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Resumo

Os géneros Schaueria, Streblacanthus, Pachystachys e Thyrsacanthus representam 25%da linhagem
Tetramerium (Acanthaceae: Justicieae), contando atualmente com cerca de 40 espécies, distribuidas
principalmente em zonas imidas e secas da América do Sul. S@o plantas herbaceas ou arbustivas, com
bracteas largas ou filiformes e morfologia floral diversa, revelando adaptacdes a diferentes
polinizadores. Estudos sistemdticos no grupo sdo parcos, e o tUnico estudo filogenético (Daniel et al.
2008) incluiu apenas 10% das espécies, ndo resolvendo os limites genéricos na linhagem. A
biogeografia da linhagem neotropical de Tetramerium € bastante complexa, estruturada em trés
biomas: Floresta Amazonica, Floresta Atlantica e Floresta Sazonalmente Seca. Ainda assim, ndo
existem investigacdes sobre sua diversificacdo. Utilizando métodos filogenéticos e biogeograficos
baseados em dados moleculares plastidiais (trnL-F, trnT-L, trnS-G, rpsi6) e nucleares (ITS), nds
complementamos e avaliamos a hip6tese filogenética prévia, datamos e reconstruimos a drea ancestral
da linhagem Tetramerium, focando particularmente nos géneros da América do Sul. As andlises
mostraram trés clados bem definidos e a necessidade de uma nova circunscri¢do para os géneros:1-
Schaueria (excluindo S. azaleiflora, S. hirsuta, S. humuliflora, S. malifolia e S. parviflora) incluindo
trés novas espécies e Justicia paranaensis; 2- Pachystachys englobando trés espécies de
Streblacanthus (exceto Streblacanthusmonospermus), Schaueria azaleiflora e duas novas espécies; e
3- Thyrsacanthus compreendendo também Carlowrightia sulcata, Justicia angustissima e Schaueria
humuliflora, e mais um clado mexicano (Justicia zopilotensis, J. gonzalezii, Mirandea hyssopus e
Yeatesia mabryi). A linhagem originou-se no Velho Mundo e dispersou para o Neotrépico entre o
Mioceno e o Plioceno, alcancando América do Norte, Central e Amazodnia. Entre o final do Mioceno e
o inicio do Pleistoceno, a linhagem de florestas secas se expandiu e, concomitantemente, as linhagens
de florestas imidas se retrairam, sustentando a ideia de uma diagonal seca neste periodo. A vicariancia
entre os blocos de florestas secas no sudoeste da América do Sul e da Caatinga no nordeste do Brasil,
no entanto, indica uma fragmentacao dessa formacao pelo menos no Pleistoceno Inferior, bem antes da
Ultima Maxima Glacial, como proposto pela hipétese do Arco do Pleistoceno. Com base nos
resultados filogenéticos, nds apresentamos uma revisdo taxondmica do género Schaueria — incluindo
chaves de identificacdo, descricdes, ilustragdes, comentdrios, mapas de distribuicio e estudo de
microscopia de varredura de graos de pdlen e de sementes — e propomos uma recircunscri¢ao para o
género Pachystachys. Finalmente, é apresentado um guia de fotos coloridas para as espécies sul-

americanas da linhagem Tetramerium.

Palavras-chaves: Arco do Pleistoceno, Florestas Sazonalmente Secas, Florestas Tropicais ljmidas,

Pachystachys,Schaueria, Thyrsacanthus.



Abstract

The genera Schaueria, Streblacanthus, Pachystachys and Thyrsacanthus represent 25% of the
Tetramerium lineage (Acanthaceae: Justicieae), currently with about 40 species, distributed mainly in
wetlands and drylands in South America. They are herbaceous or shrubs, with large or filiform bracts
and diverse floral morphology, revealing adaptations to different pollinators. Systematic studies in the
group are scarce, and the only phylogenetic study (Daniel et al. 2008) included only 10% of the
species, not solving the generic limits within the lineage. The biogeography of Neotropical
Tetramerium lineage is quite complex, structured in three biomes: the Amazon Forest, the Atlantic
Forest and Seasonally Dry Forest. Still, there are no investigations on its diversification. Using
phylogenetic and biogeographic methods based on plastid (¢rnL-F, trnT-L, trnS-G andrpsl6) and
nuclear (ITS)data, we complemented and assessed the previous phylogenetic hypothesis, time-
calibrated the phylogeny and reconstructed the ancestral area of Tetramerium lineage, focusing
particularly on the South American genera. The analysis showed three well-defined clades and the
need for a new circumscription for the genera:1- Schaueria, (excluding S. azaleiflora, S. hirsuta, S.
humuliflora, S. malifolia and S. parviflora) including three new species and Justicia paranaensis; 2-
Pachystachys, encompassing three species of Streblacanthus (except Streblacanthus monospermus)
Schaueria azaleiflora and two new species; and 3- Thyrsacanthus, comprising also Carlowrightia
sulcata, Justicia angustissima and Schaueria humuliflora, and another Mexican clade (Justicia
zopilotensis, J. gonzalezii, Mirandea hyssopus and Yeatesia mabryi). The lineage originated in the Old
World and dispersed to the Neotropics between the Miocene and Pliocene, reaching North America,
Central America and Amazon. Between the late Miocene and early Pleistocene, the dry forests lineage
expanded and, concomitantly, the rainforests lineageretracted, supporting the idea of a South
American dry vegetation belt during this period. The vicariance between blocks of dry forests in
southwestern South America and the Caatinga in northeastern Brazil, however, indicates a
fragmentation of this vegetation at least in the Lower Pleistocene, well before the Last Glacial Maxima
as proposed by the Pleistocene Arc hypothesis. Based on the phylogenetic results, we present a
taxonomic revision of the genusSchaueria—including identification keys, descriptions, illustrations,
comments, distribution maps and a study of pollen grains and seeds under scanning electron
microscopy — and propose a new circumscription for the genus Pachystachys. Finally, we present a

color guide ofphotos for South American species ofTetramerium lineage.

Keywords: Pleistocene Arc, Seasonally Dry Forests, Tropical Rain Forests,Pachystachys,

Schaueria,Thyrsacanthus.



Introducdo Geral

Acanthaceae Juss. compreende cerca de 200 gé€neros e 3.500 espécies (Scotland &
Vollesen 2000). Possui distribui¢do pantropical, com centros de diversidade na regido da
Indo-Maldsia, Africa (incluindo Madagascar), Brasil, Andes, América Central e México
(Wasshausen 2004). No Brasil, a familia é representada por 41 géneros, destacando-se
Justicia L., Ruellia L. e AphelandraR.Br., e 437 espécies (Profice et al. 2013). Inclui vérias
espécies de valor ornamental, como Thunbergia alata Bojer ex Sims, Justicia brandegeana
Wassh. & L.B.Sm., Pachystachys lutea Nees e Hypoestes phyllostachya Baker (Scotland et
al. 1995).

A familia € composta principalmente por ervas e arbustos com folhas geralmente
decussadas, em muitos casos com cistolitos (concrescéncia de carbonato de calcio),
inflorescéncias com brécteas folhosas, comumente vistosas, flores gamopétalas com 2 ou 4
estames, geralmente biloculares, e frutos, na maioria das vezes, uma cédpsula loculicida com
deiscéncia explosiva e poucas sementes, em geral, achatadas e sem endosperma, sustentadas
por um retindculo (estrutura ejetora derivada do funiculo) (Judd et al. 2009).

A monografia de Nees (1847a, Flora Brasiliensis) ainda € a principal obra abordando
as espécies brasileiras. Trabalhos taxonomicos recentes envolvendo espécies brasileiras sao
escassos: Aphelandra(Wasshausen 1975), Pachystachys Nees (Wasshausen 1986),Mendoncia
Vell. ex Vand.(Profice 1988), Streblacanthus Kuntze (Smick 2004), Staurogyne Wall (Braz
2005), Lepidagathis Willd.(Kameyama 2008), Herpetacanthus Nees ex Moric.(Indriunas
2011);a maioria dos trabalhos é relativa a floras regionais (Wasshausen & Smith 1969,
Harvey & Wasshausen 1995, Kameyama 1995, 2003, 2006, Profice 1996, 1997a, Braz et al.
2002, Vilar 2009, Cortes & Rapini 2013) ou a divulgacdo de novas espécies e combinagdes
nomenclatérias (e.g. Vellozo 1829, Rizzini 1951, 1954, Wasshausen 1989, Profice &
Wasshausen 1993, Profice 1997b, Braz & Monteiro 2006, Kameyama, 2008, Profice 2010,
Cortes & Rapini 2010, Cortes et al. 2010, Cortes & Rapini 2011, Indriunas & Kameyama
2012).

Tradicionalmente, Acanthaceae era dividida em quatro subfamilias (e.g., Lindau,
1895): Mendoncioideae, Thunbergioideae, Nelsonioideae e Acanthoideae. Scotland e
Vollesen (2000), reunindo dados moleculares (Hédren er al. 1995, Scotland et al. 1995,
McDade & Moody 1999, McDade et al. 2000ab), morfoldgicos, palinoldgicos ecitogenéticos,

propuseram uma nova classificagao, consolidando as subfamilias
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Nelsonioideae, Thunbergioideae (englobando Mendoncia) e Acanthoideae; mais recentemente,

estudos



Introducao geral

moleculares incluiram Avicennia L. préxima a Thunbergioideae (Schwarzbach & McDade
2002, McDade et al. 2008). Scotland & Vollesen (2000) dividiram Acanthoideae em duas
tribos: Acantheae e Ruellieae, sendo esta tultima dividida em quatro subtribos, Ruelliinae,
Justiciinae, Andrographiinae e Barleriinae.

Justiciinae (Justicieae sensu Bremekamp 1965) compreende cerca de 2.000 espécies e
apresenta ampla distribui¢do, ocorrendo praticamente no mundotodo. Andlises filogenéticas
sustentam o monofiletismo da tribo (McDade et al. 2000b, 2008), tendo como sinapomorfia o
grao de polen tricolporado hexapseudocolpado (McDade er al. 2000b), e evidenciaram cinco
linhagens principais no grupo. A linhagem Tetramerium (sensu Daniel et al. 2008) inclui 23
géneros e 168 espécies, distribuidas na Africa, Asia, Madagascar e, principalmente, na
regidoneotropical. Morfologicamente, a linhagem é caracterizada pela presenca de dois
estames enenhum estaminddio, anteras com tecas desiguais ou paralelas,sem apéndices, e pelo
polen tricolporado hexapseudocolpado, com exina das regides interaperturais reticulada,
caracteristicas simplesiomérficas no grupo. Ela apresenta uma heterogeneidade floral
associada a distintos polinizadores o que contribuiu para o estabelecimento de muitos géneros
(Daniel et al. 2008).

A andlise molecular da linhagem Tetramerium reconheceu inicialmente cerca de 10
clados (Daniel et al. 2008). Os primeiros ramos a divergirem consistem de espécies do Velho
Mundo, seguindo um grande clado Neotropical com a maioria das suas espécies distribuidas
no sul da América do Norte e norte da América Central, com apenas um clado praticamente
restrito a América do Sul. A linhagem ocorre amplamente em habitat drido a semidrido, com
poucas espécies adaptadas a ambiente imido.

O clado Pachystachys e o clado Thyrsacanthus (= “S.A. Anisacanthus clade”)
apareceram como grupos irmaos (Fig. 1) e compartilham simplesiomorfias do pélen e flores
nototribicas (estames voltados para o ldbio superior, depositando graos de pdlen no dorso no
polinizador) (Daniel et al. 2008). O clado Pachystachys-Thyrsacanthus inclui quatro géneros
e € composto por espécies principalmente da América do Sul, com algumas espécies nas
Américas Central e do Norte. Na analise de Daniel er al. (2008), no entanto, foram incluidas
apenas 10 das 40 espécies supostamente pertencentes ao clado: Thyrsacanthus Moric. — duas
das oito espécies (2/8), Schaueria Nees — 2/17, Pachystachys — 2/12, e Streblacanthus — 3/3;
além de Justicia gonzalezii (Greenm.) Henrickson& Hiriart, Mirandeahyssopus (Nees) T.
F.Daniel e Yeatesia mabryiHilsenb., espécies que surpreendentemente formaram o grupo

irmao das espécies de Thyrsacanthus.
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Introducao geral

O clado Thyrsacanthus é taxonomicamente bastante heterogéneo. O género foi
restabelecido para englobar as espécies de Anisacanthus da América do Sul (Cortes et al.
2010), as quais ndo estdo filogeneticamente relacionadas as espécies de Anisacanthus das
Américas do Norte e Central (Daniel et al. 2008). Conforme essa redelimitacdo, o género
inclui arbustos ramificados, bricteas e bractéolas inconspicuas, célice com 5 lobos (3, em
Anisacanthus trilobus Lindau, espécie que possui grao de pdélen do tipo encontrado no clado
Justicioides, de modo que sua posi¢dao na linhagem Tetramerium precisa de confirmacio),
flores geralmente vermelhas, irregularmente quadrifida ou bilabiada e anteras paralelas,
comumente com os filetes e anteras vermelhas. As outras trés espécies do clado ocorrem na
América do Norte. Mirandea hyssopus possui caracteristicas florais similares as trés espécies
do género Mirandea e sua posi¢cdao no clado pode ser uma indica¢do de convergéncia floral
com as espécies daquele género. Hilsenbeck (1989) notou diferencas importantes acerca da
morfologia polinica de Yeatesia mabryi quando comparada com a de outras espécies daquele
género. Justicia gonzalezii foi originalmente descrita em Anisacanthus, mas sua posi¢ao neste
clado € sustentada pelas flores nototribicas (vs. esternotribicas) e pela morfologia do pdlen,
que € similar a encontrada na linhagem Tetramerium. Dessa maneira, o clado Thyrsacanthus
parece ter surgido na América do Sul e se dispersado para o México, onde a linhagem teria se
diversificado morfologicamente em resposta a diferentes polinizadores (Daniel et al. 2008).

No clado Pachystachys, nenhum género € sustentado como monofilético: as duas
espécies de Schaueria formam um grado em relacdo ao clado Streblacanthus—Pachystachys,
as trés espécies de Streblacanthus formam um grado em relagdo a Pachystachys, que, por sua
vez, ndo possui suporte estatistico (Daniel et al. 2008). Morfologicamente, também € um
grupo bastante diverso, com espécies que aparentemente sdo adaptadas a diferentes
polinizadores. Wasshausen (1986) revisou o género Pachystachys, reconhecendo 12 espécies
nativas das florestas umidas da América do Sul e das Antilhas, sendo que a metade dessas
espécies estdo criticamente ameagadas ou em perigo, de acordo com a IUCN (Léon et al.
2006). O género € caracterizado pelas espigasterminais densas, com bricteas conspicuas
subtendendo as flores geralmente vermelhas ou brancas, anteras paralelas, raramente com
estaminddios rudimentares. Schaueria estarepresentada por 17 espécies, a maioria endémica
do Brasil. E caracterizado pelas espigas com flores de corola alva e amarela subtendidas
geralmente  por bricteas, bractéolas e lobos do cdlice filiformes (Nees
1847a,b).Streblacanthus conta com trés espécies distribuidas nas Américas do Sul e Central,

sendo
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caracterizado por uma espiga terminal com bricteas e bractéolas relativamente pequenas e
estreitas; corola com tubo estreito e distalmente contraido (Smick 2004).

Os clados sul-americanos apresentam predilecdo por hébitats distintos. Thyrsacanthus
apresenta-se distribuido nas florestas sazonalmente secas da América do Sul (Caatinga,
Florestas secas do Sudoeste e Norte da América do Sul) e do México, enquanto o clado
Pachystachys ocorre preferencialmente nas florestas imidas da América do Sul, Amazonia e
Atlantica. Segundo Daniel et al. (2008), a preferéncia de hébitat é fortemente conservada e,
possivelmente, mais de um deslocamento de ambiente imido para seco pode ter ocorrido na
linhagem.

O presente estudo teve como objetivo geral investigar as relagdes filogenéticas
estabelecendo os limites genéricos de Schaueria, Pachystachys e Thyrsacanthus; elaborar um
tratamento taxondmico para Schaueria fundamentado na filogenia encontrada; estudar a
biogeografia do grupo neotropical focando as linhagens sul-americanas; conhecer a origem e
diversificacdo das espécies, assumindo que essas evidéncias podem trazer maior
conhecimento sobre a relacdo entre os biomas da América do Sul. Para isso, uma hipdtese
filogenética foi reavaliada baseada em dados moleculares; a filogenia foi datada e a érea
ancestral dos clados reconstruida utilizando métodos estatisticos de dispersdo-vicariancia;

Esta tese esta apresentada na forma de capitulos que aparecem organizados segundo as
normas das revistas a que foram ou serdo submetidos. Inicialmente, é apresentado um estudo
filogenético e biogeografico focando os géneros sul-americanos da linhagem Tetramerium
(Capitulo 1). Como base nos resultados deste estudo, nds apresentamos uma nova
circunscri¢do para o género Pachystachys(Capitulo 2) e uma revisdo taxondmica do género
Schaueria(Capitulo 3). Por fim, um guia de campo ilustrando as espécies sul-americanas da

linhagem Tetramerium e a distribui¢ao de seus géneros € apresentado (Capitulo 4).
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Fig. 1. Cladograma geral da linhagem Tetramerium com base em quatro regides plastidiais (trnT-L, trnL-
F, rpsl6 e trnS-G) e uma nuclear (ITS). A posi¢do das espécies indicadas a parte no cladograma A foi
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Thyrsacanthus, alvo deste estudo. BS = bootstrap; DI = indice de Bremer; PP = probabilidade posterior;
SA = América do Sul.
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RESUMO

Objetivo A linhagem Tetramerium (Acanthaceae) encontra-se amplamente diversificada na regido
neotropical, com centro de diversidade em hdbitats dridos da América do Norte. Na América do Sul,
apresenta marcada estruturagao ecoldgica, com grupos concentrados em florestas imidas ou florestas
sazonalmente secas. Neste estudo, nds investigamos as relacdes e limites das linhagens sul-
americanas, como base para entender as interacdes historicas entre florestas secas e umidas da

América do Sul.

Localidade Regido neotropical, incluindo a bacia amazdnica, a Mata Atlantica e as florestas

sazonalmente secas.

Métodos N6s datamos a reconstrucio das distribui¢cdes ancestrais da linhagem Tetramerium com base
em quatro regides de DNA plastidial e uma nuclear. As andlises filogenéticas incluiram 104
sequéncias, abrangendo praticamente todas as espécies sul-americanas da linhagem. Foram realizadas
andlises de méixima parcimdOnia, midxima verossimilhanca e inferéncia bayesiana. A datacdo das
divergéncias filogenéticas foi realizada com uso de relégio molecular relaxado e sua distribuicdo

ancestral obtida com anélise de dispersdo-vicariancia.

Resultados A linhagem Tetramerium originou-se no Velho Mundo. No Novo Mundo, ela dispersou-se
rapidamente pelo sul da América do Norte, América Central e Amazo6nia, norte da América do Sul.
Entre o final do Mioceno e o inicio do Pleistoceno a linhagem de florestas secas se dispersou da
América do Norte para a América do Sul até alcancar o sudoeste do continente. Essa expansdo
coincidiu com a segregacdo das florestas imidas da Amazdnia e da Mata Atlantica e estabeleceu a

estruturagdo geografica do grupo.

Conclusoées principais

Os géneros sul-americanos da linhagem Tetramerium precisam ser redelimitados taxonomicamente. A
complementaridade entre os eventos biogeograficos encontrados para o grupo sustentam a hipdtese de
que os nucleos de florestas secas dispersos pela América do Sul sdo remanescentes relativamente
antigos, isolados provavelmente desde o Pleistoceno Inferior, antes do que o originalmente postulado

pela hipétese do Arco Pleistocénico.

Palvras-chave

Amazdnia, Arco Pleistocénico, florestas sazonalmente secas, Mata Atlantica, refigios.
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INTRODUCAO

A América do Sul abriga os maiores hotspotde biodiversidade do mundo(Myers et al., 2000).
Seu isolamento geogréfico durante a maior parte do Tercidrio, até o fechamento do Istmo do
Panami no final do Plioceno (Iturralde-Vinent & MacPhee, 1999; Coates et al., 2004),
propiciou o surgimento de uma biota singular. A formacdo de uma ponte terrestre
relativamente recente com a Américado Norte e o soerguimento dos Andes foram eventos
geoldgicos que, associados asmudancgas climdticas desde o Neogeno, mas especialmente
pronunciadas no Pleistoceno (Zachos et al., 2001), parecem ter afetado significativamente
ahistdria da vegetacdo sul-americana e os padrdes de distribuicao de suas espécies, resultando
numa biota complexa e extremamente diversificada (Antonelli et al., 2009; Rull, 2011;
Hughes et al., 2013). Ainda assim, a sequéncia e a importancia relativa desses eventos durante
a diversificacdo das linhagens € discutivel e merece atencgao.

As florestas imidas sul-americanas, englobando o dominio amazdnico ao norte € o
atlantico a leste, encontram-se separadas por um corredor de vegetacdo mais seca e aberta na
por¢ao central da América do Sul, englobando a Caatinga, o Cerrado ¢ o Chaco (e.g.,
Pennington et al., 2000; Santos et al., 2007; Werneck, 2011). Esses dominios de florestas
umidas teriamsido praticamente continuos até o Mioceno Médio (Bigarelaer al., 1975;
Morley, 2000), se segregandoem dois blocos principaismais recentemente, com o aumento da
aridez que marcou o final do Cenozdico, encontrando-se atualmente interligados por florestas
de galeria e brejos florestais(Oliveira-Filho & Ratter, 1995; Oliveira et al., 1999; Costa, 2003;
Santos et al., 2007; Batalha-Filho et al., 2013).

As florestassazonalmente secas, por outro lado, encontram-se disjuntas em varios
nucleos regionais: nonordeste do Brasil (Caatinga), ao longo das bacias dos rios Paraguai e
Paranda (Missiones), sudoeste da Bolivia e noroeste da Argentina (Subandino), Florestas
Chiquitanas na Bolivia, em vales andinos, no Centro-Oeste do Brasil e na costa caribenha da
Colombia e Venezuela, se estendendo pela América Central, ao longo da costa do Pacifico, e
pelo México (Prado & Gibbs, 1993; Pennington et al, 2000, 2009; Queiroz,2006).
Tipicamente, as linhagens encontradas nesse bioma s3o marcadas por alta conservacio
filogenética de nicho edispersdo limitada entre nucleos, resultando em alta estruturagcdo
espacial e diversificacdo por isolamento geografico (Pennington et al., 2004, 2006, 2009).
Apesar da presenca de zonas aridas e semidridas na América do Sul durante o Tercidrio, nao
existem evidéncias de que elas tivessem formado um corredor eprovavelmente estariam ainda

mais isoladas do que os nucleos atuais antes do Quaternério (Raven & Axelrod, 1974).
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Uma das teorias mais emblemadticas para se explicar a diversificacdo na regido
neotropical, especialmente na Amazdnia, € a teoria de refugios pleistocénicos (Haffer, 1969;
Pennington et al., 2000). Segundo essa teoria, as florestas imidas seriam continuas durante os
periodos interglaciais, mas ficariam retraidas a nucleos isolados, formando refugios de
florestas umidas durante os periodos glaciais mais secos. Nesses reftigios, populacdes
vicariantes tenderiam a divergir, levando a formacao de novas espécies. A sucessao de pulsos
de diversificagdo governados por flutuagdes climaticas durante o Pleistoceno explicaria,
portanto, a grande diversidade de espécies encontrada em algumas dreas da Amazonia. De
maneira semelhante e complementar, é postulado que as florestas sazonalmente secasda
América do Sul constituem refigios de uma formagao mais extensa e continua no passado, a
qualformaria um corredor de vegetacdo drida e semidrida durante os periodos mais frios e
secos do Quaterndrio, coincidindo com a retragdo das florestas timidas(Raven & Axelrod,
1974; Prado & Gibbs, 1993; Pennington et al., 2000).

Nas tltimas décadas, a teoria dos refigios tem sido questionada por estudos com
diferentes abordagens. Na realidade, o padrdao heterogéneo de diversidade encontrado na
Amazonia pode refletir simplesmente um desvio amostral, e os refligios ndo seriam
necessariamente dreas mais ricas em espécies, mas apenas areas mais coletadas (Nelson et al.,
1993).Dados paleoecoldgicos (Colinvaux & Oliveira, 2001; Mayle & Power, 2008) sugerem
que as florestas umidas sdo resilientes a condi¢des climdticas mais secas que as atuais e
provavelmente ocuparam a maior parte da Amazoénia durante todo o Pleistoceno. Ademais,
estudos com filogenias datadas ndo indicam um aumento considerdvel nas taxas de especiagcdao
durante o Pleistoceno (Hoorn et al., 2010; veja também Rull, 2008, 2011). No tocante as
florestas secas, filogenias datadas para linhagens sul-americanas sugerem diversificagdes por
isolamento geografico, com divergéncias geralmente anteriores ao Pleistoceno (Pennington et
al., 2004), enquanto os estudos com abordagem filogeografica ainda sdo elusivos (Caetano et
al., 2008) ou contraditérios (Collevatti et al., 2013) quanto a datacao dos eventos. Simulagdes
da paleodistribuicio do bioma, por sua vez, sugerem que a drea de florestas secas na Ultima
Miéxima Glacial seria semelhante, ou até mesmo mais restrita, que a atual (Mayle, 2004;
Werneck et al., 2011; mas veja Collevatti et al., 2013).

A desmistificacdo acerca da real importancia das flutuacdes climaticas do
Quaterndrionaformacdo de novas espécies (e.g., Bennet, 2004) e a deteccdo de

umapreponderancia de eventos de diversificagdo mais antigos na Amazonia (Antonelli et al.,

29



2010; Rull, 2011), e também nas florestas secas (Pennington et al., 2004), levaram alguns

autores a enfatizarem a
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primazia de eventos geoldgicos — especialmente a formagdo dos Andes, no que tange a regiao
neotropical — para explicar os atuais padrdes de diversidade (Antonelli et al., 2009; Antonelli
& Sanmartin, 2011; Hoornet al., 2013). No entanto, a diminui¢cdo continuada das
concentracdes de CO; na atmosfera ao longo de todo o Tercidrio (Zachos et al.,2001) parece
ter tido um papel fundamental na reestruturagdo dos biomas neotropicais e pode ter sido o
principal responsavel pelos padrdes de diversificagdo na América do Sul.

O declinio de CO, atmosférico, associado a diminui¢ao da temperatura e umidade e ao
aumento na sazonalidade, passou a favorecer grupos de plantas com vias fotossintéticas
especializadas (Keeley & Rundell, 2003). O final do Mioceno parece ter alterado o balanco
competitivo até entdo vigente entre algumas linhagens de plantas e marcou a expansao e
dominio de grupos de gramineas C4 nas regides tropicais abertas, levando ao estabelecimento
das savanas associadas ao fogo (e.g., Cerling et al., 1997; Simon et al., 2009; Edwards et al.,
2010), e a diversificacdo das plantas suculentas, geralmente com fotossintese CAM
(metabolismo do 4cido crassuldceo), levando a formacdo de vérios dos desertos atuais
(Arakaki et al., 2011). A interacdo entre esses eventos climaticos e ecoldgicos reestruturou os
biomas neotropicais, permitindo a validacdo cruzada entre eventos biogeograficos a partir de
sua congruéncia temporal.

Neste estudo, nds reconstruimos a histéria de uma linhagem de plantas neotropicais
ecologicamente estruturada entre florestas imidas e secas e ausente em savanas, com O
objetivo de investigar as relacdes historicas desses biomas na América do Sul. A filogenia da
linhagem Tetramerium (Acanthaceae) foi reconstruida a partir de dados plastidiais e
nucleares, seus clados foram datados e sua distribui¢do ancestral estimada.Utilizando clados
ecologicamente conservativos de uma unica linhagem, esperamos amenizar desvios inerentes
a comparagdes biogeogréficas com datacOes obtidas a partir de amostragens, marcadores
moleculares, calibragdes e métodos analiticos distintos. Apesar das incertezas intrinsecas a
esse tipo de andlise, a congruéncia interna dos nossos resultados e sua concordancia temporal
e espacial com estudos realizados em varios outros grupos de organismos, com diferentes
abordagens, permitiram conclusdes relevantes acerca da relagdo entre florestas secas e imidas

da América do Sul.

A linhagem Tetramerium

A linhagem Tetramerium pertence a tribo Justicieae (Acanthaceae), compreendendo

aproximadamente 170 espécies e 23 géneros. E um clado de ervas perenes e arbustos, com
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ampla diversidade morfoldgica, possivelmente associada a colonizacdo de diferentes hébitats,
epecialmente os semidridos, e evolu¢do de sindromes de poliniza¢dodistintas. A linhagem
surgiu no Velho Mundo, se dispersando para o Novo Mundo, onde teria se irradiado em
aproximadamente 125 espécies na regido neotropical (Daniel et al., 2008). No Novo Mundo,
ela compreende trés grandes clados: dois praticamente restritos ao sul da América do Norte e
América Central, principalmente em ambientes secos, abrangendo em torno de 45% das
espécies neotropicais, e outro quase exclusivo a América do Sul, distribuido tanto em
ambientes Umidos quanto secos, com poucas espécies alcancando a América Central e o
México (Daniel et al., 2008).

O clado sul-americano é composto por quatro géneros principais: Pachystachys Nees,
Schaueria Nees, Fittonia Coem.,Streblacanthus Kuntze e Thyrsacanthus Moric.
(Anisacanthus da América do Sul)compreendendo aproximadamente 25% das espécies da
linhagem. Cada género, como tradicionalmente circunscrito, encontra-se praticamente restrito
a um unico bioma e conta com ndmero relativamente pequeno (< 20) de espécies (Nees, 1847;
Wasshausen, 1986; Smick, 2004; Cortes et al., 2010). Pachystachys,Streblacanthuse Fittonia
estdo distribuidos nas terras baixas da bacia AmazoOnica, principalmente na porcdo oeste,
concentrados no Peru e Guiana,Schaueria é endémico da Mata Atlantica, e Thyrsacanthus
ocorre geralmente em florestas secas, na Caatinga e no sudoeste e norte da América do
sul,além de restingas do Norte e Nordeste do Brasil. Nao existem espécies caracteristicas de
savana, mas 7. ramosus ocorre em florestas secas na interface dos dominios do Cerrado e da
Mata Atlantica (Nees, 1847; Wasshausen, 1986; Smick, 2004; Daniel er al., 2008; Cortes et
al., 2010; Cortes obs. pess.).

Evidéncias filogenéticas(Daniel et al., 2008) contribuiram para redefinir limites genéricos
na linhagem Tetramerium, porém nenhuma andlise incluiu uma amostragem suficientemente
representativa da diversidade do clado sul-americanopara avaliar suas afinidades taxondmicas
e a evolucdo ecoldgica da linhagem Tetramerium. Acredita-se que a coloniza¢ido no sul do
Meéxico (clado Mirandea) tenha precedido a diversificacdo na América do Sul,mas pouco se

conhece sobre a relacdo entre as principais linhagens sul-americanas.

MATERIAL E METODOS
Amostragem
As coletas foram concentradas na América do Sul, durante os anos de 2009 a 2011 (Brasil —

Nordeste: Bahia e Piaui; Sudeste: Espirito Santo, Rio de Janeiro e Sdo Paulo; Centro-oeste:
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Goids; Sul: Parand; e Norte: Amazonas e Pard. Peru — Departamentos: Amazonas, Cuzco,
Junin, Loreto, Madre de Dios e San Martin. Bolivia — Santa Cruz), amostrando cerca de 30
espécies da linhagem Tetramerium. Sequenciamos 31 desses espécimes desidratados em
silica-gel e oito de material herborizado, representando quase a totalidade das espécies sul-
americanas conhecidas da linhagem (Thyrsacanthus e Streblacanthus (100%), Schaueria
(82%), Pachystachys (715%) e Fittonia albivenis (Lindl. ex Veitch) Brummitt), além de cinco
espécies inéditas: Pachystachys linearibracteata e P. gracilis, Schaueria hirta, S. pyramidalis
e S. thyrsiflora (A.L.A.Cortes, T.F.Daniel, A.Rapini, in prep.; Capitulos 2 e 3). As tentativas
de sequenciar Pachystachys coccinea (Aubl.) Nees, Schaueria macrophylla Nees e S. sulfurea
Nees a partir de material de herbario falharam. Sequéncias complementares desses géneros e
sequéncias adicionais representando as linhagens Tetramerium (Daniel et al., 2008),
Justicioides, Diclipteriinae, Isoglossinae e Pseuderanthemum (McDade et al., 2000; Kiel et
al., 2006) foram obtidas do GenBank. Esta amostragem teve como objetivos: 1) avaliar o
monofiletismo dos géneros sul-americanos; 2) evitar ramos longos (Rosenberg & Kumar,
2001; Wiens, 2005; Wiens & Tiu, 2012); e 3) avaliar a posicdo de Anisacanthus trilobus
Lindau e Schaueria hirsuta Nees em relacdoas Justicioides doNovo Mundo e de Schaueria
malifolia Nees em relacdoa linhagem Pseuderanthemum. Dessa maneira, foi possivel,
também, utilizar um féssil do ramo das Justicioides para calibrar o né do ramo da linhagem
Tetramerium. As anélises incluiram 104 terminais, incluindo trés espécies de Ruellinae como

grupo externo (Apéndice 1).

