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Nota dos editores

Este livro foi elaborado com as contribuicdes dos participantes dos cursos de campo em
Biologia e Ecologia da Polinizagao, ministrados pelo Professor Dr. Peter Kevan, da Universidade
de Guelph, Canad4, nos anos de 2003 e 2005, em Lengdis, Chapada Diamantina, Bahia.
Esses cursos foram promovidos pelo Programa de Pés-Graduagao em Ecologia e
Biomonitoramento, do Instituto de Biologia da Universidade Federal da Bahia, e contaram
com o apoio da Fundagdo de Amparo a Pesquisa da Bahia, da Universidade Estadual de
Feira de Santana e da Empresa Baiana de Desenvolvimento Agricola.

Este livro tem como obijetivos principais: prestar uma homenagem ao Prof. Dr. Peter
Kevan pela disponibilidade e generosidade em nos oferecer os cursos de campo, divulgar
os resultados dos planos de pesquisa desenvolvidos pelos participantes durante os cursos
e permitir o incremento do intercambio de informacdes entre profissionais que atuam em
pesquisa e extensdo na area de ecologia e biologia da polinizacdo. Espera-se ainda que
este livro sirva de subsidio para estudantes e profissionais, criando oportunidades de
formagéo de recursos humanos nessa teméatica de extrema relevancia para a conservagao
e 0 manejo de sistemas naturais e agroecossitemas.

Os colaboradores desta obra sdo professores e estudantes de Pds-Graduacéao dos
cursos de Ecologia, Botanica, Zoologia e é&reas correlatas, oriundos de diversas
universidades brasileiras e estrangeiras, assim como técnicos de nivel superior que atuam
no setor publico, como extensionistas ou pesquisadores.

Os artigos que compdem este livro sdo contribuigdes inéditas. Todas as informagodes
contidas em cada artigo sao de inteira responsabilidade dos seus autores, sendo que 0s
capitulos estdo organizados pelo ano da realizacdo do curso. Dentre os trabalhos
produzidos durante o “Curso de Campo sobre Biologia e Ecologia da Polinizacao”, em
20083, dois artigos foram publicados e aceitos para publicagédo em periédicos nacionais
e, por isso, nao foram incluidos no presente livro. Estes sdo, respectivamente: 1) Barreto,
L.S.; FF. de Oliveira & M.S. de Castro. 2006. Abelhas Visitantes Florais de Solanum
lycocarpum St. Hil. (Solanaceae) no Morro do Pai Inacio, Palmeiras, Bahia, Brasil.
Sitientibus, 6 (04): 267-271 e 2) Neves, E. L.; Taki, H; Silva, F O; Viana, B F & Kevan, P G.
Flower characteristics and visitors of Merremia macrocalyx (Convolvulaceae) in the Chapada
Diamantina, Bahia, Brazil. Lundiana (no prelo).
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Sindromes de Polinizacao: Sao Reais?

Camila Magalhaes Pigozzo
Amada Mariana Costa de Melo
Patricia Luiza de Oliveira Reboucas

DarwiN (1862), em seu livro sobre orquideas, citou o primeiro exemplo detalhado de como
estudar evolugéo, apresentando observagdes que revelariam a morfologia das orquideas
muito bem adaptada a visita por insetos, especialmente abelhas euglossineos, os quais
removem e depositam sua polinia (WiLson & THomPsoN, 1996; JoHNsON & STEINER, 2000).

Seguindo o programa de pesquisa Darwiniana na Biologia da Polinizac&o, cujo objetivo
seria investigar o valor adaptativo das caracteristicas florais em relagdo aos agentes
polinizadores, durante 1/3 de século muitos trabalhos foram realizados com flores sob a
perspectiva da morfologia comparativa funcional (p.ex. Baker, 1961 apud HERReRA, 1996).
Os resultados demonstraram que diferentes tipos de flores atrairiam diferentes tipos de
visitantes, dentre os quais poucos atuam como polinizadores efetivos. As diferencas
florais foram, entdo, tratadas como adaptagdes florais para a comunidade de
polinizadores (HErReRA, 1996), 0 que encontrou expressao no conceito de “sindromes de
polinizagao”, originado no século XIX, atingindo sua forma mais moderna em 1979 com
a publicacao do livro The Principles of Pollination Ecology de FaeGri & PuL.

Deste ponto de vista, as flores das angiospermas sao suficientemente especializadas
para a polinizacao por determinados tipos de agentes polinizadores, havendo uma
convergéncia das caracteristicas florais em classes de “sindromes de polinizagao” (WASER
etal., 1996; JoHnsoN & STEINER, 2000).

No entanto, existem muitas duvidas sobre a realidade das sindromes de polinizagao
(JoHnson & STEINER, 2000), tendo em vista que os sistemas de polinizacdo séo comumente
generalistas (Waser et al., 1996). Levantamentos da comunidade de abelhas e fauna
associada, realizados em biomas brasileiros, tem demonstrado que as interagdes sao
predominantemente generalistas: as espécies de abelhas nao utilizam apenas flores melitéfilas.

A discusséo sobre o nivel de especializacdo nos ecossistemas vem tomando foélego
com os trabalhos de Herrera (1996) WaskeRr et al. (1996) e JoHnsoN & STEINER (2000). Estes
autores, dentre outros, ndo acreditam que as caracteristicas florais sejam,
necessariamente, adaptacdes aos seus polinizadores e que, na realidade, as interacoes
entre visitantes e flores s&o em sua maioria generalistas.
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Abordagens mais recentes inserem as interagdes, sejam mutualisticas ou n&o, em uma
rede de interagdes (MemmoTT, 1999; VAsauez & AizeN, 2004; Bascompte et al., 2003; BascompTe &
Jorpano, 2006; JorpaNo et al., 2006), cujo padrao revelado € de interagdes generalistas.

Contradizendo a tendéncia generalista, Dicks et al. (2002) ao analisarem as interagoes
entre os visitantes e as flores em duas comunidades vegetais da Inglaterra, perceberam
que as espécies de plantas e insetos apresentavam-se organizadas em compartimentos
e gue estes compartimentos representariam as classes das sindromes florais.

Mediante essa discussao, o presente trabalhe teve como objetivo relacionar os
parametros que definem uma sindrome de polinizagdo com a composicao da fauna
visitante e, assim, investigar quéo reais sdo as sindromes de polinizagéo.

Tabela |. Espécies vegetais estudadas quanto as sindromes de

16

polinizagdo, nas margens do Rio Serrano, Lengdis, Bahia.

“Planta Familia Espécie
1 Basellaceae Anredera cordifolia
2 Convolvulaceae Ipomea sp
3 Nictaginaceae Mirabilis jalapa
4 Malvaceae Pavonia sp
5 Onagraceae Ludwigia sp
6 Melastomataceae Tibouchina sp
7 Fabaceae Periandra coccinea
8 Rubiaceae Borreria sp
9 Caesalpiniaceae Cassia sp
10 Melastomataceae Marcetia bahiensis
11 Sterculiaceae Walteria sp
12 Polygonaceae Antigonon leptopus
13 Verbenaceae Starchitarpheta sp
14 Melastomataceae Miconia sp
15 Caesalpiniaceae Caesalpinia sp
16 Asclepiadaceae Blepharodon nitidium




Pl1: Anredera cordifolia Pl2.: Ipomea sp

PI7: Periandra coccinea PI10: Marcetia bahiensis

Pl 11: Walteria sp.

