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Sendo eu, um aprendiz
A vida jd me ensinou que besta
E quem vive triste
Lembrando o que faltou

Magoando a cicatriz
E esquece de ser feliz
Por tudo que conquistou

Afinal, nem foda ldgrima é dor
Nem toda graga é sorriso
Nem toda curva da vida
Tem uma placa de aviso

E nem sempre o que vocé perde

E de fato prejuizo

O meu e o seu caminho
Nao sdo muito diferentes
Tem espinho, pedra, buraco
Pra mode atrasar a gente

Mas nao desanime por nada
Pois até uma topada
Empurra vocé pra frente

Tantas vezes parece que é 0 fim
Mas no fundo, é s6 um recomego
Afinal, pra poder se levantar
E preciso sofrer algum tropeco

E a vida insistindo em nos cobrar
Uma conta dificil de pagar
Quase sempre, por ter um alto preco

Acredite no poder da palavra desistir
Tire o D, cologque 0 R
Que vocé tem Resistir

Uma pequena mudanca
As vezes traz esperanga
E faz a gente seguir

Continue sendo forte
Tenha fé no Criador
Fé também em vocé mesmo
Ndo tenha medo da dor

Siga em frente a caminhada
E saiba que a cruz mais pesada

O filho de Deus carregou

(Brdulio Bessa)
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RESUMO

Eriocaulaceae apresenta ca. de 1.400 espécies distribuidas em 10 gé€neros, dentre eles, Leiothrix,
que se diferencia dos demais por apresentar ramos nectariferos e estigmaticos posicionados em
diferentes alturas no estilete das flores pistiladas e diferentes tipos de fusionamento da corola nas
flores estaminadas. Estudou-se o desenvolvimento e a vascularizagdo das flores, morfologia das
sementes e desenvolvimento pds-seminal, bem como a anatomia de folhas e escapos, visando
elucidar questdes morfologicas e anatomicas e auxiliar na compreensdo de suas relagdes
infragenéricas. Suas flores sdo recobertas por bracteas, desenvolvendo primeiramente o calice,
seguido do complexo pétala-estames e do pistilodio nas flores estaminadas; e do gineceu nas flores
pistiladas. A fusdo das sépalas e pétalas das flores estaminadas ¢ congénita (por¢do basal) e pds-
genital (por¢cdes mediana e apical). O desenvolvimento do gineceu apresenta crescimento
diferencial dos tecidos marginais dos carpelos (heterocronia), que reflete nas diferentes alturas dos
ramos nectariferos no estilete. As sementes de Leiothrix apresentam formas variadas, com contorno
das células do envoltério e padrao de ornamentagdo diferentes entre as espécies estudadas, o que
auxilia na identificacdio das mesmas. O desenvolvimento pods-seminal segue o padrdo para
Eriocaulaceae. Folhas com mais de sete feixes vasculares estdo presentes nos representantes de
Leiothrix da Cadeia do Espinhaco-Bahia, e folhas com hipoderme e numero reduzido de feixes
vasculares naqueles da Cadeia do Espinhago-Minas Gerais. Estdmatos com cdmara subestomatica
especializada nas folhas e escapos, numero de feixes vasculares nas folhas, espessamento das
paredes das células epidérmicas nos escapos, presenga de pseudoviviparidade e nimero de camadas
e tipo de espessamento das células do periciclo nos escapos corroboram parcialmente tanto a antiga
quanto a atual classificagdo de Leiothrix.

Palavras-chave: camara subestomatica especializada; desenvolvimento floral; fusdo congénita e

pos-genital; heterocronia; hipoderme; semente estriada.



ABSTRACT

Eriocaulaceae presents ca. 1400 species distributed in 10 genera, among which, Leiothrix can be
differed from the others due to its nectariferous and stigmatic branches located at diverse heights in
pistil flowers as well as different types of corolla fusion in staminate flowers. The development and
vascularization of flowers, seed morphology, post-seminal development, and the anatomy of leaves
and scapes of this genus were studied, aiming to elucidate morphological and anatomical issues and
assist in the understanding of its infrageneric relationships. Leiothrix flowers are covered by bracts,
first developing the calyx, followed by the stamen-petals complex and the pistillode in staminate
flowers and the gynoecium in pistil flowers. The fusion of the sepals and petals in staminate flowers
is congenital (basal portion) and post-genital (median and apical portions). The gynoecium
development shows differential growth of the carpels marginal tissues (heterochrony), which
reflects in the different heights of nectariferous branches in the style. Leiothrix seeds have different
shapes with different outline of the envelope cells and ornamentation pattern among the studied
species, which helps in their identification. Post-seminal development follows the pattern found in
Eriocaulaceae. Leaves with more than seven vascular bundles are present in Lerothrix species from
Cadeia do Espinhaco - Bahia, however, leaves with hypodermis and a reduced number of vascular
bundles are found in those from Cadeia do Espinhacgo - Minas Gerais. Features such as the presence
of stomata with a specialized substomatic chamber in leaves and scapes, number of vascular
bundles in the leaves, thickening of the epidermal cell walls in the scapes, presence of
pseudoviviparity and number of layers and type of thickening of the pericycle cells in the scapes
partially corroborate both the old and the current Lerothrix classification.

Keywords: congenital and postgenital fusion; floral development; heterochrony; hypodermis;

specialized substomatic chamber; striated seed.
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INTRODUCAO GERAL

As Eriocaulaceae sdo ervas com raizes absorventes e/ou fixadoras; caules curtos, rizomatozos
ou alongados; folhas dispostas em roseta; com escapos protegidos por uma espata e emergindo do
centro da roseta; capitulos involucrados compactos portando flores unissexuadas (Giulietti et al.
2012; Scatena et al. 2005). Suas flores sdo diminutas, geralmente mondicas, heteroclamideas,
actinomorfas ou levemente zigomorfas, 2/3-meras; androceu isostémone ou diplostémone, com
anteras introsas, basifixas ou dorsifixas, 2/4-esporangiadas, polen espiroaperturado; gineceu com
ovario supero, 2/3-locular, um 6vulo por l6culo, 6vulo ortotropo, estilete com ramos nectariferos e
ramos estigmaticos; suas sementes apresentam tegumento liso, com apéndices ou estriado; com
embrido pequeno e indiferenciado (Giulietti et al. 1986; 2012; Stiitzel 1998; Rosa e Scatena 2007).

Eriocaulaceae tém distribui¢do pantropical (Giulietti et al. 2012), compreende cerca de 1.400
espécies (Giulietti 2020) que estdo concentradas especialmente nas montanhas da Venezuela e do
Brasil. No Brasil, a Cadeia do Espinhago, que se estende nos Estados de Minas Gerais ¢ Bahia, ¢
detentora da maior diversidade das espécies (Giulietti et al. 2012). A familia possui um elevado
nimero de espécies micro-endémicas, principalmente aquelas que ocorrem em grandes altitudes,
nos tropicos do Hemisfério Norte ou Sul (Hensold e Giulietti 1991). Na América do Sul, as espécies
de Eriocaulaceae estdo especialmente concentradas nos campos rupestres (Giulietti et al. 1995),
ambientes com altitudes superiores a 900m, solos geralmente rasos, arenosos, onde afloram rochas
(Giulietti et al. 1988).

Os representantes de Eriocaulaceae, além de participarem da fitofisionomia dos campos
rupestres apresentam importancia econdmica, pois sao utilizados no extrativismo e comercializagao,
principalmente pelos habitantes da regido da Cadeia do Espinhaco, onde escapos e capitulos sdo
colhidos, secos ao sol e vendidos para decoragao de interiores ou para adornos individuais (brincos,
colares, tiaras, etc.) (Giulietti et al. 1988). Por conta da sua importancia econdmica sua coleta pode
ser desordenada na maioria das vezes, o que fez algumas espécies entrarem para a lista de espécies

brasileiras ameacgadas de extingao pelo seu endemismo e perda do habitat (MMA 2014).
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Eriocaulaceae, um pouco de sua taxonomia

A primeira descrigdo de Eriocaulaceae foi realizada por Linneus (1753), com quatro espécies
de Eriocaulon, diferenciadas pelo nimero de costelas dos escapos. Posteriormente Eriocaulaceae foi
designada como familia por Desvaux (1828).

O primeiro estudo com espécies brasileiras de Eriocaulaceae foi realizado por Bongard (1831)
apresentando a descri¢do de 83 espécies. A primeira revisao taxondmica da familia envolve
Eriocaulon (com E. subg. Nasmythia e E. subg. Paepalanthus), Tonina e Philodice (Martius 1835) e
posteriormente Kunth (1841) descreveu Lachnocaulon e Paepalanthus. Uma revisdo das espécies
neotropicais foi realizada por Koernicke (1854) incluindo duas tribos: Eriocaulae e Paepalanthae.

A revisdao mais completa da familia foi realizada por Ruhland (1903), apresentando duas
subfamilias: Eriocauloideae, cujas flores tém glandulas no apice das pétalas, flores estaminadas com
androceu diplostémone, estames epipétalos e flores pistiladas com gineceu portando ramos
estigmaticos; e Paepalanthoideae, com flores sem glandulas nas pétalas, flores estaminadas com
androceu isostémone e estames ndo fusionados as pétalas e flores pistiladas com ramos nectariferos
e ramos estigmaticos alternados. Essa revisdo incluiu Eriocaulon, Mesanthemum, Lachnocaulon,
Philodice, Tonina e Paepalanthus, além da descri¢do de trés novos géneros a partir de Paepalanthus:
Blastocaulon, Syngonanthus e Leiothrix.

No Brasil, foram concentrados estudos taxonomicos com Eriocaulon e Leiothrix, dos campos
rupestres da Serra do Cipo, estado de Minas Gerais por Giulietti (1978; 1984). A partir da década de
1990, estudos moleculares (APG 1998) mostraram o monofiletismo da familia e sua proximidade
com Xyridaceae. A primeira filogenia molecular de Eriocaulaceae foi realizada por Andrade et al.
(2010), apdés o que diversos géneros foram sinonimizados (Giulietti et al. 2012). Atualmente
Eriocaulaceae apresenta 10 géneros: FEriocaulon, Mesanthemum, Lachnocaulon, Tonina,

Paepalanthus, Actinocephalus, Rondonanthus, Comanthera, Syngonanthus e Leiothrix (Giulietti et

al. 2012).
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Leilothrix e seu historico

Segundo Giulietti (2020), as primeiras espécies de Leiothrix foram descritas no género
Eriocaulon e atualmente sdo reconhecidas como L. hirsuta, L. flagellaris, L. prolifera e L. vivipara.
O género foi reconhecido por Ruhland em (1903), a partir da descricio de uma secdo de
Paepalanthus apresentada por Koernicke (1863). As caracteristicas que diferem as espécies de
Leiothrix das demais Eriocaulaceae sdo: flores com tricomas agudos e lisos, flores estaminadas com
corola dialipétala ou gamopétala e flores pistiladas com estilete unido em uma coluna basal, com os
ramos nectariferos e estigmaticos que se separam em diferentes alturas (Ruhland 1903).

As espécies de Leiothrix foram distribuidas em cinco subgéneros por Ruhland (1903), de
acordo com o habito e o tipo de reproducdao das plantas, bem como, pela presenga de bracteas
florais e fusdo das pétalas. L. fluitans, que apresenta corola dialipétala nas flores pistiladas e
estaminadas, Unica espécie aquatica, foi classificada em L. subg. Rheocaulon; L. argyroderma, L.
beckii ¢ L. spiralis apresentam corola dialipétala nas flores pistiladas e estaminadas, e habito
terrestre, foram classificadas em L. subg. Eleutherandra; L. arrecta, L. luxurians, L. flagellaris, L.
pendunculosa, L. prolifera, L. propinqua, L. spergula e L. vivipara apresentam corola dialipétala nas
flores pistiladas e corola gamopétala nas flores estaminadas, com reproducdo assexuada
(pseudoviviparidade) foram classificadas em L. subg. Stephanophyllum; L. angustifolia, L.
curvifolia, L. crassifolia, L. dielsii, L. echinocephala, L. flavescens, L. fluminensis, L. filgida, L.
graminea, L. hirsuta, L. hirsuta var. blanchetiana, L. mucronata, L.nubigena, L. pilulifera, L. rufilla
e L. schlechtendalii apresentam corola dialipétala nas flores pistiladas e corola gamopétala nas
flores estaminadas, sem pseudoviviparidade foram classificadas em L. subg. Calycocephalus, e
Leiothrix arechavaletae, Uinica espécie do gé€nero que ocorre no Uruguai e que ndo apresenta
bracteas florais, foi classificada em L. subg. Psilanthus.

Para as Eriocaulaceae do Brasil, Silveira (1928), descreveu 28 espécies de Leiothrix, trés delas
em L. subg. Eleutherandra, 10 em L. subg. Stephanophyllum e 15 em L. subg. Calycocephalus. Nas

décadas de 1970 e 1980 algumas Eriocaulaceae brasileiras foram estudadas taxonomicamente, com
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destaque para Leiothrix (Giulietti 1978; 1984), envolvendo morfologia, anatomia e distribuigdo
geografica das espécies.

A primeira filogenia de Eriocaulaceae utilizou dados morfoldgicos (Giulietti et al. 1995) e
Leiothrix foi selecionado como foco, com 33 espécies analisadas. Os resultados mostraram que
Leiothrix e Syngonanthus sdo grupo-irmaos, que L. subg. Stephanophyllum ¢ monofilético e os
demais subgéneros ndo apresentam boa resolu¢do. Todos os estudos posteriores envolvendo
filogenia da familia (Andrade et al. 2010; Giulietti et al. 2012; Trovo et al. 2013; Echternacht et al.
2014; Silva 2014) confirmaram os resultados apresentados por Giulietti et al. (1995) para Leiothrix.

Na atual revisdo taxonomica de Leiothrix, apresentada por Giulietti (2020), foram reconhecidas
39 espécies distribuidas em dois subgéneros: L. subg. Leiothrix e L. subg. Stephanophyllum. Nessa
nova classificagdo, as espécies de L. subg. Lerothrix, incluem aquelas sem pseudoviviparidade, com
corola dialipétala nas flores pistiladas e estaminadas ou corola dialipétala nas flores pistiladas e
gamopétala nas estaminadas; e as espécies de L. subg. Stephanophyllum incluem aquelas com

pseudoviviparidade, corola dialipétala nas flores pistiladas e gamopétala nas flores estaminadas.

Um pouco da Anatomia de Eriocaulaceae

Nos 6rgéos vegetativos, os primeiros estudos de anatomia de Eriocaulaceae envolveram a
caracterizacdo de Eriocaulon (van Tieghem 1887; Poulsen 1888; Holm 1901), 7onina e
Paepalanthus (Poulsen 1888). Algumas caracteristicas anatomicas que delimitam a familia foram
descritas no inicio do século XX, como a presenca de bainha dupla envolvendo os feixes vasculares
(Holm 1901) e presenca de estdmatos apenas na face abaxial das folhas (Ruhland 1903).

A partir do estudo de Malmanche (1919), as caracteristicas anatomicas de Eriocaulon,
Mesanthemum, Tonina, Paepalanthus, Philodice ¢ Lachnocaulon foram associadas a taxonomia.
Posteriormente, Tomlinson (1964) apresentou a caracterizacdo anatomica dos 6rgios vegetativos de
Eriocaulaceae. Na década seguinte, Giulietti (1978; 1984) utilizou caracteres anatomicos associados
a taxonomia para Eriocaulon e Leiothrix. Em seguida, foi apresentada a anatomia de Eriocaulon e

Lerothrix e sua relagdo com o ambiente (Monteiro et al. 1984; 1985).
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Estudos anatdmicos envolvendo taxonomia e ecologia com representantes de Eriocaulaceae
ocorreram com Paepalanthus (Splett et al. 1993; Castro e Menezes 1995), Syngonanthus (Splett et
al. 1993; Scatena e Menezes 1996), Actinocephalus e Eriocaulon (Splett et al. 1993) em que foram
utilizadas principalmente as caracteristicas das células epidérmicas, bem como a natureza das
células estomaticas (Splett et al. 1993; Castro e Menezes 1995; Scatena e Menezes 1996).
Verificou-se a presenca de estdbmatos com cdmaras subestomaticas especializadas nas folhas de
Syngonanthus (Scatena e Menezes 1993), caracteristica inédita descrita para as angiospermas, que
estd associada com as trocas gasosas.

A partir da década de 1990, foram realizados diversos estudos de anatomia de Orgdos
vegetativos de grupos taxondmicos de Eriocaulaceae, voltados a taxonomia e a ecologia (Scatena e
Giulietti 1996; Scatena et al. 1998; Giulietti et al. 1998; Scatena e Rosa 2001; Coan et al. 2002;
Scatena et al. 2004; 2005; Oriani et al. 2005; Alves et al. 2013; Oliveira e Oriani 2016).

Nos orgédos reprodutivos, o estudo da morfologia e da anatomia floral de Eriocaulaceae tem
sido importante na caracterizagdo das subfamilias, dos géneros, bem como das classificacdes
infragenéricas (Ruhland 1903; Giulietti et al. 2012; Trové et al. 2013). Sdo considerados caracteres
de importincia taxondmica: presenca de glandulas nas pétalas, graus de fusionamento do calice ou
da corola, presenca de antéforos, androceu diplostémone ou isostémone, filetes livres ou fundidos
as pétalas, anteras basifixas ou dorsifixas, estaminodios lineares ou escamiformes, presenca de
ramos nectariferos, diferentes alturas da inser¢do dos ramos nectariferos e estigmaticos no estilete,
estigmas simples ou bifidos (Ruhland 1903; Rosa e Scatena 2003; 2007; Giulietti et al. 2012).

O primeiro estudo sobre desenvolvimento floral em FEriocaulaceae foi realizado em E.
septangulare (Smith 1910) mostrando rudimentos de estames e pistilos nas flores. Algumas décadas
depois foram publicados os primeiros dados sobre anatomia floral de Eriocaulaceae, também com E.
septangulare, focados principalmente na embriologia (Hare 1950; Begum 1968) e com citacdo sobre
a presenga de nectarios nas flores (Hare 1950).

A partir da década de 1980, foram realizados estudos sobre o desenvolvimento das flores de

Eriocaulon, Mesanthemum, Lachnocaulon, Tonina, Syngonanthus, Paepalanthus e Leiothrix
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(Stiitzel 1984; 1985; Stiitzel e Gansser 1995). Neles, os autores destacam a importancia das
glandulas nas pétalas de Eriocaulon e Mesanthemum; a redugdo do verticilo de calice e corola, bem
como a redugdo lateral e facial dos estames em espécies de Lachnocaulon, Tonina e Paepalanthus; e
o desenvolvimento dos ramos nectariferos em posi¢do carinal e dos ramos estigmaticos em posi¢ao
comissural em Syngonanthus e Leiothrix.

Duas décadas depois foram concentrados alguns estudos de anatomia de flores de
Eriocaulaceae, e dentre estes, foi realizada analise das flores estaminadas e pistiladas de
representantes de Eriocauloideae e Paepalanthoideae, com descricao de pistilodio nectarifero nas
flores estaminadas, e estilete vascularizado pelos feixes dorsais dos carpelos nas flores pistiladas
(Rosa e Scatena 2003). ApoOs analises anatomicas e histoquimicas das flores pistiladas de
Paepalanthoideae, com a confirmacdo da presenga de néctar, os termos ‘por¢cdo nectarifera’ e
‘porcdo estigmatica’ foram utilizados para designar as estruturas que anteriormente eram
consideradas ‘apéndices’ (Rosa e Scatena 2007).