Dados moleculares

O DNA genomico total foi extraido utilizando o método CTAB 2% (Doyle & Doyle, 1987),
adaptado para microtubo. Para amostras de herbério (Justicia gonzalezii, J. zopilotensis,
Carlowrightia sulcata, Schaueria azaleiflora, S. hirsuta, S. malifolia, S. parviflora e
Pachystachysgracilissp. inéd.), usamos o kit Qiagen DNeasy. Para a amplificagdo,
selecionamos os marcadores génicos utilizados por Daniel et al. (2008): os espagadores
intergénicos plastidiais trnT-trnL,trnL-trnF (Taberlet et al., 1991) etrnS-trnG (Hamilton,
1999),0s introns plastidiais trnL (Taberlet et al., 1991) erpsl6 (Oxelman et al., 1997) e a
regido nuclear: ITS17 e ITS26 (Sun et al., 1994). Adicionalmente, foram selecionados os
espacadores intergénicos ndhF-rpl32-trnL e trnH-psbA (Shaw et al., 2007; Hamilton, 1999)
pois ambos tém se mostrado filogeneticamente informativos no nivel de espécie (Shaw et al.,

2005, 2007). Para esses dois ultimos marcadores, entretanto, foram obtidas sequéncias apenas
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para as amostras coletadas para este estudo. Para amplificar a maioria das regides, utilizamos
1 uL de DNA total, 1 x tampao, 50 mM MgCl,, 10 mM dNTP, 0,2 mM de primer, 10 ng de
BSA, 5U/uLTag DNA polimerase (Phoneutria), completando a solu¢do com dgua ultrapura
até completar 25 ul de volume total para reacoesde regides plastidiais e 30 pl para reacdes de
ITS; ao mix deprimers do ITS foi adicionado também 1,0 M betaina e 2% DMSO. Para a
reacdo com plastideos, utilizamos o preparado TopTaq (Quiagen) ainda com 0,2 mM de

primer para cada regidao e 1 uL. de DNA total.

Sequenciamento e alinhamento

Os produtos da PCR foram purificados com PEG20% (Polietileno glicol) e sequenciados
utilizando os mesmos primers da amplificacdo, exceto, trnL, trnL-trnF que foram
amplificados usando os primers “c” e “f” e sequenciados com ‘“c”, “d”, “e”, “f” (Taberlet et
al., 1991); para o ITS, testamos os primersITS17, ITS26 (Sun et al., 1994), ITS4, 1TSS,
ITS92, ITS75 (White et al., 1990), ITS9 e C26A (Wen & Zimmer, 1996; Daniel et al., 2008);
em todos os casos, longas cadeias de G + C limitaram a leitura completa das sequénciasde
alguns tdxons, como mencionado por Daniel et al. (2008). As sequéncias foram geradas no
sequenciador automadtico (ABI 3130XL Genetic Analyzer) com Big Dye Terminator Kit
(Applied Biosystem), editadas no Pacote Staden (Staden et al., 2003) e alinhadas no Mesquite
v. 2.74 (Maddison & Maddison, 2010). Foram obtidas sequéncias insatisfatérias de alguns
marcadores para alguns espécimes (Apéndice 1) eporcdes do ITS estdo faltando para
Pachystachys badiospica e Thyrsacanthus microphyllus. As regides foram alinhadas

visualmente; apenas a matriz de ITS apresentou regides de alinhamento ambiguo.

Analises filogenéticas

As sequéncias foram reunidas em trés conjuntos de dados: 1) matriz de ITS, com 98 terminais
e 866 caracteres; 2) matriz de plastideo (trn-L, trnL-F, trnT-L, rpsl6, trnS-G), com 97
terminais e 4088 caracteres; e 3) matriz combinando dados nucleares e plastidiais, com 104
terminais e 4921 caracteres. Para avaliar a congruéncia entre as regides plastidiais e entre o
conjunto de plastidiais e nucleares, foi realizado o teste de homogeneidade de
particdo(Incongruence length difference,JLD; Farris et al., 1994) no PAUP v. 4.0b10
(Sworfford, 2000). Os testes foram realizados no PAUP, utilizando busca heuristica com 500

replicacdes, adicdo aleatdria de tdxons, usando o algoritmo TBR e salvando 15 arvores por
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replicacdo. A incongruéncia foi considerada significativa quando p< 0,01 (Cunningham,
1997).

Andlises de mixima parcimdnia (MP), mdxima verossimilhanca (MV) e inferéncia
bayesiana (IB) foram conduzidas para os trés conjuntos de dados.A edi¢do e visualizacdo das
arvores foi realizada no programa FigTree v.1.3.1 (Rambaut, 2009).

A andlise MP foi realizada no PAUP, utilizando busca heuristica com 1.000
replicacdes, adicoes aleatdrias de tdxons, TBR como algoritmo de rearranjo das topologias,
armazenando até 15 arvores por replicagdo. Os caracteres receberam pesos iguais e seus
estados foram considerados ndo ordenados. O suporte dos clados foi estimado através do
método de bootstrap nao paramétrico (MP_BS) realizado no PAUP através de uma busca
heuristica com 1.000 replicagdes, a partir de adicdo simples de tdxons, algoritmo TBR,
salvandol15 arvores por replicacao.

Para a IB, os modelos evolutivos para cada particaotrnL-F, trnT-L, rpsl6, trnS-
G(GTR+G) e ITS(GTR+I+G) foram selecionados utilizando o MrModeltest v. 2.3 (Nylander,
2008). A andlise foi conduzida no programa MrBayes v. 3.1.2 (Ronquist & Huelsenbeck,
2003), com duas replicacdes simultaneas de trés cadeias quentes e uma fria, correndo por 5
milhdes de geracdes com uma arvore salva a cada 1.000 geracdes. As arvores anteriores a
estabilizacdo dos valores de verossimilhanga foram eliminadas(método tradicional de burn-
in). As arvores restantes foram entdo usadas para obter a probabilidade posterior (PP) dos
clados usando o consenso de maioria no PAUP. A MV foi realizada no programa PhyML v.
3.0 (Guindon et al., 2010; http://atgc.lirmm.fr/phyml/) utilizando os modelos previamente
selecionados com o Mr. Modeltest v. 2.3.

Topologias alternativas foram testadas utilizando o teste Shimoidara-Hasegawa (SH;
Shimoidara&Hasegawa, 1999) e avaliadasindividualmenteem relagdoa arvore da IB com

dados combinados. O teste foi conduzido no PAUP, comotimizacdo RELL e 100 replicacdes.

Datacao

A idade dos nés foi estimada com base no conjunto de dados combinados (ITS, truL, trnL-F,
trnT-L, trnS-G e rpsl6). Foram utilizados apenas terminais com sequéncias para todos os
marcadores, compondo uma matrizcom 47 terminais e 45 tdxons, abrangendo as linhagens
Tetrameriume Justicioides. Como ndo existem fdsseis conhecidos da linhagem Tetramerium,

nos restringimos a idade minima de divergéncia entre Tetramerium e Justicioides baseado



naprimeira evidéncia de pdlen fossil semelhante aquele encontrado em espécies de Justicia,

datada para o limite entre o0 Mioceno Médio e Superior (11.62 Ma; Gemeraad et al.,1968;
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Adeigbe et al., 2013). A relacao entre as épocas geoldgicas e idades absolutas seguiu a escala
de Cohen et al.(2012). A estimativa do tempo de divergéncia foi obtida com o BEAST v.
1.7.5 (Drummond & Rambaut, 2007), usando relégio molecular relaxado. A andlise foi
conduzida com modelo de especiacdo Yule, drvore inicial aleatéria, modelo de substitui¢dao
GTR+G+I sem parti¢des e distribui¢do lognormal (Mean= 1.9; Stdev=0.5; Offset=11.62, 5%
quantile 12.25; 95% quantile 15.44). A cadeia MCMC correu por 50 milhdes de geragdes,
salvando uma 4rvore a cada 1.000 geracdes. Os principais clados da linhagem Tetramerium
foram predefinidos com basena topologia obtida na IB com amostragem completa. O arquivo
log foi analisado no Tracer v. 1.5 para avaliar o tamanho efetivo da amostra para todos os
parametros (ESS > 200) e a arvore de maxima credibilidade foi construida no TreeAnnotator
v. 1.5.3 ap6s a exclusdo dos primeiros 10%de arvores salvas(burn-in) (Drummond &

Rambaut, 2007).

Reconstrucao da distribuicao ancestral
A distribuicdo das espécies foi obtida a partir de cole¢des de herbarios e da literatura
(Wasshausen, 1986; Hilsenbeck, 1989; Ezcurra, 1994; Smick, 2004; Cortes et al., 2010). Os
dados georreferenciados foram plotados num mapa de ecorregides (Olson et al., 2001;
disponivel em: http://www.worldwildlife.org/science/data/terreco.cfm) para a defini¢do de
areas fitogeograficas. Dois biomas foram definidos: (1) Florestas imidas ou pluviais com dois
blocos principais, Amazonico (incluindo florestas Norte e Noroeste da América do Sul) e
Atlantico (Costa leste da América do Sul) e (2) Florestas sazonalmente secas com cinco
blocos principais definidos como:Florestas secas da América do Norte, florestassecas do norte
da América do Sul, Caatinga (Nordeste do Brasil),florestassecas subandinas, Chiquitanas e
Missiones (Sudoeste da América do Sul). Ainda representando a distribuicdo da linhagem
Tetramerium, foram definidasmais trés dreas com base em aspectos geograficos: Velho
Mundo, América Central e Antilhas.

Para a reconstru¢do da distribuicao ancestral da linhagem Tetramerium na América do
Sul foi utilizada a anélise estatistica de dispersdo-vicariancia (S-Diva) no RASP v. 2.1 (Yu et
al., 2010).Ela calcula a probabilidade das distribui¢des ancestrais (Ali ef al., 2012) e estimaos
eventos de vicariancia, dispersdo e extin¢do para cada né. Essa reconstrucdo foi calculada
com base na arvore da IB com dados combinados, e em dois cendrios alternativos que, apesar

das topologias distintas, ndo foram considerados estatisticamente diferentes pelo teste SH.
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Cada reconstrug¢do foi realizada com base nas 7.402 arvores obtidas na IB com o
conjunto de dados combinados, limitando a distribuicdo das espécies aaté quatro dareas
ancestrais. Finalmente, a reconstrucdo das distribui¢cdes ancestrais foi plotada na arvore de

consenso de maioria 50% da IB.

RESULTADOS

Analises filogenéticas

O modelo GTR+I+G foi o mais adequado ao ITS. A regido foi a mais informativapara a
parcimOnia, comparada as regides plastidiais, com 32,7% dos caracteres informativos, porém
mostrou a mais alta taxa de homoplasias, indicada pelo baixo indice de consisténcia e
retencdo (Tabela 1).As andlises de IB, MP e MV sustentaram o monofiletismo da linhagem
Tetramerium (PP = 100% / BS_MP = 60% / BS_MV = 94%), mas ndo foram suficientes para
recuperar o clado neotropical. Alguns clados foram recuperados por um ou todos os métodos:
Schaueria (100/94/93),Henrya (98/-/188),Anisacanthus (-/186/86), Carlowrightia (100/84/93),
Tetramerium (100/98/99) e o clado deCarlowrightia parviflora (100/91/94). A MVsustentou
algumas relacdes mais antigas e clados comoEcholium (-/-/78), a linhagem neotropical (-/-
195), Thyrsacanthus (56/-/92) e Mirandea + Schaueria parviflora (-/-/69). Esse método
sustentou, ainda, uma unica linhagem de florestas secas (Thyrsacanthus (Mirandea + nicleo
da linhagem Tetramerium))(-/-/65) (-/-/91), enquantoo clado Pachystachys ficou segregado,
parte aparecendo como grupo irmao de Schaueria (-/-/76) e parte, incluindo as espécies de
Streblacanthus, como um grado em relacao ao clado da linhagem de florestas secas (Tabelal;
Fig. S1).

O modelo HKY+G foi o mais adequado a regidotrnH-psbA e o GTR+G as demais
regides plastidiais. A maioria das regidoes de plastideoforam igualmente informativas, com
trnL-F superando as demais, € o nivel de homoplasia delas foi relativamente baixo. Os
resultados da MP para as regides plastidiais individualmente sd@o pouco resolvidos, com
suporte para poucos clados (Tabela 1). Em contrapartida, as andlises combinando as regides
plastidiais resolveram relacOes entre os principais clados da linhagem Tetramerium e
sustentam praticamente todos eles com suporte alto a moderado nos trés métodos (PP >95% e
BS > 80%). Essas andlises mostram os clados Pachystachys e Thyrsacanthuscomo irmaos
(97/- 192), formando um clado com o nucleo da linhagem Tetramerium(100/59/100). No clado
Thyrsacanthus, quatro espécies destegénero aparecem resolvidas na MV (BS = 99%), mas

aparecem colapsadas na IB (Tabelal; Fig. S2).
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Tabela 1. Resumo das anélises filogenéticas da linhagem Tetramerium mostrando as incongruéncias entre as fontes de dados; os resultados das
andlises individuais se restringem a maxima parcimdnia. Suporte: probabilidade posterior / bootstrap da maxima parcimdnia / bootstrap da
maxima verossimilhanca. No. = nimero de tdxons; Alinh. = comprimento da matriz alinhada; PI = nimero de caracteres informativos para a
parcimodnia; L = comprimento da drvore mais parcimoniosa; CI = indice de consisténcia; RI = indice de retengao.

Regido No. Alinh PI L CI RI Pachystachys Schaueria Thyrsacanthus (Mirandea (Mirandea (Pachystachys (Thyrsacanthus (Niicleo (Thyrsacanthus (Mirandea (Schaueria+
(restante)) (Schaueria (Thyrsacanthus + Nucleo) (Thyrsacanthus + (Thyrsacanthus Pachystachys)
(+ restante)) + + Pachystachys) +
Nicleo)) Pachystachys)) Nicleo))
trnL-trnL- 68 1086 155 395 0,8 0,9 79 86 95 71
trnF
trnT-trnL 84 934 112 306 0,86 0,89 - 54
rpsl6 80 1064 135 352 0.8 0,86 50 - 69
trnS-trnG 86 1017 147 442 0,81 0,85 77 - - - - - - -
ITS 98 866 284 1508 0,51 0,66 -/-1- 1/94/94 56/-192 -/-1- -I-I- -/-1- 51/-91 -I-I- -/-1- 56/56/- -/-1-
Plastideo 99 5917 652 1796 0,81 0,87 1/96/99 96/-/1 1/97/1 96/-174 93/67/89 - -/-1- 57/-191 91/-173
Combinada 104 6783 936 3341 0,67 0,77 17171 1/1/99 1/99/99 1/91/94 100/-/93 95/-/- 98/-/- - - - -/-122
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Os trés métodos produziram topologias semelhantes com os dados plastidiais e
nucleares combinados quando consideradas apenas relagdes fortemente sustentadas. A IB € a
Unica que recupera com suporte os ramos das relagdes entre os principais clados da linhagem
Tetramerium. Nossos resultados confirmam que a linhagem Tetrameriumé formada por um
grado basal composto de espécies do Velho Mundo, de onde teria emergido, com alto suporte,
a linhagem neotropical (100/90/96), tendo o cladoMirandeacomo grupo irmao do restante da
linhagem. Os géneros da América do Sul sdo sustentados em clados distintos. Schaueria
forma um clado (100/100/99) se S. azaleiflora, S. hirsuta, S. humuliflora, S. malifolia e S.
parviflora forem excluidas e Justicia paranaensis e trés espécies inéditas incluidas. O género,
endémico da Mata Atlantica, é grupo irmao de Fittonia albivenis, nativa da Amazdnia
(99/70/87). Juntos, os dois géneros aparecem como irmdo (100/-/92) do grupo formado pelo
clado Pachystachys e uma linhagem de florestas secas (clado Thyrsacanthus + nicleo da
linhagemTetramerium) (94/-/164). O clado Pachystachys € sustentado (98/68/96),
incluindoSchaueria azaleiflora e as espécies de Streblacanthus (excetoS. monospermus) como
um grado basal em relacdo aPachystachys s.s.0 clado Thyrsacanthustambém ¢é bem
sustentado (100/98/99), incluindo uma linhagem do México (Yeatesia mabryi, Mirandea
hyssopus, Justicia gonzalenzii e J. zopilotensis)inserida na linhagem sul-americana, composta
pelas espécies de Thyrsacanthus, Carlowrightia sulcata, Justicia angustissima e Schaueria
humuliflora (Anisacanthus trilobus aparece préxima as espécies de Harpochilus, entre as
Justicioides do Novo Mundo) (Tabela 1; Fig. 1). A relacdo entre o clado Pachystachyse a
linhagem de florestas secas €alta a moderadamente sustentada, a depender do método, porém
quando incluidasas regides plastidiais ndhF-rpl32-trnL e trnH-psbA na andlise, o suporte da
IB sobe para PP = 97% e 98%, respectivamente (dados ndo publicados). Essas duas regides
ndo foram incluidas nas andlises deste estudo porque reuniam menos da metade das
sequéncias amostradas eassim poderiamprejudicar a acuricia das andlises (Wiens, 2005;
Wiens & Tiu, 2012).

Os testes de homogeneidade de particao nao indicaram incongruéncias significativas.
Entretanto, conflitos topolégicos entre os conjuntos de dados nucleares e plastidiais foram
observados em relagdo a nos internos de Thyrsacanthus, Pachystachys e Schaueria. A arvore
de ITS (Fig. S1)geralmente concorda com as afinidades morfoldgicas, enquanto os dados
plastidiais parecem ser fortementeinfluenciadospelaproximidadegeografica das espécies (Fig.

S2): (1) T. ramosissimus forma um clado com Justicia angustissima
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Figura 1. Consenso de maioria derivado da andlise bayesiana com dados combinados (trnL-
F, trnT-L, trnS-G, rps16 e ITS) mostrando as relagdes na linhagem Tetramerium, com énfase
para os géneros sul-americanos Schaueria, Pachystachys e Thyrsacanthus. Os nomes em
negrito ressaltam tdxons com posi¢do incongruente entre resultados com dados plastidiais e
nucleares; e os nomes sublinhados evidenciam os tdxons que apareceram fora dos géneros
como tradicionalmente circunscritos. Os valores acima dos ramos indicam a probabilidade
posterior (PP) dos clados e abaixo o suporte de bootstrap com maxima parcimodnia (BS_MP)
e maxima verossimilhanga (BS_MV), respectivamente; os ramos espessados sao sustentados
por PP > 95% e BS > 80%; * = 100%. As setas denotam clados colapsados no consenso
estrito da MP. A esquerda, encontra-se o filograma obtido a partir da andlise de maxima
verossimilhanga para conjunto de dados combinados.
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eSchaueria humuliflora (97/61/99), as duas primeiras da caatinga da Bahia e a tdltima de
florestas deciduastambém da Bahia; (2) T. secundus, de florestas secas e restingas do Norte da
América do Sul, aparece mais relacionada comT7. microphyllus,da caatinga do Piaui
(100/99/99); (3) os dois acessos de Pachystachys spicata aparecem separados; e (4) Schaueria
marginata é posicionada em uma politomia com outras espécies da Bahia (100/71/100). Na
topologia a partir dos dados combinados(Fig. 1), as relagdes internas obtidas com dados
plastidiais prevalecem.

Conflitos topoldgicos também estdo presentes nas relacdes entre os principais clados
da linhagem Tetramerium. O clado Pachystachys € irmdao de uma linhagem de florestas
secas(Thyrsacanthus + nucleo da linhagem Tetramerium) nas andlises combinadas, porém
emerge como grupo irmao de Thyrsacanthus com dados plastidiais e ndoé resolvido apenas
com ITS, com parte do clado fracamente relacionado ao clado Schaueria na MV. O clado
Mirandea, por sua vez, aparece numa politomia com o clado Henrya e a outra linhagem de
florestas secas (Thyrsacanthus + nucleo da linhagem Tetramerium)com dados nucleares
(Tabela 1; Figs.1 e S1). Segundo o teste SH, a melhor arvore foia recuperada com dados
plastidiais e nucleares combinados.Contudo, hipdteses alternativas nao foram rejeitadas e
cendrios alternativos foram considerados para a reconstru¢@o da distribuicao ancestral: um dos
cendrios estabelece uma dicotomia inicial entre linhagens de florestas umidas (clado
Pachystachys e cladoSchaueria) e secas(o clado Thyrsacanthus e onucleo da
linhagemTetramerium + o clado Mirandea), como obtida com dados de ITS na andlise de IB e
MV (Fig. 2B); o outro considera Pachystachys e Thyrsacanthusformando um clado, como
obtido com dados plastidiais (Tabela 2; Fig. 2C).

Streblacanthusmonospermusaparece divergindo proéxima a base da
linhagemTetramerium, junto as espécies do Velho Mundo (Daniel ef al., 2008). Na arvore de
MV, a espécie mostrou ramos longos e aumentou a incongruéncia entre os conjuntos de
dados, tendo sidoexcluida dasandlises. Fittonia albivenis e Schaueria parviflora colapsam
numa politomia basalda linhagem Tetramerium com ITS, masFittonia albivenisaparece numa
politomia com o clado Schaueria com plastideo e diverge na base daquele clado com dados
combinados. Os dados combinados mostram, ainda,Schaueriaparviflora numa politomia com
o clado Mirandea. Dessa maneira, estamos mantendo o género Fittonia e ressaltando o

posicionamento ainda incerto de S.parviflora.
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Tabela 2. Resultado do teste Shimoidara-Hasegawa, comparando hipéteses alternativas com a
arvore de consenso de maioria da Inferéncia Bayesiana; valores de p < 0,05 indicam que a

hipdtese alternativa é estatisticamente diferente e deve ser rejeitada.

Hipéteses alternativas -InL -InL hipétese Diferenca p
alternativa
(Mirandea Niorejeita  30530.60362  30541.80358 11.19996 0.21
(Thyrsacanthus+Nucleo da
linhagem Tetramerium))

Pachystachys+Thyrsacanthus ~ Niao rejeita ~ 30530.60362 30538.43570 7.83208 0,22
Schaueria+Pachystachys Naorejeita ~ 30530.60362 30535.49404 4.89042 0,29
Fittonia+Pachystachys rejeita 30530.60362 30551.75331 21.14968 0,02
Schaueria (sensu Nees, 1847) rejeita 30530.60362 31600.32591 1069.7229 0,00
Streblacanthus rejeita 30530.60362  30577.12348 4651985 0,02
Thyrsacanthus (sensu Cortes rejeita 30530.60362 30612.08106 81.47744 0,01

etal., 2010)

Datacao

O cronograma da soma dos clados de médxima credibilidade € apresentado na Fig. S3, a média
das idades e HPD 95%estd resumida na Tabela 3. De acordo com o cronograma obtido a
partir da andlise do BEAST com restricao dos grandes clados como os resultados da anélise
combinada da inferéncia bayesiana, a linhagem Tetramerium diversificou-se no Neogeno(n6
1), idade média 9,53 Milhodes de anos (Ma).No final do Mioceno, entre 7,43 e 6,36 Ma, a
linhagem teria alcancado o Novo Mundo (n6 3), e seus principais clados (Mirandea,
Schaueria, Pachystachys, Thyrsacanthus e o nicleo da linhagem Tetramerium) comecaram a
se diversificar quase que sincronicamente, provavelmente em meados do Plioceno, entre 3,5¢

3,3 Ma (nds 8-12).

Reconstrucao da distribuicio ancestral

A linhagem Tetramerium originou-se no Velho Mundo (A, n6é 1) com um evento de dispersao
para o Novo Mundo. A chegada do ancestral na regido neotropical e a ordem dos eventos de
colonizacdo da América do Norte e América do Sul sdo incertos (ndés 3-6), mostrando
inicialmente uma drea ancestral expandida na regido neotropical. Uma &rea ancestral na
América do Norte (B) € sugerida para o clado de florestas secas (né 7), o qual se dispersou
para a América do Sul, conquistando as regides semidridas: Caatinga(H) eflorestas secas de

Missiones (J). Essasflorestas secas entdo se segregaram e, a partir dai, as linhagenspassaram
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a se dispersar para dreas vizinhas (n6 13), sendo recorrente a migracdo da Caatinga para a
restinga e floresta decidua (n6 16).0s clados sul-americanos Schaueria ePachystachysse
diversificaram nas respectivas dreas de distribuicdo atual:Schaueria na Mata Atlantica (E, n6
9a), apds um evento de vicariancia com a linhagem da floresta amazonica representada por
Fittonia (n6 9), ePachystachysna Floresta Amazdnica (F, n6 10a), apés um evento de
vicariancia com uma linhagem de florestas secas do oeste da América do Sul, representada
por Schaueria azaleiflora (n6 10), espécie que parece estar reclusa a dreas montanhosas mais
umidas (Figs. 2A e S4).

Considerando as reconstrugdes alternativas, no primeiro cenério (Fig. 2B), o clado
Pachystachys aparece como irmao do clado Schaueria. A sequéncia de dispersdo inicial da
linhagem Tetramerium no Novo Mundo ¢ incerta, masexiste uma dicotomia marcante (n6 6)
entre florestas secas e Umidas. A linhagem de florestas secas (n6 7) teria se irradiado
inicialmente na América do Norte com dispersdo para a América do Sul no clado
Thyrsacanthus, enquanto a linhagem de florestas imidas teria surgido no dominio amazdnico,
onde o clado Pachystachys se irradiou, e de 14 teria se dispersado para a floresta atlantica,
dando origem ao clado Schaueria. No segundo cendrio alternativo (Fig. 2C), o clado
Pachystachys aparece como grupo irmao do clado Thyrsacanthus. Nele, a areade distribui¢do
da linhagem Tetramerium € igualmente ampla e incerta no inicio de sua expansdo pelo Novo
Mundo, indicando uma extingdo e trés dispersdes no n6 6 edoze possiveis dreas ancestrais no

né 7.

Tabela 3. Resultados das idades estimadas para os nds da linhagem Tetramerium e o intervalo de 95%
de credibilidade; os nds correspondem aos clados da Figs. 2 e S3.

No6 Idade estimada
Média (Ma) 95% HPD (Ma)
1 9,53 4,88-13,26
€) 7,43 3,68-11,38
4 6,36 3,06-10,07
5 5,58 2,62-9,13
6 4,98 2,27-8,23
7 4,35 2,02-7,42
8a 2,75 0,39-6,5
9a 3,5 0,98-6,68
10a 3,55 1,32-6,62
11 3,3 1,25-6,16
12 3,41 1,4-6,14
13 2,09 0,49-4,41
14 2,37 0,66-4,78
16 1,37 0,09-3,38
17 1,18 0,06-3,22
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Figura 2. Cronograma (em milhdes de anos) baseado nos dados combinados (para os intervalos de
confianga das idades, veja a Fig. S3). * indica PP > 90% e ** PP = 100% na andlise com amostragem
completa (Fig. 1). A esquerda, estdo representadas reconstrucdes alternativas com base nos resultados
obtidos com dados nucleares (B) e plastidiais (C). Os nimeros dos nds correspondem aos principais
clados discutidos no texto; as pizzas resumem a reconstrucdo da distribuicdo ancestral, com as letras
indicando as 4reas no mapa:Velho Mundo (A), América do Norte (B), América Central (C), Antilhas
(D), Floresta Atlantica (E), Floresta Amazdnica (F), florestas secas do norte da América do Sul (G),
Caatinga (H), florestas secas subandinas e Chiquitanas (I) e Florestas secas do nicleo Missiones (J); os
circulos ao redor das pizzas representam eventos biogeograficos: azul = dispersdo; vermelho =
vicaridncia; amarelo = extin¢ao; as setas no mapa e no cronograma indicam rotas de dispersdo com o
“X” vermelho indicando evento de vicaridncia; faixa cinza no periodo do Plioceno marca a expansdo
das florestas secas separando as florestas imidas.
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DISCUSSAO

A linhagem Tetramerium se originou em dreas secas do Velho Mundo com subsequente
dispersdo para o Novo Mundo e colonizacdo de regides aridas na América do Norte e Central
e umidas na América do Sul, o que pode ter ocorrido por longa distancia ou pelo Istmo do
Panamd, seguido de vicariancia. A diversificacdo da linhagem parece ter sido relativamente
recente, desdeo Mioceno Superior. Nossos resultados concordam com os obtidos por Daniel
et al. (2008), porém mostram trés linhagens sul-americanas bem resolvidas e a necessidade de
uma nova circunscri¢ao genérica para Schaueria(sensuNees, 1847),
Pachystachys(sensuWasshausen, 1986) e Thyrsacanthus(sensuCortes et al., 2010). Esses
clados s@o morfologicamente distintos e geograficamente estruturados entre biomas de
florestas secas e umidas. Com dados combinados, os clados de florestas umidas (Fittonia-
Schaueria e Pachystachys) aparecem formando um grado em relacdo a umalinhagem de
florestas secas (clado Thyrsacanthus + nucleo da linhagemTetramerium). Uma darvore
alternativa com as linhagens de florestas imidas formando o clado irmdo da linhagem de

florestas secas (incluindo também o clado Mirandea), no entanto, ndo € estatisticamente

diferente e também deve ser considerada (cenario B).

Diversificacao recente e incongruéncias

Afalta de resolucdo filogenética com dados nucleares (ITS) pode ser explicada pela baixa
variacdo dessaregidoem grupos recentes (Plioceno-Pleistoceno) (Richardson et al., 2001;
Erkens et al., 2007; Sun et al., 2012). Essa origem recente explicaria também as
incongruéncias filogenéticas entre marcadores molecularespor fixacdo incompleta de alelos
(incomplete lineage sorting), que poderia estar ou ndo associada a hibridag¢aointrogressiva e
homoplasias intergénicas (Dorado, 1992; Costa, 2003; Rokas et al., 2003; Small et al., 2004;
Palma-Silva et al., 2011; Song et al., 2012).

Hibridragdo introgressiva € relativamente comum entre genes plastidiais (Rieseberg &
Wendel, 1993; Small et al., 2004; Okuyama et al., 2005) e tem sido apontada comouma
dascausas da estruturacdo geografica entre espécies que compartilham genes plastidiais
(Kiliunchi et al., 2010; Palma-Silvaetr al., 2011). As incongruéncias internas nos clados
Schaueria e Thyrsacanthus, portanto, poderiam ser explicadas por hibridacdes. Nesses
clados,os dados plastidiais apresentaram um padrdo geograficamente estruturado para

algumas das espécies simpatricas (Figs.1 eS2). Morfologicamente, no entanto, essas espécies

48



relacionadas mostram uma forte barreira prezigética, principalmente no clado Thyrsacanthus,

com



Capitulol

sindromes de poliniza¢do por abelhas, borboletas ou beija-flores. Embora nao tenham sido
reconhecidos hibridos em populagdes naturais dessas espécies, eventos antigos de hibridag¢ao
interespecifica poderiam estar envolvidos na diversificacdodas linhagens de Thyrsacanthus e
Schaueria, como diagnosticado em outros grupos de plantas(Fehrer et al., 2007; Palma-Silva
etal.,2011; Jabaily & Systma, 2013), e até mesmo em Acanthaceae (Tripp et al., 2013).
Incongruéncias em reconstrugdes filogenéticas também podem emergir de eventos de
divergéncia praticamente concomitantes (Martins et al., 2009). Nesses casos, a acuricia das
andlises pode nao ser suficiente para recuperar o sinal filogenético e resolver com confianca
relagcdes entre algumas linhagens. Essa é possivelmente a principal razdo para as incertezas
envolvidas na relagdo entre os principais clados da linhagem Tetramerium, dificultando o
estabelecimento da sequéncia de diversificacdo do grupo durante o Plioceno, quando a
linhagem parece ter passado por um periodo de estruturacdo ecoldgica, com formacdo de

clados predominantemente restritos a florestas secas ou timidas.