Pl 13: Starchitarpheta sp.

Pl 14: Miconia sp. Pl 15: Caesalpinia sp. Pl 16: Blepharodon nitidium

Figura 01. Espécies vegetais estudadas quanto as sindromes de polinizagdo, nas margens do Rio Serrano,
Lengdis, Bahia. Fotos: Camila Magalhaes Pigozzo
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Material e Métodos

Este estudo foi realizado ao longo das margens do rio Serrano que atravessa o
municipio de Lengdis — Chapada Diamantina, Bahia (12°56’51"S; 41°39'36"W). Na area
escolhida foram selecionadas 16 espécies vegetais (Tab. I; Fig. 1) de morfologia floral
variada e individuos com flores abundantes, para as quais foram descritos os parametros
considerados relevantes na definicdo de uma sindrome de polinizacédo, segundo Faecri &
PuL (1979) (Tab. Il). Depois de descritas, as espécies foram, entao, classificadas quanto
as sindromes de polinizacao (Tab. Ill). Por fim, foram realizadas observagdes da fauna
visitante, das 06 as 17 horas, totalizando 24 horas de observagéo.

Resultados e Discussao

Das 16 espécies vegetais analisadas 10 (62,5%) apresentaram sindromes de polinizagao
bem definidas (Tab. IV): Miofilia (polinizacdo por moscas), Melitofilia (por abelhas) e
Ornitofilia (por passaros, principalmente beija-flores).

A Micfilia foi observada em apenas 01 (0,06%) espécie vegetal (pl 1): Anredera cordifolia.
Suas flores séo brancas, em forma de prato, com néctar de facil acesso aos visitantes, o que
favorece a visita por moscas, ja que este grupo nao apresenta aparato bucal especializado
para a coleta em flores de morfologia mais especializadas (FAegr & P, 1979).

Tabela Il. Parametros utilizados na definicdo das sindromes de
polinizagao, segundo Faegri & Pijl (1979).

Parametro Exemplos
Coloragao azul, vermelha, amarela, lilas...
Forma Tubular, prato, pincel...
Simetria actinomorfa ou zigomorfa
Presenca de odor presenca ou auséncia
Tipo de recurso oferecido ao visitante néctar, pdlen, dleo, resina ou fragancia
Sexo das flores hermafroditas, unissexuais
Horéario de antese diurna ou noturna
Presenca de guias de néctar presenca ou auséncia

A Melitofilia foi identificada em 07 (43,75%) espécies (Tabela lll), constituindo a sindrome
mais abundante, sendo ainda diferenciadas duas subclasses: polinizacdo por abelhas
pequenas a médias sem vibracdo (Walteria sp.) e polinizagao por vibracdo (Tibouchina
sp., Cassia sp., Marcetia bahiensis e Miconia sp.). Tais flores apresentam cores fortes,
compreendendo o amarelo (03), o roxo (02) e o azul (02), oferecem néctar ou pdélen (no
caso da polinizagao por vibracéo), possuem antese diurna, e a forma pode ser de prato
ou tubular (abelhas de lingua longa).
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Planta 1 Planta 4

95,8%

Planta 5 Planta 7

1,1%

98,9%

Planta 8 Planta 11
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50%
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Figura 02. Abundancia relativa dos visitantes florais das espécies estudadas. Pl 2 = 100% Hymenoptera, Pl
3 = nenhum visitante observado, Pl 6 = nenhum visitante observado, PI 9 = 100% Hymenoptera, PI 10 = 100%
Lepidoptera, Pl 14= 100% Hymenoptera, Pl 16 = 100% Beija-flores




Tabela lll. Caracteristicas florais que definem as respectivas sindromes de polinizagéo, segundo Faecri & PuL (1979).

Slnc!r?me_de Cor Forma Simetria Cheiro Recurso Gulas de Antese
polinizagdao néctar

Miofilia cores opacas: branca prato actinomorfa presente néctar ausentes diurna

néctar, pélen,
zigomorfa ausente dleos, resinas, presentes diurna
fragancias

cores vistosas: amarela, prato, tubular,

Melitofilia s P
azul, lilas papilionacea

- cores vistosas: . . .
Psicofilia - tubular actinomorfa ausente néctar ausentes diurna
vermelho, azul, lilas

Faleofilia cores opacas: branca tubular actinomorfa presente néctar ausentes noturna
Esfingofilia cores opacas: branca tubular actinomorfa presente néctar ausentes noturna
e cores vistosas: tubular, . . -
Ornitofilia - I actinomorfa ausente néctar ausentes diurna
vermelho, azul, lilds papilionacea
Quiropterofilia cores opacas: branca tubular actinomorfa presente néctar ausentes noturna

A Ornitofilia foi também marcante em 02 espécies vegetais, uma Fabaceae (pl 7) e
uma Caesalpiniaceae (pl 15). As caracteristicas mais importantes foram a forma da flor
e a acessibilidade ao recurso, em ambos 0s casos, néctar.

Dentre as espécies com sindromes florais bem definidas, observa-se que as
caracteristicas cor, forma, o tipo de recurso disponivel e sua acessibilidade foram as
mais relevantes como critérios de classificacéo.

As demais espécies vegetais (37,5%) apresentaram caracteristicas que nao permitiram
sua classificagéo precisa em uma Unica sindrome, ficando duas ou mais alternativas
possiveis, sendo que em um dos casos, da Asclepiadaceae, nenhuma possibilidade foi
encontrada (Tabela lll).

No caso da Mirabilis jalapa (Nictagynaceae) (pl 3), a forma da flor em pincel e sua cor
viva sugerem a sindrome de Psicofilia (polinizacéo por borboletas), no entanto, observou-
se que sua antese é crepuscular, sugerindo entao Esfingofilia (por esfingideos) ou
Falenofilia (por outras mariposas), ja que as borboletas apresentam habito diurno,
enquanto os esfingideos e demais mariposas possuem habito noturno. Diferenciar, porém,
estas sindromes depende de detalhes bastante sutis, como a presenca ou auséncia de
plataforma de pouso, pois as demais mariposas necessitam pousar para acessar 0
recurso, enquanto os esfingideos sdo capazes de pairar no ar, como os beija-flores. A
auséncia da plataforma definiria a Esfingofilia, entretanto, a presenca nao permite a
distincdo de uma sindrome da outra. A presenca de odor reforca a Esfingofilia ou a
Faleofilia, mas a coloracdo permanece sem sentido.

A Pavonia sp. (Malvaceae) (pl 4) possui flores de coloracao rosa bastante vistosa, apresenta
nectarios intra e extra-floral e suas anteras com deiscéncia longitudinal apresentam-se
concrescidas ao estigma. Comumente, as espécies da familia Malvaceae apresentam a
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Cantarofilia (polinizagao por besouros), devido a abundancia de pdlen de facil acesso, porém
todas as caracteristicas presentes nesta espécie também permitem classifica-la como Melitdfila.

