low seedling recruitment

and sowing No control of final seedling number

Litter and soil seed  Ubiquity and abundance of melastome seeds in @mbpexed banks May decrease regeneration in nearby
bank management  and long-lived light demanding seeds spreads receut in time

Very limited technique

fragments
Seedling resprout Melast@telied to date are obligate
seeders following disturbance
Seedling transplanting High seed production andireprly seedling growth. Insures Relatively elevated costs for seedling

control of final seedling number production
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Melastome seedlings have high growth rates (Car&iZaidan 2003; Ranieri et
al., 2004), a desirable attribute for cover and smnservation. Unfortunately, information
on root biology is still needed. Lignotuber haveemereported inMarcetia taxifolia
(Melastomeae) populations growing in rupestriandfiebut not inrestingas (shrubby
vegetation on coastal sandy plains) (Vale, 1998 [&ck of well developed underground
systems of melastomes places resprouting as dedtieé restoration technique (Table 4).

An alternative, less costly method to planting $brepecies is litter and soil seed
bank management. By moderately increasing covedlisg survival and growth are
expected to improve whereas transplanting soil $eed can increase regeneration from
seed (Table 4).

Melastome massive berry production (Galetti & Stt896; Dalling & Wirth, 1998)
can be particularly important for restoration egyloFirst, managing seed rain can aid in
promoting diversity and wood cover (Table 4). Settpntransplanted berried-fruited
melastomes can surrogate the use of artificial fger,cattract a large array of vertebrate
fauna and thereby, augment seed rain (Table 4)n\Wiessing disturbed, fragmented areas
birds require stepping-stones (Uezu et al., 2005ytdhsen et al., 2008) and a high
diversity of bird-dispersed seeds can be delivéceducleated sites, where other species
will have improved conditions for recruitment. Higadisturbed-adapted melastomes can
act as nurse-plants and provide conditions forbéistanent of secondary species (Le-
Stradic et al., 2008).

Melastomes have a limited role in forest restoratioiring advanced successional
series. To prevent cycles of pioneer self-replacenes defaunated and fragmented
landscapes (Tabarelli et al., 2008), later seedliauwgsplanting should focus on species with
life-history traits of secondary and/or late sust@sal woody flora to enhance functional
diversity. Current data on ongoing restoration nflagered ironstone outcrops in the
Cerrado have shown that inoculation of mycorrhiaael Rhizobiumpromote increased
survival and growth oTibouchina heteromalléD. Don) Cogn., besides improved physical
and chemical soil properties (Matias et al., 208&cause melastomes interact with a wide
diversity of pollinators (Renner, 1989), dispersése Dispersal Ecology section) and
herbivores (Rosumek et al., 2009), the use of rtel@ss can assist in restoring ecological
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processes. Ecological restoration is a high-pgiassue, and the agenda for conservation of
Neotropical hotspots must incorporate science-b&selhiques that facilitate ecosystem
recovery. By introducing melastome species in thdyestages of restoration projects,
restorationists can take advantage of their litdny traits to approach pre-disturbance

levels of diversity, structure and ecological fuoeing.

CONCLUSIONS

We have presented and analyzed available evidemddeoecophysiology of life
cycle transitions of Neotropical melastomes fronthbforest and savanna. The life-history
traits of this pioneer-dominated family are veryiable in terms of fruiting phenology,
dispersal ecology and seedling establishment. Nesess, current data allows
acknowledging the following key findings: 1) In pesise to different selective pressures,
capsular-fruited species disperse during the drytvemsition season, whereas berries are
produced year-round; 2) Tanagers, manakins andliaauare the major seed dispersers, but
a broad range of bird species also are importaptraviding seed cleaning and reducing
density-dependent mortality; 3) Ants are dominastomdary seed dispersers, with
important benefits arising from their interactioittwmelastome fruits; 4) The small-sized
seeds are light-demanding, non-dormant, long-liaedl accumulate in soil seed banks; 5)
Seedling establishment contrasts between CerradoFarest sites; 6) Litter abundance,
gap size and within-gap microsite can affect regame from seed in forests; 7) Global
change drivers are expected to have low short-tempact on melastomes, but long-term
consequences are expected to be detrimental; 8askbehataceae species are key in

restoration ecology can assist ecosystem recomezgriy-to-mid succesional stages.
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CaPiTULO I

SPECIES-SPECIFIC OUTCOMES OF AVIAN GUT PASSAGE ON

GERMINATION OF MELASTOME SEEDS
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Abstract

Background and aims- Frugivory and seed dispersal are of major imgrare for plant
recruitment and distribution. However, few studiesve examined the effects of gut
passage on seed germination in complex fruit-froigivinteractions involving multiple
species. Here, we examined whether gut passagetsafé®ed germination of eight
Melastomataceae species from the Brazilian Ceraddleotropical savanna) after gut
passage of seven bird species.

Methods — We take advantage of the generalist dispersasyof melastomes in order to
compare the dispersal quality among species byrastirig seed germination of hand-
cleaned, gut-passed seeds and seeds within intgtst We studied gut passage effects on
seed germination percentage and mean germinaten(VGT) ofClidemia urceolatand
sevenMiconia species.

Key results —Less than 4% germinability was observed for seéttsn intact fruits across
all species, indicating that seed cleaning is megluprior to germination. The action of guts
on the seeds had non-significant or minor addigffects on germinability compared to
hand-cleaned seeds depending on the plant sp&aiesieatment had no effect on MGT of
two species and minor effects on other three spekiewever, mechanical/chemical effect
significantly decreased MGT @& . urceolataand M. albicanswhile it increased MGT of
M. ibaguensis There were significant species-dependent effdefgending on both bird
and plant species, suggesting that species-speciftomes arise from Neotropical fruit-
frugivore interactions in plant with generalistpkssal systems.

Conclusions —Germination enhancement deriving from gut scatfan was not observed
for all species, but seed cleaning seems to bmpartant benefit provided by frugivores to
Cerrado melastomes. The variable outcomes resuliiogn complex fruit-frugivore

interactions potentially affect the recruitmentG¥rrado melastomes.

Key-words - Clidemia dispersal quality, endozoochory, frugivory, Métesataceae,

Miconia, scarification, seed cleaning, seed germinatieed slispersal.
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Introduction

The consumption of fleshy fruits and the subsequispersal of their seeds by
frugivoresis a key process in plant ecology. Dispersed sesdslly experience lower
mortality by natural enemies and competition witblisgs, which has favoured the
evolution of seed dispersal by natural selectiamz@n 1970). Dispersed seeds also benefit
from dispersal because seed deposition in safe e increase gene flow and the chances
of colonisation of new areas, with implications fpopulation spatial distribution.
Moreover, the quality of treatment given by frugee strongly modifies the probabilities
during seed-to-seedling transition stages (Will$orTraveset 2000, Traveset & Verdu
2002, Verda & Traveset 2004, Schupp et al. 2010).

Since fruit consumption by frugivores does not issa€ly implicate successful seed
dispersal, the role of vertebrates as potentiall s#isperses requires a more thorough
evaluation that includes germination experimentob@tson et al. 2006). Studies
addressing gut passage effects of a single frugigpecies on seed germination do not
include possible frugivore-dependent effects ommgeation and thus, do not cover all
potential effects of gut treatment. Changes inptebabilities of seed germination after gut
passage comprise an important component of sepérda@ effectiveness and potentially
affect the likelihood of seedling establishmenth@mp et al. 2010). In spite of its general
importance for plant ecology, the effects of gusgame by multiple frugivore species on
seed germination remains relatively unexplored,eegfly in the Neotropics (but see
Jacomassa & Pizo 2010). In this study, we evalu#tedeffects of gut passage on seed
germination of Melastomataceae species from thezilBra Cerrado (a Neotropical
savanna).

Miconieae (Melastomataceae) species evolved gestedapersal systemsdnsu
McKey 1975). Species with this syndrome often poadabundant, small-sized berries that
have fleshy placentas with high water- and sugatesd and enclose numerous and minute
seeds. These berries are consumed by a taxonoveiséicommunity of animals, thus are
suitable for comparing the effects of various fueges on seed germination. Melastome
fruits are consumed by a wide range of vertebnauair(ly birds) species and invertebrate
species, and these fruits represent a key resdarcBeotropical frugivores year-round
(Snow 1965, Stiles & Rosselli 1993, Poulin et @99, Lima et al., unpublished data).
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Frugivores consuming melastome fruits often oveitagheir diet (Silveira 2011), and
therefore, the complex system involving melastoragd their frugivores provides an
opportunity to enhance our understanding of sesdetisal effectiveness in species-rich
communities. Melastomes are dominant species inyresotropical habitats (Clausing &
Renner 2001) and an increased knowledge of thed bmlogy would provide the basis for
their inclusion in restoration ecology programmes.

Since the outcome of fruit-frugivore interactiorspend on both intrinsic bird and
plant traits, studies covering multiple fruit-frugre specific interactions are valuable to
understand how gut passage affects survival prbtyabf ingested seeds (Traveset et al.
2007, Lehouck et al. 2011). Here, we evaluatedrokes of avian gut-passage on the seed
germination for eight Melastomataceae species ftben Cerrado. The species-specific
differences of both plants and frugivores wereeigdtere. Our specific goals were: (i) to
determine the effects of gut passage on the serdrgdion; and (i) to examine whether

there are species-specific differences in the euésoof bird-fruit interaction.

Material and methods

Fruits were collected in two sites in southeastBrazil, Estacdo Ecoldgica de
Pirapitinga and Serra do Cip0, Minas Gerais. Bailssites are represented by seasonal,
fire-prone Cerrado vegetation (savanna grasslaed&blishing on nutrient-poor soils
(Giulietti et al. 1997 and Bedetti et al. 2011 gsite descriptions). The studied species
belong to Miconieae, a group in which the inferawrpartly inferior ovaries develop into
baccate fruits (hereafter called berries; Michetingt al 2008). The plant species studied
here are dominant pioneers at both sites that peodmall berries which vary in colour,
seeds per fruit and dispersal phenology (Tab. 1).

Fruits were offered to seven bird species whichcaremonly found in both study
sites: Turdus leucomelasnd Turdus amaurochalinugTurdidae), Thraupis palmarum
Thraupis sayacandSchistoclamys ruficapilluéThraupidae)Mimus saturninugMimidae)
and Zonotrichia capensigEmberizidae). Most study birds are opportunistionivores,
exceptZ. capensisvhich is mainly a granivore (Sick 1997). Thesalldpecies are among
the wide variety of frugivores consuming melastorfregs in the Neotropics and all of
them have been recorded eating melastome fruibotht sites (F.A.O. Silveira and P.O.
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Mafia, pers. obs., T.J. Guerra, Universidade Estade Campinas, pers. comm.). We were
not able to test all possible bird-fruit combinatobecause of either bird or fruit
availability. We used caged birds in good condgidrom a wildlife rehabilitation centre
(CETAYS) in the city of Belo Horizonte, Minas Geraito make sure we included only
defecated seeds after bird feeding, we observed mgestion behaviour.Turdus
leucomelas T. amaurochalinusand M. saturninusgulped the whole fruits, whereds
palmarum T. sayaca S ruficapillus andZ. capensismashed fruits and swallowed small
fruit pieces. Sometimes, birds also regurgitatedsr Regurgitated and non-ingested seeds
were omitted from the dataset and not used foistit.

Ripe berries were collected from at least twentniiduals per species (n=1 fbf.
ligustroideg and offered to birds in the following day. To tah for seed source,
germination trials of control and gut-passed seedsided seeds collected from the same
population. Three experimental treatments were op@ed. In the first one (hand-
cleaning), seeds were removed from the fruits, edgbr 5 minutes and dried under shade
for 24h. In the second treatment (gut passage}3Q3ruits for each species were mixed
and offered to 1--5 frugivore individual(s) per dirFruits were offered during early
morning for birds subjected to a regular diet basada mix of bird ration and fruits
(papaya and banana). This regular diet was intexdup--2 hr before birds were fed with
berries. Recovered seeds were washed for 5 miantesried for 24h. After retrieval, four
replicates of 25 seeds were set to germinate iato &ishes layered with double sheet of
filter paper moistened with Nistatin solution (2%jor the third treatment, seeds were
germinated directly from intact fruit without fruiemoval (seed cleaning) or gut passage
(gut scarification). For this last treatment foeplicates of five fruits per species were used.
The dishes were incubated under 25°C at a 12:1gt: Idark cycle to simulate field
conditions and germination was monitored at 24rtervals for 30 days (Silveira et al.
2012). Data in percentage were arcsine transforamet differences among means were
determined through ANOVA followed by Tukey test=(0.05) or through Kruskal-Wallis
when assumptions of the parametric tests were st m

For all treatments, we calculated germinability (percentage) and mean

germination time (MGT) through the formula (RanaB&ntana 2006):
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K K
MGT = z niti /Z ni
= )

wheren; is the number of seeds germinated in the fintgs the time from the start of the

experiment to théh observation, anfdis the time of last germination.

Table 1.Growth-form, life-history traits and geographictdisution of Clidemia urceolata
andMiconia species. Means are followed by SD. Seed masstetbe average weight of

4 replicates of 25 seeds.

Species Growth Ripe fruit Seeds/fruit Seed mass Fruiting Geographic
-form color  (n=10 fruits) (mg) phenology* range**

C. urceolata Shrub Black 168.8 £54.2 0.00265 Year-round Widespread
M. albicans Shrub Green 156 +34 0.00743 Mid-wet season  Widespres
M. alborufescens Shrub Black 175224 0.0125 Early-wet season Endemic
M. corallina Shrub  Yellow 3+x21 0.025 Wet-dry transition Endemic
M. ferruginata Tree Black 28+5.1 0.0274 Dry-wet transition  Widespread
M. ibaguensis Shrub Black 80+45 0.00298 Mid-wet season  Widesprea
M. irwinii Treelet Black 3.8+£23 0.14728 Dry season Endemic
M. ligustroides Shrub Black 13.3+2.8 0.01033 Dry season Widesprea
M. stenostachya Shrub Black 58.3+8.2 0.0041 Mid-wet season  Widesprea
M. theaezans Shrub Purple 348+5.1 0.00138  Wet-dry transition Wjatead

* Data are from Silveira et al. (2012) and Limakt(unpublished data).
**  Endemic species are those restricted to rupmstrifields of eastern Brazil

(http://floradobrasil.jbrj.gov.br/201p/

Results

Germinability of seeds within intact fruits was In(five species) or <4% (three
species). Fruits from all species presented extensigns of fungi infestation after the
trials. Gut passage had no significant effect amgeability in three specied. albicans
M. ibaguensisandM. irwinii; Tab. 2) and had minor effects on germinabilityother four

species. Gut passage cause interspecific diffeseaneng bird species but no-significant
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differences compared to hand-extracted seedsMof stenostachya Species-specific
decreases in germinability were foundGn urceolata M. alborufescensM. ligustroides
and M. stenostachyaFor M. ferruginatg gut-passed seeds had lower germinability
compared to hand-cleaned seeds irrespective okpedies (Tab. 2).

In regards to germination time, gut treatment hacefiect on MGT ofM. irwinii
andM. ligustroidesbut significantly increased MGT @. urceolataandM. albicans(Tab.
3). In contrast, gut treatment significantly desehMGT inM. ibaguensiseeds (Tab. 3).
Gut passage had species-specific effects on MGW. dérruginatg M. alborufescensnd
M. stenostachyérab. 3). Germination enhancement was not obsarvady study species
(Tab. 2 and 3).

Discussion

Our data provide evidence for potential positiffects of pulp removal on the seed
germination of Cerrado melastomes. This study shomwsor/neutral effects of gut
scarification on the seeds, but rather, points@at remarkable positive effect of depulping
(seed cleaning) for all studied plants. Seed ctepby birds improves dispersal quality by
reducing the influence of the inhibition effect (8#els & Levey 2005). The inhibition
effect arises from high osmotic pressure causedidgly sugar content of ripe fruits, light-
blocking pigmentation and/or secondary metabottes inhibit seed germination (Samuels
& Levey 2005). Melastomes produce light-demandirepds (Silveira et al. 2012)
embedded in fruits containing germination inhitstéAmaral & Paulillo 1992). Thus, seed
cleaning potentially removes germination inhibitoasid allows light to reach the
photoblastic seeds (Lima et al., unpublished daflmyeover, seed cleaning decreases the
probability of pathogen-induced death to seeds ighoy these seeds with increased
chances of survival and germination.

In this study, the overall probability of germiratifor ingested and non-ingested
melastome seeds differed only slightly. Though $iehd to have highly positive effects on
seed germination (Traveset & Verdd 2002), increasegerminability following gut
passage is far from universal, because of compexih how plant and frugivore traits
interact to influence seed response to gut pagJageeset et al. 2001, 2007). In our study,

we used generalist birds that also include insectdeir diet. Birds that include large
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amounts of fruits in their diet have a proportidypahorter intestine and a smaller and less
muscular gizzard than non-frugivorous birds, whichy result in a more gentle treatment
of the coats of seeds ingested by specialist fargs (Traveset et al. 2007). Therefore,
future studies are suggested to include specidlisls to determine whether any
germination enhancement can be experienced in toslas seeds following gut passage.

When frugivores accelerate seed germination (atheéncase ofM. ibaguensiy
ingested seeds take less time to germinate tharngested seeds (Verdud & Traveset 2004),
probably as a result of seed coat scarificatiom\@setet al 2001). Our data show bird-
mediated differences in germination timing, whicvé been shown to affect plant fitness
(Verdu & Traveset 2005). However, it is still uretehow differences in germination
timing could affect seedling establishment. For shedy species, a possible benefit plants
may derive from accelerated germination is an @&eein probabilities of seedling
establishment. This may be particularly importamtour study system because of two
reasons. First, the chances of recruitment for Issim@d pioneer plants may be largely
affected by seedling emergence time during favdaraednditions (Jacomassa & Pizo 2010,
Silveira et al. 2012). Therefore, increased gertronaspeed in pioneers may improve
recruitment (Jacomassa & Pizo 2010) if early grgngeedlings succeed during the intense
intra-specific competition that follows germinatiQWeaver & Cavers 1979). Additionally,
reduced germination time may be advantageouserpfione habitats (de Luis et al. 2008)
such as the Cerrado. In this case, early germimaaishave increased chances of growing
and reproducing after a major disturbance, sudhaas

The complex nature of fruit-frugivore interactiomaplies in differences among
bird’s dispersal quality. Comparative tests of flearification effect produced by different
frugivores feeding on the same plant species oftgaal large differences, while the same
species of frugivore may have different effectsgenmination depending upon the species
of plant studied (Traveset et al. 2007). Our d&awsheterogeneity of seed germination
responses following gut passage in melastomes tr@emCerrado. Similar results were
obtained for small-sized rainforest melastomess@éinet al. 1993; Alves et al. 2007,
Gomes et al. 2008). Because gut passage effesmsaahgermination of melastomes depend
on both plant and frugivore species, it may belehging to accurately establish dispersal-
recruitment linkage compared to species with sfieechdispersal systems.
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In conclusion, Miconieae species potentially banfefim fruit consumption by the
bird community exploiting their fruits. Overall, gsacarification had minor effects on seed
germination of Cerrado melastomes and the bengfitevided by gut passage to
melastomes may be restricted to seed cleaning. Weredognize, however, that
experimental conditions for seed germination mayehaffected our results, since
germination patterns may differ between natural @ntrolled conditions (see Rodriguez-
Pérez et al. 2005, Robertson et al. 2006). Howestedjes addressing germination patterns
following gut passage under field conditions werestty conducted for large-seeded
species, probably because these trials are extyedifélcult to be performed for small-
sized seeds such as those of our melastomes. Bogeith the fertilization effect and the
probability of seed deposition in favourable miabhats, further studies under field
conditions will further increase our ability to pret the contributions of bird dispersal to

plant recruitment.

64



Table 2. Germinability (% + SE) of seeds within intact fayihand-extracted seeds and seeddidemiaandMiconia species recovered from bird droppings.

Different letters mean statistically significantams. Bold data refers to values of Kruskal-Wabistt Means refer to four replicates of 25 seedgdcoh species.

Treatment C. urceolata M. albicans M. alborufescens M. feinaga M. ibaguensis M. irwinii Migustroides M. stenostachya
Intact fruits 0 3.8 0 0 0.25 0 0 3
Hand-extracted 33(4%) 50(6.2) 79(6.8% 36(3.3} 45(5) 81(6.0) 44(10.3) 41(9.4§"
T. amaurochalinus 5(2.5f 52t 83(5.3) 11.25(4.3) 48(4) - 29(6.6¥ 39(4.1§°
T. leucomelas 30(9.6§° 71(2.5) 76.5(4.9%° 9(3.4f 56(5.9) 76(5.2) 27(7.9H 37(1.9§°
M. saturninus - - - - - - 26(2.6% 34(9.1§°
Z. capensis - 67(7.9) 64(2.3f - - - - 17(3%
T. palmarum - 63(4.1) 76(2.8¥° - 54(8.1) - 29(16Y 40(7.1§°
T. sayaca 13(5)° - 60(9.5§ 17(3.8% 36(4.3) 81.1(9.8) 59(3) -

S. ruficapillus 63(7.7% 57(5) 84(3.7 14(4.8% 45(5.3) 77.9(3.7) 7(3.%) 46(7.4%
Test Statistic 6.4* 1.08 12.5 5.7** 1.67 0.38 5.12%* 2.62*

*p< 0.05; **p< 0.01.

