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RESUMO

O género Cyrtopodium Schltr. apresenta cerca de 42 espécies, sendo que 28 delas
ocorrem no Brasil. Entre essas espécies Cyrtopodium polyphyllum Vell. (Sindnimo:
Cyrtopodium paranaense Schltr.) ocorre, principalmente, na regido litoranea do sul e
sudeste brasileiros. As duas populacdes estudadas ocorrem na planicie litordnea de
Picinguaba e Praia da Fortaleza, Ubatuba-SP. Em ambas as regides foram estudadas a
fenologia, a morfologia floral, a anatomia do labelo, bem como observados os visitantes
florais e identificados os mecanismos de polinizacdao de C. polyphyllum. Também foram
feitos experimentos para verificar o sistema reprodutivo da espécie. A quantidade de
sementes potencialmente vidveis obtidas em cada tratamento, bem como a taxa de
frutificacdo em ambiente natural foram determinadas para avaliar o sucesso reprodutivo.
Os resultados dos estudos anatdmicos foram comparados com os de outra espécie de
Cyrtopodiinae, Grobya amherstiae Lindl.

Cyrtopodium polyphyllum nao oferece recursos aos seus polinizadores, que sao
atraidos as flores por engano. Cyrtopodium polyphyllum ocorre simpatricamente e,
aparentemente, mimetiza flores de outras espécies que oferecem recursos, como
Crotalaria incana (Fabaceae) e Stigmaphyllon sp. (Malpiguiaceae). Além da polinizacao
por fator bidtico, algumas flores de C. polyphyllum sdo autopolinizadas por gotas de
chuva, um mecanismo que até entdo ndao havia sido descrito para Cyrtopodiinae.
Cyrtopodium polyphyllum € autocompativel, mas dependente de polinizadores para a
transferéncia de poélen. O grau de autocompatibilidade varia bastante entre as populacdes
estudadas. Os frutos formados através das autopolinizacdes manuais, das polinizacdes
cruzadas, assim como os desenvolvidos em condi¢des naturais, apresentam alta taxa de
sementes potencialmente vidveis e algumas exibem poliembrionia.

Um estudo anatdomico das glandulas florais presentes no labelo de Cyrtopodium
polyphyllum e Grobya amherstiae foi efetuado com o propdsito de relacionar a fungao
desempenhada por estas estruturas com o processo de polinizagdo. Ambas as espécies
apresentam osmoforos, estruturas responsaveis pela producdo dos odores caracteristicos
de cada espécie. Cyrtopodium polyphyllum possui dois tipos de osmoéforos: um composto
por papilas unicelulares, distribuidas pela superficie adaxial do labelo, e outro composto

por emergéncias pluricelulares, presentes na regido do calo do labelo. Em G. amherstiae



os osmoforos sdo compostos por uma unica camada de células epidérmicas, e ocorrem
em toda a superficie abaxial do labelo. Grobya amherstiae apresenta, ainda, elaiéforos,
sendo um no apice do labelo e outro na base da coluna. O elai6foro do dpice do labelo é
de estrutura mista, composto por tricomas unicelulares glandulares e epiderme em
palicada, enquanto o da base da coluna € tricomdceo, apresentando apenas tricomas
glandulares. Além de osmoéforos e elaiéforos, G. amherstiae apresenta também um guia

de 6leo na superficie adaxial do labelo formado por células papilosas.



ABSTRACT

The genus Cyrtopodium comprises about 42 species, with 28 occurring in Brazil.
Among these species, Cyrtopodium polyphyllum (Synonym: Cyrtopodium paranaense
Schltr.) occurs mainly on sandy soils in “restinga” vegetation along the coast of south and
southern of Brazil. Large populations are found in the Natural Reserve of Picinguaba and
at Praia da Fortaleza, municipality of Ubatuba, State of Sao Paulo, regions where this
specie was studied. In both study sites were studied the phenology, floral morphology, lip
anatomy, as well as recorded the floral visitors and identified the pollination mechanisms
of C. polyphyllum. Also were performed treatments to verify the reproductive system of
this specie. The quantity of potentially viable seeds obtained in each treatment, as well as
the fruit set in natural habitat was recorded in order to evaluate the reproductive success.
The results of the anatomic studies were compared with other Cyrtopodiinae specie,
Grobya amherstiae Lindl.

Cyrtopodium polyphyllum offers none reward to their pollinators, which are
attracted to flowers by deceit. Cyrtopodium polyphyllum occur sympatrically and
apparently mimicry flowers of other reward producing species, as Crotalaria incana
(Fabaceae) and Stigmaphyllon sp. (Malpiguiaceae). Besides of the pollination by a biotic
factor, some flowers of C. polyphyllum are pollinated by raindrops, a pollination
mechanism not described to Cyrtopodiinae yet. Cyrtopodium polyphyllum is self-
compatible but pollinator-dependent. The tax of self-incompatibility is different between
the two studied populations. The fruits formed from manual self-pollinations, cross-
pollinations, as well as developed under natural conditions, show an elevated tax of
potentially viable seeds and sometimes present poliembriony.

An anatomical study of the floral glands gifts in lip of Cyrtopodium polyphyllum
and Grobya amherstiae were performed with the intention to relate the function played
for these structures with the pollination process. Both species presents osmophores,
structures responsible by the production odors, which are characteristic of each species.
Cyrtopodium polyphyllum presents two types of elaiophores: one is composed by
unicellular papillae, distributed along adaxial surface of the lip, and other composed by
multicellular papillae arranged on the lip callous. In G. amherstiae the osmophores are

composed by a singular layer of epidermic cells, and occurs along of all abaxial surface



of the labellum. Grobya amherstiae also presents an elaiophore on the lip apices and on
column basis. The elaiophore of the lip apices is a mixed structure, composed by
unicellular glandular trichomes and a palicade epidermis, although the elaiophore of the
column basis is trichomatic, presenting only glandular trichomes. Besides of osmophores
and elaiophores, G. amherstiae also presents an oil guide on adaxial surface of the

labellum made by papillose cells.
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INTRODUCAO GERAL

A familia Orchidaceae

A familia Orchidaceae abrange cerca de 7% das Angiospermas, sendo considerada
uma das maiores familias desse grupo (Sanford 1974), ao lado de Poaceae e Asteraceae
(Arditti 1982). Originaram-se no periodo Cretidceo, na drea geogrifica que atualmente
compreende a Maldsia, no periodo em que as angiospermas comegaram a se diversificar
(Dressler 1981). Segundo Atwood (1986), estima-se que a familia possua,
aproximadamente, 20.000 espécies distribuidas por todo o mundo, mas apresentando sua
maior diversidade nos trépicos. Segundo Pabst & Dungs (1975) o Brasil possui cerca de
2.300 espécies distribuidas em 191 géneros.

A maioria das espécies é epifita, porém, existem orquideas rupicolas, terricolas,
palustres e saprofiticas (Dressler 1993). Segundo Hoehne (1949), espécies de orquideas
podem ser encontradas em todas as formacdes vegetais brasileiras. Esta grande
capacidade adaptativa pode ser explicada, em parte, pelas varias formas vegetativas
presentes na familia, as quais podem representar diferentes estratégias relacionadas,
basicamente, com a obtencdo e reserva de dgua e nutrientes. Caules intumescidos
formando pseudobulbos, folhas carnosas, raizes dotadas de velame e o proprio
crescimento em touceiras, permitindo o acimulo de matéria organica, sdo algumas destas
estratégias.

Ao contrdrio dos 6rgdos vegetativos, que tém grande diversidade estrutural, as
flores das orquideas sdo relativamente uniformes quanto ao nimero e arranjo das partes,
possuindo trés sépalas, trés pétalas (uma destas diferenciada em labelo) e sua simetria,
geralmente, € zigomorfa. Os Orgdos reprodutivos sdo fundidos em uma estrutura, a
coluna, com uma ou mais raramente duas ou trés anteras € uma regido estigmatica
formada pela fusdo dos trés estigmas (Dressler 1981). Apesar da construcdo floral ser
uniforme quanto ao nimero e arranjo de suas partes, hd variacdo em detalhes estruturais,
na forma e tamanho dos componentes basicos, levando ao surgimento de estruturas muito
complexas em orquideas (van der Pijl & Dodson 1966). Na maioria das Orchidaceae os
graos de pdlen sdo reunidos em duas ou mais polinias, e estas, em conjunto com 0O

viscidio (e estipe, em alguns géneros), que é a extremidade adesiva responsédvel pela
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fixacdo ao polinizador, formam o polindrio. O polindrio € separado do estigma por uma

regido denominada rostelo (Dressler 1993).

Polinizacdo em Orchidaceae

A importancia dos polinizadores na evolucdo da familia Orchidaceae € refletida na
complexidade das caracteristicas dos mecanismos de polinizagdo (Garay 1960, van der
Pijl & Dodson 1966). Alguns autores afirmam que as relacdes entre orquideas e seus
polinizadores tem resultado em grande especializacao e diversidade da morfologia floral
(Dressler 1981). Pabst & Dungs (1975) acreditam numa co-evolugdo entre orquideas e
seus polinizadores, em que qualquer modificagio em determinada planta tras
conseqiiéncias para seu polinizador e vice-versa. Com isso, mudangas significativas na
estrutura floral e caracteres quimicos ou fenotipicos nas plantas parecem ser catalisadas
por esses polinizadores (van der Pijl & Dodson 1966). A especializacdo floral para
polinizadores especificos e a limita¢do da diversidade dos polinizadores sdo interpretadas
como propiciando reducdo do custo de energia da planta no sucesso da transferéncia de
polen entre individuos (Tremblay 1992). Segundo Herrera (1989) a abundancia de
polinizadores ndo especializados raramente € eficiente no sucesso da polinizagdo em
Orchidaceae.

Nos ultimos anos tem sido crescente o numero de trabalhos sobre biologia floral e
polinizacdo de numerosas espécies de Angiospermas, principalmente da familia
Orchidaceae (van der Pijl & Dodson 1966, Dressler 1993, Endress 1994). Esses estudos
mostram que a diversidade de polinizadores estd, habitualmente, relacionada com a
complexidade floral e aos diferentes tipos de recursos produzidos pelas flores.

A maioria das espécies de orquideas que apresentam recursos é polinizada por
abelhas, que exploram diferentes recursos ou sdo atraidas por engano as flores (van der
Pijl & Dodson 1966). Entre as espécies que oferecem algum tipo de recurso aos
polinizadores o néctar € o mais comum (van der Pijl & Dodson 1966, Nilsson 1992) e
explorado por diversos grupos de abelhas sociais e solitarias (revisdo em van der Pijl &
Dodson 1966). Outros tipos de recursos podem ser explorados por abelhas na familia,
como Oleos voldteis (fragrancias) que sao produzidos em estruturas chamadas osmoéforos
(Vogel 1963a, b). Oleos florais, pseudopélen e tricomas comestiveis também sdo alguns

tipos de recursos que podem ser encontrados em alguns grupos de orquideas (van der Pijl
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& Dodson 1966, Williams 1982). O oferecimento de pdlen como recurso € raro na
familia, pois a maioria das orquideas apresenta graos de pdélen formando polinias. No
entanto, o oferecimento de pdlen como recurso tem sido observado em alguns grupos
mais basais que apresentam poélen livre, como em Apostasia e Neuwiedia, ambos 0s
géneros pertencentes a subfamilia Apostasioideae (Kocyan & Endress 2001).