A Borreria sp. (Rubiaceae) (pl 8) possui flores brancas, pequenas, tubulares, de antese
diurna. A forma tubular pode sugerir Psicofilia, Ornitofilia ou Melitofilia (abelhas de lingua
longa), o fato de ndo serem grandes descarta a possibilidade da Ornitofilia, e a coloragao
branca descarta todas as trés. Como classificar uma espécie que apresenta tais
caracteristicas? MacHapo & Lores (1998) classificam Borreria alata como uma espécie da
sindrome Miofilia, sendo suas flores esbranquicadas e com tubo floral curto.

O mesmo problema da coloragéao ocorre em Antigonon leptopus (Polygonaceae) (pl 12),
suas flores de facil acesso, com néctar abundante e antese diurna sugerem a Melitofilia
(por abelhas pequenas a médias), porém sua coloragao branca torna a classificagao dubia.

Como distinguir, entao, se flores tubulares azuis, de antese diurna, produzindo néctar
s&o Melitéfilas ou Psicédfilas? E o caso da Starchitarpheta sp. (Verbenaceae) (pl 13).

De todos os casos, o mais critico foi da Asclepiadaceae (pl 16), Blepharodon nitidium,
cujas caracteristicas nao permitiram qualquer classificacdo dentre as sindromes, ja que
suas flores verdes sem pétalas, em forma de prato e com néctar acessivel e abundante
nao remetem as classificagbes usuais.

O interessante foi que os mesmos critérios que foram importantes na classificagéo
precisa, quando combinados de maneira inesperada (p. ex., forma e cor: flores tubulares
brancas ou azuis), tornaram a classificacéo dificil ou mesmo insollvel. Isso ocorre porque
existem sobreposicoes entre as caracteristicas das sindromes (Tabela Ill): flores tubulares
podem ser visitadas por abelhas de lingua longa, beija-flores, borboletas, esfingideos e
demais mariposas; o que separa esfingideos dos demais € o horéario de antese, mas o
que distingue 0s demais grupos entre si? Da mesma maneira, flores de coloragao vistosa
podem ser Ornitéfilas, Melitéfilas ou Psicofilas. WiLson et al. (2004) ao estudar as sindromes
florais no género Penstemon, do México e dos E.U.A, detectaram o mesmo problema: os
parametros utilizados para distinguir as sindromes nao sao suficientemente eficientes.

Quanto aos visitantes florais observados, é possivel destacar que as restricoes
morfoldgicas surgem como principal critério. Observa-se que a sindrome mais
representativa e bem definida foi a Melitofilia por abelhas vibradoras (“buzz pollination”):
as flores desta sindrome (plantas 6, 9, 10 e 14) apresentam seu pdlen em anteras com
deiscéncia poricida, o que representa uma restricdo morfoldgica aos visitantes quanto
ao acesso ao Unico recurso oferecido. Apenas abelhas que possuem a capacidade de
vibrar seus musculos alares acessam o pélen, pois este movimento expulsa os graos
das anteras pelo(s) poro(s), ficando aderidos ao corpo do visitante (BucHmann, 1983).
MacHapo & Lores (1998) observaram também que as espécies com anteras poricidas séo
essencialmente Melitdfilas.
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Embora nenhuma das espécies (exceto as que requerem “buzz pollination”) tenha
sido visitada exclusivamente pelo Unico grupo previsto pela sindrome de polinizagao, o
que se observa é uma tendéncia positiva em relagdo as sindromes, onde os visitantes
mais abundantes pertencem aquela classe de visitantes esperados (Figura 2).

As observacdes reafirmam a generalizacao esperada nos sistemas de polinizacao,
onde as espécies vegetais abririam suas flores a méaxima visitagdo, buscando o sucesso
reprodutivo (WasER et al. 1996). Segundo OLLERTON (1996 apud JoHNsoN & STEINER, 2000)
mesmo flores que apresentam especializagdo em suas caracteristicas florais, geralmente,
sdo visitadas por uma diversa assembléia de animais. Este paradoxo pode ser resolvido
se: 1. pequena porcéao da assembléia visitante atua como polinizadores efetivos; ou 2.
os membros da assembléia visitante sdo funcionalmente equivalentes e impdem similares
pressoes seletivas; ou 3. a selegdo ocorreu apenas em épocas passadas.

Porém, segundo Faecri & PuL (1979), as sindromes n&o seriam categorias harmoniosas
como costumamos encontrar nos livros textos de Ecologia da Polinizacao (p.ex. PROCTOR
et al., 1996). Na realidade, seriam convergéncias nas caracteristicas florais, limitadas
pelas restricdes filogenéticas.

JoHNsON & STEINER (2000) sugerem que as plantas ocupam, virtualmente, em seus
sistermas reprodutivos todos os pontos do continum que vai desde a extrema generalizacao
até a total especializacdo. Além disso, suas observagdes revelam que a generalizacao
constitui mais uma regra do que uma excecao (Dicks et al., 2002).

Esta caracteristica pode ser vantajosa, principalmente em ambientes tropicais, dado
que a especializacdo depende da constante presenca de um polinizador abundante e
eficiente, enquanto que a variagao temporal e espacial do polinizador favorece 0s sistemas
de polinizacao generalistas (Waser et al., 1996).

Tabela IV. Caracteristicas florais das espécies analisadas e classificagao das sindromes de polinizagéo.
Em negrito estdo as sindromes bem definidas.

Guias de

Planta Cor Forma Simetria Cheiro Recurso néctar Sexo Antese Obs Sindrome de Polinizacédo
1 Branca Prato Actinomorfa Presente  Néctar Ausentes  Hermafrodita Diurna Miofilia
2 Azul Tubular Actinomorfa Ausente  Néctar Ausentes  Hermafrodita Diurna fecha as 9:30 Melitofilia
3 Rosa Tubular: Pincel Actinomorfa Presente Néctar Presentes Hermafrodita Crepuscular abre as 16:30 Esfingofilia ou Falaenofilia?
4 Rosa tipo graxa Actinomorfa Ausente  Néctar Ausentes  Hermafrodita Diurna fecha as 8:30 Cantarofilia ou Melitofilia?
5 Amarela Prato Actinomorfa Ausente  Néctar Ausentes  Hermafrodita Diurna Melitofilia
anteras Melitofilia - Polinizag&o por
6 Roxa Prato Zigomorfa  Ausente Pélen Ausentes  Hermafrodita Diurna poricidas vibragdo
Vermelha Papiliondcea Zigomorfa  Ausente  Néctar Ausentes  Hermafrodita Diurna Ornitofilia
Psicofilia, Melitofilia ou
8 Branca Tubular Actinomorfa Ausente  Néctar Ausentes  Hermafrodita Diurna Ornitofilia?
Melitofilia - Polinizag&o por
9 Amarela Prato Zigomorfa  Ausente Pélen Ausentes  Hermafrodita Diurna vibragdo
Melitofilia - Polinizag&o por
10 Branca Prato Zigomorfa  Ausente Pélen Ausentes  Hermafrodita Diurna vibragéo
Melitofilia - Abelhas
11 Amarela Prato Actinomorfa Ausente  Néctar Ausentes  Hermafrodita Diurna pequenas a médias
12 Branca Prato Actinomorfa Ausente  Néctar Ausentes  Hermafrodita Diurna Melitofilia?
Melitofilia (abelhas de
13 Azul Tubular Zigomorfa  Ausente  Néctar Ausentes  Hermafrodita Diurna lingua longa) ou Psicofilia?
Melitofilia - Polinizag&o por
14 Roxa Prato Zigomorfa  Ausente  Néctar Presentes  Hermafrodita Diurna vibragdo
15 Amarela Tubular Zigomorfa  Ausente  Néctar Ausentes  Hermafrodita Diurna Ornitofilia
16 Verde Prato Zigomorfa  Ausente  Néctar Ausentes  Hermafrodita Diurna 277
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Tal generalizacdo encontrada também pode ser explicada pela maior riqueza de espécies
de insetos em relacéo ariqueza de espécies vegetais, onde os préprios insetos demonstram
graus de generalizagdo em suas estratégias de forrageio (Dicks, et al., 2002).
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Polinizacao de Rhynchospora almensis D. A. Sympson
(Cyperaceae), no Municipio de Palmeiras, Chapada
Diamantina, Bahia, Brasil