Mais tarde, a andlise da evolugdo das flores dimeras de Paepalanthus revelou a origem do
‘pistilédio’ e mostrou que a dimeria ocorre devido a perda da sépala adaxial mediana, de uma das
pétalas laterais, de um estame lateral e de um carpelo mediano (Silva et al. 2016). Mais
recentemente, através da analise do desenvolvimento do célice e da corola das flores pistiladas de E.
redactum, conclui-se que ocorrem dois tipos de redu¢ao nas flores da familia: a supressdo ou a
perda total do verticilo (Sokoloff et al. 2020). Através da estrutura floral de Mesanthemum radicans,
Silva et al. (2021) concluiram que a presenca de trés tracos de feixes vasculares nas pegas florais €
caracteristica diagnostica para o género, pois nas demais Eriocaulaceae ocorre apenas um.

As sementes de Eriocaulaceae foram descritas como glabras e pilosas com tricomas
dispostos em fileiras longitudinais por Koernicke (1863). Estudo envolvendo sementes dos
diferentes géneros da familia foi realizado por Giulietti et al. (1986) caracterizando a superficie do
envoltdério. No ano seguinte foi apresentada uma chave de identificacdo baseada nas caracteristicas

das sementes de Eriocaulon por Nair (1987). Na década seguinte, Stiitzel (1998) apresentou dados
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do tegumento das sementes, cujas ornamentagdes sdo provenientes do grau de espessamento das
paredes anticlinais das células da camada interna do tegumento externo.

Posteriormente Zona et al. (2012) apresentaram a caracterizagao das sementes de Eriocaulon,
Lachnocaulon e Syngonanthus da América do Norte. Estudos envolvendo implicagdes taxonomicas
e filogenéticas foram realizados por Barreto et al. (2013) com espécies de Comanthera. Ainda em
Comanthera, naquelas espécies ameacadas de extin¢do, o estudo do tegumento das sementes das
espécies pertencentes ao clado Comantera magnifica de C. subg. Comanthera, auxiliou na
identificacao das mesmas (Corredor et al. 2015).

Estudos sobre o desenvolvimento pos-seminal em Eriocaulaceae mostraram uniformidade entre
os representantes dos diferentes géneros, tais como, dependéncia de luz direta para a germinagdo,
raiz primaria abortiva, emissdo de eixo embriondrio durante o deslocamento do opérculo,
desenvolvimento de colar de rizoides na extremidade do eixo embrionario, desenvolvimento da
primeira folha e posteriormente das raizes adventicias (Hare 1950; Ramaswamy et al. 1981; Scatena

et al. 1993; Corredor et al. 2015).

A escolha de Leiothrix para o desenvolvimento da tese

Com todas as informagdes sobre as Eriocaulaceae disponibilizadas na literatura até entdo,
decidiu-se trabalhar com morfologia e anatomia de seus representantes por ser um grupo de grande
potencial cientifico e econdmico, de ocorréncia nos campos rupestres brasileiros (MG e BA).
Dentre as Eriocaulaceae, optou-se por estudar Leiothrix, por ser um grupo com escassos estudos
anatOmicos, apresentar ampla distribuicdo na América do Sul, ter varias espécies endémicas do
Brasil, e também por ser um grupo ainda em estudo na sua sistematica, desenvolvido pela Dra. Ana
Maria Giulietti Harley que, portanto, necessitava de novos dados.

Para entender melhor a morfologia e a anatomia de Leiothrix escolheu-se estudar:
1. Anatomia e desenvolvimento floral de Leiothrix, buscando compreender a origem e as diferengas
no comprimento dos ramos nectariferos e estigmaticos das flores pistiladas, bem como as diferencas

no fusionamento da corola das flores estaminadas;



18

2. Morfologia das sementes e desenvolvimento pds-seminal de Leiothrix, buscando entender as
variagdes existentes no envoltdrio seminal e sua importancia taxondmica e ecologica, assim como,
verificar a existéncia de um padrao no desenvolvimento pds-seminal em Eriocaulaceae;
3. Anatomia de folhas e escapos de espécies de Lerothrix, afim de levantar caracteres que possam
contribuir na classificacdo infragenérica e na compreensdo da relacdo das estruturas encontradas
com o ambiente em que as espécies ocorrem.

Esses estudos estdao aqui apresentados na forma de trés capitulos respectivamente, que
procuram entender a planta como um todo, buscando dados dos 6rgdos vegetativos e reprodutivos

de Leiothrix, uma vez que esse modelo de tese permite fazer essa abordagem.
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CAPITULO 1: Desenvolvimento e vascularizaggo floral de Leiothrix (Eriocaulaceae, Poales)'

Manuscrito editado nas normas do ‘Botanical Journal of the Linnean Society’
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RESUMO: Leiothrix diferencia-se dos demais géneros de Eriocaulaceae por apresentar estilete com
ramos nectariferos e estigmaticos que se ramificam em diferentes alturas, e corola dialipétala ou
gamopétala nas flores estaminadas. Visando compreender os processos ontogenéticos que resultam
nessas diferencas, estudou-se o desenvolvimento e a vascularizagdo floral de espécies do género.
Nas flores pistiladas, os ramos nectariferos, que ocupam posi¢ao carinal, correspondem ao apice dos
carpelos, enquanto os ramos estigmaticos, que ocupam posicao comissural, se formam pelos tecidos
marginais dos carpelos e se diferenciam depois que os ramos nectariferos. Os tecidos marginais da
porcdo mais apical dos carpelos se alongam dando continuidade ao estilete e quanto maior seu
desenvolvimento, maior a distdncia entre os ramos estigmaticos e os ramos nectariferos. Assim, as
diferengas na altura dos ramos estigmaticos e ramos nectariferos sio resultado de heterocronia. Nas
flores estaminadas a fusdo das pétalas é pos-genital na por¢do mediana e apical e congenital na
por¢ao mais basal. Apesar das diferengas observadas no desenvolvimento, as flores de Leiothrix
compartilham o mesmo padrdo de vascularizagdo, com um plexo vascular central do qual diverge
um Unico traco para cada sépala, pétala e estame. Os estaminddios ndo sdo vascularizados. Os
feixes carpelares dorsais irrigam os ramos nectariferos, mas os feixes carpelares ventrais sdo
reduzidos e ndo irrigam os 6vulos e os estigmas, como também observado em outras espécies da
familia. As diferencgas nas alturas dos ramos nectariferos sdo provavelmente resultado de pressao
seletiva exercida por diferentes grupos de insetos polinizadores. Nossa hipdtese ¢ a de que as
espécies com ramos nectariferos mais baixos e, portanto, menos acessiveis, sejam mais especialistas.
A auséncia de ramos nectariferos em L. angustifolia indica perda secundaria provavelmente

associada a autopolinizagao.

PALAVRAS-CHAVE: flor — fusdo po6s-genital — gineceu — heterocronia — nectario.
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INTRODUCAO
Eriocaulaceae apresenta 10 géneros, que estdo circunscritos em duas subfamilias: Eriocauloideae,
com pétalas glandulosas e flores com 4-6 estames, compreendendo Eriocaulon L. e Mesanthemum
Korn.; e Paepalanthoideae, com pétalas desprovidas de glandulas e flores com 2-3 estames,
compreendendo Actinocephalus (Korn.) Sano, Comanthera L.B.Sm., Lachnocaulon Kunth,
Leiothrix (Korn.) Ruhland, Paepalanthus Mart., Rondonanthus Herzog, Syngonanthus Ruhland e
Tonina Aubl. (Ruhland, 1903; Giullietti ef al., 2012).

As flores de Eriocaulaceae sdo reunidas em inflorescéncias capituliformes e sao diclamideas,
unissexuais, raramente bissexuais; geralmente trimeras, apesar de ocorrer algumas dimeras (Stiitzel,
1998; Giulietti ef al., 2012; Watanabe, Hensold & Sano, 2015; Silva, Trovo & Coan, 2016). Nas
Paepalanthoideae o calice ¢ a corola sio membranaceos, podendo estar ausentes ou na forma de
tricomas; tanto as sépalas quanto as pétalas podem ser livres ou fusionadas entre si; o gineceu
apresenta estilete ramificado em porcdes nectariferas e estigmiticas que se separam na mesma
altura ou em alturas diferentes, como em Leiothrix; e os estigmas podem ser simples ou bifidos
(Ruhland, 1903; Stiitzel, 1998; Giulietti et al., 2012).

Essas diferencas na morfologia floral sdo usadas na taxonomia da familia para delimitacdo
dos géneros: Eriocaulon apresenta flores pistiladas com pétalas livres e estigmas simples;
Mesanthemum tém flores pistiladas com pétalas fundidas na regido mediana e estigmas bifidos; em
Paepalanthoideae, as flores pistiladas t€ém pétalas livres em Actinocephalus e Paepalanthus, mas o
primeiro distingue-se pelas inflorescéncias compostas; em Comanthera e Syngonanthus as pétalas
das flores pistiladas sdo fusionadas na regido mediana, mas em Comanthera as flores estaminadas
tém corola fusionada até a regido mediana e filetes livres, enquanto em Syngonanthus as flores
estaminadas tém corola fusionada até acima da regido mediana e filetes adnatos a corola;
Lachnocaulon apresenta reducao total da corola nas flores pistiladas e estaminadas; 7onina tém
corola reduzida a tricomas nas flores pistiladas e nas estaminadas a corola ¢ gamopétala;
Rondonanthus difere dos demais géneros por apresentar estaminddios lineares e, finalmente,

Leiothrix por apresentar ramos nectariferos e estigmaticos que saem em diferentes alturas do
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estilete e corola dialipétala ou gamopétala nas flores estaminadas (Ruhland, 1903; Giulietti ef al,
2012).

Estudos com representantes de Paepalanthoideae mostram que as porgdes nectariferas do
estilete foram interpretadas como estigmas nao-funcionais (Bongard, 1831), verticilo carpelar
interno e estéril (Martius, 1834), apéndices (Koernicke, 1863; Ruhland, 1903; Stiitzel, 1998),
nectarios (Stiitzel, 1981; Stiitzel & Gansser, 1995), apéndices nectariferos (Rosa & Scatena, 2003) e
ramos nectariferos (Silva, Trovo & Coan, 2016; Silva ef al., 2021). No estudo anatémico com flores
de Paepalanthoideae, Rosa & Scatena (2007) descrevem que o estilete ¢ oco e ramificado em
porcdes nectariferas e por¢des estigmaticas.

Através do desenvolvimento do gineceu em representantes de Paepalanthoideae verificou-se
que os ramos nectariferos tém origem carinal e os ramos estigmaticos t€ém origem comissural
(Stiitzel & Gansser, 1995). As pétalas das flores estaminadas apresentam desenvolvimento tardio
(Silva, Trovo & Coan, 2016). A vascularizagdo das flores de Eriocaulaceae ¢ reduzida, todos os
feixes vasculares divergem de um plexo vascular central e, dentre todas as estruturas florais, apenas
os estigmas ndo sdo vascularizados (Rosa & Scatena, 2003; 2007; Silva, Trovo & Coan, 2016; Silva
etal., 2021).

Leiothrix, que inclui 39 espécies (Giulietti 2020), foi descrito por Ruhland (1903) e
caracterizado por apresentar estilete unido em uma coluna basal, com ramos nectariferos e
estigmaticos separados em diferentes alturas e presenca de tricomas lisos nas flores. Dentre as
caracteristicas utilizadas por Ruhland (1903) para classificar os subgéneros estd a presenca da
corola livre ou fusionada nas flores estaminadas. Mais de um século depois, Leiothrix foi revisado
por Giulietti (2020), que ressaltou a presenca de corola livre ou fusionada como carater importante
na delimitacdo dos subgéneros, juntamente com outros dados morfologicos e moleculares. Dos
quatro subgéneros descritos por Ruhland (1903), L. subg. Stephanophyllum (Guill.) Ruhland foi
mantido por Giulietti (2020) e se caracteriza por apresentar espécies pseudoviviparas e flores

estaminadas com corola gamopétala. Os demais subgéneros propostos por Ruhland (1903) foram
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reconhecidos em L. subg. Leiothrix Giul., cujas espécies nao apresentam pseudoviviparidade e as
flores estaminadas tém corola dialipétala ou gamopétala (Giulietti, 2020).

Diante do exposto, o objetivo deste trabalho foi estudar o desenvolvimento e a
vascularizacdo das flores de Lerothrix, a fim de responder as seguintes questdes: (1) Quais
diferengas nos processos ontogenéticos explicam as diferentes alturas no posicionamento dos ramos
nectariferos e estigmaticos no estilete? (2) A fusdo das pétalas nas flores estaminadas ¢ congenital
ou pods-genital? Com isso, buscamos contribuir para o entendimento de aspectos reprodutivos e
evolutivos do género, além de contribuir para o conhecimento da morfologia floral da familia como

um todo, especialmente em relagdo ao gineceu.

MATERIAL E METODOS

As espécies estudadas estdo listadas na Tabela 1 e foram coletadas nos campos rupestres dos
municipios de Rio de Contas (Bahia), Diamantina e Santana do Riacho (Minas Gerais), Brasil, com
as devidas licengas de coleta. Os vouchers foram depositados no Herbarium Rioclarense (HRCB)
do Instituto de Biociéncias da Universidade Estadual Paulista ‘Julio de Mesquita Filho’ (UNESP).

Capitulos contendo flores em diferentes fases de desenvolvimento foram fixados em FAAso
e armazenados em etanol 70% (Johansen, 1940). Para andlises anatomicas e estudo da
vascularizagdo, em microscopia de luz, capitulos e flores em antese isoladas foram submetidos ao
processo de desidratacdo em série n-butilica (alcool normal butilico — NBA) e infiltragdo em
historresina (Leica Historesin Embedding Kit), seguida de inclusdo (Feder & O’Brien, 1968). O
material incluido foi seccionado em micrétomo rotativo, com 7-8 pum de espessura. As secgdes
anatomicas foram submetidas a coloragio com Acido Periédico - Reativo de Schiff (PAS) ¢ Azul de
Toluidina (Feder & O’Brien, 1968) e montadas em laminas permanentes com Entellan (Merck). As
fotomicrografias foram obtidas em microscopio Leica DM 4000B equipado com um dispositivo de
captura (Leica DFC 450) e software de digitaliza¢do de imagens (Leica Application Suite v.4.0.0).

Para analise em microscopia eletronica de varredura (MEV), flores em diferentes fases do

desenvolvimento foram isoladas dos capitulos e dissecadas sob estereomicroscopio (Leica EZ4).
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Também foram analisados capitulos inteiros, com flores em diferentes fases do desenvolvimento.
Para tanto, o material foi desidratado em série etilica crescente (30%, 50%, 70%, 90%, 100%),
secado ao ponto critico (Balzers CPD030 Critical Point) e metalizado com ouro (Balzer 5 CDO 50
Sputter Coater). A documentagdo dos resultados foi feita por meio de imagens obtidas a partir do

programa “TM 3000 Application Program”.

RESULTADOS
ONTOGENIA DA FLOR ESTAMINADA

As flores de Leiothrix sdo recobertas por bracteas (b) desde o inicio do seu desenvolvimento (Figs.
1A-B, D) até a maturidade. O cdlice ¢ o primeiro verticilo a emergir, com duas sépalas latero-
abaxiais, que surgem como protuberincias arredondadas, e uma sépala adaxial, que aparece como
uma protuberancia achatada (Fig. 1A). Seguido do célice, surgem os primodios pétala-estames,
alternados com as sépalas (Fig. 1B), que subsequentemente sofrem uma constri¢do, formando as
pétalas externamente e os estames em posi¢ao oposta (Fig. 1D, E). As sépalas se alargam (Fig. 1C,
D) e se tornam triangulares, apresentando tricomas em inicio de desenvolvimento nos apices (Fig.
1F). Posteriormente, as sépalas se alongam, fundidas congenitalmente na regido basal (Fig. 1G-I).
As anteras comecam a se diferenciar, enquanto as pétalas permanecem sub-desenvolvidas (Fig. 1G,
H). As sépalas entdo se sobrepdem sobre as pecas florais mais internas (Fig. 11), protegendo o
androceu em desenvolvimento. Observa-se que as sépalas permanecem livres no 4pice, até a regido
mediana, e fundidas na regido basal (Figs. 11, 2A-C).

As pétalas tém desenvolvimento tardio, permanecendo mais curtas que os estames, abaixo
das anteras (Fig. 2D-F), sendo possivel observar apenas o seu apice quando ndo removemos as
sépalas (Fig. 2A). As anteras se diferenciam e apresentam posi¢do latrorsa (Fig. 2D, F-H).
Internamente as anteras, a partir de uma protuberancia arredondada (Fig. 1C-E), que posteriormente
se torna triangular (Fig. 1F), diferencia-se o pistilddio, apresentando trés estruturas em forma de
taca, opostas aos estames e unidas entre si na por¢ao basal (Fig. 2D-F). As pétalas entdo se alongam,

juntamente com os filetes, sendo o filete do estame adaxial mais curto (Fig. 2G-I). As figuras 2G-H
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mostram o desenvolvimento sequencial das pétalas de L. flavescens (Bong.) Ruhland. Nelas, ¢é
possivel observar que as pétalas se alongam livres nas regides apical e mediana (Fig. 2G) e unidas
congenitalmente na regido basal (Fig. 2H). A fusdo das regides apical e mediana ¢ pos-genital, pela
unido das margens (Fig. 21-J). Em L. angustifolia (Kérn.) Ruhland e L. vivipara (Bong.) Ruhland o
mesmo ocorre: as pétalas jovens sdo livres entres si (Figs. 3A-C, 4A) e tém desenvolvimento tardio,
alongando-se apenas apoés a diferenciacdo dos estames e do pistilodio. Elas se alongam livres entre
si na regido apical e unidas congenitalmente na regido basal (Fig. 3D-G). A fusdo da regido mediana
¢ pos-genital (Figs. 3H-I, 4B-C). Na antese, os filetes se alongam elevando as anteras acima do tubo
floral (Fig. 3J-K). As estruturas em forma de taca do pistilddio também passam a apresentar células
papilosas no apice (Figs. 3J-K, 4D-G) e podem se alongar muito (Figs. 3K, 4D), ou pouco (Fig. 4E).
A altura do pistilodio em relagdo aos estames estd indicada na Tabela 2. Em L. angustifolia, o

pistilédio ndo se alonga (Fig. 4F-G).

ONTOGENIA DA FLOR PISTILADA
O desenvolvimento inicial das flores pistiladas de Lerothrix é semelhante ao das flores estaminadas.
Os meristemas florais sdo arredondados a triangulares, protegidos pelas bracteas florais (Fig. 5SA). O
calice ¢ o primeiro verticilo a emergir, com duas sépalas latero-abaxiais e uma sépala adaxial (Fig.
5B). Apo6s o cdlice, iniciam-se as pétalas e os estames, ambos em posicao alterna a das sépalas (Fig.
5C-G, J).