Apesar das abelhas serem os polinizadores mais freqiientes, as orquideas também
podem ser polinizadas por outros grupos de insetos e até mesmo péssaros (revisdo em van
der Pijl & Dodson 1966). Borboletas podem atuar como polinizadores de espécies de
Epidendrum (Pansarin 2000, 2003). Apesar de serem pouco comuns, besouros sao
polinizadores de Pteroglossaspis (Singer & Cocucci 1997b) e de Grobya amherstiae, na
qual uma espécie de Montella realiza autopolinizacdes, oviposita no ovario e
posteriormente, suas larvas se alimentam das sementes (Mickeliunas et al. 2006). Beija-
flores também podem polinizar espécies de Orchidaceae (van der Pijl & Dodson 1966).
As mariposas habitualmente realizam poliniza¢des noturnas, como ocorre, por exemplo,
em Platanthera (Maad & Nilsson 2004) e algumas espécies de Habenaria (Singer &
Cocucci 1997a). Algumas orquideas também podem ser polinizadas por certos grupos de
moscas (van der Pijl & Dodson 1966), como tem sido documentado para espécies de
Bulbophyllum (Borba & Semir 1998) e Pleurothallis (Borba & Semir 2001).

Cerca de um ter¢o das orquideas sdo polinizadas por engano (van der Pijl and
Dodson 1966, Ackerman 1986, Nilsson 1992). Essas flores sem recursos podem atrair
seus visitantes de varias maneiras, incluindo o engano de alimento, no qual as flores
mimetizam outras que possuem recursos ou simulam estruturas que servem como

alimento (Dafni 1984, Ackerman 1986, Nilsson 1992).

Anatomia floral

Estudos de anatomia floral sdo extremamente raros para Orchidaceae, devido as
dificuldades na obtencdo de material, pois habitualmente as orquideas florescem apenas
uma vez ao ano e, em algumas espécies, as flores duram apenas um dia.

Dentre as estruturas secretoras presentes nas flores das Angiospermas estdo os
elaidforos, que secretam Oleo fixo, e os osmoéforos, responsdveis pela liberagdo de

fragrancias. Os Oleos florais foram primeiramente documentados por Vogel (1969) em
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diversas familias de plantas. Em Orchidaceae a presenca de 6leos foi registrada nas
subtribos Ornithocephaliinae e Oncidiinae (Vogel 1974).

Vogel (1974) descreveu dois tipos de elaiéforos: epidermais e tricomaceos. Nos
elaiéforos epidermais as células epidérmicas em pali¢ada s@o secretoras, sendo o tipo de
elaiéforo predominante nas angiospermas e encontrado em Malpighiaceae, Krameriaceae
e algumas espécies de Orchidaceae. Por outro lado, o tipo de elai6foro tricoméceo
consiste de tricomas glandulares, que podem ser unicelulares (Iridaceae e algumas
Orchidaceae) ou multicelulares (Solanaceae, Cucurbitaceae, Scrophulariaceae,
Primulaceae e Orchidaceae) (Buchmann 1987, Endress 1994).

Os odores, que podem ou ndo estar associados a atracdo de polinizadores, sdo
produzidos nos osméforos e s@o compostos, principalmente, por dleos voléteis (Vogel
1963 a, b). Os osmoéforos sao habitualmente formados por uma tnica camada de células
epidérmicas, ou podem apresentar papilas secretoras (Curry et al. 1991, Ascensdo et al.

2005).

Cyrtopodium

O género Cyrtopodium (Epidendreae: Cymbidieae: Cyrtopodiinae) € neotropical e
inclui cerca de 42 espécies, distribuidas desde o sudeste da Flérida até o nordeste da
Argentina (Batista & Bianchetti 2004). O centro de diversidade do género € o cerrado
brasileiro, onde ocorrem cerca de 28 espécies (Hoehne 1942). A distribui¢cdo de espécies
terricolas de Cyrtopodium estd, habitualmente, correlacionada com as caracteristicas do
solo, e com o tipo de vegetacdao local (Barros et al. 2003). Muitas espécies podem ser
rupicolas ou epifitas, no entanto, a maioria delas ocorre como terricola (Hoehne 1942). A
importincia do fogo no desenvolvimento de orquideas terricolas tem sido objeto de
estudo de muitos pesquisadores. Schelpe (1970) notou que as orquideas da Africa do Sul
permanecem ilesas apds incéndios naturais, e que algumas espécies florescem com mais
intensidade apdés a passagem do fogo, enquanto outras apenas florescem se forem
previamente queimadas. Na Austrdlia, o fogo também induz a floracdo de algumas
espécies de orquideas (Stoutamire 1974). O fendmeno € conhecido nio apenas em relacio
as orquideas, mas também em um grande nimero de espécies de plantas carnivoras, como
Darlingtonia, Dionaea, Drosera e Sarracenia (Braem 1992), bem como para espécies de

outras familias. Segundo Kricher (1989) o fogo € essencial, porque fertiliza o solo pobre
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de regides como o cerrado, liberando os nutrientes da cobertura vegetal que as plantas
necessitam para florescer. Huggins (1991) registrou que espécies de Cyrtopodium sao
encontradas apenas em areas que sofrem incéndios regulares e explica essa situagdo com
o fato do fogo queimar a vegetacdo dominante (gramineas) que cresce ao redor dessas
espécies, sufocando-as e impedindo que florescam.

Segundo Chase & Hills (1992) espécies de Cyrtopodium nao oferecem recurso aos
polinizadores, sendo polinizadas por engano por abelhas fémeas e machos da tribo
Euglossini (Hymenoptera: Apidae). Dressler (1993) sugere polinizacao por Euglossa para
espécies de Cyrtopodium. Machos de abelhas euglossine sdo conhecidos por coletarem
fragrancias em espécies de varias familias, incluindo Orchidaceae (para uma revisao ver
Williams 1982). Nas orquideas, as fragrancias florais sdo produzidas pelos osméforos
localizados quase que exclusivamente no labelo (Vogel 1963 a, b). H4 muito se conhece
o papel dos machos de abelhas da tribo Euglossini como polinizadores de orquideas
(Dressler 1967). Orquideas das subtribos Catasetinae, Stanhopeinae e algumas espécies
de Zygopetalinae, Lycastinae, Maxillariinae, Ornithocephalinae e Oncidiinae nado
produzem néctar e sdo visitadas exclusivamente pelos machos destas abelhas, que sdo
primariamente atraidos a flor por substincias aromdticas volateis, principalmente
terpendides e dcidos aromaticos, totalizando aproximadamente 60 compostos conhecidos
(Braga 1976, Williams & Dodson 1972). Conforme a composi¢io da substancia odorifera
ocorrerd atracdo de uma a muitas espécies de abelhas Euglossini. Essa especificidade tem
grande importancia nos mecanismos de isolamento e especiacdo das orquideas (Williams
& Dodson 1972). As substancias odoriferas permitem a orientagdo do inseto na flor, a
qual apresenta regides de maior ou menor nimero de osmoéforos. No ato da coleta desses
6leos aromdticos, o polindrio se fixa na abelha. As abelhas Euglossini sdo capazes de
voar grandes distancias, o que permite dispersdo bastante efetiva dos genes das espécies
que polinizam (Janzen 1971, Williams & Dodson 1972).

Cyrtopodium polyphyllum Vell. Pabst ex F. Barros (Barros et al. 2003), ocorre
como terricola ou mais raramente rupicola, sendo encontrada, principalmente, na regiao
litordnea do sul e sudeste brasileiro (Hoehne 1942). A espécie apresenta pseudobulbos
fusiformes com 6 a 8 folhas. A inflorescéncia € paniculada e apresenta numerosas flores
ressupinadas, predominantemente de cor amarelada. As sépalas sdo verde-amareladas e

as pétalas, amarelas. O labelo € trilobado, amarelado e apresenta calosidades semelhantes



15

as encontradas em espécies de Oncidium (Singer & Cocucci 1999) e Grobya amherstiae
(Mickeliunas et al. em preparacao), nas quais estas calosidades contém glandulas de dleo,
sendo o 6leo a substincia procurada pelos polinizadores. O termo 6leos florais vem sendo
usado para designar 6leos ndo voléteis que sdo secretados pelos elai6foros (Vogel 1974,
Simpson & Neff 1981).

Area de estudo

O estudo com Cyrtopodium polyphyllum foi desenvolvido na planicie litoranea de
Picinguaba (Ubatuba-SP). Essa regido apresenta pouca variacdo em seu relevo, tendo
como ponto mais alto o Morro do Corsdrio com aproximadamente 50 m de altitude. O
clima é quente e super Umido, com temperaturas médias superiores a 18 °C, nao
apresentando estacdo seca invernal (Nimer 1977). Estudos realizados pela Estacdo
Experimental de Ubatuba constataram que, no periodo entre os anos de 1961 a 1990,
ocorreu diminui¢do da pluviosidade apenas no inverno, enquanto os verdes foram muito
umidos. Neste periodo, as médias anuais de precipitacdo pluviométrica foram de 2624
mm, e as médias mensais de temperatura foram de 21,2 °C, com €poca mais quente e
chuvosa entre dezembro e marco (médias de 24,1 °C e 331,7 mm de precipitagcdo), e a
mais fria e seca entre dezembro e agosto (médias de 18,1 °C e 97,6 mm de precipitacio).
A vegetagdo predominante € a de restinga, atualmente designada como planicie litoranea,
de acordo com Suguio & Martin (1990). A fisionomia dessa restinga apresenta arvores
altas (15-20 m) até nas proximidades da praia. O solo arenoso e Umido encontra-se
geralmente coberto por uma camada de serapilheira, sendo em diversas dreas
sazonalmente inundado, enquanto em outras dreas a inundag¢do pode ser permanente,
onde ocorrem os chamados cachetais (formacdes com predominadncia de Tabebuia
cassinoides DC.). Ao longo dos rios, algumas 4reas estdo sujeitas a inundacdes didrias,
conforme o movimento das marés (Moraes 1997). Na regido da planicie de Picinguaba
foi feito um minucioso levantamento das Orchidaceae, tendo sido registradas 77 espécies

distribuidas em 45 géneros (Ribeiro 1992).

Embora sejam crescentes os estudos sobre biologia da polinizacdo, reproducio e
anatomia floral em Orchidaceae nos ultimos anos no Brasil, ainda sdo muito escassos em

relagdo a importincia e a quantidade de espécies da familia. Sobretudo em relacdo aos
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géneros que ocorrem no Brasil, como € o caso de Cyrtopodium, ndo existem informacdes
sobre a biologia reprodutiva, mecanismos de polinizacdo ou anatomia das estruturas

secretoras dessas espécies.
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OBJETIVOS

O presente trabalho teve como objetivos:

1. Estudar a fenologia e a biologia floral de Cyrtopodium polyphyllum na regidao de
Ubatuba, SP.
2. Relacionar a morfologia floral com os atributos morfolégicos dos polinizadores e

o mecanismo de polinizacao.

3. Observar em condi¢des naturais os tipos de visitantes, sua freqiiéncia e o
comportamento de visita.

4, Realizar experimentos para determinar o sistema reprodutivo; quantificar as
sementes potencialmente vidveis obtidas em cada tratamento e registrar a taxa de
frutificacdo em condic¢des naturais para verificar o sucesso reprodutivo desta espécie.