Carlianne Oliveira Cerqueira Ramos
Rosineide Braz Santos Fonseca

O género Rhynchospora abrange aproximadamente 300 espécies, em sua maioria
neotropicais. No Brasil, 0 género compreende o segundo maior dentre as Cyperaceae,
com cerca de 140 espécies bem distribuidas em todo o territério nacional (Lucena, 1998
apud RocHa & Lucero, 2002).

A espécie Rhynchospora almensis caracteriza-se por apresentar espiguetas de 6-7 mm de
comprimento com 5-9 flores aclamideas, envolvidas por glumas férteis de 5-6 mm de
comprimento, reunidas em conflorescéncias. Estas apresentam 2-3 flores masculinas no apice,
2-7 flores hermafroditas e 2 glumas estéreis e formam em conjunto uma inflorescéncia capitada,
globosa, esbranquicada, denominada sinflorescéncia. As sinflorescéncias apresentam bracteas
involucrais despigmentadas na base (Figura 1B). O fruto € do tipo aquénio, com 1,3-1,7 mm de
comprimento, obovdéide, marrom
escuro (HARLEY, 1995).

Trabalhos taxondmicos
(CronauisT, 1981; DAHLGREN et al.,
1985) sugerem que em Cyperaceae
ocorre comumente Anemafilia, sendo
rara a Entomofilia. Nao ha evidencias
conclusivas de Ambifilia, isto &, da
combinacao da polinizacao por
vento e inseto, embora informagoes

anedcticas tenham sido reportadas Figura 1: Aspecto geral da area de estudo localizada no
(CULLEY etal, 2002)_ entorno do Morro do Pai Inécio, Palmeiras, Bahia, Brasil (A);
sinflorescéncia de Rhynchospora almensis com bracteas

ot 4 involucrais despigmentadas na base, sendo visitada por um

As caracteristicas morfologlcas individuo da familia Chrisomelidae (B) e a “armadilha” para
de R. almensis, de modo geral, captura de pélen: propostas por Kevan (com. pess.), construida
indicam uma polinizagéo por de madeira, plaquetas plasticas perfuradas e fita adesiva (C).
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vento, entretanto a presenca de uma inflorescéncia capitada envolvida por bracteas,
despigmentadas na base, simulando uma Unica flor, pode ser interpretada como uma
estratégia reprodutiva para atragdo de polinizadores (Kevan, com. pess.), existindo a
possibilidade, também, de Entomofilia.

A Ambifilia tem sido relatada para vérias espécies de plantas, sendo mais comum do
que se supde e pode representar um estadio estavel ou um periodo de transicao entre
um sistema de polinizagao e outro (CuLLey et al., 2002).

Em termos gerais, a Ambifilia vern sendo compreendida como uma evolugao da polinizacéo
por insetos para polinizagao pelo vento, em resposta as variagdes do ambiente. Neste contexto,
acredita-se que a Anemofilia pode ser facilitada pela migracéo de individuos para uma area
com uma distinta estacado seca, onde as condicdes sao desfavoraveis para insetos
polinizadores. A baixa densidade de polinizadores em uma area pode reduzir o sucesso da
polinizagdo bidtica, favorecendo, com o
passar do tempo, a selecao de
caracteristicas que maximizem a
polinizacao pelo vento (CuLLey et al., 2002).

Existe também a possibilidade da
polinizacdo pelo vento reverter para
polinizacao bidtica por uma Ambifilia
intermediaria. A reversao da polinizagao
neste sentido parece ser mais
complicada, (Manos et al., 2001 apud
CuLLey et al., 2002) uma vez que a

..-.\_

polinizagado pelo vento frequentemente Figura 2: Inflorescéncia terminal e isolada de
envolve uma redugéo nos caracteres Rhynchospora almensis, expondo as anteras a agao
do vento.

morfolégicos, podendo ser dificil

readquiri-los (ex. nectarios, perianto e

odor floral), embora isso tenha sido sugerido em alguns casos (LINDER, 1998; PeeTers &
ToTLAND, 1999; STELLEMAN, 1984).

O presente estudo teve como objetivo investigar os provaveis mecanismos de polinizagao
(anemofilia e/ou entomofilia) de Rhynchospora almensis, em uma area de campo rupestre,
verificando se a dispersédo do pdlen ocorre pelo vento e/ou por vetores bidticos.

Material e Métodos

O trabalho de campo foi realizado em uma area de campo rupestre (500m2), situada
a 1052m de altitude no entorno do Morro do Pai Inacio, municipio de Palmeiras, Chapada
Diamantina, Bahia, Brasil (18°27'38" S e 41°28'47" W), durante o més de abril/2003,
totalizando 25 horas de observagdes.
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Para verificar se o grdo de pdélen de R. almensis é aerotransportado e,
conseqglentemente, a ocorréncia de polinizagcao pelo vento, foram utilizadas trés
“armadilhas” para captura de pdélen”, propostas por Kevan (com. pess.), distribuidas a 30
cm de individuos em floragdo, no periodo de 06:00 as 18:00 h, durante dois dias. As
amostras (n = 3960) foram coradas com vermelho neutro, para facilitar a verificagao de
pdlen, e observadas ao microscopio. Previamente, foi confeccionada uma lamina de
referéncia do pdlen de R. almensis para facilitar a identificagcdo do mesmo na armadilha.
Nao foi necessaria a realizagdo desse procedimento para outras espécies da area de
estudo, uma vez que estas nao se encontravam em floracao.

A velocidade do vento foi medida utilizando-se um anemémetro analégico, na altura
média das inflorescéncias ( = 27,4 cm; n = 30), registrando-se quatro amostragens a
cada 15 minutos, no periodo de 06:00 as 18:00 h.

Foram realizadas observacoes focais em inflorescéncias de R. almensis, no periodo
de 06:00 as 18:00 h, registrando-se o horario, comportamento e a freqliéncia dos visitantes
florais. O comportamento dos visitantes nas inflorescéncias foi analisado a fim de
determinar os polinizadores. A cada hora foram realizadas inspecdes em 5
sinflorescéncias, para averiguar a presenca de insetos pequenos que se alojam entre as
flores e ndo sao visiveis as certas distancias das inflorescéncias.