Posteriormente iniciam-se os trés carpelos, como trés protuberancias alargadas e fundidas
congenitalmente, ao redor de um domo central (Figs. SH, 6A). Com o inicio do desenvolvimento do
gineceu, os estames abortam o desenvolvimento, tornando-se estaminodios (Fig. 6A-B). Os
estaminddios sdo entdo reduzidos na flor em antese, escamiformes (Fig. 6K, 7G, 8E-G, 9G, J, 10A).
Os septos dos carpelos sdo evidentes no inicio do desenvolvimento do gineceu (Figs. SH, 6B),
sendo que suas margens fundidas formam o domo central. As partes dorsal e laterais dos carpelos se
alongam ao redor do domo central formando a parede do ovario (Figs. SH, 6C). No apice de cada

carpelo diferencia-se um ramo nectarifero, como uma protuberancia cilindrica e, subsequentemente,
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iniciam-se os ramos estigmaticos, também como trés protuberancias cilindricas, alternas aos ramos
nectariferos, nas regides comissurais dos carpelos (Fig. SK-L).

Em L. angustifolia os ramos nectariferos ndo se formam, apenas os ramos estigmaticos se
desenvolvem nas regides comissurais dos carpelos (Fig. 6D-H). A formagdo de ramos nectariferos
foi observada em apenas um dos exemplares analisados dessa espécie (Fig. 6K). Os ramos
estigmaticos se alongam logo apds sua iniciacdo, sendo revestidos por células papilosas (Fig. 61-J).
Posteriormente, o estilete também se alonga por crescimento intercarlar (Fig. 6J-L).

Nas demais espécies estudadas, os ramos nectariferos se desenvolvem, assumindo formato
de taca logo no inicio de seu desenvolvimento (Figs. 7A, 8A, 10A-B). Em L. curvifolia (Bong.)
Ruhland (Fig. 7), L. flavescens (Fig. 8) e L. fluitans Mart. Ruhland (Fig. 10), os tecidos marginais
no apice dos carpelos se unem logo abaixo dos ramos estigmaticos ja iniciados (Fig. 7B-D) e se
alongam fundidos congenitalmente (Figs. 7E-F, H, 8B-F), dando continuidade ao estilete e elevando
os ramos estigmaticos acima do nivel dos ramos nectariferos (Figs. 71, 8@G). Observa-se que quanto
maior o desenvolvimento dos tecidos marginais dos carpelos, maior a distdncia entre os ramos
nectariferos e os ramos estigmaticos. Em L. vivivapa e L. flagellaris (Bong.) Ruhland esse
alongamento ¢ minimo (Fig. 9C-D), de forma que os ramos nectariferos se inserem no estilete quase
que na mesma altura que os ramos estigmaticos (Fig. 9E-F, H-I). A por¢do mais basal do estilete,
abaixo do ponto de insercdo dos ramos nectariferos, também se alonga por crescimento intercalar
(Figs. 7E, 8C, E-G, 9E, H, 10A). A altura da insercdo dos ramos nectariferos no estilete nas
diferentes espécies estudadas estd indicada na Tabela 2. Concomitantemente ao crescimento do
estilete, os ramos nectariferos e estigmaticos também se alongam (Figs. 7E-F, H, 8C-F, 9E-F, H-I,
10A). Na flor em pré-antese, os ramos nectariferos apresentam células alongadas no apice, enquanto
os ramos estigmaticos sdo completamente revestidos por células papilosas (Figs. 8D-G, 9H-I). Na
flor pds-antese observamos muitos graos de pdlen germinando nos ramos estigmaticos € nenhum

grao de podlen aderido aos ramos nectariferos (Fig. 10B-C).

VASCULARIZACAO FLORAL
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As espécies de Leiothrix apresentam o mesmo padrdo de vascularizagdo floral, com um tnico feixe
vascular colateral nas pecas florais (Figs. 11-16).

Nas flores estaminadas, o receptaculo apresenta um plexo vascular central (Figs. 11A, 12A,
13A), de onde divergem todos os tragos vasculares. Primeiramente, trés tragos vasculares divergem
para as sépalas (Figs. 11A, 12A-B, 13B), seguidos de outros trés tragos vasculares que divergem
alternadamente aos primeiros e que correspondem aos complexos pétala-estame (Figs. 11B, 12C,
13B-C). Cada um dos complexos pétala-estame se divide em dois feixes vasculares opostos um ao
outro, formando os feixes vasculares das pétalas e dos estames (Figs. 11C-D, 12D-E, 13D-F). O
restante do plexo vascular central se divide em trés feixes vasculares opostos as sépalas, que
vascularizam o pistilédio (Figs. 11C-E, 12D-E, 13D-F). O feixe vascular que irriga o estame
ascende até o conectivo (Figs. 11F, 12F, 13G).

Nas flores pistiladas, no receptaculo, observa-se um plexo vascular central (Figs. 14A, 15A),
do qual divergem os tracos de todas as pecas florais (Figs. 14B-J, 15B-J, 16A-H). Os primeiros a
divergir sdo os tracos das sépalas, extremamente reduzidos (Fig. 14B-C, 15B), seguidos dos tragos
das pétalas, que se separam alternadamente as sépalas (Figs. 14C, 15C). Cada sépala e cada pétala
recebe apenas um trago vascular. Os estaminodios se separam junto com as pétalas, opostos a elas
(Figs. 14D, 15C, 16A) e, apesar de apresentarem aspecto de estrutura secretora, ndo sao
vascularizados (Figs. 14E-F, 15D, 16C).

Os feixes vasculares dos carpelos se ramificam logo ap6s a separacao das pétalas (Figs. 14E-
F, 15D, 16C). Trés feixes carpelares dorsais alternos aos feixes das pétalas, vascularizam a parede
do ovario (Figs. 14F, 15D, 16C) e ascendem pelo estilete (Figs. 14G-H, 15E-F, 16D-E) até os
ramos nectariferos (Figs. 15F-G, 16F), exceto em L. angustilofia, na qual esses ultimos sdo ausentes
(Fig. 14H-I). O estilete ¢ triangular e oco, revestido internamente pelo tecido transmissor do tubo
polinico (Figs. 14G, 15F-G, 16F). Em L. angustifolia, Unica espécie que ndo apresenta ramos
nectariferos, os feixes carpelares dorsais ascendem até o apice do estilete, terminando antes da
ramificacdo dos estigmas (Fig. 14G-I). Em L. flavescens (Fig. 15F-1) e L. vivipara (Fig. 16F-G), os

feixes carpelares dorsais ascendem até os ramos nectariferos, em até 1/2 da sua extensao. Em L.
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flavescens, os ramos nectariferos, que tém forma de taga, sdo ocos na regido central (Fig. 15]),
enquanto que em L. vivipara os ramos nectariferos sdo cilindricos e sélidos (Fig. 16G). Os ramos

estigmaticos, que sdo cilindricos e mais estreitos, ndo sdo vascularizados (Figs. 141-J, 15H-J, 16H).

DISCUSSAO
A presenga de ramos nectariferos e ramos estigmaticos em Leiothrix, assim como nos demais
géneros de Paepalanthoideae, ¢ uma das principais caracteristicas que distingue essa subfamilia de
Eriocauloideae (Ruhland, 1903; Giulietti e al,, 2012). A auséncia dos ramos nectariferos e presenca
dos ramos estigmaticos na posi¢do carinal dos carpelos em Eriocauloideae ¢ a condi¢do ancestral na
familia (Stiitzel & Gansser,1995).

A distancia que os ramos nectariferos ocupam em relagcdo aos ramos estigmaticos ¢ variavel
nas espécies de Leiothrix. Observou-se que as diferencas no tamanho da por¢ao do estilete que
eleva os ramos nectariferos ocorrem devido ao menor ou maior desenvolvimento dos tecidos
marginais na regido apical dos carpelos. Como as alteracdes no desenvolvimento das estruturas
florais, considerando tempo de desenvolvimento e tamanho dos 6rgdos, ainda que sutis, podem
exercer pressoes na evolucdo da morfologia floral (Ronse De Craene, 2018; 2021; Vasconcelos ef
al., 2018), acredita-se que em Leiothrix, essas diferengas possam indicar a ocorréncia de processos
heterocronicos na evolucdo dessas estruturas, como ja descrito para outras espécies de
angiospermas (Li & Johnston, 2000; Buendia-Monreal & Gillmor, 2018; Vasconcelos et al., 2018;
Ronse De Craene, 2021). Em Caryophyllales, foi demonstrado recentemente que processos
heterocrénicos influenciam na diversidade morfolégica do gineceu (Ronse De Craene, 2021).
Entende-se por heterocronia mudangas no tempo de surgimento e na taxa de desenvolvimento de
estruturas, sendo essa a maior causa de modificacdes ontogenéticas durante a evolucdo (Li &
Johnston, 2000). Considerando que em L. flagellaris e em L. vivipara os ramos nectariferos e os
ramos estigmaticos se inserem quase que na mesma altura, no &pice do estilete, como nos demais
géneros da familia, e que ambas as espécies pertencem a L. subg. Stephanophyllum, acredita-se que

processos heterocronicos levando a mudangas na posi¢ao dos ramos nectariferos tenham ocorrido
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no ancestral de L. subg. Leiothrix, de acordo a hipdtese filogenética e classificacdo mais recente do
género (Giulietti, 2020).

Os ramos nectariferos nas espécies estudadas se originam na posi¢do carinal, assim como
nas demais espécies de Paepalanthoideae ja estudadas (Stiitzel & Gansser, 1995; Rosa & Scatena,
2007; Silva, Trové & Coan, 2016) e sdo vascularizados pelos feixes carpelares dorsais. A presenca
de vascularizagdo nos ramos nectariferos, somada a epiderme papilosa, em que o néctar ¢ liberado
para o exterior, se encaixa na definicdo de nectario apresentada por Nepi (2007). Dentre as Poales
estudadas até o momento, apenas Xyridaceae e Eriocaulaceae apresentam nectarios associados ao
gineceu (Linder & Rudall, 2005; Oriani & Scatena, 2012). Nas demais familias da ordem, ou eles
ndo ocorrem, ou sdo nectarios septais, como em Bromeliaceae e Rapateaceae (Linder & Rudall,
2005). Apesar do desenvolvimento dos apéndices nectariferos do estilete em Xyridaceae se dar de
forma semelhante ao que descrevemos aqui para Eriocaulaceae (Stiitzel, 1990), em Xyridaceae os
feixes carpelares dorsais se ramificam para vascularizar o estigma e a otimizagdo desse cardter na
arvore filogenética de Poales mostra que ele provavelmente teve origens independentes nessas
familias (Sajo et al., 2017).

Dentre as espécies estudadas, apenas em L. angustifolia os ramos nectariferos ndo se
desenvolvem, porém a perda dessas estruturas ndo foi acompanhada pela perda da vascularizagao,
uma vez que também nessa espécie os feixes carpelares dorsais ascendem a parede do ovario. A
auséncia de ramos nectariferos ja foi relatada também em outras espécies de Paepalanthoideae,
como Syngonanthus flavidulus (Stiitzel & Gansser, 1995), e resulta provavelmente de perda
secundaria, evidenciada pela vascularizagao.

A relagdo do néctar com a polinizacao por insetos em Eriocaulaceae foi comprovada em
Syngonanthus elegans (=Comanthera elegantula) (Oriani, Sano & Scatena, 2009) e em
Paepalanthus lundii (Del Claro ef al, 2019). Polinizagao por insetos também foi demonstrada em
Eriocaulon parkeri (Sawyer, Mertins & Schuster, 2005), S. mucugensis e S. curralensis (Ramos,

Borba & Funch, 2005), sendo todas espécies generalistas, polinizadas por pequenos insetos de
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diferentes ordens, incluindo: Diptera, Hymenoptera e Coleoptera (Ramos, Borba & Funch, 2005;
Sawyer, Mertins & Schuster, 2005; Oriani, Sano & Scatena, 2009; Del Claro ef al., 2019).

Para Leiothrix, ainda ndo hé estudos sobre a biologia da poliniza¢io, porém, dada a presenca
de nectarios tanto nas flores estaminadas como nas flores pistiladas, acredita-se que também nas
espécies estudadas, com excecdo de L. anmgustifolia, a polinizacdo seja realizada por diversos
pequenos insetos e que as diferentes alturas entre os ramos nectariferos e estigmaticos sejam
resultado da pressdo seletiva exercida pelos polinizadores. Nossa hipotese ¢ a de que as espécies
com ramos nectariferos localizados mais abaixo no estilete sejam mais especialistas, uma vez que o
néctar nessas flores fica disponivel apenas para aqueles insetos com aparato sugador mais longo. Ja
nas espécies em que os ramos nectariferos se localizam na regido apical do estilete, na mesma altura
que os estigmas, o néctar fica mais acessivel, podendo ser consumido por insetos com aparato
sugador mais curto ou mastigador, como ¢ o caso dos coledpteros e das formigas. Ressalta-se que
nessas espécies o néctar ¢ mais acessivel também nas flores estaminadas, uma vez que o pistilodio ¢
mais desenvolvido, com estruturas nectariferas mais elevadas (Tabela 2), o que reforga nossa
hipotese.

A auséncia de ramos nectariferos na flor adulta de L. angustifolia, como resultado de perda
secundaria, pode indicar anemofilia, como ocorre em outras espécies de Poales (Linder & Rudall,
2005), ou até mesmo pode indicar autopolinizagdo, conforme registrado em outras espécies de
Eriocaulaceae (Ramos, Borba & Funch, 2005; Sawyer, Mertins & Schuster, 2005; Oriani, Sano &
Scatena, 2009). Como L. angustifolia ¢ uma espécie anual, que floresce no periodo chuvoso e tem
distribuicdo restrita, crescendo em ambientes imidos, proximos a coérregos na regido da Chapada
Diamantina, na Bahia (Giulietti, 1984; Mascarenhas, Giulietti & Scatena, 2020), ¢ mais provavel
que se reproduza por autopolinizacdo, tornando a auséncia dos ramos nectariferos mais vantajosa,
uma vez que significa menor investimento energético.

Com relagdo aos ramos estigmaticos, chama a aten¢do o fato dessas estruturas ndo serem
vascularizadas. Dentre as Poales, apenas Eriocaulaceae, Joinvilleaceac e Flagellariaceae ndo

apresentam estigmas vascularizados (Rosa & Scatena, 2007; Sajo & Rudall, 2012). Uma possivel
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interpretagdo para esse fato é que, como essas familias apresentam representantes de tamanho
reduzido e flores pequenas, suas flores apresentam estigmas com menor area de adesdo para o poélen
e com isso menor tempo de receptividade (Heslop-Harrison, 2000).

Nas Poales, apenas Eriocaulaceae e Cyperaceae apresentam mudang¢a na posi¢do dos
estigmas. Nas Cyperaceae, Reynders ef al. (2012) atribuem essa mudanga a perda da natureza
carpelar do gineceu. De acordo com os autores, o desenvolvimento do gineceu a partir de um
primoérdio anular ao invés de primordios carpelares individuais, combinada com o desenvolvimento
bidirecional da vascularizacdo, possibilitou o desenvolvimento do gineceu livre das restri¢gdes da
organizagdo carpelar, permitindo o desenvolvimento dos estigmas em outras posi¢des. Em
Eriocaulaceae, no entanto, a organizagdo carpelar do gineceu ¢ evidente desde o inicio do seu
desenvolvimento, pela formagdo da zona sinascidiada. Dado que a auxina e a citocinina atuam
como moduladores do desenvolvimento dos carpelos, como demonstrado em Arabidopsis (Deb,
Bland & Ostergaard, 2018), sendo que a auxina promove a formacdo dos estigmas e a citocinina
atua nos meristemas marginais dos carpelos (Marsch-Martinez ef al., 2012a, b; Marsch-Martinez &
de Folter, 2016), ¢ possivel que diferengas no fluxo desses hormodnios, bem como o
desenvolvimento de estruturas nectariferas e sua relagdo com os polinizadores, possam ter levado a
mudanga na posi¢do dos estigmas para a regido comissural em Paepalanthoideae ao longo da
evolucao da familia.

Leiothrix ¢ o Unico género da familia que apresenta corola gamopétala ou dialipétala nas
flores estaminadas (Ruhland, 1903; Giulietti ef al, 2012). Na maioria dos géneros da familia, a
corola das flores estaminadas ¢ gamopétala, exceto em Rondonanthus, que apresenta corola
dialipétala e Lachnocaulon, cuja corola ¢ ausente (Ruhland, 1903; Giulietti et al., 2012).

Através do desenvolvimento do calice e da corola das flores estaminadas de Leiothrix,
demonstramos aqui pela primeira vez para Eriocaulaceae que ambos resultam da combinagdo de
processos de fusdo congenital (na parte basal das sépalas/pétalas) e pds-genital (nas partes mediana
e apical), o que deve ocorrer também nos demais géneros com sépalas/pétalas unidas. A porg¢ao

fundida congenitalmente se desenvolve como resultado de crescimento intercalar logo abaixo das
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porgdes livres, que se unem em menor ou maior extensdo por fusdo pos-genital, resultando nas
diferentes morfologias do perianto encontradas na familia.

A revisdo sobre os tipos de fusdo entre 6rgdos florais realizada por Sokoloff ef al. (2018)
mostra que a fusdo pode ser tanto congenital como pds-genital, sendo esta ultima perfeita ou
imperfeita. O que observamos na porcao distal das sépalas e pétalas de Lerothrix parece se encaixar
no tipo considerada fusdo pds-genital perfeita por Sokoloff ef al (2018), uma vez que essa fusdo
ocorre por aproximagao das células epidémicas que nao apresentam tricomas € nem secregoes € a
corola permanece fundida mesmo pds-antese.

Como em Leiothrix as pétalas podem ou nao ser fundidas, enquanto as sépalas sdo sempre
fundidas, acreditamos que o grau de fusdo do calice tem relagdo com a altura do pistilodio, sendo
que quanto mais alongado o pistilodio, maior o grau de fusdo das sépalas, que formam um tubo,
juntamente com as pétalas, para o acimulo do néctar.

Ressaltamos por fim que, em Leiothrix, assim como nas demais Eriocaulaceae ja estudadas,
o tamanho diminuto das flores reflete também na reducao da vascularizagao (tanto com relagdo ao
nimero de feixes vasculares, quanto ao nimero de elementos condutores) (Rosa & Scatena, 2003;
2007; Silva, Trovo & Coan, 2016; Silva et al., 2021). Apesar de ser comum para Eriocaulaceae
apenas um feixe vascular em cada orgdo do perianto, Silva ef al (2021) reportaram para
Mesanthemum trés feixes vasculares em cada pétala, caracteristica diagnostica do género. Em
Lerothrix, a redugdo do mesofilo das sépalas e pétalas, assim como a reducao da vascularizagao ¢
marcante e semelhante as demais espécies da familia ja estudadas (Rosa & Scatena, 2003; 2007,
Silva, Trové & Coan, 2016). Os estaminodios das flores pistiladas, que sdo vascularizados e
provavelmente exercem funcdo na polinizagdo em Rondonanthus (Oriani et al, dados ndo
publicados), ndo sdo vascularizados em Lerothrix, mas apresentam caracteristicas anatoOmicas de

estruturas secretoras € podem ser funcionais, atuando como osmoéforos, por exemplo.