5. Realizar estudos anatomicos das dreas secretoras do labelo e comparar os

resultados com os obtidos em Grobya amherstiae.
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Abstract: The genus Cyrtopodium comprises about 42 species distributed from southern
Florida to northern Argentina. Cyrtopodium polyphyllum occurs on rocks or in sandy
soils in “restinga” vegetation along the Brazilian coast. The lateral and paniculate
inflorescence produces up to 130 resupinate yellow-greenish flowers, which are visited
by several species of Anthophorid bees, although only two small Centris species act as
pollinators. Cyrtopodium polyphyllum offers no rewards to its pollinators, but mimics
reward producing flowers of the nearby growing Stigmaphyllon sp. (Malpighiaceae) and
Crotalaria incana (Leguminosae) individuals. Visits to flowers of C. polyphyllum are
scarce and, as a consequence, low fruit set is recorded under natural conditions. Such low
fruit production contrasts with the number of fruits each plant bears after manual
pollinations, suggesting deficient pollen transference among plants. Cyrtopodium
polyphyllum is self-compatible and presents high fruit set in both manual self- and cross-
pollinated flowers. Furthermore, fruits (2.2%) are formed by automatic self-pollinations
assisted by rainfall. This facultative self-pollination mechanism is an important strategy
to provide reproductive assurance to C. polyphyllum, as rainfall restricts the foraging
activity of its pollinating bees. Fruits derived from treatments and under natural
conditions presented a similar high rate of potentially viable seeds. Moreover, these seeds

showed a low rate of polyembryony, which did not exceed 5%.
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Introduction

The Neotropical genus Cyrtopodium (Epidendroideae, Cymbidieae, Cyrtopodiinae)
comprises about 42 species distributed from southern Florida to northern Argentina
(Batista and Bianchetti, 2004). The center of diversity of the genus is the Brazilian
“cerrado” (Batista and Bianchetti, 2004). However, some species as Cyrtopodium
polyphyllum (Vell.) Pabst ex F. Barros (i.e., Cyrtopodium paranaense Schltr.) occur in
sandy soils or on rocks along the Brazilian coast, mainly from south to southeastern
Brazil (Hoehne, 1942).

Most of the orchid species are pollinated by Hymenoptera that explore different
rewards or are attracted by deceit (van der Pijl and Dodson, 1966; Dressler, 1981). About
one third of all Orchidaceae are deceptive (van der Pijl and Dodson, 1966; Ackerman,
1986; Nilsson, 1992). Non-rewarding orchids attract their pollinators through a variety of
manners, including food-frauds (Dafni, 1984; Ackerman, 1986; Nilsson, 1992). Out of
the rewards species present to their pollinators, nectar is the most common and spread in
Orchidaceae (van der Pijl and Dodson, 1966; Nilsson, 1992), and it is explored by several
groups of social and solitary bees (see van der Pijl and Dodson, 1966 for a review). Other
rewards collected by bees in the Orchidaceae are volatile oils, pollen, food-hairs,
pseudopollen and edible oils (van der Pijl and Dodson, 1966; Williams, 1982).

The Cyrtopodiinae Grobya amherstiae Lindl. is pollinated by the Paratetrapedia
fervida Smith (Anthophoridae) bees that collect floral oils produced by trichomatic and
epidermic elaiophores at the apex of their lip and at their column basis (Mickeliunas et
al., 2006). The offering of floral oils as a reward has been studied by Vogel (1974) for
some species of subtribes Ornithocephalinae and Oncidiinae. According to more recent
studies on the pollination biology of Oncidium species, the floral oil produced by
elaiophores is collected by Tetrapedia bees (Anthophoridae: Tetrapediini) (Schlindwein,
1995; Singer and Cocucci, 1999). However, data on the floral biology and pollination
mechanisms of Cyrtopodiinae are very scarce. According to Chase and Hills (1992), the
species of Cyrtopodium offer no reward to their pollinators, and thus attract Centridini
and Euglossini bees by deceit. Orchid species pollinated by deceit generally present low
reproductive success under natural conditions, mainly due to the low frequencies of

effective pollinators (e.g., Montalvo and Ackerman, 1987; Ackerman, 1989; Zimmerman
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and Aide, 1989). The variation in the probability of a given flower setting fruit is
influenced by a certain number of factors. Phenology, inflorescence type, habitat, plant
density, population size, and temporal variation (Kindlmann and Balounov4, 2001) may
affect the reproductive success as well as the composition of the surrounding plant
community (Tremblay et al., 2005).

The present study reports on the pollination mechanism and reproductive biology of
Cyrtopodium polyphyllum occurring in the “restinga’” vegetation of the Atlantic rainforest
in southeastern Brazil. The purpose of the present report is thus two-fold: (1) to describe
the pollination by deceit and the association with co-blooming species with similar visual
signals; (2) to present and discuss its reproductive success in relation to this type of

pollination mechanism.

Material and methods
Study sites

The floral and reproductive biology of Cyrtopodium polyphyllum were studied at
two different sites in Ubatuba (approx. 23° 22°S, 44° 50°W; 0 — 50 m a.s.l.), in the State
of Sdo Paulo, south-eastern Brazil. Observations were made at the Natural Reserve of
Picinguaba, and at Praia da Fortaleza, two areas composed mainly by Atlantic rain forest.
Climate is tropical-humid (‘Af.”; see Kdppen, 1948), with an annual rainfall of up to 2600
mm, an average annual temperature of 21 °C and no well-defined dry-cold season, even
during the so called dry months (from May to September); the wet season occurs from
October to March (data source: Instituto Agrondmico de Campinas, Campinas, Brazil).
Both studied populations occur in “restinga” vegetation, growing on rocks or in sandy
soils. At the Picinguaba study site, model plants of the nectar-producing Crotalaria
incana L. (Fabaceae) predominate together with C. polyphyllum, whereas at the Fortaleza
site, plants of the oil-producing Stigmaphyllon sp. (Malpighiaceae) are more abundant.
Three widely scattered individuals of C. polyphyllum (seven inflorescences) without

model plants nearby were studied in forest margins.

Plant and flower features
Fieldwork was carried out during two Cyrtopodium polyphyllum flowering seasons,

from August 2004 to December 2006. Data on phenology; the production of pseudobulbs,
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leaves and inflorescences, as well as features of flower anthesis, pollinators and fruit
dehiscence were recorded.

Morphological features of fresh and FAA preserved flowers collected in the field
(n = 30) were recorded and drawn under a binocular stereomicroscope equipped with a
“camera lucida”. Measurements were made from drawings and directly from floral
structures using a caliper rule. Fresh flowers were immersed in neutral red to localize
osmophores (Dafni, 1992). Plant voucher: Ubatuba, X1.2005, L. Mickeliunas and E.R.
Pansarin 48, is deposited at the Herbarium of the Universidade Estadual de Campinas
(UEQ).

Pollination mechanism and pollinators

Detailed observations of the pollination process, visitation frequencies, visitors and
capture of pollinators on flowers of C. polyphyllum were carried out from 26 to 29
November, 2004, from 15 to 16 November, 28 November to 1 December, 8 to 9 and 12 to
14 December, 2005, and from 23 to 24 November and 6 December, 2006, totaling 95 h.
The daily observation period was from 08:00 to 14:00 h. Immediately after this period,
flowers were tagged and examined in the early morning, at about 07:30 h, to detect
possible visits after the observation period and nocturnal pollination. Additional
observations were made on the three individuals located in forest margins from 13 to 14
December, 2005 and 23 to 24 November, 2006, totaling 11 h observation. The insects
were collected, identified and vouchers are deposited at the Museu de Histéria Natural of
the Universidade Estadual de Campinas (ZUEC).

Breeding system, natural fruit set and seed viability

The experimental treatments to investigate the breeding system of Cyrtopodium
polyphyllum were performed in natural habitat, and included manual self-and cross-
pollinations and emasculations. They involved thirty flowers (three inflorescences) per
treatment in Picinguaba and 30 flowers (three inflorescences) in Praia da Fortaleza.
Treatments were randomly applied to each inflorescence, using flowers at their first day
of anthesis. Eighty-seven flowers (one inflorescence) and 1359 flowers (30
inflorescences) were used as control (untouched flowers) in Picinguaba and at Praia da

Fortaleza, respectively. The fruit set under natural conditions of 2380 flowers (30
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inflorescences) in Picinguaba and 2028 flowers (30 inflorescences) at Praia da Fortaleza
was recorded when fruits were dehiscent.

A test of potentially viable seeds was performed on fruits obtained through manual
pollinations, untouched flowers (control) and on 60 fruits that developed under natural
conditions (30 fruits from each study site). Fresh seeds were placed in a 1% solution of
2,3,5-triphenyltetrazolium chloride, and all well-developed embryos stained red,
indicating viable seeds while none of the rudimentary embryos stained. Given these
results, samples of 200 seeds per fruit were scored for viability in which seeds with well-
developed embryos were considered viable, and those with rudimentary or without
embryo were considered unviable. During seed examination, the occurrence of

polyembryony was recorded.

Results
Plant and flower features

Cyrtopodium polyphyllum occurs on rocks at Praia da Fortaleza and in sandy soils
in Picinguaba. In October, each plant develops a new fusiform pseudobulb (ca. 10 — 15
cm) and sometimes, simultaneously, a lateral and paniculate, mostly erect, inflorescence
that produces until about 130 resupinate flowers. The main flowering period occurs in
November, but several flowering plants were recorded until the end of December.
Flowers are yellow-greenish (Fig. 1A). Sepals (1.4 x 0.9-1 cm) are ovate-lanceolate and
present undulate margins and petals are obovate and measure about 1.4 x 1.2 cm. The 3-
lobed and yellow lip presents a central callous similar to an elaiophor. The arched column
(ca. 8 x 3 mm; Fig. 2D) is green-yellowish and presents a concave and transversally
disposed oval stigmatic cavity (Fig. 2C). The pollinarium presents two oval, yellow and
waxy pollinia (Fig. 2B), and the viscidium (ca. 0.5 mm) is cordiform and white-hyaline.
The pollinarium is separated from the stigmatic surface by a thick rostellum. The
osmophores occur on the adaxial surface of the lip, but are more evident on the callous.
Flowers open in the morning hours and produce a sweet fragrance, which is perceptible at
short distances mainly during the hottest hours of the day (11:00 — 14:00 h). Untouched
flowers last about 21 days, but pollinated ones fade quickly. Fruits are ripe from July to

September.
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Pollination process and pollinators

Flowers of one of the widely scattered individuals of Cyrtopodium polyphyllum
were visited by a Xylocopa species once. The bee approached a flower hovering in front
of it and most of the observed approaches did not terminate by landing on the flower. In
five observations, the bee actually landed on the flower but looked disoriented, although,
in some flowers, it tried to probe for nectar or any other reward at the column basis. No
pollinia were removed or deposited. No other visitors were recorded on these individuals
that develop only two fruits after automatic self-pollination by rain (Mickeliunas et al.,
unpubl. data, Cap. 2). At the other sites, individuals of C. polyphyllum grow intermingled
with or nearby individuals of Stigmaphyllon sp. (Malpighiaceae) (Figs. 1B-D) or
Crotalaria incana L. (Fabaceae) (Fig. 1C) and their flowerings overlap to a large extent.
The three species have showy, yellow flowers and are similar in size. Flowers of
Stigmaphyllon sp. and Crotalaria incana were frequently visited by Centridini bees,
which collected floral oil and nectar, respectively. Visits to flowers of C. polyphyllum
were fairly low, one to four/day, and occurred at irregular intervals, but mainly between
10:00 — 14:00 h and only in sunny days, as precipitation and cloud cover restrict the bee
foraging activity. On flowers of C. polyphyllum the bees landed directly on the central
callous of the lip (Fig. 2A), searched for a reward, but as there is none, visits were very
quick, lasting about 1 — 2 sec. While landing or when the bees abandoned the flower, the
viscidium contacted their head, where the pollinarium was deposited (Fig. 2E-F).
Pollinaria were removed alone or, sometimes, with their anther cap. Only two small
species of Centris (Anthophoridae, Centridini) succeeded in removing the pollinarium, as
their size matched fairly well the flower morphology and size (Fig. 2A). Additionally,
some other species, like Xylocopa sp., behaved in a manner similar to the one described
above on flowers of the scattered individuals. Flowers of C. polyphyllum attracted a wide
array of solitary native bees, with the exception of euglossine. Bee species and their

respective visitation numbers are presented in Table 1.