- interaction not studied due to low sample size.

t data not included in statistical analysis becatfisack of replicates.
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Table 3.Mean germination time (days + SE) of hand-extrasiells and seeds®lidemiaandMiconia species recovered from bird droppings. Differettelrs

mean statistically significant means. Bold dat&areto values of Kruskal-Wallis test. Means refefour replicates of 25 seeds for each species.

Treatment C. urceolata M. albicans M. alborufescens M. feinaga M. ibaguensis M. irwinii Migustroides M. stenostachya
Hand-extracted 17.8(1%2)  10.4(0.43 9.1(0.6§ 13.5(1.2%" 20.3(1.1% 12.1(0.4) 21.5(0.8) 16.6(1%)

T. amaurochalinus 27.5(0.7% 16.8t1 9.3(0.3) 11.1(1.7% 14.5(1.1% - 19.5(1.6) 17.8(0.7)

T. leucomelas 26.9(0.5% 17.8(0.99 8.4(0.2% 15.7(2.9%° 14(0.3% 13.8(0.1) 21.1(2.9) 18.8(1%)

M. saturninus - - - - - - 20.5(0.2) 22.5(1.3)

Z. capensis - 14.8(0.4y 11.4(0.6) - - - - 17(1.3%°

T. palmarum - 17.4(0.8%° 9.6(0.6% - 14.7(0.7Y - 21.5(1.3) 20.1(0.9)

T. sayaca 26.5(0.4% - 9.8(0.9% 20.1(1.6% 14.8(1.5) 13.9(1.5) 20.3(0.6) -

S. ruficapillus 26.8(0.7Y 16.2(0.6%° 8.6(0.6% 13.7(0.7%° 14.5(0.9) 12.6(0.7) 26.3(1.5) 16.3(0%)
Test Statistic 29.1* 20.7" 3.14* 3.8* 5.49% 3.91 1.7 3.41*

*p< 0.05; *p< 0.01.

- interaction not studied due to low sample size.

t data not included in statistical analysis becatfisack of replicates.

66



In conclusion, we argue that recruitment of mela&t® potentially depends on fruit
consumption by the bird community exploiting itsiifs. Overall, gut scarification had
minor effects on seed germination of Cerrado metass and the benefits provided by gut
passage to melastomes may be restricted to semuirge We do recognize, however, that
methodological issues may have affected our reggkse Rodriguez-Pérez et al. 2005,
Robertson et al. 2006). Germination trials undelidficonditions provide important
information the ecological relevance of gut passage these trials are extremely difficult
to be conducted for small-sized seeds such as thbser melastomes. Therefore, we
report data on potential effects of gut passagese®sd germination. Together with the
fertilization effect and the probability of seedpdsition in favourable microhabitats,
further studies under field conditions will furth@mcrease our ability to predict the

contributions of bird dispersal to plant recruitrhen
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Abstract

Ecological correlates with seed and germinatiofitstrare poorly known, especially in
Neotropical vegetation. Even after decades of rebeathe role of seed traits in
determining species geographic range and ecologieadth remains inconclusive. Here,
we studied for the first time whether seed gernmmatequirements are associated with
plant distribution at continental (endemics vs. @gpreads) and local (xeric vs. mesic sites)
scales in a Neotropical vegetation. The germinateajuirements of 50 sympatric species
of Melastomataceae differing in geographic rangerahabitat preference and dispersal
modes were examined in the seasonal and fire-prgrestrian fields, a patchy and species-
rich vegetation in southeastern Brazil. All spe@esduced small-sized, photoblastic seeds
with <3% dark germination. Under light conditionthere was a great diversity of
germination responses to temperature, some of whiete influenced by phylogeny.
Optimum temperature for 71% species was within 20 aFC, with only 10% species
germinating at 3%. Less than 20% of species were physiologicallymdmt, most
belonging to the endemic Microlicieae. Unexpectedhterspecific variation was not
associated with plant geographic distribution bather, it was related to microhabitat
preference. We observed a congruent pattern ohdiste germination responses in species
from xeric vs. mesic habitats, with significant lemtemperature ranges species from xeric
habitats compared to plants from mesic sites. Thesalts are supported by multivariate
analyses which clustered species differing in disggemode and microhabitat preference,
but not in geographic range. This suggests thattgl&dom different functional groups
experience opposing selective pressures. Our datadp further support to seed size
playing an important role in the evolution of genation traits.

Synthesis The evolution of accurate mechanisms for tempesaéind light sensing are
important determinants of the regeneration nichéh whylogeny also influencing
functional traits and thus niche differentiationhi§ study provides support for the
importance of the regeneration phase determinirantptistribution at local scales.
Divergences in germination traits in species froiffiecent microhabitats and dispersal
modes provide a mechanistic explanation for howtigpeheterogeneity maintains

coexistence in patchy, species-rich tropical ptmmimunities.

69
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heterogeneity.

Introduction

Understanding the factors that control plant disttion is still a challenging task
for plant ecologists. There is a variety of putatevolutionary and ecological explanations
for why some species have more extensive geograpdmge than others. These
explanations include environmental variability, qmetition, niche breadth, latitude,
colonisation-extinction dynamics, population densind dispersal ability, among others
(Brown, Stevens & Kaufman 1996; Gotelli & McCabe020 Lesteret al 2007; Horandl,
Cosendai & Temsch 2008; Waegjal 2009; Ranieret al. 2011). Although these factors
operate at different ontogenetic stages, the reggae phase is critical for understanding
species distribution, species richness-area cuamdsvolutionary divergence in plants (the
regeneration niche hypothesis; Grubb 1977).

The regeneration phase is linked directly to se&d#’'s (Grub 1977) and there are
numerous ways by which seed traits can determiget plistribution. Seed and germination
traits have been associated with fecundity, lobanalance, range size, habitat segregation,
seed persistence in the soil and dispersal abflityompson, Gaston & Band 1999;
Azcarateet al 2002; Fenner & Thompson 2005; Luna & Moreno 2(Rénieriet al 2011,
Thomsonet al 2011). If plant distribution depends, at leastsmme extent, on the
frequency of opportunities for regeneration froradsehen species with broad germination
niches are expected to have larger ranges. Howenerent evidence has yielded
inconclusive results, with endemics having lowequa or even higher germination
performance compared to their widespread countsrg&imon & Hay 2003; Oliveira &
Garcia 2011; Ranieret al 2011). The actual evidence for the associatiotwdsen
germination requirements of species and their lacal continental distribution range is
inconsistent (Thompson & Ceriani 2003; Branelal 2003), so further studies addressing
the role of the regeneration niche in plant disttitn are needed (Donoheeal 2010).

In this study, we tested the regeneration nicheothgsis by comparing the seed

germination requirements of 50 sympatric Melast@oede differing in geographic
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distribution, microhabitat preference and dispersables. To the best of our knowledge,
this is the first study in a Neotropical vegetatammprising multiple species aiming to test
the influence of the regeneration niche on spe@ege. Our focus on Melastomataceae
was twofold. First, Melastomataceae is a dominaotg in the study area (Conceicdo &
Pirani 2005; Alves & Kolbek 2010) and comprises asfethe most morphological,
functional and ecological diverse clade in the Kguts, thus we can examine whether the
germination niche is associated with multiple higtory traits. Secondly, several within-
family phylogenies are available for the familydderitsch et al. 2004, Goldenbezgal.
2008) and hence, we were able to implement phyletiecomparative methods aiming to
determine the contribution of historical factors present-day variation in germination
traits.

Our study area is ideal for testing the associatbddnseed traits and plant
distribution, the latter used here in a broad sers®ompassing both continental
(geographic range) and local (microhabitat occuppandimensions. The montane
vegetation at the Espinhaco Range called rupestigdais, though restricted to a small
geographic area, includes a large number of spgaigg in endemism levels. Island-like
configuration of the highland rupestrian fields huit lowland Cerrado (Neotropical
savanna) vegetation promoted situ speciation following reproductive isolation, the
putative mechanism for the maintenance of endepgciss (Echternaclst al. 2011). In
addition, the intersection of the Espinhaco Rangé ewland savannas, seasonally dry
forests and semi-deciduous rainforests may haveufad the arrival and colonisation by
species widespread in South America. Another reaidekfeature of the rupestrian fields is
habitat heterogeneity. This vegetation comprises cansiderable diversity of
pedoenvironments and associated vegetations mosaitesmined by microenvironmental
aspects (Benitegt al 2007). Local drainage systems dictated by topgwgrafurther
diversify this environment by creating relativelyrhid (mesic) and arid (xeric) sites (Alves
& Kolbek 2010), and a number of particular planeaps-soil relationships (Conceicéo &
Pirani 2005; Benitest al. 2007). Therefore, in this species-rich vegetatienwere able to
test simultaneously the role of the germinatiorhain influencing species range at both

continental and local scales.
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We performed multivariate and phylogenetically-coléd analyses aiming to
check whether plants with different dispersal modesal and continental distribution
differ in seed germination traits. We expect widesg species to have wider germination
niches compared to endemic ones, and anticipateséection would have favoured the
evolution of microhabitat-related germination regments, so that plants from mesic sites

would have lower temperature range for germinatimmpared to plants in xeric ones.

Methods
Study site and study species

Seeds were collected in rupestrian fields vegetatilong the Espinhago Range
(19°1722" S; 43°3518" W; 1260 m asl), a mountain chain spanning 1000krdemngth in
eastern Brazil with altitudes varying between 96@ 4700m (Giulietti, Pirani & Harley
1997). These rupestrian fields occur primarily irees above 900m asl where plant
communities establish on shallow, acidic, nutripodr, and excessively drained quartzite-
derived or ironstone soils (Giulietti, Pirani & Heay 1997; Beniteset al 2007). The
Espinhaco Range was designated as an UNESCO Brespleserve (UNESCO 2011),
because of high levels of plant biodiversity andleanism, which are threatened by
increasing human pressures (Giulietial. 1997). Plants often experience strong winds,
high sun exposition, and water shortage duringdtlyewinters. The distribution of rainfall
is strongly seasonal, with a rainy season from Retdo April and a dry season from May
to September (Madeira & Fernandes 1999). Fireréecarrent phenomenon in the study site
during the dry season.

We collected seeds from 50 species of Melastomagalselonging to 17 genera and
four tribes. Species had broad variation in gedgraplistribution, habitat and dispersal
mode (Table S1). Unfortunately, precise data ong@graphic range of most Neotropical
species is not available as they are for Europgatias (Thompson & Ceriani 2003;
Brandleet al 2003; Luna & Moreno 2010). Consequently, we degitb categorize species
into the two extreme categories o€@ntinuumof plant distribution: endemic species from
the rupestrian fields and widespread species (thvdsese ranges extend beyond the
rupestrian fields vegetation and/or in other Bianrilstates or countries). The fruits of

Melastomataceae are structurally diverse and diapenode varies as a function of fruit
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morphology (Clausing et al., 2000). Fruits of Miczae are fleshy berries consumed by a
wide diversity of frugivores, but mainly birds (Gehberg & Shepherd 1998; Silveira
2011, Limaet al 2012). Germination of Miconieae is slightly chadgafter passage
through bird guts (Cap. 2), so cross-species casga are not biased. On the other hand,
species in Merianieae and in the clade Melastomzdiicieae produce dry capsules,
which are abiotically dispersed (Cap. 1). Spec&sgaments to microhabitats (xeric vs.

mesic), dispersal mode and geographic range wdepéndent (Table S1).

Seed collection and germination experiments

Mature fruits were collected during the peak oiting phenology during the 2008-
2010 period (Silveiraet al 2012). Seeds were collected from at least 20viddals per
species occurring in their natural habitats and eaietely set to germinate. In the case of
species with low local abundanc@. (punctatissimal. pulcherrima L. coriaceg L.
cordatum M. sipolisii, M. ligustroides M. rubiginosa P. alpestrisandT. candolleana the
number of sampled individuals was lower (3-15).

The effects of light and temperature on seed geatioin were determined under
controlled conditions for 34 species. We focusedigint and temperature because these
two factors are among the most important ones obinig seed germination (Fenner &
Thompson 2005). For the other 16 species, whiclaale enough seeds for conducting all
experiments, we only report data for seeds exptse2b°C. This was shown to be the
optimum temperature for germination for most spedmee Results). Seeds were set to
germinate in 9-mm Petri dishes layered with doudtleet of filter paper moistened with
Nistatin solution (2%) to avoid fungi growth. TheetR dishes were incubated under
constant temperatures of 15, 20, 25, 30 and 35°QGa dt2:12h light: dark cycle
(photosynthetic photon flux density = 25.8o0l m? s) and continuous dark for 30 days.
This temperature range was selected because itsctive variation experienced by most
species from rupestrian fields. The darkness cmmditvas obtained by wrapping up the
Petri dishes with double sheet of aluminium papetr germination was checked after 30
days. Seed germination was monitored at daily waler and seeds were considered

germinated when radicle emergence was observed.
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For each replicate, we calculated final germinapercentage (germinability), mean
germination time (MGT; Ranal & Santana 2006), geatibn synchronyE; Ranal &
Santana 2006) and light requirement index (LRI;bdiy, Andersson & Thompson 2000).

K K
MGT = Z niti /Z n
= =

wheren; is the number of seeds germinated in the fijmi@s the time from the start of the
experiment to théh observation, an#dis the time of last germination.
E= —Zk: filog, f, beingf, =n, /Zk:ni

i=1 i=1
where f is the relative frequency of germination,i;:ithe number of seeds germinated in
the dayi and k is the time of last germination. L&values indicate more synchronized
germination whereas values approaching zero dereofect synchrony.

LRI = Gl /(Gd +GI)

where Gl = the germination percentage in light, &&d = the germination
percentage in darkness. LRI ranges from zero (getmon occurring only under dark
conditions) to one (total light requirement). Vaueear 0.5 indicate aphotoblastism.

Soil temperature was measured in both mesic and gges using a thermistor
probe NTC (Incoterm, Brazil). Superficial soil teempture was measured at monthly
intervals at sites where the study species nayuoaltur between September and April (the
establishment season). The probe was introducgarnallel to the soil surface at a 1-cm
depth in three substrate types: rocky outcropsdysagrassiands and in streamside
vegetation soil. Soils near watercourses are hydrphic and waterlogged during the rainy
season. Soils associated with rocky outcrops hagrelavels of fibric organic material and
accumulate organic matter. Grassy fields soilstuim, are mostly made of coarse sand
derived from histosoils (Benite=t al 2007). The latter two substrates were considased
xeric sites and the former was considered as nsgeis. Measurements (n=3 per substrate)
were obtained at 06:00 and 13:00 in the same dagdount for maximum daily variation.
We have followed the same procedures to measureansisture with the aid of a TDR
(Soil Moisture, Trase System | 6050X1).

Statistical analysis
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For each treatment, four replicates of 50 seeds¢28ls foMiconia andLeandrg
were mounted. Data in percentage were squaredarosine transformed and significant
differences in germinability and MGT for each spscwere determined through one-way
ANOVA followed by Tukey test = 0.05; Zar 1996). When data did not meet the
assumptions of the parametric tests, statisticferdnces among temperatures were
determined through Kruskal-Wallis followed by Coerouest (Conover 1980). Optimum
temperature ranges were defined as the temperst@aiéfwing maximum germinability in
the least amount of time.

Maximum temperature range (MTR) was defined aghitbamal amplitude allowing
which > 5% seeds germinated germination. MTR was calalilayesubtracting the lower
temperature from maximum temperature, thus vareh 20°C to 5°C. Species with wide
MTR (15-20°C) were considered eurythermic, andisgewith narrow MTR (5-10°C) were
assigned as stenothermic. Chi-square tests were toseletermine differences in the
frequency of stenothermic and eurythermic speaiesng plant functional types. T test for
independent samples were used to compare MTR frioecies belonging to different
categories of geographic range, microhabitat peefse and dispersal mode.

A principal component analysis (PCA) was carried based on the correlation

matrix of four germination traits: germinability, &T, Eand temperature range. LRI was
excluded from the analyses because there is a @astait (Silveiraet al, unpublished
data) and thus, showed low among-species varigsecond PCA was run based on the
correlation matrix germinability under five tempenas. Data were log-transformed for a
better fitting. A cluster analysis was run basedtba single linkage method with the

Morisita-Horn index for quantitative traits.

Phylogenetic-controlled statistics

Briefly, we reconstructed a pruned phylogenetie to¢ the studied species in the
Phylomatic (http://www.phylodiversity.net/phylomaf, randomly resolved the polytomies
(using the software Mesquite) and dated branchtheng Phylocom. We implemented
analyses of phylogenetic signal and divergencefe@ences of temperature range in nodes
along the phylogenetic tree (see Supplementaryrrabter further details on phylogenetic-

controlled statistics). A significant divergenceans that trait divergence between sister
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groups was higher than expected by chance, wharsagificant convergence means that
the divergences in a given trait was lower thaneetgd by chance in two lineages arising

from a given node.

Results

The substrates of the microhabitats from the rupestields exhibited contrasting
environmental conditions. Soil moisture in mestesiranged from 16.6% to 35.5% at the
end of the rainy season. In contrast, soil moistnrenore xeric sites was lower ranging
from 2.8% to 31.5% in rocky outcrops and 5.4% t@26in sandy soils. A decrease in soil
moisture was observed at all sites in February,valiies remained higher for moist sites
year-round (Fig. 1). Minimum monthly temperaturesvepiite similar for all sites and was
nearly 20C year-round. Maximum monthly soil temperature @mix sites ranged from 27
to 34C, whereas in mesic soils, variation was betweer828. Mean daily soil
temperature variation was higher (between &)2for xeric sites compared to soils
associated with mesic ones (4=8. For all sites, daily soil fluctuations were lemat the

onset of the rainy season, increased at mid-raagan and then decreased again (Fig. 1).
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Figure 1. Mean minimal and maximum monthly tempaeidiamonds) and soil moisture
(circles) in three types of substrates in the rtrges fields of Serra do Cipd (south of

Espinhaco Range) during the establishment season.

All 50 species produced small-sized, photoblasteds with <3% dark germination
(Table S1). Under light conditions, however, ther@s a great interspecific variation in
germination responses to temperature. Germinabiiég skewed towards values lower
than 20% regardless of the temperature (Fig. 2Antability above 60% was never
observed at 15 and %5. Only five speciesA. alsinaefolia, L. confertiflora, M. ibaguensis,
M. stenostachyand R. cordatg, four of them from mesic sites, were able to geate to
>5% at 35C, but values never reached percentages >40% tinideemperature (Fig. 2A,
Fig. 3). A very different frequency distribution svaobserved for MGT. Most seeds
germinated at intermediate values (between 6 andlahy®) under 20 and 25. Fast
germination (MGT <6 days) was never observed ud8eand 38C (Fig. 2B). In general,
species from mesic sites had lower MGT under optintemperatures compared to species
from xeric sites (Fig. S1).

Eight out of 34 species showed physiologically damiseeds. Hence, the following
results apply for the remaining 26 species. Foséhgpecies, nine were eurythermic and 17
were stenothermic (Fig. 3). Although a larger pmtipa of eurythermic species were found
in mesic sites (6 species), this proportion wassignificant §?=0.47; p=0.49). In contrast,
more stenothermic species were found in xeric ghas would be expected by chance
(x°=8.07; p=0.004). With regards to the geographigeamalf of the endemic species were
stenothermic and half were eurythermic. For wideag@rspecies, no significant differences
were detected between the frequency of eurythemmid stenothermic specieg’%3;
p=0.08). Average MTR for plants in mesic microhatst (12.92+ 1.42, SE) was
significantly higher than plants in xeric ones (86.06; W=55, p= 0.02) but no significant
difference was found in MTR between endemic (10138%) and widespread species
(10.3+1.23; W=111, 0.98). Non-significant differesovere also observed between average
MTR in species with biotic (10+1.1) and abioticjkssal (11.8+1.3; t= 1.07; p= 0.29).
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Figure 2. Frequency distribution pattern of gerrbility (A, percentage of germination)
and mean germination time (B, in days) of 34 Measitaceae species under controlled
conditions of temperature. The numbers inside thgarés refer values of germination
percentage (A) and days (B), respectively.