CONCLUSOES
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O desenvolvimento das flores pistiladas e estaminadas de Lerothrix seguem o mesmo padrao que as
demais Eriocaulaceae, divergindo apenas no desenvolvimento do estilete das flores pistiladas e nos
tipos de fusionamento da corola das flores estaminadas. Diferengas morfologicas no gineceu ocorre
por processos heterocronicos, que resultam nas diferentes alturas em que os ramos nectariferos e
estigmaticos se inserem no estilete. Essas diferencas podem estar relacionadas a sistemas de
polinizagdo mais ou menos generalistas, hipdtese que poderd ser confirmada com estudos de
biologia reprodutiva. A fusdo das sépalas e pétalas das flores estaminadas resulta tanto de fusdo
congenital (regido basal) como pds-genital (regides mediana e apical) e pode ter relacdo com a

altura do pistilodio nectarifero, formando um tubo para o acimulo do néctar.
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LEGENDAS
Figura 1: Desenvolvimento da flor estaminada de Lerothrix em MEV. A-C. L. angustifolia, D, G-H.
L. flavescens, E-F, 1. L. curvifolia. A-H. Desenvolvimento dos primddios; 1. Sépalas recobrindo
completamente o primédio floral. (b=bractea, es=iniciacdo do estame, s=sépala, seta=inicia¢do da

pétala, *=complexo pétala-estame, ‘=posicao abaxial). Escalas: A-G=20um; H-I= 50pm.

Figura 2: Desenvolvimento da flor estaminada de Leiothrix em MEV. A-C, F. L. angustifolia, D-E,
G-J. L. flavescens. A-C, G-J. Desenvolvimento das pétalas; D-F. Detalhes do pistilddio. (an=antera,
p=pétala, pis=pistilodio, s=sépala, seta=iniciagdo da pétala, ‘=posi¢do abaxial, cabeca de seta=

limite da fusdo das pétalas). Escalas: A, C, F, H-I=100pm; B, D, G=50pm; E=20pm.

Figura 3: Desenvolvimento da flor estaminada de L. vivipara em MEV. A. Iniciacdo dos estames,
pétalas e sépalas; B. Inicio do desenvolvimento das pétalas; C-1. Fusionamentos das pétalas; J-K.
Detalhes do pistilodio (an=antera, es=iniciagdo do estame, p=pétala, pis=pistilodio, s=sépala,
cabeca de seta= limite da fusdo das pétalas, seta=iniciacdo da pétala). Escalas: A=10pum; B=20um,;

C=25pm; D-G= 50pm; H-K= 100pum.

Figura 4: Desenvolvimento da flor estaminada de Leiothrix em MEV. A-D. L. curvifolia, E-G. L.
flavescens. A-C. Desenvolvimento das pétalas; D-G. Detalhes do pistilodio. (an=antera, p=pétala,
pis=pistilédio, s=sépala, cabeca de seta= limite da fusdo das pétalas). Escalas: A-B, D-F=50pm;
C=100pm; G=20pum.

Figura 5: Desenvolvimento da flor pistilada de Leiothrix em MEV. A-C, G-I, K-L. L. flavescens,
D-F, J. L. curvifolia. A-G, J. Desenvolvimento dos primédios; H-I. Desenvolvimento dos carpelos;
K-L. Fusdo dos carpelos e diferenciagdo dos ramos nectariferos e estigmdticos. (b=bractea,
c=carpelo, e= ramo estigmatico, es=iniciagdo do estame, p=pétala, mf=meristema floral, n=ramo
nectarifero, s=sépala, seta=iniciacdo da pétala, *=complexo pétala-estame, ‘=posicdo abaxial).

Escalas: A= 50pm; B-F= 10um; G-L=20pum.

Figura 6: Desenvolvimento da flor pistilada de L. angustifoliaem MEV. A-C. Desenvolvimento dos
carpelos; D-H. Fusdo dos carpelos e diferenciagdo dos ramos nectariferos e estigmaticos. I-J.
Crescimento do estilete e dos ramos estigmaticos; K. Botdo imaturo com ramos nectariferos e
estigmaticos. L. Flor em antese. (c=carpelos, e= ramo estigmatico, est=estaminddio, n=ramo
nectarifero, p=pétala, s=sépala, seta=iniciacdo da pétala). Escalas: A-B=10um; C-F, H=20um; G, I-
J=25pm, K= 50pm, L= 100pm.
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Figura 7: Desenvolvimento da flor pistilada de L. curvifolia em MEV. A-F, H-1. Desenvolvimento
dos ramos nectariferos e estigmaticos; G. Detalhe do estaminddio. (e= ramo estigmatico,
est=estaminodio, n=ramo nectarifero). Escalas: A-B, F=25um; C, E=50um; D, G=20um;
H=100pum; [=250pum.

Figura 8: Desenvolvimento da flor pistilada de L. flavescens em MEV. A-G. Desenvolvimento dos
ramos nectariferos e estigmaticos. (e= ramo estigmatico, est=estaminddio, n=ramo nectarifero).

Escalas: A=20pum; B=50pum; C-E=100pm; F-G=200pum.

Figura 9: Desenvolvimento da flor pistilada de L. viviparaem MEV (A-B, E-G); Desenvolvimento
da flor pistilada de L. flagellaris em MEV (C-D, H-J). A-D. Desenvolvimento dos ramos
nectariferos e estigmaticos; E, H. Detalhe do gineceu da flor em antese; F, I. Detalhe dos ramos
nectariferos e estigmaticos; G, J. Detalhe do estaminodio. (e= ramo estigmatico, est=estaminddio,

n=ramo nectarifero). Escalas: A-B=50um; C-D, G=20um; E, H= 200pum; F-I=100um; J= 25um.

Figura 10: Flor pistilada de L. fluitans em MEV. A. Detalhe do gineceu na flor em antese; B.
Detalhe dos ramos nectariferos e estigmaticos; C. Detalhe dos ramos estigmaticos com graos-de-
polen aderidos. (e= ramo estigmatico, est=estaminddio, gp=grdo de podlen, n=ramo nectarifero).

Escalas: A=250pum; B=100pum; C=50pm.

Figura 11: Secgdes transversais das flores estaminadas de Leirothrix angustifolia. A. Regido de
diferenciagdo das sépalas no pedicelo; B. Inicio de divergéncia dos tracos das sépalas; C. Tragos
vasculares diferenciados de sépalas, pétalas e pistilodio; D. Sépalas, pétalas, estames e pistilodio
diferenciados; E. Sépala, pétala, estames e regido nectarifera do pistilédio; F. Estames em pré-
antese. (circulo amarelo= trago de sépala, circulo azul= traco de pétala, circulo preto= feixe vascular
dorsal, circulo verde= trago de estames, circulo vermelho= plexo vascular central). (es=estame,

p=pétala, pis=regido basal do pistilédio, n= pistilédio nectarifero; s=sépala). Escalas: A-F=40um.

Figura 12: Secgdes transversais das flores estaminadas de Lerothrix flagellaris. A. Regido do
pedicelo com os tracos de sépalas; B-C. Sépalas diferenciadas e tracos das pétalas em diferenciacao;
D-E. Sépalas, pétalas, estames e regido nectarifera do pistilodio; F. Detalhe de estame em fase pré-
antese. (circulo amarelo= traco de sépala, circulo azul= trago de pétala, circulo verde= trago de
estames, circulo vermelho= plexo vascular central). (es=estame, n= pistilddio nectarifero, p=pétala,

s=sépala). Escalas: A-E=40um; F=20um.
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Figura 13: Secgdes transversais das flores estaminadas de Leiothrix fluitans. A. Regido do pedicelo
com diferenciag¢do dos tragos de sépalas; B. Sépala em diferenciacdo e tracos de pétalas divergindo;
C. Sépala diferenciada e pétalas em diferenciagdo; D. Sépalas e pétalas diferenciadas, estames em
diferenciagdo da regido basal do pistilodio; E. Pétalas, estames e regido basal do pistilodio; F.
Detalhe da regido nectarifera do pistilodio; G. Detalhe do estame em pré-antese. (circulo amarelo=
traco de sépala, circulo azul= traco de pétala, circulo preto= feixe vascular dorsal, circulo verde=
traco de estames, circulo vermelho= plexo vascular central). (es=estame, n= pistilédio nectarifero;

p=pétala, pis=regido basal do pistiloédio, s=sépala). Escalas: A-E=40um; F-G=20pum.

Figura 14: Secgdes transversais das flores pistiladas de Leiothrix angustifolia. A. Regido do
pedicelo; B. Diferenciagdo das sépalas; C. Diferenciagdo das pétalas; D. Detalhe do estaminédio; E.
Regido basal do ovario; F. Regido mediana do ovario; G. Regido basal do estilete; H. Regido
mediana do estilete; I. Regido apical do estilete; J. Detalhe dos ramos estigmaticos. (circulo
amarelo= traco de sépala, circulo azul= traco de pétala, circulo preto= feixe vascular dorsal, circulo
vermelho= plexo vascular central). (est=estaminddio, p=pétala, s= sépala). Escalas: A-B, E-F=

40pm; C-D= 30um; G-J=20pum.

Figura 15: Seccdes transversais das flores pistiladas de Lerothrix flavescens. A. Regido do pedicelo
com a diferenciacdo das sépalas; B. Regido da diferenciacio das pétalas; C. Detalhe do estaminddio;
D. Regidao mediana do ovario; E. Regido basal do estilete; F. Regido mediana do estilete com a
diferenciagdo dos ramos nectariferos; G. Inicio da liberacao dos ramos nectariferos do estilete. H-I.
Regido apical do estilete com ramos nectariferos e estigmaricos diferenciados; J. Detalhe dos ramos
estigmaticos. (circulo amarelo= trago de sépala, circulo azul= trago de pétala, circulo preto= feixe
vascular dorsal, circulo vermelho= plexo vascular central). (e= ramo estigmatico, est=estaminddio,

n= ramo nectarifero, p= pétala, s= sépala). Escalas: A-B=40um; C-D=30um; E-J=20um.

Figura 16: Seccdes transversais das flores pistiladas de Leiothrix vivipara. A. Detalhe do
estaminddio; B. Regido basal do ovério; C. Detalhe da regido mediana do ovario; D. Regido basal
do estilete; E. Regido mediana do estilete; F. Inicio da diferenciagdo dos ramos nectariferos. G.
Regido apical do estilete com ramos nectariferos e estigmaricos diferenciados; H. Detalhe dos
ramos estigmaticos. (circulo amarelo= traco de sépala, circulo azul= trago de pétala, circulo preto=
feixe vascular dorsal, circulo vermelho= plexo vascular central). (est= estaminddio, n= ramo

nectarifero, p= pétala, s= sépala). Escalas: A, C, G-H= 20um; B=40um; D-F=30um.
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TABELAS
Tabela 1. Espécies estudadas, classificagdao e dados dos vouchers
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Espécie Ruhland (1903) Giulietti (2020)

Coletor e n° de coleta

L. angustifolia (Korn.) Ruhland

L. curvifolia (Bong.) Ruhland Leiothrix subg. Calycocephalus

Leiothrix subg. Leiothrix
L. flavescens (Bong.) Ruhland

L. fluitans (Mart.) Ruhland Leiothrix subg. Rheocaulon

L. flagellaris (Bong.) Ruhland Leiothrix subg.

Leiothrix subg. Stephanophyllum

L. vivipara (Bong.) Ruhland Stephanophyllum

Mascarenhas et al., 382; 387
Mascarenhas et al., 395; Sauthier 107
Mascarenhas et al., 330; 357
Mascarenhas et al., 402; 425
Mascarenhas et al. 349

Sauthier 108

Tabela 2. Caracteristicas variaveis das flores de Lerothrix

Espécies Altura da inser¢ao dos ramos nectariferos no estilete

Altura do pistilédio em relagdo aos estames

L. angustifolia Ausentes
L. curvifolia Abaixo da regido mediana

L. flavescens Acima da regido mediana

Na base dos filetes
Na regido mediana dos filetes

Na regido mediana dos filetes

L. fluitans
L. flagellaris

L. vivipara

Na regido mediana
Na regido apical

Na regido apical

Acima da regido mediana dos filetes
Acima da regido mediana dos filetes

Acima da regido mediana dos filetes
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CAPITULO 2: Seed morphology and post-seminal development in Lefothrix Ruhland

(Eriocaulaceae, Poales)

(Artigo publicado na Feddes Repertorium)

Mascarenhas AAS, Scatena VL. 2021. Seed morphology and post-seminal development in
Lerothrix ~ Ruhland  (Eriocaulaceae, @ Poales). @ Feddes  Repertorium 132: 9-19.

doi:10.1002/fedr.202000022
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Seed morphology and post-seminal development in Lefothrix Ruhland (Eriocaulaceae, Poales)
Running Title: Seed morphology in Leiothrix

Ana Angélica Silva Mascarenhas & Vera Lucia Scatena

Abstract: The genus Lerothrix (Eriocaulaceae) is restricted to South America, where most species
occur in the Espinhaco mountain chain in Brazil. Seed ornamentation has a distinctive origin in the
family and in most species of Leiothrix the seed coat has a striated pattern. The objective of this
study was to evaluate the morphological aspects of seeds of Leiothrix as well as the post-seminal
development. Leiothrix seeds are elliptical or oval, the seed coat has a primary sculpture of
isodiametric or hexagonal cells with concave periclinal walls and straight or sinuose anticlinal walls.
Most species also have a secondary sculpture, which forms the striate ornamentation and this may
be continuous or discontinuous with isolated, connected or cruciform annular striae. A comparative
table of seed characters shows that most of them corroborate the current circumscription of the
subgenera of Leiothrix. The seed coat striae expand with wetting and may help in seed imbibition
during germination. Leiothrix seeds show a high germination rate and the post-seminal

development pattern is similar to that described for other species of Eriocaulaceae.

Key words: germination, Poales, seed coat, seedling, striated seeds.
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1. Introduction

The order Poales, in which the Eriocaulaceae are classified, consists of about 20,000 species in
15 families forming five clades: bromeliids, cyperids, graminids, restiids and xyrids (Darshetkar et
al. 2019). The Eriocaulaceae together with the Xyridaceae constitute the xyrid clade and they share
characters such as bitegmic and tenuinucellate ovules, seeds with tanniniferous hypostase, starchy
endosperm and undifferentiated embryos (Scatena and Bouman 2001; Coan et al. 2007; 2010; Nardi
et al. 2015).

The Eriocaulaceae include about 1,400 species in ten genera (Giulietti ef a/ 2012) and have a
pantropical and temperate distribution, with two centres of diversity in the neotropics, eastern Brazil
in the Espinhaco mountain range and the tepuis of Venezuela (Hensold and Giulietti 1991). The
family is characterized by its capitulate inflorescences and divided into two subfamilies -
Eriocauloideae and Paepalanthoideae — based on floral characters (Ruhland 1903).

Leiothrix Ruhland (1903) is divided into the following five subgenera according to habit, floral
characters and mode of vegetative growth: L. subg. Calycocephalus Ruhland, L. subg.
Eleutherandra Ruhland, L. subg. Psilanthus Ruhland, L. subg. Rheocaulon Ruhland and L. subg.
Stephanophyllum Ruhland. The genus includes 47 species with its centre of distribution and
diversity almost restricted to the Espinhago range in Brazil, extending from Minas Gerais to Bahia,
apart from L. flavescens (Bong.) Ruhland, which has a wide distribution extending to the
Venezuelan tepuis (Giulietti ef al. 1995; Flora do Brasil 2020). According to Ruhland (1903), all
species of Leiothrix occur in Brazil, except for L. arechavaletae Ruhland (L. subg. Psilanthus),
which has recently been synonymized in Syngonanthus chrysanthus (Bong.) Ruhland by Alff
(2020), making the genus almost exclusively Brazilian.

Four of the subgenera proposed by Ruhland (1903) occur in Brazil but their circumscription
and the relationships of the species are not yet entirely clear (Giulietti ef al. 1995). Morphological
and molecular data of Lerothrix support its monophyly and close relationship to Syngonanthus

Ruhland (Giulietti et al. 1995; Andrade et al 2010; Giulietti et al 2012; Trovo et al. 2013;
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Echternacht et al. 2014), but also show that among the subgenera, only L. subg. Stephanophyllum
are monophyletic.

Giulietti et al. (1986) considered seed development in Leiothrix to be different from that of the
other genera of the family in having an intact outer layer of the outer integument in mature seeds.
Coan et al. (2010) considered that there was uniformity in seed development of Eriocaulaceae,
corroborating the results of Scatena and Bouman (2001), who showed that the cells of the inner
layer of the outer integument form the endotesta. Ultrastructural patterns of the seeds are used at
infra-specific level because of limited plasticity and variation between individuals (Barthlott 1981),
but also at higher levels since they help in understanding taxonomic relationships in some groups
within the family (Nair 1987; Zona et al. 2012; Barreto et al. 2013; Corredor et al. 2015).

The post-seminal development on monocotyledons reveals characters peculiar to different
groups, as in Poales (Tillich 2007), which shows evolutionary patterns of the cotyledon among the
families and particular features in the xyrids, especially the reduced cotyledon in Eriocaulaceae. In
this family, studies of germination and post-seminal development have been carried out in
Eriocaulon L. (Ramaswamy et al. 1981), Syngonanthus (Scatena ef al. 1993; 1996), Paepalanthus
Mart. (Kraus et al. 1996) and Comanthera L.B.Sm. (Corredor et al. 2015), and have revealed
common features such as dependency on direct light for seed germination and seedling
development, the germination being indicated by a first little leaf not undergoing much further
development instead of the formation of a primary root, abortion of the primary root and the
development of a shoot-born root after the development of the eophyll.

The objective of the present study was to investigate the seed morphology and ultrastructure of
representative Brazilian species of Leiothrix to verify if there are significant variations. We also
describe the morphology of post-seminal development in order to establish whether there is a

common pattern in the Eriocaulaceae.



67

2. Material and methods

Capitula with fully developed seeds were collected from different individuals representing
the four Brazilian subgenera of Leiothrix (Table 1). Vouchers of the species are deposited in the
Herbarium Rioclarense (HRCB) of the Biosciences Institute of the Universidade Estadual Paulista
"Julio de Mesquita Filho" (UNESP), Campus de Rio Claro, Sdo Paulo state, Brazil.

For morphological and post-seminal developmental studies, mature seeds were extracted
from the capitula and observed with a stereomicroscope. A scanning electron microscope (SEM)
was also used under all of the species cited in the Table 1. Seeds from capitula at the dispersal stage
were soaked in water for 36 h in order to better visualize the seed coat, then fixed in 70% alcohol
and later coated with gold (Balzer 5 CDO 50 Sputter Coater). Seeds taken from herbarium
specimens were also coated with gold (Balzer 5 CDO 50 Sputter Coater). Documentation of the
results was made using images obtained with the program “TM 3 000 Applicaton Program”.

For the post-seminal developmental study, the mature seeds of L. angustifolia (Kormn.)
Ruhland, L. argyroderma Ruhland, L. arrecta Ruhland, L. beckii (Szyszyl.) Ruhland, L. curvifolia
(Bong.) Ruhland, L. flavescens, L. fluitans (Mart.) Ruhland, L. raymondii Giul. & Silva and L.
sclerophylia Silveira were divided between five Petri dishes with 20 seeds in each, on filter paper
soaked with distilled water, under the same conditions in a controlled chamber at a temperature of
28 £ 2 °C and constant flourescent light (= 32 pmol/m2.s PAR). Germination was defined as the
stage at which the embrionic axis emerged. The progress of the post-seminal developmental phases
was observed daily with a stereomicroscope. Photodocumentation was made using images obtained
with a Canon Power Shot S80 digital camera attached to a Leica EZ4 stereomicroscope. The
method described by Ranal and Santana (2006) was used to calculate the mean time for germination.