Breeding systems, natural fruit set and seed viability
Cyrtopodium polyphyllum is self-compatible. Fruit set in self-pollinated flowers
was 16.66% and 63.33% and in cross-pollinated flowers it was 63.33% and 76.6% in

Picinguaba and Praia da Fortaleza, respectively. No fruits developed after emasculations.
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Untouched flowers (control) were self-pollinated through rainfall resulting in 2.3% of
dehiscent fruits in Picinguaba and 2.2% at Praia da Fortaleza. Under natural conditions,
fruit set was low, with 1.34% and 2.42%, in Picinguaba and at Praia da Fortaleza,
respectively. It is worth mentioning that the highest fruit set (2.42%) occurred at the site
where Stigmaphyllon sp. was the model plant. On C. polyphyllum individuals from the
forest margins, no biotic pollinations occurred at all. The results of fruit set are
summarized in table 2.

Fruits obtained in treatments and under natural conditions presented a high
percentage of viable seeds, over 90%, on average (Table 2). There was little difference in
seed viability among fruits derived from treatments and those developed in natural
conditions. Most of the seeds had well-developed embryos: less than 10% of them
presented rudimentary embryos (Fig. 1E). Seeds with polyembryony (two embryos; Fig.
1F) were recorded in fruits from treatments as well as in those developed in natural
conditions. These embryos were similar in size to those of seeds with one embryo.
Moreover, these seeds showed a low rate of polyembryony, which did not exceed 5%

(Table 2).

Discussion
Plant and flower features
Although the center of diversity of the genus is the Brazilian “cerrado” (Batista &

Bianchetti, 2004), a few species, such as reported here for Cyrtopodium polyphyllum,
occur in sandy soils or on rocks along the Brazilian coast (Hoehne, 1942), a habitat that
differs drastically from that of the “cerrado” as for climatic features. Spring flowering,
the presence of fusiform pseudobulbs and large and paniculate lateral inflorescences of C.
polyphyllum are common characteristics for several species of the genus (see Hoehne,
1942). The main flowering of C. polyphyllum coincides with long periods of rainfall,
which may result in automatic self-pollination by rain (Mickeliunas et al. subm.).

Anatomical studies of the lip of Cyrtopodium polyphyllum revealed that, although it
presents similarity with the elaiophor of other Cyrtopodiinae, as Grobya amherstiae
Lindl. (Mickeliunas et al., 2006), species of Ornithocephalinae (Vogel, 1974) and
Oncidiinae (Vogel, 1974; Schlindwein, 1995; Singer and Cocucci, 1999), the central

callous also presents a high occurrence of multi-cellular osmophores (Mickeliunas et al.
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unplubl. data) that produce a sweet fragrance. Perfume collecting bees of tribe Euglossini,
which have been reported as pollinators of Cyrfopodium (Chase and Hills, 1992), were
not recorded here for C. polyphyllum.

As reported for other species of the genus (Chase and Hills, 1992), it was
expected that flowers of C. polyphyllum would produce no reward to their pollinators,
and would therefore be pollinated by deceit. The pollination process of this orchid
includes plant species of different families and their different flower features. The
similarity between orchid flowers and oil-producing Malpighiaceae flowers has already
been recorded by Nieremberg (1972), but that between orchid flowers and nectar-
producing flowers of Leguminosae had never been reported. The size and color similarity
between C. polyphyllum flowers and those of the co-occurring reward producing species
Stigmaphyllon sp. and Crotalaria incana shows evidence of mimicry, as is the case of
several other orchid species, as reported by Bierzychudek (1981a), Dafni (1984),
Ackerman (1986), and Nilsson (1992). Nutritive deception is the most common among

the deceptive mechanisms and has been documented for about 30 species (Dafni, 1984).

Pollination process and pollinators

The results presented here shows that the pollinators of C. polyphyllum and those of
the co-occurring oil producing Stigmaphyllon sp. and nectar-producing Crotalaria
incana, as well as those of the elaiophor-bearing Cyrtopodiinae Grobya amherstiae Lindl.
(Mickeliunas et al., 2006), species of Ornithocephalinae (Vogel, 1974) and Oncidiinae
(Vogel, 1974; Schlindwein, 1995; Singer and Cocucci, 1999) follow a same behavioral
pattern.

The pollination rates under natural conditions observed at different sites (Table 2),
lead to the conclusion that this orchid species imitates a general search image of yellow
flowers, like those of Stigmaphyllon sp. and Crotalaria incana. The pollinator (small
Centris species) attempts to collect a reward on the callous indicate that such reward is
recognized as oil or nectar.

Deception may be achieved through the flower resemblance to larval food or to the
nectariferous flowers of other families or even to female individuals of the pollinator, but
in Orchidaceae food deception is more frequent (see Dafni, 1984; Ackerman, 1986;

Nilsson, 1992 for reviews). Food deception (i.e., Batesian mimics) occurs when a rare
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species providing no reward mimics flowers of a more abundant species that offers a
reward (see Dafni, 1984 for a review). In nutritive deception systems, optical cues are
decisive and are based on the learned signals (Dafni, 1984). Thus, the efficiency of the
mimicry widely depends on the pollinator’s acquired experience. Several authors argued
that pollinator’s naiveté is a precondition for the effective pollination of non-rewarding
flowers. After a while, the pollinator recognizes the deception and learns to avoid it. As a
result, the fruit production is better at the beginning of the flowering season or when the
pollinators have just emerged (see Dafni, 1984 for a review). Among orchids, several
model mimics have been proposed (see Ackerman, 1986 for a review). A similar model
to the one recorded here for C. polyphyllum has already been reported between Oncidium
lucayanum Nash ex Britton & Millsp. and flowers of Malpighiaceae species in the
Bahamas, to deceive oil-collecting females of Centris (Nieremberg, 1972).

Scarcity of bee visits, as reported here for C. polyphyllum, is common in non-
rewarding flowers pollinated by deceit (see Ackerman, 1986, 1989; Montalvo and
Ackerman, 1987; Zimmerman and Aide, 1989). Besides, climatic factors such as cloud
cover and precipitation, wind speed, air temperature, solar radiation and humidity exert a
strong influence on the bee activity (including Centridini bees in Neotropical regions),
and consequently on their foraging behavior and visitation to flowers (see Roubik, 1992
for a review). Some rewardless species can cause reduced visitation and consequently a
low reproductive success in relation to reward-producing orchids (e.g., Ackerman, 1981;
Dafni, 1984; Ackerman, 1986; Johnson and Nilsson, 1999; Salguero-Faria and
Ackerman, 1999; Johnson, 2000; Smithson, 2002).

Breeding systems, natural fruit set and seed viability

Although C. polyphyllum and the Cyrtopodiinae Grobya amherstiae are self-
compatible, both depend on pollen vectors for pollination. While in the latter pollen
transference is made exclusively by biotic pollinators (Mickeliunas et al., 2006), in C.
polyphyllum it is made by biotic (i.e., Cendridini bees) and abiotic vector, namely water
from rainfall (Mickeliunas et al. subm.). Since precipitation is high in the region of
Ubatuba, and rain may persist for one week or more during the wet season, the
occurrence of facultative self-pollination through rainfall presented by C. polyphyllum

can be an important strategy promoting fruit set in the absence of biotic pollinators.
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Facultative autogamy may occur in a number of species (see Catling, 1990 for review)
and may be an appropriate strategy when pollination frequency is habitually low. An
occasional crossing event may be sufficient to infuse enough genetic variability to
diminish any effects of inbreeding depression from frequent self-pollination (see
Tremblay, 2005 for a review).

In C. polyphyllum, the low level of fruit set under natural conditions is clearly a
consequence of pollen\limitation, since these data contrast with hand pollinations. Broad
surveys reveal that deceptive orchids invariably have lower levels of pollination success
and fruit set than their rewarding counterparts (e.g., Johnson and Bond, 1997; Neiland
and Wilcock, 1998; Johnson, 2000). This raises questions about what kind of selective
pressures have driven the evolution of deception. Johnson and Nilsson (1999) have
argued that the loss of fruit quantity resulting from a shift from reward to deception could
be compensated for by a gain in fruit quality and the efficiency of pollen export. The
basis of this argument is that pollinators will visit fewer flowers on the inflorescences of
deceptive orchids and that a consequence of this behavior will be to reduce the level of
geitonogamous self-pollination (Dafni and Ivri, 1979; Dressler, 1981).

In Orchidaceae, the production of fruits per inflorescence is still the most used
parameter to determine the reproductive success (e.g., Montalvo and Ackerman, 1987;
Ackerman, 1989; Zimmerman and Aide, 1989; Ackerman and Montalvo, 1990). The
natural fruit set of C. polyphyllum is low when compared with that of each inflorescence
in self- and cross-pollinations. As presented here, other studies show that, in experimental
conditions, an increase of fruit set occurs when compared with the natural condition of
several orchid species (Ackerman and Oliver, 1985; Montalvo and Ackerman, 1987,
Ackerman and Montalvo, 1990; Zimmerman and Aide, 1989). The fruit set of non-
obligatorily autogamous orchids, as is the case of C. polyphyllum, is low as a
consequence of a deficient pollen transference between plants where the scarcity of
efficient pollinators seems to be a limiting factor (e.g., Janzen et al., 1980; Schemske,
1980; Bierzychudek, 1981b; Ackerman and Montalvo, 1990; Calvo, 1990; Calvo and
Horvitz, 1990; Garwood and Horvitz, 1985; Burd, 1994, and references therein).
However, other factors can exert a strong influence on the reproductive success of orchid
species, such as phenology, inflorescence size, habitat, plant density, population size, and

temporal variation (see Kindlmann and Balounovd, 2001; Tremblay et al., 2005 for
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reviews). Regulation of maternal investment occurs through abortion of flowers and
immature fruits (Lloyd, 1980; Stephenson, 1981), as documented here for C. polyphyllum
in many self-pollinations, which may also be a mechanism for regulating seed quality
(e.g., Lee and Bazzaz, 1982; Bookman, 1984). The hypothesis that resources are the
ultimate limiting factor in angiosperm reproduction has gained widespread acceptance
because levels of fruit maturation remain unchanged following supplementary
pollination, and experimental reduction of resource availability causes elevated levels of
fruit abortion (see Tremblay et al., 2005). Thus, according to this view, the variation in
reproductive success should be closely tied to the severity of resource constraints.
Flowers that fail to become fruits are not always wasted as they may function to enhance
plant fitness through pollen donation (Willson and Rathcke, 1974). Furthermore, fruit set
varies according to the pollinator group (Tremblay et al., 2005).

The occurrence of a high percentage of potentially viable seeds after manual and
automatic self-pollination and in cross-pollinations of C. polyphyllum is uncommon in
Epidendroideae, whose species present a great number of seeds without embryos (Lock
and Profita, 1975; Stort and Martins, 1980; Stort and Galdino, 1984; Borba et al., 2001;
Borba and Braga, 2003). As reported here for C. polyphyllum, Grobya amherstiae
(Mickeliunas et al., 2006) and the Maxillarieae, Xylobium squalens (Lindl.) Lindl.
(Pintaddi et al., 1990) produce an elevated incidence of potentially viable seeds. While
fruit production is assured under self-fertilization, there are trade-offs involved.
Inbreeding depression, the loss in offspring fitness due to the expression of deleterious
recessive alleles and other causes (Charlesworth and Charlesworth, 1979, 1987; Dudash,
1990) can offset increases in seed production. However, since offsprings from self-
pollination possess two copies of the parental genome compared to one in outcrossed
offsprings, the critical level of inbreeding depression determining the evolution of
autogamy is assumed to be 50% (Tremblay et al., 2005 for a review).