Optimum temperature range for germination was gsiteilar for all species.
Among the studied species, 15 species had optinenmperature range between 2025
Wider temperature ranges were observedrfocordataandL. subulata(15-3CFC) and for
M. stenostachy#20-3(0°C). Optimum temperature range of 28G0vas observed foC.
sessilis L. aureg M. albicansand M. elegans while optimum range of 25-30 was
observed forL. campos-portoanaand M. cipoensis(Fig. 3). The narrowest optimum
temperature for germination of ZD and 28C were shown by.. confertiflora and M.

ferruginata respectively.
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Figure 3. Average (xSE) germinability (bar) and megermination time (circles) of 33
species of Melastomataceae under different temyreat Shaded areas represent optimum

conditions for germination and are not shown famaknt species.

Optimum temperature range for germination was qgsitailar for all species.
Among the studied species, 15 species had optirempérature range between 20Q5A
wider temperature range was observedRfocordataandL. subulata(15-30C) and forM.
stenostachya20-30C). Optimum temperature range of 20:G0was observed foC.
sessilis L. aurea M. albicansand M. elegans while optimum range of 25-30 was
observed forL. campos-portoanand M. cipoensis(Fig. 3). Optimum temperature for

germination was 2« and 25C for L. confertifloraandM. ferruginata respectively.
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We observed three groups of species according teigation responses to
temperature (Fig. 4). The first group (I) was fodrey physiologically dormant species,
mainly in the Microlicieae tribe (Fig. 4) and hamMer germinability under all conditions.
The second and larger group was formed by two swipgrwith eurythermic germination:
the first comprised phylogenetically unrelated speof eurythermics in mesic sites (lI-A)
and the second subgroup consisted of a mix of plantmesic and xeric sites (lI-B)
including most species dfliconia. The third group (lll) consisted mostly of stenathe,
unrelated in xeric sites. The distribution of spscof same genus in distinct groups point
out that the cluster based on temperature respafiggEsmination was mostly independent
of phylogenetic affiliation (Fig. 4).

In the phylogenetic tree (Fig. 5), we observed gnificant divergence between
Miconieae and the clade Microliceae-Melastomeae. Nlitoniae clade presented a narrow
temperature range of 5 to 15°C, with 64% of studigecies presenting a temperature range
of 10°C. In the Microliceae-Melastomae clade thaperature range was wider (5-20°C)
and more heterogeneous among species. There waselatonship between the

phylogenetic relatedness and microhabitat preferefhgeographic range (Fig. 5).
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Figure 4.Dendrogram showing the relationship among 34 specfeMelastomataceae
based on seed germinability (percentage) undert@oinemperatures of 15, 20, 25, 30 and
35°C.

We did not find any specific association of geograpdistribution range and
germination traits. Endemic and widespread speee® evenly distributed in the PCA
with high overlapping between species in the twacfional groups (Fig. 6A). However,
species with biotic dispersal were more associateth higher germinability and
asynchronous germination, whereas species withtiahiispersal were associated with
slower germination time and higher temperature eaigig. 6B). The PCA separated
species according to microhabitat. Most of the Egsefrom mesic habitats were associated
with higher germinability, asynchronous germinatiand higher temperature range,
whereas most species from more xeric habitats &sseciated with slower germination
time (Fig. 6C). The PC1l and PC2 explained 54.3% a6di% of total variance,
respectively. Species with different ranges weressgregated in the PCA built with the
matrix of temperatures. In contrast, species ifietkht microhabitats, and to a higher

extent, with distinct dispersal modes formed rekdyi differentiated groups (Fig. 2S).

81



S 101520 Habitat Growth-form

Leandra aurea ® ]
Clidemia urceolata
Miconia irwinii [

P \ficonia elegms ®
Miconia chamissois ®

_E Miconia ibaguensis [ ]
Miconia rubiginosa L]
Miconia cipoensis L

-< Miconia stenostachya [ ]

Miconia ferruginata L]
Miconia albicans L]
Miconia albomfescens [ ]
Cambessedesia hilariana ®
Acisanthera alsinagfolia [ ]
Marcetia taxifolia ]
Comolia sessilis L]

Tibouchina heteromalia @

Tibouchina martiusiana @
Rhynchanthera cordata [ ]
Lavoisiera confertiflora [ ]

Lavoisiera campos-porioaia

[ )
Lavoisiera subulata LJ

Lavoisiera pulcherrima

Lavoisiera imbricata o

_E Trembleya laniflora [ ]

2 Trembleya parviflora L]
z b \ficrolicia flilver [ ]

L EE A E I E R EIR bl b R EIE IR
EHEEEAAEEEEEEEEEEEEEEEEEEEEE

Figure 5. Traitgram showing thepology of the phylogenetic tree of 27 Melastomesac
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circles) in temperature range for germination. Terafpure range variation is seen in the
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Figure 6. Biplot representation of trait scores of the fiteto axes of the principal

component analysis (PCA) four germination traitsriginability, germ; temperature range,
temp; synchrony, sync; mean germination time, M@ir34 species of Melastomataceae
from different functional groups. Functional groug® represented by microhabitats (A),
geographic range (B) and dispersal mode (C). Opefes represent plant in xeric sites,
widespread species and with biotic dispersal méadd. circles represent plant in mesic

sites, endemic species and with abiotic dispersalem
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Discussion

Plants have evolved accurate mechanisms for temperand light sensing
(Pearsoret al 2003; Penfield 2008), and their remarkable respsrio small changes in
variation of these cues has been associated witegies to ensure germination under
favourable conditions for seedling establishmentogK& Postchold 2007). All
Melastomataceae species studied here presentethagboeous pattern of photoblastic
positive response. Light-induced germination isidgp of many small-seeded pioneer
species (Pearsoet al 2003) and may have evolved to prevent emergencengd
unfavourable conditions, such as burial (Fennerh®rpson 2005). Small-seeded species
are dependent on light for germination because pireguce seedlings lacking enough
reserves to reach soil surfaces following dark geation (Milberg, Andersson &
Thompson 2000). For the small-sized species stutiiex®, both seed size and the
photoblastic response are conserved traits (Sadwetiral, unpublished data), indicating
evolutionary stasis on these traits along theitohys The strong phylogenetic signal in the
photoblastic response implies in null or few evidoary changes in this trait (Silveied
al., unpublished data) and suggests that light respas homogeneous across species.
Therefore, seed responses to light do not playngmoitant role in germination niche
differentiation in Melastomataceae from the rupastfields.

Germination responses to temperature, in turn, werg heterogeneous among
species and had great potential for creating naifferentiation. Still, our data do not
support the allegedly association between specemigation requirements and their
geographic distribution range. The evidence sugyg#bat widespread species have wider
germination niches compared to endemic counterpaitgonsistent, at best (Donohee
al. 2010). Many explanations have been proposed maiex the lack of association
between germination niche and adult niche. The msinatght-forward is that mature plant
traits are more important than seedling emergemakeiermining plant ranges (Thompson
& Ceriani 2003). Other explanations include edapbatation, lower competitive ability,
low phenotypic plasticity and climatic changes le Quaternary, dispersal limitation and
environmental filtering (Bevill & Louda 1999; Lloyd ee & Wilson 2002; Simon & Hay
2003; Thompson & Ceriani 2003; Negreires al. 2009; Donohuest al 2010). For the

Melastomataceae, unusual high levels of apomipecies have been reported, especially
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in the Miconieae (Goldenberg & Shepherd 1998). Amtimspecies seem to have larger
distribution ranges compared to their sister gro{pdrandl, Cosendai & Temsch 2008),
and this appears to be the case for apomictic addspread species suchMs albicans

M. stenostachyandM. rubiginosa

To date, the association of germination patterrissgrecies geographic distribution
and microhabitat preference have not been detedminambiguously (Gomest al. 2001;
Simon & Hay 2003; Raniert al 2003; Garcia, Jacobi & Ribeiro 2007; Oliveira &iGia
2011; Ranieriet al 2011). We have not found associations betweemmigation
requirements and geographic range of species, diber find strong evidence for the
association of species germination traits and lalstribution (microhabitat preference).
All data were consistent in showing that speciesmfrmesophytic sites had wider
temperature ranges compared to species from xiéeg. Seeds from mesic sites are also
heavier, germinate to higher percentages and teé® time to germinate compared to
species from xeric microsites (Silveiea al., unpublished data). Our results are consistent
with studies developed in temperate habitats, wiaictually show distinctive seed and
germination traits in species from humid and drgnosites, but not for species differing in
geographic ranges (Leyer & Pross 2009; Wahgl 2009). In addition, we show that
species in Miconieae had more similar MTR than wWde expected by chance, indicating
the role of phylogeny determining temperature-ddpen germination and thus, the
ecological niche.

The divergence in germination traits between dutd¢d and fleshy-fruited species
shown here suggests that germination traits ddfeaong species with different dispersal
modes. Distinct germination behaviour in specieth wlifferent dispersal modes may be
caused by differences in seed size. The associbgbmeen the evolution of fleshy fruits
and increasing seed size is expected either becdneseeduced dispersal capability
following an increase in seed mass may be courtarbad by evolution of traits mediating
seed dispersal by animals, or because increasetplavNity and capabilities of frugivores
may promote the evolution of fleshy fruits and wilan increase in seed size (Bolmgren &
Eriksson 2010). Seeds from fleshy-fruited studycsse are heavier compared to seeds
from dry-fruited species (Silveirat al., unpublished data), which agrees with the study o

Wang et al (2009) who also found distinctive germinationattgies in plants with
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different dispersal modes. Our data suggest tleattmrelated evolution of seed size and
fruit morphology (see also Bolmgrem & Eriksson 20%0veiraet al, unpublished data) is
accompanied by changes in germination traits. Hewethis result must be interpreted
with caution. Because all fleshy fruits speciesd&td here belong to Miconieae, it is
impossible to separate the effects of phylogenynffruit type. Indeed, the positive cross-
species correlation between seed size and gerritpadinot significant after phylogeny is
accounted for (Silveir&t al, unpublished data). As a result, additional coaipee data
are required to shed light in the correlated evotubf seed size, fruit morphology and
germination traits.

With regards to phylogeny effects, we show that M¥&S considered a conserved
trait in the Miconieae, meaning that few and sndillergences occurred along the
evolutionary history and in the occupation of pardar favourable regeneration niches
(Losos 2008). The patchy distribution of microhatsitat the rupestrian field implies that
the spatial structure of populations of Miconiepecses depends on the likelihood of seeds
reaching a safe site (with suitable temperaturelitions) following biotic dispersal. The
likelihood of establishment depends on whethersbadd ants transport seeds to suitable
sites with adequate conditions for germination estblishment (Silveira 2011; Lined al
2012). The shorter dispersal distances in the dnyed species is due to abiotic dispersal
and lower plant heights (Thomsehal 2011). Many species in this group, particularly i
Microlicieae, have gravity dispersal (Fritsehal 2004), so most seeds just fall beneath the
parent plant where seeds have a higher probalwhityinding similar conditions for
regeneration as their mother-plants. However, b@nces of establishment and survival are
lower beneath the parentals (Janzen 1970), ané@ubkition of seed dormancy in those
species (Silveirat al. 2012, unpublished data) may help spreading getioin in space
thus, potentially affecting population spatial sture.

The chances of recruitment for small-sized speaiedargely affected by seedling
emergence time (Pearson et al. 2003). That optiramperature ranges for germination
overlapped for most studied species suggest intatsespecific competition by seedlings
emerging at the onset of the rainy season. Howeerplethora of germination strategies
of Melastomataceae, determined in part from trépldcement, in part from historical

effects, potentially favours species coexistence.t® one hand, natural selection may

86



favour rapid germination if early-growing seedlingfstain competitive advantages under
suitable conditions (Weaver & Cavers 1979). Thigldde the case for species in mesic
sites. On the other hand, seed dormancy and delggmdination may have been selected
as strategies to avoid competition and increasadt gitness under conditions of relaxed
competition (see Silveirgt al 2012). This strategy would otherwise have evolied
species from more xeric sites. The large dynamismgermination strategies shown here
may be even more complex when disturbance regimgescasidered. In the fire-prone and
nutrient-poor vegetation, early and fast-growingdimgs are expected to derive great
fitness benefits from rapid germination after fifele Luis et al. 2008). So, the increased
frequency of man-made fires may pose strong enwieottal filtering selecting for faster
germination.

Under the predicted scenarios of global warminggraasing soil and air
temperatures are altering environmental cues fomigation (mainly temperature and
water; Walcket al 2011), resulting in dramatic changes in recruittmeom seed (Ooi,
Auld & Denham 2009). In this study, only five speigerminated at 35°C and other 13
species had reduced germinability at 30°C. Theeefove anticipate suboptimal
germination and/or reduced regeneration from seeddst Melastomataceae species under
warming conditions because of the negative andndetrtal effects of high temperatures on
seed germination. This can especially threaten é¢hdemic species with restricted
distribution ranges. Reduced regeneration from see@éxpected to have ramifying
consequences at population level (Wastkal 2011), what might ultimately change the
community structure of the rupestrian fields vetieta

In conclusion, our study suggests that the gernainatiche is not related with plant
distribution at continental scales and thus, geatndm breadth may not be an important
factor controlling plant species range in rupestfialds. Germination niche differentiation
between species in xeric and mesic sites undertpimsdea that germination traits are
related to plant distribution at local scales. Taeolution of microhabitat-specific
germination requirements helps providing a mechigniexplanation on how spatial
heterogeneity maintains plant coexistence in thsgecies-rich communities. Rapid
evolutionary changes in germination niche may hawatributed to the colonisation

dynamics of spatially heterogeneous Neotropical itheh Germination niche
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differentiation between species with different @igal modes indicates that evolutionary
transitions in fruit morphology are accompanied aoly in differences of seed size, but
also by changes in germination traits. Our dataehawportant implications for

conservation of the threatened rupestrian fieldd ean lead to better management of
endemic species and more effective restorationtipesc Studies with unrelated taxa are

encouraged to confirm the generality of the pattdonind here.
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Table 1. Life-history traits and distribution of 5Blelastomataceae species from
Neotropical montane grasslands in Brazil.

Species Habitat Geographic distribution  Seed sizeng) LRI
Acisantheraalsinaefolia Mesic Endemic 0.00093 0.99
Acisanthergounctatissima Xeric Endemic - 1
Cambessedesia hilariana  Xeric Endemic - 1
Chaetostoma armatum Xeric Widespread 0.0006 1
Clidemia capitellata Xeric Widespread 0.0017 1
Clidemia urceolata Xeric Widespread 0.00265 1
Comolia sertularia Xeric Endemic 0.01155 0.971
Comolia sessilis Xeric Endemic - 1
Lavoisiera campos-portoana Xeric Endemic 0.0027 1
Lavoisiera caryophyllea Mesic Endemic 0.0025 1
Lavoisiera confertiflora Xeric Endemic 0.0023 1
Lavoisiera cordata Xeric Endemic 0.00995 1
Lavoisiera imbricata Mesic Endemic 0.0024 1
Lavoisiera pulcherrima Mesic Endemic - 0.98
Lavoisiera subulata Mesic Endemic 0.00275 1
Leandraaurea Xeric Widespread - 1
Leandracoriacea Xeric Widespread - 1
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Lithobium cordatum
Macairea radula
Marcetia taxifolia

Merianthera sipolisii
Miconia albicans

Miconia alborufescens
Miconia cipoensis

Miconia chamissois
Miconia corallina
Miconia elegans

Miconia ferruginata

Miconia ibaguensis

Miconia irwinii

Miconia ligustroides

Miconia stenostachya

Miconia rubiginosa
Miconia theaezans

Microlicia avicularis

Microlicia fulva
Microlicia graveolens
Microlicia sp.
Microlicia sp2
Microlicia tetrasticha
Pterolepis alpestris

Rhynchanthera cordata

Rhynchanthera grandiflora

Tibouchinacandolleana
Tibouchina cardinalis

Tibouchinaheteromalla

Tibouchinamartiusiana

Tibouchinasp.

Xeric
Mesic
Xeric
Xeric
Xeric
Xeric
Xeric
Mesic
Xeric
Mesic
Xeric
Mesic
Xeric
Xeric
Xeric
Xeric
Mesic
Xeric
Xeric
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Xeric
Xeric
Xeric
Mesic
Mesic
Mesic
Xeric
Xeric
Xeric
Xeric

Xeric

Endemic
Widespread
Widespread

Endemic
Widespread

Endemic

Endemic
Widespread
Widespread
Widespread
Widespread
Widespread

Endemic
Widespread
Widespread
Widespread
Widespread

Endemic
Widespread

Endemic

Endemic

Endemic

Endemic

Endemic
Widespread
Widespread
Widespread

Endemic
Widespread
Widespread

Endemic

0.0009
0.007425
0.01245

0.027725

0.024
0.013675
0.0012
0.0736375
0.010325
0.0041

0.00138

0.00035
0.00095
0.00045
0.00043

0.00255
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Trembleya laniflora Xeric Endemic 0.0005

Trembleya parviflora Mesic Endemic - 0.989

Phylogenetic comparative analyses

To understand the evolution of seed traits in Melasitaceae, an ultrametric
phylogenetic tree showing relationships among theised taxa was built. A pruned tree
was built with the study species as terminal tipgg the maximally resolved tree with the
use of Phylomatic (http://www.phylodiversity.netjpbmatic/).

The occurrence of several polytomies in our tigg.(S1) may prevent the correct
interpretation of the evolution of seed dormancywedver, most polytomies were in
terminal taxa and thus, considered soft polytonfW#ebbet al. 2006), which are likely to
cause low interference in interpretation (Ackerl@09). Polytomies in the tree were
resolved by randomly generating 100 fully resoltegbs using Mesquite (Maddison &
Maddison 2008). Species relationships were impraretipolytomies were resolved based
on available and published data for the taxa matatips within the family (Renner 1993,
Clausing & Renner 2001, Fritsch et al. 2004, Got#eg et al. 2008, Michelangeli et al.
2008). Unpublished theses were also used to deterralationships at generic and specific
levels.

Dating branch length is important to avoid bias estimates of phylogenetic
distance. Based on estimates on clade age for Melasaceae, we calibrated the tree by
dating know nodes with the Branch Length ADJustn{BhADJ) algorithm of Phylocom
(Webbet al. 2006). We were able to perform node dating by idiclg node age estimates
for five nodes, including the root node (known mestied ages for the root node are a
prerequisite for BLADJ. Even with only a few nodésated, the resulting phylogenetic
distances can be a marked improvement on simphgusie number of intervening nodes
as a phylogenetic distance (Webb et al. 2006). &sfienates were extracted from Renner &
Meyer (2001), Renner et al. (2001), Fritsch et(2004) and Rutschmann et al. (2007).
Undated nodes were assigned equal branch lengtiwedie nodes for which age estimates
are available, minimizing tree-wise variance innata length (Moles et al. 2005, Milla
2009).
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We obtained the phylogenetic signal and calculatedrgence and convergence
across nodes in the phylogenetic tree for temperatinge. A significant divergence means
that trait divergence between sister groups isdrighan expected by chance whereas a
significant convergence means that the divergemcasgiven trait is lower than expected
by chance in two lineages arising from a given notleen, we obtained tree-wise
phylogenetic signal for each of the five seed $rélomberg et al. 2003). Trait values were
permuted across the tips of the tree 19,999 timeedt whether the observed values are
significantly different than would be expected hance (Moles et al. 2005, Milla 2009).
All analyses were implemented with Analysis of 18a(AOT) package of Phylocom
(Webb et al. 2006).

Figure S1. Frequency distribution of Mean Germmaflime (MGT) classes for seeds of
34 Melastomataceae species from rupestrian fiel@outheastern Brazil under optimum

temperatures.
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Abstract

We investigated seed dormancy among species of skbefemtaceae from Neotropical
montane vegetation of Brazil. Four out of 50 stddspecies had dormant seelficonia
corallina (Miconieae) Tibouchina cardinalis (Melastomeag) Comolia sertularia
(Melastomeae)and Chaetostoma armatunMicrolicieae). For these four species,
germinability of seeds collected in different yeasss always <10%, and the percentages of
embryoless seeds and non-viable embryos were batlfficient to explain low or null
germinability. This is the first unequivocal repodf seed dormancy in tropical
Melastomataceae. The production of seeds with paErteeseed coats and fully-developed,
differentiated embryos indicates the occurrence pfysiological dormancy. The
reconstructed phylogenetic tree of the 50 speaiggests that physiological dormancy
evolved multiple times during the evolutionary bist of Melastomataceae in this
vegetation. Physiological dormancy evolved in specand populations associated with
xeric microhabitats, where seeds are dispersed mhavaurable conditions for
establishment. Therefore, drought-induced mortalitgy have been a strong selective
pressure favouring the evolution of physiologicairdancy in Melastomataceae. We argue
that dormancy may have been independently selectether lineages of Cerrado plants
colonizing xeric microhabitats and dispersing seadshe end of the rainy season. The
contributions of our data to the understanding @&ds dormancy in tropical montane

vegetation are discussed.