Relacoes filogenéticas dos géneros sul-americanos

Apesar dos clados da linhagem sul-americana de Tetrameriumestarem bem sustentados, a
relacdo entre eles ainda € incerta. O clado Schaueria + Fittoniaalbivenisparece ter sidoo
primeiro a divergir na América do Sul. TantoSchaueriaquanto Fittoniapossuem flores com
corola pequena, amarela ou branca, potencialmente polinizadas por abelhas, e estdo
distribuidos disjuntamente entre as florestas atlantica e amazonica, respectivamente. Contudo,
Fittonia nao compartilha bricteas lineares, comuns emSchaueria (Nees, 1847; Brummitt,
1978; Daniel et al., 2008; Cortes, obs. pess.). O clado Pachystachys parece ter sido o segundo
adivergir na América do Sul. Com irradiacdo marcada na regido ocidental da Amazdnia, ele
emerge na andlise combinada como grupo irm3o de uma linhagem de florestas secas
composta pelo clado Thyrsacanthus e o nicleo da linhagem Tetramerium. O clado
Thyrsacanthusé o terceiro a divergir na America do Sul, compondo, juntamente com o nicleo
da linhagemTetramerium,a maior irradiacdo do grupo, com diversificagdo em florestas
sazonalmente secas nas Américas do Sul, Central e do Norte. Ele apresenta flores nototribicas
(androceu e gineceu voltados para o ldbio superior da corola), umasimplesiomorfia na
linhagem,enquanto flores esternotribicas emergem como sinapomorfia do nicleo da
linhagemTetramerium, com distribui¢ao principalmente na América do Norte (Daniel et al.,

2008).
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Relacoes biogeograficas

A linhagem Tetramerium se dispersou uma unica vez para o Novo Mundo, no final do
Neogeno, entre (11,4-)7,4 e 6,4(-3,0) Ma. Sua expansdo nas Américas deve ter sido rdpida
enossas andlises ndo foram suficientes para estabelecer a sequéncia inicial de colonizagdo do
Novo Mundo.Entre o Mioceno e o Plioceno, de (10,0-)6,4 a 5,6(-2,6) Ma, a linhagem ja
estaria ocupando a bacia Amazdnica, na América do Sul, e as Américas do Norte e Central,
possivelmente ocorrendo tanto em ambientes imidos quanto secos.Em seguida, sua histéria
foi marcada por um periodo de expansdo das florestas secas e segregacdo das florestas imidas
da Amazonia e da Mata Atlantica, entre (9,1-)5,0 e 4,3(-2,0) Ma. Esses eventos parecem estar
diretamente associados as diminui¢des globais de temperatura e umidade (Zachos et al., 2001)
e, possivelmente, ao fechamento do Istmo do Panama (Coates & Obando, 1996; Coates et al.,
2004; Cody et al., 2010).

As mudancas no final do Neogeno teriam facilitado a ocupacdo de regides secas da
América do Sul pela linhagem da América do Norte e promovido a vicaridncia entre as
linhagens de florestas imidas. O clado Pachystachys ficou confinado a por¢ao oeste da bacia
Amazodnica e o clado Schaueria a floresta Atlantica, na costa leste da América do Sul. O
Cerrado moderno associado ao regime do fogo na regido central da América do Sul (Simon et
al., 2009; Simon & Pennington, 2012), onde a linhagem Tetramerium nao ocorre, parece ter
representado uma barreira intransponivel, fragmentando as florestas secas em dois blocos
principais, um a sudoeste da América do Sul e outro no nordeste do Brasil. Apesar dos
principais eventos biogeogréificos terem acontecido provavelmente ainda no Neogeno, a
maioria das espécies atuais da linhagem Tetramerium datam do Pleistoceno, como acontece

com a maioria dos grupos de plantas (Rull, 2011).

Istmo do Panamd

A dispersao inicial da linhagem Tetramerium entre a América do Sul e do Norte parece ter
precedido o fechamento completo do Istmo do Panama no final do Plioceno, como parece ter
sido comum em outros grupos de plantas (Cody et al., 2010), e também em animais (Pinto-
Sénches et al., 2012; e referéncias 14 citadas). Apds a expansdo inicial da linhagem, houve um
unico evento importante de dispersdo intercontinental, quando a linhagem norte-americana
invadiu e se diversificou nas zonas semidridas da América do Sul. Depois deste evento, as
migracdes pelo Istmo parecem ter ficado restritas a eventos pontuais mais recentes, ja durante

o Pleistoceno, representados pela dispersdo de espécies de ampla distribui¢cdo, como
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Pachystachys spicata, espécies da Amazdnia que alcancaram nucleos de florestas imidas na
América Central, como Streblacanthus cordatus, ou ainda espécies da América do Norte que
alcancaram zonas secas no norte da América do Sul, como Tetramerium nervosum. Uma
explicagdo para a migracdo limitada entre as Américas do Norte e do Sul, portanto, ndo parece
estar diretamente relacionada a formagdo completa do Istmo, mas possivelmente a alta
conservacao filogenética de nicho na linhagem Tetramerium e o contraste ecoldgico entre os
dois blocos continentais, que deve ter funcionado como um filtro a migracdes
intercontinentais, ou ainda pela barreira formada pela fase final de soerguimento dos Andes

colombianos, durante o Plioceno (Gregory-Wodzicki, 2000).

Florestas secas

A distribui¢do disjuntaencontrada na linhagem de florestas secas, com grupos geralmente
endémicos de nucleos isolados na América dos sul, masque se estendemao norte do México,
corrobora padrdes biogeograficos também encontrados em outros grupos de plantas (Prado &
Gibbs, 1993; Pennington et al., 2000, 2004, 2009; Lopez et al., 2006; Caetano et al., 2008;
Werneck, 2011; Werneck et al., 2011;Cardoso et al., 2013). A coloniza¢do da Caatinga a
partir da América do Norte pode ter acontecido por regides mais dridas na periferia do
dominio Amazdnico, no norte da América do Sul. Como evidenciado pela atual distribui¢ao
de Thyrsacanthus secundus, a linhagem poderia ter se dispersado por sistemas de dunas e
também pelas restingas, que teriam se expandido com adiminui¢do do nivel do mar nos
periodos mais frios, que chegou a 130 m abaixo do nivel atual na Ultima Méxima Glacial
(Lambeck et al., 2002).

O bloco de florestas secas no sudoeste da América do Sul, compreendendo a regido de
Missiones na bacia do Parand, dos Chiquitanos na Bolivia e o sopé dos Andes, teria sido
alcancado entre o Plioceno e o Pleistoceno. Essa dispersdo deve ter sido facilitada pela
expansdo das florestas secas a partir da Caatinga, no nordeste do Brasil, formando um
corredor diagonal de florestas secas entre esses blocos que foi seguido de vicariancia entre os
dois blocos, provavelmente causada pelaexpansdo das savanas associadas ao regime do fogo,
entre 8 e 3 Ma (Cerling et al., 1997; Simon et al., 2009). As linhagens de florestas secas,
sensiveis a queimadas (Pennington et al., 2009), teriam entdo sido eliminadas ou
profundamente fragmentadasno planalto central da América do Sul, o queexplica a auséncia

da linhagem Tetramerium no Cerrado, mas a presenca de representantes do clado
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Thyrsacanthus em remanescentes de florestas secas nos limites entre os dominios do Cerrado
e da Mata Atlantica.

A vicariancia entre as linhagens de florestas secas no bloco sudoeste da América do
Sul e na Caatinga € relativamente antiga. Deve ter ocorrido antes do Pleistoceno, como
estimado para divergéncias em outros géneros de florestas secas (Pennington et al.,2004), ou
no inicio do Pleistoceno, concordando com a idade de coalescéncia estimada para populacdes
geograficamente isoladas de Handroanthus impetiginosus (Mart. ex DC.) Mattos(Collevatti et
al., 2012). Portanto,esses doisblocosde florestas secas nao devem representar relictos da
Ultima Méxima Glacial, como proposto pela hipétese doArco Pleistocénico de florestas secas
(Prado & Gibbs, 1993). Nesse sentido, nossos resultados se adequam melhor ao cendrio
sugerido por Werneck et al. (2011), segundo o qual as temperaturas mais baixas e a maior
aridez teriam restringido a distribuicdo das florestas secas nos periodos glaciais e uma

eventual continuidade entre elas teria ocorrido no inicio do Pleistoceno ou mesmo no

Terciario.

Florestas vmidas
Nossos dados ndo sustentam uma unica linhagem de florestas imidas formada pelos clados
Pachystachys e Schaueria, mas essa alternativa (cendrio B) ndo pode ser descartada.A relagdo
entre Fittonia albivenis e Schaueriasugere uma dispersdo da Amazdnia para a Mata Atlantica,
seguida de vicariancia. A segregacao entre as linhagens de florestas iimidas, entre o final do
Mioceno e o inicio do Pleistoceno,coincide com a expansdo das linhagens de florestas secas,
sugerindo a formag¢do de uma diagnonal mais drida naAmérica do Sul neste periodo. Esse
corredor, inicialmente composto por florestas secas, mas subsequentemente, também por
savanas, teria rompido uma continuidade entre as florestas imidas na América do Sul.
Atualmente, os clados de florestas umidas da linhagem Tetramerium encontram-se
concentrados em regides de maior estabilidade climdtica e alta riqueza de espécies,
consideradas refigios ecoldgicos: Fittoniae o clado Pachystachys na Amazonia ocidental, na
base dos Andes, uma regido pouco afetada pela reducdo de umidade nos periodos mais frios
do Pleistoceno (Cheng et al., 2013), e o clado Schaueria nas porcdes central e norte da Mata
Atlantica, da Bahia ao Rio de Janeiro, menos sujeitas as contracdes florestais pleistoc€nicas
(Carnaval & Moritz, 2008).

A disjungdo apresentada pelos clados de floresta umida da linhagem Tetramerium

concorda com um padrdo de vicaridncia mais antigo, entre as terras baixas da Amazodnia

53



Capitulol

ocidental e a por¢ao central da Mata Atlantica, se estendendo da Bahia ao norte de Sao Paulo,
mas chegando as planicies da Regido Sul. Segundo este padrio de divergéncia, a
conexdoentre os dois biomas teria ocorrido pela bacia do rio Parand, ao sul do Cerrado e pelo
Mato Grosso, ou pelo Chaco e dreas de savana transicionais no Paraguai e Bolivia, e teria sido
interrompida ainda no final do Tercidrio (Batalha-Filho et al., 2013). Conexdes mais recentes
entre florestas da Amazonia e da Mata Atlantica, no entanto, permaneceram pelo Cerrado do
Brasil Central e pela Caatinga, mesmo que de maneira mais restrita, através de matas ciliares,
permitindo o transito tanto de plantas (Oliveira-Filho & Ratter, 1995) quanto de animais
(Costa, 2003). Essa rede de interligacOes teria permitido a dispersdo mais recente de

Pachystachysspicata, por exemplo.

Implicacoes taxonomicas
Clado Schaueria

Tradicionalmente, o género incluia aproximadamente 20 espécies (Nees, 1847; Clarke,
1900; Rusby, 1927; Daniel, 1990), porém as anélises filogenéticas mostraram que seis de suas
espécies estdo mais relacionadas a linhagens distintas: S. azaleifloraaparece na base do clado
Pachystachys;S. hirsuta, juntamente com as Justicioides do Novo Mundo;S. humuliflora, com
Thyrsacanthus;S. malifolia, com o clado Pseuderanthemum; e Schaueria populiflora, em
Isoglossinae (I.Darbyshire,Kew, com. pess.). Schaueria parviflora ficou sem posi¢ao
definida, mas aparentemente estd mais relacionada ao clado Mirandea ou ao nucleo da
linhagem Tetramerium (L.McDade, Racho Santa Ana Botanic Garden, com. pess.) (Fig. 1).De
acordo com nossos resultados, Schaueria deve compreender14 espéciesde ervas e arbustos,
incluindo trés espécies inéditas e uma transferida de Justicia, J. paranaensis. O género &
marcado pelas bricteas lineares a lanceoladas(1-19 x 0,5-2,5 mm), célice linear-triangular
(1,5-25 x 0,3-1 mm) e corola geralmente branca e pequena (1-2 cm compr.), podendo
chegara 5,5 cm compr. quando amarela. Apresenta flores nototribicas com uma mudanga para
esternotribica em S. lophura. Baseado na forma, coloracido e tamanho da corola, suas espécies
sdo polinizadasprovavelmente por abelhas ou beija-flores (Nees, 1847; Cortes, obs. pess.). A
linhagem estarestritaaMataAtlantica  brasileira,ocorrendoem florestas ombrofilas e
semideciduas, além de restingas, com a maioria das espécies de distribuicdo restrita,
geralmente limitadasas Regiao Nordeste, Sudeste ou Sul (A.L.A.Cortes, T.F.Daniel, A.Rapini,

in prep.; Capitulo 3).
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Clado Pachystachys
Como Schaueria, este clado também tem uma predilecdo por florestas imidas da América do
Sul. Encontra-se geograficamente disjunto daquela linhagem, com suas 18 espécies
(A.L.A.Cortes, T.F.Daniel, A.Rapini, in prep.; Capitulo 2) distribuidas na bacia Amazonica,
com centro de diversidade no Peru (Wasshausen, 1986). Espécies de Streblacanthus (exceto
Streblacanthus monospermus, espécie-tipo do género) formam um grado basal de onde
Pachystachys s. str. teriaderivado. Schaueria azaleiflora aparececomo grupo irmao das
demais espécies do clado e € a tnica ocorrendo nas florestas secas da Bolivia (Wasshausen &
Wood, 2004), estando o restante do clado distribuido em zonas imidas da bacia Amazodnica.
Brécteas estreitas (< 1,5 mm larg.) sdo caracteristicas do grado basal da linhagem
Pachystachys (Schaueria azaleiflora, P. linearibracteata, Streblacanthus dubiosus + P.
gracilis, S. roseus e S. cordatus), enquanto bricteas conspicuas (> 4mm larg.) marcam o clado
Pachystachys s. str., com uma reversio para bricteas estreitas em P. badiospica (ca. 1,5 mm
larg.). As flores grandes, com tubo distalmente expandido e corola geralmente vermelha
(branca em P. lutea), sdo polinizadas provavelmente por beija-flores, uma condicdo
plesiomoérfica do grado basal composto por S. azaleiflora e P. linearibracteata, enquantoo
grado composto pelas espécies de Streblacanthus é marcado por flores pscicofilicas. Essa
diversidade floral indicaa a¢do de polinizadores especificos e sugeremais de uma mudanca
para polinizacdo por beija-flores (Wasshausen, 1986; Daniel, 1993, 1996; Smick, 2004;
Daniel et al., 2008).

Clado Thyrsacanthus

O géneroThyrsacanthuscompreende apenas cinco espécies, caracterizadas pelo hébito
arbustivo,profusamente ramificado, bricteas inconspicuas, flores com corola vermelha,
grande eexpandida no tubo, potencialmente polinizadas por beija-flores (Cortes et al., 2010).
Apresenca de Justicia angustissima, Schaueria humuliflora, Carlowrightia sulcata, Mirandea
hyssopus e Yeatesia mabryi tornam o clado Thyrsacanthus bastante heterogéneo por causa das
flores nitidamente distintas: corola pequena, branca, roxa ou azul, com tubo estreito em J.
angustissima, S. humuliflora e Y. mabryi,e infundibular com limbo bilabiado em C. sulcata e
M. hyssopus,refletindo mais de uma mudanga de polinizadores, que parecem variar de
lepidépteros e abelhas a beija-flores (Hilsenbeck, 1989; Daniel, 2003; Daniel et al., 2008;
Cortes, obs. pess.). Justicia gonzalezii e J.zopilotensis, por outro lado,compartilham a

morfologia floral e polinica com Thyrsacanthus (Henrickson & Hiriart, 1988; Daniel et al.,
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2008). Elashaviam sidoconjuntamente tratadas em Anisacanthus (Hagen, 1941), mas foram
transferidas para Justicia (Henrickson & Hiriart, 1988) por apresentarem flores nototribicas
(vs. esternotribicas em Anisacanthus). Apesar da morfologia heterogénea, uma delecdo de 366
pb nas sequéncias de ndhF-rpl32 (dados ndo publicados) parece representar uma sinapomorfia
molecular diagnéstica do cladoThyrsacanthus.

Ogrupoestd distribuido em nticleos de florestas sazonalmente secas da América do Sul
e do México, uma estruturacao filogenética esperada em linhagens associadas a esse tipo de
ambiente (Pennington et al., 2004, 2006; Cardoso et al., 2013). Trés espécies (T.
ramosissimus, T. microphyllus e J. angustissima) sao encontradas na Caatinga, o maior e mais
isolado nucleo dessas florestas (Pennington et al., 2000; Queiroz, 2006) e S.humuliflora nas
florestas estacionais deciduais do dominio Atlantico da Bahia. Duas (7. boliviensis e C.
sulcata) estdo distribuidas nas florestas secas da Bolivia (nicleo subandino), Chiquitano e
nicleo Missiones, enquanto”. secundussedistribui nas florestas secas do Norte da América do
Sul, entrando na floresta Amazonica e em restingas do Norte. A relacdo com o clado
Mexicano (J. gonzalezii, J. zopilotensis, Y. mabryi e M. hyssopus) e a posi¢do deJ.

zopilotensis neste clado € confirmada aquicomo havia sido sugerido por Daniel et al. (2008).

Consideracoes finais

A linhagem Tetramerium nao apresenta evidéncias de uma conexao pelo oeste da América do
Sul, mas possivelmente de uma diagonal ligando a Caatinga as florestas secas do bloco
sudoeste. A linhagem de florestas secas teria se dispersado da América do Norte pela costa
norte da América do Sul até o Nordeste do Brasil e, em seguida, se dispersado até o sudoeste
da América do Sul. Esse corredor diagonal de florestas secas teria comecado a se fragmentar
no Plioceno, com a expansao do Cerrado, sugerindo um isolamento relativamente antigo entre
os seus blocos. Eventuais expansdes desses fragmentos podem ter acontecido depois disso,
como detectado em Astronium urundeuva (Alemao) Engl. (e.g., Caetano et al., 2008), mas
estudos com populagdes de Handroanthus impetiginosus indicam divergéncias antigas, no
Pleistoceno Inferior, e auséncia de uma reducdo significativa no tamanho populacional da
espécie (Collevatti et al., 2012), destoando do esperado para uma distribuicdo mais ampla
dessas florestas num passado recente, como simuladoem alguns estudos de modelagem para

as florestas secas na Ultima Maxima Glacial (Collevatti et al., 2012, 2013).
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Nossos resultados indicam uma sincronia marcante para os eventos que levaram a
estruturacdo ecoldgica da linhagem Tetramerium, sem qualquer evidéncia de um arco
deflorestas secas na América do Sul durante o Pleistoceno. A coincidéncia entre a expansao
das florestas secas e a vicariancia das florestas umidas da Amazonia e da Mata Atlantica por
volta do Plioceno concordam com as idades estimadas para disjungdes mais antigas,
associadas ao fim do corredor de florestas tiimidas ao sul do Cerrado (Batalha-Filho et al.,
2013). A subsequente fragmentacao dos niucleos de florestas secas é compativel com a
cronologia pré-pleistocénica estimada para divergéncias de géneros de plantas tipicos de
florestas secas (Pennington et al., 2004) e concorda com a estimativa para a idade de
divergéncia entre populacdes de florestas secas que indicam a coalescéncia de nucleos
isolados em escala geografica para o Pleistoceno Inferior (Collevatti et al., 2012). Nossos
resultados também sdo consonantes com simulagdes da paleodistribuicdo das florestas secas
na Ultima Glacial (Mayle, 2004;. Werneck et al., 2011) e areas de estabilidade climética na
Mata Atlantica (Moritz & Carnaval, 2008) e na Amazonia (Cheng et al., 2013). A
congruéncia entre eventos biogeograficos e a consciliéncia entre resultados com diferentes
abordagens confere confiabilidade a idade estimada neste trabalho para a vicariincia entre os
blocos de florestas secas do sudoeste da América do Sul e do nordeste do Brasil, indicando a
auséncia de uma continuidade entre elas pelo menos desde a metadedo Pleistoceno. Esse
limite contrasta com um arco de florestas secas durante a Ultima Maxima Glacial, como
postulado pela teoria do Arco Pleistocénico (Prado & Gibbs, 1993) e indicado em alguns
modelos de paleodistribuicdo para a ultima Glacial baseados em (conjunto de) espécies de
ampla distribui¢ao (Collevatti et al., 2012, 2013).

A importancia das flutuagdes climaticas pleistocénicas como fator determinante para a
diversificacio em diversas formagdes vegetacionais tem sido questionada e eventos
paleogeoldgicos do Neogeno passaram a receber uma atengcdo maior para explicar os atuais
padrées de diversidade (e.g., Hoorn et al., 2013). Nossos resultados concordam que o
Neogeno foi marcante para a reestruturacao dos biomas neotropicais, apesar da diversificacdo
da linhagem Tetrameriumestar concentrada no Pleistoceno. No entanto, a grande énfase dada
recentemente aos eventos geolégicos do Mioceno talvez seja apenas um reflexo da atengdo
acentuada em teorias que delegam as flutuacdes climéticas do Pleistoceno influencia
primordial na producdo de biodiversidade. O declinio continuo do CO,, associado a

diminui¢do da temperatura e da umidade, por outro lado, deve ter excedido a zona de conforto
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de algumas linhagens de plantas durante o Mioceno e talvez tenha sido esta a condicdo mais
importante para arecomposi¢ao da diversidade em termos globais. Eventos paleogeoldgicos
neste periodo certamente tiveram uma participacao importante na histéria de varias linhagens
sul-americanas, porém eles devem ter tido um alcance bem mais limitado, e foram influentes

principalmente no norte do continente, em especial nos Andes e na Amazonia.
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Figura S1. Consenso de maioria derivado da andlise bayesiana com ITS mostrando as relacdes na
linhagem Tetramerium, com énfase para os gé€neros sul-americanos Schaueria, Pachystachys e
Thyrsacanthus. Os nomes em negrito ressaltam tdxon com posi¢do incongruente entre os resultados
com dados plastidiais e nucleares; e os nomes sublinhados evidenciam os tdxons que apareceram fora
dos géneros como tradicionalmente circunscritos. Os valores acima dos ramos indicam a probabilidade
posterior (PP) dos clados e abaixo o suporte de bootstrap com méxima parcimoénia (BS_MP) e
méxima verossimilhanca (BS_MYV), respectivamente; os ramos espessados sao sustentados por PP >
95% e BS > 80%; * = 100%. As setas denotam clados colapsados no consenso estrito da MP. A
esquerda, encontra-se o filograma obtido a partir da andlise de mdaxima verossimilhanca;

incongruéncias em relacdo a drvore da inferéncia bayesiana estdo em negrito.
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Figura S2. Consenso de maioria derivado da andlise bayesiana com dados plastidiais (trnL-F, trnT-L,
trnS-G, rpsl6) mostrando as relacdes na linhagem Tetramerium, com énfase para os géneros sul-
americanos Schaueria, Pachystachys e Thyrsacanthus. Os nomes em negrito ressaltam tixon com
posicdo incongruente entre os resultados com dados plastidiais e nucleares; e os nomes sublinhados
evidenciam os tdxons que apareceram fora dos géneros como tradicionalmente circunscritos. Os
valores acima dos ramos indicam a probabilidade posterior (PP) dos clados e abaixo o suporte de
bootstrap com maxima parcimonia (BS_MP) e médxima verossimilhanga (BS_ML), respectivamente;
os ramos em espessados sdo sustentados por PP > 95% e BS > 80%; * = 100%. As setas denotam
clados colapsados no consenso estrito da MP. A esquerda, encontra-se o filograma obtido a partir da
andlise de maxima verossimilhanga; incongruéncias em relagdo a arvore da inferéncia bayesiana estao
em negrito.
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Figura S3. Cronograma (em milhdes de anos) com dados combinados (ITS, trnL-F, trnT-L, trnS-G,
rps16) obtido da andlise do BEAST. As barras cinza indicam os intervalos com 95% de credibilidade.
* indica PP > 90% e ** PP = 100% na andlise com amostragem completa (Fig. 1); as linhas tracejadas
marcam o periodo de expansdo das florestas secas e vicariancia das florestas imidas; e a estrela marca
o ponto de calibrag@o. Os periodos geolégicos foram baseado em Cohen et al. (2012).
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Figura S4. Consenso de maioria da andlise de bayesiana mostrando o cendrio biogeografico
reconstruido no S-Diva a partir da IB com dados combinados (ITS, trnL-F, trnT-L, trnS-G, rps16). As
pizzas representam a distribui¢do da drea ancestral; os circulos ao redor das pizzas representam
eventos biogeograficos: azul = dispersao; vermelho = vicariincia; amarelo = extin¢do. Os nimeros dos
nds correspondem aos principais clados da linhagem Tetramerium discutidos no texto; as provaveis
sequéncias de eventos s@o incluidas préximas a alguns clados. As letras nos nés correspondem as areas
ancestrais determinadas no S-Diva conforme indicadas no mapa: Velho Mundo (A), América do Norte
(B), América Central (C), Antilhas (D), Floresta Atlantica (E), Floresta Amazonica (F), florestas secas
do norte da América do Sul (G), Caatinga (H), florestas secas subandinas e Chiquitanas (I) e Florestas
secas do nicleo Missiones (J).
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Apéndice 1. Lista das amostras sequenciadas para este estudo (abreviagoes dos herbarios, conforme Thiers et al.,2013) ou dos acessos no GenBank (McDade et al., 2000;
Daniel et al., 2008; Tripp et al., 2013); os travessdes indicam sequéncias ndo disponiveis.

Espécie Voucher rpsl6 trnL-F trnT-L trnS-G ITS
Anisacanthus junceusHemsl. M. Manktelow 720 (UPS) — — EU081110.1 EU0810421 EU0874301
Anisacanthus linearis (S.H.Hagen) Henrickson & E.J. Lott Louie s.n. (CAS) EU0874821 EU0875381 EUO0811111 EU0810431 EU0874311
Anisacanthus puberulus (Torr.) Henrickson & E.J. Lott L. McDade 1179 (ARIZ) — — EUO0811121 EU0810441 AF2897781
Anisacanthus quadrifidus var wrightii (Torr) Henrickson M. Manktelow 688 (UPS) — — — — EU0874321
Anisacanthus tetracaulis Leonard Tucker 629 (CAS) EU0874991 — EU0811331 EU0810451 EU0874491
Anisacanthus trilobus Lindau A.L.A. Cortes et al. 97 (HUEFS)
Aphanosperma sinaloensis (Leonard & Gentry) T.F. Daniel T.F. Daniel 4060cv (CAS) EU0875031 EU0875501 EU0811381I EU0810721 EU0874541
Carlowrightia arizonica A. Gray Jenkins 8924 (ARIZ) EU0874851 AF0631231 EU0811151 EU0810481 EU0874341
Carlowrightia haplocarpa B.L. Rob & Greem. M. Manktelow 715 (UPS) EU0875001 EU0875481 EU0811341 EU0810671 EU0874501
Carlowrightia huicholiana T.F. Daniel Bauml & Voss 1896 (CAS) EU0875011 — EU0811351 EU0810661 EU0874511
Carlowrightia linearifolia (Torr.) A. Gray M.Manktelow 722 (UPS) EU0874881 EU0875421 EU0811191 EU0810501 —
Carlowrightia mcvaughii T.F. Daniel T.F. Daniel 5262 (CAS) — EU0875491 EU0811361 EU0810681 EU0874521
Carlowrightia myriantha (Standl.) Standl. T.F. Daniel 8267 (CAS) EU0875041 — EU0811391 EU0810731 EU0874551
Carlowrightia neesiana (Schauer ex Nees) T.F. Daniel M. Manktelow 708 (UPS) EU0874871 EU0875411 EU0811181 EU0810491 EU0874361
Carlowrightia parviflora (Buckley) Wassh. M. Manktelow 704 (UPS) EU0875021 — EU0811371 EU0810691 EU0874531
Carlowrightia serpyllifolia A. Gray M. Manktelow 694 (UPS) EU0874891 — EU0811201 EU0810521 EU0874371
Carlowrightia sulcata (Nees) C. Ezcurra A. Krapovickas 17381 (CAS) — —
Carlowrightia torreyana Wassh. M. Manktelow 690 (UPS) EU0874911 — EU0811221 EU0810541 EU0874391
Chalarothyrsus amplexicaulis Lindau T.F. Daniel & Bartolomeu 4842cv (CAS) EU0875051 AF2897401 EU0811401 EU0810741 AF2897801
Chlamydocardia buettneri Lindau 95-0034-44 (BR) EU0875351 EU0875691 EU0811741 EU0811071 EU0874801
Clinacanthus siamensis Bremek. 1979-0344 (BR) EU0875341 EU0875681 EU0811731 EU0811061 EU0874791
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Dicliptera sp.(Daniel 9194)

Dicliptera suberecta (André) Bremek.
Dyschoriste albiflora Lindau

Ecbolium madagascariense Vollesen
Ecbolium tanzaniense Vollesen

Ecbolium viride (Forssk.) Alston

Fittonia albivenis (Lindl. ex Veitch) Brummitt
Harpochilus nessianus Mart. ex Nees
Harpochilus phaeocarpus Nees

Henrya insularis Nees

Herpetacanthus stenophyllus Gémez-Laur. & Grayum
Hoverdenia speciosa Nees

Hygrophila corymbosa Lindau

Isoglossa grandiflora C.B. Clarke

Isoglossa sp. (Daniel 9106)

Justicia adhatoda L.

Justicia angustissima A. Cortes &Rapini
Justicia betonica L.

Justicia brandegeana Wassh. & L.B. Sm.
Justicia caudata A. Gray

Justicia comata (L.) Lam.

Justicia gonzalezii (Greenm.) Henrickson& P. Hiriart

Justicia medranoi Henrickson & P. Hiriart

T.F. Daniel 9194 (CAS)

L. McDade 1176 (ARIZ)
Luwiika et al. 580 (MO)

T.F. Daniel et al. 10412 (PH)
Bidgood et al. 567 (CAS)
Friis & Vollesen 5050 (CAS)
A.L.A. Cortes 235 (HUEFS)
Souza et al. 5413 (CAS)

L.P. Queiroz 13899 (HUEFES)
Jenkins 89-432 (ARIZ)
Herrera 3855 (ARIZ)

T.F. Daniel & Baker 3739 (CAS)
897223 (MO)

T.F. Daniel s.n. (CAS)

T.F. Daniel 9106 (CAS)

Barr 60-393 (ARIZ)

E. Melo et al. 4642 (HUEFS)
T.F. Daniel 9369 (CAS)

Starr ¢.32 (ARIZ)

Faivre 64 (ARIZ)

Faivre 59 (ARIZ)

B.Cruz 1093 (CAS)

T.F. Daniel & Baker 3742 (CAS)

KC420528
EU3157901
EU0875301

EU0875311

EU0875071

EU0875191

EU529024

DQ0592141

EU5290281

EU0922551

AF2897231
AF2897221

KC420612

AF2897211

AF0631251
AF2897381
AF063120
AF289745
AF2897461

AF289734

AF2897311

AF0631341

KC118466
EU0811681
EU0811691

EU0811701

EU0811421

EU0811571
EU529090

DQ3724451

EU0811761

EU5290931

EU0811561

KC420586
EU0811011
EU0811021

EUO0811031

EU0810711

EU0810891
EU528961

DQ3724901

DQ0592961

EU5289641

EU0810881

AF2897641
AF2897631
KC420544
EU0874751

EU0874761

AF2897621
ok
AF1698431
AF2897951
AF2897771
AF169836
AF2897881
AF2897891

AF2897731

AF2897701
AF2897591
AF1698371

AF2897601

EU0874651
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Justicia paranaensis (Rizzini) Wassh. & L.B. Sm.
Justicia zopilotensis Henrickson & P. Hiriart
Metarungia galpinii (Baden) Baden
Mexacanthus mcvaughii T.F. Daniel
Mirandea grisea Rzed.

Mirandea huastecensis T.F. Daniel
Mirandea hyssopus (Nees) T.F. Daniel
Mirandea nutans (Nees) T.F. Daniel
Pachystachys badiospica Wassh.
Pachystachys coccinea (Aulb.) Nees
Pachystachys killipii Wassh.

Pachystachys lutea Nees

Pachystachys lutea Nees

Pachystachys ossolae Wassh.

Pachystachys puberula Wassh.
Pachystachys rosea Wassh.

Pachystachys linearibracteata sp. inéd.
Pachystachys spicata (Ruiz & Pav.) Wassh.
Pachystachys spicata (Ruiz & Pav.) Wassh.
Poikilacanthus macranthus Lindau

Populina richardii Baill.

Pseuderanthemum atropurpureum (W. Bull) Radlk.

Pseuderanthemum floribundum T.F. Daniel

A.L.A. Cortes et al. 266 (HUEFS)
T.F. Daniel 5351 (CAS)

T.F. Daniel 9322 (CAS)
Van-devender 94-23 (CAS)

T.F. Daniel & Baker 3717 (CAS)
M. Manktelow 706 (UPS)

B. Diaz & Carranza 7498 (CAS)
Rzedowski 53366 (IEB)

P. Nuiiez et al. 34040A (HUEFS)
Gustafsson 330 (NY)

P. Nuifiez et al. 34053 (HUEFS)
A.L.A.Cortes et al. 162 (HUEFS)
L. McDade 1181 (DUKE)

P. Nuiiez et al. 34023 (HUEFS)
P. Nuiiez et al. 34042 (HUEFS)
P. Nuifiez et al. 34002 (HUEFS)
P. Nuifiez et al. 34047 (HUEFS)
P. Nuifiez et al. 34052 (HUEFS)

A.L.A. Cortes & A.C. Mota 119 (HUEEFES)

Haber 707 (MO)
Kerardren 1671 (P)

T.F. Daniel 5381cv (CAS)

EU5290461
EU0874841
EU0875221
EU0875231
EU0875121

EU0875201

EU0875161

EU5290541

EU0875321

EU0875391

EU0875601

EU0875551

EU0875571

AF0631281

AF0670661

EU08756611

EU5289841
EU0811141
EUO0811611
EU0811621
EU0811471

EUO0811581

EU0811521

EUO0811511

EU5291211

EU0811711

EU0810471
EU0810951
EU0810961
EU0810941

EU0810901

EU0810831

EU0810821

EU5289941

EU0811041

DQ3725071

AF2897761
EU0874331
AF2897831
EU0874691
EU0874591

EU0874661

EU0874621

AF1698441

AF1698381
EU0874771
JF3461661

DQ3724791
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Rhinacanthus gracilis Klotzsch.
Ruellia humilis Nutt

Schaueria azaleiflora Rusby
Schaueria azaleiflora Rusby
Schaueria calycotricha (Link & Otto) Nees
Schaueria capitata Nees

Schaueria capitata Nees

Schaueria capitata Nees

Schaueria gonystachya Nees
Schaueria gonystachya Nees
Schaueria hirsuta Nees

Schaueria humuliflora Nees
Schaueria lachynostachya Nees
Schaueria lophura Nees

Schaueria malifolia Nees

Schaueria marginata Nees

Schaueria parviflora (Leonard) T.F. Daniel
Schaueria thyrsiflorasp. inéd.
Schaueria hirta sp. inéd.