Foi investigada a presenca de graos de poélen de R. almensis ao longo do corpo dos
visitantes florais, utilizando blocos de gelatina com fucsina basica, os quais foram
observados ao microscopio, apds preparagao da lamina.

Graos de polen foram coletados diretamente das anteras, a cada hora (6-18h), para
analise em laboratério de presenca de citoplasma, através da coloragdo do mesmo por
vermelho neutro.

Foi estimada a densidade da populacao de R. almensis utilizando-se cinco parcelas
de 1m?. Considerou-se como um individuo toda “moita” separada ao nivel do solo.

Resultados

Com o experimento de captura de pdlen utilizando-se a “armadilna” foi constatado
que os graos de pdélen de R. almensis podem ser transportados pelo vento nas condigdes
ambientais em que se encontravam. Estes foram observados em 9,9% do numero total
de amostras. A média de velocidade do vento na area, durante o estudo, foi de 6,4 km/
h e a amplitude foi de 3,22- 16,1 km/h.

" Suporte de madeira com plaquetas plasticas perfuradas e fita adesiva
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Foram observados nas inflorescéncias de R. almensis visitantes pertencentes as ordens
Thysanoptera (n=32), Orthoptera (n=4) e as familias Chrisomelidae (n=4) e Vespidae (n=3).

A presenca de Chrisomelidae e Orthoptera nas sinflorescéncias parece estar
relacionada com o consumo de pdlen, enquanto que Thysanoptera parece utilizar as
sinflorescéncias como abrigo; os individuos da familia Vespidae, por sua vez, nao utilizam
nenhum tipo de recurso. Estes foram observados em v60, nos horarios mais quentes do
dia, tocando rapidamente as inflorescéncias, de modo que estas ficavam em movimento
pelo peso de seus corpos.

Investigou-se a presenga de graos de pdlen ao longo do corpo de 5 espécimes de
Thysanoptera, 2 de Orthoptera, 2 de Chrisomelidae e 1 de Vespidae, tendo sido
encontrados graos de pdlen no corpo de todos os espécimes analisados.

O teste de coloragéo de citoplasma demonstrou que 100% dos graos de pdlen coletados
apresentaram citoplasma intacto em todos os horérios. Nas primeiras e Ultimas horas
do dia a quantidade de pdlen disponivel nas anteras foi visivelmente menor, ocorrendo
uma maior disponibilidade de 9 as 15 h.

A estimativa da densidade dos individuos na area estudada foi de 34 espécimes de R.
almensis por m2,

Discussao

Ainflorescéncia terminal e isolada de R. almensis, e a disposicao das flores masculinas
no apice das conflorescéncias permitem uma maior exposicdo das anteras a acao do
vento, facilitando a liberacao do pdlen (Figura 2). Associado a esses fatores, a abundante
producéo de pdlen devido ao grande nimero de estames (ENpress, 1998) e a densidade
elevada de individuos na area aumenta a probabilidade do pdlen atingir o estigma
receptivo de outra planta.

O aumento da habilidade de disperséao e receptividade do pdélen devido a mudancas
na arquitetura da inflorescéncia vem sedo discutido por varios autores (NikLas, 1987;
NikLas & BucHMANN, 1985; BickeT & Freeman, 1993). Inflorescéncias condensadas com flores
unissexuais sustentadas por um longo pedunculo, posicionadas acima da vegetagao e/
ou gue se movimentam facilmente em resposta as correntes de ar sdo consideradas
apropriadas para a Anemofilia.

A vegetacéo da area de estudo caracteriza-se por ser predominantemente herbacea
com poucos arbustos esparsos, facilitando a percolagdo de ar e, consequentemente, a
polinizagao pelo vento (Figura 1A). Em adicdo, a altitude elevada da &rea de estudo
(1052m) torna os ventos mais intensos. A intensidade do fluxo das correntes de ar nos
diferentes platds do Morro do Pai Indcio pode contribuir tanto com a Anemofilia como a
Anemocoria de varias espécies pertencentes a familias tipicas da vegetacdo de campo
rupestre, como Gramineae, Cyperaceae, Asteraceae e Orchidaceae.
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A presenca de graos de pdlen ao longo do corpo dos visitantes florais confirma a
possibilidade de uma polinizacao por insetos em R. almensis.

O fato dos individuos da ordem Thysanoptera utilizarem a sinflorescéncia como abrigo,
permite que haja um fluxo de pdlen dentro da prépria sinflorescéncia, devido ao seu
constante deslocamento entre as flores, propiciando, assim, a geitonogamia.

O comportamento dos individuos da familia Vespidae, por sua vez, suporta a idéia de
que a despigmentagéo das bracteas involucrais pode funcionar como atrativo para
polinizadores. O comportamento apresentado por esses individuos, além de promover o
transporte acidental do grédo de podlen entre as sinflorescéncias, pode movimentar as
sinflorescéncias, auxiliando a dispersao do pdélen pelo vento.

Consideracoes Finais

Os resultados encontrados no presente estudo sugerem a presenca de Ambifilia em
Rhynchospora almensis. Nao foi possivel, entretanto, caracterizar a eficiéncia de cada
mecanismo de polinizacdo (Anemofilia e Entomofilia), sendo necessarios estudos de biologia
floral mais aprofundados e experimentos de biologia reprodutiva, dando assim, subsidios
para interpretagdes mais consistentes sobre o sistema de polinizacdo da espécie estudada.

Estudos filogenéticos, por sua vez, serdo necessarios para determinar se ocorre uma
reversdo de polinizagédo pelo vento para polinizagéo por insetos ou se a Ambifilia & um
sistema estavel para a espécie Rhynchospora almensis.
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Potential Pollinators and Available Resources of Turnera
sp. (Turneraceae) in the Chapada Diamantina, Palmeiras,
Bahia, Brazil

Favizia Freitas de Oliveira
Lilian Santos Barreto
Victoria Wojcik

Marina Siqueira de Castro

The Turneraceae family is composed of eight genus distributed in the Tropical regions
of America and Africa. The genus Turnera is one of the most important genera of this
family comprising more than 100 species grouped in nine series (Urean, 1883), which are
largely distributed in tropical and subtropical areas of the Americas. The species studied,
Turnera sp., is a shrub, with complete alternate leaves, showy yellows flowers relatively
small (1,5 cm d./0,8 cm h.) and cyclic, with radial symmetry, hermaphrodite, dyclamid,
pentamerous, androecium pentamerous, super ovary (numerous ovule), 3 style and 3
stigmas. The female organs are surrounded by five stamens, which are shorter than it.

The objects of the present paper was know if Turnera sp. requires pollinators, who are
its potential pollinators and what kind of resources the pollinators are looking for, describing
the behaviour of visiting insect on the flower.

Material and methods

The studies on potential pollinators and available resources of Turnera sp. had been
made in the Morro do Pai Inacio (Pai Inacio’s Hill), Chapada Diamantina, Bahia, Brazil
(12°27°41"S, 41°28'78"W) in tree days (26, 27 and 28) of April/2003. Tests on pollination had
been carried out, but because of the short time of the study, it was not concluded. The
tests also included the viability of pollen and presence of osmophore.