Keywords: Cerrado, convergent evolution, droughitsced mortality, Espinhaco Range,
seasonality, rupestrian fields.
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Introduction

The seed habit contributed decisively to the evohary success of gymnosperms
and angiosperms. Seeds provided plants with lazglegical and evolutionary advantages,
including extended survival periods after dispersacreased resistance to adverse
environmental conditions, increased dispersal dtstaand, subsequently, increased gene
flow (Linkies et al., 2010). Another remarkable et/ the life history of seed plants was
the evolution of dormancy. Among the numerous didims of dormancy (Harper, 1977,
Baskin & Baskin, 2004; Finch-Savage & Leuber-Metzdg®906; Finkelstein et al., 2008;
Linkies et al., 2010), a dormant seed can be defasone that does not have the capacity
to germinate in a specified period of time undey aombination of normal physical
environmental factors that otherwise are favourdtiats germination (Baskin & Baskin,
2004). Because germination is an irreversible mecselection should favour strategies
that prevent seeds from germinating under unfavmeraconditions for seedling
establishment (Jurado & Moles, 2002).

Here, we report the occurrence of dormancy in Btelmataceae from Neotropical
montane vegetation (rupestrian fields) and recanst phylogenetic tree to obtain a better
understanding of the evolutionary history of seedhthncy in this family. The rupestrian
fields belong to the Cerrado biome, which is thestrgpecies-rich savanna in the world
with more than 12,000 plant species (Mendoncga.e2@08). The climate is seasonal with
dry winters from April-September and rainy summ@#éveira-Filho & Ratter, 2002), and
the typical landscape of the Cerrado consists ofomplex mosaic of savanna
physiognomies on the well-drained interfluves witfarian forests along the watercourses
(Ratter et al., 1997).

Melastomataceae is the fourth most speciose fammithe Cerrado with 521 taxa
(Mendonga et al., 2008). This pantropical familycanprised of shrubs, woody climbers,
herbs, epiphytes and trees that colonise montalmvtand forests, savannas and disturbed
vegetation (Clausing & Renner, 2001). The familg ladout 5,000 species arranged into
two subfamilies and nine tribes and is ranked asediight largest plant family (Renner,
2004; Angiosperm Phylogeny Website 2011).

Despite its higher diversity in the Neotropics (Renet al. 2001), reports of seed

dormancy in melastomes are available only for temperate herlRhexia mariana
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(Rhexieae). Physiological dormancy (PD) evolvedhis species as an adaptation to the
climatic conditions in temperate eastern North ApngefBaskin et al., 1999). Neotropical
melastomes evolved different life-history strategand colonised a broad diversity of
habitats (Renner et al., 2001), and thus we préaidtdormancy may have evolved in other
lineages of the family, particularly in seasonabitets (Salazar et al., 2011). Understanding
the evolution of seed dormancy in melastomes inapt not only to obtain insight into
reproductive ecology of tropical plants, but alsecduse several melastomes (such as
Miconia calvescensand Clidemia hirtg have become devastatingly invasive species
(Meyer & Florence, 1996; Medeiros et al., 1997).

In this study, we: 1) screened for dormant seedsng®0 Melastomataceae species
from Neotropical montane vegetation in Brazil; 2tetmined the class of seed dormancy
(sensuBaskin & Baskin, 2004) in the dormant speciese@mined the processes driving
the evolution of seed dormancy; and 4) discussedptiylogenetic and biogeographical
implications of our findings for the general undangling of seed dormancy in montane

vegetations.

Material and methods
Study site and species

This study was conducted in four sites in soutlegasBrazil. Plant material was
collected in a particular vegetation of Cerradownaas rupestrian fields (rocky outcrop
montane vegetation) in Minas Gerais, southeasteazilB The rupestrian fields occur in
guartzite-derived or ironstone soils above 900nvalsea level and harbour high levels of
plant biodiversity and endemism (Alves & Kolbek, 12). In this vegetation, plant
communities are established on shallow, acidigjenttpoor, and excessively drained soils
(Giulietti et al, 1997; Jacobet al, 2007), where plants often experience strong wihigh
irradiance exposure, frequent fires, high dailyrie amplitudes and water shortage
during the dry season (Giulie#t al, 1997; Madeira & Fernandes, 1999). Local drainage
systems dictated by topography diversify this emwinent by creating relatively humid
(mesic) or arid (xeric) sites, often separated femanh other by a few centimeters (Alves &
Kolbek, 2010). Because of increasing human presq@eauliettiet al, 1997; Jacobet al,

2007), several native species of this vegetatieruader the threat of extinction.
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Seeds of 48 species were collected at Serra do(@8547' S, 43°35' W), located at
the southern portion of the Espinhaco Range. Sesddithobium cordatumand
Merianthera sipolisiiwere collected in the Diamantina plateau (18°Caif 44°20'W).
Seeds ofComolia sertulariaalso were collected at Serra do Cabral (17°03'338 and
44°05'W-44°52'W) and those Mficonia corallinaalso at the Parque Estadual do Ibitipoca
(PEI) (21°40'-21°44'S e 43°52'- 43°55'W). The daminvegetation in all studied sites
consists of rupestrian fields, but sites diffecimate and in surrounding vegetation. Serra
do Cipé and Diamantina are located in a transiione between the Cerrado and the
Atlantic Forest. However, their western side (weeeds of this study where collected) and
the Serra do Cabral are both associated with tlezilgn Cerrado, whereas the dense
rupestrian fields of PEI are enclosed by the marmid semideciduous Atlantic Forest
(Chiavegatto 2005, Alves & Kolbek, 2010). All sitase under the influence of seasonal
climates with a 4-6 month dry and cold season rélatively higher annual rainfall occurs
at PElI compared to the other sites (Madeira & FRadra, 1999; Chiavegatto 2005;
Hatschbach et al., 2006).

We investigated seed dormancy in 50 species of dttataataceae belonging to 17
genera and four tribes (Table S1). These specmsgsent nearly 10% of Melastomataceae
from the Cerrado. Species selection was orienteglards maximizing life-history
strategies, phylogenetic diversity and microhabgetupancy. Germination experiments
were conducted over a wide range of temperaturelightl conditions for these species
(data not shown) and focus was given to four sgesi®wing germinability of fresh seeds
<10%. Our species selection was phylogeneticaigroed and included species in the
main lineages (Tribes) within the family. Figureshiows the reconstructed phylogeny of
the 50 species (see supplemental material for gleyletic methods).

Tibouchina cardinalis(Melastomeae) an€omolia sertularia(Melastomeae) are
endemic shrubs from the rupestrian fields of Min@srais, Chaetostoma armatum
(Microlicieae) a common subshrub occurring in seasitern and south of Brazil and
Miconia corallina (Miconieae) a common plant in the rupestrian Beld southeastern
Brazil. Miconia produces biotically-dispersed berries, whereasocther species produce
dry capsules that allow for abiotic disperddiconia, ComoliaandTibouchinaestablish on

rocky outcrops, whereaf€haetostomaestablishes on dry grasslands. Soil moisture
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decreases significantly at the beginning of the slegson in these xeric microhabitats
(Silveira, 2011). These species disperse seedbeatransition between rainy and dry
seasons at Serra do Cip6 and Serra do Caldiebnia, however, disperses fruits during
mid rainy season at PEI and colonises a shrubbyreladively denserupestrian field
(Chiavegatto, 2005).

Seed collection and germination experiments

Ripe fruits of eachlibouching Chaetostomand Comoliawere collected at Serra
do Cipo6 between April and June 2008, 2009 and 2BdOMiconia, seeds were collected
in April 2009, April 2010 and May 2010. Germinatiamas conducted separately for
Miconia seeds collected in 2010. Fruits @dmoliawere also collected in July 2008 at
Serra do Cabral and fruits bficoniawere collectedn March 2010 at PEI.

Morphometric analyses (seed length and width) weréormed on 50 seeds of each
four species. Seeds were photographed with a stecemscope (Zeiss Stemi 2000-C), and
variables were measured using Zeiss AxioVision R&| software. Seed viability was
assessed on these four species by means of seedtdis and the tetrazolium test. Four
replicates of 25 seeds were cut under a stereosasope and checked for embryo
presence/absence. Further, the tetrazolium testomaducted for four replicates of 25
seeds with embryos. Cut seeds were soaked in diskees containing a 1% solution of
tetrazolium. The Petri dishes were wrapped in doghket of aluminium foil and incubated
at 30°C. For all four species, staining requiree48h. After this period, seeds containing
white or light red coloration were considered naable and seeds containing red or dark
red coloration were considered viable.

Four replicates of 50 (25 fdMiconia) seeds were set per treatment. Seeds were set
to germinate in 9-mm Petri dishes on a double sbiefdter paper moistened with Nistatin
solution (2%) to prevent fungi growth. The Petrsttis were incubated under constant
temperatures of 15, 20, 25, 30 and 35°C at a I light: dark cycle (PPFD = 26nol
m? s%). For Tibouchina Chaetostomand Comoliaseeds collected in 2008, experiments
were carried out at all temperatures. In 2009 a2 experiments were repeated under
the optimum temperature for each species. Expetdneare performed only at 25 for

Comoliaseeds collected at Serra do Cabral andviimonia seeds collected in both years
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and sites. All melastome species studied to dage paotoblastic (Silveira, 2011), so
germination data for dark conditions are not shéwre. Seed germination was monitored
at 24 hour intervals for 30 days, and seeds werssidered germinated when radicle
emergence was observed. Since our focus is ondhmeatht species, the results for the
other 46 species will be presented in an accompgmgaper.

For each treatment, mean germination time (MGT) e@dsulated by the formula:

K K
MGT = Zniti /Zni
= =

wheren; is the number of seeds germinated in the finh@s the time from the start of the
experiment to théh observation and is the time of last germination (Ranal & Santana,
2006).

Data in percentage were arcsin transformed, astd fer normality and variance
equality were run prior to hypothesis-testing asislyWhenever data met the assumptions
of parametric statistics, differences among meaerewletermined by ANOVA followed
by Tukey testd= 0.05) for multiple comparisons. When data did meet the assumptions
of the parametric tests, statistical difference®magnmeans were determined by Kruskal-

Wallis followed by Conover test. The same procesluvere carried on for MGT data.

Seed coat permeability

Five to 10 replicates of recently-collected seétfsdach folComoliaandMiconia
and 50 each fo€haetostomaand Tibouching were weighed on a digital balance. Seeds
were soaked in tap water for 72h at room tempesatmd reweighed. Seed permeability
was determined by the increase in seed mass afetedifes in percentage increase
between seed mass of dried and soaked seeds wemenided by paired T-test or

Wilcoxon test.

Seed anatomy and histochemistry

Seeds of the four species were submitted to rowtivomical procedures. Fresh
seeds were fixed, washed, dehydrated in ethanielssand infiltrated according to Paiea
al. (2011). Sections were stained, mounted and sudmnitd histochemical tests (see

supplemental material).
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Results

Seed biometry, viability and germination

Seeds of the four species are small, seed lengtiedafrom 0.63 mm to 1.64 mm
and width from 0.35 mm to 1.36 mm. Dry seed massyed from 0.0013 mg in
Chaetostomao 0.023 mg irMiconia(Table 1).

Germinability of all four species was low irrespeetof year of collection (Fig. 2).
However, germinability oMiconia seeds from PEI was significantly higher than thiat
seeds from Serra do Cip6 (Fig. 2). For most expamtad conditions, germination was not
observed. These conditions were represented bgraattemperatures (4 and 35C) in
Comolia and Chaetostomaand also inChaetostomaseeds collected in 2009. Across all
experiments, only a single seed germinated (meamigability = 0.33%) forChaetostoma
2010,Comolia2009 and 2008 andibouchina2010. ForTibouchina2009, germinability
was 16.7%.

Seed coat permeability
We found significant increases in seed mass fafigva 72-hour imbibition period
for all species (Table 2). Percentage increaseed snass ranged from 46 to 75%; thus, all

species produce seeds with permeable seed coats.

Ecological association of seed dormancy

We found uneven distribution of dormant speciesardigg microhabitat and
dispersal phenology (Table 3). There were signitiGssociations of dormant species and
xeric microhabitatsyf= 5.02; p= 0,024) and of non-dormant species witlerophenologies
(x’= 16.37; p< 0,001). Other phonologies include sdisgdersal during the dry and rainy
season, and during dry-rainy transitions (Silve?@11).Thus, seed dormancy was strongly

related to both microhabitat and life-history.
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Figure 1. Reconstruction of the phylogenetic tre&® Melastomataceae species showing
non-dormant, likely-dormant and dormant speciefiedridashes indicate the transition
between non-dormant to dormant states and emptlyedamdicate transition between
dormant to non-dormant states. Species microhabée¢ also shown as xeric (X) and

mesic (M).
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Seed anatomy and histochemistry

Mature seeds are exarillate and exalbuminous.|lsp&icies, the embryos are well
developed, filling the whole seed cavity and sha@aenconspicuous embryo axis and two
fleshy cotyledons. InChaetostoma Comolia and Tibouching the embryo is curved,
following the shape of the seeds, while the emlmfyiconia is folded, with cotyledons

parallel to the embryo axis (see supplemental nadter

Phylogenetic distribution of physiological dormancy

Based on the phylogenetic studygn-dormant seeds are assumed to be the ancestral
condition and physiological dormancy (PD) is a dedli character that was selected at least
four times (once in Miconieae, once in Microlicies®d twice in Melastomeae; Fig. 1). Our

data also suggest that seven additional speciesipeadormant seeds (Fig. 1).
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Figure 2. Mean (xSE) of germinability (%, bars) andan germination time (MGT, days;
diamonds) of fresh seeds Mliconia coralling Tibouchina cardinalisComolia sertularia
and Chaetostoma armaturoollected at Serra do Cipé and Parque Estadudbitipoca
(PEI).
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Table 1. Mean seed length and seed width (£SDyep¢age of embryoless seeds, viable embryos, nonai and dormant seeds in
four Melastomataceae species from Neotropical nmensavannas in Southeastern Brazil.

Species Seed length Seed width (mm)  Embryoless seedsViable embryos Non-dormant Dormant seeds
(mm) (%) (%) (%) (%)
Chaetostoma armatum 0.63 £ 0.08 0.35+0.05 58 48 1.3 41
Comolia sertularia 0.85+0.1 0.71 £ 0.07 50 73.4 4.5 45
Miconia corallina 1.64 +£0.12 1.36 £ 0.18 41 28.8 1 54
Tibouchina cardinalis 0.72+0.1 0.46 £ 0.08 61 52.3 9.5 30

Table 2. Seed mass before and after soaking iwatgx for 72h for four Melastomataceae species f@atropical montane savannas
in Southeastern Brazil. Statistics refer to Wilcoxest forComoliaand paired T-test for the other species.

Species Seed mass (mg) before incubation Seed(mg¥saifter incubation Statistics  Mean % increase
Chaetostoma armatum 0.0013 0.0019 7.6* 46.1
Comolia sertularia 0.00349 0.00509 45* 48.6
Miconia corallina 0.02322 0.03482 4.67* 55.4
Tibouchina cardinalis 0.00245 0.00428 13.87** 75.1

* p> 0.01; ** p> 0.001

Table 3. Frequency of dormant and non-dormant speiti mesic and xeric sites in species sheddindssdaring the rainy-dry
transition and in other periods of the year.

Dormancy status Microhabitat Phenology
Mesic Xeric Rainy-dry Others
Dormant 1 11 9 3
Non-dormant 13 25 3 35
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Discussion

We have presented data showing that PD evolvddaat four times during the
history of Melastomataceae in the rupestrian fieRklthough seed dormancy is thought to
have evolved in melastomes from rainforest (Elissbral. 1993) and Cerrado (Pereira-
Diniz, 2003; Mendes-Rodrigues et al., 2010), th@swious studies do not present enough
evidence to support the evolution of dormancyapital Melastomataceae. Firstly, none of
these studies included viability tests, so lackgefmination may have been due to
nonviable instead of dormant seeds. Moreover, eeith these two studies evaluated the
frequency of embryoless seeds, which can be codfimith dormant seeds when seeds
do not germinate. In addition, seedsGdidemia hirtagerminated to high percentages in a
few days without any dormancy-breaking treatmerReréira-Diniz, 2003), and low
germinability inM. ferruginatais best explained by high percentages of embrgdesds,
rather than physical dormancy (seed coats were showe permeable; Mendes-Rodrigues
et al., 2010). Finally, dormancy-breaking treatrseamd germination promoters failed to
increase germinability for those species for thegecies. Our study represents the first
unequivocal report on seed dormancy in tropicaldgigimataceae.

PD is the most common type of dormancy in the mel@ades of Angiosperms and
across vegetations types in Earth (Baskin & Bask@f)5). The gain and loss of PD quite
likely occurred many times during the evolutionsaed plants (Linkies et al., 2010), and
our data suggest convergent evolution of PD in Btelmataceae. Nonetheless, we also
present evidence for divergent evolution of dornyainanmelastomes. Phylogeny-dependent
evolution of seed dormancy is widely recognisedsi@a& Baskin, 2005) and may explain
dormancy evolution. Dormancy appears to have edobagly inChaetostomaicrolicia,
and for mostMicrolicia species reported here dormancy appears to be eestead
(plesiomorphic) seed trait. The loss of dormancilirgraveolensnay have occurred prior
or after the transition of this species to mesicrofiabitats and, thus should be interpreted
as a derived character.

Dormant and likely-dormant melastomes were assstiaith colonisation of xeric
microhabitats and with rainy-to-dry-season dispeiSail moisture is still high during the
rainy-to-dry transition in xeric microhabitats dfet rupestrian fields, but it significantly
drops as the dry season approaches (Coelho €208I6; Silveira, 2011). Small- rooted
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seedlings of these species would have to survivertacoming 4-5-month dry period
before the perennial rains begin in October (Madé&irFernandes, 1999). Therefore, we
would expect high seedling mortality under theséwourable (dry) conditions to be a
strong selective pressure driving the evolution seled dormancy. Drought-induced
mortality is argued to be a strong and directigoraksure favouring the evolution of PD in
melastomes from the rupestrian fields. Therefovejding germination at the rainy-to-dry
transition can be an adaptive strategy delayinghgetion until the following rainy season.

Although we lack data to confidently assign dormyafoc seven species, we assume
they produce dormant seeds because these seeds thee right place and time where
dormancy evolved (Table S1, Table 3) and becauserymhess seeds and nonviable
embryos are insufficient to explain low germindpil{Silveira, 2011). To be conservative,
we assign seeds of these seven species to the di@ahant seed category. If future studies
confirm seed dormancy in these seven species, #dd@ional non-dormant-to-dormant
transition events would be added.

Our data have important eco-evolutionary implicasio Firstly, they help us
understand the biogeographical and phylogeneticilalision of seed dormancy across the
global types of vegetation€urrent estimates are that nearly 60% of tropicahtane
species have dormant seeds (Baskin & Baskin, 200/&).found 8% of the surveyed
species had dormant seeds (percentage increag2¥daf dormancy is assigned in the
other seven likely dormant species by future st)di€ogether with recent reports of seed
dormancy in species from tropical montane vegeata{@omes et al., 2001; Silveira &
Fernandes, 2006; Garcia, Q.S., pers. comm.), the gorted here suggest that seed
dormancy in tropical montane vegetation was ovenaséed.

Secondly, our data provide key and practical infation for predicting seed
dormancy evolution in the Cerrado flora. Previousdels suggest that most seeds
dispersed in the dry season are dormant, while seeds dispersed in the wet season are
non-dormant (Salazar et al., 2011). We, on therdthad, have identified that the rainy-to-
dry transition is the critical period for establsént in xeric microhabitats in the Cerrado
and that seed dormancy can be a central strategyoid germination when conditions are
unlikely to remain favourable long enough for seeyll establishment. However,

microhabitat and phenology alone are not powenfetligtors of seed dormancy. There are
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numerous species in xeric microhabitats in whichm@mcy has not evolved (Table 1). On
the other hand, species with rainy-to-dry transitdispersal are not necessarily dormant
(see the case of the mesophyiconia theaezans Therefore, the combination of
phenology and microhabitat is a strong, but noversal, predictor of the evolution of seed
dormancy in melastomes.

Another interesting example supporting our concalpgamework for the evolution
of seed dormancy in tropical melastomes comes fomng-population variation in seed
dormancy inM. corallina. Individuals ofM. corallina at PEI disperse their non-dormant
seeds under favourable conditions for establishméat Serra do Cipo, however,
individuals dispersing seeds under unfavourablaitioms produce dormant seeds. It is
commonly accepted that among-population variatiorseed dormancy and germination
(Anderssen & Milberg, 1998; Lacerda et al., 2004)related to climatic conditions
(Wagner & Simons, 2009). If this variation is geocally-based (Lacerda, et al. 2004),
microevolutionary changes would account for thel@imn of locally-adapted ecotypes.
On the other hand, variation can also be the resulplastic responses mediated by
maternal effects.