Polyembryony has been reported in Orchidaceae generally associated with apomixy,
the embryo being formed from the inner integument. In all the cases, a higher percentage
of polyembryony has been recorded (Catling, 1982, 1987; Catling and Catling, 1991).
Pintaudi et al. (1990) and Borba et al. (2001) reported the presence of a few rare two-
embryo seeds between intra-specific crosses. In both cases, the second embryo originated

from a division of the zygote. These characteristics lead us to suppose that the supra-
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numerary embryos found in C. polyphyllum may have a similar origin to those of
Xylobium squalens (Pintaidi et al., 1990) and species of Pleurothallis (Borba et al.,
2001).
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Tabela 1 Bee species and their respective number of visits on flowers of Cyrtopodium
polyphyllum recorded at Picinguaba and Praia da Fortaleza (Ubatuba — SP).
Bee species Visitation number
Centris (Paremisia) similis Fabricius, 1804 8
Centris (Melanocentris) sp.
Centris (Centris) sp.

Centris (Ptilotopus) cf. scopipes

L O W

Centris (Hemisiella) cf. laripes
Epicharis (Epicharis) flava Friese, 1900 12
Augochloropsis sp.

Oxaea (Oxaea) flavescens Klug, 1807
Xylocopa (Neoxylocopa) sp.
Xylocopa sp.

Centris sp. 1

O S O S T

Centris sp. 2
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Tabela 2 Percentage of fruit set, of viable seeds and of polyembryony of Cyrtopodium
polyphyllum among treatments and under natural conditions in Picinguaba and at Praia da
Fortaleza, Ubatuba — SP. Figures in brackets indicate the number of fruits/flowers, viable

seeds/seeds and seeds with two embryo/seeds.

Treatments Fruit set Seeds Polyembryony

Self-pollination 16.66% (5/30)° 91.8% (918/1000) 3.1% (31/1000)°
63.33% (19/30)°  96.65% (3673/3800)°  1.37% (52/3800)"

Cross-pollination 63.33% (19/30°  94.6% (3595/3800)"  4.66% (177/3800)"
76.6% (23/30)°  96.6% (4444/4600)°  2.4% (110/4600)"

Emasculation 0 (0/30)*° - -

Control (untouched flowers) 2.3% (2/87)" 93.25% (373/400) 2.25% (9/400)*
2.2% (30/1359)"  92.1% (5526/6000)°  3.96% (238/6000)"

Natural conditions 1.34% (32/2380)*  94.2% (5653/6000)*  3.8% (229/6000)*

2.42% (49/2028)°  93.2% (5592/6000)" 4.1% (246/6000)"

*Picinguaba

® Praia da Fortaleza
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Fig. 1 (A) Flower of Cyrtopodium polyphyllum, a rewardless orchid. (B) Cyrtopodium
polyphyllum co-occurring with Stigmaphyllon sp. (C) Flower of Crotalaria incana that
offers nectar as a reward. (D) Flower of Stigmaphyllon sp. that offers floral oil as a
reward. (E) Seed of Cyrtopodium polyphyllum with a well-developed embryo and seed
with a rudimentary embryo (arrow). (F) Seed of C. polyphyllum with two embryos.

Fig. 2 Floral features and pollination mechanism in Cyrtopodium polyphyllum. (A)
Longitudinal section of a flower of C. polyphyllum with Centris sp. 1 landed on the
central callous of the lip. Note that the bee size matches well flower morphology and size
(B) Detached pollinarium. (C) Detail of the column showing anther and stigmatic cavity.
(D) Flower in lateral view. Compared with (A), there are almost no position changes of
the labellum during visits. (E) Centris sp. with a pollinarium on its head. Note the
removed anther cap (arrow). (F) Detail in front view of the head of Centris sp. with an

attached pollinarium.
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Cyrtopodium includes about 42 species, among which is C. polyphyllum that occurs
on rocks and sandy soils of the Brazilian coast. Their non-rewarding flowers attract
Centridini bees by deceit. In addition, flowers are automatically self-pollinated by rain, a
phenomenon not yet documented in South American orchids. Besides, self-pollination
has never been reported in Cyrtopodiinae and data for South American orchids are scarce.
Populations of C. polyphyllum were studied in a Southeastern Brazil rainforest. Flowers
were observed at different times of the day, in either sunny or rainy days, when the floral
morphology, the visitors and the effects of rainfall on flowers were recorded. In rainy
days, water accumulates on the stigma and dissolves the adhesive substance of the
stigmatic surface. A viscous drop thus forms, which contacts the pollinarium. When
evaporation makes it shrink, the drop moves the pollinarium with the anther onto the
stigmatic surface and promotes automatic self-pollination. The fruit set in natural habitat
was low, with 2.4% at Praia da Fortaleza. A similar value (2.2%) was recorded in self-
pollinated flowers by rain. Plants collected in study sites and maintained in the
greenhouse developed no fruit at all. In C. polyphyllum, facultative self-pollination
assisted by rain is an important strategy that guarantees fruit set in the scarcity of

pollinators, which is common in species pollinated by deceit.

ADDITIONAL KEYWORDS: Cyrtopodiinae — floral biology — rain-pollination — self-

pollination.
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INTRODUCTION

Orchid flowers are pollinated mostly by biotic vectors (van der Pijl & Dodson,
1966). Pollination through abiotic factors occurs more rarely in Orchidaceae and has been
reported mainly for automatically self-pollinated species (van der Pijl & Dodson, 1966;
Catling & Catling, 1991). Autogamy has been documented for many different genera of
Orchidaceae via a variety of mechanisms (van der Pijl & Dodson, 1966; Catling &
Catling, 1991). According to van der Pijl & Dodson (1966), about 200 orchid species are
autogamous. In both self-compatible Oeceoclades maculata (Lindl.) Lindl. and Liparis
loeselii (L.) Rich., autogamy through automatic self-pollination is caused by a physical
disturbance of the anther through the action of raindrops (Gonzalez-Diaz & Ackerman,
1988; Catling, 1980), although the mechanisms differ for each species. Catling (1980)
suggested that, although rainfall may be important since it improves the chances of
autogamy in cloud forest orchids, this phenomenon has never been documented in South
American rain forests species. Furthermore, although autogamy is well known for North-
American orchids (Catling & Catling, 1991), conclusive data for South-American species
have only been presented for Polystachya estrellensis Rchb. f. in Southeastern Brazil
(Pansarin & Amaral, 20006).

The Neotropical genus Cyrtopodium (Epidendroideae: Cymbidieae: Cyrtopodiinae)
comprises about 42 species distributed from southern Florida to northern Argentina
(Batista & Bianchetti, 2004). The center of diversity of the genus is the Brazilian
“cerrado” (Batista & Bianchetti, 2004). Nevertheless, some species, such as Cyrtopodium
polyphyllum (Vell.) Pabst ex F. Barros (i.e., Cyrtopodium paranaense Schltr.), occur in
sandy soils or on rocks along the Brazilian coast, mainly from South to Southeastern
Brazil (Hoehne, 1942). As all other Cyrtopodium species (Chase & Hills, 1992), C
polyphyllum offers no reward to its pollinators, and attracts Centridini bees by deceit
(Mickeliunas et al., unpubl. data).

This paper aims to report the first case of rain-assisted pollination in Cyrtopodiinae
and the pioneer evolving a South American species occurring in the Atlantic rain forests.
For this reason, field and cultivated plants of Cyrtopodium polyphyllum were manipulated
to test the occurrence of rain-assisted autogamy and to investigate the mechanism

involved in automatic self-pollination. The influence of rain-assisted self-pollination in
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the increase of natural fruit set and, consequently, in the reproductive success of this

Brazilian species is discussed.

MATERIAL AND METHODS

Populations of Cyrtopodium polyphyllum were studied at two different sites in
Ubatuba (approx. 23° 22°S, 44° 50°W; 0-50 m a.s.l.), State of Sao Paulo, south-eastern
Brazil. Observations were made in the Natural Reserve of Picinguaba, and at the Praia da
Fortaleza. Both study areas are mainly composed by Atlantic rain forest. Climate is
tropical-humid (‘Af.’; see Koppen, 1948), with a maximum annual rainfall of 2600 mm,
an average annual temperature of 21 °C and no well-defined dry-cold season, even during
the so-called dry months (from May to September); the wet season occurs from October
to March (Data source: Instituto Agrondmico de Campinas, Campinas, Brazil). Both
studied populations occur in “restinga” vegetation, and grow on rocks or on sandy soils.

Data about pollination were obtained at both study sites during the 2005 flowering
period, from 15 to 21 Nov., 28 Nov. to 1 Dec., 8 to 9 Dec. and 12 to 14 Dec. Flowers
were observed at different times of the day, from 0800 h to 1400 h, totaling 90 h, in either
sunny or rainy days.

Floral morphology and the effects of rainfall on flowers were recorded through
field notes and photographs on 30 inflorescences (30 plants; 1359 flowers) at Praia da
Fortaleza and one inflorescence (87 flowers) in Picinguaba. At the end of each day of
observation, the inflorescences were bagged to exclude potential pollinators. Details of
flower and column morphology were observed under binocular stereomicroscope. Plant
voucher: Ubatuba, XI1.2005, L. Mickeliunas & E.R. Pansarin 48, is deposited at the
Herbarium of the Universidade Estadual de Campinas (UEC).

Treatments to investigate the breeding system of Cyrtopodium polyphyllum were
performed in the natural habitat. The experimental treatments included manual self- and
cross-pollinations, and emasculations. Thirty flowers (three inflorescences), per treatment
were used at each study site. In addition, six plants for experimental manipulations were
collected at both study sites and cultivated in a greenhouse in Jundiai (about 23°11°S,
46°52°W, 800 m a.s.l.), in the State of Sao Paulo, where annual rainfall is about 1500
mm, and annual mean temperature is ca. 17.5 °C (Pinto, 1992). Three of these plants,

which produced one inflorescence each (n = 243 flowers), were sheltered from rain and
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used as control. The three other plants with an inflorescence each (n = 204 flowers) were
sprayed daily, once a day, in the morning hours during five minutes, simulating rainfall.
These experiments and observations were made during the flower’s lifetime (about 21
days). Data on flower production, occurrence of self-pollination through rain and
otherwise natural fruit set were recorded for all the studied plants (either in the field or in
the greenhouse). Treatments were randomly applied to each inflorescence, with flowers
of different ages.

Natural fruit set (open pollination) of Cyrtopodium polyphyllum was recorded for
both study sites. At Praia da Fortaleza, 30 plants (30 inflorescences; 2028 flowers) were
sampled in August 2005 while, in Picinguaba, 30 plants (30 inflorescences; 2380 flowers)
were sampled in July 2006. Fruit set was recorded when fruits were dehiscent. The
number of flowers/fruits sampled varied and depended on the total production of each

year.