Seedlings at different stages of development were fixed in FAA 70 (37% formaldehyde,
glacial acetic acid, 70% ethyl alcohol 1:1:18 v/v) (Johansen 1940) for 24 hours and then transferred
to 70% alcohol for anatomical study with a light microscope. The fixed material was embedded in
(2-hydroxyethyl)-methacrylate (Leica Historesin Embedding Kit) (Feder and O’Brien 1968) and

sectioned with a rotary microtome (RM 2245, Leica). The anatomical sections were stained with
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periodic acid-Schiff (PAS) and toluidine blue in 0.05% sodium borate (Feder and O’Brien 1968)
and mounted in permanent slides with Entellan (Merck). The anatomical sections were
photodocumented by an image capturing device (Leica, DFC 450) attached to a microscope (Leica,
DM 4000B), using the LAS image digitization program (Leica Application Suite V4.0.0).

The nomenclature proposed by Giulietti ef al (1986) was used for seed shape, and the
terminology proposed by Barthlott (1981) for the seed coat descriptions. The terminology for post-

seminal development was based on Tillich (2007).

3. Results

The seeds of Lerothrix vary in length from 0.38mm to 1.12mm and may be elliptical as in L.
argentea Silveira, L. argyroderma, L. beckii, L. curvifolia, L. flavescens, L. fluitans and L.
raymondii (Figs. 1A-G), or oval as in L. angustifolia, L. arrecta, L. echinocephala Ruhland, L.
luxurians (Korn.) Ruhland, L. sclerophylla and L. vivipara (Bong.) Ruhland (Figs. 1H-M).

The seed coat in Leiothrix has a primary sculpture formed from the cells of the inner layer of
the outer integument, which can be observed both in non-imbibed seeds (Figs. 1A-M) and in the
details of imbibed seeds (Figs. 2A-0O). The cells of the primary sculpture may be isodiametric, as in
L. angustifolia, L. argentea, L. curvifolia, L. echinocephala, L. flavescens, L. fluitans, and L.
raymondii (Figs. 2A-E, 2H-I, 2N-O); or hexagonal, as in L. argyroderma, L. arrecta, L. beckii, L.
luxurians, L. sclerophylla and L. vivipara (Figs. 2F-G, 2J-M). They may have concave outer
periclinal walls in all the species (Figs. 2A-0O). The anticlinal walls of these cells are somewhat
sinuose where they meet, as in em L. angustifolia, L. flavescens and L. raymondii (Figs. 2B-C, 2H,
2N), or straight as in L. argentea, L. argyroderma, L. arrecta, L. beckii, L. curvifolia, L.
echinocephala, L. fluitans, L. luxurians, L. sclerophylla and L. vivipara (Figs. 2A, 2D-G, 21-M, 20).

Most species have secondary sculpture on the seed coat in addition to the primary sculpture
(Figs. 1A-D, 1F, 1H-M, 2A-D, 2F, 2H-0), apart from L. curvifolia and L. beckii (Figs. 1E, 1G, 2E,
2G), which have only primary sculpture. The secondary sculpture exhibits the relief left by the

thickenings of the cell walls of the inner layer of the outer integument, which persist in most species
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and appear as striae (Figs. 1A-D, 1F, 1H-M). These striae may be continuous as in L. argentea, L.
flavescens and L. raymondii (Figs. 1A-C, 2A), or discontinuous as in L. angustifolia, L.
argyroderma, L. arrecta, L. echinocephala, L. fluitans, L. luxurians, L. sclerophylla and L. vivipara
(Figs. 1D, 1F, 1H-M, 2D, 21, 2L). The striae may have an annular pattern (Figs. 1A-D, 1F, 1H-M),
and the annulus may be smooth (Fig. 2N) or microstriate (Fig. 20) when examined in detail; they
may also occur isolated (Figs. 1A-C, 1H, 2A-C, 2H), connected (Figs. 1D, 1F, 11-J, 1L, 2D, 2I, 2L)
or cruciform (Figs. 1K, IM, 2K, 2M).

The hilum of Leiothrix seeds may be inconspicuous as in L. fluitans (Fig. 1D) or
conspicuous and acute as in L. angustifolia, L. argentea, L. argyroderma, L. beckii, L. curvifolia, L.
flavescens, L. raymondii and L. sclerophylla (Figs. 1A-C, 1E-H, 1J), or curved acute as in L. arrecta,
L. echinocephala, L. luxurians and L. vivipara (Figs. 11, 1K-M). The micropyle may be conspicuous
and obtuse as in L. angustifolia, L. argentea, L. argyroderma, L. arrecta, L. beckii, L. echinocephala,
L. flavescens, L. luxurians, L. raymondii, L. sclerophylla and L. vivipara (Figs. 1A-C, 1F-M), or
cuspidate as in L. curvifolia (Fig. 1E), or may be inconspicuous as in L. fluitans (Fig. 1D).

If germinating at all, the seeds have a high germination rate (>85%) (Table 2). Of the nine
species tested, only L fluitans, L. raymondii and L. sclerophylla germinated; the time for the
emergence of the seedling structures can be seen in Table 2. The imbibed seed (Figs. 3A-B) has an
embryo (em) reduced in size compared to the endosperm (en) and the micropylar region with
operculum (Fig. 3B). The cells of the embryo situated in front of the micropylar region form the
root pole (rp) with primary root aborted (Figs. 3C, 3G). Germination takes place with the
emergence of the embrionic axis (ea) by means of the separation of tissues, leading to the rupture of
the seed coat in the micropylar region (Figs. 3C-D) between five and twenty days after imbibition.
The embrionic axis is composed of meristematic cells (Fig. 3D). After the lengthening of the
embrionic axis cells the rhizoids collar (rc) differentiates (Figs. 3E-F) between nine and twenty days
after imbibition. The embrionic axis cells elongate (Fig. 3D) and divide (Fig. 3F). The embryonic
axis develops and later (Fig. 3G) differentiates initially in an eophyll (eo) and, later, in a shoot-born

root (sr) (Fig. 3H). The first eophyll develops from fourteen to twenty six days after imbibition
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(Figs. 3I-J), followed by the second eophyll which develops from 22 to 33 days after seed
imbibition (Figs. 3K-L). During seedling development the haustorial cotyledon cells remain in
contact with the endosperm and are of larger size and have more pronounced nuclei than the rest
(Figs. 3D, 3F, 3H, 3J, 3K).

Some morphological characteristics of the seeds of representative species of Leiothrix are

shown in Table 3 to facilitate understanding and discussion.

4. Discussion

The seeds of Leiothrix are varied in shape, as are those of other genera in the family such as
Eriocaulon (Nair 1987; Zona et al. 2012), Lachnocaulon Kunth (Zona et al. 2012), Syngonanthus
(Zona et al. 2012; Barreto et al. 2013) and Comanthera (Barreto et al. 2013; Corretor et al. 2015).
Despite the variation, the seed shape in Lerothrix is constant in some groups and may be considered
as one of the diagnostic characters of L. subg. Rheocaulon (elliptical seeds) and L. subg.
Stephanophyllum (oval seeds).

In Leiothrix the species with oval seeds have smaller stature and short scapes whereas the
species with elliptical seeds are of greater size and have long scapes. Scape length in Lerothrix
species may be related to the aerodynamics of seed dispersal (Trové and Stiitzel 2011), especially in
constantly windy habitats. It is believed that elliptical seeds, because they are narrower than others
can be dispersed to greater distances and thus colonize different habitats from that of the mother
plant. Since the female flowers are arranged concentrically in the capitula of L. flavescens, its seeds
can be projected long distances by means of the rupture of the pericarp and this could explain the
extensive geographic distribution of this species, which occurs throughout the Cadeia do Espinhago,
in the coastal restingas of Brazil and reaching as far as the Venezuelan tepuis.

The Leiothrix species with oval seeds are those with ranges restricted to a few localities in the
Cadeia do Espinhago such as L. subg. Stephanophyllum, the only monophyletic subgenus (Andrade
et al. 2010; Giulietti ef al. 2012; Trovo et al. 2013; Echternacht ef al. 2014). These species exhibited

the least quantity of seeds per capitulum: one in L. Juxurians (collected in May 2018) and up to
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three in L. arrecta (collected in August 2019) and L. vivipara (collected in May 2018), which could
be explained by the occurrence of asexual reproduction by vegetative multiplication, one of the
diagnostic characters of the subgenus. Oval seeds were also observed in species of other subgenera
of Leiothrix, as for example in L. subg. Eleutherandra, in L. sclerophylia, for which the dispersal of
complete capitula was observed (Mascarenhas, pers. comm.). It could explain the restricted
distribution of this species, since when the capitula reach the ground their seeds are likely to
germinate near the mother plant.

The term testa is used by many authors to describe the seed coat. According to Font Quer (1979),
the testa is the outer covering of the seed. For the Eriocaulaceae, Phillips (1996) and Zona ef al.
(2012) used this term to describe the whole seed covering. However, embryological and seed
developmental studies use the term testa according to its origin, which is from the outer integument
of the ovule (Johri ef al. 1992). Therefore, the outer and inner integument of the ovule, after
undergoing structural modification in development, is respectively called the testa and the tegmen
(Johri et al. 1992). The latter authors stated that one or more of these cell layers may in some cases
collapse during seed maturation. In embryological studies of Leiothrix fluitans, Monteiro-
Scanavacca and Mazzoni (1978) showed that the cells of the outer layer of the outer integument of
the seeds have thickened walls and the cells of the inner layer of the outer integument elongated
during development. In a study of testa sculpture of mature seeds of Eriocaulaceae, Giulietti e al
(1986) stated that during seed development in L. fluitans and L. spiralis (Bong.) Ruhland, the cells
of the outer layer of the outer integument remained intact with only cell thickenings, whereas in the
representatives of the other genera the cells of the outer layer of the outer integument elongated
initially and later ruptured, thus bringing about the seed coat ornamentations observed.

Later on, Scatena and Bouman (2001), by means of embryological and seed developmental
studies of Paepalanthus sect. Actinocephalus (Koern.) Ruhland, stated that the cells of the outer
layer of the outer integument disintegrated and the anticlinal walls of the cells of the inner layer of
the outer integument thicken during development and it is this that produces the seed coat

ornamentation. Coan et al. (2007; 2010) studied the development of the seeds in six genera of
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Eriocaulaceae, including Leiothrix (L. flavescens) and confirmed the findings of Scatena and
Bouman (2001), concluding that most Eriocaulaceae have endotestal seeds.

Although in most Eriocaulaceae seeds the striate seed coat ornamentation is derived from the
thickening of the anticlinal walls of the inner layer of the outer integument, there are some species
of Eriocaulon and Paepalanthus in which the disintegration of the outer layer of the outer
integument does not occur (Stiitzel 1998; Davies ef al. 2007). The same may occur in L. beckii and
L. curvifolia which do not have striate seed coat ornamentation, and this suggests the need for
future developmental studies of these seeds to clarify their structure. On comparing seed coat
ornamentation between species of Comanthera and L. vivipara, Barreto et al. (2013) stated that the
former had a distinct origin, and that whereas in Leiothrix the projections originate from the outer
layer of the outer integument thus forming the striated pattern, in Comanthera the projections
originate from the inner layer and are the cause the of the rugose pattern. It is likely that in Leiothrix
as in the rest of the Eriocaulaceae, there may be variation in the origin and development of the seed
structures that give rise to the different kinds of ornamentation observed and this is an aspect of the
group's diversity.

The primary sculpture of the seeds of Leiothrix is important for the identification of the species
of L. subg. Eleutherandra and L. subg. Stephanophyllum (Table 3), two of the subgenera described
by Ruhland (1903). Primary sculpture also varies according to subgeneric limits in Comanthera
(Barreto et al. 2013). These data corroborate Barthlott (1981), who stated that primary sculpture is
of significant taxonomic importance in diverse groups of plants. The majority of the species of
Leiothrix have secondary seed sculpture, which produces their striated ornamentation and which
may aid in seed imbibition during germination, since they expand on contact with water and give
the seeds a gelatinous appearance. Striate seed coats in other monocot groups such as the
Orchidaceae are also related to the establishment of the seed on the substrate since after seed
imbibition the striae expand and help to fix the seed in its habitat (Barthlott 1981).

The seed germination characters we observed in Leiothrix are common to those of the other

Eriocaulaceae so far studied (Scatena et al. 1993; 1996; Kraus et al. 1996; Corredor ef al. 2015), i.e.
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rapid germination by protrusion of the embrionic axis and appearance of a shoot-born root after the
development of the first eophyll. The germination rate is high in Leiothrix and seedling growth is
rapid in comparison to other monocotyledons, and the same is true for species of Comanthera,
Eriocaulon, Paepalanthus, and Syngonanthus (Ramaswamy et al. 1981; Scatena et al. 1993; 1996;
Kraus ef al. 1996; Corredor ef al. 2015).

The species of Leiothrix occur in aquatic habitats (e.g. L. fluitans), and in open (e.g. L.
sclerophylla) and shaded (e.g. L. raymondii Giul. & Silva) areas, but all have a high rate of
germination. The seeds of Leiothrix are positively photoblastic, which is also characteristic of other
plant groups typical of campo rupestre vegetation such as Xyridaceae and Velloziaceae (Oliveira
and Garcia 2005; 2011).

The embryo of Leiothrix seeds is undifferentiated as in other genera of Eriocaulaceae
(Ramaswamy et al. 1981; Scatena ef al. 1993; 1996; Kraus et al. 1996; Corredor et al. 2015). The
same occurs in species of Mayacaceae and Xyridaceae (Venturelli and Bouman 1986; Nardi ef al.
2015; Nardi 2018), and this is a character common to the families of the xyrid clade and of other
families of the Poales (Baskin and Baskin 2018). During the post-seminal development of Leiothrix
the seedling structures are the same as those observed in Eriocaulon, Paepalanthus, Syngonanthus
and Comanthera (Ramaswamy et al. 1981; Scatena et al. 1993; 1996; Kraus et al. 1996; Corredor et
al. 2015), forming a pattern for the Eriocaulaceae.

The seedling development in Leiothrix also follows the pattern described for the other genera of
Eriocaulaceae (Ramaswamy et al. 1981; Scatena et al. 1993; 1996; Kraus ef al. 1996; Corredor ef al.
2015). According to Tillich (2007), the haustorial cotyledon is considered ancestral for the Poales,
since it is present in most families: Bromeliaceae, Eriocaulaceae, Rapateaceae, Restionaceae and
Xyridaceae (Orectanthe Maguire).

As in the other genera of Eriocaulaceae, the primary root aborts in Leiothrix at the beginning of
germination, leaving only cellular remnants, as described originally by Scatena et al (1993) for
Syngonanthus rufipes. The degeneration of the primary root in Eriocaulaceae probably occurs

because the root apex is covered by a rigid structure (the operculum) and as a result the root cannot
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penetrate the soil (Scatena ef al. 1993; 1996; Kraus ef al. 1996; Corredor et al. 2015). The presence
of numerous rhizoids in Eriocaulaceae was indicated by Tillich (2007) to be a compensation for the
absence of the primary root, with the rhizoids carrying out the functions of absorption and fixation
followed by the development of adventitious roots. The species of Leiothrix studied here and other
species of the family which have been investigated all show the same developmental pattern, in
which the development of the first eophyll precedes that of the shoot-born root (Ramaswamy et al.
1981; Scatena et al. 1993; 1996; Kraus et al. 1996; Corredor et al. 2015).

Since the primary root degenerates in the Eriocaulaceae (Scatena et al. 1993; 1996; Kraus et al.
1996; Corredor et al. 2015), leaf development is one of the first post-germination stages and in
Syngonanthus is considered to be an adaptive factor according to Oliveira and Garcia (2005; 2011).
These species occur in habitats of high light intensity and obtain the energy they need for seedling
establishment by photosynthesis.

The results of this study show that most of the morphological seed characters of Lerothrix
species are important for their identification and that features of their germination and post-seminal

development are similar to those of the other taxa of Eriocaulaceae.
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Legends

Figure 1. Morphology of seeds of Lerothrix observed in scanning electron microscope (SEM). (A)
L. argentea, (B) L. flavescens, (C) L. raymondii, (D) L. fluitans, (E) L. curvifolia, (F) L.
argyroderma, (G) L. beckii, (H) L. angustifolia, (1) L. echinocephala, (J) L. sclerophylla, (K) L.

arrecta, (L) L. luxurians and (M) L. vivipara. Scale: A-B, D-G, K-M=100um; C, H-J= 50pum

Figure 2. Details of the seed coat imbibed of Lerothrix under the scanning electron microscope
(SEM). (A) L. argentea, (B) L. flavescens, (C) L. raymondii, (D, O) L. fluitans, (E) L. curvifolia, (F)
L. argyroderma, (G) L. beckii, (H, N) L. angustifolia, (1) L. echinocephala, (J) L. sclerophylla, (K)

L. arrecta, (L) L. luxurians and (M) L. vivipara. Scale: A-O=10pm.

Figure 3. Morphology of post-seminal development in Leiothrix under the stereomicroscope and
light microscope. (A, I) L. sclerophylia, (B-D, G-H, J) L. raymondii and (E-F, K-L) L. fluitans. (ea)
embrionic axis, (em) embryo, (en) endosperm, (eo) eophyll, (hc) haustorial cotyledon cells, (op)
operculum, (pr) primary root, (rc) rhizoid collar, (rp) root pole, (sr) shoot-born root. Scale: A, C, E,

G, [, L=20 mm; B, D, F, H, J, K= 40pum.
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Tables

Table 1. Brazilian species of Leiothrix used in studies of seed morphology and post-seminal

development™
Ruhland (1903) Species Collector and collector’s
number
Leiothrix subg. *L. angustifolia (Korn.) Ruhland  Mascarenhas et al. 382; 387
Calycocephalus L
L. argentea Silveira Mascarenhas et al. 403
*L. curvifolia (Bong.) Ruhland Mascarenhas et al. 395;
Sauthier 107
L. echinocephala Ruhland Mascarenhas et al. 399
*L. flavescens (Bong.) Ruhland =~ Mascarenhas et al. 330; 359
*L. raymondii Giul & Silva Mascarenhas et al. 374
Leiothrix subg. *L. fluitans (Mart.) Ruhland Mascarenhas 398; 422
Rheocaulon
Leiothrix subg. *L. argyroderma Ruhland Castellanos 21899; Lofgrren
Eleutherandra 3580
*L. beckii (Szyszyl.) Ruhland Silva 6; Barreto 82; Braga
2310
*L. sclerophylia Silveira Mascarenhas 410
Leiothrix subg. *L. arrecta Ruhland Mascarenhas 421
Stephanophyllum

L. luxurians (Kérn.) Ruhland

L. vivipara (Bong.) Ruhland

Mascarenhas 352
Sauthier 108

(*) species studied in post-seminal development

83



84
Table 2. Germination percentage, mean time to beginning of germination (in days) and start and end time (in days) for the appearance of the organs in the

seedlings of Leiothrix

Species Germination Embrionic axis Collar of rhizoids First eophyll Shoot-born root Second eophyll
(%) Mean time  Start-  Meantime  Start-  Meantime  Start-  Meantime  Start - Mean time Start -
(indays) endtime (indays) endtime (indays) endtime (indays) end time (in days) end time
(in days) (in days) (in days) (in days) (in days)
L. fluitans 92% 5.05+0.35 5-9 7.73+1.95 10-15 17.21£2.73 16-26 19.8542.49 18-23  23.66+7.12 23 -28
L. raymondii 89% 5.85£0.97 5-20 7.98+1.41 9-12 15.7542.02 15-20 18.03+2.98 18-21  23.04+2.04 22 -33