In summary, we have presented evidence for conwmergeolution of PD in
melastomes from Neotropical montane savannas. Tisengo reason to assume that
multiple origins of seed dormancy would not expltie evolution of dormancy in other
Cerrado lineages. In contrast to tropical rainfgrése upper soil layers of seasonal
vegetation have very negative soil water poterdialing the dry season (Coelho et al.,
2006; Salazar et al., 2011), creating a suital®@ato for the evolution of seed dormancy.
Therefore, we expect dormancy to have evolved herdiaxa sharing similar microhabitats
and life-histories as those of dormant melastormegroving the predictability of presence
of seed dormancy has important implications fonpleonservation, seed technology and

restoration ecology.
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Table S1. Habitat and life-history traits of the 50Melastomataceae species screened for the evolutioiseed dormancy.

Tribe Species Growth-form Habitat Dispersal Phenology Geographic distribution
Melastomeae  Acisantheralsinaefolia Shrub Mesic abiotic  Continuous Endemic
Melastomeae Acisanthergunctatissima**  Sub-shrub Xeric abiotic Rainy-Dry Endemic
Melastomeae Cambessedesia hilariana Sub-Shrub Xeric abiotic  Continuous Endemic
Microlicieae Chaetostoma armatum* Sub-Shrub Xeric abiotic Rainy-dry Widespread

Miconieae Clidemia capitellata Shrub Xeric biotic Rainy Widespread

Miconieae Clidemia urceolata Shrub Xeric biotic Continuous Widespread
Melastomeae Comolia sertularia* Shrub Xeric abiotic Rainy-dry Endemic
Melastomeae Comolia sessilis Shrub Xeric abiotic Dry Endemic
Microlicieae Lavoisiera campos-portoaria Shrub Xeric abiotic Dry Endemic
Microlicieae  Lavoisiera caryophyllea*f Sub-shrub Mesic abiotic Rainy-dry Endemic
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Microlicieae
Microlicieae
Microlicieae
Microlicieae
Microlicieae
Miconieae
Miconieae
Microlicieae
Melastomeae
Melastomeae
Merianeae
Miconieae
Miconieae
Miconieae
Miconieae
Miconieae
Miconieae
Miconieae
Miconieae
Miconieae
Miconieae

Miconieae

Lavoisiera confertiflora Sub-Shrub
Lavoisiera cordatdt Shrub
Lavoisiera imbricata Shrub

Lavoisiera pulcherrima Shrub
Lavoisiera subulath Sub-Shrub

Leandraaurea Shrub
Leandracoriacea Shrub
Lithobium cordatum** Sub-Shrub
Macairea radula Shrub
Marcetia taxifolia Shrub
Merianthera sipolisii Tree
Miconia albicans Shrub
Miconiaalborufescens Shrub
Miconia cipoensit Shrub
Miconia chamissois Shrub
Miconia corallina* Shrub
Miconia elegans Tree
Miconia ferruginata Tree
Miconia ibaguensis Shrub
Miconia irwinii Tree
Miconia ligustroides Shrub
Miconia stenostachya Shrub

Xeric
Xeric
Mesic
Mesic

Mesic
Xeric
Xeric

Xeric
Mesic
Xeric
Xeric
Xeric
Xeric
Xeric
Mesic
Xeric
Mesic
Xeric
Mesic
Xeric
Xeric

Xeric

abiotic
abiotic
abiotic
abiotic
abiotic
biotic
Biotic
abiotic
abiotic
abiotic
abiotic
biotic
biotic
biotic
biotic
biotic
biotic
biotic
biotic
biotic
biotic

biotic

Rainy
Dry
Rainy
Dry

Dry
Rainy
Rainy

Rainy-dry
Rainy
Dry
Rainy-dry
Rainy
Rainy
Rainy
Rainy
Rainy-dry
Rainy
Dry-Rainy
Rainy
Dry
Rainy-dry
Rainy

Endemic
Endemic
Endemic
Endemic
Endemic
Widespread
Widespread
Endemic
Widespread
Widespread
Endemic
Widespread
Endemic
Endemic
Widespread
Widespread
Widespread
Widespread
Widespread
Endemic
Widespread
Widespread
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Miconieae

Miconieae
Microlicieae
Microlicieae
Microlicieae
Microlicieae
Microlicieae
Microlicieae
Melastomeae
Microlicieae
Microlicieae
Melastomeae
Melastomeae
Melastomeae
Melastomeae
Melastomeae
Microlicieae

Microlicieae

Miconia rubiginosa

Miconia theaezans
Microlicia avicularis**
Microlicia fulva

Microlicia graveolens

Microlicia sp*

Microlicia sp2*
Microlicia tetrasticha**
Pterolepis alpestris
Rhynchanthera cordata
Rhynchanthera grandiflora
Tibouchinacandolleana
Tibouchina cardinalis*
Tibouchinaheteromalla
Tibouchinamartiusiana
Tibouchinasp.
Trembleya laniflora

Trembleya parviflora

Tree
Shrub
Sub-Shrub
Sub-Shrub
Sub-Shrub
Sub-Shrub
Sub-Shrub
Sub-Shrub
Sub-Shrub
Shrub
Shrub
Tree
Shrub
Shrub
Shrub
Tree
Shrub
Shrub

Xeric
Mesic
Xeric
Xeric
Mesic
Xeric
Xeric
Xeric
Mesic
Mesic
Mesic
Mesic
Xeric
Xeric
Xeric
Xeric
Xeric

Mesic

biotic
biotic
abiotic
abiotic
abiotic
abiotic
abiotic
abiotic
abiotic
abiotic
abiotic
abiotic
abiotic
abiotic
abiotic
abiotic
abiotic

abiotic

Rainy
Rainy-dry
Dry
Dry
Dry
Rainy-Dry
Dry
Rainy-Dry
Dry-Rainy
Dry-Rainy
Rainy
Rainy
Rainy-dry
Continuous
Dry-Rainy
Dry
Dry-Rainy
Rainy

Widespread
Widespread
Endemic
Widespread
Endemic
Endemic
Endemic
Endemic
Endemic
Widespread
Widespread
Widespread
Endemic
Widespread
Widespread
Endemic
Endemic

Endemic

* Denotes species with confirmed seed dormancy.

** Denotes likely dormant species.

T Included in the list of rare plants of Braziltbreatened by extinction by red lists.
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Phylogenetic reconstruction method

For understanding the evolution of seed dormanecyMelastomataceae, a
phylogenetic tree showing relationships among thdied taxa was built. Nomenclature
was checked against the Missouri Botanical Garden@menclatural database

(http://www.tropicos.org/Home.asp:and pruned tree was built with the study speares

terminal tips using the maximally resolved tree hwithe use of Phylomatic
(http://www.phylodiversity.net/phylomatic/).

The occurrence of several polytomies in our treaynprevent the correct
interpretation of the evolution of seed dormancywedver, most polytomies were in
terminal taxa and thus, considered soft polytor{Wgebbet al. 2006), which are likely to
cause low interference in interpretation. Polyt@nrethe tree were resolved by randomly
generating 50 fully resolved trees using Mesquiladdison & Maddison 2008). Species
relationships were improved and polytomies wereolvesl based on available and
published data for the taxa relationships in thailia (Renner 1993, Clausing & Renner
2001, Fritsch et al. 2004, Goldenberg et al. 200i@helangeli et al. 2008). Unpublished

theses were also used to determine relationshigsreric and specific levels.

Seed anatomy and histochemistry

Seeds of the four species were fixed in formalietiacacid-50% ethanol (Johansen
1940) for 48 hours, including 24 hours, with a wamupassage. Seeds were kept in
Franklin solution (glacial acetic acid and hydrogeroxide 30%, 1:1 v/v) for 4 to 10
hours at 60°C until clearing (Franklin, 1965, mgmtlj. The samples were washed in
running tap water to remove the solution, and seeel®e dehydrated in an increasing
ethanol series (10, 20, 30, 40, 50, 60, 70%) whkh dlycerine. Seeds were stored in
ethanol 70% + 1% glycerine for three days and tlweother ethanol series (80, 90 and
95%) was carried ouThe seeds were infiltrated in the refrigerator ¥ for a week and
embedded in 2(hydroxy-ethyl)-methacrylate (Leica™he samples were kept in the
embedding solution for another week under freez20°C), according to Paivat al.
(2011).

Longitudinal and transversal sections with 6um khéss were prepared with a
rotary microtome (Jung Biocut mod. 2035). The ssdiwere stained with toluidine blue
0.05%, pH 4.7 (O’Brieret al,, 1964, modified) and mounted in Entellan™.
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Histochemical tests were carried out in order tectephenolics in the seed coat of
the studied species. Tests were prepared onptimeséctions by using 10% aqueous ferric
chloride plus a little sodium carbonate, or by fixin agqueous solution formalin and 10%
ferrous sulfate (Johansen, 1940), and toluidine (Briggset al. 2005).

Mature seeds are exarillate and exalbuminous (8d). In all species, the
embryos are well developed, filling the whole seadl showing a conspicuous embryo
axis and two fleshy cotyledons. B@haetostomaFig. S1B), Comolia (Fig. S1C) and
Tibouchina(Fig. S1D), the embryo is curved, following the gaaf the seeds, while the
embryo ofMiconia (Fig. S1A) is folded, with cotyledons parallel teetembryo axis.

The cotyledons are symmetrical and well developed,the hypocotyl-radicle axis
varies from oneTibouching to three Chaetostompatimes the length of the cotyledons.
The embryo has uniseriate protoderm (Fig. S1E} wmall cells, cuboidal in longitudinal
section. These cells have pectic-celulosic waks)sé cytoplasm and evident nuclei. The
ground meristem is composed by approximately-isodiac cells larger than the
protoderm. The procambium has slightly longitudinatlongated cells in a standard
organization (Fig. S1D). The radicle is short, anardly distinguishable from the
hypocotyl (Fig. S1A-D). Its apex has standard organizatiohe Tcotyledon node is
relatively large and the epicotyl is indistinct.€lplumule is undifferentiated, consisting of
only the shoot meristem (Fig. S1D).

In the seed coat of all four species, the epidernsiisiniseriate Chaetostoma
Comolia and Tibouching or multiseriate Miconia). The epidermis in the seed coat
contains dead cells with walls that are and thi€laetostomdFig. S1B, E-F), irregularly
and thick inComolia(Fig. S1C) and homogeneous and thickiconia (Fig. S1A, H) and
Tibouchina(Fig. S1D, I). Phenolic compounds were observedlirseed coats, in cell
walls (Fig. S1E-F, H) or in the vacuoles (Fig. S1)GParenchymatic layers occur in the
inner epidermis, which can be distinguishabld/iconia and Tibouchinaby the presence
of protoplast remains. In the other species, thenmyma in the seed coat is completely
compressed. In the raphe, the parenchyma is naykiréd (Fig. S1B).
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Figure S1. Longitudinal (A-D, G-I) and transverg$glF) sections of dormant seeds. (A,
H). Miconia corallina (B, E-F).Chaetostoma armatunfC, G).Comolia sertularia (D, 1).
Tibouchina cardinaligcircle, shoot meristem). Asterisk, phenolic comnpds; arrowhead,
procambium; co, cotyledon; ep, epidermis; gm, gdoumeristem; pa, parenchyma; pr,

protoderm; ra, raphe.
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CapPiTULO V

COMPARATIVE ECOPHYSIOLOGY OF SEED DORMANCY AND

GERMINATION IN  NEOTROPICAL MONTANE SAVANNAS
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Abstract

In this study, we have investigated the evolutibise®ed size and germination traits in 50
perennial species in Neotropical montane savanwWés.focused on Melastomataceae
because this family comprises one of the most fanatly distinctive, ecologically diverse
and species-rich clade of flowering plants. We dshkew is the variation in seed traits
distributed among plant functional types by meahghylogenetic comparative methods.
Variation in ecophysiological and morphological ¢eeaits was associated with plant
functional types and distribution, in more compleays than previously thought. Species
with seed dispersal during rainy-dry transition hagver germinability and delayed
germination, but germination traits were not redate geographic distribution. Trait-trait
correlations along the phylogenetic tree of Melagitaceae were significant for
germinability and germination synchrony, but not $eed size neither light requirement,
because these two traits were conserved traitg dtenphylogenetic tree. Germinability,
germination time and synchrony showed similar pasteof evolution. We found a
consistent pattern of divergences in germinatiaitsbetween Merianieae and Miconieae
and within the Miconieae whereas coordinated pattérconvergences in germination
traits were found between Melastomeae and Micedieiand within Microlicieae. These
patterns indicate 1) different selective pressdrasgng the evolution of seed strategies in
those groups and 2) coordinated evolution of dsgdemode and growth-form.
Competition avoidance is argued to be the evolatipmechanism explaining divergences
in berry-fruited tall plants. On the other handnweergent evolution is put forward as a
selective force driving the evolution of germinatitvaits in capsule-fruited, short plants.
Character displacement in germination traits assalt of disruptive selection may help

species coexistence in species-rich communities.

Keywords: Melastomataceae, phylogenetic signat;tnat association, seed traits, trait-

environment association.
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Introduction

Plant biologists have long recognized the imporarof seeds for general
understanding of plant ecology and evolution. Thdtiple benefits provided by seeds
have played a central role in the rise and domieafcseed plants (Linkies et al. 2010).
Because germination is an irreversible processhduld be fine-tuned with optimum
conditions for establishment and germination trate expected to be under strong
selective pressures (Jurado & Moles 2002, Nordexh. &009). Early life-history traits are
of primary significance for reproductive success (& al. 2008) and are under strong
selective pressure because without successful lisstaent following germination, no
postgermination phenotype can ever be expresseaabfie 2005).

Plant of different functional groups and plantsuwraang in different vegetations are
subjected to a multitude of selective pressuresabipg in different directions (Rowe &
Speck 2005, Lavorel et al. 2007, Bu et al. 2008)er&fore, it is of interest to find
ecological and phylogenetic correlates with seadtstracross clades and vegetations in
order to illuminate the evolution of seed traiteyl®genetic and ecological correlates with
seed traits across contrasting biomes provide #sesldor the study of adaption in seed
traits. Studies spanning vegetations in severadlimems (Hodkinson et al. 1998, Milberg
et al. 2000, Brandle et al. 2003, Thompson et@32Bu et al. 2008, Leyer & Press 2009,
Wang et al. 2009, Luna & Moreno 2009, 2010) emplioye comparative method (though
not always based on phylogenies) and shed lighthenassociation of seed traits (size,
germination and persistence) with life-history t8aiecological variables and phylogeny.
These studies are useful for general the underisigiod seed evolution (Moles et al. 2005,
Ackerly 2009b) and also because the patterns grisom those studies have implications
for the understanding of population-based procedbas drive plant interactions in
community-level (Azcarate et al. 2002, Donohuel .€2@10).

In spite significant advances promoted by thesdis$, they were all carried out in
temperate areas, and many angiosperm lineagesbleaveoverlooked. Because variation
in seed traits is dependent upon phylogeny (Motes.e2005), community-level studies
addressing the evolution seed traits in temperaéasaare limited in fostering the
understanding of seed evolution in species-richraanities. Therefore, studies capturing

the variation in seed traits in tropical vegetasiane called for.
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In this study, we aimed to understand the evolutbgermination strategies in a
species-rich Neotropical rocky montane vegetatie.asked how is the variation in seed
traits distributed among plant functional types mogans of phylogenetic comparative
methods. Incorporating the phylogenetic informatioh the species is important to
understand how evolutionary history underlies preg@ay morphological and
ecophysiological patterns (Ackerly 2009a). Moreovlee use of phylogenetic comparative
methods allows us to separate ecological and ewvohry effects on seed traits (Ackerly
2009a). Our focus was on species of Melastomataweeaise this plant family is not only
dominant in the Neotropics but also because it titoitss one of the most functionally
distinctive, ecologically diverse and species ratide of flowering plants (Angiosperm
Phylogeny Website 2011). Reasonable phylogenepothesis are being made available

for the family, which allows us to implement theyfhgenetic comparative methods.

Material and methods
Study area and study species

Seeds were collected along the Espinhagco Rangepumtain chain spanning
1000km in length in south-eastern Brazil. The BEspgo Range was designated as an
UNESCO Biosphere Reserve (UNESCO 2011), in paralmse they harbor high levels of
plant biodiversity and endemism (Alves & Kolbek B)land in part, because increasing
human pressures are leading native species thitbat tof extinction (Giuliettet al. 1997,
Jacobiet al. 2007). The main vegetation in the study site imantane rocky grassland
called rupestrian fields (one vegetation type amthregvarious of the Brazilian Cerrado,
Fig. S1). The rupestrian fields occur in areas ab®0m a.s.l. where plant communities
establish on shallow, acidic, nutrient-poor, andessively drained quartzite-derived or
ironstone soils (Giuliettet al. 1997, Benites et al. 2007, Jacebial. 2007). Plants in these
communities experience strong winds, high sun ekipaos frequent fires, high daily
thermal amplitudes, and water shortage during the sgason (Giuliettiet al. 1997,
Madeira & Fernandes 1999).

Island-like configuration of highland rupestriarelis among lowland Cerrado
vegetation promoteth situ speciation and might be responsible for the maariee of
endemic species (Alves & Kolbek 2010, Echternattdl.e2011). The intersection of the

Espinhaco Range among savannas, seasonally dstdaed semi-deciduous rainforests
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favored the colonization by South American wideadrespecies. Another remarkable
feature of the rupestrian fields is habitat hetermgty. In rocky outcrop vegetation,
resource heterogeneity results in a plethora otrohabitats with particular species-soill
relationships (Conceicdo & Pirani 2005) in a wagttlome species are restricted to
isolated outcrop environments and others are céstrito the matrix of zonal herbaceous
vegetation (Alves & Kolbek 2010). Local drainageteyns dictated by topography further
diversify this environment by creating relativelyrhid or arid sites, which are found
practically side-by-side (Alves & Kolbek 2010). Theparse-textured soils of this
vegetation have low water retention capacity (Benet al. 2007, Negreiros et al. 2009)
and create seasonally xeric habitats during thesdagon (Coelho et al. 2006, Oliveira &
Garcia 2011). In contrast, mesic sites occur nedemnourses and are capable of maintain
relatively higher water content than xeric sites ltlmg periods of time (Cap. 3). Humid
streamside vegetation includes dense, low stanegich the shrub and herb layer have
many peculiar hygrophilous species of Melastoma@ad¢alves & Kolbek 2010).

Melastomataceae consists of morphologically divetaats that occur throughout
different habitats in the Neotropical region (Clags& Renner 2001, Fig. S1). This
pantropical family comprises nearly 5000 speciearged into nine tribes and 150-166
genera (Renner 2004), and attains highest divearsittye Neotropics (Renner et al. 2001).
With nearly 521 taxa (Mendonca et al. 2008), thdag®mataceae is the fourth most
speciose family in the Brazilian Cerrado.

Our sampled comprised 50 perennial species of toates (~10% of the species
from the biome) into 17 genera and four tribes (aBl). Representative taxa in our
sample include Miconieae, Microlicieae and Melastam Miconieae is a monophyletic
group characterized by small flowers with infer@r partly inferior ovaries that develop
into baccate fruits (Michelangeli et al. 2008). Ng&0% of the 275-300 species of
Microlicieae are endemic to the rupestrian fieldbere it originated (Fritsch et al. 2004).
Species in this Tribe and in its sister-group, Metastomeae, produce dry capsules whose

seeds are abiotically dispersed (Fig. S1).

Seed collection and germination experiments
Mature fruits were collected during the peak ofdsdespersal (F. A. O. Silveira,

unpublished data) from 2008 to 2010. Seeds wetleatetl from individuals occurring in
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their natural habitats from at least 20 individugler species. For nine species. (
punctatissimaL. pulcherrima L. coriaceg L. cordatum M. sipolisii, M. ligustroides M.
rubiginosa P. alpestrisandT. candolleand the number of sampled individuals was 3-15.
Dry seed mass was determined in 33 species by timjgiour replicates of 100 seeds on a
digital scale after drying at 70°C for 5 consecaitilays. Seeds were set to germinate under
light and dark conditions at controlled temperatooaditions (Cap. 3) and germination
was monitored at daily intervals for 30 days. Facle replicate, we calculated final
germination (germinability), mean germination tinflGT; Ranal & Santana 2006),
germination synchrony (Ranal & Santana 2006) agitt iequirement index (LRI; Milberg

et al. 2000).