RESULTS

Cyrtopodium polyphyllum occurs on rocks at the Praia da Fortaleza and on sandy
soil in Picinguaba. In October, each plant develops a new pseudobulb and, sometimes,
simultaneously, a lateral, paniculate and erect inflorescence which produces up to about
130 resupinate flowers. The main flowering period occurs in November. The flowers are
yellow-greenish and present a central callous on the lips, similar to an elaiophore. The
arched column presents a concave and transversally disposed oval stigma (Figs. 1A-B).
The pollinarium is separated from the stigmatic surface by a thick rostellum. In rainy
days, water accumulates in the stigma cavity and dissolves the adhesive substance of the
stigmatic surface. A viscous drop thus forms, which contacts the pollinarium (Figs. 1C-
D). When evaporation makes it shrink, this drop moves the swollen pollinarium with the
anther onto the stigmatic surface, promoting automatic self-pollination (Figs. 1E-F).
From the beginning of rainfall, which may last weeks, to drop (a very viscous one)
evaporation it takes 7 to 9 days. This self-pollination process occurred in 89 (6.5%) of the
1359 flowers at Praia da Fortaleza. No automatic self-pollination occurred in the 447
flowers in the greenhouse, in either control or water-sprayed inflorescences, and no fruits
at all developed. Apart from the watering, no rainy days occurred and air humidity is

quite low at this site.
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Although no potential pollinators of C. polyphyllum were recorded in activity in
rainy and cloudy days, in sunny days, flowers were pollinated by small species of the
genus Centris (Apidae: Anthophoridae), whose visits were scarce since they were
attracted to the non-rewarding flowers by deceit (Mickeliunas et al., unpubl. data).
Cyrtopodium polyphyllum is self-compatible and presents high fruit set in both self- or
cross-pollinated flowers. Fruit set in self-pollinated flowers was 16.66% and 63.33% and
in cross-pollinated flowers it was 63.33% and 76.6% in Picinguaba and Praia da
Fortaleza, respectively. No fruits developed after emasculations. Fruit set through self-
pollination by rain was 2.25% and 2.2% in Picinguaba and at Praia da Fortaleza,
respectively. Under natural conditions (open pollination, through rain and/or bees) the
fruit set was low, with 1.34% and 2.42%, at Picinguaba and at Praia da Fortaleza,
respectively. If we take for example the fruit set under natural conditions (2.42%) at Praia
da Fortaleza and assume that from these 2.2% was self-pollinated by rain, only 0.2% was

induced by biotic vectors, which mainly perform cross-pollinations.

DISCUSSION

Autogamy can occur in different ways among Orchidaceae (see van der Pijl &
Dodson, 1966; Catling, 1990; Catling & Catling, 1991, for reviews). An uncommon
mechanism of automatic self-pollination, as the one reported here for Cyrtopodium
polyphyllum, had already been reported for Oeceoclades maculata (Gonzalez-Diaz &
Ackerman, 1988) and Liparis loeselii (Catling, 1980), is the occurrence of autogamy
assisted by rainfall. In O. maculata self-pollination through raindrops occurs after anther
disturbance followed by its dehiscence. The stipe then dries and bends down so that
pollinia hang near the stigma (Gonzdlez-Diaz & Ackerman, 1988), and in L. loeselii the
pollinaria fall out and remain suspended from the edge of the rostellum, until a raindrop
hits the raised and hinged anther causing it in turn to hit the suspended pollen masses
pushing and rotating around the ridge of the rostellum onto the stigmatic surface (Catling,
1980). In L. loeselii, simulated rain increases fruit set in cultivated plants by a factor of
four (Catling, 1980). In C. polyphyllum, however, rain increases fruit set by a factor of 12
when compared to fruit set by biotic vectors. Furthermore, plants kept as control in the

greenhouse produced no fruits, indicating that self-pollination by rain in C. polyphyllum
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occur only under high incidence of precipitation, which is common in Ubatuba during the
summer.

Liparis loeselii and Oeceoclades maculata are naturally autogamous and rainfall
increases the incidence of automatic self-pollination (Catling, 1980; Gonzilez-Diaz &
Ackerman, 1988). Cyrtopodium polyphyllum, however, is pollinated by Centridini bees
(Mickeliunas et al., unpubl. data), in a similar way to what happens with the
Cyrtopodiinae Grobya ambherstieae Lindl. (Mickeliunas et al., 2006), and species of
Ornithocephalinae (Vogel, 1974) and Oncidiinae (Vogel, 1974; Schlindwein, 1995;
Singer & Cocucci, 1999), which have elaiophores and are pollinated by oil-collecting
bees of the genus Tetrapedia and Paratetrapedia (Apidae: Anthophoridae). Although
studies about reproductive biology of species of Cyrtopodiinae are scarce, as presented
here for C. polyphyllum, Grobya amherstieae is also self-compatible, however, in this
species a biotic pollinator is necessary for pollen transference (Mickeliunas et al., 2006).
Still, in plants of C. polyphyllum occurring at Praia da Fortaleza and Picinguaba the
presence of prolonged periods of rainfall promotes facultative self-pollination of 2.2%
and 2.25% of flowers, respectively, being an important strategy in the periods when
pollinators are scarce or absent (Mickeliunas et al., unpubl. data). Scarcity of bee visits,
as is the case with C. polyphyllum, may be a rule in non-rewarding flowers pollinated by
deceit (Ackerman, 1986, 1989; Montalvo & Ackerman, 1987; Zimmerman & Aide,
1989). Besides, climatic factors such as cloud cover and precipitation, wind speed, air
temperature, solar radiation and humidity exert strong influences on bee activity
(including Centridini bees in Neotropical regions) and, consequently, on their foraging
behavior and visitation to flowers (see Roubik, 1992 for a review). Since precipitation is
a frequent phenomenon in the region of Ubatuba, and rain may persist for one week or
more during the wet season, the occurrence of facultative self-pollination through
raindrops presented by C. polyphyllum can be an important strategy promoting fruit set in
the absence of biotic pollinators. Furthermore, autonomous self- pollination [i.e.,
autogamy that does not require pollen transfer by insects or other animal vectors (Lloyd
& Schoen, 1992)], may be an extreme adaptation to provide reproductive assurance in
pollinator- poor habitats. Self-compatibility and autogamy are hypothesized to be

particularly advantageous when population sizes are small and the probability of pollen
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transfer between plants is low (Baker, 1955; Stebbins, 1957; Cox, 1989; Holsinger, 1996;
Moeller & Geber, 2005).

Although the process of autogamy assisted by rainfall of Cyrtopodium polyphyllum
occurs in a similar mechanism described for Liparis loeselii (Catling, 1980) and
Oeceoclades maculata (Gonzédlez-Diaz & Ackerman, 1988), in the former species self-
pollination is facultative, occurring only in wet days, when biotic pollinators (i.e.,
Centridini bees) are absent in the ambient (Roubik, 1992; Mickeliunas et al., unpubl.
data). Liparis loeselii and O. maculata, however, are naturally autogamous species and
rainfall increases the incidence of automatic self-pollination. As pointed out by Catling
(1980), it is worth paying more attention to the significance of rain as an auxiliary agent
of autogamy, especially in forests with high rainfall and richness of orchid species as has

been reported for the study sites (Ribeiro, 1994).
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Figure 1. Flowers of Cyrtopodium polyphyllum in frontal and lateral views. A, Flower
showing the concave and oval stigmatic surface. B, The pollinarium is prevented to
contact the stigma by the rostellum. No raindrops are retained in the stigmatic cavity of
these flowers. C-D, Flowers with a great, viscous drop on their stigma. Note the swollen
pollinarium. E-F, Flowers whose pollinarium and anther were disturbed. The drop shrank
through evaporation and the pollinarium and anther were moved onto the stigma.

Remains of the drop stay in the stigmatic cavity (arrows).
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Abstract (Secretory structures of the lip of two Cyrtopodiinae: Cyrtopodium polyphyllum
Vell. and Grobya amherstiae Lindl. (Orchidaceae)). An anatomical study of the glands of
the lip of Cyrtopodium polyphyllum and Grobya amherstiae were performed in the
intention to relate the function played by these structures in the pollination process. Both
species present osmophores. Cyrtopodium polyphyllum has two types of secretory
structures (osmophores): papillous epidermis and pluricellular emergencies. In G.
amherstiae the osmophores are composed of a unique layer of epidermic cells. Just G.
ambherstiae presents elaiophores that are of two types: one at the apex of the lip, which
presents a mixed structure, composed of unicellular and epidermic cells, and another at
the column basis composed of glandular trichomes. These elaiophores secrete a
heterogeneous substance, composed of both oil (greasy acid of short chain) and mucilage.
Beside osmophores and elaiophores, G. amherstiae presents an oil guide in the adaxial
surface of the lip, formed by papillae-like cells, which probably guide the bees to the
elaiophore of the column basis. The presence of this oil guide is essential to complete the
pollination mechanism.

Key words: floral glands, elaiophore, oil guide, osmophore

Resumo (Estruturas secretoras do labelo de duas Cyrtopodiinae: Cyrtopodium
polyphyllum Vell. e Grobya amherstiae Lindl. (Orchidaceae)). Um estudo anatémico das
glandulas florais presentes no labelo de Cyrtopodium polyphyllum e Grobya amherstiae
foi efetuado com o propdsito de relacionar a fungdo desempenhada por estas estruturas
com o processo de polinizacdo. Em C. polyphyllum hé dois tipos de estruturas secretoras
(osméforos): epiderme papilosa e emergéncias pluricelulares. Em G. ambherstiae, os
osmoéforos sdo compostos por uma dnica camada de células epidérmicas. Apenas G.
ambherstiae apresenta elaiéforos, sendo o do dpice do labelo de estrutura mista, composto
de tricomas unicelulares glandulares e epiderme em palicada, e o da base da coluna ¢é
tricomdceo, composto apenas de tricomas glandulares. Esses elaidéforos secretam uma
substancia heterogénea, composta de material lipofilico (dcidos graxos de cadeia curta) e
mucilagem. Além de osmoéforos e elaidforos, G. amherstiae apresenta um guia de 6leo na
superficie adaxial do labelo formado por células papilosas que orienta as abelhas ao
elaiéforo da base da coluna. A presenca desse guia de 6leo € essencial para completar o

mecanismo de polinizacao.
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Palavras-chave: glandulas florais, elai6foros, guia de 6leo, osméforos

Introducao

Nos ultimos anos, o ndmero de trabalhos sobre biologia floral e polinizacdo de
numerosas espécies de Angiospermas tem sido crescente, principalmente da familia
Orchidaceae (Van der Pijl & Dodson 1966, Dressler 1993, Endress 1994). Esses estudos
mostram que a diversidade de polinizadores estd, habitualmente, relacionada com a
complexidade floral e aos diferentes tipos de recursos das flores. Dentre esses recursos, o
néctar e o pélen t€m sido os mais estudados (Simpson & Neff 1981, Buchmann 1987),
sendo bem conhecidas sua importancia na sobrevivéncia de abelhas e reproducdao de
muitas plantas (Kevan & Baker 1983). Entretanto, ha outros tipos de recursos produzidos
pelas plantas, como os “6leos florais”, que foram primeiramente documentados por Vogel
(1969) em algumas familias de plantas. Em Orchidaceae, a presenca de Oleos foi
registrada nas subtribos Ornithocephaliinae e Oncidiinae (Vogel 1974). O termo “dleos
florais” vem sendo usado para designar 6leos ndo voldteis que sdo secretados por
glandulas especiais denominadas de elaidforos (Vogel 1974, Simpson & Neff 1981).
Vogel (1974) descreveu dois tipos de elaiéforos: epidermais e tricomaceos.

Nos elai6foros epidermais, as células epidérmicas em palicada sdo secretoras,
sendo o tipo de elai6foro predominante nas angiospermas e encontrado em
Malpighiaceae, Krameriaceae e algumas espécies de Orchidaceae. Por outro lado, o tipo
de elai6foro tricomdceo consiste de tricomas glandulares, que podem ser unicelulares
(Iridaceae e algumas Orchidaceae) ou multicelulares (Solanaceae, Cucurbitaceae,
Scrophulariaceae, Primulaceae e Orchidaceae) (Buchmann 1987, Endress 1994).

Flores que possuem 6leo como recurso s@o visitadas e polinizadas por espécies de
abelhas altamente especializadas da familia Apidae (Michener 2000). Os géneros de
abelhas que compreendem os maiores nimeros de espécies coletoras de 6leo sdo Centris,
Ptilotopus e Epicharis, além de outros menos representativos, como Monoeca e
Tetrapedia.