L. sclerophylia 85% 7.28+1.95 5-12  10.76£1.32 9-13  14.64+1.25 14-20 20.5+2.12 15-22  23.65+4.45 23-32




Table 3. Morphological characteristics of seeds of Lerothrix Brazilian species
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Ruland (1903) Species Seed Hilum shape Micropyle Outline of Anticlin Surface pattern Striated shape
shape shape cells al walls
L. angustifolia Oval Acute Obtuse Isodiametric  Sinuate Discontinuos Isolated Annular
Striated
L. subg. L. argentea Elliptical Acute Obtuse Isodiametric ~ Straight  Continuos Striated Isolated Annular
L. curvifolia Elliptical Acute Cuspidate Isodiametric  Straight Without Striated Without Annular
Calycocephalus L. echinocephala Oval Acute Curved Obtuse Isodiametric  Straight Discontinuos Connected Annular
Striated
L. flavescens Elliptical Agudo Obtuse Isodiametric Sinuate  Continuos Striated Isolated Annular
L. raymondii Elliptical Acute Obtuse Isodiametric ~ Sinuate  Continuos Striated Isolated Annular
L. argyroderma Elliptical Acute Obtuse Hexagonal Straight Discontinuos Connected Annular
L. subg. g o . . Striateq .
Eleutherandra L. beckii Elliptical Acute Obtuse Hexagonal Stra}ght Wlt_hout S_trlated Without Annular
L. sclerophylla Oval Acute Obtuse Hexagonal Straight Discontinuos Connected Annular
Striated
L. subg. L. fluitans Elliptical Inconspicuous  Inconspicuous  Isodiametric ~ Straight Discontinuos Connected Annular
Rheocaulon ’ Striated
L. arrecta Oval Acute Curved Obtuse Hexagonal Straight Discontinuos Cruciform Annular
Striated
L. subg. L. luxurians Oval Acute Curved Obtuse Hexagonal Straight Discontinuos Connected Annular
Stephanophyllum Striated
L. vivipara Oval Acute Curved Obtuse Hexagonal Straight Discontinuos Cruciform Annular

Striated
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CAPITULO 3: Leaf and scape anatomy of Lefothrix Ruhland (Eriocaulaceae) from a taxonomic
and ecological perspective

(Artigo publicado na Flora)

Mascarenhas AAS, Giulietti-Harley AM, Scatena VL. 2020. Leaf and scape anatomy of Leiothrix
Ruhland (Eriocaulaceae) from a taxonomic and ecological perspective. Flora 262:1-10. doi:

doi.org/10.1016/j.flora.2019.151518
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Leaf and scape anatomy of Leiothrix Ruhland (Eriocaulaceae) from a taxonomic and ecological
perspective

Ana Angélica Silva Mascarenhas, Ana Maria Giulietti Harley, Vera Lucia Scatena

Abstract: Leiothrix is endemic to South America with 47 species, only two of which do not occur in
Brazil. Its distinguishing characters are habit, dialypetalous or gamopetalous corolla of the male
flowers and presence or not of pseudovivipary. According to Ruhland's monograph (1903) there are
five subgenera. Recent molecular and morphological analyses of the family show the genus to be
monophyletic, but infrageneric relationships are not well established. The study objective was to
investigate leaf and scape anatomy of representatives of the four subgenera that occur in Brazil in
order to contribute to the taxonomy and better understand the plants' environmental adaptations.
Leiothrix anatomy is similar to that of other Eriocaulaceae genera: leaves and scapes have a single-
layered epidermis, collateral vascular bundles are surrounded by a double sheath, leaves have
stomata only on the abaxial side, and scapes have alternating vascular bundles of larger and smaller
size. Leiothrix subg. Rheocaulon is monospecific, leaves have a single vascular bundle, scapes lack
ribs, the epidermal cells have slightly thickened walls, and the cortex contains collenchyma and
chlorophyllous parenchyma. In L. subg. Eleutherandra the leaf epidermis cell walls have
homogeneous thickening at the margins, specialized substomatal chambers, a hypodermis, and
sclerenchymatous extensions of the vascular bundle sheaths. Most taxa of L. subg. Calycocephalus
have smaller vascular bundle sheath extensions facing both surfaces and ribbed scapes. Species
from Minas Gerais have a hypodermis and up to seven leaf vascular bundles; those from Bahia lack
a hypodermis and have more than seven leaf vascular bundles. L. subg. Stephanophyllum has
scapes with a cylindric multilayered pericycle with thickened and lignified cell walls. These
anatomical structures partly corroborate the subgenera proposed by Ruhland, suggest the existence

of other infrageneric groups and reflect the environmental adaptations of the studied species.

Key-Words: adaptations, anatomical structures, Eriocaulaceae, systematics
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1. Introduction

Leiothrix Ruhland is a genus restricted to South America (Giulietti and Hensold, 1990),
with its centre of diversity in the Brazilian campos rupestres, especially in the Espinhaco mountain
chain which extends through the interior of the states of Minas Gerais and Bahia, as well as in the
"tepuis" of Venezuela (Giulietti et al., 1995). Apart from L. flavescens (Bong.) Ruhland, which
occurs in Brazil, Venezuela, Guiana and Peru, most of the species are endemic to limited
mountainous areas of Minas Gerais and Bahia (Giulietti and Hensold, 1990).

In the only complete taxonomic revision of the Eriocaulaceae (Ruhland, 1903), Lerothrix
was established based on 16 species of the genus Paepalanthus Mart., wich were transfered species
and new species decribed based the styles united into a basal column, the nectariferous branches
and stigmas separated from one another at different levels, and smooth, acute trichomes. The author
recognized 28 species of Leiothrix in five subgenera, of which four occur in Brazil and one in
Uruguay (Leiothrix subg. Psilanthus). Those in Brazil are: Leiothrix subg. Rheocaulon, with the
single species L. fluitans (Mart.) Ruhland, from Minas Gerais, the only aquatic species in the genus,
having a dialypetalous corolla in the staminate flower; L. subg. Eleutherandra, with three species,
from Minas Gerais and Sdo Paulo, having a dialypetalous corolla in the staminate flower and a
terrestrial habit; L. subg. Stephanophyllum, with eight species, all from Minas Gerais, a
gamopetalous corolla in the staminate flower and pseudovivipary (budding of new individuals
linked to the mother plant with asexual descendants (Elmqvis and Cox, 1996; Coelho et al., 2006))
and L. subg. Calycocephalus, the largest in number of species (15) and a more generalist definition,
with distribution in Brazil and Venezuela, with a gamopetalous corolla in the staminate flower and
lacking pseudovivipary. Since Ruhland's monograph various new species and infraspecific taxa
have been described and today 47 species and 18 further subspecific taxa are recognized for Brazil
(Flora do Brasil 2020, 2019).

The first cladistic analysis carried out in the Eriocaulaceae, that included species of
Leiothrix, was based on morphological data (Giulietti et al., 1995) and showed the genus to be

monophyletic. Later cladistic analyses with species across the family and using both morphological
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and molecular data (Giulietti et al., 2000; Andrade et al., 2010; Trov¢ et al., 2013; Echternacht et al.,
2014), showed Leiothrix to be monophyletic with strong support, with the sister group comprising
the genera Syngonanthus Ruhland and Comanthera L.B.Sm. (a genus split off from Syngonanthus).
The anatomy of vegetative and floral organs has contributed to understanding the taxonomy
and ecology of the Eriocaulaceae. In Syngonanthus the type of thickening in the epidermal cells, the
presence of a specialized substomatal chamber and the presence of a hypodermis in the leaves and
scapes corroborates the sectional delimitations of the genus proposed by Ruhland (1903) as well as
the separation of Comanthera (Scatena and Menezes, 1996; Scatena et al., 2004; Scatena et al., 2005;
Parra et al.,, 2010). The genus Actinocephalus (Korn.) Sano is delimited by the form of the
epidermal cells, the cell composition of the vascular bundle sheath extensions and the specialized
(inverted "T") substomatal chambers (Oriani et al., 2005). The diagnostic characters of
Paepalanthus sect. Diphyomene Ruhland are considered to be the epidermal cell wall thickenings of
the leaves and scapes, the composition of the leaf hypodermis, the cross-sectional shape of the
scape and the composition of the medulla (Alves et al., 2013; Trov¢é et al., 2010). Anatomy has
aided the understanding of species complexes in Leiothrix. Scatena and Giulietti (1996), using
morpho-anatomical data from different populations to synonymise L. obtusifolia Silveira and L.
nubigena (Kunth) Ruhland within L. crassifolia (Bong.) Ruhland and to delimit L. flavescens var.
flavescens (Bong.) Ruhland and L. flavescens var. distichophylla Silveira (Giulietti et al., 1998).
Anatomical studies of Eriocaulaceae have also helped in understanding structures in relation
to their environment, as shown by Tomlinson (1969), Castro and Menezes (1995), Scatena and
Giulietti (1996), Scatena and Menezes (1996), Giulietti et al. (1998), Oriani et al. (2005), and
Oliveira and Oriani (2016). In species of Lerothrix from the Serra do Cipd, in the Espinhaco Range
of Minas Gerais, Monteiro et al. (1985) interpreted the structure of the leaf as an adaptive response
to the habitat, which may be terrestrial, between rocks, in dry or wet sandy soils or aquatic. Scatena
and Rocha (1995) pointed out adaptations of L. crassifolia to the campo rupestre habitat. Coan et al.
(2002) showed that L. fluitans has structures similar to those of aquatic species of other genera of

the family.
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Given the importance of anatomy for improving understanding of the taxonomy of the
Eriocaulaceae, the objective of this study is to survey the leaf and scape anatomy of species of
Leiothrix with the aim of contributing to its infrageneric classification, and to investigate the

relationships between these structures and the habitats in which the species occur.

2. Materials and Methods

2.1 Collection of material

This anatomical study of leaves and scapes from 27 taxa of Leiothrix was carried out using
samples from three localities. Data from previously published studies were used only for L.
crassifolia (Scatena and Rocha, 1995; Scatena and Giulietti, 1996). Some species of Leiothrix were
not included because they are known only from the type specimen. Collected material was fixed in
FAA 50 (Johansen, 1940) and later transferred into 70% alcohol. The field collections were made in
Rio de Contas and Mucugé (Bahia) and at Diamantina and the Serra do Cip6 (Minas Gerais) and
vouchers were deposited at the Rioclarense herbarium (HRCB) of the Instituto de Biociéncias at the
Universidade Estadual Paulista (UNESP). This material was complemented with leaves and scapes
taken from duplicates of specimens deposited at the herbaria of the Universidade Estadual de Feira
de Santana (HUEFS), Universidade Federal do Vale do Jequitinhonha e Mucuri (DAM),

Universidade de Sao Paulo (SPF), and the Jardim Botéanico do Rio de Janeiro (RB) (Table 1).

2.2 Sample processing

The herbarium material was boiled in distilled water with drops of glycerine added to aid
tissue expansion and then transferred to 70% alcohol. In both herbarium and fixed material freehand
transverse sections were made in the median region of the leaves and scapes, using a barber's razer.
The sections were stained with basic fuchsin and Astra blue (Roeser, 1962) and mounted in
glycerine jelly as semi-permanent slides (Kaiser, 1880).

In addition, samples of leaves and scapes of fixed material were dehydrated in a butyl series,

infiltrated with historesin (glycolmethacrylate - JB4/Polysciences), and embedded (Feder &
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O’Brien, 1968) and transversely sectioned with a rotary microtome (RM 2245, Leica). The sections

were stained in Periodic acid-Schiff reagent (PAS) and 0.05% Toluidine Blue in sodium borate

(Feder & O’Brien, 1968) and mounted in synthetic resin (Entellan) as permanent slides.
Documentation of the results was made using photomicrographs obtained with an Leica LAS

EZ Image Capture System attached to a Leica DM500 microscope.

3. Results

3.1 Leaf anatomy

The species studied have leaves with single-layered epidermis (Figs. 1-12, 22-30) composed
of cells with thin (Figs. 1-3, 6-7, 10, 27, Table 2) or thick walls (Figs. 4-5, 8-9, 11-12, 22-26, 28-30,
Table 2). When thick, the external cell wall may be thicker than the internal (Figs. 4-5, 11-12, 22,
30, Table 2) or the walls may have homogeneous thickening at the margins (Figs. 8, 28-29, Table 2).
Most species have isodiametric epidermal cells as seen in cross-section (Figs. 1-6, 8-12, 22, 24, 28,
30) except L. spiralis (Figs. 7, 23, 29) and L. argyroderma (Table 2) in which the cells are elongated
radially.

The leaves have stomata only on the abaxial surface (Figs. 1-12, 22-30). The stomata may
be situated at the same level as the other epidermal cells (Figs. 5, 22-23) or lie above them (Figs. 9,
24). The substomatal chambers are ample and may be simple (Fig. 22, Table 2) or specialized (Figs.
23-26, Table 2). In the latter the cells of the chamber have thick walls and are u-shaped, as in L.
spiralis (Figs. 23, 25), or i-shaped as in L. sclerophylla (Figs. 24, 26). In some species the trichomes
have basal cells throughout the whole leaf epidermis (Figs. 2-4, 7, 27-28).

The leaves of all the species have collateral vascular bundles all arranged at the same level
and alternating with chlorophyllous parenchyma (Figs. 1-4, 6-8, 10-12, 27-30). Most of the species
studied have a hypodermis, which may be composed of collenchyma (Figs. 1, 12, 30, Table 2),
sclerenchyma (Figs. 2, 4, 11, Table 2) or aquiferous parenchyma that consists of water-storage cells

(Scatena and Menezes, 1996) (Figs. 8, 28, Table 2). The chlorophyllous parenchyma is composed
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of one or two layers of peripheral palisade parenchyma and a variable number of layers of lacunar
parenchyma (Figs. 1-4, 7-8, 11-12, 27-30), or it may be made up of isodiametric cells (Figs. 6, 10).

The mesophyll is discontinuous because of the presence of vascular bundle sheath
extensions which may be composed of collenchyma (Figs. 1, 6, 8, 10, 12, 28, 30, Table 2),
sclerenchyma (Figs. 2-3, 7, 11, 27, 29, Table 2) or both (Fig. 4). The vascular bundles are collateral
and surrounded by a double sheath (Figs. 1-4, 6-8, 10-12, 23-24, 27-30); the external sheath (ES)
with thin-walled cells originates from the endoderm, and the internal sheath (IS) with thick-walled
cells from the pericycle (Figs. 1, 23, 30). The tissue immediately below the epidermis of the
margins may consist of chlorophyllous parenchyma (Fig. 27-CP), collenchyma (Fig. 30-CO),
sclerenchyma (Fig. 29-SC), or aquiferous parenchyma (Fig. 28-AP).

3.2 Scape anatomy

The scapes of the species studied are made up of epidermis, cortex and the vascular cylinder
(Figs. 13-21, 31-38). In transverse section the scapes are cylindric and most species exhibit external
ribs, as in L. angustifolia, L. fulgida, L. argentea, L. longipes, L. flagellaris and L. luxurians (Figs.
13-16, 19-21). There are no ribs in L. sclerophylla, L. fluitans (Figs. 17-18, respectively), L.
curvifolia var. lanuginosa, L. distichoclada and L. propinqua (Table 2).

The epidermis is single-layered with thin- (Figs. 16, 18, 31-32, Table 2) or thick-walled cells
(Figs. 13-15, 17, 19-21, 33-34, Table 2). In the latter the external periclinal wall may be thicker than
the internal one (Figs. 17, 19-20, 34, Table 2) or have homogeneous thickening (Figs. 13-15, 21, 33,
Table 2). The stomata are situated at the same level as the chlorophyllous parenchyma (Figs. 13-21,
31-34).

The cortex is composed of supporting tissues and chlorophyllous parenchyma and together
with the epidermis constitutes the tissue of the ribs. The ribs, when present, have different shapes in
transverse section (Table 2), such as convex (Figs. 13, 16, 19-21), straight (Fig. 15), or with
recesses (Figs. 14, 34). Sulcae may occur in the rib itself (Figs. 14, 34) or between the ribs (Figs. 13,
15-16, 20-21). The ribs may be composed of various tissues including: collenchyma and

chlorophyllous parenchyma (Figs. 16, 31-32, 36, Table 2); collenchyma, sclerenchyma and
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chlorophyllous parenchyma (Figs. 13, 15, 21, 33, Table 2); or sclerenchyma and chlorophyllous
parenchyma (Figs. 14, 19-21, 34-36, Table 2). The cortex is delimited internally by a continuous
endoderm (Figs. 16, 18, 31-32, 36) with the cells thin-walled and parenchyma-like when in contact
with the chlorophyllous parenchyma (Figs. 13-15, 17, 19-21, 33-34) or thick-walled when in
contact with supporting tissues (Figs. 13-15, 17, 19-21, 33-34, 37-38).

The vascular cylinder is delimited by the pericycle which may be star-shaped (Figs. 13-18,
36-37, Table 2) or cylindric (Figs. 19-21, 34-35, 38, Table 2). The cells of the pericycle may be
thin-walled (Figs. 18, 31, 36, Table 2) or thick-walled (Figs. 13-17, 32-33, 37, Table 2), and may
consist of a single cell layer (Figs. 13-18, 31-32, 36-37, Table 2) or several layers (Figs. 19-21, 34-
35, 38, Table 2). The pericycle cylinder is composed of various cell layers with entirely thickened
and lignified walls (Figs. 19-21, 34-35, 38, Table 2). The vascular bundles are collateral and of two
sizes. The smaller ones are completely surrounded by the pericycle and appear to be intercalated
between the larger ones, the latter being only partially surrounded by the pericycle (Figs. 13-21, 31-
34, 36-38). In these bundles the lacunae of the protoxylem can be observed (Figs. 13-15, 17-18, 20,
31, 34, 36, 38) and the metaxylem elements are well developed (Figs. 14-16, 19-21, 32, 34-35, 37-
38). The medulla may be composed of thin-walled parenchyma cells (Figs. 16, 18, 31-32, 36, Table
2), thick-walled parenchyma cells (Figs. 13, 15, 17, 37, Table 2) or sclerenchyma cells (Figs. 14,
19-21, 34, 38, Table 2).

Some characteristics of the leaves and scapes of representative species of Lerothrix are

shown in Table 2 to facilitate understanding of the anatomical descriptions and discussion.

4. Discussion
4.1 Taxonomic value of leaf and scape anatomy in Leiothrix
The results show that the genus Lerothrix is characterised by a single-layered epidermis, thin
cuticle and collateral vascular bundles in the leaves and scapes; the stomata occur only on the
abaxial leaf surface, chlorophyllous parenchyma is intercalated with the vascular bundles and the

scapes are composed of epidermis, cortex and vascular cylinder. In general, Leiothrix shares this
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same set of characters with other genera of Eriocaulaceae, according to Tomlinson (1969), Hensold
(1988), Splett et al. (1993), Castro and Menezes (1995), Scatena and Giulietti (1996), Scatena and
Menezes (1996), Giulietti et al. (1998), Oriani et al. (2005), Scatena et al. (2005), Alves et al. (2013)
and Oliveira and Oriani (2016). However, in the species of Lerothrix studied here variation among
the subgenera occurs in the following leaf characters: wall thickening in the epidermal cells, type of
substomatal chamber, structure of the leaf margin, hypodermis and sheath extensions of the
vascular bundles, number of vascular bundles in the mesophyll. Variations also occur in scape
characters: cross-sectional shape, structure of the ribs and pericycle, presence or not of cell wall
thickening in the medulla. These character variations are potentially important for recognition of
subdivisions in Leiothrix, but could also be associated with adaptations of the species to their
habitats.