MGT =Zk:nti/zk:ni
= =

wheren; is the number of seeds germinated in the fimes the time from the start of the

experiment to theéh observation, anllis the time of last germination.
_ K K
E=-> filog, f, beingf =n/>n

i=1 i=1

where f is the relative frequency of germination,isithe number of seeds germinated in

the dayi and k is the time of last germination. Lo values indicate more synchronized

germination whereas values approaching zero dgrastect synchrony.

LRI =Gl /(Gd +Gl)

where Gl = the germination percentage in light, &= the germination percentage in
darkness. LRI ranges from zero (germination ocongranly under dark conditions) to one
(total light requirement). Values near 0.5 indicapdotoblastism.

Ordinary statistical analyses
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To carry out the analyses, species were groupeaut@ng to functional groups and
distribution. Plant functional types are used hera broad concept. Plant functional types
are defined as a group of plants that, irrespecifyghylogeny, are similar in given set of
traits and similar in their association to certeamiables $ensuPillar & Sosinski-Jr 2003).
In this study, plant functional types comprise giteiorm (trees, shrubs or sub-shrubs),
dispersal mode (biotic vs. abiotic) and disperdanmlogy (continuous, dry, dry-rainy,
rainy or rainy-dry). As defined here, plant distiiion encompasses plant microhabitat
(xeric or mesic) and geographic range (endemicjéstrian fields or widespread in Brazil
and/or South America). All 50 species were assigoednly one category for each plant
functional types and distribution based on our ey knowledge on their natural history
(F. A. O. Silveira, unpublished data, Cap. 3) anelcges description.

Four replicates of 50 seeds (25 seedsMaronia and Leandrg were mounted.
Data in percentage were arcsin transformed to rieetassumptions of the parametric
analysis (Santana & Ranal 2006). Firstly, we raa-emay ANOVAs for each functional
group separately (y-variables were germinabilitgd MGT). One-way ANOVAs measured
the effect of each factor across all variables. nThee ran two-way and three-way
ANOVAs in order to detect significant interactioasiong functional groups in response
variables (Wang et al. 2009). The Tukey test wasdu®r post-hoc in all multiple

comparisons (Zar 1996).

Correlations among germinability, MGTE, LRI and seed size were determined
through Pearson correlation test. These correlatiegre carried out for the 33 species for
which we measured seed size (Zar 1996). In allyaeal we establishedvalues of 0.05.

Finally, we calculated the coefficient of variatig@V) in germinability and in

MGT in order to get insight into the amount of @ate exhibited by those traits.

Phylogenetic-based statistics

To explore the evolutionary patterns of seed drait Melastomataceae, an
ultrametric phylogenetic tree showing relationshgpsong the studied taxa was built. A
pruned tree was built with the study species asit&l tips using the maximally resolved
tree with the use of Phylomatic (http://www.phyleelisity.net/phylomatic/).

The occurrence of several polytomies in our tfdg.(S2) may prevent the correct
interpretation of the evolution of seed dormancywsdver, most polytomies were in
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terminal taxa and thus, considered soft polytor(Mésbbet al. 2006), which are likely to
cause low interference in interpretation (Ackerly09a). Polytomies in the tree were
resolved by randomly generating 100 fully resolvezks using Mesquite (Maddison &
Maddison 2008). Species relationships were impraretipolytomies were resolved based
on available and published data for the taxa waighips in the family (Renner 1993,
Clausing & Renner 2001, Fritsch et al. 2004, Gadideg et al. 2008, Michelangeli et al.
2008). Unpublished theses were also used to determelationships at generic and
specific levels.

Dating branch length is important to avoid bias estimates of phylogenetic
distance. Based on estimates on clade age for Melataceae, we calibrated the tree by
dating know nodes with the Branch Length ADJustnfanttion (BLADJ) algorithm of
the Phylocom (Webbt al.2006). We were able to perform node dating by idiclg node
age estimates for five nodes, including the roatentknown estimated ages for the root
node are a prerequisite for BLADJ. Even with onlyesv nodes dated, the resulting
phylogenetic distances can be a marked improvermaensimply using the number of
intervening nodes as a phylogenetic distance (Watbhl. 2006). Age estimates were
extracted from Renner & Meyer (2001), Renner et(2001), Fritsch et al. (2004) and
Rutschmann et al. (2007). Undated nodes were assigqual branch lengths between
nodes for which age estimates are available, mangi tree-wise variance in branch
length (Moles et al. 2005, Milla 2009).

Our approach included four phylogenetically-basedlyses. All of them were
implemented with Analysis of Traits (AOT) package Phylocom (Webb et al. 2006).
Firstly, we calculated the PICs for each seed.tfor all nodes the contrast size is the
estimated trait value at one daughter node, mihasestimated trait value of the second
daughter node, divided by the square root of thed twanch length between the two nodes
(Felsenstein 1985). The second analysis was theulatibns of divergence and

convergence across nodes in the phylogenetic orderé seed traits: germinability, MGT,

E, LRI and seed size. A significant divergence meaas trait divergence between sister
groups is higher than expected by chance whersmmiicant convergence means that the
divergences in a given trait is lower than expettgdhance in two lineages arising from a
given node. Then, we obtained tree-wise phylogersgginal for each of the five seed traits

(Blomberg et al. 2003). Trait values were permwenbss the tips of the tree 19,999 times
121



to test whether the observed values are signifigatitferent than would be expected by
chance (Moles et al. 2005, Milla 2009).

Finally, we calculated the contribution index whremks divergences according to
the amount of present-day variation in seed masy #xplain (Moles et al. 2005).
Expected values for the internal nodes of the weee multiplied by the amount of the
total variation (across the whole tree) that ligthim the focal clade. This method gives
high scores to divergences that are large andiaylva clades with large numbers of

descendent species (Moles et al. 2005).

Correlations among PICs in germinability, MG, LRI and seed size were
determined through Pearson correlation test for Slime 33 species used in ordinary
statistics. A principal component analysis (PCAxwarried out based on the correlation

matrix of all PICs.

Results
Ordinary statistical analyses

We have found significant effects of distributiamdgplant functional types on both
seed germinability and MGT. Except for geographiege, all explanatory variables were
highly correlated with y-variables (Table 1). Subedhs had lower germinability and
shrubs had lower MGT compared to the other growt$ (Fig. 1A). Seeds of species
from mesic sites germinated faster and to highecgmtages compared to seeds from
species occurring in seasonally xeric sites (FiQ). ISeeds from berries germinated to
higher percentage compared to seeds from capsuieseébformer took longer to complete
germination compared to the latter (Fig. 1D). Redahle differences were also found for
germinability and MGT in species differing in sedidpersal seasons. Plants dispersing
seeds during the rainy-dry transition had the lawesminability and highest germination
time (Fig. 1E).

We also found significant interactions among exatary variables. Nine out of ten
interactions were significant for germinability asgéven out of ten interactions were
significant for MGT (Table 2). In general, two-léviateractions were characterized by
lower germinability and higher MGT of bioticallyspersed species, lack of differences
between species in xeric and mesic habitats andd/eesponses between widespread and
endemic species (Fig. S3).
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Table 1. Summary of one-way ANOVA for the effectis pdant functional types and

distribution on germinability and mean germinatiome of 50 Melastomataceae species
from a Neotropical montane savanna.

Source of Variation DF Germinability Mean germination time
F p F p
Growth-form 2 24.555 0.000 5.898 0.003
Microhabitat 1 5.218 0.023 18.555 0.000
Dispersal 1 25.747 0.000 19.379 0.000
Phenology 4 28.520 0.000 6.445 0.000
Geographic range 1 2.595 0.109 0.136 0.713

Finally, we have detected significant three-lemeractions for both variables. All

interactions were significant for germinability asdven out of ten were significant for

MGT (Table 3). The variance in germinability wassmlerably higher than that of MGT.
The relative frequency of CV for MGT was skewed &ogv low values, whereas for

germinability, the relative frequency of CV valuess more evenly distributed despite
higher frequency of low values (Fig. 4).
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50 Melastomataceae species as a function of grtomth-(A), geographic range (B),
microhabitat (C), dispersal mode (D) and phenol@gy Numbers in brackets refer to

sample size in each category.

Phylogenetic-based statistics

We found significant tree-wise phylogenetic sigf@l LRI (p= 0.017) and seed
size (p=0.027), but not for MGT (p= 0.81), germiiigo (p= 0.63) ancE(p= 0.43). We

then, analyzed trait conservatism by node alonghtiyogenetic tree.

For germinability we found six divergences and foomvergences. One divergence
occurred between Merianieae and Miconieae andehmining divergences all occurred
within the Miconieae. One of them occurred betwkeandraand the rest of Miconieae
and the other four amorigiconia species (Fig. 2A). A convergence was found between

Melastomeae and Microlicieae and three within Micieae (Fig 2A).
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A similar pattern was found for MGT. Divergencesueced between Merianieae
and Miconieae and also in Miconieae. A single djeaice occurred amondicrolicia
species (Fig. 2B). Divergences occurred betweerasti@meae and Microlicieae, between
Rhynchantherand amond.avoisiera(Fig. 2B).

Table 2. Summary of the two-way ANOVA interactioms germinability and mean
germination time of 50 Melastomataceae species fropestrian fields. Growth-form
(GF), microhabitat (MH), dispersal (D), phenolo@) @nd geographic range (GR).

Source of Variation DF Germinability Mean germination time
F p F p
GF x MH 4 2.406 0.093 2.594 0.078
GFxP 8 14.613 0.000 6.168 0.000
GFxD 2 5.876 0.003  29.514 0.000
GF x GR 4 4.098 0.018 3.593 0.030
MH x D 1 17.424 0.000 1.974 0.162
MH x GR 1 6.355 0.012 7.535 0.007
MH x P 4 8.718 0.000 5.165 0.001
D x GR 1 17.444 0.000 15.162 0.000
DxP 4 11.414 0.000 7.587 0.000
GRxP 4 5.661 0.000 2.101 0.083

The patterns found for the evolution &were very similar to those found for
germinability. Again, divergences were observedveen Merianieae and Miconieae and
within Miconieae, whereas convergences were obdetvetween Melastomeae and
Microlicieae and within Microlicieae (Fig. 2C). F&RI, a single convergence occurred
betweenTrembleyaspecies and no significant divergences were obdgiivig. 2D).

Five convergences and no divergences were obsdoredeed size along the
phylogenetic tree. Consistent to previous pattecosyergences were observed between
Melastomeae and Microlicieae and within Microli@edut also occurred imibouchina
(Fig. 2E). We have found a strong pattern of cowt#id evolution in divergences and
convergences along the phylogenetic tree of Metagtaceae (Table 3).
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Cross-species comparisons revealed significant tipesicorrelation between
germinability and synchrony and between germingbikknd seed size. A negative
significant correlation was found between germihigband MGT (Table 4). Phylogenetic-
controlled correlations revealed significant cateins between germinability and
synchrony and a negative correlation between spmghand MGT. However, the other
two significant correlations in ordinary-cross speccomparisons ceased to be significant

when phylogeny is taken into account (Table 4).

Table 4. Pearson correlation coefficient among semtts of 33 species of
Melastomataceae from rupestrian fields, southea®eazil. Values below diagonal refer
to classical cross-species comparisons. Values ealolimgonal refer to phylogenetic-

controlled statistics. Germination traits are mea@nmination time (MGT), germination

synchrony Q_E) and light requirement index (LRI).

Germinability MGT E LRI Size
Germinability 0 -0.279 0.581*** 0.0613 -0.0260
MGT -0.373* 0 -0.773*** -0.0180 0.0989
E 0.722%** -0.255 0 0.0112 -0.0733
LRI 0.0682 0.0945 -0.158 0 -0.0399
Size 0.457** 0.0823 0.242 -0.0511 0

*P>0.05;* P >0.01; ** P >0.001.

Table 5. Correlations among the divergences makimeg 20 largest contributions to
present-day variation in germination traits of S5Cldstomataceae species. All LRI

correlations were non-significant. Germination tgaare mean germination time (MGT)

and germination synchronyg().

MGT Germinability
MGT -
Germinability 0.98*** -
E 0.97*** 0,98+
** P > 0,001.
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The first two axes of the PCA using PICs accouriteds7.1% of total variance
(Table S2). Contrasts in MGT were positively asatad with PC1, whereas contrasts in
germinability and synchrony were negatively asdediavith PCI. Contrasts in seed size
and in LRI were correlated with PC2, but in oppesiirections (Fig. 3, Table S2).
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Figure 3. Biplot representation of trait scorestié first two axes of the principal
component analysis (PCA) of PICs in seed trait83kpecies of Melastomataceae from
Neotropical montane grasslands. Numbers indicage nbdes from where PICs were

calculatedMGT= mean germination time and LRI= light requirethindex.
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Figure 4. Relative frequency distribution of valuefs coefficient of variance (CV) in
germinability and mean germination time (MGT) in §fecies of Melastomataceae from

Neotropical montane grasslands.

Discussion

In our cross-species comparisons, we were ablehtow show variation in
ecophysiological and morphological seed traitsssoaiated with plant functional types
and distribution. Association of seed germinatioithwplant functional types and
phylogeny has been found in arid and alpine mead(®us et al. 2008), semi-arid
vegetations (Wang et al. 2009) and Mediterraneasystems (Luna & Moreno 2009) but
our study is unique in that it shows a germinaptenology linkage. Species with seed
dispersal during rainy-dry transition (unfavourabtenditions for establishment, Cap. 4)
had lower germinability and delayed germination pared to the other phenological
groups. The patterns held even considering theractiens with other life-history
attributes.

The fact that most significant two-way and threesweere significant suggests that
germination and ecological traits are associatechane complex ways than previously
thought. Multiple selective pressures operatingopposite directions may drive the
evolution of germination traits and it is more likehat present-day patterns result from
the balance among the strength in each selectiesspre (Moles et al. 2005, Bu et al.
2008). Irrespective of phylogenetic position, geration traits evolved in similar ways in
plants under the same combination of interactingctige forces. A good example of
convergent evolution is seed dormancy (Cap. 4).

Our data provides low support for the associatietwben germination and plant
distribution (Donohue et al. 2010). We did not oliee significant differences in
germination traits between widespread and endep&ciss. As a matter of fact, the lack
of association between germination traits and galaftt distribution is increasingly being
documented in the rupestrian fields (Silveira efll1, Cap. 3). Therefore, we argue that
factors controlling seedling establishment, rattian seed germination, may account for
restricted geographic distribution of endemic spgci

We have found strong and consistent patterns irevb&ition of germination traits

along the phylogenetic tree of Melastomataceaem®ability, MGT ancE lacked a tree-
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wise phylogenetic signal, but showed similar padesf evolution when trait conservatism
is examined by node. The consistent pattern ofrdameces Merianieae and Miconieae and
within the Miconieae is only rivalled by the coardied patters of convergences between
Melastomeae and Microlicieae and within Microli@ed hese patterns indicate different
selective pressures driving the evolution of setdtegies in those groups. For the
Miconieae, data suggests strong competition whefi@ablicrolicieae, germination traits
independently evolved in responses to similar emvirental pressures.

Divergences in seed traits are often associateld stiifts in dispersal mode and
growth-form (Moles et al. 2005). In our case, thdyedivergence between Merianieae and
Miconieae ~53 million years ago (Ma) was associatgl a shift in dispersal mode from
abiotic to biotic. Further divergences within thecbhieae suggest competition avoidance
in these berry-fruited species. SpeciesMa€onia often show minor overlaps in fruiting
seasons, so that selection may have favoured taigieplacement in dispersal seasons as
well (Snow 1965, Poulin et al. 1999, F. A. O. Sitagunpublished data). It is appealing to
argue that divergences in germination traits ase al product of character displacement
resulting from disruptive selection, but additiorstldies are needed before invoking
competition avoidance as drivers of present-dayepat. As similar as for phenological
strategies, assuming competition as an selectioe fdriving the evolution of germination
syndromes would imply in accepting that divergemcgermination traits may also help
plant coexistence in these species-rich grassigdgb 1977).

Melastomeae and Microlicieae diverged ~24.5 Ma, ibutontrast to putative
competition experienced by berry-fruited speciesngnation traits in these abiotically-
dispersed species were more similar than wouldxipeated by chance. This functional
convergence in germination is not only associatét the dry-capsule habit, but also to
shifts in growth-form and geographic distributidviicrolicieae comprise shrubs or sub-
shrubs and virtually all species are endemic ofrthpestrian fields (Fritsch et al. 2004),
where they originated and adapted (Simon et al9R00

The divergence oRhyncantheraand the rest of Microlicieae ~3.7 Ma was also
followed by a convergence in the clade includitigrolicia, Lavoisierg Chaetostomand
Trembleya Two main ecological shifts were associated witls tdivergence. First, the
hygrophilous Rhynchantheraspecies are associated with humid streamside attyet

(Alves & Kolbek 2010) and whereas the remainingeganare primarily associated with
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seasonally xeric sites. In additidRhynchanteras a widespread genus whereas the other
genera are nearly endemic to the rupestrian fieltlsnce, this late convergence is
considered a physiological adaptation to this emrrent.

But what particular set of traits distinguish trexrmgination of Microlicieae? Apart
from Rhynchanteraand fewLavoisierg seeds in this tribe show physiological dormancy,
delayed germination and low germinability (CapCap. 4). Moreover, these species, as
low-stature plants do in general (Thomson et all120share poor dispersal distances
(apex-to-base dehiscence Tmembleya, Microliciaand Chaetosomaand base-to-apex
dehiscence iLavoisierg Fritsch et al. 2004)As a result of poor dispersal distance by
these capsules, plants in these genera often shuwmped distribution (see Fig. S1 K-P).
Seeds of poorly-dispersed species are more likelgxperience sibling competition and
often show delayed germination and/or dormancydBal. 2008).

Ecological and evolutionary meaning of the funcailbconvergence in Microlicieae
seeds will only be understood when we establisitrérevironment association (Martins
2000), i.e. when we know enough on the dormancgking mechanisms in the field. Fire-
mediated dormancy release is a good example oftitunat convergence in fire-prone
habitats (Keeley & Bond 1997), and is also expentdate flora of the rupestrian fields.

Some cross-species correlations were not signifio’hen phylogeny was
accounted for. Different outcomes in cross-specesd phylogenetic-controlled
correlations indicate that trait correlations amaxgant species do not provide a reliable
estimate of the historical patterns of correlatedl@ionary changes that have occurred
along the branches of the phylogeny (Ackerly 2009&grefore, there was no consistent
evolutionary trend for correlated changes betweermmability and MGT and between
germinability and seed size. Our data strongly seugpthe idea that germinability and
germination synchrony evolved in a coordinated neann

We expected significant phylogenetic correlatiorgween seed size and LRI
(Milberg et al. 2000) and seed size and germinatiime (Norden et al. 2009, Bu et al.
2008), because these traits have been shown to dwesolved (Milberg et al. 2000,
Norden et al. 2009). A possible explanation for ek of significant in phylogenetic
correlation is the small seed size amplitude ussé.rDespite variation in seed size was
155-fold among the studied species (Cap. 3), seedrs Melastomataceae is a conserved

trait.
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Contrary to seed size which is a phylogeneticadlyserved trait (Moles et al. 2005,
Norden et al. 2009), we found numerous events w@érdence and convergence in
germination traits along the phylogenetic tree oél&dtomataceae. In this study, we
documented phylogenetic signals for seed size &id Which are interpreted as niche
conservatism (Losos 2008, but see Ackerly 2009bgrdfore, for the studied species, light
requirement for germination shall not be interpileds an adaptation to open environments
as suggested for other small-sized species (Gé&rQéveira 2007). Rather, photoblastism
in this set of species is a plesiomorphic charaatber should be considered as a constraint
to the small seed size.

Small seed size is often associated with mesie siteereas xeric sites are related
to larger seed size (Leyer & Press 2009). The ¢tdakvergences in seed mass in daughter
nodes shifting in microhabitat does not necessanidans the lack of the pattern. These
divergences would be expected in terminal tipshef tree, where resolution is poor. The
polytomies in Lavoisiera and Miconia (two genera where habitat divergence were
recurrent) may have prevented the detection ofdatergences.

Concluding, morphological and ecophysiological sé@ats of Melastomataceae
were affected by phylogeny and ecological fact@sir data shed light on the evolution of
seed traits in a Neotropical montane savanna. Mereave have shown a great dynamism
in seed germination strategies in a relative satllof species. The implications of our
findings are twofold: first, character displacememtgermination traits as a result of
disruptive selection may help promoted species istence in species-rich communities.
Secondly, our data suggest coordinated evolutiodigfpersal mode and growth-form.
Although Melastomataceae is a suitable model ferstiudy of seed evolution, we advise
caution before extrapolating our results for othaxa because seed size is highly
conserved in the family. We encourage further ssidemploying the phylogenetic
comparative methods in species-rich savannas todespecies belonging to clades with
greater variation in seed size. These studies halp understand the role of seed in

structuring plant communities.