The flower’s visitors were observed since the period of anthesis until the closure of the
flowers and some notes were made regarding the number, specie, time of visit, sex and
behaviour on the flower. They were collected with an entomological net and killed in a
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deadly chamber that contained acetate in a piece of cotton; afterwards it were transported
to the laboratory where were identified.

The observations were made in two localities in the Pai Inacio’s Hill: down the hill at
altitude 995m (12°27°21" S; 41°28'75") where two individuals were marked (plants 03 and
04), and near to the top of the hill at altitude 1052m (12°27°38" S; 41°28'47" W) where other
two individuals were marked (plants 01 and 02).

Results

Floral Visitors - The flowers of Turnera sp. opened first down in the hill where the plants
received first the sun shine (usually 7:30-8:00 am). At the top the flowers started to open
by 9:00 (it depends on the temperature and humidity). The table 1 list the insects collected
when visiting the flowers. Apis mellifera scutellata Lepeletier, 1836 was constantly present on
the flowers and the first species to arrive (when the flowers were still closed) and the last one
to leave, but much most active at 9:00 - 10:00 am than in the afternoon (Figura 1). Its motion
during the feeding on nectar
is with the underside of thorax

against anthers and stigma, 100

usually collecting pollen and 80 1 " !
nectar. Oil collecting bees 60 | s

(Centris and  Epicharis) were 40 | ° rj_____i-.f————*.!:———ﬁ\%_

visiting the flowers, feeding on 20 |1 7 T
nectar. One specie of 0 = O = S

Meliponinae was also
collected on the flower

09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00

(Melipona quadrifasciata  [Ifloral visitors —+Temperature (°C) & Humidity (%)
anthidioides Lepeletier, 1836)
and two speoies of Halictidae Figure 1. Abundance of floral visitors on flowers of Turnera sp. as a

fuction of the time in tree days (26, 27 and 28) of April in 2003.
bees. All the bees showed the

same behaviour like Apis m.
scutellata.

Small Coleoptera (Curculionidae and Bruchidae) were also observed usually deep in
the center of the flower (probably feeding on nectar), and more than one individual inside
each flower. Others small Coleoptera cut the flower, near the base to feed on nectar,
damaging the flowers (2 species of Scarabaeidae, Rutelinae). Ants were also observed on
the flower, as well as butterflies in the morning and afternoon and Scoliidae wasps in
beginning of the afternoon (1:00 PM).

32



Laboratorial tests- The pollen analysis shows that it was 100% viable throughout the
day (7:30 am — 6:00pm); it is important to notice that in the last period of the afternoon
(4:00 pm — 6:00pm), the pollen sheets contained just a few pollen grains. It was observed
osmophores on the flowers (sepals and petals) and there was three glands on the each
side of the base of the leaves, that ones of the inflorescence’s base.

Discussion

In the last period of the afternoon (4:00 pm — 6:00pm) the pollen sheets examined
contained few pollen grains what could be explained by the active collecting behaviour of
Apis m. scutellata, the only bee species observed collecting pollen. The other species was
feeding on nectar and did not collected pollen as confirmed by observation of the
specimens under the microscope, showing pollen grains distributed on the hairs of the
under side of the thorax, but not on the apparatus for collecting pollen localized on the
hind legs (corbicula or scopa). On this context Apis m. scutellata by its behaviour on the
flower, having large amount of pollen on the legs but very few distributed on the rest of the
body, could cause decreases in pollination by collecting large amount of pollen, as showed
by the pollen analyse.

WesTerkamp (1996) divided the pollen search into two basic phases: collection in the
flower and transportation in the structure of load pollen, generally located in the legs.
According to this author, bees actively collecting generally don’t pollinate, and the
pollination occurs as a consequence of the bee’s contamination with pollen. It is known
that Apis m. scutellata is an active collecting pollen bee, and owns the behavior of clean
the body keeping the pollen at the corbicula. About the other visiting bees, like those of
the Genera Centris, Epicharis, Melipona, Pseudoaugochloropsis and Augochloropsis, were
observed great number of pollen grains disperse on the surface of the body, specially on
the ventral face of the thorax, base of the legs and on the head, what could infer that
these bees are most efficient as pollinators of Turnera sp. than Apis m. scutellata.

Conclusion

By the shape of the floral organs, and the behaviour of the visitors, the bees seem to
be the potential pollinator of Turnera sp. On the other hand, Apis m. scutellata could
cause a decrease in pollination by collecting great amount of pollen, however other test
on this case must be done, because this preliminary data are insufficient to attest it. The
bee genus Centris, Epicharis, Melipona, Pseudoaugochloropsis and Augochloropsis seems
to be the potential pollinators of Turnera sp.
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Table 1. Floral visitors of Turnera sp. in the Pai Inacio’s Hill, Chapada Diamantina, Bahia, Brazil

Tim Order Family Flowers Visitors Sex Local*
e
9:30 Coleoptera Scarabeidae Rutelinae sp1 - ™
Coleoptera Scarabeidae Rutelinae sp2 - ™
Coleoptera Curculionidae Sp.1 - DM
10:0 Hymenoptera Apidae Apis mellifera scutellata Lepeletier, 1836 worker DM
0 Coleoptera Curculionidae Spl. - DM
Lepidoptera Pieridae Sp. 1 - DM
10:3 Hymenoptera Anthophoridae Centris sp male ™
0 Hymenoptera Anthophoridae Centris (Centris) aenea Lepeletier, 1841 female DM
Coleoptera Curculionidae Spi. - DM
10:4 Hymenoptera Apidae Melipona quadrifasciata anthidioides Lepeletier, 1836 worker ™
0 Hymenoptera Anthophoridae Epicharis sp female ™
Lepidoptera Pieridae Sp. 1 - DM
Lepidoptera - Sp. 1 - ™
11:2 Hymenoptera Anthophoridae Epicharis (Xanthepicharis) bicolor (Smith, 1854) male ™
5 Coleoptera Curculionidae Sp. 1 - DM
11:4 Hymenoptera Halictidae Pseudoaugochloropsis graminea (Fabricius, 1804) male ™
0 Hymenoptera Anthophoridae Centris (Hemisiela) tarsata Smith, 1874 male ™
Coleoptera Curculionidae Sp. 1 - ™
Coleoptera Bruchidae Sp. 1 - ™
13:0 Hymenoptera Anthophoridae Epicharis (Hoplepicharis) fasciata (Lep. & Serv., 1828) female ™
0 Hymenoptera Scoliidae Sp. 1 - ™
14:0 Hymenoptera Anthophoridae Epicharis (Xanthepicharis) bicolor (Smith, 1854) male DM
0 Coleoptera Curculionidae Sp. 1 - DM
14:3 Hymenoptera Halictidae Augochloropsis smithiana (Cockerell, 1900) female ™
0
14:3 Hymenoptera Anthophoridae Epicharis (Epicharitides) ihering (Friese, 1900) female ™
2 Coleoptera Bruchidae Sp. 1 - ™

* TM= top the hill, DM= down the hill
** Apis m. scutellata was observed during the day, in large quantity, however just few individuals were collected for
observing the pollen grains distributed on the body. Ants were observed on the flower during the day.
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Floral biology and visitors of Esterhazya macrodonta
(Cham.) Benth. in A. DC. (Scrophulariaceae) in Bahia,
Northeastern Brazil

Maira Figueiredo Goulart
Alexsander Araujo Azevedo

Environmental conditions can favour the evolution of either specialized or generalized
traits in plants and its pollinators (Lange & ScotT, 1999), but plant species generalize on
multiple pollinators more often than they specialize on a particular group (Waser et al.,
1996). Because of that, the pollination syndrome concept is considered a subject to
misapplication by some authors (BucHmann & NasHAN, 1996). On another hand, other
authors consider it a powerful way of prediction for the design of studies in species
whose pollination biology is unknown (ENDRess, 1994).