Five of the taxa of Lerothrix studied here were described after the monograph of Ruhland
(1903) and are included here in the subgenera proposed by him based on their floral characters.
Leiothrix distichoclada, described by Herzog (1924) and L. argentea described by Silveira (1928)
were included in L. subg. Calycocephalus. Leiothrix sclerophylla, described by Silveira (1928),
was classified in L. subg. Eleutherandra. Leiothrix longipes described by Silveira (1928) was
included in L. subg. Stephanophyllum, because of the united petals of the staminate flowers and the
presence of pseudovivipary in the adult plant.

Leiothrix subg. Rheocaulon, which consists of the only aquatic species in the genus L.
fluitans, has an anatomy which reflects adaptation to aquatic habitats in the following characters:
single leaf vascular bundle, cortex of the scape composed of collenchyma and chlorophyllous
parenchyma and a pericycle of thin-walled cells. These characters are common in the other aquatic
species of the family (Coan et al., 2002), as well as in species of Blastocaulon Ruhland (=
Paepalanthus) (Scatena et al., 1999b) which occur in wet, shaded places. The anatomical characters
of L. fluitans are exclusive in the genus, justifying its classification as L. subg. Rheocaulon Ruhland

(1903).
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The species of Leiothrix subg. Eleutherandra studied here have leaf mesophyll with more
than seven vascular bundles and wide leaf blades; L. gomesii Silveira, the only species of the
subgenus we did not study, also has wide leaves. Lerothrix gomesii was the only species of subg.
Eleutherandra included in the phylogenetic study of Echternacht et al. (2014) and it formed a sister
group with L. arrecta, which represented L. subg. Stephanophyllum in that analysis. Lerothrix
argyroderma, L. beckii, L. sclerophylla and L. spiralis have epidermal cells with homogeneous
thickening at the margins, specialized substomatal chambers, a hypodermis (apart from L. beckii
and L. spiralis) and sclerenchymatous vascular bundle sheath extensions. The substomatal chambers
in the leaves of the species of this subgenus are considered specialised because the stomatal cells
grow to greater size than the other epidermal cells. As these cells are elongated in the long axis of
the leaf and because of their appearance in cross section, which is similar to equivalent cells in the
Poaceae, they were termed bulliform cells in L. cipoensis Giul. (L. subg. Calycocephalus) (Giulietti,
1978), and in L. subulata Silveira and L. crassifolia (L. subg. Calycocephalus) (Giulietti, 1984).

The presence of specialized substomatal chambers was confirmed in the leaf of L. crassifolia
by Scatena and Giulietti (1996), who recorded that the abaxial epidermis is composed of short and
elongated cells and the substomatal chambers are composed of u- and i-shaped cells in Lerothrix.
which constitute an efficient protection for gas exchange. Giulietti et al. (1995), in a morphological
phylogenetic study of Leiothrix, recognized a clade B, the common ancestor of a clade consisting of
species from Minas Gerais, with an adjacent subclade that included L. fluitans, L. argyroderma, L.
spiralis, L. beckii, L. crassifolia, L. cipoensis, L. sclerophylla e L. subulata. In L. fluitans and L.
argyroderma these authors indicated a reversion of the synapomorphy “pseudobulliform cells” in
the leaves. They did not agree with the infrageneric classification of Ruhland (1903) and considered
L. subg. Eleutherandra to be polyphyletic.

We studied 14 taxa of Lerothrix subg. Calycocephalus, the subgenus with the most species —
15 of the 28 included in Ruhland's treatment (Ruhland 1903) and 28 of 46 recorded in the Flora do

Brasil 2020 (2019) — and that with the widest geographical distribution, including the mountains of
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the Cadeia do Espinhago in Minas Gerais and Bahia states, the Serra Geral in southern Brazil, the
tepuis of Venezuela and the coastal restingas of Brazil (Giulietti, 1984).

Anatomically the species we studied do not show characters useful for delimiting the
subgenus. However, some occur together in more than one species. In all morphological and
molecular phylogenetic analyses, the species of L. subg. Calycocephalus of the Cadeia do
Espinhaco in Minas Gerais emerge in a clade distinct from that of the Bahian species (even when
these occur outside that state, Giulietti et al., 1995; Andrade et al., 2010; Giulietti el al., 2012;
Trovo et al., 2013; Echternacht et al., 2014). The anatomy shows that, apart from L. distichoclada,
the Bahian species have leaf mesophyll containing more than seven vascular bundles and there is no
hypodermis. In contrast, the leaves of the species from Minas Gerais have between three and six
vascular bundles and a hypodermis. Furthermore, conduplicate leaves are restricted to the Bahian
species L. distichoclada, L. hirsuta, L. schlechtendalli and some individuals of L. flavescens. In
Minas Gerais conduplicate leaves occur only in L. flavescens var. disticophylla (Giulietti &
Hensold, 1991).

All the species of Minas Gerais we studied have a hypodermis, but its occurrence was not
recorded for the Leiothrix species studied by Monteiro et al. (1985), nor in leaves of the species of
Paepalanthus and Syngonanthus (=Comanthera), studied by Splett et al. (1993), who referred to the
hypodermis as a multilayered epidermis. Scatena and Menezes (1996) used leaf ontogeny to
confirm the occurrence of a hypodermis distinct from a multilayered epidermis in the Eriocaulaceae.
Later, Alves et al. (2013) distinguished Paepalanthus sect. Diphyomene from the other sections of
the genus by the presence of a hypodermis composed of aquiferous parenchyma.

The endemic species of Minas Gerais have a more variable anatomy but with little variation
at infraspecific level. In L. curvifolia the four varieties studied consistently showed a hypodermis,
vascular bundle sheath extensions composed of collechyma, sheath extensions of the smaller
bundles facing the adaxial leaf surface and a star-shaped pericycle with 1-2 cell layers. There was

however, variation in scape cross-sectional shape (cylindric or ribbed), number of ribs (5 to 7) and
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the medulla where the cell walls were thin or thickened. These data thus turned out to be important
for delimiting this species complex, in which Ruhland (1903) included six infraspecific taxa.

Only two species, Leiothrix argentea and L. echinocephala, have leaf mesophyll with three
vascular bundles and pentangular scape cross-sections. These species also have the smallest leaves
(up to 10 mm long) of the genus and form a well-supported sister group in the morphological
phylogeny of Leiothrix (Giulietti et al., 1995).

Seven of the eight species included by Ruhland (1903) in L. subg. Stephanophyllum were
studied, as well as L. longipes, which was described and included in this subgenus by Silveira
(1928). Anatomically all the species included in L. subg. Stephanophylium have leaf epidermis in
which the external periclinal walls are thicker than the internal ones and the substomatal chambers
are simple; all except L. prolifera have a hypodermis, and all except L. arrecta have leaf mesophyll
with seven vascular bundles. In this group the hypodermis structure is variable, consisting only of
collenchyma in L. arrecta, L. luxurians and L. vivipara, only sclerenchyma in L. flagellaris and L.
spergula, or aquiferous parenchyma in L. longipes and L. prolifera. The presence or absence of
hypodermis and the different states of this character were observed for the first time in this study
and represent an important tool for delimiting species within this complex subgenus.

The scape of the species studied may be cylindric and without ribs as in L. propinqua, or it
may have a variable number of ribs according to the species: four in L. flagellaris, L. prolifera, L.
spergula and L. vivipara, seven in L. longipes and eight in L. [uxurians. The ribs also show
structural differences; in L. longipes the ribs consist only of collenchyma and parenchyma, in L.
luxurians collenchyma, parenchyma and sclerenchyma, and in the other species only sclerenchyma
and parenchyma.

The number of scape ribs in Eriocaulaceae, especially in Eriocaulon L., has been considered
an important taxonomic character (Ruhland, 1903; Tomlinson, 1969; Splett et al., 1993). Based on
the results obtained here, rib number can be used to separate the species of L. subg.
Stephanophyllum, although this character can vary within the same species and even within the

same individual, as was observed in L. crassifolia (Scatena and Rocha, 1995) and L. flavescens
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(Giulietti et al., 1998). The presence of a multilayered pericycle composed of cells with strongly
thickened and lignified walls is a synapomorphy for L. subg. Stephanophyllum, despite its absence
in L. longipes, in which the pericycle has one or two layers. This character was also not observed in
any other genus of Eriocaulaceae.

Leiothrix subg. Stephanophyllum is the only subgenus which has turned out to be
monophyletic both in the morphological phylogenetic analysis by Giulietti et al. (1995) and in those
based on molecular data (Andrade et al., 2010; Giulietti et al., 2012; Trovo et al., 2013). The main
synapomorphy of the subgenus is the constant presence of pseudovivipary (propagation by
vegetative budding from the central part of the capitulum) (Ruhland, 1903; Giulietti, 1984; Coelho
et al., 2005). Coelho et al. (2006) distinguish two kinds of pseudovivipary in Leiothrix. In the type
found in L. spiralis, termed the “splitter ramet strategy”, propagule formation is late, occurring
when the capitula are mature and especially when they touch the soil. In the other type, termed
“canopy-forming strategy” and exemplified by L. vivipara, the pseudoviviparous propagules are
formed early, just after formation of the capitulum, and remain mostly suspended from the scapes.

In species with splitter ramet strategy pseudovivipary, as represented by L. longipes (L. subg.
Stephanophyllum) and L. spiralis (L. subg. Eleutherandra), the pericycle is star-shaped, 1- or 2-
layered and formed by thin-walled cells. The other species of L. subg. Stephanophyllum exhibit
canopy-forming pseudovivipary and have a cylindric pericycle composed of thick-walled cells. In
the species with canopy-forming pseudovivipary the scapes are more robust and shorter than those
of the spitter ramet type. The presence of the pericycle, which is potentially meristematic at the
beginning of shoot development, is related to habit and the thickening of the pericycle cells
progresses as the plant ages. In the study by Giulietti et al. (1995) L. spiralis and L. longipes
emerged in distinct clades that were themselves distinct from all other species of L. subg.
Stephanophyllum, the latter being grouped into a clade well supported by two synapomorphies:
scape with multiseriate “endodermis” and capitula with obligate vegetative sprouting. The
published molecular phylogenies included the species L. arrecta, L. flagellaris and L. vivipara

grouped into a well-supported clade (Andrade et al., 2010; Giulietti et al., 2012; Trovo et al., 2013).
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L. longipes and L. spiralis were not included in these analyses. The anatomical data suggest the
possibility that only canopy-forming species should be included in L. subg. Stephanophyllum, but
new molecular phylogenies that include more species and both kinds of pseudovivipary need to be
carried out.

Monteiro-Scanavacca et al. (1976), in an analysis of the formation of pseudovivipary,
reported that the new shoots arose from cells associated with the endodermis. Species of Leiothrix
were studied which exhibit sporadic occurrence of pseudovivipary (L. curvifolia var. plantago, L.
sinuosa and L. fluitans) as well as those with obligate pseudovivipary; the splitter ramet strategy
was represented by L. spiralis (under the name L. cuscutoides Silv.) and the canopy-forming
strategy by L. propinqua and L. vivipara. Menezes et al. (2005) considered that it is the pericycle
and not the endoderm which is responsible for the formation of the new shoots. Coelho et al. (2006)
considered that the pseudoviviparous canopy-forming strategy appears to be more advantageous
than the splitter ramet strategy because, even under similar soil moisture conditions in the Serra do
Cip6 in Minas Gerais, the survival of L. vivipara plantlets was greater than that of L. spiralis, and
when the two species were found in the same microhabitat, the populations of L. vivipara were

usually larger than those of L. spiralis.

4.2 Anatomical structures of the leaf and scape in Leiothrix interpreted as environmental
adaptations

The leaves and scapes of most of the species of Leiothrix we studied have epidermis in
which the external periclinal cell walls are thicker the rest. These species occur on sandy soils with
low water availability and are exposed directly to intense luminosity; their epidermal anatomy
represents an adaptive response to the habitat conditions. Species of other taxa of Eriocaulaceae
which grow in the campos rupestres have similar adaptations, such as Syngonanthus (Scatena and
Menezes, 1996; Scatena et al., 2004; Scatena et al., 2005), Actinocephalus (Oriani et al., 2005),
Paepalanthus sect. Diphyomene (Alves et al., 2013) and Rondonanthus Herzog (Oliveira and

Oriani, 2016). The epidermal cell wall thickenings function mainly to protect the internal tissues
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against transpiration and excessive light intensity. Only L. angustifolia and L. fluitans have thin-
walled epidermal cells in the leaves and scapes, a characteristic of Eriocaulaceae that occur in
aquatic habitats, such as Eriocaulon (Scatena et al., 1999a), or in shaded situations like caves and
grottos in the case of Blastfocaulon (Scatena et al., 1999b). L. fluitans is aquatic and L. angustifolia
is an annual species with a very short, two and three month life cycle that corresponds to the rainy
season in the Chapada Diamantina (Giulietti pers. comm.). According to Tomlinson (1969) direct
contact with water in damp environments obviates the need for the protection of internal tissues
seen in the other species.

Specialized substomatal chambers are known at present only in Eriocaulaceae (Scatena and
Menezes, 1996; Scatena et al., 2005; Oriani et al., 2005) and are considered to be a family
synapomorphy. Their presence is related to the need for air spaces to maintain gas exchange
efficiency (Scatena and Menezes, 1996; Scatena and Giulietti, 1996). Substomatal chambers have
different forms in Eriocaulaceae depending on the taxonomic group (Scatena et al., 2005). In the
species studied here the cells of the chamber are u- and i-shaped, while in Actinocephalus they are
T-shaped (Oriani et al., 2005).

The leaf margin of the species studied may be composed of collenchyma, sclerenchyma,
aquiferous parenchyma and chlorophyllous parenchyma below the epidermis. The tissue
composition of the leaf margin in Eriocaulaceae presents taxonomically important differences in
Paepalanthus subg. Xeractis Mart. (Hensold, 1988), Actinocephalus (Oriani et al., 2005) and also
differentiates populations of L. flavescens (Giulietti et al., 1998). In the species we observed this
character is directly related to the environment. Those with chlorophyllous parenchyma
immediately below the epidermis are found in habitats with greater water availability, while those
found where water is scarcer, light intensity greater and at higher elevations have collenchyma and
sclerenchyma which act as structural support in the leaves.

The hypodermis, present in most of the species studied here, was observed to be composed
of collenchyma, sclerenchyma or aquiferous parenchyma. The presence of a hypodermis is usually

related to the storage and transport of water (Tomlinson, 1969), since it occurs in plants of dry
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habitats (Scatena and Menezes, 1996). We came to the same conclusion as Scatena and Menezes
(1996), who stated that leaf hypodermis composed of sclerenchyma acts as structural support in
relation to constant exposure of the plant to wind, intense luminosity and water stress.

In Leiothrix, the vascular bundle sheath extensions may vary both in their position in
relation to the leaf surface and the size of the vascular bundles, and in their tissue composition,
whether collenchymatous, sclerenchymatous or mixed. Sheath extensions of smaller vascular
bundles facing the adaxial surface, as previously described for L. crassifolia (Scatena and Rocha,
1995), are frequent in most species studied here. In L. distichoclada the sheath extensions of smaller
vascular bundles face the abaxial surface, which is a character peculiar to the species and certainly
associated with the conduplication of the leaf in which the abaxial surface becomes the external
surface and therefore most subject to direct influence of the environment. Despite these characters
having taxonomic value in various groups of Eriocaulaceae (Castro and Menezes, 1995; Scatena et
al., 1999a; Oriani et al., 2005; Oliveira and Oriani, 2016), in the species we observed these
variations were linked to the environment. In habitats with water availability the bundle sheath
extensions were collenchymatous, in dry habitats sclerenchymatous and in habitats alternating
between wet and dry conditions the bundle sheath extensions were a mixture of these tissue types.

In previous anatomical studies with different taxa of Eriocaulaceae, various authors (Scatena
and Menezes, 1996; Scatena and Giulietti, 1996; Scatena et al., 1998; Scatena and Rosa, 2001;
Scatena et al., 2004; Oriani et al., 2005; Alves et al., 2013; Oliveira and Oriani, 2016) defined
cylindric scapes with or without ribs, and also triangular and pentangular scapes with a variable
number of ribs. In the present study it was observed that there are scapes lacking ribs, those called
cylindric in earlier studies, and scapes with ribs, the ribs themselves being defined as projections
which include both epidermis and cortex and consequently in cross section the scape is differently
shapes according to the number of ribs present (which varies from three to eight), i.e. triangular,
quadrangular, etc. Leiothrix crassifolia, with three to eight ribs, is the species with the greatest

variation in rib number (Scatena and Giulietti, 1996).
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According to Ruhland (1903), the scape ribs of Eriocaulaceae are defined as "what appears
below the epidermis, a strong mechanical tissue composed of sclerenchyma cells (never
collenchyma) which are usually T-shaped". According to Font Quer (1953), ribs which can be seen
with the naked eye are defined for angiosperms in general as "a line which is evident in more or less
pronounced form on the surface of organs". For Giulietti (1978), in taxa of Eriocaulon and Leiothrix
the ribs are formed internally with supporting cortical rays and externally by the costal zone of the
scape. For Scatena and Rocha (1995) in Leiothrix crassifolia, the ribs are defined by their
composition of supporting tissue with chlorophyllous parenchyma and the presence of a
longitudinal indentation or sulcae between each pair of ribs.

None of the above descriptions completely defines what we have observed in the species of
Leothrix we studied. The supporting tissue of the scapes is not composed exclusively of
sclerenchyma as supposed by Ruhland (1903), because collenchyma was also observed and its
shape also varies. Font Quer (1953) described only the external morphology of the ribs. Giulietti
(1978) and Scatena and Rocha (1995) described the ribs in greater detail, but from our observations
we established in L. fillgida and L. prolifera not only the presence of sulcae between pairs of ribs,
but also in the central region of the ribs themselves.

The number of ribs of the scapes of each species of Leiothrix studied here is always equal to
half the number of vascular bundles. Thus in the cross section of the scape of Leiothrix filgida it
might appear that there are six ribs due to the strongly developed sulcae of the central region of
each rib as well as between them, but in fact there are only three. Given these observations we
consider that a rib is initiated at the epidermis and extends to the endoderm, thus including cortical
tissue. The rib may consist only of supporting tissue (collenchyma and sclerenchyma) or it may
include both supporting tissue and chlorophyllous parenchyma. In cross-sectional outline the ribs
are seen as protrusions with the sulcae (grooves) both between them and in the centre of each one.

The studied species of Leiothrix subg. Stephanophyllum are endemic to the mountains of the
Cadeia do Espinhago of Minas Gerais and occur in microhabitats (Giulietti, 1984). According to

Coelho et al. (2008) the specialized vegetative propagation of these species may be an example of
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ecological speciation or the result of polyploidy. Despite polyploidy being very common in plants,
the authors suggest that since ecological speciation involves niche changes within an environmental
mosaic, this could be an important mechanism among the different reproductive modes found in
Leiothrix. The lignification of the cells of the pericycle and the cylindric shape and multilayered
structure of the latter in species of L. subg. Stephanophyllum are characters which could be related
to ecological speciation as suggested by Coelho et al. (2008), because of the influence of different
nutritional capacities of the soils.