Table 3. Summary of the three-way ANOVA interactioim germinability and mean
germination time of 50 Melastomataceae species fropestrian fields. Growth-form
(GF), microhabitat (MH), dispersal (D), phenolo@®) @nd geographic range (GR).
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Source of Variation DF  Germinability Mean germination time
F p F P
GF x MH x DM 2 3.048 0.050 5.963 0.003
GF x MH x GR 2 5.022 0.007 4.381 0.014
GFXMHXxP 8 8.092 0.000 4.381 0.014
GFx D x GR 2 5.116 0.007 7.293 0.000
GFxDxP 8 11.720 0.000 2.119 0.123
GFxGDx P 8 9.448 0.000 2.933 0.004
MH x D x GR 1 5.910 0.016 0.816 0.367
MHxD x P 4 3.789 0.005 0.303 0.876
MH x GR x P 4 4.425 0.002 6.538 0.000
DxGRxP 4 9.953 0.000 3.268 0.013
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Figure 2. Topology of the phylogenetic tree of 56ldstomataceae species showing the location
of divergences (gray diamonds) and convergendésd(tiircles) in seed germinability (A), mean
germination time (B), germination synchrony (Cghli requirement index (D) and seed mass

(E). Data for E is restricted to only 33 species.
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Electronic supplementary material

Silveira et al. — Comparative ecophysiology of sdednancy and germination in Neotropical montanvasaas

Contents:

1) Table S1
2) Figure S1
3) Figure S2
4) Figure S3
5) Table S2

Table S1. Life-history traits and geographic ranfB0 Melastomataceae species from Neotropical amengjrasslands in Brazil.

Tribe Species Growth-form Habitat Dispersal Dispersal Geographic distribution
phenology

Melastomeae  Acisantheraalsinaefolia Shrub Mesic Abiotic  Continuous Endemic
Melastomeae Acisanthergpunctatissima* Sub-shrub Xeric Abiotic Rainy-Dry Endemic
Melastomeae Cambessedesia hilariana Sub-Shrub Xeric Abiotic  Continuous Endemic
Microlicieae Chaetostoma armatum* Sub-Shrub Xeric Abiotic Rainy-dry Widespread

Miconieae Clidemia capitellata Shrub Xeric Biotic Rainy Widespread

Miconieae Clidemia urceolata Shrub Xeric Biotic Dry-Rainy Widespread
Melastomeae Comolia sertularia* Shrub Xeric Abiotic Rainy-dry Endemic
Melastomeae Comolia sessilis Shrub Xeric Abiotic Dry Endemic
Microlicieae Lavoisiera campos-portoaria Shrub Xeric Abiotic Dry Endemic
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Miconieae Miconia stenostachya Shrub Xeric Biotic Rainy Widespread

Miconieae Miconia rubiginosa Tree Xeric Biotic Rainy Widespread

Miconieae Miconia theaezans Shrub Mesic Biotic Rainy-dry Widespread
Microlicieae Microlicia avicularis* Sub-Shrub Xeric Abiotic Dry Endemic
Microlicieae Microlicia fulva Sub-Shrub Xeric Abiotic Dry Widespread
Microlicieae Microlicia graveolens Sub-Shrub Mesic Abiotic Dry Endemic
Microlicieae Microlicia sp* Sub-Shrub Xeric Abiotic Rainy-Dry Endemic
Microlicieae Microlicia sp2 Sub-Shrub Xeric Abiotic Dry Endemic
Microlicieae Microlicia tetrasticha* Sub-Shrub Xeric Abiotic Rainy-Dry Endemic
Melastomeae Pterolepis alpestris Sub-Shrub Mesic Abiotic Dry-Rainy Endemic
Microlicieae Rhynchanthera cordata Shrub Mesic Abiotic Dry-Rainy Widespread
Microlicieae  Rhynchanthera grandiflora Shrub Mesic Abiotic Rainy Widespread
Melastomeae  Tibouchinacandolleana Tree Xeric Abiotic Rainy Widespread
Melastomeae  Tibouchina cardinalis* Shrub Xeric Abiotic Rainy-dry Endemic
Melastomeae  Tibouchinaheteromalla Shrub Xeric Abiotic  Continuous Widespread
Melastomeae  Tibouchinamartiusiana Shrub Xeric Abiotic Dry-Rainy Widespread
Melastomeae Tibouchinasp. Tree Xeric Abiotic Dry Endemic
Microlicieae Trembleya laniflora Shrub Xeric Abiotic Dry-Rainy Endemic
Microlicieae Trembleya parviflora Shrub Mesic Abiotic Rainy Endemic

* Denotes species with dormant seeds.

T Included in the list of rare plants of Braziltbreatened by extinction by red lists.
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Figure S1. Representative landscape and specitseaf melastome subfamilies. (A)
Typical grassland showing a rocky outcrop in tliegart. (B) General aspect of a rocky
outcrop. (C)T. cardinalis established on rocky outcrops. () hilariana in xeric
grasslands. (EL. caryophylleain mesic grasslands. (M. chamissoisn streamside
vegetation. (G) Fruit dehiscence ©f sertularia (H) blooming ofM. rubiginosaand a
gallery forest in the back. (I-J) Berries bf. stenostachyand M. ferruginata (K)
Clumped distribution oM. tetrasticha(fruiting; fruit details in the inset) andicrolicia
spl. (flowering). (L) Clumped distribution @&fl. taxifolia. (M) Fruit dehiscence of.
cordata (N) Clumped distribution of. parviflora (O) Fruit dehiscence df. subulata
(P) Fruit dehiscence &f. campos-portoanéQ) Flowering ofT. laniflora. All photos by
F. A. O. Silveira, except K and N by D. Negreiros.
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Figure S2. The reconstructed phylogeny of the ®eisg of Melastomataceae showing
soft polytomies indicated by arrows.
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Figure S3. Average

(xSE) germinability and mean ngeation time of 50

Melastomataceae species as a function of growth;fogeographic distribution,

microhabitat, dispersal mode and phenology.
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Table S2. Principal components 1 (PC1) and 2 (R&f2@ined from the matrix of

correlation for contrasts in seed traits in 50 sgeeof Melastomataceae. LRI= light
requirement index

Contrasts in seed traits Axis 1 AXxis 2
MGT 0.5429 -0.1848
Germinability -0.5817 0.02605
Synchrony -0.6026 -0.1189
LRI 0.03237 0.9412
Size -0.05244 -0.2553
Variance explained (%) 46.35 20.7
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CAPITULO VI

DINAMICA DE BANCOS DE SEMENTES DE MELASTOMATACEAE

EM HABITATS HETEROGENEOS

Fernando A. O. Silveira, Natalia C. Robles, Nat®MiaSales, G. Wilson Fernandg&s

José P. Lemos-Filho
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Resumo

Bancos de sementes sdo importantes para a mamugemegeneracdo de populacdes e
comunidades vegetais. Neste estudo avaliamos oartangento de sementes de 18
espécies de Melastomataceae enterradas em solegetacdes de alta heterogeneidade
ambiental. Sacos com sementes foram enterradosneaelos em periodos favoraveis e
desfavoraveis para o estabelecimento em solosiadescaos afloramentos rochosos e
aos campos graminosos. Os sacos contendo semerdas éxumados em intervalos
regulares de seis meses até um periodo de 12e(gmteies) a 18 meses (11 espécies).
As sementes das espécies estudadas apresentargexaimpadrdo de dinamica nos
bancos, com espécies variando em longevidade, aodde dorméncia secundaria e
capacidade de deteccéo de heterogeneidade ambkentdpécies estudadas evoluiram
varios tracos nas sementes que favorecem a sobneiave persisténcia no solo. Ciclos
anuais de dorméncia sdo documentados pela primeraa familia e provavelmente
evoluiram como resposta a mortalidade de planinthsidas pela seca. A similaridade
nas condicdes de temperatura e umidade do solo coadicbes favoraveis e
desfavoraveis deve impedir o reconhecimento dadamomentos apropriados para o
estabelecimento. Nossos dados sugerem a existindimitacdo de disperséo e filtros
ecoldgicos durante o estabelecimento de plantdlascapacidade de colonizar novos
habitats ndo esta relacionada a filogenia das iEspér que sugere conservantismo de

nicho.

Palavras-chave: conservantismo de nicho, dormé&swandaria, ciclos de dorméncia,

campos rupestres, heterogeneidade de habitat.
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Introducao

Em escala local, fatores ecoldgicos e evolutivagrdegnam a distribuicdo de
plantas em comunidades ricas em espécies, espenialnnmaquelas com alta
heterogeneidade espacial (Brown & Lomonilo 1998jn Babitats complexos, a
estruturacdo das comunidades vegetais pode seenfhda por limitagcbes na chegada
de sementesséed arriva), limitacdo de recrutamento, conservantismo deéhic
estrutura filogenética e filtragem ecologica (Wedibal. 2002, Losos 2008, Myers &
Harms 2009, Donohue et al. 2010, Wiens et al. 2010)

A presenca de uma planta em uma determinada coad@iddo é determinada
somente pela germinacao de suas sementes, masrnagels processos que permitem
sua sobrevivéncia e a reproducédo neste local. BAa2épa local de germinacdo podem
determinar as condi¢cdes que o individuo vai expamar ao longo de sua vida
(Turnbull et al. 2000, Donohue 2005). Portanto, &anbientes heterogéneos, espera-se
que a selecdo natural tenha favorecido a evolugiandcanismos para detectar
caracteristicas do habitat que fornecam as platadicoes ideais de estabelecimento
(Walters 1998, Donohue et al. 2010).

Os bancos de sementes, o conjunto de sementespedica do solo ou
enterrado nele (Leck et al. 1989), sdo fundameptaia a reproducdo e manutencéo de
populacdes apos disturbio (Leck et al. 1989, Bulle€hazdon 1998, Wills & Read
2007) e manutencao da variabilidade genética (Rimpsal. 1989). O entendimento da
dindmica dos bancos de sementes torna-se, portamoe para a compreensado de
processos como regeneracdo natural e restauragiiogiea (Vazquez-Yanes &
Orozco-Segovia 1993, Cap. 1). A importancia funaiotios bancos varia de acordo
com o tipo de vegetacdo (Vazquez-Yanes & Orozca8agl1993, Medina &
Fernandes 2007, Salazar et al. 2011). Estudosrdm$ae sementes sao muito comuns
em florestas tropicais chuvosas (Vazquez-Yanes é&€r-Segovia 1993) e permitiram
avangos significativos sobre o conhecimento do utaotento nestes ambientes.
Atualmente se conhece bem a composicdo e estrespacial dos bancos (Butler &
Chazdon 1998, Baider et al. 2001), o papel de malitats (Pearson et al. 2003, Daws
et al. 2008) e sazonalidade (Butler & Chazdon 19@8)ecrutamento e mecanismos de
deteccdo de condi¢Bes Gtimas para o estabelecirdenptantulas (Vazquez-Yanes &
Orozco-Segovia 1993, Pearson et al. 2002, 2003).

Em contraste com os solos permanentemente umiddélsrdstas chuvosas, as

camadas superficiais dos solos de savanas trogleai®nstram marcante redugcéo do
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potencial hidrico durante a estacdo seca (Saldzat. 011). Este fato sugere que
espécies de savanas, sob a forca de diferentepseseletivas, evoluiram mecanismos
diferentes para detectar flutuacées ambientaisipa¢izam condicbes adequadas para o
estabelecimento. Em ambientes sazonais, a altalidade de plantulas resultante da
dessecacdo deve ter sido uma importante press&@bivaeldirigindo estratégias
reprodutivas de plantas. Portanto, nestes ambientpsriodo de estabelecimento a
partir da chuva de sementes e do banco de semestésrestrito aos meses
correspondentes a estacao chuvosa (Cap. 1, 4).

A evolucéo da regeneracao por bancos de sementegapouco conhecida em
ambientes espacialmente heterogéneos (Matias & R@§il). Ambientes heterogéneos
apresentam-se como ambientes complexos, nos qgaidiferentes microhabitats
sustentam floras com composicdo e tracos funciogigiintos (Clarke 2002). Uma
caracteristica marcante de formacdes rupestresdésenvolvimento de vegetacéo
arbustiva distribuida de forma semelhante a artpgpé em meio a uma matriz de
vegetacdo graminoide (Clarke 2002, Alves & Kolbekl@. Os campos rupestres
compreendem uma diversidade consideravel de pedeai®d, e 0 mosaico de
vegetacBes € determinado por aspectos microamisiefBanites et al. 2007). Os
substratos sobre os quais se estabelecem estmsadistegetacoes séo de diferente
origem e provocam isolamento edéafico na comunidagetal (Alves & Kolbek 2010).
Solos associados aos afloramentos rochosos coritésnnéveis de material fibroso e
acumulam matéria organica. Por outro lado, os sadesciados aos campos graminosos
Sa0 compostos em sua maioria por areia grossaequéaixa capacidade de retencao
de agua (Benites et al. 2007). A elevada heterodete ambiental dos campos
rupestres cria microhabitats que sustentam comdesdaegetais diferentes na sua
composicao floristica e em caracteres funcionalark€ 2002, Conceicdo & Pirani
2005, Alves & Kolbek 2010).

Neste estudo, avaliamos a dinamica do banco densesnde 18 espécies de
Melastomataceae em um ambiente espacialmente ¢éterm. Sementes foram
enterradas e exumadas periodicamente a fim deaiara germinacdo em dois tipos de
substratos. Esta técnica permite avaliar com @ecdssobrevivéncia das sementes no
banco e ndo apenas a sua persisténcia (Saatkah2@D9). Especificamente testamos
as seguintes hipodteses: 1) as sementes de Meldataaa formam bancos de sementes

persistentes; 2) a flutuacdo dos sinais ambienegisla a germinacdo e dorméncia de
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sementes no banco; e 3) filtros ecoldgicos limitalnngevidade de sementes em solos
de microhabitats distintos dos adultos.

Material e métodos
Area de estudo e espécies estudadas

Este estudo foi realizado na Serra do Cip6 (1981743°35' O), localizado na
porcdo Sul da Cadeia do Espinhaco, sudeste dol.BPasiaterial vegetal foi coletado
em uma vegetacdo denominada campo rupestre, ques ago areas acima de 900m
acima do nivel do mar em solos quartziticos. A teeg®o de campos rupestres abriga
um elevado numero de espécies e apresenta altmesnde endemismos (Alves &
Kolbek 2010, Echternacht et al. 2011). As comunédagkegetais dos campos rupestres
sdo de maneira geral, esclerofilas e se estabelecensolos acidos, superficiais e
pobres em nutrientes (Giuliettt al. 1997, Benites et al. 2007, Jacalial. 2007) e
algumas de suas espécies apresentam baixa pladécfdnotipica (Negreiros et al.
2009). O clima é sazonal com uma estacao friaa s@n duracdo aproximada de cinco
meses e uma estacdo quente e imida com duraca&inzuia de sete meses (Giulietti
et al. 1997, Madeira & Fernandes 1999). Durante a ests@é®, a umidade do solo cai
vertiginosamente (Coelho et al. 2006), restringirrd@stacdo de estabelecimento e
crescimento aos sete meses do ano correspondesgtzg;ao chuvosa (Cap. 4).

Neste estudo, foram selecionadas 18 espécies dastdielataceae distribuidas
em 10 géneros e trés tribos (Tabela 1). Dez espéestudadas ocorrem nos
afloramentos rochosos e oito nos solos arenoséas Espécies apresentam diferentes

modos de dispersao, formas de vida e histériadie Miabela 1).

Coleta de sementes e experimentos

Frutos e sementes foram coletados no pico de ibagdio. Apos triagem e
processamento, as sementes foram colocadas em daconglon de malha fina e
enterradas nos locais onde as espécies naturalmemtem a 5cm de profundidade
devido a superficialidade dos bancos nesta vege{@adrcia & Oliveira 2007, Medina
& Fernandes 2007).

Para cada espécie, quatro sacos contendo 100-Z@éntes cada foram
enterrados em estacdo favoravel ao estabelecimeerdm estacdo desfavoravel ao
estabelecimento. Sacos foram enterrados em dais tip substrato, solos arenosos e

em solos de afloramentos rochosos (extkttbaguensis Estes solos diferem em suas
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propriedades fisicas e quimicas (Benites et al7R00as ndo ha diferencas na flutuacao
diaria de temperatura (Cap. 3). Um baixo niumergeateentes por saco foi utilizado a
fim de se diminuir as probabilidades de contamioggdr patdgenos de solo e para se
evitar pseudo-réplicas (van Mourik et al 2005). €2s0s contendo sementes foram
exumados em intervalos regulares de seis mesesmaperiodo de 12 (sete espécies) a
18 meses (11 espécies), periodo que é suficiemte quafirmar a incorporacdo de
sementes em bancos persistentes (veja discussdadck et al. 2005). Para que os
periodos de exumacdo das sementes coincidissem asomastacdes favoraveis e
desfavoraveis para espécies com diferentes ferslag dispersdo, o enterramento dos
sacos ocorreu em épocas distintsdléconia stenostachyd,.eandra aureae Miconia
ibaguensidoram agrupadas como espécies dispersoras na@stag@osa (Tabela 1).
Suas sementes foram enterradas em Janeiro de 28%9nmedas em Julho de 2009
(estacdo desfavoravel) e Janeiro de 2010 (estagacakel). As demais espécies foram
agrupadas como espécies dispersoras de seca (Thpelduas sementes foram
enterradas em Outubro de 2008 e exumadas em AbérikaD9 e 2010 (estacdo
desfavoravel) e Outubro de 2009 (estacao favoravel)

O conteudo relativo de agua de sementes recénadaketfoi determinado
através da seguinte formula: CRA= PF-PS/PS*100e dtfe= peso fresco da semente e
PS= peso seco da semente apds secagefiCadd cinco dias. Outro lote de sementes
recém-coletadas foi pesado e colocado para germotavariadas condi¢cdes de luz e
temperatura e testes com sementes enterradas feedimados sob condi¢des 6timas
(Cap. 3). As sementes exumadas foram levadas pkalaooatério, onde os testes de
germinacao foram imediatamente realizados. Pamaesgicie, quatro repeticdes de 25-
50 sementes foram montadas por tratamento. As sesnfaram colocadas em placas
de Petri forradas com camada dupla de papel filtnedecida com solucéo de Nistatina
(2%). As placas de Petri foram incubadas em can@d3 para realizacédo dos testes
de germinacdo em condi¢cdes Otimas (Cap. 3). As rdesidoram monitoradas em
intervalos diarios por 30 dias consecutivos e fo@mnsideradas germinadas apos a
emissao da radicula.

As espécies foram agrupadas de acordo com suatégsdr funcional. Para
definir os grupos funcionais, utilizamos trés cidé: classe de longevidade, ocorréncia

de ciclos sazonais e capacidade de deteccéo dehalictat (Tabela 2).
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Tabela 1. Histéria de vida e habitat de espécigs8ddelastomataceae de campos rupestres.

Tribo Espécies Forma de vida Habitat Disperséao Fetogia®
Melastomeae  Acisantheraalsinaefolia Arbusto Afloramento Abiotica Seca
Miconieae Clidemia urceolata Arbusto Arenoso Biotica Seca
Melastomeae Comolia sertularia Arbusto Afloramento Abiotica Seca
Microlicieae Lavoisiera campos-portoaria Arbusto Afloramento Abidtica Seca
Microlicieae Lavoisiera confertiflora Sub-arbusto Arenoso Abidtica Seca
Microlicieae Lavoisiera cordat Arbusto Afloramento Abidtica Seca
Microlicieae Lavoisiera imbricata Arbusto Arenoso Abidtica Seca
Microlicieae Lavoisiera subulath Sub-arbusto Afloramento Abiotica Seca
Miconieae Leandraaurea Arbusto Afloramento Biotica Chuva
Melastomeae Marcetia taxifolia Arbusto Arenoso Abidtica Seca
Miconieae Miconiaalborufescens Arbusto Afloramento Biotica Seca
Miconieae Miconia ferruginata Arvore Afloramento Bidtica Seca
Miconieae Miconia ibaguensis Arbusto Arenoso Bidtica Chuva
Miconieae Miconia stenostachya Arbusto Arenoso Bidtica Chuva
Microlicieae Microlicia sp. Sub-arbusto Arenoso Abiotica Seca
Melastomeae  Tibouchinamartiusiana Arbusto Afloramento Abiotica Seca
Microlicieae Trembleya laniflora Arbusto Afloramento Abidtica Seca
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Microlicieae Trembleya parviflora

Arbusto Arenoso Abidtica Seca

t Espécies incluidas na lista de plantas raragdsilBu ameacadas de extingcdo por listas vermelhas

1 Dados a partir de observagdes pessoais.

Tabela 2. Critérios utilizados para determinar gaeufuncionais em bancos de sementes de Melastaaatde campo rupestre.