Schaueria pyramidalis sp. inéd.
Stenostephanus chiapensis T.F. Daniel
Stenostephanus lobeliiformisNees

Streblacanthus cordatus Lindau

T.F. Daniel s.n. (CAS)

E. Tripp 14 (PH)

J.R.I. Wood 12593 (CAS)

J.R.I. Wood 12593 (CAS)

A.L.A. Cortes & A.C. Mota 160 (HUEFS)
A.L.A. Cortes et al. 200 (HUEFS)

A.L.A. Cortes et al. 187 (HUEFS)

A.L.A. Cortes et al. 198 (HUEFS)

A.L.A. Cortes & R.L.B. Borges 239 (HUEFS)

A.L.A. Cortes 237 (HUEFS)

M.N.S. Stapf et al. 349 (HUEFS)

A.L.A. Cortes et al. 31 (HUEFS)

A.L.A. Cortes & A.C. Mota 147 (HUEFS)
A.L.A. Cortes et al. 193 (HUEFS)

C.A.L. Oliveira 1917 (GUA)

A.L.A. Cortes et al. 231 (HUEFS)

J.I. Calzada 1773 (CAS)

D.M. Braz& A.H.N. Souza 333 (HUEFS)

A.L.A. Cortes & R.L.B. Borges 253 (HUEFS)

R.P. Oliveira et al.747 (HUEFS
Breedlove & Burns 72688cv (CAS)
D. Wasshausen 2350 (US)

T.F. Daniel et al. 8203 (CAS)

EU5290571

AF482604

EU0875151

EU0875171

AF482604

AF2897471

AF2897421

EU5289951 — AF2897661
KC11850 EU431038 —
EU0811501 EU0810811 EU0874611
DQ3724611 DQ3725061 AF2897921
DQ3724601 DQ3725051 DQ3724781
EU0811531 EU0810841 AF2897841
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Streblacanthus dubiosus (Lindau) V.M. Baum
Streblacanthus dubiosus (Lindau) V.M. Baum
Streblacanthus monospermus Kuntze
Streblacanthus roseus(Radlk.) B.L. Burtt
Streblacanthus gracilis sp. inéd.

Tetramerium abditum (Brandegee) T.F. Daniel
Tetramerium glandulosum Oerst.

Tetramerium nervosum Nees

Tetramerium ochoterenae (Miranda) T.F. Daniel
Tetramerium tenuissimum Rose

Thyrsacanthus boliviensis (Nees) A. Cortes &Rapini
Thyrsacanthus boliviensis (Nees) A.Cortes & Rapini
Thyrsacanthus microphyllus A.Cortes
Thyrsacanthus ramosissimus Moric.

Thyrsacanthus ramosissimus Moric.

Thyrsacanthus ramosus (Nees) A. Cortes &Rapini
Thyrsacanthus secundus (Leonard) A. Cortes &Rapini
Yeatesia mabryi Hilsenb.

Yeatesia platystegia (Torr.) Hilsenb.

P. Nufiez et al.34008

T.F. Daniel 10174 (CAS)

T.F. Daniel et al. 6230 (CAS)

T.F. Daniel s.n. (CAS)

J.M. Silva 4977

Manktelow 727 (UPS)

Van Devender 93-1457 (ARIZ)

Jenkins 1154 (ARIZ)

Q. Gonzales 3631 (DS)

M. Manktelow 730 (UPS)

A.L.A. Cortes et al. 264 (HUEFS)

Wood & Serrano 14841 (CAS)

A.L.A. Cortes & R.L.B. Borges 175A (HUEFS)
Silva 2333(US)

A.L.A. Cortes et al. 108 (HUEFS)

G.P. Hamilton 122 (CEN)

A.L.A.Cortes & M.L.S. Carvalho 218 (HUEFS)
T.F Daniel & Baker 3698 (CAS)

L. McDade 1187 (ARIZ)

EU0875181

EU0874921

EU0874931

EU0874941
EU0874911

EU0875081

EU0875091

EU0875111

EU0875211

EU0875581

EU0875441

EU0875451(AS)

EU0875511

EU0875521

EU0875541

EU0875591

EUO081155
EU0811541
EU0811231
EU0811241
EU0811261
EU0811271

EU0811301

EU0811431

EU0811441

EU0811461

EU0811591

EU0810851
EU081087
EU0810861
EU0810551
EU0810561
EU0810591(AS)
EU0810601
EU0810631

EU0810751

EU0810761

EU0810781

EU0810911

EU0874631
EU087464

AF2897851

EU0874401
EU0874411
AF1698471
EU0874421
EU0874431

EU0874561

EU0874571

EU0874601

EU0874671
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Abstract

Phylogenetic studies in Acanthaceae revealed that Schaueria azaleiflora and three species of
Streblacanthus are closely related to the genus Pachystachys. In the present study, we propose
the enlargement of Pachystachys to reflect these relationships. Two news species are
described and illustrated, P. gracilis from Brazil and P. linearibracteata from Peru, and four
new combinations are proposed in the genus. A key to identify the 18 species of Pachystachys

s.1. 1s also provided.

Key Words: Amazonian forest, endemism, Neotropics, Peru, Streblacanthus, taxonomy
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Introduction

Advances on Acanthaceae phylogenetics have supported new taxonomic circumscriptions in
the family (Scotland & Vollesen 2000, Schwarzbach & McDade 2002, Kiel et al. 2006,
Daniel et al. 2008, McDade et al. 2008, Tripp et al. 2013) and studies on the ‘Tetramerium
lineage’ (sensu Daniel et al. 2008) revealed several non-monophyletic genera: Anisacanthus
Nees (1842: 307), Carlowrightia Gray (1878: 364), Mirandea Rzedowski (1959: 80),
Streblacanthus Kuntze (1891: 497) and Yeatesia Small (1896: 410). While some generic
relationships are still unresolved, others are clearly supported and can be incorporated in the
systematics of the group. For instance, although the type species of Streblacanthus, S.
monospermus Kuntze (1891: 498), diverged near the root of the ‘Tetramerium lineage’, the
other three species of the genus form a grade towards Pachystachys Nees (1847a: 99) (Daniel
et al. 2008; Fig. 1).

Lindau (1895a) treated Pachystachys and Streblacanthus in different tribes: Pachystachys
in Graptophylleae and Streblacanthus in Odontonemeae. Species of Streblacanthus were
described in or transferred to Pseuderanthemum Radlkofer (1883: 282) based on superficial
similarities (Radlkofer 1883, Guillaumin 1926, Durkee 1978, Daniel 1993). Nevertheless,
Pseuderanthemum bears two staminodes (absent in Streblacanthus), constricted (vs. clavate)
capsules and chromosome numbers of n = 21 (vs.n = 18). Bremekamp (1965) included both
Graptophylleae and Odontonemeae in an enlarged circumscription of Justicieae, but the close
relationship between Streblacanthus and Pachystachys was only detected in phylogenetic
studies based on molecular data (McDade et al. 2000).

Prior to the 1980’s, studies treating Pachystachys and Streblacanthus were mainly
restricted to descriptions of species (e.g., Ruiz & Pavon 1798, Nees 1847a,b, Kuntze 1891,
Lindau 1907, 1912, Rizzini 1947). A revision of Pachystachys (Wasshausen 1986) added nine
species to the genus that hitherto had only three, and an unpublished revision of
Streblacanthus (Smick 2004) recognized five species, one new. Both genera are highly
ornamental, medium-sized, erect shrubs; their leaves are green, sometimes with white spots or
purplish on one side; the inflorescences are long thyrse spiciform with narrow or broad leafy
or petaloid, green or yellow bracts; the flowers are relatively large and red, pink or white.
They can be readily propagated from cuttings, prefer shade and humidity, but can also be
grown in open places with filtered light. In nature, they flower from June to November, but
some cultivated species, such as Pachystachys lutea Nees (1847b: 320) and P. spicata(Ruiz &
Pavon 1798: 8) Wasshausen (1986: 175), may be evergreen and flower throughout the year.
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FIGURE 1.Summary cladogram based on phylogenetic analysis of six plastid (trnL—F,trnT-L, trnS—
G, rpS16, ndhF—-rpl32—trnL, trnH-psbA) and one nuclear (ITS) molecular markers (Cortes ef al. in
prep.), showing relevant relationships for Pachystachys clade in Justicieae. Continuous lines represent
well-supported clades; arrows show branches without support.

Pachystachys and Streblacanthus differs from each other by floral characters, possibly
reflecting different pollination systems (Faegri & Pijl 1979, Endress 1994): Pachystachys
usuallypossesses flowers with large red corolla, with the curved tube distally broadened,
suggesting hummingbird pollination (Wasshausen 1986), while Streblacanthus presents
medium-sized flowers with pink to lilac corolla and a erect straight tube, suggesting butterfly
pollination (Smick 2004). The two genera have similar habit, leaves and inflorescence types.
They are shrubs, 1.5-2.5 m tall, with foliar blades usually large, ovate to elliptic, cordate to
truncate or cuneate at the base; they produce long spikes and long-stipitate capsules with a
clavate head. In the core group of Pachystachys, bracts are usually broad, foliaceus or
petaloid, while narrow or small bracts are typical in Streblacanthus, butcan also be found in
some species of Pachystachys, namely P. badiospica Wasshausen (1986: 168) and P.
linearibracteata (sp. nov., see below). Schaueria azaleiflora Rusby (1927: 365), which also
possesses narrow bracts, together with species of Streblacanthus,form a grade basal to

Pachystachys (Fig. 1). These relationships suggest that narrow bracts are plesiomorphic in
85



Capitulo 2

Pachystachyss.l., alineage comprising Schaueria azaleiflora, species of Streblacanthus
(excluding S. monospermus), Pachystachys s. str. and to new species, namely: P. gracilis and
P. linearibracteata.

In Daniel et al.’s (2008) analyses, the two sampled species of Schaueria Nees (1838: 3)
emerged at the base of Pachystachys s. str. Nevertheless, a larger sampling of the genus
showed that Schaueria do form a clade if S. azaleiflora is excluded from the genus (Fig. 1).
Pachystachyss.l. and Schaueria are ecologically similar. Both lineages became diverse in
South American tropical forests: Pachystachys mainly in the Amazon domain and Schaueria
in the Atlantic domain. Pachystachyss. str. and Streblacanthus share the same kind of habitat;
the lineage they comprise diversified mainly in the western Amazonian lowlands, between
western Brazil and the Andes, with the centre of diversity in Peru, where more than 80% of
species occurs and 11 are endemic. Pachystachys s.1. is distributed between 50 and 1,700 m,
with most species found along trails, roads and river borders, usually forming small
populations, up to six individuals (Wasshausen 1986, Cortes, pers. obs.). Three species [P.
incarnata Wasshausen (1986: 171), P. longibracteata Wasshausen (1986: 63) and P. schunkei
Wasshausen (1986: 166)] are known only by their types and other three [e.g., P. rosea
Wasshausen (1986: 178), P. killipii Wasshausen (1986: 179) and P. fosteri Wasshausen
(1986: 168)] are known by few collections. They are narrowly distributed (Wasshausen
1986), and Ledn (2006) classified half of the species of Pachystachyss. str. as critically
endangered.

In the present study, we propose expanding Pachystachys to include Schaueria
azaleiflora and three species of Streblacanthus. Based on this new circumscription and on
field and herbarium work, two new species of Pachystachys are described and four new

combinations proposed, totaling 18 species in the genus.

Taxonomic treatment

PachystachysNees(1847: 99)
Type:—Pachystachys riedeliana Nees[=Pachystachys spicata Ruiz & Pavon(1798: 8)].

Herbs and shrubs with cystoliths.Leaves opposite, petiolate; blades usually
membraneous, large.Inflorescences terminal and axillary thyrses (pedunculate dichasia and

pedicellate flowers) or thyrses spiciform (sessile dichasia and flowers); dichasia decussate, 1—
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4-flowered, sessile or pedunculate, subtended by a bract;bracts opposite, conspicuous or
inconspicuous, green or yellow, large or narrow; bracteoles 2, small.Calyx green, deeply 5-
lobed, often acrescent in fruit; corolla red, pink or white, tube cylindrical, narrow or gradually
expanded distally into a throat, narrow proximal portion (if distinct) shorter than throat, throat
(if present) obconic, limb 2-labiate, upper lip bilobed, recoiled, recurved orincurved, lower lip
3-lobed, lobes recoiled or recurved;stamens 2, exserted from corolla mouth, inserted near the
base of its tube, filamentsyellow, red or pink, anthers 2-thecous, glabrous, yellow, red or pink,
thecae parallel, oblong, dehiscing longitudinally, staminodes absent or rudimentary;pollen
grains prolate to subprolate, usually 3-colporate, 6-colpate, exine reticulate;style exserted
from corolla mouth, yellow, red or pink, stigma bilobate. Capsules stipitate, head clavate,
retinacula present, septa with retinacula remaining attached to inner wall of mature

capsule;seeds 4.

Pachystachysgracilis A.L.A. Cortes, sp. nov. (Figs. 2A-E and 3A-B)

Pachystachys gracilis is similar to P. dubiosa, differing because of the branches with
eglandular trichomes c. 0.05 mm long (vs. > 0.05 mm long), leafy blade glabrous (vs.
pubescent), inflorescence axis with eglandular trichomes (vs. glandular trichomes), calyx
2.5-2.7 mm long (vs. > 4 mm long), smaller corolla (< 2.3 vs. > 2.4 cm long), and ovate (vs.

oblong)upper lip of corolla.

Type:—BRAZIL. Mato Grosso do Sul: Bodoquena, Morraria do Sul, 12 July 2006, J.M. Silva
& E. Barbosa 4977 (holotype MBM).

Shrubs c. 2 m tall. Young stems quadrate, pubescent with erect eglandular trichomes c. 0.05
mm long. Petiole 3.5—4.5 cm long, quadrate, sulcate, hirtellous like stems; blade 7-14 x 4-7.5
cm, ovate to elliptic, acuminate at apex, rounded to cordate at base, glabrous with eglandular
trichomes restricted to veins, margins crenate, scarcely ciliate. Terminal thyrse racemiform
11-14 cm long, rachis subquadrate, pubescent with eglandular trichomes 0.1-0.2 mm long;
dichasia opposite, 3—5-flowered, sessile; bracts c. 2 x 1.5 mm, broadly triangular, pubescent
with antrorse eglandular trichomes c. 0.08 mm long; bracteoles c. 1 x 0.5 mm, triangular,
pubescent like bracts; pedicels to 1 mm long, pubescent like bracts. Calyx 2.5-2.7 mm long,
5-lobed; lobes equal, c. 2 x 0.5 mm, triangular, surface pubescent with eglandular trichomes

c. 0.08 mm long and slightly glandular sessile. Corolla pink, 2-2.2 cm long, externally and
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internally pubescent; tube c. 1.7 cm long, c¢. 1.5 mm diam. at base, to 1 mm diam. at
midpoint, 2-3 x c. 1.5 mm distally at throat; upper lip slightly erect, c. 4 x 1 mm, ovate; lower
lip 3-lobed, recurved, lobes to 5 x 3.5 mm, rounded. Stamens 2, inserted near the mouth, to
1.5 cm long, glabrous; thecae c. 1.5 mm long. Pollen grains isopolar, oblate spheroidal to
prolate spheroidal, heteroaperturate, 3-colporate, 6-colpate, 2 colpi per mesocolpium, exine
reticulate, heterobrochate, membrane of colpori ornamented with microgranules. Style c. 1.75
cm long, glabrous; stigma bilobate.Capsule c. 1.5 cm long, base sterile 7-8 mm long, head
clavate, slightly pubescent; seeds 4, 3.5-4 x c. 4 mm, lenticular, not flattened, tuberculate.

Distribution and conservation:—Brazil; known only from two localities, Bodoquena
and Corumb4, in Mato Grosso do Sul State. In Bodoquena, the species was collected on
limestone outcrops. Data on population size and distribution are poor, making any
classification regarding conservation status speculative; therefore, it is more prudent to
consider P. gracilis among the species with Deficient Data (DD; IUCN 2012).

Etymology:—The epithet gracilis refers to the narrow corolla tube.

Phenology:—Flowering and fruiting in June and August.

Notes:—Pachystachys gracilis is morphologically similar to P. cordata (Nees) A.L.A.
Cortes, P. dubiosa (Lindau) A.L.A. Cortes and P. velutina (Bull) A.L.A. Cortes. These three
species were traditionally treated in Streblacanthus and are transferred to Pachystachys here.
In phylogenetic analyses based on molecular data (Fig. 1), they form agrade basal to
Pachystachys  s.str. Together Pachystachys gracilis and P. dubiosa form a
clade.Pachystachysgracilis is similar to P. cordata and P. velutina,mainly because of the
indumentum of branches, leaves and inflorescences.It differs from these two species by the
short calyx (< 3 vs.> 4 mm long) and usually smaller corolla (2-2.2 vs. 2-5.2 and 2.2-3.5 cm
long in P. cordata and P. velutina, respectively).

Paratype:—BRAZIL. Mato Grosso do Sul:Corumbd, fazenda Campo Dora, Pantanal,
vazante do Riozinho, 20 August 1991, A.C. Cervi et al. 3234 (MBM).

Pachystachys linearibracteata A.L.A. Cortes, sp. nov. (Figs. 2F-J and 3C-D; see also
photos 7-9 in Cortes 2013).

Pachystachys linearibracteata is similar to P. schunkei Wasshausen (1996: 166), but differs
from it by the inflorescences in thyrses (vs. spikes) and linear (vs. oblanceolate)bracts, 7-9

cm x 1-1.5 mm (vs. 3.5-4 cm x 7-8 mm).
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Type:—PERU. San Martin: Tocache, autopista Tocache a Tingo Maria, Cachyaycu de
Lopuna, 13—-14 km de Tocache, 504 m, 08°14'3"S, 76°24'59"W, 6 September 2010, P. Nuiiez,
A.L.A. Cortes & J. Schunke 34047 (holotype HUEFS, isotype CUZ).

Shrubs c. 1.5 m tall. Young stems quadrate, puberulous with erect eglandular trichomes c.
0.04 mm long. Petiole 2.5-4.5 cm long, puberulous like stems; blades 15-25 x 5-11 cm,
elliptic to oblong, acuminate at apex, cordate at base, glabrous or puberulous with eglandular
trichomes along midvein c. 0.04 mm long, margins puberulous. Terminal thyrse c. 12 cm
long, rachis quadrate, sulcate and flattened in the basal portion, densely puberulous with erect
eglandular trichomes c. 0.04 mm long; dichasia decussate, 1-3-flowered, sessile; bracts 7-9
cm X 1-1.5 mm, linear, abaxial surface densely puberulous with eglandular and glandular
trichomes c. 0.04 mm long and c. 0.1 mm long, adaxial surface puberulous with eglandular
trichomes c. 0.04 mm long, rare glandular trichomes c. 0.1 mm long; peduncles of dichasia 2—
3 mm long, puberulous like rachis; bracteoles 4-5 cm x 0.5-1 mm, linear, indumentum
likebracts; pedicels 0.5-1 mm long, puberulous like peduncles. Calyx 4—4.5 mm long, 5-
lobed; lobes equal, 3-3.5 x 0.5-0.6 mm, narrowly triangular, indumentum like bracts. Corolla
red with basal portion white, 5-6 cm long, externally puberulous with erect eglandular
trichomes c. 0.04 mm long; tube 4.3—4.7 cm long, gradually expanded into a distally throat,
narrow proximal portion 1-2 cm x 2-2.5mm, throat subellipsoid, 3-3.5 cm x 6—8 mm; upper
lip c. 1.5 cm x 1.5 mm, recoiled; lower lip 3-lobed, recurved, c. 1.3 cm long, lobes ¢. 1 cm x 5
mm,central lobe c¢. 7 mm long. Stamens 2, inserted near base of throat, c. 4 cm long.,
scabrous; thecae 4—4.5 mm long. Pollen grains isopolar, prolate, spheroidal, heteroaperturate,
3-colporate, 6-colpate, 2 colpi per mesocolpium, exine reticulate, heterobrochate, membrane
of colpori and colpi ornamented with microgranules, syncolpate. Style c. 5 cm long, glabrous;
stigma bilobate.Capsule not seen.

Distribution, habitat and conservation:—Peru; known only from San Martin and
Hudanuco, north-central Peru, forming small populations, 1 to 3 individuals, in humid forests.
This might suggest that Pachystachys linearibracteata is critically endangered, but the species
is poorly known yet and it is prudent to consider it in data deficient category (DD; IUCN
2012).

Etymology:—The specific epithet refers to their conspicuous linear bracts, unique in
Pachystachys.

Phenology:—Flowers in July and October.
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Note:—Pachystachys linearibracteata is morphologically similar to the species of the
genus with broad bracts. It forms a grade with P. azaleiflora near the base of Pachystachys
s.l., and is easily recognized by the thyrse with long, linear bracts subtending the dichasia.

Paratype:—PERU. Hudnuco: Pachitea, Pucallpa, partWof Sira Mountains, terra baixa, c.
26 km S to 24 km SSE of Puerto Inca, station between “Panguana” and “Don Victor” house,
N of Yuyapichis river, 400 m, 09°37'S, 74°56'W, 14 July 1988, B.Wallnofer 15-14788
(fl.)(US).

Pachystachys azaleiflora (Rusby) A.L.A. Cortes, comb. nov.
Basionym: Schaueria azaleiflora Rusby (1927: 365). Type: BOLIVIA. 1800 m, 23 August

1921, O.E. White 990 (holotype NY, isotypes BKL, K, MICH).

Note:—The distally broadened corolla tube, with erect upper lip and deeply divided,
curved lower lip, as well as a distribution in the eastern Andes, are evidences of the close
relationship of Pachystachysazaleiflora with the other species of the genus. The narrow bracts
could suggest a closer relationship with Schaueria, but this characteristic is also found in

Pachystachys (e.g., P. badiospica).

Pachystachys cordata (Nees) A.L.A. Cortes, comb. nov.

Basionym: Eranthemum cordatum Nees (1846: 147). Pseuderantthemum cordatum (Nees)
Radlkofer (1883: 286). Siphoneranthemum cordatum (Nees) Kuntze (1891: 497).
Streblacanthus cordifolius Daniel (1993: 124), nom. superfl. Type: ECUADOR.
Esmeraldas: Atacames, 1842, A. Sinclair s.n. (holotype K000534353, photo CAS).

= Streblacanthus cordatus Lindau (1912: 123). Type: PANAMA. Colén: “forests around
Porto Bello”, 200 m, 6-8 April 1911, W.Maxon 5793 (lectotype US, designated by Daniel
1993).

Note:—The few species traditionally included in Streblacanthus are separated by minor
differences. Smick (2004) distinguished S. roseus (= Pachystachys velutina, below) from S.
cordatus by the velutinous, abaxially purple leaves and pink corolla in S. roseus and the light-
green leaves, sometimes with white spots in its center, but never purple abaxially, and the
larger, light-pink corolla in S. cordatus. Phylogenetic analyses (Smick 2004, Daniel et al.
2008, Corteset al. in prep.) showed the two species forming a grade; and inter-specific

hybridization data between Fls of the two species did not produce seeds and their pollen grain
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FIGURE 2.A-E. Pachystachys gracilis.A. branch with inflorescence; B. bract, bracteole and calyx; C. corolla
showing stamens; D. fruit; E. seed.F-J. P. linearibracteata.F. branch with inflorescence; G. bract, bracteoles
and calyx; H. detail of calyx; I. detail of bract abaxial surface; J. corolla showing stamens.(drawn from the
holotypes by Carla Teixeira de Lima).
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are possibly not viable (Smick 2004). Therefore, we are keeping them as distinct species

despite their morphological similarities.

Pachystachys dubiosa (Lindau) A.L.A. Cortes, comb. nov. (Photos 43—45 in Cortes 2013).

Basionym: Odontonema dubiosum Lindau (1907: 928). Streblacanthus dubiosus (Lindau)
Baum (1982: 433). Type: PARAGUAY. Guaira: “Prope Villarica in silvis in colle ‘Cerro
Pelado’”, January 1905, E. Hassler 8573 (lectotype K000534351, isolectotype BM,
designated here).

= Streblacanthus boliviensis Lindau (1909: 67). Type: BOLIVIA. s.l., s.d., O. Kuntze s.n.
(holotype B, destroyed, photo MO, NY, F).

Pachystachys velutina (Bull) A.L.A. Cortes, comb. nov., non P. rosea Wasshaussen(1986:

178) (Photos 46—47 in Cortes 2013).

Basionym: Eranthemum velutinum Bull (1886: 8) nonE. velutinum (Lindau 1895b: 5)
Boerlage (1899: 661), hom. post.,nom. illeg. Pseuderanthemum pseudovelutinum
Guillaumin (1926: 409) non P. velutinum Lindau (1895b: 5). Type: s.l, s.d., s.c.

(holotype unknown; the species was described based on a cultivated plant).

Pseuderanthemum roseum Radlkofer (1883: 286) nom. subst. for Eranthemum roseum
Linden & Fournier (1876: 42), hom. post.,nom illeg. (non Brown 1810: 477).
Streblacanthus roseus (Radlkofer) Burtt (1997: 253). Type: Illustr. Hortic. 23: tab. 235
(Linden & Fournier 1876) (lectotype designated by Burtt & Woods 1958).

Sciaphyllum amoenum Bremekamp (1940: 298). Streblacanthus amoenus (Bremekamp)
Daniel (1996: 147). Type: INDONESIA. Java: Buitrnzorg (= Bogor), 4 July 1922,
Bajhuizen van den Brink Jr. 1402 (holotype U n.v.).

Note:—William Bull was a horticulturist who specialized in orchids (Cribb 2010) and
cultivated this species under the name Aphelandra velutina (nom. nud.;Cultivated in Horto of
the W. Bull). He published Eranthemum velutinum in the “New Beautiful and Rare Plants”,
comprising cultivated plants from Antilles, West Africa, Fuji islands and South America (Bull
1886). In 1926, Guillaumin transferred the species to Pseuderanthemum, proposing a new
name (P. pseudovelutinum), because P. velutinum was already occupied. Burtt (1997)
transferred Eranthemum roseum to Streblacanthus, including Eranthemum velutinum and
Streblacanthus amoenus in the synonymy (see discussion in Daniel 1996, Burtt 1997, Smick

2004). Its description allowed us to confirm this species as distinct from Streblacanthus
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cordatus because of the olive-green leaves with pallid venation and purple abaxial surface.
Phylogenetic results (Fig. 1) demonstrated the need to transfer it to Pachystachys. Since the
combination Pachystachys rosea is already occupied, we use the specific epithet of the

earliest legitimate combination available for Pachystachys, P. velutina.

FIGURE 3.SEM pollen micrographs of the two new species of Pachystachys.A-B. P. gracilis: A. equatorial
view; B. detail of exine (Silva 4977). C-D. P. linearibracteata: C. equatorial view; D. detail of exine (Nuriez

34047). Bars: Aand C=10 pm; Band D=2 um.
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Key to the species of Pachystachys s.1.

1.Thyrse spiciform, thyrse racemiform or thyrses with narrow (0.5-2 mm wide) bracts. ...2
-Thyrse spiciform with broad (4-18 mm wide) bracts ...8

2.Thyrses; bracts linear, 7-9 cm long ...P. linearibracteata

- Thyrse spiciform or thyrse racemiform; bracts triangular or lanceolate to ovate, 1-8 mm
long ...3

3.Corolla cream or red with distally broadened tube ...4

-Corolla pink to lilac with narrow tube ...5

4 Bracts triangular, green, 1.5-2 mm long; bracteoles 1-1.5 mm long; calyx 3-4 mm long;
corolla cream, 3.2-3.3 cm long, throat 0.8—1.5 cm long. ... P. azaleiflora

-Bracts lanceolate, reddish-brown, c. § mm long; bracteoles c. 6.5 mm long; calyx c. 1.5 cm
long; corolla red, c. 5 cm long, throat c. 1.8 cm long ... P. badiospica

5.Young branches with flexuose eglandular trichomes 0.5-1.1 mm long; leaves pubescent ...
P. dubiosus

-Young branches with erect glandular trichomes 0.05-0.1 mm long; leaves glabrescent, with
trichomes restricted to venation ...6

6.Calyx 2.5-2.7 mm long ... P. gracilis

-Calyx 4.5-16 mm long ...7

7.Leaves abaxially green, adaxially purple; calyx 4.5-9 mm long; corolla throat 3-8 x 3—4
mm; capsules 1-1.6 cm long ... P. velutina

-Leaves green, with white spots on the centre of adaxial surface; calyx 8—16 mm long; corolla
throat 0.5-3 x1-3 mm; capsules 1.5-2.1 cm long ... P. cordata

8.Bracts yellow; corolla white ... P. lutea

-Bracts green or yellowish-green; corolla red or pink ...9

9.Bracts oblanceolate ...10

-Bracts ovate, elliptic to widely elliptic or lanceolate ...12

10.Leaves elliptic to ovate; bracts 2—2.8 x 0.6—1 cm, purplish-green, apex rounded; bracteoles
c. 6 mm long; corolla with upper lip erect ... P. ossolae

-Leaves oblong; bracts 3.5—4 cm x 6-8 mm, green, apex acuminate; bracteoles 2—2.3 cm long;
corolla with upper lip recurved ...11

11.Leaves 19-22 x 8-8.5 cm; calyx c. 4.5 mm long; corolla throat c. 6.5 mm long ... P.

schunkei

94



Capitulo 2

-Leaves c. 33 x 11-14.5 cm; calyx ¢. 6 mm long; corolla throat c. 8 mm long ... P. fosteri
12.Calyx 12 mm long ...13

-Calyx 2-9 mm long ...14

13.Bracts greenish-yellow, c. 2 x 1.4 mm; corolla c. 4 cm long, throat c¢. 6.5 mm long, upper
lipc. 1.2 cm x 3.5-4 mm ... P. incarnata

-Bracts light-green, c. 1.7 cm x 6-7.5 mm; corolla 6.5-7 cm long, throat c. 1 cm long, upper
lipc. 2.2 cm x 7 mm ... P. killipii

14.Calyx 2-4.5 mm long ...15

-Calyx 5.5-9 mm long ...17

15.Leaves c. 35 cm long; bracts 3—4.5 x 1.5—-1.7 cm; calyx 2-3 mm long ... P. longibracteata
-Leaves 10.5-28 cm long; bracts 1.5-2.5 x 0.7-1.8 cm; calyx 3.5-4.5 mm long ...14

16.Bracts widely ovate, 1-1.8 cm wide; calyx 3.5-4 mm long, lanceolate; corolla 3.5—4 cm
long, upper lip recurved ... P. puberula

-Bracts lanceolate to ovate, 0.7-1.1 cm wide; calyx c. 4.5 mm long, triangular; corolla 5.5-7
cm long, upper lip erect ... P. spicata

17.Bracteoles linear, c. 2 x 0.4 mm; calyx c. 9 mm long ... P. rosea

17.Bracteoles linear-lanceolate, c. 5 x 0.5 mm; calyx 5.5-6 mm long ... P. coccinea
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Schaueria is a monophyletic genus within the Tetramerium lineage (Justicieae, Acanthoideae,
Acanthaceae). It is endemic to the AtlanticForest, predominantly distributed in eastern Brazil.
In this treatment, 14 species are recognized in the genus; they occur mainly in semideciduous
montane and ombrophylous forests and restinga. Three new species are described in
Schaueria — S. hirta, S. pyramidalis and S. thyrsiflora — and six species are excluded from the
genus; two of the latter are transferred to other genera. Schaueria hirsuta is a heterotypic
synonym of Justicia ilhensis (a new combination for Rhytiglossa ilhensis) and S. malifolia is
transferred to Chamaeranthemum. The identity of S. decipiens is uncertain and this name is
treated as unlikely to pertain to Schaueria. Most species of Schaueria are endangered (42%),
critically endangered or vulnerable, and two species are qualified as near threatened because
of continuous declining of habitat quality and extention of Atlantic forest. We present
descriptions and illustrations for the 14 species of Schaueria and a key to identify them. Four

new combinations and two new synonyms are proposed, and five lectotypes designated.