In the species of Leiothrix studied here the medulla is composed of thin- or thick-walled
parenchymatous and sclerenchymatous cells. The cell wall thickening of the medulla of
Eriocaulaceae scapes varies among the different genera (Scatena and Menezes, 1996; Scatena et
al.,1998; Scatena et al., 1999a, b; Coan et al., 2002; Scatena et al., 2004; Scatena et al., 2005; Oriani
et al., 2005; Oliveira and Oriani, 2016). In Lerothrix flavescens the presence or absence of cell wall
thickening in the medulla is associated with habitat (Giulietti et al., 1998). We also observed that
medulla cell wall thickening is associated with the habitat since thin-walled cells occur in aquatic
species or those of habitats with high water availability and thick-walled cells occur in species in
habitats under water stress; medullas with sclerenchymatous cells occur in species from dry habitats.

According to the anatomical structures of the Leiothrix species studied here, we propose that
Leiothrix subg. Rheocaulon is characterized by leaf mesophyll containing only a single vascular
bundle, a scape with cortex composed of collenchyma and chlorophyllous parenchyma, and a
pericycle of thin-walled cells. L. subg. Eleutherandra is characterized by compartmentalized
substomatal chambers and L. subg. Stephanophyllum by a multilayered cylindric pericycle
composed of cells with strongly thickened and lignified walls. In L. subg. Calycocephalus the
species from Minas Gerais have a hypodermis and up to seven vascular bundles in the leaves, while
in the species from Bahia the leaves have more than seven vascular bundles. These characters
corroborate the delimitation of the subgenera established by Ruhland (1903) and provide new
support for defining a greater number of infrageneric taxa, as well as reflecting adaptations to the

environment in which these taxa occur.
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Legends

Figures 1-12: Aspects of the leaf anatomy. Transverse sections of species of Leiothrix. 1. L.
curvifolia var. plantago; 2. L. curvifolia var. curvifolia, 3. L. flavescens, 4. L. distichoclada; 5.
Detail of L. distichoclada, epidermis with stomata on the same level as epidermal cells; 6. L.
argentea; 7. L. spiralis; 8. L. sclerophylia; 9. Detail of L. sclerophylia, epidermis with stomata lie
above the level of the epidermal cells; 10. L. fluitans; 11. L. luxurians; 12. L. flagellaris. Scales: 15
pm (Figs. 5, 9); 25 um (Figs. 6, 10); 50 um (Figs. 1-2, 11-12); 100 um (Figs. 3, 7-8), 150 um (Fig.
4). (ES= external sheath ; [S= internal sheath).

Figuras 13-21: Aspects of the scape anatomy. Transverse sections of species of Leiothrix. 13. L.
angustifolia; 14. L. fulgida; 15. L. argentea; 16. L. longipes, 17. L. sclerophylia; 18. L. L. fluitans;
19. L. arrecta; 20. L. flagellaris; 21. L. luxurians. Scales: 25 pm (Figs. 13- 15, 19-20), 50 um (Figs.
16); 100 pm (Figs. 17-18, 21).

Figuras 22-38: Aspects of leaf and scape anatomy in species of Leiothrix. Figs. 22-24. Detail of
epidermis and mesophyll: 22. L. distichoclada-simple substomatal chamber; 23. L. spiralis-

Hi”

specialized "u"-shaped substomatal chamber; 24. L. sclerophylla- specialized -shaped
substomatal chamber; Figs. 25-26. Detail of specialized substomatal chamber in longitudinal
section: 25. L. spiralis-specialized "u"-shaped substomatal chamber; 26. L. sclerophylla- specialized
"i"-shaped substomatal chamber; Figs. 27-30. Detail of leaf blade and margin: 27. L. rufula; 28. L.
sclerophylia; 29. L. spiralis; 30. L. vivipara; Figs. 31-34. Detail of scape epidermis, cortex and
central cylinder: 31. L. fluitans; 32. L. longipes; 33. L. argentea; 34. L. prolifera; Figs. 35-38. Detail
of scape vascular cylinder: 35. L. flagellaris; 36. L. fluitans, 37. L. curvifolia var. plantago; 38. L.
flagellaris. Scales: 15 pm (Figs. 22-23, 25-26, 33), 25 um (Figs. 24, 38), 50 um (Figs. 27-34, 36-37).
(AP= aquiferous parenchyma; CO= collenchyma; CP= chlorophyllous parenchyma; ES= external

sheath ; IS= internal sheath; SC= sclerenchyma).
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Table 1. Taxa of Lerothrix studied anatomically, arranged in the subgeneric classification of Ruhland (1903). Legend: BA — Espinhago Range,
Chapada Diamantina, Bahia; MG — Espinhaco Range, Serra do Espinhaco, Minas Gerais; RES — restingas from Bahia to Rio Grande do Sul; SG
— Serra Geral, Sdo Paulo to Santa Catarina; MI — Itatiaia Massif, in the board of Minas Gerais, Rio de Janeiro and Sdo Paulo.

Ruhland (1903) Species Distribution Collector and collector's number
Leiothrix angustifolia (Kém.) Ruhland BA Giulietti et al. CFCR 6966; Giulietti 2155; Giulietti 1358; Mascarenhas et al. 381
L. argentea Silveira MG Giulietti et al. CFCR 4660; Kawasaki 1040; Mascarenhas et al. 403
L. crassifolia (Bong.) Ruhland MG Scatena and Rocha, 1995; Scatena and Giulietti, 1996
L. curvifolia (Bong.) Ruhland MG Rapini et al. 528; Ribeiro 207; Andrino et al. 82
L. curvifolia var. lanuginosa (Bong.) Ruhland MG Andrade 553; Mascarenhas et al. 396
L. curvifolia var. mucronata (Bong.) Ruhland MG Hensold 801; Coelho 12
Leiothrix subg. L. curvifoliavar. plantago (Mart.) Ruhland MG Joly s.n. SPF 31489; Furlan et al., CFCR 2594; Isejima et al., CFCR 5543
Calycocephalus L. distichoclada Herzog BA Mascarenhas et al. 331; Mascarenhas et al. 370,
L. echinocephala Ruhland MG Giulietti et al. CFCR 1881; Hensold 648; Mascarenhas et al. 401
L. flavescens (Bong.) Ruhland BA/MG/RES/SG Mascarenhas et al. 330; Mascarenhas et al. 357
L. firlgida Ruhland MG Mello-Silva et al. 4376; Andrade 512; Costa et al. 1378
L. hirsuta (Wikstr.) Ruhland BA/RES Souza 984; Queiroz 13100; Miranda 4565, Mascarenhas et al. 386
L. rufila (A.St.-Hil.) Ruhland BA/RES Pirani et al. CFCR 1658; Cardoso 1048; Queiroz 13142
L. schlechtendalii (K6rn.) Ruhland BA Harley 55609; Freitas 36; Ribeiro 11
Lerothrix subg. . s ) )
L. fluitans (Mart.) Ruhland MG Giulietti 5051; Rosa 1; Rosa 10
Rheocaulon
. . L. argyroderma Ruhland MI Santos 25
ézlolggr};;l;g ’ L. beckii (Szyszyl.) Ruhland MI Brade 20219
L. sclerophyllia Silveira MG Giulietti 2610
L. spiralis (Bong.) Ruhland MG Semir CFSC 3903
L. arrecta Ruhland MG Joly s.n. SPF 31520; Hensold 254
L. flagellaris (Giull.) Ruhland MG Trové 356; Mascarenhas et al. 349; Mascarenhas et al. 361
L. longipes Silveira MG Semir and Sazima CFSC 5059
Leiothrix subg. L. luxurians (Kém.) Ruhland MG Mascarenhas et al. 351
Stephanophyllum L. prolifera (Bong.) Ruhland MG Giulietti et al. CFCR 1815
L. propinqua (Korn.) Ruhland MG Giulietti 2612; Costa 312
L. spergula Ruhland MG Giulietti 2613
L. vivipara (Bong.) Ruhland MG Hensold 608; Sauthier 108
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Table 2. Anatomical characteristics of the leaves and scapes of Leiothrix taxa according to the subgenera of Ruhland (1903). 1= L. fluitans (L. subg. Rheocaulon); 2= L. argyroderma;, 3= L. beckir, 4= L. sclerophylla; 5= L. spiralis (L.
subg. Eleutherandra); 6= L. crassifolia; 7= L. fillgida; 8= L. argentea;, 9= L. echinocephala; 10= L. curvifolia; 11= L. curvifolia var. lanuginosa, 12= L. curvifolia var. mucronata; 13= L. curvifolia var. plantago; 14= L. flavescens;, 15= L.
angustifolia, 16= L. distichoclada, 17= L. hirsuta; 18= L. rufilla; 19= L. schlechtendalii (L. subg. Calycocephalus); 20= L. longipes; 21= L. arrecta; 22= L. flagellaris;, 23= L. luxurians, 24= L. prolifera; 25= L. propinqua; 26= L. sperguia,
27= L. vivipara (L. subg. Stephanophyllum). (0) Absence; (1) Presence.

Characters Species

Leaves 17 2% 3* 4 S5 6 7 8 9 100 11’ 12 13* 14 15° 16> 177 18> 19 20° 21° 22° 23° 24° 25° 26° 27°
Epidermal cells with thin walls !1 0o 0 0 o0 o O o O o o0 o0 o0 o0 1 o o o o o o o o0 o0 o0 o0 o0
Epidermal cells with external periclinal walls thicker than internal walls 0 0 1 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
Epidermal cells with homogeneous wall thickening at the margins o 1* 1* 1* 1* 0o O O O O O 0 o0 O 0 0 o0 0 0 0 0 0 0 o 0 0 O
Subnstomatal chamber specialized 0o I* 1* 1* 1* 1 0 o 0 o0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Substomatal chamber simple 1 o o0 0 0 o0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Margin with chlorophyllous parenchyma below the epidermis 1 0 1 o 0 o0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0
Margin with collenchyma below the epidermis o o0 o o o0 o o o o o o o o0 o 0 0 o0 0 0 0 0 0 0 1 0 0 1
Margin with sclerenchyma below the epidermis 0 1 0 0 1 1 o o o0 o o o o0 o0 0 0 o0 0 0 0 0 0 0 o o0 0 0
Margin with aquiferous parenchyma below the epidermis 0o o0 o 1 o o o o o o o0 o0 o0 o0 0 0 o0 0 0 0 0 0 0 o 0 0 o0
Hypodermis present o 1* o0 1* 0 r r r r r r Irr 0 0 I 0 0 0 1 1 1 1 1 0 1 1
Hypodermis composed of collenchyma o o0 o o o o0 O 1 1 1 1 1 1 0 0 1 0 0 0 0 1 0 1 o 0 0 1
Hypodermis composed of sclerenchyma 0 1 o 0 O 1 1 o 0 o0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
Hypodermis composed of aquiferous parenchyma 0o o0 o 1 o o o o o o o0 o0 o0 o0 0 0 o0 0 0 1 0 0 0 1 o 0 0
Sheath extensions of smaller vascular bundles facing both leaf surfaces 1 1 0 1 1 o o o o o o0 0 o 1 1 0 o0 1 1 1 0 1 1 o 0 0 1
Sheath extensions of smaller vascular bundles facing adaxial surface 0 0 1 o o 1 1 rr rr r r 1r r o 0 0o 1 0 0 0 1 0 0 1 1 1 0
Sheath extensions of smaller vascular bundles facing adaxial surface o o0 o o o o o o o o o o o0 o 0 1 0 0 0 0 0 0 0 o 0 0 o0
Sheath extension of vascular bundles composed only of collenchyma 1 o o0 0 o0 0 0 1 1 o 1 rr 1r o 1 0 1 1 0 1 1 0 0 0 1 0 1
Sheath extension of vascular bundles composed only of sclerenchyma o 1* 1* 1* 1* 1 1 o o0 o0 0 o0 o0 1 0 0 o0 0 1 0 0 1 0 0 0 1 0
Sheath extension of vascular bundles composed of collenchyma and sclerenchyma o o0 o0 0 o0 0 0 o o 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0
Mesophyll containing a single vascular bundle ”» o0 o0 o0 o O O o0 o0 o0 o0 o0 o0 o 0 0 o0 0 0 0 0 0 0 o o0 0 0
Mesophyll containing three vascular bundles o o0 o o o0 o o 1 1” 0 O 0 0 o0 0 0 o0 0 0 0 0 0 0 o 0 0 O
Mesophyll containing up to seven vascular bundles o o o o o0 o 1 O Oo 1 I 1 1 0 0 0 o0 0 0 0 1 0 0 o o0 0 o0
Mesophyll containing more than seven vascular bundles 0o 1* 1* 1* 1* 1 o o o o o0 o o I v v v r 1 1 0 1 1 1 1 1 1
Scapes

Triangular in cross section with 3 ribs 0 o0 1 0 1 1 1 o o0 o0 o o0 o0 o0 1 0 o0 0 1 0 0 0 0 o 0 0 O
Tetrangular in cross section with 4 ribs o o0 o o o o o o o o o o o0 o 0 0 o0 0 0 0 0 1 0 1 0 1 1
Pentangular in cross section with 5 ribs o o0 o o o0 o o 1 1 0 O 0 o0 o0 0 0 o0 0 0 0 1 0 0 o o0 0 0
Cylindric in cross section without ribs 1 0o 0 1 o o0 o o o0 o 1 o 0 O 0 1 0 0 0 0 0 0 0 0 1 0 0
Cylindric in cross section with 5 ribs o o0 o o0 o o o o O O o0 o0 1 o o o o o0 o0 o o o o o0 o0 0 o0
Cylindric in cross section with 6 ribs 0 1 o o0 o o o0 0 O 1 o 0 0 O 0 0 o0 0 0 0 0 0 0 o 0 0 o0
Cylindric in cross section with 7 ribs o 0o o o0 o o O o0 o0 o0 O 1 o o0 o0 o0 o0 0 o0 1 o o o o0 o0 0 O
Cylindric in cross section with 8 ribs o o o o o o o0 o o o o o0 o o o0 o o o o0 o0 o0 o0 1 o 0 0 o0
Cylindric in cross section with 4 to 8 ribs o 0 o0 o0 o0 1 o o o0 o o0 o0 o0 1 0 0 1 1 0 0 0 0 0 o 0 0 o0
Epidermal cells with external periclinal wall thicker than internal wall 1 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1
Epidermal cells with walls entirely thickened 0 1 o o o o o o o o0 o0 o0 1 0 0 0 o0 0 0 1 0 0 0 o 0 0 O
Ribs consisting of collenchyma and chlorophyllous parenchyma ”» o0 o0 o0 o o O o0 o0 o0 o0 o0 o0 o 0 0 o0 0 0 1 0 0 0 o 0 0 o0
Ribs consisting of collenchyma, sclerenchyma and chlorophyllous parenchyma 0 1 1 o 0 0 O 1 1 1 1 1 1 1 1 1 1 0 1 0 0 0 1 o 0 0 o0
Ribs consisting of sclerenchyma and chlorophyllous parenchyma 0o o0 o 1 1 1 1 o o0 o0 o o0 o0 o0 0 0 o0 1 0 0 1 1 0 1 1 1 1
Pericycle 1- or 2-layered, star-shaped 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1° 0 0 0 0 0 0 0
Pericycle many-layered, cylindric o o0 o o o o o o o o o o o0 o 0 0 o0 0 0 0 1° 1° 1° 1° 1° 1° 1I°
Pericycle of thin-walled cells ”> 0 o0 o o0 o0 o0 o o o o0 o o0 o o o o o0 o o o o0 o o o0 o0 o0
Pericycle of thick-walled cells 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 I 1° 0 0 0 o 0 0 o0
Pericycle of thick-walled lignified cells 0o 0 0 o0 0 O 1 o 0 o o o o0 o0 o o o o0 0 0 1° 1° 1° 1° 1° 1° 1°
Medulla of thin-walled parenchyma cells 1 0 0 0 O o0 0 0 O 1 0 0 1 o o0 o0 o0 0 O 1 o o o o0 o0 0 O
Medulla of thick-walled parenchyma cells o 0 o0 o 1 1 o 0 o0 o 1 1 0 1 0 1 1 1 1 0 0 0 0 o 0 0 o0
Medulla with sclerenchymatous cells 0 1 1 1 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 1 1 1 1 1 1 1




115

CONSIDERACOES FINAIS

- As caracteristicas morfologicas e anatomicas das sementes, folhas e escapos de Leiothrix
trouxeram a luz novos conhecimentos da taxonomia do grupo, bem como auxiliaram na
compreensdo da relacdo das estruturas com o ambiente em que essas plantas crescem;

- As caracteristicas das flores estaminadas e pistiladas de Lerothrix sdo comuns as demais espécies
de Paepalanthoideae ja estudadas, estabelecendo padrdo para a subfamilia;

- As flores estaminadas de Leiothrix com corola gamopétala apresentam desenvolvimento
congénito na por¢do basal e pos-genital nas por¢cdes mediana e apical. Futuros estudos focados no
desenvolvimento das flores de outros grupos de Eriocaulaceae poderao confirmar se essa variagao ¢
comum na familia ou se acontece apenas neste género;

- As diferengas na altura da ramificagdo do estilete (ramos nectariferos e estigmaticos) em Lerothrix
ocorrem através de processos heterocronicos, também existentes em outras Angiospermas.
Acredita-se que as caracteristicas resultantes dessa heterocronia estejam associadas com os
processos de polinizagdo do grupo.

- O desenvolvimento das flores pistiladas de Leiothrix permitiu concluir que as diferentes alturas
dos ramos nectariferos e estigmaticos no estilete resultam do crescimento diferencial dos carpelos;

- Futuros estudos sobre a biologia da polinizagdo de Leiothrix poderdo ajudar a entender se as
diferengas encontradas nas flores estaminadas e pistiladas estdo relacionadas com a especificidade
de agentes polinizadores e/ou com diferentes processos de polinizagao;

- O tegumento das sementes de Lerothrix apresenta ou nao estrias, que quando presentes sio
anelares, conectadas e cruciformes. Essas formas, juntamente com seu padrao de distribui¢do, mais
a forma das células do envoltdrio e de suas paredes, bem como a forma das sementes, do hilo ¢ da
micropila, auxiliam na identificagcdo das espécies.

- Estudos futuros com desenvolvimento das sementes de Lerothrix podem auxiliar na compreensao
sobre a presenca ou auséncia das estrias no envoltorio, assim como os diferentes padrdes de

distribuicao das mesmas;
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- O desenvolvimento pos-seminal de Leiothrix ¢ semelhante as demais Eriocaulaceae,
demonstrando que existe um padrido para a familia: germinagdo rapida, ocorrendo através da
protusdo do eixo embrionario e o surgimento da raiz adventicia apds o desenvolvimento da primeira
folha;
- A anatomia das folhas e dos escapos de Lerothrix demonstrou claramente que suas estruturas estao
relacionadas com o ambiente. Algumas estruturas diferenciam os subgéneros descritos por Ruhland

(1903), enquanto outras diferem os subgéneros reconhecidos por Giulietti (2020).
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