Caracteristica funcional Estado

Evidéncia

Longevidade Alta
Baixa
Ciclos sazonais Presente
Ausente

Deteccdo de microhabitat Presente

Ausente

A germinabilidade final é estatente igual a germinabilidade inicial
A germinabilidade final é estatisticamemteiior & germinabilidade inicial
Diminuicéo significati@aydrminabilidade durante periodos desfavoraveisiga de
aumento significativo em periodo favoravel.
Auséncia de variacao significativa ou aimda germinabilidade durante periodos
desfavoraveis.
Diferencas gigtiifas na germinabilidade de sementes enterramadois microhabitats

Sem diferencas na germinabilidade de desienterradas nos dois microhabitats
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Analises estatisticas

Os dados de germinabilidade foram transformadosseunvalor angular para
atingir os pressupostos das andlises paramétfizaa saco de nylon foi considerado
uma amostra independente. Diferencas nas meédiasnfaleterminadas através de
ANOVA de duas vias seguida do teste de Tukey panagparac6es multiplas. O valor
de 0,05% para foi estabelecido para todas as analises.

Resultados

As sementes das espécies estudadas sédo dimirartasadacdo de massa entre
0,00048¢g e 0,027g (valor correspondente a massamrdéd5 sementes). O conteudo
relativo da agua de sementes maduras variou epipéole 51,4%. Nao foi observada
mortalidade causada por insetos ou fungos e tdoopfmi germinacdo de sementes
enterradas. O tempo de armazenamentaitu e o0 tipo de substrato afetaram a
germinabilidade final. Para nove espécies, 0 armamentoin situ das sementes ndo
alterou a viabilidade, ja que ndo houve diminuis@mificativa na germinabilidade de
sementes recém-coletadas e apos o periodo finatrdazenamento (Figuras 1 e 2).
Para as demais espécies, houve uma diminuicadisigivia na germinabilidade ao
final do experimento, mas em nenhuma das espéciesniou-se evidéncia de
fitopatdgenos nas sementes.

Diferencas significativas na germinabilidade deestes estocadas entre os dois
tipos de solos foram verificadas para 12 espédigguas 1 e 2). Para outras 12
espécies, houve interacdo significativa entre tempipo de solo, indicando que para
estas, o efeito do tipo de solo modulou a respstampo de armazenamento.

Seis espécies apresentaram ciclos sazonais dengéihdade. Estes ciclos se
caracterizaram por diminuicdo significativa da geabilidade em periodos
desfavoraveis para o estabelecimento, seguida poraumento significativo de
germinabilidade em periodos 6timos para o estaietexto (Figura 2).

Doze entre 15 espécies (80%) apresentaram disesggnificativas na
germinabilidade entre os tipos de solo em pelo meamn dos intervalos. Porém,
contrariando nossa expectativa, as diferencas esttgpos de solo foram consistentes
com o habitat dos adultos em todos os intervalaemig@o apenas e parviflora M.
taxifolia e L. cordata(Figura 2). A hipétese de consisténcia entre haldiéis sementes e

adultos foi parcialmente aceita p#@raalsinaefolia
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As duas espécies com dorméncia primafia gertularia e Microlicia sp.)
apresentaram germinabilidade inferior a 10% sobd@$ condi¢cdes e ambas ndo foram
incluidas nos calculos de porcentagem acima neram@ses estatisticas.

As espécies de Melastomataceae de campo rupesgseafam uma grande
variedade de estratégias funcionais no banco deerdem De acordo com as
caracteristicas funcionais das sementes no basaspegcies foram agrupadas em seis
grupos.Miconia ibaguensisido foi enquadrada em nenhum grupo, pois dado® sobr
deteccao de microhabitats ndo estao disponiveis.

Grupo 1- espécies com alta longevidade, dormérexanslaria e com deteccdo de
microhabitatL. aureg T. parviflorae T. martiusiana

Grupo 2- espécies com alta longevidade, sem dolimm&ecundaria e com deteccéo de
microhabitatM. stenostachyal. taxifolia, L. imbricata, C. urceolata A. alsinaefolia
Grupo 3- espécies com baixa longevidade, dormé&exandéaria e com deteccdo de
microhabitatL. cordatg L. confertiflorae L. campos-portoana

Grupo 4- espécies com baixa longevidade, sem daim&ecundaria e com deteccao
de microhabitatl. subulata

Grupo 5- espécies com baixa longevidade, sem dmim&ecundaria e sem deteccéo
de microhabitatM. alborufescensT. laniflora e M. ferruginata

Grupo 6- espécies que apresentam dorméncia prirgarsgrtulariae Microlicia sp.

Discussao

Nossos dados demonstram que, apesar de reducfiegyeaidade para algumas
espécies, de modo geral as sementes de Melasteaatale campo rupestre sao
capazes de formar bancos de sementes. A maiortasdesmentes apresenta CRA
dentro da faixa estabelecida para sementes orted®@ammenter & Berjak 2008), e
portanto sdo capazes de tolerancia a dessecagiuentes de Melastomataceae séo
guase universais nas camadas superficiais do Beleifa-Diniz & Ranal, 2006) de
florestas e savanas neotropicais (Cap. 1), e pad@ns componentes dominantes do
banco em determinadas vegetactes (Baider et al, 20€dina & Fernandes 2007). A
interacdo entre variave@mbientais e caracteristicas das sementes deteangnaada
destas no banco e para as espécies estudadasyenpggmanho de suas sementes
(Cap. 3), mesmo na auséncia de dorméncia prinmiBnanipson et al. 2003), parece ser
o principal fator que permite a entrada e persis#€no banco. Sementes pequenas sao

geralmente fotoblasticas e tém maior probabilidddeenterramento (Milberg et al.
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2000), e na auséncia de condi¢des apropriadagparanacao apos a disperséo, podem
incorporar-se nos bancos (Cap. 6).

O tamanho das sementes € um caractere que cotevobmn a resposta
fotoblastica (Milberg et al. 2000) e com a persisi& no solo (Thompson et al. 1998).
Portanto, para Melastomataceae, a persisténcirevdeéncia no solo ndo devem ser
interpretadas como uma adaptacdo, devido ao slogkemético para o tamanho das
sementes (Cap. 5). A persisténcia de sementesaréeedtes de Melastomataceae em
bancos (Cap. 1) deve ser um traco ancestral esesgeeum exemplo de convergéncia
funcional com outras linhagens de sementes pequmammpo rupestre (Velten &
Garcia 2005, Garcia & Oliveira 2007).

Embora tenhamos verificado grande potencial pafarrmacdo de bancos de
sementes, algumas espécies apresentaram sigudicaiducdo de longevidade
(espécies pertencentes aos grupos 3, 4 e 5). theoirento das sementes acarreta em
perda de fungbes enzimaticas e deterioracdo dewesss sub-celulares, que aumentam
0 stress e eventualmente levam a morte da seméfatiée(s 1998). InUmeros fatores
internos e externos controlam o envelhecimentobeesténcia de sementes no solo
(Walters 1998, Dalling et al. 2010). Neste estudim foram encontradas evidéncias de
mortalidade causadas por fungos (fatores extemasespécies estudadas. A auséncia
de evidéncias de mortalidade induzida por patdgeaesespécies estudadas pode estar
relacionada com a presenca de compostos fendNdeskér 1997, Dalling et al. 2010)
no tegumento destas sementes (Cap. 4, Ribeirq dadbs ndo publicados).

Por outro lado, compostos fendlicos também podetar eslacionados com
propriedades antioxidantes (Pukacka & Ratajczak/ R@spécies reativas de oxigénio
estdo envolvidas com o envelhecimento e dano aimdotede sementes (Pukacka &
Ratajczak 2007), e mecanismos enzimaticos e a dedaocompostos antioxidantes
desempenham importante papel na sobrevivéncia dsente e manutencdo da
viabilidade no solo (Hendry 1993, Bailly 2004, Pcka & Ratajczak 2007, Munné-
Bosch et al. 2011).

Compostos antioxidantes podem estar envolvidos wdades metabdlicas
associadas com a regulacao de ciclos sazonaiséica (Munné-Bosch et al. 2011).
Encontramos seis espécies com evidéncia de doraé&mgundaria. A dorméncia
secundaria € uma adaptacdo predominantemente asa@mm 0 comportamento de
sementes nos bancos. A temperatura e o potendiatdiido solo sdo os fatores que

determinam os ciclos de dorméncia secundéaria (Hith@998), especialmente em
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ambientes sazonais (Ren & Tao 2003, Batlla & Bewfatiold 2006). A regulagéo da
dorméncia por condigbes ambientais evoluiu como wsimatégia que garante a
germinacdo em periodos favoraveis para o estabeatd (Mollard et al. 2007). Os
solos de ambientes sazonais, como 0s dos campestreg) apresentam significativo
decréscimo do potencial hidrico durante os mesesstdgao seca (Coelho et al. 2006,
Salazar et al. 2011) e a evolugédo da dorméncipdee do repertorio de estratégias para
prevenir a mortalidade de plantulas induzida pet@mgCap. 4). Contudo, seqiéncias de
ciclos de hidratacao-desidratacdo causam stressen@ntes enterradas (van Assche &
Vanderlook 2010), e espera-se o0 envolvimento dero8ps mecanismos bioquimicos
que controlam a producdo e degradacdo de espéeitigas de oxigénio quando as
sementes estiverem enterradas em solo encharcado.

Este estudo documenta de forma inédita a dormé&uenandaria na familia.
Embora a classe de dorméncia ndo tenha sido detataji provavelmente se trata de
dorméncia fisiolégica (veja Cap. 4). A evolucdoddaméncia priméria e secundaria em
Melastomataceae demonstra a diversidade de estsatégofisiologicas na familia.
Todas as espécies de baixa longevidade e com doanéacundaria pertencem ao
género Lavoisierg sinalizando um possivel papel da filogenia nalwé&w da
dorméncia secundaria.

Sabe-se que variagdes na temperatura e umidaddadoositrolam a dorméncia
secundaria e emergéncia de plantulas (Battla & &eAenold 2006). Assim, espera-se
gue as sementes dos campos rupestres tenham evaloapacidade de detectar sinais
ambientais que indiguem momentos apropriados parerogsizar a germinagao
(Donohue 2005). No entanto, a maioria das espéuoiestigadas aqui nao foi capaz de
detectar condi¢cbes impréprias para o estabelecomeriboram plenamente capazes de
germinar em altas porcentagens em época desfaV@nareicdo chuva-seca, Cap. 3).
Aparentemente a temperatura e umidade do solo iféi@ éntre o inicio e final da
estacdo chuvosa (Madeira & Fernandes 1999, Codlla. 2006). Se sementes no
banco utilizam a variacdo nestes parametros corilb@gapara iniciar a germinacao,
seria impossivel para elas detectarem por quamipaeas condicbes se manterdo
Otimas o suficiente para o sucesso de estabeleimAparentemente, o tempo de
germinacdo esta sob forte pressdo seletiva, deafgue a sele¢cdo natural favorece
rapida germinacdo sob condi¢cdes o6timas (Cap. SjloPampiricos suportam esta
hipétese (Cap. 4, 5).
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Multiplos fatores ecoldgicos e evolutivos limitamdestribuicdo de plantas. A
estrutura das comunidades vegetais em vegetacOpsstnes € controlada
principalmente por fatores abioticos e o isolamesdéfico € uma das caracteristicas
mais marcantes desta vegetacado (Clarke 2002, S&nday 2003, Alves & Kolbek
2010). Embora dados sobre chuva de sementes esiagigponiveis, a baixa
similaridade na composicdo floristica de bancosafieramentos rochosos e solos
arenosos (Medina & Fernandes 2007) sugere queitadéio de dispersdo seja fator
estruturador de comunidades em campos rupestreab{il et al. 2000, Myers &
Harms 2009). Nossas observacbes de campo demorséiaandistancia de dispersao
para alguns sub-arbustos tipicos de solos aren@gasolicia, Chaetostomae
Lavoisierg, sugerindo limitacdo de sementes (Myers & Har®892. A limitacdo de
dispersao deve ser especialmente forte para Miezak porque a distancia de dispersao
€ menor em plantas pequenas (Thomson et al. 2011).

Nossos dados sugerem ainda, que além da limitag@itsdersdo, a diversidade
local é controlada por filtros ecologicos. Emba@amaior parte das espécies seja capaz
de manter longevidade nos dois tipos de solost@dabo encontrados apenas em um
dos dois tipos de habitats. NGs hipotetizamos gufiitoos ecolégicos atuam durante a
etapa de estabelecimento de plantulas (Turnbudl.e2000, Donohue et al. 2010).
Portanto, filtros bioticos e/ou abioticos e limédiacde estabelecimento sdo sugeridos
como fatores estruturadores das assembléias paespeEsies estudadas (Myers &
Harms 2009, Donohue et al. 2010).

O conservantismo de nicho, definido como a tendéie espécies reterem seus
nichos e caracteristicas ecoldgicas através doag¢wWiens et al. 2010), foi amplamente
distribuido na estrutura filogenética das espéamestigadas. Nossos resultados
sugerem gue a maioria das espécies estudadasrdpresgtricbes na colonizacédo de
outros habitats além daquele no qual os adultosyalarente ocorrem, o que denota
conservantismo de nicho. No entanto, espéciesefileticamente relacionadas nao
apresentam nichos mais similares do que espécies distantes (veja Tabela 1) e
exemplos de divergéncias de nicho sdo comuns egpécies de um mesmo género
(Cap. 5). Deste modo, ndo parece haver consermantie nicho filogenético, definido
como a reten¢do de nicho em espécies filogenetit@melacionadas (Losos 2008).

N&o observamos liberacdo de dorméncia com o armaaEnto no solo para
nenhuma das duas espécies com dorméncia printariaeftularia e Microlicia sp.,

Cap. 4). Muitas espécies requerem mais de um amacspadem da dorméncia (Walck et

156



al. 2005) e somente estudos de longo prazo podderndear ciclos sazonais de
emergéncia em espécies dormentes. As possiveigapdes para a baixa ou nula
germinacao destas espécies incluem: 1) necessigan®lltiplos ciclos de temperatura
e umidade (Batlla & Benech-Arnold 2006, van AssdeVanderlook 2010); 2)
necessidade de mecanismos especificos de quebdaraencia; e 3) alteracdo de
requerimentos germinativos apés a quebra da doieénc

Nossos dados demonstram que as espécies de Meltsmteare apresentam
multiplos caracteres que co-evoluiram e atualmdat®recem a sobrevivéncia e
persisténcia em bancos de semensemnquSaatkamp et al. 2009). A dominancia de
sementes desta familia nos campos rupestres (M&diganandes 2007) aponta para o
importante papel que estas plantas tém na regéwenatural apos disturbio. Sementes
e plantulas de Melastomataceae sédo extremamerg&veaisnao fogo (Hoffmann 2000,
Lahoureau et al. 2006), e seu enterramento poaeder um escape a este disturbio.
Assim, a emergéncia pés-fogo pode ser uma estmatpg permita a emergéncia de
plantulas em uma situacéo de relaxada competigdajaa diminuicdo de biomassa do
estrato herbaceo.

Nossos dados sugerem que a limitacdo de dispefdifios ambientais e
conservantismo de nicho sdo processos ecolégicg®riamtes que estruturam a
vegetacdo dos campos rupestres. De toda formde exisecessidade de se avaliar
aspectos regenerativos desta vegetacdo como a deusementes para entendimento
processos-base que controlam a vegetacdo de campgstire. Particularmente, no que
diz respeito aos bancos de sementes, é relevaaliaraas respostas do banco frente a
distarbios para definir os mecanismos que contradadinamica de recrutamento em

ambientes espacialmente heterogéneos.
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Miconia ibaguensis - Comolia sertularia
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Figura 1. Média (+ EP) da germinabilidade de seswergcém-coletadas e armazenadas em
solos de afloramentos rochosos de quartzito (licbatinua) e solo arenoso (linha
pontilhada) por até 12 meses. Os dados séo dessdeies de Melastomataceae de campos
rupestres da Serra do Cipd. A coluna da esqueptlesenta espécies cujos adultos ocorrem
em solo arenoso e a coluna da direita represepéeies cujos adultos ocorrem em solo de
afloramento rochoso. Letras diferentes indicam amdignificativamente diferentes pelo
teste de TukeyoE 0.05).1 indica diferenca significativa entre spde solo dentro de um

mesmo tempo.
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Figura 2. Média (+ EP) da germinabilidade de sepsmecém-coletadas e armazenadas em solos demedtios rochosos de

guartzito (linha continua) e solo arenoso (linhativtada) por até 18 meses. Os dados sdo de ltiesmie Melastomataceae de
campos rupestres da Serra do Cip6. As duas collmasquerda representam espécies cujos adultagmcem solo arenoso e as
duas colunas da direita representam espécies aujd®s ocorrem em solo de afloramento rochoscagdeen cinza indicam periodos
desfavoraveis para o estabelecimento de plantikdmas diferentes indicam médias estatisticameifiéeetites pelo teste de Tukey

(o= 0.05) entre os tempos de armazenamento. T idde@nca significativa entre tipos de solo dewigaum mesmo tempo.
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CONSIDERACOES FINAIS

Nesta tese o0s padrdes ecofisiolégicos da germinagéo sementes de
Melastomataceae de campo rupestre foram examinadiasndo métodos filogenéticos
comparativos. Tentei incluir informacgdes e realieaperimentos desde a formacédo das
sementes, até a formacao das plantulas, passalwdocpenplexos processos de maturacgao,
dispersédo, germinagdo, dorméncia e formacdo debanc

Espécies de Melastomataceae representam um exceteotielo para testar
correlacfes ecoldgicas e evolutivas com tracosdnacs. A enorme variacao filogenética,
ecoldgica e biogeografica proporciona uma oportasedimpar para entender a evolucao
de caracteres ecofisiolégicos em ambientes trapi€itamanho das sementes também é
bastante variavel nas espécies estudadas, entretadas as espécies que estudei aqui

produzem sementes consideradas diminutas quanclinse&lera toda a variacdo existente
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nas espermatofitas. Este forte sinal filogenétmdamanho da semente é uma caracteristica

gue determinou grande parte dos padrfes que eapwgraqui:

Aparentemente a selecdo natural favoreceu a ewlug estratégias
generalistas em Melastomataceae. O sistema dersfisp@ tipicamente
generalista e trade-offentre nimero e tamanho das sementes é tendenciado
para a producdao de muitas sementes pequenas aodieypucas sementes
grandes.

Os frutos de Melastomataceae sao consumidos poraaggma de
frugivoros que desempenham um papel determinanteecrotamento: a
limpeza das sementes.

Melastomataceae produzem sementes fotoblasticasitiv@es com
longevidade variada, mas alta sensibilidade ao.fogo

Estas sementes tém maiores oportunidades de senégrradas e o
fotoblastismo é responséavel pela sua manutencabamu®s.

A dorméncia fisioldgica evoluiu multiplas vezes espécies/populacdes de
Cerrado que dispersam sementes em ambientes se@geda transicao
chuva-seca.

A variacdo na germinacdo em resposta a estimul@¥icals ndo esta
relacionada a distribuicdo em escala global, nmassilistribuicdo em escala
local (microhabitats).

A dorméncia secundéria faz parte de um espectestiatégias adaptativas
que evoluiu em Melastomataceae em resposta a idadalinduzida pela
seca.

A evolucdo dos tracos germinativos esteve asso@adadancas no modo
de disperséo e na forma de vida.

Altas temperaturas, diminui¢des na pluviosidadareemto da freqiiéncia de
incéndios devem impactar severalmente o recrutanmdnielastomataceae
no futuro.

Espécies de Melastomataceae apresentam uma séra@rdeteres que

favorecem sua utilizacdo em programas de restauegiogica.
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A utilizacdo de métodos comparativos filogenétiéosim paradigma dominante
para futuros estudos sobre a ecologi e evolucédribeitos da flora do Cerrado e do Brasil.
Embora, tais estudos venham sendo conduzidos s&da&@5 anos no mundo, somente nos
ultimos anos estudos desta natureza vém sendpasadi para nossa flora. Espero que esta
tese, mesmo com todas as suas deficiéncias, possantr a abertura de linhas de
pesquisa que incorporem a informacéo filogenétimaestudos comparativos nos campos
rupestres.

Esta tese deixa mais perguntas em aberto do qgamas respondidas. Sugiro que
estudos futuros incluam outros taxa de forma a iam@ variagdo em caracteres
filogeneticamente conservados. A ampliacdo do bdecdados de sementes de plantas de
campo rupestre vai permitir a reconstrucdo da téstévolutiva desta flora que vem
fascinando cientistas ao longo de séculos. Taisdestconstituirdo a base tedrica para

programas mais eficientes de conservacao e maasie ftagil e ameacado ecossistema.
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