ADDITIONAL KEYWORDS: Atlantic Forest, Justicia, morphology, semideciduous forest,

endangered.
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INTRODUCTION

Schaueria Nees (Acanthaceae) is a monophyletic genus endemic to the
BrazilianAtlanticForest, occurring from Rio Grande do Sul to Bahia. The genus is poorly
known, except forS. calycotricha (Link & Otto) Nees, which is cultivated in many botanical
gardens around the world. It represents a small clade within the Tetrameriumlineage
(Acanthoideae: Justicieae), comprising perenial herbs and shrubs, mainly in forests of eastern
Brazil. The inflorescences possess green or yellow narrow bracts and yellow or white small
flowers. The genus has not been treated comprehensively since Nees (1847a,b), who
recognised about 20 species in Schaueria, 10 of which are accepted in the present treatment,
together with three new species and one new combination for the genus.

Nees (1838) described Schaueria based on Justicia calycotricha Link & Otto, and
consideredJ. calytricha Hook.,J. flavicoma Lindl. andJ. calycotricha Hook. as synonyms.
Almost 10 years later, Nees (1847a) added 13 species to Schaueria, three of them — S.
gonyostachya(Nees & Mart.) Nees & Mart., S. maximiliani Neesand S. humuliflora(Nees &
Mart.) Nees & Mart. — were also segregated from Justicia. Months later, he (Nees 1847b)
published two other species: S. capitata Nees from Rio Grande do Sul, Brazil, and S.
decipiens Nees from “Rio Grande”, Mexico. In these treatments, Nees divided Schaueria into
two groups: one with broad bracts, comprising S. marginata Nees, S. humuliflora, S. malifolia
Nees and S. hirsuta Nees, and the other with linear-subulate bracts (including the remaining
12 species). He also subdivided this latter group (“Angustibracteata”) into three subgroups on
the basis of floral characters: “Calycotrichae,” with subsessile flowers, long, setaceus calyx
lobes and tubulose corollas with short yellow lips; “Thyrsacanthoideae,”with pedicellate and
large flowers, medium to small calyx lobes and tubulose corollas with open lips; and
“Lophurae,” with medium to small calyx lobes and infundibuliform white corollas with tube
and lips unequal.

Torrey (1859) described Schaueria parvifolia Torr. andS. linearifolia Torr. from Mexico;
both are currently treated in Carlowrightia A. Gray, a classification that was confirmed by
phylogenetic studies (Daniel et al., 2008). Grisebach (1879) published S. caduciflora Griseb.
inthe Flora of Argentina, but this species was recently transferred to Thyrsacanthus Moric.
(Cortes, Borges & Rapini, 2010). Clarke (1900) described S. populifolia from Africa, but
molecular data (McDade and Darbyshire, pers. comm.) suggest its inclusion in the lineage
Isoglossinae—Justicieae, and not in Tetramerium lineage. Rusby (1927) described S.

azaleiflora Rusby from Bolivia, a species that is beingtransferred to Pachystachys Nees
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(Cortes, Daniel & Rapini, in prep.). Finally, Hilsenbeck & Marshall (1983) described S.
calycobractea Hilsenb. & D.L. Marshallfrom Mexico, a species included in the synonymy of
S. parviflora (Leonard) T.F. Daniel (Daniel, 1990).

Nees (1847b) treated Schaueria in the tribe Gendarussae, section “Genuinae part A”,
defined by bilocular anthers lacking appendices, together with Cardiacanthus Nees &
Schauer (= Carlowrigthia), Drejera Nees (= Thyrsacanthus p.p.), Graptophyllum Nees,
Harpochilus Nees, Herpetacanthus Nees, Hoverdenia Nees, Loxanthus Nees (=
Phlogacanthus Nees), Odontonema Nees, Pachystachys Nees, Phialacanthus Benth.,
Thyrsacanthus Moric., besides most genera now treated in Justicia L., including Amphiscopia
Nees, Cyrthanthera Nees, Duvernoia Nees, Heinzelia Nees, Jacobinia Nees, Plagiacanthus
Nees, Rhytiglossa Nees and Sericographis Nees. The tribe was distinguished by the 4- or 5-
lobed calyx, bilabiate corolla, androecium with 4 or 2 stamens, staminodes absent or 2,
unilocular (section 1: “Pseudo-Aphelandreae”) or bilocular (section 2: “Genuinae part A and
B”) anthers, with parallel to divergent loci, withoutappendices (part A) or with appendices
(part B), and unguiculate capsules, with 4 or rarely many seeds.

Bentham (1876) recognized Harpochilus, Hoverdenia and Schaueria together with
Anisacanthus Nees, Himantochilus T.Anderson ex Benth. (= Anisotes Nees), Fittonia Coem.,
Ptyssiglottis T. Anderson, Sphinctacanthus Benth. andEcbolium Kuntze in the tribe Justicieae,
subtribe “Eujusticieae”, and category: 2 stamens with bilocular anthers, parallel loci lacking
appendices and without staminodes. The other genera treated by Nees in Gendarussae were
treated by Bentham elsewhere in his “Eujusticieae” or other five subtribes. In Schaueria, he
listed only eight of Nees’ Brazilian species, and highlighted the significant difference
betweenS. parvifolia and S. linearifolia (Carlowrightia) when compared to the other species
of the genus.

In Lindau’s (1895) treatment of Acanthaceae, Schaueria was treated in the tribe
Odontonemeae, subtribe Odontoneminae (Acanthoideae, Imbricatae). The tribe was
characterised by narrow and short bracts and bracteoles, (2)4- or 5-lobed calyx, 2(4) stamens,
staminodes absent or 2, anthers fused at different or at the same high, and pollen grains of
“Spangenpollen” type (3-aperturate, 3-pseudoaperturate). His delimitation of Odontoneminae
was similar to those of Nees (1847b) and Bentham (1876), but its composition was largely
different, mainly because of the exclusion of several genera currently treated under Justicia

and inclusion of Calycacanthus K. Sch., AngkalanthusBalf., Streblacanthus Kuntze and
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Ecbolium.Bremekamp (1965) included this tribe and five other tribes of Lindau in his
Justicieae.

Molecular phylogenetics (McDade et al., 2000, 2005; McDade, Daniel & Kiel 2008; Kiel
et al., 2006; Daniel et al., 2008) clarified several taxonomic divergences in Acanthaceae,
showing Schaueria and related genera emerging within the Tetramerium lineage of Justicieae
(McDade et al., 2000; Daniel et al., 2008). This lineage shares symplesiomorphic
characteristics of the tribe Justicieae: 3-colporate, 6-pseudocolpate pollen grains with
reticulate exine, androecium with 2 stamens and no staminodes, bilocular anthers with parallel
thecae that lack appendages, and a chromosome number ofn = 18 (although this number is not
known for the entire lineage).

In the phylogenetic analysis (Daniel et al.2008), Schaueria appears to form a basal grade
of a clade including Pachystachys and Streblacanthus, forming together the likely sister group
of a broad clade with Thyrsacanthusplus a Mexican clade (Justicia gonzaleziiGreenm
(Henrickson & Hiriart), Yeatesia mabryi Hilsenb. and Mirandea hyssopus(Nees) T.F. Daniel).
Phylogenetic analyses (Cortes, Daniel & Rapini, in prep.; Fig. 1) confirmed Schaueria as
monophyletic, within the Tetramerium lineage, providing that S. azaleiflora, S. hirsuta, S.
humuliflora, S. malifolia and S. parviflora are excluded from the genus. This work presents
the taxonomic revision of Schaueria under this new circumscription and indicated the

conservation status of each.

MATERIAL AND METHODS
The revision presented here is based on literature, analysis of approximately 280 specimens
from herbaria (including types and images), field observation and phylogenetic results
published and in preparation. Herbarium material was consulted at B, BM, BR, CAS,CEN,
CEPEC, CGE, CUZ, CVRD, ESA, G, GOET,GUA, HUEFS, INPA, K, M, MBM, MBML,
MG, NY, OXF, P, R, RB, SP, SPF, UB, UC, UEC, UFG, US, USM, USZ and W (Thiers
2013). Field studies in South America, mainly Brazil and Bolivia, were undertaken between
2009 and 2011; voucher specimens from fieldwork are deposited at HUEFS.

The species are arranged according to their affinities. Measurements, colours and other
details are based mostly on herbarium specimens, but also on living plants and field
observation. Measurements refer to mature structures Pollen grains, calyx indumentum and

seed surfaceswere analysed with Scanning Electron Microscopy (SEM);pollen grains,
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portions of calyces, and seeds were mounted directly on stubs and covered with gold to be
analysed with SEM LEO 1430 VP - Carl Zeiss. The pollen and seed terminology follows Punt
et al. (2007)whereas that of trichomes follows Payne (1978), the others structures follows
Radford et al. (1974). Species conservation status is based on IUCN (2012) criteria.

—— Thyrsacanthus clade

—— Schaueria humulifiora

Core Teframerium lineage

—— Schaueria azaleiflora

— Pachystachys clade

—— Schaueria

abeau)| wnueteiier

— Fittonfa afbivenis

—— Schaueria parviflora

— Mirandea clade

Tetramerium lineage OW

Justicioids OW

Diclipteriinae

—— Schaueria hirsuta

— Justicioids NW

Isaglossinae

—— Schaueria malifolia

— Pseuderanthemum lineage

Figure 1. Summary cladogram based on phylogenetic analysis with six plastid (trnL—F,trnT-L, trnS—G, rpS16,
ndhF-rpl32—trnL, trnH-psbA) and one nuclear (ITS) DNA regions (Cortes et al., in prep.), showing the position
of Schaueria species in Justicieae. All branches are supported by > 95% (PP) except for those indicated with an

arrow (<95% PP); names in bold are those discussed in the text.

RESULTS

The 14 species of Schaueria are distributed in Atlantic Forest of Brazil (Fig. 2), a floristic
domaincharacterized by high levels of endemicity and remarkable habitat loss (Myers et al.,

2000; Martins, 2011), comprising several vegetation types, according to the altitudinal

106



Capitulo 3

gradient and climate, mostly governed by the distance from the sea (Oliveira-Filho & Fontes,

2000; Ribeiro et al., 2009).
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Figure 2.Map of eastern of Brazil showing delimitation of
Atlantic forest in gray (Oliveira-Filho & Fontes 2000),the
solid circules is the geographic distribution of the species of

Schaueria and the boxes A-D is the delimitation of the

areas in the figure 3.

Schaueriaoccur in dense ombrophyllous forests, semideciduous forests and restingas,

between 80 and 700 m, with species mostly concentrated in Rio de Janeiro and Bahia states,

having the southernmost limits in Rio Grande do Sul (S. capitata), Santa Catarina and Parana

(S. paranaensis) (Fig. 3D). Most species are narrowly distributed; only S. capitata is widely

distributed (Fig. 3). Schaueria marginata, S. gonatistachya, S. hirta (sp. nov.), S.

pyramidalis(sp. nov.) and S. maximiliani occur in Bahia, but the range ofS. hirtaextends to

northern Espirito Santo (Fig. 3A). The other species of Schaueria occur mainly in Rio de

Janeiro and southern Espirito Santo: S. lachynostachya, S. littoralis (including S. lophura and

S.

virginea),
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S. macrophylla and S.calytricha, butthe range of S. littoralisextends as far south as Sao Paulo,

with one syntype of S. lophuracollected in Porto Seguro, Bahia (Fig. 3B-C).
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Figure 3.Geographic distribution of Schaueria species.

Schaueria usually has thyrses terminal and axillary inflorescences. The basic unit of the
inflorescence is a dichasium composed of a main axis and two lateral ones, with bracts and
bracteoles below the flower. In most species, the dichasia have 3 to 7 flowers, but they can be
reduced to a single one in some species. Dichasia may be pedunculate with pedicellate
flowers (thyrses), sessile with pedicellate flowers (thyrses racemiforms) or sessile with sessile
flowers (thyrses spiciforms). The hypothesis of dichasia reduced to a single flower in
Acanthaceae has been confirmed in Ruellia speciosa Mart. ex Nees, which can produce both
solitary flowers and flowers in dichasia (Tripp, 2010), and in species of Herpetacanthus Nees
ex Moric, which may present a transition between spike and thyrse, with dichasia appearing

only at some nodes (Indriunas, 2011 unpublished).
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In Schaueria, the flowers are essentially bilabiate. The corolla tube is usually cylindrical
or expands gradually towards the mouth in some species. The upper lip is shortly bilobed or
entire, recoiled, recurved, incurved or straight; the lower lip is 3-lobed, recoiled, recurved or
straight. Most species have short corolla, 1-2 cm long, which are white or rarely yellow, but
in three species (S. calytricha, S. pyramidalis and S. sulfurea), it is larger (4—4.5 cm long) and
yellow. The flowers are nototribic or sternotribic. The nototribic flowers are the most
common in Schaueria, as in most of Asteridae. They have dorsal style and anthers and deposit
pollen grains on the visitor’s back. Sternotribic flowers are found only in S. littoralis. They
have ventral style and anthers and deposit pollen grains on the visitor’s ventral side (Willmer,
1953). Sternotribic flowers were considered a possible synapomorphy of the Tetramerium
lineage core group (Daniel et al., 2008) because they had not been detected in other clades.

Schaueria shows considerable variation in the type of indumentum present in
inflorescences, including bracts, bracteoles and calyces. In most species, inflorescence
surfaces are hispidulous to sparsely hispidulouswith antrorse eglandular, unicellular trichomes
0.06-0.3 mm long. These trichomes may have smooth wall or wall with protuberance (Fig.
4B-L). Sessile or shortly stalked glandular trichomes with a multicellular head are common
on the adaxial surface of calyx whereas stalked glandular multicellular trichomes are common
on calyx margins of some species (Fig. 4). Schaueria lachynostachya is easily recognised by
the ciliate calyx, with eglandular, flexuous trichomes that may reach approximately 1-1.2 mm
long and are composed of 7 or 8 cells (Fig. 4C). Schaueria capitata bears stalked glandular
trichomes 1-1.5 mm long on bracts, bracteoles and calyx (Fig. 4E-F), and S. sulfurea bears
strigose indumentum, with smooth, appressed eglandular trichomes (Fig. 4G-H). The
presence of stalkedglandular trichomes on calyx surface may vary in S. calytricha andS.
littoralis; these species were originally described as lacking these trichomes. However, some
specimens of each can also have stalkedglandular trichomes c. 0.5 mm long (rare in S.

calytricha) (Fig. 4A-L; Fig. 5).
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Figure 4.SEM micrographs of indumentum and trichomes of calyces in Schaueria. A-B, S. calytricha (Santos
391): A, slightly hispidulous adaxial surface, composed of antrorse trichomes; B, eglandular trichome with
protuberances. C, S. lachynostachya (Cortes 154): adaxial surface showing margin densely ciliate with long
eglandular trichomes. D, S. littoralis (Cértes 193): adaxial surface showing sessile glandular trichomes. E-F, S.
capitata (Cortes 200): E, stalked glandular trichome abaxial surface; F, slightly hispidulous adaxial surface,
composed of antrorse, trichomes and sessile glandular trichomes, and stalked glandular trichomes on margin. G—
H, S. sulfurea (Frigoletto 20): G, strigose adaxial surface; H, smooth eglandular trichome. 1, S. hirta (Forzza
5104): adaxial surface showing margin with antrorse trichomes with protuberances. J, S. pyramidalis (Oliveira
747): adaxial surface with short stalked glandular trichomes. K-L, S. marginata (Cortes 231): K, abaxial surface
showing stalked glandular trichomes on margin; L, adaxial surface showing antrorse and retrorse smooth
eglandular trichomes. Bars: A, F =50 um; B, H-J = 10 pm; C = 500 um; D, E, G, K= 100 pm; L =20 um; gl =
glands.
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Figure 5. Diagram showing distribution of calyx trichomes types in Schaueria.

Pollen grains in Schaueria are typical of the Tetramerium lineage and other members of
Justicieae. They are homogenous, being isopolar, 3-colporate, 6-colpate (only 3-colporate in
S. sulfurea). Their form varies from prolate to subprolate (polar axis larger than equatorial
one). The wall ornamentation (exine) is usually reticulate and heterobrochate (Fig. 6A—H; L—
R), except in S. sulfurea, in which the exine is gemmate with some pollen grains also
microreticulate (Fig. 6I-K). The membrane of the colporiis usually covered with
microverrucae or rugulae (S. gonatistachya). Syncolpate, syncolporate and parasyncolporate
pollen grains, may be rarely found (e.g., 6N). Pollen grains with different types of sculptural
features, such as in S. sulfurea, can also be found in species of the Mirandea Rzed.clade and
in other lineages of Acanthaceae (Daniel, 1998; Daniel et al., 2008). The 2-colporate pollen
grains with reticulate exine and 7-9 areoles per colpori observed in S. hirsuta(Fig. 6S-T;
Daniel, 1998) confirm the position of this species among the New World Justicioids rather
than in the Tetramerium lineage.

Most seeds in Schaueria are lenticular, except those of S. paranaensis, which are obovoid
and not compressed. The seed base is notched where it is inserted on the septum of the
capsule. They are 2.5-7 mm wide, usually white when immature becoming brown when
mature. The most important seed character is surface ornamentation (Fig. 7A-V; Fig. 8). The
surface is reticulate to sligthly reticulate (S. marginata; Fig. 7U-V) and reticulate with
sinuous walls and reduced lumina (S. paranaensis; Fig. 7]J-K). Walls of reticulum(muri) can
be granulate or not (Fig. 7K, R and T). In some species, there are papillae in the axils of
themuri (Fig. 7E, T e V). Seeds are usually tuberculate (Fig. 7A-Q, T); tubercles may be
present or not on the border of seeds (Fig. 7A-V).
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Figure 6.SEM micrographs of pollen grains of Schaueria (including Schaueria hirsuta = Justicia ilhensis). A, S.
calytricha (Santos 391): equatorial view. B-C, S. lachynostachya (Cortes 154): equatorial and polar views. D, S.
littoralis (Cortes 193): equatorial view. E, S. macrophylla (Brade 19899): equatorial view. F, S. capitata (Cértes
200): equatorial view. G, S. paranaensis (Cortes 266): equatorial view. H, S. spicata (Schott 4723): equatorial
view. I-K, S. sulfurea (Frigoletto 20): 1-J, equatorial and polar views; K, detail of exine sculpture. L, S.
thyrsiflora (Braz 333): equatorial view. M—N, S. gonatistachya (Cortes 239): equatorial andpolar views. O, S.
hirta (Amorim 6814): equatorial view. P-Q, S. marginata (Cortes 231): equatorial and polar views. R, S.
pyramidalis (Oliveira 747): equatorial view. S-T, J. ilhensis (Stapf 349): equatorial and polar views. Bars = 10
pm, except G, J, Q (=5 um) and K (= 2 um).
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TAXONOMIC TREATMENT

SCHAUERIA NEES, Del. Sem. Hort. Vrastisl.: 3. 1838, nom. cons. Type: S. calycotricha (Link &
Otto) Nees (Justicia calycotricha Link & Otto). [= Schaueria calytricha (Hook.)
A.L.A.Cortes] nonSchauera Nees (1836; Lauraceae) nom. rejic.,nonSchaueria Hassk
(1842).Hom.post.,nom. illeg.

= Flavicoma Raf., Fl. Tellur. 5: 63. 1838. Type: Flavicoma capitata Raf. (Justicia flavicoma
Lindl.).

Erect perennial herbs to shrubs with cystoliths and often with conspicuously
multicelullar trichomes; trichomes usually white and concentrated in 2 decussate lines along
internodes.LLeaves  opposite, petiolate; blades usually membranaceous, margin
repand.Inflorescences terminal and axillary thyrses (pedunculate dichasia and pedicellate
flowers), thyrses spiciform (sessile dichasia and flowers) or thyrse racemiform (sessile
dichasia and pedicellate flowers); dichasia decussate, 1-5-flowered, sessile or pedunculate,
subtended by a bract;bracts opposite, green or yellow, relatively short, narrow, usually linear-
triangular or triangular, margin entire; bracteoles 2, sessile or pedicellate.Calyx green or
yellow, deeply 5-lobed, often acrescent in fruit, lobes equal to unequal in length;corolla
nototribic, rarely sternotribic, yellow or white, tube cylindrical or gradually expanded distally
into a throat, narrow proximal portion (if distinct) shorter than throat, throat (if present)
obconic, limb 2-labiate, upper lip bilobed or entire, recoiled, recurved, incurved or straight,
lower lip 3-lobed, lobes straight, recoiled or recurved;stamens 2, exserted from corolla mouth,
inserted near the base of corolla or at base of the throat, filaments white, generally
hispidulous, anthers 2-thecous, glabrous, white, thecae parallel or slightly oblique, oblong,
dehiscing longitudinally, staminodes absent;pollen grains prolate to subprolate, usually 3-
colporate, 6-colpate, exine reticulate;style exserted from corolla mouth, white, stigma
bilobate. Capsules stipitate, head clavate, retinacula present, septa with retinacula remaining
attached to inner wall of mature capsule;seeds 4, lenticular-obovoid, brown when mature,

usually reticulate, tuberculate, margin with tubercles present or absent.
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Figure 7. SEM micrographs of seed of species of Schaueria; coat sculpture and detail of surface:A-B, S.
calytricha (Cortes 160): A, lenticular seed; B, surface reticulate and tuberculate; C-E, S. lachynostachya (Cortes
154): C, lenticular seed; D, surface reticulate and tuberculate; E, detail os surface with papillae in axils of muri;
F-G, S. littoralis (Carauta 4932): F, lenticular seed; G, surface reticulate and tuberculate; H-1, S. capitata
(Cortes 187): H, lenticular seed; I, surface reticulate and tubercules on margin; J-K, S. paranaensis (Falkenberg
4472): J, obovoid; K, surface reticulate with sinuous muri and reduced lumina, reticulum and muri granulate; L—
M, S. thyrsiflora (Braz 333): L, lenticular seed; M, surface reticulate and tuberculate; N-O, S. gonatistachya
(Kameyama 67): N, lenticular seed; O, surface reticulate and tuberculate; P-R, S. hirta (Forzza 5104): P,
lenticular seed; Q, surface reticulate and tuberculate; R, granules onreticulum; S-T, S. pyramidalis (Fiaschi
1094): S, lenticular seed; T, surface reticulate with papillae in axils of muri; U=V, S. marginata (Cértes 231): U,
lenticular seed; V, surface slightly reticulate with papillae in axils of muri and tuberculate. Bars: A, C, N, P, S =
1 mm,B=100 um; D,E,G, I, M,0,Q, T,V=50um; F,H,J,L, R, U=500 um; E, K= 10 pm.
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Figure 8.Diagram showing the distribution of the seed shapes and sculpture types in Schaueria.

KEY TO THE SPECIES OF SCHAUERIA
1. Inflorescences thyrses (peduncles and pedicels present)
2. Bracts 7-11 mm long; calyx 1.1-2.2 cm long; corolla with upper lip recoiled
......................................................................................................................... 1. 8. calytricha
2’. Bracts 1-2 mm long; calyx 3—7 mm long; corolla with upper lip incurved.
3. Subshrubs; calyx 3-4 mm long; corolla yellow, 4-4.5 cm long
...8. S.sulfurea
3. Herbs; calyx 6-7 mm long; corolla white, ¢ 1 ocm long
......................................................................................................... 9.8. thyrsiflora
1’. Inflorescences thyrses spiciforms or racemiforms.
4. Inflorescence with both sessile dichasia and flowers; dichasia 1-flowered
5. Corolla yellow, 3.8-5 cm long, tube expanded into a throat; filaments of
StAMENS MUIICALE. ...\t vvreeeeeiiieeeesireeeeesrreeeeeareeeeesnsneeeannns 13. S.pyramidalis
5’. Corolla white, 1.1-1.2 cm long, tube not expanded into a throat; filaments of
stamens glabrous or hispidulous.
6. Herbs; young stems hirsute with trichomes 1-1.7 mm long; leaf blade
hirsute, with eglandular trichomes 1-1.7 mm long, margin hirsute—ciliatewith
trichomes 1—1.7 mm IONg......cccceevviviiit i, 12. S. hirta
6’. Subshrubs or shrubs; young stems glabrous or pubescent with trichomes

0.2-0.3 mm long; leaf blade glabrous or pubescent with eglandular
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trichomes 0.3-0.4 mm long, margin glabrous or strigose—pubescent with
trichomes 0.08—0.3 mm long.
7. Bracts 1.5-2 mm long; calyx 1.5-2 mm long; corolla tube 6-7.5 mm

LONE ettt 10. S. gonatistachya

7’. Bracts 2-5 mm long; calyx 7-8 mm long; corolla tube 4—6 mm long.

8. Young stems scarcely pubescent; leaf blade pubescent; inflorescence
rachis with stalked glandular trichomes c¢. 0.5 mmlong; bracts
lanceolate, ¢. 5 mm long; corolla internally glabrous; staminal
filaments glabrous........cccccccvvcceiiiiiiiiiiniieeneeennn 710 S, Spicata

8. Young stems glabrous; leaf blade glabrous; inflorescence rachis
without stalked glandular trichomes; bracts triangular, 2-3.5 mm long;
corolla internally hispidulous; staminal filaments hispidulous up to the
MIAAIE.....eeviiieeiiiee e 6.S.paranaensis

4’. Inflorescence with sessile dichasia and pedicellate flowers; dichasia 1-7-
flowered.

9. Dichasia 3-7-flowered; bracts 8-19 mm long; calyx 1-2.5 cm long; corolla
with upper lip slightly incurved..................coii .. 4. S. macrophylla
9’. Dichasia 1-3-flowered; bracts 2—7 mm long; calyx 0.4-1.5 cm long; corolla

with upper lip recurved or straight.

10. Young stems glabrous orhispidulous with trichomes mostly 0.1-0.3 mm
long, not concentrated in 2 lines; inflorescences with lax dichasia; bracts 2—
3.5 mm long.

11. Young stems striate, glabrous; calyx triangular; flowers sternotribic

............................................................................ 3. 8. littoralis

11°. Young stems not striate, hispidulous; calyx linear—triangular; flowers

NOtOLribIC. ...t L L Simaximiliani

10°. Young stems pubescent-hirsute with trichomes mostly 0.3-0.5 mm long,
concentrated in 2 lines; inflorescences with congested dichasia; bracts 3—7
mm long.

12. Leaf margin ciliate with flexuose trichomes c. 0.4 mm long(or rarely
with appressed trichomes c. 0.08 mm long); calyx margin with
eglandular trichomes 1-1.2 mm long; corolla with upper lip recurved,

vveeenenenenn 2o S.lachynostachya
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12°. Leaf margin glabrous or with erect or appressed eglandular trichomes

0.07-0.08 mm long; calyx margin with glandular trichomes 0.7-1.5 mm

long; corolla with upper lip straight.

13. Bracts 3-5.5 x1-1.5 mm; corolla externally glabrous, internally with
eglandular trichomes restricted to the middle portion of tube; stamens
5-5.5mmlong.......c.oiiiiiiiiiiieeieeeee e e ae 200 S capiitata

13°. Bracts 5-7 x 2-2.5 mm; corolla externally puberulous from the
mouth to the apex of lobes, internally puberulous on tube
witheglandular and glandular trichomes; stamens c¢. 7 mm

LONE. .ottt e 14. S. marginata

1. SCHAUERIA CALYTRICHA (HOOK.) A.L.A.CORTES, COMB.NOV.Justicia calytrichaHook., Exot.
Fl. 3(34): t. 212. 1826. Type: cultivated in Botanical Garden of Liverpool, s.d., s.c.
(lectotype: illustration in Exot. Fl. 3(34): t. 212. 1826, designated here). (Figs. 3C; 4A-B;
5; 6A; TA-B; 8; 9A-E; see also photos 23 and 24 in Cortes, 2013).

= Justicia calycotricha Link & Otto, Icon. Pl. Select.9: 113, t. 53. 1826. Schaueria
calycotricha (Link & Otto) Nees, Del. Sem. Hort. Vrastisl.: 3. 1838. Type: Brazil. Rio de
Janeiro: 1823, Beyrich s.n. (holotype: B destroyed; lectotype: illustration in Icon. PI.
Select.9: 113, t. 53. 1826, designated here).

= Justicia flavicoma Lindl., Bot. Reg. 12: t. 1027. 1827. Flavicoma capitata Raf., Fl. Tellur.
5: 63. 1838.Schaueria flavicoma (Lindl.) N.E.Br., Gard. Chron. n.s. 19: 14. 1883. Type:
cultivated in Kent, England (lectotype: illustration in Bot. Reg. 12: t. 1027.1827,
designated here).

= Justicia calycotrichaHook., Bot. Mag. 55 (n.s.v. 2): t. 2816. 1828, nom. illeg.(hom.
post.,non Justicia calycotricha Link & Otto). Flavicoma paniculata Raf., Fl. Tellur. 5: 63.
1838. nom. superf. Type: Brazil.s.l.,s.d., s.c. (lectotype: illustration in Bot. Mag. 55 (n.s.v.
2): t. 2816. 1828, designated here).
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Shrubs 0.8—1.5 m tall; young stems subquadrate, glabrous or hirsute with retrorse eglandular
trichomes 0.2—0.5 mm long concentrated in 2 lines. Petiole 1-8.5 cm long, quadrate, sulcate,
hirsute like stems; blade 8—18.5 x 2.7-8 cm, ovate to lanceolate or rarely oblong, cuneate to
cordate or rarely rounded at base, acute to attenuate at apex, membranaceous, surfaces
glabrous or with antrorse eglandular trichomes (usually restricted to major veins, at least
onadaxial surface) 0.1-0.5 mm long, margin repand with appressed eglandular trichomes
0.08-0.2 mm long. Thyrses terminal, 5-9 cm long, rachis quadrate, puberulous to pilose with
flexuous eglandular trichomes 0.2—-0.3 mm long, rarely with glandular trichomes 0.5-0.7 mm
long; dichasia 3-5-flowered, peduncles 3—7 mm long, puberulous with flexuous eglandular
trichomes 00.8—0.15 mm long; bracts yellow, 7-11 x ¢. 1 mm, linear—triangular, adaxially
hispidulous usually with antrorse eglandular trichomes 0.06-0.07 mm long, margin with
eglandular trichomes, rarely with glandular trichomes 0.5-0.7 mm long; secondary
pedunclesc. 3 mm long; bracteoles yellow, 810 x 0.5-0.7 mm, linear—triangular,
indumentumlike that of bracts; pedicels 1-3.5 cm long, puberulous like peduncles. Calyx
yellow, 1.1-2.2 cm long, lobes equal in length, 1-2.1 cm X 0.5-1 mm, linear—triangular,
hispidulous with antrorselly erect eglandular and sessile glandular trichomes usually only on
the adaxial surface, trichomes with protuberances, margins rarely with flexuous glandular
trichomes c. 0.5 mm long; corolla yellow, 3.5-4.5 cm long, externally glabrous or hispidulous
with erect eglandular trichomes on veins, internally pubescent with flexuous eglandular
trichomes 0.2-0.3 mm long, tube 2.4-3.5 cm long, distally expanded into a throat, narrow
proximal portion 8—10 x1.5-2 mm, throat obconic, 1.8-2 cm x 5—-6 mm, upper lip recoiled, 8—
12 x 2.5-3 mm, lip shortly bilobate, lower lip 7-12 x 1.8-2.5 mm, lobes equal, 6.5-11.5 mm
long, recoiled; stamens 3.9-4 cm long, equal, inserted up to 8 mm distal to base of corolla
tube, filaments hispidulous with antrorse eglandular trichomes 0.05-0.06 mm long, thecae
2.1-3 mm long; pollen grains heteroaperturate, 3-colporate, 6-colpate, 2 colpi per
mesocolpium, exine reticulate, heterobrochate, membrane of colpori microverrucate; style c. 3
cm long, glabrous or hispidulous with antrorse eglandular trichomes 0.05-0.06 mm long.
Capsules 1.2-1.5 cm long, stipe 6-7 mm long, glabrous; seeds c¢. 3.2 mm wide, lenticular,

reticulate with microgranules when immature, tuberculate, margin without tubercles.

Distributionand habitat: Southeastern Brazil (Rio de Janeiro state); plants occur in

ombrophylous forest, at elevations from 150 to 700 m.
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IUCN Red List category:Schaueria calytrichais known by 46 collections corresponding to ten
locations, with approximately 200 mature individuals per observed subpopulation,and extent
of occurrence approximately 419 km?. We did not find the species in Cabo Frio and Arraial
do Cabo; in addition, the areas where the species is found in the city of Rio de Janeiro and
vicinity are touristic and suffer high anthropic pressures, suggesting a declining ofestimated
area of occurrence and quality of habitat. Therefore, the conservation status of this
speciesshould be considered as Endangered, Blab(i, iii). In spite of that, the species is
protected in the Serra da Tiririca State Park (Niterdi, Rio de Janeiro state) and is cultivated in

many botanical gardens around the world.

Phenology: Flowering and fruiting throughout the year, usually from July to October.