Em Orchidaceae, o oferecimento de Oleos florais como recurso tem sido
documentado apenas recentemente em espécies de Oncidium, polinizadas por espécies de
Tetrapedia (Tetrapediini) (Schlindwein 1995, Singer & Cocucci 1999; A.D. Faria com.

pess.) e de Centris (Centridini) (A.D. Faria com. pess.). Até entdo, espécies de Oncidium
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eram consideradas como sendo mimicas de flores de Malpighiaceae e polinizadas por
abelhas Centris que eram atraidas por engano as flores (Van der Pijl & Dodson 1966,
Ackerman 1986). Em Oncidium a produgdo de Oleos € feita em elai6foros epidermais
concentrados, principalmente, no labelo (Singer & Coccuci 1999, A.D. Faria com. pess.).

Algumas flores emitem odores, que podem ou ndo estar associados a atracdo de
polinizadores. Esses odores sdo produzidos em estruturas chamadas osmoéforos e sdo
compostos, principalmente, por 6leos voldteis (Vogel 1963 a, b). Os osméforos sdo
habitualmente formados por uma tunica camada de células epidérmicas, ou podem
apresentar papilas secretoras (Curry et al. 1991, Ascensio et al. 2005).

A subtribo Cyrtopodiinae (Orchidaceae: Epidendroideae: Cymbidieae) abrange
cerca de 12 géneros, incluindo Cyrtopodium e Grobya (Dressler 1993). Cyrtopodium
(Epidendreae: Cymbidieae: Cyrtopodiinae) é neotropical e inclui cerca de 42 espécies,
distribuidas desde o sudeste da Florida até o nordeste da Argentina (Batista & Bianchetti
2004). O centro de diversidade do género € o cerrado brasileiro, onde ocorrem cerca de
28 espécies (Hoehne 1942). Cyrtopodium polyphyllum é encontrado principalmente, na
regido litordnea do sul e sudeste brasileiro (Hoehne 1942). O labelo dessa espécie €
trilobado e apresenta uma calosidade na regido mediana muito semelhante aos elai6foros
de algumas espécies de Oncidium (A.D. Faria com. pess.) e de Grobya amherstiae.
Apesar de ser semelhante a um elaiéforo, essa calosidade ndao produz 6leo fixo (4cidos
graxos) e ¢ composta por osmoéforos que secretam odor suave, levemente desagraddvel e
semelhante ao odor de ‘“baratas”, percebido com maior intensidade nos horarios mais
quentes do dia.

Grobya apresenta cinco espécies distribuidas entre as regides sul, sudeste e
nordeste do Brasil (Barros & Lourenco 2004). Grobya amherstiae Lindl. possui a
distribuicdo mais ampla dentre as cinco espécies (Barros & Lourengo 2004), ocorrendo
em regioes de mata semidecidua e Atlantica da maior parte do leste do Brasil (Morrison
1997). O labelo dessa espécie é cordiforme e apresenta na sua regido apical um elaiéforo
predominantemente tricomaceo. H4 outro elaidforo tricomdceo na base da coluna. Os
osmoéforos dessa espécie emitem odor adocicado que se assemelha ao do mel,
principalmente nas horas mais quentes do dia (Mickeliunas et. al. 2006).

Para a subtribo Cyrtopodiinae, ndo hd estudos sobre anatomia floral das espécies,

principalmente em relagdo aos géneros brasileiros, como Cyrtopodium e Grobya. Nao ha
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dados sobre as estruturas secretoras dessas orquideas e nem sobre sua importancia e
relagdo com a polinizacdo. O presente trabalho tem por objetivo o estudo comparado das
estruturas secretoras do labelo de duas espécies de Cyrtopodiinae (Cyrtopodium
polyphyllum e Grobya amherstiae), relacionando a sua fungdo com o processo de

polinizacdo.

Material e Métodos

Os estudos anatdomicos foram realizados no Laboratério de Anatomia Vegetal do
Departamento de Botanica da Unicamp, sob orientacao da Profa. Dra. Marilia de Moraes
Castro. Flores em antese de Grobya amherstiae foram coletadas em mar¢o/2005 (Figura
1A) e de Cyrtopodium polyphyllum em dezembro/2005 (Figura 2A).

Os materiais testemunha de Grobya amherstiae Lindl. e Cyrtopodium polyphyllum
Vell. (L. Mickeliunas & E.R. Pansarin 47 e L. Mickeliunas & E.R. Pansarin 48,
respectivamente) foram depositados no Herbédrio da Universidade Estadual de Campinas
(UEC).

As flores das duas espécies foram fixadas em FAA (Johansen 1940) e em
Formalina neutra tamponada (Clark 1973). Para o controle de substancias lipofilicas,
flores de ambas as espécies foram previamente estocadas em uma mistura de
metanol/cloroférmio/dgua/acido cloridrico (66:33:4:1) por 48h, antes de sua fixacdo em
formalina neutra tamponada.

Os labelos foram isolados e desidratados em série butilica (dlcool butilico
tercidrio). Os materiais fixados em FAA foram incluidos em parafina (Sass 1951) e os
materiais fixados em formalina neutra tamponada em paraplast (Johansen 1940). Os
materiais de ambos os fixadores foram emblocados e seccionados longitudinalmente em
micrétomo rotativo, com espessura de 10-12 pm. Posteriormente, os cortes foram
desparafinados com xilol e hidratados com alcool etilico. O material de C. polyphyllum e
parte do material de G. amherstiae fixados em FAA foram corados com azul de astra e
safranina (Gerlach 1969) e montados em resina sintética. A outra parte do material de G.
ambherstiae fixada em FAA foi utilizada para a aplicagao dos testes histoquimicos para a
deteccio de mucilagem - Vermelho de ruténio (Gregory & Baas 1989) e Acido
tanico/Cloreto férrico (Pizzolato & Lillie 1973) - e montada em gelatina glicerinada. Os

materiais fixados em FNT de ambas as espécies foram utilizados para a aplicacdo de
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testes histoquimicos para a deteccdo de material lipofilico — Preto de Sudao B (Pearse
1968) e Azul de Nilo (Cain 1947) - e montados em gelatina glicerinada. As
fotomicrografias foram obtidas a partir de mdéquina fotogrdfica acomplada ao

microscopio Olympus BX 51, a partir de filmes para slides asa 100.

Resultados

Cyrtopodium polyphyllum apresenta dois tipos de estruturas secretoras (osmaéforos)
na face adaxial do labelo: epiderme papilosa (Figura 1B) e emergéncias pluricelulares
(Figura 1C-1F).

As células dos osmoéforos papilares possuem dpice acuminado e nicleo bem
desenvolvido, tipico de células em alta atividade metabdlica (Figura 1B). As papilas ndo
apresentam o citoplasma fortemente corado, pois o material € proveniente de flores
fixadas em FAA. O tecido subjacente € composto por células parenquimaticas, que nao
estdo envolvidas na producao do odor.

As emergéncias pluricelulares (Figura 1C-1D) apresentam varias camadas de
células secretoras, com nucleo bem desenvolvido e citoplasma denso (Figura 1D). No
material fixado em formalina neutra tamponada, ideal para a fixacdo de material
lipofilico, as substincias mantiveram-se no interior da célula, evidenciando o citoplasma
fortemente corado pela safranina. As camadas subjacentes sdo compostas por células
parenquimaticas, que ndo participam da producdo do odor. H4 alguns idioblastos com
cristais e rafides de oxalato de célcio espalhados ao longo do corpo do labelo, entre as
células parenquimaticas (Figura 1D, setas).

Através do teste histoquimico utilizando o corante Preto de Sudao B (Pearse 1968),
ficou confirmada a natureza lipidica da secrecdo das células papilares (regido do calo),
uma vez que as células apresentaram-se coradas de castanho-escuro, colora¢do que indica
resultado positivo para o teste (Figura 1E-F).

Grobya amherstiae (Figuras 2A-B) também apresenta osmoéforos, mas por toda a
face abaxial do corpo do labelo. Esses osmdéforos sdo epidermais, formados por uma
unica camada de células epidérmicas (Figura 2C, seta). Pelo teste histoquimico,
utilizando Preto de Suddo B, constatou-se que, de fato, trata-se de secrecdo de natureza
lipofilica, preservado pela formalina neutra tamponada), pois se apresentou corada de

castanho escuro, resultado positivo para o teste (Figura 2D, seta).
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No épice do labelo (Figura 2B), hd um elai6foro do tipo misto, formado tanto por
tricomas, como por uma epiderme em palicada (Figuras 2E-F), ambos secretores da
mesma substancia. Os tricomas glandulares sdo unicelulares e digitiformes (Figuras 2F,
3A, 3C). As células subepidérmicas apresentam o citoplasma denso, fortemente corado e
com nucleo bem desenvolvido (Figuras 3A), caracteristicas de células metabolicamente
ativas, que provavelmente também estdo envolvidas na producdo do recurso floral. A
epiderme em palicada também apresenta citoplasma denso, fortemente corado e nicleo
relativamente grande (Figura 3B). Em determinadas regides, essa epiderme apresenta-se
com leves projecdes e reentrancias, o que pode aumentar a superficie de producdo da
secrecao (Figura 3B, seta). As células parenquimadticas subjacentes niao possuem
caracteristicas de células secretoras, ndo estando envolvidas na produgdo da secre¢dao. Ao
longo de todo o corpo do labelo também hé idioblastos com cristais de oxalato de célcio,
como em C. polyphyllum, entre as células parenquimaticas.

Na base da coluna de G. amherstiae, hd outro elaiéforo semelhante ao do dpice do
labelo; porém, composto apenas por tricomas glandulares unicelulares, ndo havendo
epiderme em palicada secretora. A secrecdo dos elaioféros dessa orquidea apresenta a
porcao lipofilica composta basicamente por dcidos graxos de cadeia curta, sendo o mais
abundante o dcido graxo octadecandico (Mickeliunas et al. in prep.)

Através dos testes histoquimicos para evidenciar mucilagem, verificou-se que, no
material fixado em FAA (que preserva substincias hidrofilicas), a secre¢cdo também
contém polissacarideos, resultado positivo para o teste com o Acido tinico/Cloreto
férrico (Figuas 3C), e rosa escuro, resultado positivo para o teste com o Vermelho de
ruténio (Figura 3D). Assim, as glandulas de G. amherstiae, além de secretarem 6leo fixo
(dcidos graxos), também secretam pequena fracdo de mucilagem, tornando a secrecdo
heterogénea.

Na superficie adaxial do labelo, essa espécie apresenta um guia de 6leo formado
por uma tunica camada de células papilosas, que produzem secre¢do semelhante a que
ocorre nos elai6foros (Figura 3E, seta). A natureza lipofilica dessa secre¢dao foi
evidenciada através do teste histoquimico com Preto de Suddo B, que apresentou

coloragdo castanha escura, indicando resultado positivo (Figura 3F, seta).
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Discussao

As duas espécies de Cyrtopodiinae apresentam osmoéforos em seus labelos. Essas
estruturas sdo responsaveis pela produgdo da fragrancia desagraddvel em Cyrtopodium
polyphyllum e adocicada em Grobya amherstiae. A forma das papilas unicelulares no
corpo do labelo em C. polyphyllum é muito semelhante as encontradas em algumas
espécies de Bulbophyllum (Teixeira et al. 2004) e Psilochilus modestus Barb. Rodr.
(Pansarin 2000). Por outro lado, as emergéncias pluricelulares da regido do calo de C.
polyphyllum assemelham-se as de algumas espécies de Stanhopea (Pansarin 2000). Por
outro lado, o osmé6foro epidérmico de G. amherstiae € semelhante ao de duas espécies de
Ophrys (Ascensao et al. 2005) e ao de outras espécies de orquideas (Curry & Stern 1991,
Curry et al. 1991, Stpiczynska 1993).