Esterhazya macrodonta (Cham.) Benth. in A. DC. (Scrophulariaceae) shows ornithophily
pollination syndrome as its flowers are tubular (ca. 2.5 cm long), odorless, reddish-orange
colored and its corola has bright marks inside, probably nectar guides. However, FRremas &
Sazima (2001), reported markedly scarce visits by hummingbirds in E. macrodonta flowers.

Considering that literature still lacks information on many aspects of this species
reproductive biology, the aim of this work is to evaluate floral biology and floral visitors in
E. macrodonta and investigate whereas the syndrome concept fits on this perennial herb
that occurs in montane grasslands.

Materials and Methods

Study site

The study was conducted at Pai Inacio’s hill (12°27'18" S and 41° 28'23" W, 1120 meters of
altitude), in Palmeiras, Bahia State, northeastern Brazil. The region is known as Chapada
Diamantina and is situated in the north portion of “Serra do Espinhaco” range. The area is
characterized by high altitude grasslands described as rupestrian field formations, an
environment that shows very high biodiversity and endemicity levels, and is threatened by
human actions.
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The study was conducted from April 26" to 291, 2003. At Pai Inécio’s hill, E. macrodonta
was abundant and a dense patch (20 x 80m) with approximately 50 individuals was
selected for evaluation.

Floral biology

Around 50 well developed flower buds were randomly chosen and bagged. The bagged
buds were used for the evaluation of nectar production, pollen viability and stigma
receptivity. All these analyses were made in different times of the day (6 am, 9 am, 12 pm
and 3 pm) and in different aged flowers: buds, recent open flowers and old flowers (24
and 48 hours after opening), in both bagged and unbagged flowers.

Nectar production: Nectar production was estimated by extracting nectar from flowers
using microcapillary tubes (1-10 ml and 1-20 ml). Some samples were used to determine
sugar concentration using a light refractometer, which measures the refractive index of a
liquid sample.

Pollen viability: Pollen viability was estimated from three randomly chosen flowers (one
flower per plant) by the stainability of pollen in 1% methylene blue (Darni, 1992). A minimum
of 100 grains was observed in each sample.

Stigma receptivity: The onset and duration of stigma receptivity was determined in the
field by testing stigmas for the production of peroxidase. By this method, a drop of hydrogen
peroxide is placed on the stigma surface. The presence of bubbling indicates that the
stigma is producing the enzyme peroxidase and is receptive (Gross, 1993).

Floral visitors

To identify the possible effective pollinators among floral visitors, observations on visitors’
behavior were made, time spent on the flower was recorded as well as whether pollen was
collect or stigma touched. Also, whenever possible, pollen was removed from different parts
of the body of the collected insect specimens using glycerin jelly (Kearns & INouye, 1993) and
compared with pollen from the plant’s anther to estimate the degree of pollen-foraging
fidelity. Voucher specimens of insects were lodged at Departamento de Zoologia,
Universidade Federal de Minas Gerais, Brazil.
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Results and Discussion

Floral biology

Anthesis in E. macrodonta occurs early in the morning, before 6:00 am all mature buds
were already opened and remains this way until flower falls, at least two days later. The mean
nectar production per flower, considering only flowers not submitted to visitor removals, was
12.5 ml (n = 6). Nectar sugar concentration increases during the day (Table I) and with flower
age (Table Il), what was also verified by Fremas & Sazima (2001) and is possible related to water
evaporation (Kearns & INOUYE, 1993).

Mean nectar sugar concentration was 16% in recent open flowers (Table II), although
Fremas & Saziva (2001) reported 26% of sugar concentration. In spite of this differences,
both studies point to low nectar concentration, typical in flowers pollinated by
hummingbirds (ENDRess, 1994).

Around 24% of viable pollen grains were found in recent open flowers (Table Il). FReimas &
Sazima (2001) reported viability of pollen grains close to 90% in this species. Such divergent
results is probably due to cytoplasm stainability methodology that provides rough estimates,
grain germination test would offer reliable results to this respect (Kearns & INouve, 1993).
However, considering that in this work the same methodology was adopted for all samples,
for a comparative perspective our data is valid. Comparisons of pollen in different aged
flowers show that only recent open flowers have viable grains (Table | and Table Il). In most
species, pollen grains germinate better immediately after anther dehiscence, after that,
grains are subiject to ultraviolet light, to high or low temperature and to volatile compounds
produced by plant, what reduce pollen viability (Kearns & INouye, 1993).

Stigma is sometimes receptive already in buds and receptibility may last for two days
after anthesis (Table | and Table Il). We observed that style size varies among individuals

Table I. Floral traits of Esterhazya macrodonta (Scrophulariceae) obtained in different times of the day.

Traits 6 am 9 am 12 pm 3 pm
Nectar sugar concentration 14.5% (n=3) 15.0% (n=3) 16.5% (n=3) 18.0% (n=3)
Pollen viability 30% (n=3) 20% (n=3) 21% (n=3) 26% (n=3)
Stigma receptibility receptive (n=3) receptive (n=3) receptive (n=3) receptive (n=3)
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and even among flowers in the same plant. Short styles have anthers’ size and in long
ones, stigma is located 0.5 cm upper the anthers. Fremas & Saziva (2001) also reported
variability in style size and suggested a protandrous system, inferred by an elongation of
the style, which is initially shorter than the anthers. Our observations, however, indicates
that style size does not change over time as oth short and long style were found in recent
opened flowers. Style size variation not related to flower age was reported in E. splendida
by OrmonD et al. (1998) who suggested that this characteristics is associated with
pollination system, as short style may promote high proportion of self-pollination and
long ones may favor cross-pollination. This seems to be an advantageous mixed pollination
system and may be occurring in E. macrodonta as well.

Floral visitors

Flowers were commonly visited from 6:50 am until 5:30 pm by the hummingbird Colibri
serrirostris VieiLLot, 1816 (Figure 1), especially a single male, which it was frequently observed
defending the patch, attacking other hummingbirds. The female visits were only recorded
twice, both in early morning. The frequently visits reported here diverge from Fremas &
Sazima (2001) work, which showed scarcely visits of hummingbirds in this plant species.
Those authors suggested that other adjacent plant species could represent the main
nectar source for hummingbirds in their study site. At Pai Inacio’s hill, however, E.
macrodonta flowers probably represent an important resource for its visitors, due to its

Figure 1. Colibri serrirostris visiting Esterhazya macrodonta flowers (picture from the web site: http://
www.arthurgrosset.com/sabirds/photos/colser5152.jpg)
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abundance or to the reduced presence of other nectar plants. We observed that
hummingbirds normally visited all open flowers from a plant and then moved to the nearest
plant. The visits were very fast. Closer observations could not be done, but because of the
flower morphology, we believe that during the visit it probably touched the flower’s
reproductive organs with its crown.