Notes: Schaueria calytricha is characterised by pedunculate dichasia, linear-triangular bracts,
bracteoles and calyx, calyx 1.1-2.2 cm long, and yellow corolla, 3.5-4.5 cm long, with
recoiled lobes.

Nees (1838) described Schaueria based on Justicia calycotricha Link & Otto,
indicating three synonyms: J. calytrichaHook.,J. flavicoma Lindl. andJ. calycotricha Hook.
Justicia calycotricha was described by Link & Otto (1826) based on a specimen collected in
Rio de Janeiro, Brazil, by Beyrich and cultivated in Berlim, Germany. In the same year,
Hooker (1826) published J. calytricha based on a specimen cultivated in the Liverpool
Botanical Garden, received from Otto, in 1825. Also, in 1827, Lindley described J. flavicoma
based on plants from Mr. Thomas Carey Palmer’s collection, cultivated in Kent, United
Kingdom, from seeds collected in Brazil. He noted the similarity between this species and J.
calytricha, but considered the presence of glandular trichomes on inflorescences and
lanceolate leaves with short petiolessufficient to recognise another species.

Not satisfied with the treatment of Lindley, Hooker (1828) described Justicia
calycotricha based on the same specimen used by Lindley;he also recognizedJusticia
calycotricha Link, J. calytricha Hook.andJ. flavicoma Lindl. assynonyms. According to him,
the size and form of leaves, including petiole length, are regular variations and the “curious”
indumentum only seen with microscopy can be easily missed. Trying to solve the
disagreement between Hooker and Lindley regarding the concept of this species, Brown
(1883) presented a brief background distinguishing the two species. In addition tothose

attributes used to separate them, he also maintained their difference on the fact that Nees
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(1847a) erroneously included Gardner 239 (identical to Justicia flavicoma) in Schaueria
virginea Nees (= S. littoralis), a different species. In this work, therefore, Brown recognised
two species and transferred J. flavicoma to Schaueria. Rafinesque (1838), on the other hand,
described a new genus, Flavicoma, to which J. flavicoma and J. calycotricha weretransferred,
receiving new names: F. capitata and F. paniculata, respectively. Rickett & Stafleu (1960)
treatedFlavicomain the synonymy of Schaueria.

Most specimens representing these taxa have ovate leaves and lack stalked
glandulartrichomes. Only Douglas s.n. (K), Gardner 839 (BM, CGE, K, NY, OX, P) and
Vianna 2067(GUA)have characteristics (i.e., lanceolate leaves and glandular trichomes on the
calyx) that would conform to Brown concept of S. flavicoma. However, in the same locality,
typical specimens of S. calytricha can also be found, suggesting that these differences
represent intraspecific variations.

Justiciacalytricha Hook.andJ. calycotricha Link & Otto (non Hook.) were published
in the same year. Justiciacalytricha was published in May, but the date of publication of J.
calycotricha is uncertain. In spite of that, knowing that the eighth issue of Icones Plantarum
Selectarum... was published between January and July (Stafleu & Cowan, 1981), the ninth
issue of this work, where J. calycotricha appeared, was most likely published after May.
Consequentely, J. calytricha has priority over J. calycotricha, and the former epithet is
correct, thus the new combination S. calytrichais proposedhere.

Since none of the specimens upon which these names were based have been located,

the colourful illustrations published with original descriptions are designated as lectotypes.

Selected specimens:BRAZIL. s.loc., s.d., F.Sellow 219 (B destroyed, photo F 8775!); s.loc.,
D. Douglas s.n. (K!); s.loc., 23.1x.1902, s.c. (P 04391245!); Rio de Janeiro:s.loc., 1816—1821,
A. Saint-Hilaire 25 (P 02901576!); s.loc., s.d., G.Gardner 457 (P 02901572!); Arraial do
Cabo, 12.i.2000, C. Farney 3970 (RB); Cabo Frio, s.d., M.A.P. Wied-Neuwied s.n. (BR
2562175); Maric4, 15 km da ponte sobre o Rio roncador, 4 km da estrada Amaral Peixoto e a
100 m da Lagoa de Marica, 11.x.1988, fl., fr., J. Fontella et al. 2607 (RB); Niterdi, Itaipuacu,
Parque Estadual da Serra da Tiririca, Morro das Andorinhas, 22°58°S, 43°02°W, 40 m, 3.vi.
2009, fl., fr., A.L.A. Cortes & A.C. Mota 160 (HUEFES); ib., Pedra da Itacoatiara, 27.viii.1995,
bt., fl., M.G. Santos 391 (HUEFS, RB); Rio de Janeiro,Serra dos ()rgéos, 1838, bt., fl.,
G.Gardner 839 (BM, CGE, K, NY, OX, P); ib., Pedra da Gavea, caminho das Furnas, 300—
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500 m, 19.ix.1971, bt., fl., J.P.P. Carauta et al. 1402 (GUA, HUEFS, NY, RB, US);

Jacarepagua,
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Parque Estadual da Pedra Branca, estrada Pau da Fome, 29.viii.1977, fl., fr., LA. Rodrigues et
al. 113 (RB); ib., Represa do Camorim, 30.vi.1980, bt., fl., D. Araujo 3868 (GUA); Cultivated
— ENGLAND. London, Laszlo Csiba 15897 (K); Cambridge, horto horticultural Society—
HHS (now Royal Horticultural Society — RHS), 1845, G. Lindleys.n. (CGE); Kew,25.v.2003,
G.V. Nash9634.(NY); Oxford, Cutia Lindle 1828 (OX); USA. 10.iii.1985, N. Taylor 9634
(NY); New York: Bronx, New York Botanical Garden, 14.iv.2011, M. Nee, 57842 (NY).

2. SCHAUERIA LACHYNOSTACHYA NEES in Martius, Fl. Bras. 9: 105. 1847. Type: Brazil. Rio de
Janeiro: s.l., 1815, M.A.P. Wied-Neuwied s.n. (lectotype: GZU 000251417!; isolectotypes
BR 8097736! BR 8098580 ex herb. Mart.! designated by Moraes et al., in press) (Figs. 3C;
4C; 5; 6B—C; 8; 7C-E; 9F-I; see also photos 32 and 33 in Cortes, 2013).

Subshrubs 0.3-1.5 m tall; young stems terete, pubescent—hirsute with retrorse to antrorse
eglandular trichomes c. 0.5 mm long, trichomes concentrated in 2 lines. Petiole 1-2.5 cm
long, quadrate, sulcate, pubescent like stems; blade 3-7.5 x1.3-3.5 cm, elliptic to ovate to
oblong, acute to cuneate, rarely truncateat base, acute to attenuate at apex, membranaceous,
surfaces glabrous except for trichomes on major veins (these antrorse eglandular trichomes
¢.0.4 mm long and sessile glandular trichomes abaxially), margin repand, ciliate with flexuous
eglandular trichomes c¢. 0.4 mm long, and rarely with appressed trichomes c. 0.08 mm long.
Thyrses racemiforms, terminal and axillary, 2-3 cm long, rachis cylindrical, densely hirsute
with erect eglandular trichomes, c. 0.2 mm long and antrorse eglandular trichomes 0.3-0.5
mm long, or rarely with trichomes concentrated in 2 lines; dichasia congested, 1-3-flowered,
sessile; bracts green, 5-7 x ¢. 1 mm, triangular, hispidulous with antrorse eglandular
trichomes 0.08-0.1 mm long with protuberances, sessile glandular trichomes also present,
margin ciliate with flexuous eglandular trichomes 1-1.2 mm long (trichomes rarely absent);
bracteoles green, 4—5 x 0.4—0.6 mm, triangular, hispidulous like that of bracts; pedicels c. 0.5
mm long, hirsutellous with erect eglandular trichomes to 0.08 mm long. Calyx green, 0.6—1.5
cm long, lobes unequal, 0.5-1.4 cm x c¢. 0.6 mm, linear—triangular, hispidulous, margin
ciliatelikethat of bracts; corolla white, 1.5-2 cm long, externally glabrous, internally
puberulous, trichomes restricted to half closer of lobes, tube 8—13 mm long, cylindrical,
mouth 2.5-3 mm diam., upper lip recurved at apex, 4-8 x 1.5-2 mm, lobes shortly bilobate,
lower lip 4-8 x 1.5-2 mm, lobes equal, recurved; stamens 6—8 mm long, equal, inserted up to

¢.5 mm distal
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to the base of corolla tube, filaments hispidulouswith erect eglandular trichomes ¢. 0.08 mm
long, thecae 1.5-2.5 mm long; pollen grains prolate, subcircular, heteroaperturate, 3-
colporate, 6-colpate, 2 colpi per mesocolpium, exine reticulate, heterobrochate, membrane of
colpori microverrucate; style c. 1.2 mm long, hispidulous with antrorse eglandular trichomes
c. 0.08 mm long (rarelyglabrous). Capsules 1.1-1.2 cm long, stipe ¢. 5 mm long, glabrous;
seeds ¢. 4 mm wide, lenticular, reticulate, when immature with papillae in axils of muri,

tuberculate, tubercles absent on margin.

Distribution and habitat: Southeastern Brazil (Rio de Janeiro state);ombrophylous forest

andrestingas, from 40 to 200 m.

IUCN Red List category: Schaueria lachynostachyais known by 22 collections distributed
mostly fromrestingas,with eight small locations with approximately 20 mature individuals per
observed subpopulation, and extent of occurrence approximately 5,698 km?®. Its area of
occurrence is being threatened by human activities and the number of mature individuals

estimated is continuously declining. Together, these data qualify the species as Vulnerable,

Blab(iii).

Phenology: Flowering from April to October; fruiting from May to June.

Notes: Nees (1847a) compared Schaueria lachynostachyato S. lophura and S. virginea (both
= S. littoralis), and distinguished the former species by the leaves with acute (vs. obtuse to
subcordate) bases, and long eglandular trichomes (vs. hispidulous) on bracts, bracteoles and
calyx(Fig. 3C). In addtion, its dichasia are congested (vs. lax), and the corolla is nototribic (vs.
sternotribic), with the upper lip shortly bilobed (vs. entire). The ciliate leaves and the long
eglandular trichomeson the bracts, bracteoles and calyx are important features for recognizing
S. lachynostachya. Molecular data confirmed the close relationship between S.

lachynostachyaand S. littoralis,and placeS. calytrichabasalto them (Cortes et al., in prep.).

Selected specimens: BRAZIL. s.loc., F. Sellow 15 (B, photo, F 8777!); s.loc., F.Sellow s.n.
(BM); s.loc., HW.Schott 4743 (K, W); Rio de Janeiro: s.loc., 1886, bt.,Lehnvoelses.n. (US
14915); ib., Armacdo de Buzios, Centro da Cidade préximo ao Bradesco, mata do

estacionamento privativo, 22°45’S, 41°53°’W, 46 m, 1.vi.2009, A.L.A. Cortes & A.C. Mota 159
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(HUEFS); Arraial do Cabo, Pontal do Atalaia, proximo a casa 48 S, 22°58’S, 42°1’W, 92 m,
1.vi.2009, bt., fl., fr., A.L.A. Cortes & A.C. Mota 154 (HUEFS); Cabo Frio, Gabiel Cape,
6.v1ii. 1953, F. Segadas-Vianna et al. s.n. (US 677); Niter6i, praia de Piratininga, 27.x.1963,
bt., fl., L.F. Pabst s.n. (US, HB 28125); Rio das Ostras, Balnedrio das Gargas, estrada para
apraia, 22°26’S 41°51°W, 85 m, 31.v.2009, bt., fl., fr., A.L.A. Cortes & A.C. Mota 147
(HUEEFS); Rio de Janeiro, monte corcovado, M.A.P. Wied-Neuwied s.n. (BR).

3. SCHAUERIA LITTORALIS (VELL.) A.L.A.CORTES, COMB. NoV.(“litoralis”). Veronica litoralis
Vell., Fl. Flumin.: 10. 1829; Fl. Flumin. Icon. 1.: t. 24. 1831. Type: Brazil. “sylvis
maritimus regnii Praedii Sanctae Crucis prope litus, ad locus arenosa habitat” s.d., s.c.
(Neotype: Brazil. Rio de Janeiro: Bom Jesus de Itabapoana: Rodovia entre distrito de
Carabucu e vila mutum, Jorge de Assis farm, Mata do Macaco, 21°11°25S, 41°33°87"W,
4.x.2009, bt., fl., fr., A.LA. Cortes, A.F.P. Machado, F. Moreira& G. Siqueiral93
(HUEEFES), designated here). (Figs. 3A-C; 4D; 5; 6D; 7F-G; 8; 10A—F; see also photos 34—
36 in Cortes, 2013).

= Schaueria virginea Nees in Martius, Fl. Bras. 9: 104. 1847. Type: Brazil. Rio de Janeiro:
Cabo Frio, ix.1815, M.A.P. Wied-Neuwied s.n. (lectotype: BR 8098948 (Klaenze nr.
105);isolectotype:GZU 251416, designated by Moraes et al., in press).

= Schaueria lophura Nees & Mart. in Martius, Fl. Bras. 9: 104. 1847. Type: Brazil. Rio de
Janeiro: Cabo Frio, viii.1815, M.A.P. Wied-Neuwied s.n. (lectotype: BR 8096937;
isolectotypes: BR 8058744, GZU 251420, designated by Moraes et al., in press).Syn. nov.

Shrubs 0.2-1.3 m tall; young stems terete, striate, glabrous, rare scarcelypubescent with
antrorse, flexuous eglandular trichomes c. 0.3 mm long. Petiole 1.5-6 cm long, quadrate,
sulcate, glabrous or pubescent like stems; blade 4.5-15 x 1.9-6 cm, elliptic to oblong or
rarely ovate, cuneate to irregular or rarely rounded at base, acute to acuminate at
apex,membranous, surface glabrous or withscarce eglandular trichomes, restricted to major
veins and sessile glandular trichomesabaxially, margin repand with antrorse appressed
eglandular trichomes c. 0.1 mm long. Thyrses racemiforms, terminal and axillary, 2.5-17
cm long, rachis quadrate, pubescent like stems, with trichomes concentrated in 2 lines;
dichasia lax, 1-3-flowered, sessile; bracts green, 2-3.5 x 0.7-1 mm, triangular, glabrous or

hispidulous with antrorse eglandular trichomes ¢. 0.05 mm long or only abaxially, and scarce
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sessile glandular trichomes adaxially, margin with erect trichomes 0.2-0.25 mm long or

stalked
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glandular trichomes c¢. 0.5 mm long; bracteoles green, 2-2.5 x 0.5-0.7 mm, triangular,
indumentumlikethat of bracts; pedicels to 0.5 mm long, with appressed eglandular trichomes
¢. 0.05 mm long. Calyx green, 4—11 mm long, lobes equal, 3.5-10 x 0.5-0.6 mm, triangular,
indumentumlikethat of bracts; corolla white,sternotribic, 0.8-2 cm
long,externallyglabrous,internally pubescent on tube with antrorse eglandular trichomes 0.2—
0.3 mm long, tube 4—8.5 mm long, cylindrical, mouth 1.5-2.5 mm diam., upper liprecurved at
apex, 5-13 x 2.5-3 mm, lobes entire, lower lip 5-12 x 2-3.5 mm, lobes equal,
recurved;stamens 0.7-1.5 mm long, equal, inserted up to 2—4 mm distal to base of corolla
tube, filaments hispidulous up to middle with eglandular trichomes c. 0.2 mm long, thecae
(0.15-) 1.5-3 mm long; pollen grains subprolate, subcircular, heteroaperturate, 3-colporate, 6-
colpate, 2 colpi per mesocolpium, exine reticulate, heterobrochate, membrane of colpori
microverrucate; style 5.5-20 mm long, hispidulous like that of filaments. Capsules 7—17 mm
long, stipe 2.5-10 mm long, glabrous; seeds 3—4 mm wide, lenticular, reticulate when

immature, tuberculate, tubercles absent on margin.

Distribution and habitat: Southeastern Brazil (from Bahia to Sdo Paulo); most often in
submontane semideciduous florests and restingas. In Bahia, it is known only by one of the

syntypes of S. lophura.

IUCN Red List category:Schaueria littoralis is known by44 collections corresponding to 22
locations with approximately 100 mature individuals in the only observed subpopulation.
However, excluding the isolated population from Bahia, which was registered only 150 years
ago, its extent of occurrence is 47,046 km?, mainly in restingas of Rio de Janeiro and Espirito
Santo, but also in semideciduous forest, which is progressively losing their area, restricting
the species range and the quality of its habitat. These data qualify the species as Near
Threatened.

Phenology: Flowering from June to January; fruiting in February, August, October and

November.

Commom name: Erva-maria.
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Figure 9.A-E, S. calytricha: A, branch with inflorescence; B, inflorescence; C, bracteoles and flower; D, fruit

with seeds; E, seed (drawn from Coértes 160); F-1, S. lachynostachya: F, branch with inflorescence; G,

inflorescence; H, bract, bracteole and calyx; I, flower (drawn from Cértes 154). Drawing by Carla Lima.
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Notes: Although the material used by Vellozo in Flora Fluminensiswas expected to be at
herbaria in Paris or Lisboa (Carauta, 1973; Stafleu & Cowan, 1986), the specimens have
never been found after Napoleonic troops invaded Portugal, in 1808, and they were taken to
France (Lima, 1995). In spite of that, the diagnosis and illustration of Veronica litoralis show
the four-lobed corolla and the exserted stamens, two characteristics that most likely induced
Vellozo to place this species in Veronica L. Nevertheless, the loculicidal capsule confirms this
species in Acanthaceae. Nees (1847b, in addenda) synonymised Veronica litoralis under
Schaueria virginea, which is confirmed by their morphological similarities and the occurrence
of S. virginea in the vicinity of Santa Cruz in the state of Rio de Janeiro, where the type of V.
litoralis was collected. BecauseVeronica litoralis has priorityover S. virginea, the former
epithet must be used, thus Schaueria littoralis. Here, we designate aneotype because the
holotype was lost and the illustration of Vellozo did not represent the species to server as
lectotype(McNeill et al., 2012: Art. 9.14).

Schaueria lophura and S. virginea were described in the same work (Nees, 1847a).
Nees considered the former species most likely a variety of the latter one, distinguishing them
only by the size of leaves, calyx and corolla, which are smaller in S. lophura. Study of types
and additional specimens revealed that this variation reflects only interpopulational

differences. Therefore, we treatSchaueria lophura and S. virgineaas synonymes.

Selected specimens:BRAZIL. s.loc., viii.1815, M.A.P. Wied-Neuwied s.n. (BR 805874); s.loc.,
F. Sellow s.n. (BM, CGE, K529415, K59411, K59412); Bahia: Porto Seguro, ix.1834, M.A.P.
Wied-Neuwied s.n. (BR ex herb. Mart.); Minas Gerais: s.loc., s.d., G. Gardner 5136
(isosyntype BM, CGE, K 000529413, K000529415 ex herb. Hooker, INPA); Espirito Santo:
Alegre, Distrito de Reeve, 6.xii.1924, fr., J. Vidal 39 (R); Presidente Kennedy, Praia de
Neves, a beira da estrada para Presidente Kennedy, 17.x.2008, fl., D. Araujo 11106 (GUA);
Rio de Janeiro: Armacdo dos Buzios, Rancho Dez, 2.x.1996, fl., D. Araujo et al. 10476
(GUA); Arraial do Cabo, Pontal do Atalaia,26.1x.2002, C.A.L. Oliveira et al. 2060 (GUA);
Bom Jesus de Itabapoana, préximo ao Distrito de Carabugu, fazenda Jorge de Assis, Mata do
Macaco, 21°11°25”S, 41°33’87”°W, 89 m, 4.x.2009, bt., fl., fr., A.L.A. Cortes et al.193
(HUEEFES); Cabo Frio, Morro o lado do canal de Cabo Frio, 1.x1.1966, bt., fl., D. Sucre 1168
(HUEFS, RB); Campos dos Goytacazes, distrito de Ibitioca, fazenda Pedra Negra, 9.x.1993,
fr., JM.A. Braga s.n. (RB 323157); Nova Friburgo, caminho para o Morro da Cruz,
10.vi.1978, bt., fl., F. Oliveira 424 (GUA); Rio de Janeiro, Corcovado a Paineiras, 24.vi.1863,
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A. Glaziou 222 (P 2901558); Estrada de Guaratiba-Grumari, 23.vii.1968, bt., D. Sucre 3297
(HUEFS); Rio de Janeiro,Vertente NW da Serra da Piaba, 40-80 m, 17.vii.1970, bt., fl., D.
Sucre 7058 (HUEFS, RB); Campo Grande, Macico de Gericino, Serra do Mendonga, Vale do
Rio Guandu, 7.x1.1994, fl., J.P.P. Carauta et al. 6951 (GUA); Volta Redonda, Santa Cecilia,
Reserva Florestal da Companhia Siderdrgica Nacional, Reserva da Cicuta, 6.xi.1984, fr.,
J.P.P. Carauta et al.4932 (GUA, US); Sdo Paulo: Sdo Paulo, Ilha de Alcatrazes, x.1920, fl.,
fr., H. Luederwaldt et al. s.n. (SP 14699).

4 .SCHAUERIA MACROPHYLLA POHL EX NEES in Martius, Fl. Bras. 9: 105. 1847.Type: Brazil.
“Serra do Macaco, prov. Goyazanae” J.B.E. Pohl 4736 (lectotype: W 33652!; isolectotype:
W 33653!, W 33654!, GZU 251414!). (Fig. 3B; 5; 6E; 8; 10G-J).

Subshrubsc. 1 m tall; young stems quadrate, glabrous.Petiole 1.5-3.5 mm long, quadrate,
sulcate, glabrous; blade 17-26.5 x 5-7 cm, elliptic, acute at base, acute to attenuate at apex,
chartaceous or membranous,surfaces glabrous or hispidulous with erect eglandular trichomes
c. 0.1 mm long, margin crenate, glabrous or with appressed eglandular trichomes ¢. 0.1 mm
long. Thyrses racemiforms, terminal, 13-21 cm long, rachis quadrate, puberulouswith
antrorse and retrorse eglandular trichomes c¢. 0.3 mm long; dichasia 3—7-flowered, sessile;
bracts green, 8—19 x ¢. 1 mm, linear—triangular, surfaces hispidulous with antrorse eglandular
trichomes c¢. 0.08 mm long, and sessile glandular trichomes adaxially, margin with erect
trichomes; bracteoles green, 611 x 0.4—0.6 mm, linear—triangular, hispidulous like the bracts;
pedicels 1-2 mm long, hispidulous. Calyx green, 1-2.5 cm long, lobes equal, 9-24 x c. 0.5
mm, linear, hispidulouswith antrorse eglandular trichomes 0.08-0.1 mm long with
protuberances, sessile glandular trichomes also presentadaxially, margin hispidulous and with
scarce stalked glandular trichomes in the apex to 0.5 mm long; corolla white, 1-2.4 cm long,
externally scarcely pubescent, internally pubescent at stamens insertion with antrorse
eglandular trichomes ¢. 0.2 mm long, tube 0.6—-1.5 mm long, cylindrical, mouth 1.5-3 mm
diam., upper lip slightly incurved, 4-11 x1.5—4 mm, lobes shortly bilobate, lower lip 4-9 X c.
1.5 mm, lobes c. 7 mm long, apex involute; stamens 8—14 mm long, equal, inserted up to 7-8
mm distal to base of corolla tube, filaments hispidulous with antrorse eglandular trichomes c.
0.1 mm long, thecae 2-3 mm long; pollen grains prolate, heteroaperturate, 3-colporate, 6-
colpate, 2 colpi per mesocolpium, exine reticulate, heterobrochate, membrane of colpori

microverrucate; style 9—-18 mm long, glabrous. Capsules 1.7-2 mm long; stipe 1-1.1 mm
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long, glabrous; seeds 4-4.5 mm wide, lenticular, surfaces tuberculate when immature,

tubercles absent on margin.

Distribution and habitat: Southeastern Brazil (Rio de Janeiro and Espirito Santo states);

semideciduous forest.

IUCN Red List category: Schaueria macrophylla is known only by three collections from two
locations. Excluding Goids from its distribution (see note below), its extent of occurrence is
approximately 193km?, with declining of habitat quality, which qualify this species as
Endangered, B1ab(iii).

Phenology: Flowering in September; fruiting in May.

Notes: In herbaria, Schaueria macrophylla can be confused with S. littoralis because they
share the same habitat and can occur in close proximity. However, S. macrophylla has larger
leaves (> 16 cm long) with crenate margins and congested (vs. lax) inflorescences, most often
with larger bracts and calyx (> 8 mm and > 9 mm long, respectively), the corolla upper lip is
bilobed, apparently incurved (vs.upper lip entire and recurved), and the stamens are protected
by the upper lip (vs. exposed).

The label on the type of S. macrophylla indicatesits occurrence in Goids city, Serra do
Macaco, an area predominantly covered by savanna. However, recent collections of this
species come onlyfrom semideciduous forests in Espirito Santo and Rio de Janeiro. The lack
of recent collections in central Brazil and the apparent preference of this species for forests
put in question its occurrence in Goids.Amongst Pohl’s collections, we designated as the
lectotype of Schaueria macrophylla the specimen at his herbarium (W)identified by Nees’

own hand and with complete morphological structures and label information.

Specimens examined: BRAZIL. Espirito Santo: Cachoeiro do Itapemirim, fazenda Santo
Antonio da Pedra Branca, 25.v.1949, fr., A.C. Brade 19899 (HUEFS, RB); Rio de Janeiro:
Bom Jesus de Itabapoana: Distrito Carabugu, Vila Mutum, fazenda Boa Esperanca,
11.ix.1982, bt., fr., A.A. Santos et al. 94 (GUA); ib., 12.ix.1982, bt., fl., J.P.P. Carauta et al.
4389 (GUA).
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Figure 10.A-F, S. littoralis:A, branch with inflorescence; B, inflorescence; C, calyx; D, flower with bract and
brateoles; E, fruit with seeds; F, seed (drawn from A-D:Cértes 193; E-F: Araujo 10476). G-J, S. macrophylla:

G, branch with inflorescence; H, dicasium with bracteoles and calyces; I, bracteoles and calyx; J, corolla and

stamens (drawn from Carauta 4389). Drawings by Carla Lima.
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5. SCHAUERIA CAPITATA NEES, Prodr.11: 316. 1847.Type: Brazil. “In montosis prov. Rio
Grande”, s.d., J. Tweedie s.n. (holotype: K 529417!; isotype: GZU 251421! fragment).
(Figs. 3A-D; 4E-F; 5;6F; 7TH-I; 8; 11A-D; see also photos 25 to 27 in Cortes, 2013).

Subshrubs 0.30-1 m tall; young stems terete, hirsute, retrorse to antrorse eglandular
trichomes 0.3-0.5 mm long, trichomes concentrated in 2 lines. Petiole 0.9-3.2 cm long,
quadrate, sulcate, pubescent like stems; blade 3.7-18 x 2.7-7.7 cm, ovate to elliptic, cuneate
to obtuse, rarely truncate at base, obtuse to attenuate at apex, membranous, surfaces glabrous
except for trichomes on major veins (these antrorse eglandular trichomes 0.2—0.3 mm long
and sessile glandular trichomes adaxially), margin repand to crenate, withappressed
eglandular trichomes 0.07-0.08 mm long. Thyrses racemiforms, terminal and axillary, 2.5—
7.5 cm long, rachis quadrate, hispidulous with antrorse and erect eglandular and glandular
trichomes 0.06—0.3 mm long andtrichomes concentrated in 2 lines; dichasia congested, 1-3-
flowered, sessile; bracts green, 3—5.5 x 1-1.5 mm, triangular, surfaces glabrous or hispidulous
with antrorse glandular trichomes 0.08—0.1 mm long, margin with 0.1-0.2 mm long or with
stalked glandular trichomes 0.3—1 mm long; bracteoles green, 2—5 x 0.6—0.7 mm, triangular,
indumentum like that of bracts; pedicels 0.5-0.7 mm long, glabrous or hispidulous with
eglandular trichomes 0.06-0.07 mm long.Calyx green, 6.5-13 mm long, lobes unequal, 6—12
x 0.5-0.7 mm, linear—triangular, surfaces hispidulous with antrorse eglandular trichomes
0.08-0.1 mm long and sessile glandular trichomes or with stalked glandular trichomes 0.4—1.5
mm long only abaxially, margin ciliate with glandular trichomes, 0.4—1.5 mm long (rarely
with eglandular trichomes);corolla white or yellow, 1.2-2 cm long,externally glabrous and
eglandular trichomesrestricted to veins,internally with eglandular trichomes restricted to half
closer of base, 0.1-0.2 mm long, tube 0.8—1.5 cm long, cylindrical, mouth 2-3 mm diam.,
upper lip straight, 4.5-5 x ¢. 2 mm, lobes shortly bilobate, lower lip 3.8-5 x 1.5-2 mm, lobes
3-4 mm long, straight; stamens 5-5.5 mm long, equal, rarely unequal, inserted up to 5.5-6
mm distal to base of corolla tube, filaments hispidulous with erect eglandular trichomes c. 0.1
mm long, thecae 1.5-2 mm long; pollen grains prolate, heteroaperturate, 3-colporate, 6-
colpate, 2 colpi per mesocolpium, exine reticulate, heterobrochate, membrane of colpori
microverrucate; style 0.8—-1.5 mm long, glabrous or hispidulous with erect eglandular
trichomes ¢. 0.1 mm long. Capsulesc. 1.3 cm long, stipe ¢. 5 mm long, glabrous, rarely

puberulous with flexuous eglandular trichomes c¢. 1 mm long; seeds c¢. 2.5 mm wide,
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lenticular, when immature with papillae in the axils of muri, tuberculate, with tubercules on

margin.

Distribution and habitat: Eastern Brazil; Bahia to Rio de Janeiro, also known in Rio Grande
do Sul, but only by the type collection; mainly in submontane semideciduous forests, at
elevations from 50 to 200 m, usually along trails and borders of cocoa plantations,but also in

shrubby restingasof Rio de Janeiro.

IUCN Red List category: Schaueria capitata is known by 18 collections corresponding to 12
locations with approximately 30 mature individuals per observed subpopulation. Excluding
Rio Grande do Sul, where no specimen was collected after the type, its extent of occurrence is
72,666km”. Furthermore, its habitat is continuously threatened because of cocoa plantations
and anthropic activities in a large part of its range. Therefore, the species must be treated as

Near Threatened.

Phenology: Flowering in June and from September to February; fruiting in April and from

October to January.

Notes: Nees (1847b) considered Schaueria capitata close to S. calytricha, distinguishing it
essencially by smaller calyx lobes. However, other characters also help to differenciate them,
such as the thyrses racemiforms in S. capitata (vs. thyrses in S. calytricha), smaller (6—12 X
0.5-0.7vs. 10-21 x 0.5—-1 mm) and unequal (vs. equal) calyx lobes, white or yellow (vs. only
yellow) and smaller (1.2-2vs. 3.5-4.5 cm long)corolla. In herbaria,it is more often confused
with S. lachynostachya, from which it can be distinguished mainly by the glandular trichomes
0.4—-1.5 mm long on the margin of calyx (vs. eglandular trichomes 1-1.2 mm long in S.
lachynostachya), apex of upper lip and lobes of lower lobes straight (vs. recurved) and
stamens 5-5.5 mm long (vs. 6—8 mm long).

The presence of eglandular trichomes and smaller flowers (1.2 vs. 2 cm long) in some
specimens are not sufficient for recognising separate species; furthermore, molecular data do
not contradict their proximity, placing these accessions together (A.L.A. Cortes et al. 187, 198

and 200), though with low support.
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Selected specimens: BRAZIL. s.loc., N.T. Lund s.n. (BM); Bahia: Prado, Km 21 da rodovia
Itamaraju-Prado, 17°09°41°S, 39°23°57”°W, 19.vi.1996, bt., fl., R. Mello-Silva et al. 1170
(SPF); Espirito Santo: Cachoeiro do Itapemirim, Morro Grande, floresta remanescente no
lado sul da estrada para Jerdbnimo Monteiro (BR-242), 2 km NW da juncdo com estrada para
Muqui (BR-393), 22.ii.1994, fl., fr., J. Kallunki et al. 602 (NY, SPF); ib., Pedra do Itabira,
20°50’S, 41°04°W, 6.x.2009, bt., fl., fr., A.L.A. Cortes et al. 200 (HUEFS); Muqui, Retiro,
fazenda Sabia, Sr. Constantino, 20°56’S, 41°21°W, 6.x.2010, bt., fl., fr., A.L.A. Cortes et al.
198 (HUEFS); Santa Teresa, Pedra da Onca, propriedade do Sr. Anténio Rocon, 6.1.2000, bt.,
V. Demuner & E. Bausen 472 (MBML, RB); ib., Sao José de Petrépolis, E.A.S.T. mata da
escola agricola, 19°48°15”S, 40°40°22”W, 2.x.2009, bt., fl., fr., A.L.A. Cortes et al.187
(HUEFS); Minas Gerais: Governador Valadares, estrada para Bugre, 12.ix.1943, bt., M.
Magalhdes s.n. (RB, US131664); Rio de Janeiro:Campos, x.1939, bt., A. Sampaio 8629 (R);
Maricd, APA, 29.xi.1984, bt., fr., D. Araujo & M.C.A. Pereira 6463 (GUA).