A ocorréncia de elaiéforos do tipo misto em Grobya amherstiae, ou seja, formados
tanto por tricomas unicelulares como por epiderme em palicada é um dado inédito, uma
vez que nao ha registros da ocorréncia desse tipo de estrutura numa mesma flor. Segundo
Vogel (1969), nas orquideas ocorrem os dois tipos de elai6foros, tricomaceos ou
epidérmicos, mas ambos ndo ocorrem na mesma estrutura da flor. Elaiéforos com
tricomas unicelulares ocorrem em outros géneros de orquideas como, por exemplo, em
algumas espécies de Oncidium e em outras familias de Angiospermas, como Iridaceae e
Scrophulariaceae (Vogel 1974). Em outras espécies de Oncidium, a producao de dleos é
feita em elai6foros epidérmicos concentrados, principalmente, em dreas do labelo (Singer
& Coccuci, 1999; A. D. Faria, com. pess.).

No caso de Grobya amherstiae, ndo apenas acidos graxos sdao produzidos nos
elai6foros. Ficou evidenciado que tanto os tricomas como a epiderme em palicada
secretam mucilagem acida, uma substancia hidrofilica. Esse tipo de secrecdo heterogénea,
envolvendo mucilagem e material lipofilico, foi primeiramente descrito por Joel & Fahn
(1980) para frutos de Mangifera indica L. (Anacardiaceae), mas ndo hd relato para flores
de Orchidaceae. Joel & Fahn (1980) propuseram que essa por¢do mucilaginosa seja
secretada pela propria célula que secreta o dleo, contradizendo Juniper et. al (1977), que
afirmaram que a mucilagem € apenas um produto de degradagdo das paredes celulares.
Essa adicao de pequena quantidade de mucilagem ao 6leo fixo pode tornar a secrecdo um
pouco mais fluida e facilitar sua coleta por parte das abelhas. Acredita-se que essas

abelhas utilizem o 6leo, altamente energético, para diferentes fins: algumas o utilizam em
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substituicdo ou adicdo ao néctar em suas provisdes de pdlen oferecidas as larvas; outras,
além do suprimento larval, também o usam para a impermeabilizacdo de seus ninhos e,
eventualmente, até para sua prépria alimentagdo (Buchmann 1987, Frankie et al. 1990).

Em G. amherstiae, f€meas de Paratetrapedia fervida Smith visitam as flores em
busca do 6leo oferecido pela flor (Mickeliunas er. al. 2006), que é utilizado para
alimentacdo das larvas ou para revestimento dos ninhos (Buchmann 1987). Em C.
polyphyllum, varias espécies de abelhas coletoras de 6leo visitam a flor por engano,
quando estao forrageando em busca de néctar em outras espécies nas proximidades como,
Crotalaria incana L. (Leguminosae) ou de 6leo em Stigmaphyllon sp. (Malpighiaceae)
(Mickeliunas et. al. in prep. Cap. 1).

Além de osméforos e elaidforos, Grobya amherstiae também possui um guia de
6leo na face adaxial do labelo e que liga o elaiéforo do dpice do labelo ao da base da
coluna. Esse guia, composto por papilas unicelulares secretoras do mesmo material
heterogéneo presente nos elaioforos, € de extrema importincia para completar o processo
de poliniza¢do. Uma vez que a abelha se encontra na flor o guia orienta-a até o elaiéforo
da base da coluna, seqiiéncia essencial para que a abelha se encontre na posi¢do adequada
e seja arremessada em dire¢do a antera e remova o polindrio ou deposite as polinias no
estigma (Mickeliunas et. al. 2006).

Osmoéforos, elai6foros e guais de néctar sdo estruturas secretoras de extrema
importancia e possuem alta relagdo com os processos de polinizacdo de muitas plantas.
Assim, estudos envolvendo a anatomia e a histoquimica dessas estruturas adiciona
informacdes importantes para o entendimento da biologia das espécies, devendo ser
ampliados a mais membros das Angiospermas, principalmente em relagdo as

Orchidaceae, na qual esses estudos sao muito escassos.
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Figura 1: A-F: Cyrtopodium polyphyllum Vell. A. Detalhe da flor. B-F. Cortes
longitudinais das flores em antese. B. Osmoéforos papilares unicelulares na face adaxial.
C e E. Emergéncias pluricelulares. D e F. Detalhe da emergéncia da regido do calo.
Coloracao: B-D = Azul de Astra e Safranina, E-F: Preto de Sudao B. (Setas = cristais e

rafides de oxalato de calcio)

Figura 2: A-F: Grobya amherstiae Lindl. A. Detalhe da flor. B. Elai6foro no apice do
labelo C-D. Corte longitudinal do labelo, mostrando os osméforos epidermais na face
abaxial (seta). E. Apice do labelo, mostrando o elaiéforo misto, formado por tricomas
(seta TR) e epiderme em palicada (seta EP). F. Tricomas glandulares (seta TR) e
epiderme em palicada (seta EP). Coloracdo: C, E e F = Azul de Astra e Safranina, D =
Preto de Sudao B.

Figura 3: A-F: Grobya amherstiae Lindl. A. Tricomas unicelulares digitiformes do
elaiéforo do dpice do labelo. B. Epiderme em palicada, mostrando as projecoes formadas
(seta) no elai6foro. C-D. Elai6foro misto do dpice do labelo evidenciando a secrecdo
heterogénea. E-F. Guia de O6leo na face adaxial do labelo, formado por papilas
unicelulares (seta). Coloracdo: A, B e E = Azul de Astra e Safranina, C = Acido

tanico/Cloreto férrico, D = Vermelho de ruténio, F = Preto de Sudao B.
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CONSIDERA COES FINAIS

Através dos estudos de morfologia, biologia floral e reprodutiva verificou-se que
Cyrtopodium polyphyllum, assim como € estimado para um terco ou mais das
Orchidaceae (Ackerman 1986), ndo oferece recursos florais aos polinizadores.

Os individuos de C. polyphyllum ocorrem, nas 4reas estudadas, simpatricamente
com Stigmaphyllon sp. (Malpighiaceae) e Crotalaria incana L. (Fabaceae), e seus
periodos de floragdo se sobrepdem. As trés espécies apresentam flores amarelas e de
tamanhos similares. As flores de Stigmaphyllon sp. e Crotalaria incana sao
freqiientemente visitadas por abelhas Centridini, que coletam J6leo e néctar,
respectivamente. Entretanto, as visitas as flores de C. polyphyllum sao raras, ja que nao
oferecem recursos aos seus polinizadores. Esse tipo de interagdo € conhecido como
poliniza¢do por engano e tem sido documentado em vérias Orchidaceae (Ackerman 1986,
Montalvo & Ackerman 1987, Ackerman & Montalvo 1990, Calvo 1990). Apesar de
serem visitadas por varias espécies de abelhas, apenas duas espécies do género Centris
(Apidae: Anthophoridae) polinizam as flores de C. polyphyllum nas duas 4reas estudadas.
As visitas ocorrem apenas em dias quentes e ensolarados, sendo que periodos chuvosos
afetam negativamente a visitacdo. Pequenas espécies de abelhas Centridini que habitam
regides neotropicais geralmente nao forrageiam sob condi¢des adversas, como nevoeiros,
ventos fortes, chuvas intensas e baixas temperaturas (Roubik 1992). Essa baixa taxa de
visitagdo é comum em flores polinizadas por engano que ndo oferecem recursos
(Ackerman 1986, 1989, Montalvo and Ackerman 1987, Zimmerman and Aide 1989).

Além da polinizagdo por fator bidtico (abelhas), Cyrtopodium polyphyllum
apresenta um tipo de polinizacdo abidtica, isto €, assistida pela dgua da chuva, aspecto
ainda ndo descrito para Cyrtopodiinae. Nesse tipo de poliniza¢do abidtica, em dias com
alto indice de precipitacdo, em mais de 2% das flores, a 4gua acumula na cavidade
estigmatica e dissolve a secrecao do estigma. Consequentemente, uma viscosa gota se
forma e contacta o polindrio. Com a evaporacdo, essa gota move o polindrio e a antera

para o interior do estigma, promovendo autopolinizagao.
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Como Cyrtopodium polyphyllum €& autocompativel, a ocorréncia dessa
autopolinizacdo facultativa pelas gotas da chuva pode ser uma importante estratégia para
promover a formagdo de frutos na auséncia de polinizadores bidticos.

A taxa de frutificacdo de C. polyphyllum em ambiente natural é baixa quando
comparada com a capacidade de formacdo de frutos mostradas nos tratamentos de
autopolinizacdo manual e polinizacdo cruzada. Esse fato € comum para outras espécies de
orquideas polinizadas por engano (Neiland & Wilcock 1998, Johnson 2000).

Apesar do baixo nimero de frutos, a porcentagem de sementes potencialmente
vidveis foi alta, tanto nos frutos formados em ambientes naturais quanto nos provenientes
dos tratamentos manuais. Essa alta taxa (cerca de 90%) de sementes viaveis € incomum
em Epidendroideae, cujas espécies apresentamum grande ndmero de sementes sem
embrido. Também foram observadas sementes com mais de um embrido (poliembrionia)
em menos de 5% dos frutos (naturais/tratamentos).

Através dos estudos anatdomicos verificou-se que Cyrtopodium polyphyllum e uma
outra Cyrtopodiinae, Grobya amherstiae, apresentam osmoforos em seus labelos. Essas
estruturas sdo responsaveis pela producdo das fragrancias dessas espécies, adocicada e
levemente desagraddvel, respectivamente. Foram feitos testes histoquimicos que
comprovaram a natureza lipofilica das substancias (6leos voldteis) secretadas por esses
osmoforos.

Grobya amherstiae também apresenta elaiéforo, no dpice do labelo e na base da
colna. No épice do labelo o elai6foro € do tipo misto, formado tanto por tricomas, como
por uma epiderme em palicada, ambos secretores da mesma substancia. Na base da
coluna de G. amherstiae hd outro elai6foro semelhante ao do dpice do labelo, porém,
composto apenas por tricomas glandulares unicelulares, ndo havendo epiderme em
palicada secretora. A ocorréncia de elaiéforos do tipo misto, formados tanto por tricomas
unicelulares como por epiderme em palicada € um dado inédito, uma vez que nao ha
registros da ocorréncia desse tipo de estrutura em uma mesma flor.

Através dos testes histoquimicos verificou-se que a secrecao liberada pelos
elaiéforos € heterogénea, ou seja, além de secretarem 6leo fixo (dcidos graxos), também
secretam pequena fracdo de mucilagem. Essa adicdo de pequena quantidade de
mucilagem ao 6leo fixo pode tornar a secrecao um pouco mais fluida e facilitar sua coleta

por parte das abelhas.
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Além dos osmoforos e elaidforos, Grobya amherstiae também possui um guia de
6leo na face adaxial do labelo, que liga o elaiéforo do dpice do labelo ao da base da
coluna. Esse guia, ainda ndo descrito na literatura, é de extrema importancia para
completar o processo de polinizacdo (veja Mickeliunas er. al. 2006), uma vez que ele
serve como orientacao para que a abelha chegue até o elai6foro da base da coluna.

As informagdes obtidas com o presente estudo sdo importantes para fornecer uma
visdo mais abrangente dos mecanismos de polinizacdo em Cyrtopodiinae, uma vez que
Cyrtopodium € o maior género em nimero de espécies pertencente a essa subtribo no
Brasil. O conhecimento da biologia da reprodugdo, fenologia e morfologia floral de
espécies de Cyrtopodium € de extrema importancia, ndo apenas do ponto de vista
cientifico, mas também porque espécies deste gé€nero sdo muito importantes

economicamente, por serem utilizadas como plantas ornamentais.
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