6. SCHAUERIA PARANAENSIS (R1zz.) A.L.A.CORTES, COMB. NOV.Duvernoia paranaensis Rizz.,
Dusenia 3: 192. 1952. Justicia paranaensis (Rizz.) Wassh. &L.B.Sm., Fl. Ilustr. Catarin. 1,
Fasc. Acan.: 122. 1969. Type: Brazil. Parani: Morretes: Estacdo Marumbi, 1.ix.1946,
G.Hatschbach 359 (holotype: RB!; isotype: MBM!). (Figs. 3D; 5; 6G; 7J-K; 8; 11E-H;
see also photos 39 to 41 in Cortes, 2013).

Shrubs 1.5-1.7 m tall; young stems quadrate, glabrous. Petiole 1-1.5 cm long, quadrate,
sulcate, glabrous; blade 9.5-15.5 x 3.2-5 cm, elliptic, acute to obtuse at base, acuminate to
falcate at apex, membranaceous, glabrous, margin repand, glabrous. Thyrses spiciforms,
terminal and axillary, 3.5-7 cm long, rachis quadrate, strigose with antrorse eglandular
trichomes 0.08-0.1 mm long; dichasia 1-flowered, sessile; bracts green, 2—3.5 x 0.5—-1 mm,
triangular, surfaces hispidulouswith antrorse eglandular trichomes ¢. 0.05 mm long with
protuberance, sessile glandular trichomes also presentadaxially, margin with erect trichomes;
bracteoles green, 2—5 x 0.8—1 mm, triangular, indumentum like bracts. Flowers sessile, calyx
green, ¢. 7 mm long, lobes unequal, 5-6 X ¢. 1 mm, triangular, indumentum like bracts;
corolla white, ¢. 1.1 cm long, externally puberulous, internally hispidulous at stamens
insertion and near the mouth and on lobes with erect eglandular trichomes c¢. 0.3 mm long,
tube 4-5 mm long, cylindrical, not expanded into a throat, mouthc. 2.1 mm diam., upper lip

incurved, c¢. 7 x 1.5 mm, lower lip 5-6 X c¢. 2 mm, lobes equal, ¢. 5 mm long, recurved;

134



Capitulo 3

stamens ¢. 8§ mm long, equal, inserted up to 3 mm distal to base of corolla tube, filaments
hispidulous up to the middle with erect eglandular trichomes c¢. 0.3 mm long, thecae 2-2.5
mm long; pollen grains prolateheteroaperturate, 3-colporate, 6-colpate, 2 colpi per
mesocolpium, exine reticulate, heterobrochate, membrane of colpori microverrucate; style c. 8
mm long, glabrous. Capsules 1.2—1.4 cm long, stipe 5-6 mm long, glabrous; seeds ¢. 3.5 mm
wide, obovoid, reticulate with sinuous muri and reduced lumina when immature, reticulum

and muri granulate, tubercules absent on margin.

Distribution and habitat: South Brazil (Parana and Santa Catarina states); in montane and

submontane dense ombrophylous forest.

IUCN Red List category: Schaueria paranaensis is known by 12 collections corresponding to
seven locations, with approximately 20 mature individuals per observed subpopulation, and
extent of occurrence 525 km>. Most collections are from the Pico do Marumbi State Park,

where it is protected, but the data available qualify it as Endangered, B1ab(iii).

Phenology: Flowering and fruiting in February and from September to October.

Notes: DNA sequences (Cortes et al., in prep.) and pollen graincharacters show that
Schaueria paranaensis is more related to Schaueria than to Justicia. In contrast to the other
species of the genus, it has obovoidreticulate seeds, with sinuous muri and reduced lumina,
lacking tubercles, and the corolla lobes are extremely incurved. It is similar to S. spicata,
differing by the absence of glandular pedicellate trichomes on inflorescences,smaller (2-3.5 x
0.5-1 mm vs. ¢. 5 X 2 mm), triangular (vs. lanceolate) bracts, and internally hispidulous (vs.

glabrous)at stamens insertion, mouth and corollalobes.

Selected specimens:BRAZIL. Parana: Morretes, Cadeado, 14.ix.1966, bt., fl., G. Hatschbach
& O. Guimardes 14717 (K, MBM, US); ib.,rio Bromado, 17.ix.1979, bt., fl., G. Hatschbach
& A.E. Kasper 42495 (MBM); ib., taquaral, 23.xi.1984, bt., fl., R. Kummrow & G.
Hatschbach 2539 (MBM); ib., Parque Estadual Estacdo Marumbi, trilha Cemitério dos
Grampos, rio Taquaral, 25°26°14”S, 48°55°8”W, 469 m, 4.x.2010, bt., fl., A.L.A. Cortes &
R.L.B. Borges 266 (HUEFS); Santa Catarina: Monte Crista: Garuva, Sao Francisco do Sul,
2.ix.1960, bt., fl., R. Reitz & RM. Klein 9813 (US); Parque Botanico Morro do Bad,
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18.ix.1965, fl., fr., R. Reitz 6768 (MBM, UYS); Joinville, Reserva CELESC, usina Pirai,
17.x.1987, bt., fl., fr., D.B. Falkenberg 4472 (MBM).

7. SCHAUERIA SPICATA (VELL.) A.L.A.CORTES, COMB.NOV.Dianthera spicataVell., Fl. Flumin.:
12. 1829; Fl. Flumin.Icon. 1: t. 28. 1831. Type:Brazil. “habitats sylvis maritimis prope
Taguayenses Alpes”, s.d., s.c. (lectotype: illustration Fl. Flumin. Icon. 1: t. 28. 1831,
designated here). (Figs. 3C; 5; 6H).

= Schaueria schottii Pohl ex Nees in Martius, Fl. Bras. 9: 107. 1847.Type: Brazil. “in sylvis
inter Paraiba et Canta Gallo, circa Aldeam do Pedro et in Serra d’Estrella, prov.
Sebastianopolitanae”, H.W. Schott 4723 (Diarium n. Pohl 1893) (lectotype: W4561!,
designated here; isolectotypes: GZU 250353!, fragment from GZU in US 1105501!, K
529407").

Subshrubs; young stems terete, scarcely pubescent with antrorse-retrorse eglandular
trichomes 0.2—0.3 mm long.Petiole 1-1.5 cm long, quadrate, sulcate, pubescent like stems;
blade 9—-11 x 2.5-3.5 cm, elliptic, acute to attenuate at base, attenuate to falcate at apex,
membranaceous, surfaces glabrous except for trichomes on major veins (these antrorse,
flexuous eglandular trichomes 0.3—-0.4 mm long), margin repand, strigose to pubescent, with
antrorse appressed and flexuous eglandular trichomes 0.08-0.3 mm long. Thyrses
spiciforms, terminal, ¢. 11 cm long, rachis quadrate, pubescent with flexuous eglandular
trichomes 0.2—0.3 mm long and stalked glandular trichomes c. 0.5 mm long; dichasia 1-
flowered, sessile; bracts to 5 x 2 mm, lanceolate, pilose with stalked glandulartrichomes c. 0.5
mm long, margin ciliate with stalked glandular trichomes 0.5-0.6 mm long; bracteoles c. 4 x
1 mm, lanceolate, indumentum like bracts. Flowers sessile; calyx7.5-8 mm long, lobes
unequal, 6.5-7 x c¢. 0.7 mm, narrowly triangular, glabrous, margin ciliate with stalked
glandular trichomes 0.5-0.6 mm long; corolla ¢. 1.2 cm long, externally pilose with antrorse
eglandular trichomes 0.4—0.5 mm long, internally glabrous, tube ¢. 6 mm long, cylindrical,
mouth ¢. 4.5 mm long, upper lip slightly incurved (in protologue), lobes shortly bilobate, c. 6
x 3 mm, lower lip c. 6 x 2 mm, lobes equal, c. 5 mm long; stamens c. 5 mm long, filaments
glabrous, thecae c. 2.5 mm long; pollen grains heteroaperturate, 3-colporate, 6-colpate, 2 colpi
per mesocolpium, exine reticulate, heterobrochate, membranes of colpori and colpi

microverrucate; style c. 8 mm long, glabrous. Capsules not seen.
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Figure 11.A-D, S. capitata:A, branch with inflorescence; B, inflorescence; C, bract, bracteoles and calyx; D,
flower, showing stamens (drawn from Cértes 200). E-H, S. paranaensis: E, branch with inflorescence; F,
inflorescences; G, bract, bracteoles and calyx; H, corolla, showing stamens (drawn from E: Falkenberg 4472; F—

H: Cértes 266). Drawings by Carla Lima.
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Distribution and habitat: Southeastern Brazil (Rio de Janeiro state); in submontane

semideciduous forest;

IUCN Red List category: Schaueria spicata is known only by threeold collections, one of
them without indication of locality. Based on information of one locationand with estimated
loss of habitat quality in Rio de Janeiro, the species should be considered as Critically

Endangered, Blab(iii, iv).

Notes: Schaueria spicata can be recognised by the long inflorescences covered by stalked
glandular trichomes, lanceolate bracts ¢. 5 X 2 mm, corolla c¢. 1.2 cm long, with short tube and
upper lip incurved, and glabrous filaments.

Nees (1847b, in addenda) included Dianthera spicata under the synonymy of
Schaueria schottii. However, D. spicata was published first, having priority over S. schottii,
hence the combination Schaueria spicataproposed here. The material of Vellozo have been
lost since Napoleon took them to France (Carauta, 1973; Stafleu & Cowan, 1986).Due to the
lack of voucher collection, we designate the illustration in his work as lectotype of Dianthera

spicata.The specimen Schott 4723,deposited at W, is chosen as lectotype of S. schottii.

Specimens examined:BRAZIL. s.loc.,s.d., W.J. Burchell 2538 (K).Rio de Janeiro: “in sylvis
inter Paraiba et Canta Gallo, circa Aldeam do Pedro et in Serra d’Estrella”, s.d., HW. Schott
4723 (W).

8. SCHAUERIA SULFUREA POHL EX NEES in Martius, Fl. Bras. 9: 104. 1847. Type: Brazil. “in
Serra Grande”, H.W. Schott 4741 (lectotype: W0033649!, designated here; isolectotype:
GZU2501419! fragment) (Figs. 3C; 4G-H; 5; 61-K; 12A-B).

Subshrubsc. 1 m tall; young stems terete, hirsute with erect eglandular trichomes 0.4-0.5 mm
long, trichomes concentrated in 2 lines. Petiole 1-3.5 cm long, quadrate, sulcate, hirsute like
stems; blade 6.5-16 x 2.5-4.7 cm, lanceolate to elliptic, obtuse at base, attenuate at apex,
membranaceous, surfaces sparsely hirsute with antrorse eglandular trichomes 0.4-0.7 mm
long and sessile glandular trichomes only abaxially, margin repand with erect eglandular
trichomes 0.3—0.5 mm long. Thyrses terminal and axillary, 9-14 cm long, rachis cylindrical,

hispidulouswith erect eglandular trichomes c. 0.08 mm long; dichasia 1-3-flowered,
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peduncles c¢. 2 mm long, hispidulous like rachis; bracts 1.5-2 x ¢. 0.5 mm, triangular,
abaxially strigose with appressed eglandular trichomes c. 0.2 mm long, adaxially strigose with
appressed eglandular trichomes ¢. 0.08 mm long, these trichomes with protuberances, margin
equal; secondary peduncles 1.5-2 mm long; bracteoles c¢. 1.5 x 0.4 mm, triangular,
indumentum like that of bracts; pedicels 1-2.5 mm long, hispidulous like rachis. Calyx 3—
4mm long, lobes equal, 2-3.5 x ¢. 0.6 mm, triangular, strigose like bracts; corolla yellow, 4—
4.5 cm long, externally and internally hirsute-hirtellous with erect eglandular trichomes 0.1-
0.4 mm long generally on veins, tube 2.2-3 cm long, gradually expanded into a throat, narrow
at proximal portion to 5 x 1-1.5 mm diam., throat obconic, ¢. 2.5 cm x 6-7 mm, upper lip
incurved, 1.3—1.7 cm x 3—4 mm, entire, lower lip 1.1-1.2 X ¢. 2 mm, lobes equal, 1-1.1 cm
long; stamens c. 4 cm long, inserted near the throat, 1-3 mm up, filaments hispidulous up to
middle with erect eglandular trichomes c. 0.08 mm long, thecae 2-3 mm long; pollen grains
subprolate, circular, 3-colporate, exine microreticulate and gemmate, membrane of colpori
microverrucate; style c¢. 4 cm long, hispidulous with scarce eglandular trichomes c. 0.08 mm

long. Capsules not seen.

Distribution and habitat:Southeastern Brazil (Rio de Janeiro state); in submontane

semideciduous forest, at 380 melevation.

IUCN Red List category: Schaueria sulfureais known from eight collections, with recent
collections known only from Cicuta Florestal Reserve, between Barra Mansa and Volta
Redonda cities. Five years ago, the access to the reserve was restricted by the
CompanhiaSiderurgica Nacionaland new collections have been forbidden. Based on the extent
of occurrence approximately 332 km” and the declining number of locations, the species

should be considered as Endangered, Blab(iv).

Phenology: Flowering from January to April.

Notes:Schaueria sulfurea is similar to S. calytricha by the thyrses and yellow corollas 4-4.5
cm long; but, in S. sulfurea, the upper lip of the corolla is incurved whereasin S. calytricha, it
is recoiled. In addtion, the bracts and calyx are smaller in S. sulfurea (bracts 1.5-2 x ¢. 0.5 vs.
7-10 x ¢. 1 mm and calyx 3—4 vs. 11-22 mm long). Schaueria sulfurea differs from the other

species of the genus by the 3-colporate pollen grains, with microreticulate and gemmate exine
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(Fig. 6I-K), and smooth, appressed trichomes on calyx (Fig. 4G—H). Furthermore, this is the
onlyspecies of Schaueria with plants that have been reported as malodorous (Carauta et al.
6021, in sched.).

Pollen ofSchaueria sulfurea is similar to that found in some species of the Mirandea
clade: Yeatesia viridiflora Small (3-colporate, with reticulate—gemmate exine),
Mirandeahuastecensis T.F. Daniel (foveolate—gemmate) and Mirandea grisea Rzed.
(subrugulate—gemmate) (Hilsenbeck, 1989; Daniel, 1978, 1998; Daniel et al., 2008). Pollen
grain can be a conservative marker in Acanthaceae and has been used as an important
taxonomic character in the classification of the family. However, because the species has yet
to be included in phylogenetic analyses and other morphological affinities between S. sulfurea
and Mirandea clade are not evident, we maintain the current generic status for this species.

Nees (1847a) cited two collections from Rio de Janeiro in the original description of S.
sulfurea, Schott 4741 and Pohl 5011, both illustrated by Pohl (illustrations at W). The choice
of “sulfurea” for the epithet of this name suggests Nees’ preference for the collection of
Schott, which is designated hereas the lectotype of this name (McNeill et al.,2012: Art. 9A.3).
The original orthography “sulfurea”, instead of “sulphurea” (adopted later by Nees; Nees

1847b), was maintained.

Selected specimens:BRAZIL. s.loc., 1816-1821, A. Saint-Hilaire 14 (P); s.loc., 1816-1821, A.
Saint-Hilaire 2474 (P); Rio Janeiro: “In sylvis fluvium Pirahi”, 1ii.1818, J.E.B. Pohl 5011
(W0033650); Rio de Janeiro-Sao Paulo, ii.1861, J. Weir 17 (CGE, K, US); VoltaRedonda,
Reserva Florestal da Cicuta, 23.1ii.1988, M.F. Frigoletto & C.D. Catete 20 (GUA, US).

9. SCHAUERIA THYRSIFLORA A.L.A.CORTES, SP. NOV.Type: Brazil. Rio de Janeiro: Paracambi:
Parque Natural Municipal do Curi6, 25.x.2010, D.M. Braz & A.H.N. Souza 333 (holotype:
HUEFS; isotype: RBR). (Figs. 3C; 5; 6L; 7L-M; 8; 12C—G; see also photo 42 in Cortes,
2013).

Diagnosis: Schaueria thyrsiflora is closely related to S. calytricha, differing from that species
by thehispidulous rachis with erect eglandulartrichomes 0.05-0.06 mm long, trichomes
concentrated in 2 lines (vs. puberulous to pilose rachis with flexuous eglandular
trichomes(.2—0.3 mm long, trichomes not concentrated in 2 lines), dichasia 1-3-flowered (vs.

3-5-flowered), smaller, triangular bracts (1-1.5 mm long)(vs. 7-11 mm long and linear—
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triangular), smaller(c. 1 vs. 3.5-4.5 cm long) white (vs.yellow) corolla, with cyllindrical tube

(vs. tube distally expanded into a throat) and upper lip slightly incurved (vs. recoiled).

Herbs; young stems quadrate, hirsute with erect eglandular trichomes ¢.0.3 mm long.,
trichomes concentrated in 2 lines. Petiole 2.7-3.7 cm long, sulcate, hirsute like stems;
blade9.5-12.5 x 3.5-4.5 cm, ovate to elliptic or oblong, acuminate at apex, blunt at base,
glabrous, margin repand, strigose with antrorse appressed eglandular trichomes c¢. 0.1 mm
long. Thyrses terminal, c¢. 4.5 mm long, rachis quadrate, sulcate, hispidulous with erect
eglandular trichomes 0.05-0.06 mm long, trichomes concentrated in 2 lines; dichasia 1-3-
flowered, peduncles 2-4 mm long, hispidulous like rachis; bracts 1-1.5 x ¢. 0.5 mm,
triangular, adaxially hispidulous with antrorse eglandular trichomes c. 0.1 mm long, trichomes
with protuberances, abaxially glabrous; secondary peduncles 2—4 mm long, hispidulous like
rachis; bracteoles 1-1.2 x ¢. 0.3 mm, triangular, indumentumlike that of bracts; pedicels c. 1
mm long, hispidulous like rachis. Calyx 6-7 mm long, lobes equal, 5-6 x c¢. 0.4 mm, linear—
triangular, adaxially hispidulouswith antrorse eglandular trichomes ¢. 0.1 mm long with
protuberances, sessile glandular trichomes also presentabaxially. Corolla white, c. 1 cm long,
externally glabrous, tube c. 6 mm long, cylindrical, mouthc. 2 mm diam., upper lip incurved,
c. 4.5 x 1 mm, entire, lower lip c¢. 4.5 x 1 mm, lobes equal, c. 3.5 mm long, recurved; stamens
c. 7 mm long, glabrous, thecae c¢. 1.5 mm long; pollengrains prolate, heteroaperturate, 3-
colporate, 6-colpate, 2 colpi per mesocolpium, rarely syncolporate and syncolpate, exine
reticulate, heterobrochate, membrane of colpori and colpi microverrucate; style ¢. 8 mm long,
glabrous. Capsules 1-1.2 cm long, stipe c¢. 0.5 mm long, glabrous;seeds c. 2.5 mm wide,

lenticular, reticulate when immature, tuberculate, with tubercules onmargin.

Distribution and habitat: Southeastern Brazil; Rio de Janeiro state, Paracambi, Curid
Municipal Natural Park, between Engenheiro Paulo de Frontin and Mendes cities; in

semideciduous forest.

IUCN Red List category: Schaueria thyrsiflora is known only from Curi6 Municipal Natural

Park and should be qualified as Vulnerable, D2.

Phenology: Flowering and fruiting in October.
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Etymology: The epithet is a reference to the thyrses that characterize the species.

Notes: Schaueria thyrsiflora, S. calytricha,and S. sulfurea are the only species with flowers
borne in thyrses. Schaueria thyrsiflora differs from the other two by the herbaceous habit
andlax, green inflorescences. The corollacolor (white) and size (c. 1 cm long) of this species

show more similarity to those ofS. marginata, S. gonatistachya and S. hirta.

10. SCHAUERIA GONATISTACHYA (NEES & MART.) NEES & MART.in Martius, Fl. Bras. 9: 106.
1847. Justicia gonatistachya Nees & Mart. in Roemer & Schultes, Mant. 1: 248a. 1822.
Justicia gonystachya Nees & Mart. in Wied-Neuwied, Nova Acta Phys.-Med. Acad. Caes.
Leop.-Carol. Nat. Cur. 11: 52. 1823. Type: Brazil. Bahia: “Ad. Viam Felisbertiam,” i.1817,
M.A.P. Wied-Neuwied s.n. (lectotype: GZU250357, designated by Moraes et al., in press;
isolectotypes: BR 5849376, BR 5849703; Paratype: GZU251410! (fragment). (Figs. 3A; 5;
6M-N; 7N-O; 8;13A-D; see also photos 28 and 29 in Cortes, 2013).

Subshrubs 0.3-2 m tall; young stems terete, glabrous. Petiole 1-1.5 mm long, quadrate,
sulcate, glabrous; blade 11.5-21.5(-25) x 4-7.5(-8) cm, elliptic to lanceolate, acute to
decurrent at base, rarely long decurrent, attenuate at apex, membranaceous, glabrous, margin
repand, glabrous. Thyrses spiciforms, terminal and axillary, 3.5-15 cm long, rachis
cylindrical, glabrous or scarcely hispidulous with antrorse eglandular trichomes ¢. 0.06 mm
long; dichasia 1-flowered, sessile; bracts green, 1.5-2 x ¢. 0.7 mm, triangular, glabrous to
scarcely hispidulous with antrorse eglandular trichomes 0.06-0.08 mm long, these trichomes
with protuberances, margin equal; bracteoles green, 1-1.5 x c¢. 0.3 mm, triangular,
indumentum likethat of bracts. Flowers sessile; calyx green, 1.5-2 mm long, lobes unequal,
0.9-1.5 x ¢. 0.3 mm, triangular, glabrous to scarcely hispidulous with antrorse eglandular
trichomes 0.06-0.08 mm long, these trichomes with protuberances, adaxially sessile glandular
trichomes are present, margin like bracts; corolla white, 1-1.2 cm long, externally glabrous,
internally puberulous with eglandular trichomes restricted to the tube ¢. 0.2 mm long, tube 6—
7.5 mm long, cylindrical, tube not expanded into a throat, mouth 1.5-2 mm diam., upper lip
straight, 3—4 x 1-1.3 mm, lobes shortly bilobate, lower lip 2.8—4 x 1-1.3 mm, lobes equal,
2.7-3.5 mm long, straight; stamens c. 4 mm long, equal, inserted up toc. 4 mm distal to base
of corolla tube, filaments hispidulous with antrorse eglandular trichomes ¢. 0.06 mm long,

thecae c¢. 1.5 mm long, slightly oblique; pollen grains subprolate, heteroaperturate, 3-
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colporate, 6-colpate, 2 colpi per mesocolpium, rarely syncolpate and parasyncolporate, exine
reticulate, heterobrochate, membrane of colpori microverrucate and rugulate, membrane
ofcolpi rugulate; style c. 9 mm long, glabrous. Capsulesc. 1 cm long, stipe ¢. 2.5 mm long,
glabrous; seeds c¢. 3 mm wide, lenticular, reticulate when immature, tuberculate, with

tubercules onmargin.

Distribution and habitat: Northeast of Brazil; Bahia state,Sao Felipe in the reconcave region
(geographic region located around of Baia de Todos os Santos, extending from the coast to
the interior of the state, including cities surrounding the Bay) to southern Bahia; in relicts of

ombrophylous forest, usually along trails and border of cocoa plantations.

IUCN Red List category: Schaueria gonatistachya is known by 18 collections corresponding
to five locations, with approximately 30 mature individuals per observed subpopulation;
however, most specimens came from only one locality (IThéus, CEPEC — Comissao Executiva
do Plano da Lavoura Cacaueira). Its extent of occurrence is 17,654 km? and the quality of
habitat is declining because of the maintenance of cocoa plantations. Based on these data, the

species should be qualified as Vulnerable, Blab(iii).

Phenology: Flowering and fruiting throughout the year.

Notes: Schaueria gonatistachya is easily recognised by the long inflorescences with flowers
diagonally arranged, calyx lobes 0.9-1.5 mm long, and nectariferous disc, which is evident
after corolla falls.

Originally, Nees & Martius (in Roemer &Schultes, 1822) used “gonatistachya”, soon
changing it to “gonystachya” (Nees & Martius, 1823). When Nees (1847a) transferred the
species to Schaueria, he changed the epithet to “gonyostachya”, a variant also used in the
Prodromus (Nees, 1847b). Both variants highlight the inflorescences with flowers diagonally
arranged, but the original orthography should be retained (McNeill ef al. 2012: Art. 60.1).

Selected specimens:BRAZIL.s.loc., F. Sellow s.n. (K); Bahia: Ilhéus, Km 22 da rodovia

[Ihéus/Itabuna (BR-145), CEPLAC, quadra D, 14°46’°191”S, 39°13’171”W, 106m,
31.ii1.2010, bt., fl., fr., A.L.A. Cértes 237 (HUEFES); Itabuna, rodovia BA-263, entre Itabuna e
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Ibicarai, fazenda Sao José 2, préxima ao arraial 41, 14°51°S, 39°31°W, 195 m, 2.iv.1987, bt.,
fl., fr., A.L.A. Cortes & R.L.B. Borges 239 (HUEFS); Mascote, Rod. BR-101, préximo ao
trevo de Mascote, 11.x.1998, fl., fr., G. Hatschbach et al. 68413 (INPA, MBM, US); Sio
Felipe, Serra da Copioba, 17.v.1993, bt., fl., fr., C. Kameyama et al. 67 (HUEFS, SPF, US);
Ubaitaba, 8 km de Ubaitaba para Marad, 15.iv.1965, bt., fl., fr., M. Magalhdes 19540 (US).

11.SCHAUERIA MAXIMILIANI NEES in Martius, Fl. Bras.9: 106. 1847. Type: Brazil. Bahia: “Ad
viam Felisbertiam™, x.1816, M.A.P. Wied-Neuwied s.n. (lectotype: GZU 251413,
designated by Moraes et al., in press; isolectotypes: BR 6951450, BR 6951405, GZU
251415 (fragment), W 4604 — F Neg. 32725) (Fig. 3A).

= Justicianitida auct. non Jacq., Nees & Mart. in Wied-Neuwied,Nova Acta Phys.-Med.
Acad. Caes. Leop.-Carol. Nat. Cur. 11:56. 1823. Justicia nitida Nees & Mart. in Martius,
Fl. Bras. 9: 106.1847, hom.post.andpro syn.

Subshrubs; young stems terete, hispidulous withantrorse eglandular trichomesc. 0.1 mm
long.Petiolesc. 1 cm long, sulcate, hispidulous like stem; blade c. 10 x 2.4 cm, lanceolate,
acute at base, acuminate to slightly falcate at apex, glabrous or scarcely strigose (restricted to
major veins) with appressed eglandular trichomes ¢. 0.2 mm long, sessile glandular trichomes
also present, margin repand, scarcely ciliate. Thyrses racemiforms, terminal, rachis quadrate,
hispidulous with antrorse eglandular trichomes c. 0.1 mm long (when fruiting); dichasia lax,
1-3-flowered, sessile; bracts 2.5-3 x c¢. 0.6 mm, linear—triangular, glabrous, margin ciliate
with flexuous eglandular trichomes c¢. 0.3 mm long; bracteoles c¢. 2.5 x 0.5 mm, linear—
triangular, trichomes like that of bracts; pedicels c¢. 2 mm long, hispidulous like stems. Calyx
c. 7 mm long, lobes equal, c. 6 x 0.6 mm, linear—triangular, adaxially strigose with appressed
eglandular trichomes 0.2—0.3 mm long, abaxially glabrous, margin ciliate, flexuous eglandular
trichomes ¢. 0.3 mm long; corolla not seen. Capsulesc. 1.3 cm long, stipe ¢. 5 mm long,
glabrous; seeds c¢. 4 mm wide, lenticular, tuberculate when immature, with tubercules

onmargin.
Distribution and habitat: Northeast of Brazil; Bahia state. In the original description, it was

referred to the Atlantic coast (“Dryas”; Martius’ classification), probably in ombrophylous

florest.
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Figure 12.A-B, S. sulfurea:A, branch with inflorescence; B, bract, bracteoles and calyx (drawn from Frigoletto
20). C-G, S. thyrsiflora: C, branch with inflorescence; D, inflorescence; E, bract, bracteole and calyx; F, detail of
calyx abaxial surface; G, corolla with stamens and style (drawn from holotype Braz 333). Drawings by Carla

Lima.
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IUCN Red List category: Schaueria maximiliani is known only by the type, collected more
than 150 years ago, in an area strongly disturbed by human activities, such ascocoa
plantations.The species could be consideredextinct,but based on the single collection in a

currently disturbed area, it should be treated as Critically Endangered, Blab(iii).

Phenology: Fruiting in December.

Notes: The description above is based on a fragment in fruit at US, but the original description
of the species also includes information of corolla: white, ¢. 11.25 mm long, with emarginate
upper lip. Although the species was not included in phylogenetic analyses, it is most likely
closelyrelated to species distributed mainly in Bahia.Schaueria maximilianidiffers from S.
gonatistachya, S. hirta, and S. pyramidalis by the thyrses racemiforms, 1-3-flowered,
inflorescences with lax flowers (vs. thyrses spiciforms, 1-flowered, inflorescence congested),
and from S. marginata by the smaller calyx (c. 7 mm vs. 10-13 mm long).

Schaueria maximiliani was collected in via Felisbertia, currently Sao Pedro de
Alcantara (Moraes, 2009). Nees & Martius (1823) identified it as Justicia nitidaJacq., a
species originally described from Martinique. Realising theerror, Nees (1847a) described
Schaueria maximiliani. However, by trying to exclude Jacquin’s species from the synonymy
of S. maximiliani (“excl. syn.”), he inadvertently cited the taxon described in Nees & Martius
(1823) as “Justicia nitida N. et M.” rather than Justicia nitida Jacq. Like that, the name
Justicia nitida was misapplied in Nees & Martius (1823), and Nees (1847a) inadvertently
published a posterior homonym by considering Nees & Martius authors of the species

described in Nees & Martius (1823).

12. SCHAUERIA HIRTA A.L.A.CORTES, SP. NOV.Type:Brazil. Bahia: Itamaraju: Serra do Pescocgo,
16°59°14”’S, 39°34°40”W, 128 m, 4.iv.2010, bt., fr., A.L.A. Cortes & R.L.B. Borges 253
(holotype: HUEFS) (Figs. 3A; 41I; 5; 60; 7P-R; 8; 13E-L; see also photos 30 and 31 in
Cortes, 2013).

Diagnosis: Schaueria hirta is similar to S. gonatistachya, but withstems and leaves hirsute
with eglandular trichomes 1-1.7 mm long (vs. glabrous) and longer calyx (c. 3.5 mm vs.< 3

mm long).
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Herbs perennial, ¢. 40 cm alt; young stems subcylindrical, hirsute with erect eglandular
trichomes, 1-1.7 mm long, trichomes concentrated in 2 lines. Petioles 0.3—1 cm long, hirsute
with erect eglandular trichomes, 1-1.7 mm long; blade 10-14 x 3.5-6 cm, lanceolate to
elliptic, cuneate to acute at base, acuminate at apex, hirsute with erect eglandular trichomes 1—
1.7 mm long, margin repand, ciliate, with the same trichomes. Thyrses spiciforms, terminal
and axillary, 7.5-9.5 mm long, rachis subcylindrical, glabrous or sparsely hispidulous with
erect eglandular trichomes c¢. 0.2 mm long; dichasia 1-flowered, sessile; bract c¢. 1.5 x1
mm,triangular, scarcely hispidulous with antrorse eglandular trichomes, these trichomes with
protuberances, abaxially c. 0.06 mm long, adaxially c¢. 0.3 mm long, with sessile glandular
trichomes; bracteoles ¢. 1.5 x 0.5 mm, lanceolate, indumentum like that of bracts. Flowers
sessile; calyx ¢. 3.5 mm long, lobes c. 3 x 0.5 mm, triangular, indumentum like that of bracts;
corolla white, c. 1.2 cm long, externally glabrous, tube c¢. 8.5 mm long, cylindrical, mouthc.
2.5 mm diam., upper lip straight, c. 3.5 mm long, bilobate, lower lip, c. 3.5 x 1.5 mm, lobes
equal, straight; stamens c. 1 cm long, filaments glabrous, thecae c¢. 1.5 mm long; pollen grains
subprolate, heteroaperturate, 3-colporate, 6-colpate, 2 colpi per mesocolpium, exine reticulate,
heterobrochate, membrane of colpori and colpi microverrucate; style c¢. 1 cm long, glabrous.
Capsulesc. 1.1 cm long, glabrous, stipe ¢. 6 mm long; seeds 3—4 mm wide, lenticular,
reticulate when immature, with granules in the reticulum and muri, tuberculate, with tubercles

onmargin.

Distribution and habitat: Eastern Brazil; Bahia and Espirito Santo states; in semideciduous

forest, to 300 m. In Bahia, it is common in cocoa plantations.

IUCN Red List category: Schaueria hirta is only known by three collections, two of them
from southern Bahia and one from northern Espirito Santo, with extent of occurrence
approximately 1,700 km?, and decling extent and quality of habitat becauseof the continuous
maintanance of cocoa plantation. Based on this, the species should be treated as

Endangered,B1ab(iii).

Phenology: Flowering and fruiting in February and April.
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Figure 13.A-D, S. gonatistachya:A, branch with inflorescence; B, inflorescence; C, bracteole and calyx; D,
corolla with stamens and style (drawn from Cértes 237). E-L, S. hirta: E, branch with inflorescences; F, details
of leaf abaxial surface; H, details of leaf adaxial surface; H, calyx; I, detail of calyx abaxial surface; J, corolla

and stamens; K, fruit; L, seed (drawn from of holotype Amorim 6814). Drawings by Carla Lima
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Etymology: The specific epithet refers to the hirsute indumentum that covers most parts of the

plant.

Notes: Although morphologically similar to Schaueria gonatistachya, S. hirta can be easily
recognised by the hisute indumentum on foliar blades, branches and inflorescence rachis,
longer calyx c¢. 3.5 mm (vs.< 3 mm long in S. gonatistachya), seeds with granules in the

reticulum and muri (vs. granules absent).

Paratypes:BRAZIL. Bahia: Itamaraju, Morro do Pescoco, 15 km da entrada da cidade,
16°59°20”S, 39°35°27°W, 11.i1.2007, bt., fl., AM. Amorim et al. 6814 (CEPEC); Espirito
Santo:Nova Venécia, APA Pedra do Elefante, Serra de Baixo, 18°46°37’S, 40°26°38”W, 313
m, 19.i1.2008, bt., fl., fr., R.C. Forzza et al. 5104 (CEPEC, MBML, RB).

13. SCHAUERIA PYRAMIDALIS A.L.A.CORTES, SP. NOV.Type: Brazil. Bahia: Jussari: RPPN Serra
do Teimoso, entrada 7,5 km da rodovia Jussari-Palmira, 15°10°S, 39°35’W, 1.ix.2001, bt.,
fl., R.P.Oliveira, F.R. Nonato, J.G.C. Sobrinho, E. Bebert & L. Bebert 747 (holotype:
HUEFS). (Figs. 3A; 4J; 5; 6R; 7S-T; 8; 14A-C).

Diagnosis: Schaueria pyramidalis is closely related to S. gonatistachya, but with larger
flowers and fruits: calyx 6-7 x c¢. 1 mm (vs. 2-3 x ¢. 0.3 mm), yellow(vs. white) corolla (3.8—
5 vs.1-1.2 cm long), internally muricate (vs. puberulous), and capsules ¢. 2 cm (vs. ¢. 1 cm)

long.

Subshrubs 1.5-1.8 m tall; young stems terete, glabrous to glabrescent, sometimes with
sessile glands. Petiole 1-3.5 cm long, quadrate, glabrous; blade 8-17 x 2.6—6 cm, oblong to
elliptic, acute to oblique at base, acuminate at apex (rarely slightly falcate), glabrous (rarely
with eglandular trichomes restricted to the veins), sessile glandular trichomes
presentadaxially, margin repand, glabrate. Thyrses spiciforms, terminal and axillary, 8-17
cm long, rachis cylindrical, puberulous with flexuous eglandular trichomes 0.1-0.2 mm long;
dichasia 1-flowered, sessile; bracts 1.7-2.7 x1-1.5 mm, largely triangular, glabrous, margin
with erect eglandular trichomes,c. 0.08 mm long; bracteoles 1.5-2.5 x 0.7-1 mm, narrowly

triangular, glabrous, indumentumlike that of bracts. Flowers sessile; calyx 6-7 mm long,

149



Capitulo 3

lobes unequal, 3.5-5.5 x ¢. 1 mm, narrowly triangular, adaxial surface slightly hispidulous

with antrorse
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eglandular trichomes c. 0.08 mm longwith protuberances, sessile to short stalkedglandular
thricomes also present, margin with erect trichomes; corolla yellow, 3.8—5 cm long, externally
glabrous, internally muricate with erect eglandular trichomes c¢. 0.05 mm long restricted to
thetube, tube 2.5-3 cm long, distally expanded into a throat, narrow proximal portion, ¢. 1 cm
x 2 mm, throat obconic, ¢. 2 cm X 5 mm, upper lip straight, 1.1-1.7 cm X ¢. 2 mm, lobes
shortly bilobate, lower lip 0.9—-1.7 cm long, lobes unequal, 1-1.6 cm x 0.15-0.2 mm; stamens
3—4 cm long, inserted up to 6-8 mm base of the throat, filaments muricate, ¢. 0.05 mm long,
thecae ¢. 3 mm long; pollen grains prolate, circular, heteroaperturate, 3-colporate, 6-colpate,
2colpi per mesocolpi, exine reticulate, heterobrochate, membrane of colpori verrucateand
microverrucate; style 3.5-4 mm long, glabrous. Capsulesc. 2 cm long, stipe 1.1-1.2 cm long,
glabrous; seeds 5-5.5 mm wide, lenticular, reticulate with microgranules when immature with

papillae in axils of reticulum, tuberculate, except on margin.

Distribution and habitat:Northeast of Brazil; southern Bahia; in submontane semideciduous
forest on granitic soil (Amorim et al., 2005), near cocoa plantantions, at elevations from 300

to 450 m.

IUCN Red List category: Schaueria pyramidalis is known only from the Serra do Teimoso
Permanent Protected Reserve, in Jussari, Bahia, and can be considered Critically Endangered

because of the declining quality of habitat and restricted occurrence, Blab(iii).

Phenology: Flowering and fruiting from July to February.

Etymology: the epithet refers to the pyramidal form of inflorescences.

Notes: The placement of Schaueria pyramidalis in the genus is supported by phylogenetic
analyses (Cortes et al., in prep.). It is closely related to S. gonatistachya, S. marginata, and
S.hirta, which are also mostly distributed in Bahia, but with the latter species also occurring in
northern Espirito Santo. However, it can be distinguished from the three species of Bahia by
the yellow, larger and internally muricate corolla (> 3.5 cm long) whereas the other species

possesses white, smaller (< 2 cm long) and internally puberulous corolla.
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Paratypes:BRAZIL. Bahia: Jussari, RPPN Serra do Teimoso, entrada 7,5 km da rodovia
Jussari-Palmira, 15°09°29”S, 39°31°43”W, 300-450 m, 4.i1.1998, fl., J.G. Jardim et al. 1511
(CEPEC); ib., 17.1i.1998, bt., fl., O. Harvey et al. 30 (CEPEC, NY); ib., 20.vii.1998, bt., fl.,
J.L. Paixdo et al.67 (CEPEC, NY, US); ib., 8 xi.1998, bt., A.M. Amorim et al. 2589
(CEPEC,NY); ib., 8.viii.2001, bt., fr., J.G. Jardim et al. 3728 (CEPEC, NY); ib., 20.ix.2002,
fl., fr., P. Fiaschi & S.C. Sant'Ana 1094 (CEPEC); ib., 17.ix.2004, bt., fr., A.M. Amorim et al.
4263 (CEPEC, NY); ib., 15.xi1.2004, bt., fl., R.N. Querino & M. Pinheiro 84 (CEPEC).

14. SCHAUERIA MARGINATA NEES in Martius, Fl. Bras.9: 102.1847.Type:Brazil. “In sylvis
Soteropolin”, s.d., C.F.P.Martius s.n. (holotype: M, photo F 20503!; isotype: GZU
251424! fragment). (Figs. 3A; 4K-L; 5; 6P—Q; 7U-V; 8; 14D-G; see also photos 37 and
38 in Cortes, 2013).

Subshrubs 30-80 cm tall; young stems quadrate, hirsute with antrorse eglandular trichomes
¢. 0.4 mm long, trichomes concentrated in 2 lines. Petiole 1-2.5 mm long, quadrate, sulcate,
hispidulous with erect eglandular trichomes c. 0.08 mm long; blade 10-21.5 x 2—4.5 cm,
lanceolate, attenuate at base, acute to acuminate at apex, chartaceous, glabrous or hispidulous
with erect eglandular trichomes ¢. 0.1 mm long and ¢. 0.08 mm long mostly on the major
veins and margin, margin repand. Thyrses racemiforms, terminal, 2.5-5.5 cm long, rachis
quadrate, hispidulous with erect eglandular trichomes c. 0.3 mm long and glandular to 0.5 mm
long; dichasia congested, 1- or 2-flowered, sessile; bracts green, 5-7 x 2-2.5 mm, oblong,
hispidulous with erect eglandular trichome c¢. 0.3 mm long and stalked glandular trichomes,
sessile glandular trichomes present adaxially; bracteoles green, 4-6 x ¢. 1 mm, triangular,
hispidulous like that of bracts; pedicels ¢. 1 mm long, hispidulous with erect eglandular
trichomes, c¢. 0.2 mm long. Calyx green, 1-1.3 cm long, lobes unequal, 8-12 x ¢. 1 mm,
triangular, surfaces hispidulous with erect eglandular trichomes to 0.3 mm long, stalked
glandular trichomes ¢. 0.7 mm long, sessile glandular trichomes present, margin ciliate with
stalked glandular trichomesc. 0.7 mm long; corolla white, ¢. 1.7 cm long, externally
puberulous with glandular trichomes (from the mouth to the apex of lobes), internally
puberulous with eglandular and glandular trichomeson tube, tube ¢. 1.1 cm long, cylindrical,
mouthc. 2.5 mm wide, upper lip straight, c. 5.5 x 2.5 mm, lip shortly bilobate, lower lip c. 5.5

x 2.5 mm, lobesequal, straight; stamens c. 7 mm long, inserted up to 8 mm from the base of
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corolla tube, filaments hispidulous with erect eglandular trichomes c. 0.08 mm long, thecae c.
1.5 mm long; pollen grains prolate, subtriangular, heteroaperturate, 3-colporate, 6-colpate, 2
colpi per mesocolpium, exine reticulate, heterobrochate, membrane of colpori microverrucate;
style ¢. 1.2 cm long, glabrous. Capsulesc. 1 mm long, stipe c. 4 mm long, glabrous; seeds
¢.3.5 mm wide, lenticular, slightly reticulate when immature, with papillae in axils of

reticulum, with tubercules on margin.

Distribution and habitat: Northeast of Brazil; Bahia state,Cruz das Almas and Sao Felipe, two
cities enclosed in the reconcave region (geographic region located around of Baia deTodos os
Santos, extending from coast to interior the state, including cities surrounding the Bay); in

relicts of ombrophylous forest, at elevations from 100 to 200 m.

IUCN Red List category: Schaueria marginata is known by five collections corresponding to
three locations, with approximately 50 mature individuals per observed subpopulations, extent
of occurrence 1,247 km” and declining area extent and quality of habitat, which qualifythe

species as Endangered, Blab(iii).

Phenology: Flowering in November, March and May; fruiting in March and October.

Notes: Schaueria marginata is phylogenetically close to the species from Bahia, emerging
basally to the clade composed by S. gonatistachya, S. pyramidalis,and S. hirta (Cortes et al.,
in prep.). However, it can be easily distinguished from these three species by the chartaceous
(vs. membranous) leaf blades, with deccurent (vs. acute)base, larger (5—7 x 2-2.5 mm vs. 1.5—
3 x 0.7-1.5 mm) oblong (vs. triangular to widely triangular) bracts, larger calyx lobes (> 7 vs.
< 6 mm long), with stalked glandular trichomes (vs. stalked glandular trichomes absent). The
corollas are similar to those of S. gonatistachya and S. hirta, but larger (c.1.7 cm long vs. 1-

1.2 cm long), whereas in S. pyramidalisthe corolla is larger (3.8-5 mm long) and yellow.

Specimens examined:BRAZIL. Bahia: Cruz das Almas, Mata do EBDA, 12.xi.1983, bt.,
J.C.A. Lima et al. 219 (MBM, HRB, HUEFES); ib., 17.v.1993, bt., C. Kameyama, G.L. Esteves
65 (HUEFS, SPF); ib., 12°39’S, 39°6’W, 259 m, 27.iii.2010, fl., fr., A.L.A. Cortes et al. 231
(HUEEFES); Sao Felipe, Serra da Copioba, x.1950, fr., G. Pinto 588 (IAC).
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Figure 14.A-C, S. pyramidalis:A, branch with inflorescence; B, bract, bracteole and calyx; C, corolla, showing
stamens (drawn from holotype, Oliveira 747). D-G, S. marginata: D, branch with inflorescence; E,
inflorescence; F, bract, bracteoles and calyx; G, bracteoles, calyx and corolla, showing stamens and style (drawn

from Cortes 231). Drawings by Carla Lima.
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EXCLUDED AND DUBIOUS SPECIES

Phylogenetic analyses based on DNA sequences (Fig. 1; Cortes et al., in prep., Darbyshire
pers. comm.) revealed that six species traditionally treated in Schaueria — S. azaleiflora, S.
hirsuta, S. humuliflora, S. malifolia, S. parviflora, andS. populiflora — are more closely related
to other lineages of Justicieae or to other genera in the Tetramerium lineage. Onespecies of
Fittonia [F. albivenis (Lindl. ex Veitch) Brummitt] is sister to Schaueria and could be
included in this genus. BecauseFittonia,with its variegated leaves, is widely known in
horticulture (Brummitt, 1978), possible taxonomic changes are deferred until the genericstatus

of its species can be firmly established based on both morphological and molecular data.

EXCLUDED HERE
1. SCHAUERIA AZALEIFLORA RUSBY, Mem. New York Bot. Gard.7: 365. 1927. Type: Bolivia.
1800 m, 23.viii.1921, O.E. White 990 (holotype NY!; isotypes BKL!, K!, MICH!).

Notes: Schaueria azaleiflora is strongly supported as the sister-group of Pachystachyss.l. and

is being transferred to that genus (Cortes et al., in prep.).

2. JUSTICIA ILHENSIS (MORIC.EX NEES) A.L.A.CORTES, COMB.NOV.Rhytiglossa ilhensis
Moric.ex Nees in Martius, Fl. Bras. 9: 122. 1847. Ecbolium ilhense (Moric. ex Nees)
Kuntze, Revis. Gen. P1.2: 980. 1891. Type: Brazil. Bahia: “prope oppidum Ilheos”, J.S.
Blanchet s.n. (holotype: G 236398!).

= Schaueria hirsuta Nees in Martius, Fl. Bras. 9: 103. 1847. Type: Brazil. Bahia: “prope
Soteropolin”, 1840, J.S. Blanchet 3131 (holotype: G 308098!; isotype: GZU 250356!),
syn. nov. (Figs. 65-T)

Notes: Examining specimens of Schaueria hirsuta and Rhytiglossa ilhensis, we realised that
characteristics such as chartaceous and oblong leaves and chartaceous bracts and calyx in S.
hirsuta (vs. elliptic, membranous leaves and membranous bracts and calyx in Rhytiglossa
ilhensis) are insufficient to separate them. Furthermore, molecular data and macro- and
micromorphological studies — presence of rugulae, displaced thecae and 2-colporate pollen
grains with reticulate exine, membrane of colpori rugulate and 7-9 pairs of areolae per colpori

— confirm its transference to Justicia. The two names were published simultaneously, but
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becausethe specific epithet “hirsute” is already occupied in Justicia, J. ilhensis should be the

correct name for the species in this genus.

Specimens examined: BRAZIL. Bahia: Amargosa, Serra do Timbd, barragem do Timbo. Area
de estudos do projeto Timb6/Centro Sapucaia, 13°4°57”S, 39°39°15”W, 697 m, 29.i.2007,
D.B.O.S. Cardoso, J.S. Souza & Manuel “Cheira-Cheira” 1716 (HUEES); Ilhéus, estrada
Una-Sdo José da Vitéria Km 18, 15°12°56S, 39°10°32”W, 23.x.2004, M.N.S. Stapf et al. 349
(HUEFS).

3.SCHAUERIA HUMULIFLORA (NEES & MART.) NEES & MART.in Martius, Fl. Bras. 9: 102. 1847.
Justicia humuliflora Nees & Mart., Nov. Act. Ac. Nat. Cur. 11(1): 53. 1823. Type: Brazil.
“In sylvis ad Rio Belmont et prope Ilheos in via Felisbertia”, M.A.P. Wied-Neuwied s.n.
(holotype: BR!).

Notes: Schaueria humuliflora is more closely related to Thyrsacanthus (Fig. 1). It is
morphologically distinct from the other species of that clade by the larger, broad bracts and
small white corolla (vs. narrow bracts and large red corolla). Additional attention should be

given to this species in further studies on Thyrsacanthus.

4.CHAMAERANTHEMUM MALIFOLIUS (NEES) A.L.A.CORTES, COMB. NoV.Schaueria malifolia
Nees in Martius, Fl. Bras.9: 103.1847. Type: Brazil. “Ad. Rio de Janeiro, Septembri”, J.H.
Langsdorff s.n. (holotype: B, destroyed; lectotype: GZU 250355!, designated here).

Notes:Herbs with ovate leaves, basally truncate and with the major veins white, inflorescences
consisting of 1-flowered dichasiaarranged in thyrses spiciforms with rachis hirsute,bracts
lanceolateand the flowers with 4 fertile stamens (2 bithecous and 2 unithecous). Originally
described in Schaueria, this species is more similar to Chamaeranthemum Nees, in the
Pseuderanthemumlineage (McDade et al., 2000). Chamaeranthemum comprises seven
species, distributed in Central America and Brazil, and can be distinguished from
Pseuderanthemumspeciesby the androecium with 2 bithecous and 2 unithecous (vs. 2 fertile

stamens and 2 staminodes in Pseuderanthemum) (Nees, 1847a).
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Specimen examined: BRAZIL. Rio de Janeiro: Rio de Janeiro, Barra da Tijuca, Morro do

Focinho do Cavalo, vertente sul,100-175 m,1.x.2001, C.A.L. Oliveira 1917 (GUA).

5.SCHAUERIA PARVIFLORA (LEONARD) T.F.DANIEL, Proc. California Acad. Sci. 46(12): 286.
1990. Streblacanthus parviflorus Leonard, J. Wash. Acad. Sci. 31: 103. 1941. Type:
Guatemala. Izabal: Escoba, a cross bay (West) from Puerto Barrios, 3.v.1939, P. Standley
72949 (holotype: F!).

= Schaueria calycobractea Hilsenb. & D.L.Marshall, Brittonia 35: 362. 1983. Type:
Mexico.Veracruz: Estacion de Biologia Tropical Los Tuxtlas, 22.vii. 1978, D.L. Marshall
1 (holotype: US!; isotypes: MEXU, TEX, US!).

Notes:Although the position of Schaueria parviflora is not resolved, its placement in
Schaueria is contradicted by molecular phylogenetic data. The species appears to be closely
related to the Mirandea clade or to the core Tetramerium lineage, both of which, like S.
parviflora, are predominantly distributed in North and Central America (Cortes et al., in prep.

and McDade’s unpublished data).

6.SCHAUERIA POPULIFOLIA C.B.CLARKE, Fl. Trop. Afr. [Oliver et al.] 5(2): 242. 1900.
Syntypes: Camaroon,Fernando Po, 1862. G. Mannl426 (K5419169, K419170); Bipinde,
1896, G. Zenker 1205 (BM).

Notes: Unpublished molecular data by McDade (Ian Darbyshire 2012, pers. comm.) show that

S. populifolia is more closely related to the Isoglossinae lineage.

Excluded by others

7.CARLOWRIGHTIA LINEARIFOLIA (TORR.) A.GRAY, Proc. Amer. Acad. Arts 13: 364. 1878,
nonC. linearifolia Lindau (1897).Schaueria linearifolia Torr.,Rep. U.S. Mex. Bound., Bot.
[Emory]: 123. 1859. Type: “Collected in expedition from Western Texas to El Paso, New
Mexico” v-x.1849, C.Wright 436 (lectotype: US!, designed by Daniel 1981; isolectotypes:
GH, 2 sheets, PH, TEX).
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8.CARLOWRIGHTIA TORREYANAWASSH.,Phytologia 12: 427. 1965, non C. parvifolia
T.S.Brandegee. Schaueria parvifoliaTorr.,Rep. U.S. Mex. Bound., Bot. [Emory]122. 1859.
Type: “Coll. N. Mex.” 1851-52, C. Wright 1460 (lectotype: NY!, designated by Daniel
1981; isolectotypes: GH-2 sheets, MO, NY)

9.PSEUDERANTHEMUM PANICULATUM (NEES) V.M. BAUM, Brittonia 34(4): 433. 1982.
Schaueria paniculata Nees in Martius, Fl. Bras. 9: 106. 1847. Odontonema paniculatum
Lindau in Engler & Prantl, Nat. Pflanzenfam. IV(3b): 335. 1895. Type: Brazil. “inBrasilia,
loco incerto”, F. Sellows.n(holotype: B destroyed, photo F 8771!, NY).

10. THYRSACANTHUS BOLIVIENSIS (NEES) A.L.A.CORTES & RAPINI, Taxon 59(3): 967.
2010.=Drejera boliviensis Nees in Candolle, Prodr.11: 334. 1847.Jacobinia boliviensis
(Nees) Woodrow, Gard. India. 5: 415. 1889. Anisacanthus boliviensis(Nees) Wassh., Novon
2: 149. 1992.Type: Bolivia. A.C.V.M.D. Orbigny 786 (lectotype: G; isolectotype:
GZU,designated by Wasshausen, 1992).

= Schaueria caduciflora Griseb., Symb. Fl. Argent.: 261. 1879. Anisacanthus caduciflorus
(Griseb.) Ariza, Bol. Soc. Argent. Bot. 22: 255. 1983. Type:Argentina. Gran Chaco: Laguna
del Palmar, P.G. Lorentz & G.H.E.W. Hieronymus 554 (holotype: GOET).

Dubious Species
11.SCHAUERIA DECIPIENS NEES in DC., Prodr.11: 316. 1847. Type: In protologue “Supra Rio
Grande Regno Mexico” s.d., C.GEhrenberg s.n. (holotype: B, destroyed; isotype: GZU

fragment).

Notes: Nees (1847b) compared Schaueria decipens with Justicia pectolaris, which is widely
distributed in Neotropics and, according to him, presents flowers and fruits similar to those in
Schaueria. The corolla of S. decipiens is extremely short compared to the other species of the
genus and Hilsenbeck & Marshall (1983) believed that it most likely belongs to
Carlowrigthia, which also bears smal flowers. Unfortunately, from the type, there are only

two fragments at GZU, which are insufficient to confirm or reject its placement in Schaueria.
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SPECIMENS EXAMINED

Alcantara, I.LH. 123 (3); Amorim, A.M. 4263 (13), 6814 (12); Andreata, R. 479 (1); Araujo, D.
3168, 3239, 3738, 3868 (1), 4840, 6463 (5), 9408 (1), 9430 (2), 10476, 11106 (3); Belém,
R.P. 897 (10); Berardi, H.Z. 15 (1); Bianchini, R.S. 259 (2); Brade, A.C. 14974 (2), 19899
(4); Braga, J.M.A. 1823 (2), s.n. (3); Braz, D.333 (9); Burchell, W.J. 2538 (7); Carauta, J.P.P.
1402 (1), 4389 (4), 5053 (3), 6021 (8), 6948 (3); Carvalho, A.M. 273 (10); Casari, M.B. 116,
355 (1); Cortes, A.L.A. 152-154, 159 (2), 160 (1), 187 (5), 193 (3), 198, 200 (5), 231 (14),
237,239 (10), 243 (12), 266 (6); Costa, E. 195 (3); Croat, T.B. 53725 (1); Lindle, C. 1828 (1);
Demuner, V. 472 (5); Douglas, D. s.n. (1); Duarte, A.P. 5041 (5); Dziewa, A. 122 (6);
Emygdio, L. 1479, 45098 (5); Falkenberg, D.B. 4472 (6); Farney, C. 3870, 4126, 4477 (1);
Ferreira, V.F. 3949 (1); Fiaschi, P.1094 (13); Flores, D. 97 (3); Fontana, A.P. 203 (5);
Fontella, J. 2607 (1); Forzza, R.C. 5104 (12); Frazdo, A. s.n. (1), s.n (2); Freire, C.V. 379 (5);
Frigoletto, ML.F. 20 (8); Gardner, G. 457, 839 (1), 5136 (3); Glaziou, A. 222 (3); Hage, J.L.
508, 600, 962, 2133, 2212 (10); Harvey,O. 30 (13); Hatschbach, G. 359, 14697, 14717, 42495
(6), 68412 (10); Jardim, J.G. 1511, 3728 (13); Kallunki, J. 602 (5); Kameyama, C. 65 (14), 67
(10); Klaenze 105, 106 (3); Kummrow, R. 2539 (6); Labiak, P.H.E. 1904 (6); Csiba, K. 15897
(1); Ledo, A.S. 128 (1); Lehnvoelse s.n.(US14915) (2); Lima, J.C.A. 219 (14); Lindley, G.
s.n. (1); Lira, C.M.S. 169, 246 (1); Lohmann, L. 10783 (5); Luederwaldt, H. s.n.(SP14699)
(3); Lund, N.T. s.n. (5); Lutz, B. 646 (3); Maas, PI.M. 6977 (10), 8414 (1); Magalhdes, M.
2527 (5), 19540 (10), s.n. (5); Martius, C.F.P. s.n. (F20503)(14); Mello-Silva, R. 1170 (5);
Miers, J. 3739 (1); Miranda, F.E. 7 (1); Nash, G.V. 9634 (1); Oliveira, F. 424 (3); Oliveira,
C.A.L. 1508, 2060 (3); Oliveira, R.P. 747 (13); Pabst, L.F. s.n.(US, HB28125) (2); Paixao,
J.L. 67 (13); Pereira, E. 4041, 7192 (3); Pineschi, R.B. 31 (3); Pinto, G. 588 (14); Pohl, J.B.E.
5011 (8); Profice, S.R. 11 (1); Querino, R.N. 84 (13); Reitz, R. 6768, 9813 (6); Ribeiro, R.
231, 293 (3), 680, 2135 (1); Rizzini, C.M. 166, 24877(3); Rodrigues, I.A. 113 (1); Rosa, M.,
73 (3), 52205 (5), s.n.(GUA 23304) (3); Saint-Hilaire, A. 14 (8), 25 (1), 2474, 2774 (8);
Sampaio, A. 8529 (3), 8629 (5); Santos, A.A. 94 (4); Santos, M.C.F. 81 (3), 230 (1); Santos,
M.G. 391 (1); Santos, T.S. 3409 (10); Schott, HW. 4723 (7), 4741 (8), 4743 (2); Segadas-
Vianna, F. s.n. (US 677), (US1392) (2); Sellow, F. 15 (2), 152 (10), 157 (2), 219 (1), 225 (2),
279, 560 (10), s.n. (2), s.n.(K529415) (3), s.n. (10); Sergio, L. 282 (3); Smith, L.B. 6545 (2);
Sobral, M. 5468 (10); Sucre, D. 1168 (2), 1168, 3297, 7058 (3); Taylor, N. 9634 (1); Trice,
V.G. 49 (1); Tweedie, J. s.n. (K 529417) (5); Vianna, M.C. 1526 (1), 1666 (3), 2094 (1), 2632
(2); Vidal, J. 39 (3); Weir, J. 17 (8); Wied-Neuwied, M.A.P. s.n.(BR
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2562175) (1); s.n. (BR8058744), s.n.(BR 8096937), s.n. (BR 8096975) (3); s.n. (GZU250357)
(10); s.n. (GZU 251413) (11).
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South American species of the TETRAMERIUM lineage ( Acanthaceae) 1

Ana Luiza Andrade Cortes - Depto de Sotanica da Universidade Extadnal de Feira d= Santana
Phastion oy Acvm [asics Ancrasle © oo dicatel, Froalied by Fibe Pt Rbin P, Juinna Py, T. Wackies, supput s Coasie eller Hymdron Fanl & Mllon Fusssaion
© AL Lot Ak Sheies fialiiis coxbes pased £rua] Tleicarchs ngyaort (o CARES, Trumen amd llefiees Tiasks
& FCCn, ﬂ:qlld\.lm Chcaim. 1. h.'li'f

e i P:nv“-.n':x'-:rpnu L7700 fior Ml scoassnce
s rcﬁl'lilh:uuu:.-e -2 d Color Coalde 8 809 verim 1 G303

Pachystachys llops 4 hn'h‘rhlhl:m Pachystachys killipd

- ’
1 Pachystachys badiospeca I Pachystachys badiospica 3

7 Fuhlm&;n lisearibractesin 8§ Pachystechys hocanboooicas @ M?M}smm Iemcbean lil Paehgmd:.gs heea
[, maw, sl | b o el I5p oo e |

12 Pulry:ta.:l:_w:ulu 11  Pachyotachys ossola 14

19  Pachyotaehys rosea

16 Pachystachy: pobemuls 17 Pachystachys puberuls 18 Paehuk}':m&za

M Pachystachys spicats

167



Capitulo 4

.")
South American species of the TETRAMERIUM lineage { Acanthaceae) o

Ana Luira Andrade Cartes -- Depto de Sotanics da Universidade Extadnal de Feira de Santana
Plusim b dom [uies Andirale Cieies, © where inScuinl Prsducel by Heike Bele, Robin Fosler, Jultses Philipp, T. Wischier, supyed from Cooesie Keller, Hymbnan Fosd & Mellin Foundstim
& Agm Lissa Andrade Cirics finsd ws oo nﬁfmﬂl o] Rscarck supspeet (vom raf-Fs. Primz sl Fcllora. TL:l.l: i bdanin Percy Mafes Vaggas ¢OUT) For ldal medslamce.
& ECCn, The Rkl Misscss, Ol I'I.H\.W." LISA !_'_ldmuncuru: Maixds]  [re @i fichbsiscus. o] gkl Color Calde § 308 vordon 1 (53003

" 24  Schomeriacalyricha | 25

Pk cuiiaty 33 Helisimiaran galytrais
L Syn Schaeris calyostricks

Sy Bclaucris cal yookscla

Schaneria hima
[5pe mos. bmed |

- B - N ""ﬂ; 5 2
Schameria Inoralis Schomeria marrmata 3 Schaweria marpinaca 39 Schoweria paranaenzizc 40 Schameria pamanzensic
Syn.: Schaneria | fiyn. Jimlicia puranacrsis [T —

168



Capitulo 4

South American species of the TETRAMERITUM lineage ( Acanthaceae) 3
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South American species of the TETRAMERIUM lineage ( Acanthaceae) 4
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Consideracoes finais

A reavaliacdo da hipdtese filogenética com amostragem expandida dos géneros sul-
americanos, juntamente com a filogenia datada e a reconstru¢do ancestral da linhagem
Tetramerium contribuiram para a defini¢cdo dos limites genéricos e para o conhecimento de
um provavel periodo que pode ter culminado na expansdo das florestas secas e isolamento das
linhagens das florestas Amazonica e Atlantica. Nossos dados apontam para uma congruéncia
entre esses eventos biogeograficos entre o Mioceno e o Plioceno e indicam uma subsequente
fragmentacdo das florestas secas ainda no Pleistoceno Inferior, contrastando com a hipdtese
de um arco de florestas secas na Ultima Maxima Glacial, como proposto pela hipétese de
Arco do Pleistoceno. As mudancgas climaticas no final do Neogeno como diminui¢do da
temperatura e umidade, parecem ter tido um papel fundamental na reorganizagao dos biomas
neotropicais, culminando com a diversificagdo das linhagens no Pleistoceno.

As relagdes entre os principais clados da linhagem Tetramerium nao foram resolvidas,
mas a inclusdo de mais regides, como tnrL-rpl32-ndhf e trnH-psbA, testadas neste estudo,
poderdo ajudar nesse aspecto. Todavia, os clados recuperados em nossas analises permitiram
redelimitar alguns dos géneros sul-americanos desta linhagem como:

1. Schaueria passou a incluir 14 espécies (vs. 17 spp.) endémicas da Mata
Atlantica. Trés novas espécies sdo descritas, quatro novas combinacdes, dois
sindnimos, cinco lectétipos propostos e seis espécies foram excluidas.

2. Pachystachys passou a englobar as espécies de Streblacanthus (exceto S.
monospermus) € Schaueria azaleiflora, que formam um grado em relagdo a
Pachystachyss.str. Duas novas espécies foram descritas e quatro
combinacdes propostas no género, que passou a incluir 18 espécies
distribuidas principalmente na bacia Amazonica, a maioria endémica do
Peru.

3. Thyrsacanthus nao € monofilético como tradicionalmente circunscrito.Ele
deve incluir um clado mexicano (Justicia gonzalezii, Justicia zopilotensis,
Yeatesia  mabryi,  Mirandea  hyssopus), Justicia  angustissima,
Schaueriahumuliflora e Carlowrightia sulcata. Suas espécies estdo

distribuidas de maneira disjunta nas florestas sazonalmente secas da
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América do Sul e México. Anisacanthustrilobus, tradicionalmente
relacionado as espéciesdesse género, mostrou-se mais
relacionadaaHarpochilus, confirmando a morfologia polinica semelhante a

encontrada na linhagem Justicioides.
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