Individuals of a stingless eusocial bee species Geotrigona subterranea (Friese, 1901)
were observed on E. macrodonta flowers from 8:00 am until 4:00 pm, they usually went
straight to the anthers and collect great amounts of pollen. The evaluated patch is located
in a very windy place and it seems that abundant trichomes in anthers help the bee land
and hold on the flower. It sometimes stays more than 1 minute visiting the flower and
after that usually goes to the nearest one. It is surprising that this bee visited intensively E.
macrodonta flowers as this species floral morphology does not suggest attractiveness to
small bees. These bees are usually effective pollinators on short-tubed small flowers,
generally less than 1 cm, white to cream colored and with low or absent nectar production
(ENDRESS, 1994). In larger flowers these bees are considered pollen robbers in many cases
(Hearp, 1999), because of their small size, they may not be able to transfer pollen to
stigma while looking for pollen in the anthers. But, that is not the case of E. macrodonta,
as close observations showed that G. subterranea almost always touched the stigma
with its body (legs and ventral part of abdomen), especially in flowers in which style
showed approximately anthers’ size. Moreover, individuals of this bee species carried lots
of E. macrodonta pollen grains in their bodies.

Other insects were recorded visiting E. macrodonta flowers. Small beetles were commonly
found inside the flowers using it as mating or hiding site, and occasionally were found on
the reproductive organs. Few grasshoppers were also observed on the flowers, usually
feeding on pollen. Two unidentified species of butterflies were recorded. While looking for
nectar they sometimes touched the flower’s reproductive organs with the top edge of the
wing. But two analyzed specimens were carrying very few pollen grains, including grains
from another plant species. Moreover, the exotic and eusocial bee Apis mellifera Linnaeus,

Table Il - Floral traits of Esterhazya macrodonta (Scrophulariceae) in different aged flowers

Traits Buds Recent open flower Old flower

Nectar sugar concentration 9% (n=4) 16% (n=12) 19% (n=5)

one day = 0% (n=3)
two days = 0% (n=2)

Pollen viability 0% (n=3) 24% (n=12)

not receptive (n=5) one day = receptive (n=3)

receptive (n=12)
receptive (n=5) two days = not receptive (n=2)

Stigma receptibility




1758 and the solitary bee Megachile iheringi Schrottky, 1913 were recorded once and
three times, respectively. They were few E. macrodonta pollen grains in their bodies and
also grains from other plant species. All these insect species were considered eventual
floral visitors or pollinators of minor importance.

We conclude that E. macrodonta exhibits adaptations to hummingbird visits, inferred
from nectar and morphological characteristics, and probably C. serrirostris is an efficient
pollinator. In spite of that, minor morphological features, as the differences in style sizes,
may be related to an alternative pollination system. It is possible that short style flowers
favor small bees as pollinators, but further investigations seems to be necessary.
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Estudo da Polinizacao de Periandra coccinea em
Lencdis, Chapada Diamantina, Bahia

Larissa Corréa do Bomfim Costa
Cristiana. B. N. Costa
Roy Funch

O género Periandra (Leguminosae, Papilionoideae, Phaseoleae) inclui 13 espécies e
trés variedades. Apresenta distribuicdo neotropical, sendo encontrada especialmente em
campos rupestres e cerrados (FUNcH & BArRrROsO, 1999). Periandra coccinea (Schrad.) Benth.
& uma espécie trepadeira que ocorre frequentemente em ambientes perturbados, ao longo
de estradas e caminhos, sendo conhecida popularmente como estradeira. Apresenta
grande capacidade de reproducao vegetativa, formando grandes manchas locais.

As flores de Periandra coccinea sao bissexuais e apresentam corola papilionacea,
zigomorfa de cor vermelha intensa com produgao de néctar. Segundo Enpress (1994) e
Faecri & VaN DER PuL (1979), caracteristicas florais como coloragéo vermelha, flores
péndulas, grande quantidade de néctar, flores solitarias, auséncia de odor, sao
caracteristicas relacionadas com a sindrome floral de Ornitofilia. Embora espécies da
subfamilia Papilionoideae sejam um grupo predominantemente polinizado por abelhas,
a Ornitofilia também é bastante comum. Entretanto, para Arrovo (1981), o género Periandra
parece ser inteiramente adaptado a polinizacéao por abelhas do género Xylocopa. Algumas
caracteristicas florais como plataforma
de pouso, producdo de néctar, antese
diurna e floragdo constante, sao
caracteristicas da sindrome de Melitofilia.

Observagodes prévias registraram uma
baixa formacao de frutos e de sementes
vidveis nesta espécie, em relagao ao
numero de flores produzidas. A baixa
formacao de frutos pode estar vinculada
a deficiéncia no processo de polinizacéo,
a baixa freqUéncia de polinizadores, a
distribuicdo e sistema reprodutivo da
planta A danos florais por visitantes Figura. 1. Flor papiliondcea de Periandra coccinea

. ' (Roy Funch)
pilhadores, entre outros fatores.
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Com base no exposto, o presente trabalho tem como objetivo conhecer os visitantes
florais e polinizadores potenciais de Periandra coccinea, relacionando sua freqUéncia e
comportamento de forrageio com a biologia floral e sistema reprodutivo da planta. Dessa
forma, pretende-se verificar o sistema de polinizacdo desta espécie bem como, com
base nos dados coletados, prover explicacdes para a baixa formacao de frutos e de
sementes viaveis na area de estudo.

Material e Métodos

O presente estudo foi conduzido no periodo de 26 a 30 de abril de 2003 nos arredores da
cidade de Lengdis, Bahia, Brasil, regido da Chapada Diamantina. A Chapada Diamantina
apresenta clima mesotérmico tipo Cwb, na classificacao de Korren (1948), com temperatura
média que nao ultrapassam 22°C no més mais quente, entre outubro e fevereiro. A
precipitacdo média anual varia entre cerca de 830 mm a 1192 mm (GiuueTT et al., 1996).

Arrica flora da Chapada Diamantina € consequéncia ndo s6 das condigbes climaticas
especiais da regido, mas também do substrato em que cresce. Nas areas de depressao,
em condigdes climaticas mais secas, encontra-se a vegetacéo de Caatinga. Nas encostas
orientais ocorrem diferentes tipos de florestas que se associam nas areas mais elevadas
com vegetagdes abertas de diferentes fisionomias especialmente o Cerrado e o Campo
Rupestre (GiuLEeTT et al., 1996).

O experimento foi realizado com trés populagbes distintas: a primeira, préxima ao
poco da agua branca (Parque Municipal de Lengéis), a segunda, no caminho que leva
aos pocos das lavadeiras na margem do rio Lengdis e a terceira, em uma propriedade
particular, na Chacara do Bonfim.

O sistema reprodutivo foi
verificado em campo através de

101 experimentos de polinizagao
o L

o manual de autopolinizacédo e
L polinizacéao cruzada. Os
60 + .

o tratamentos foram realizados em
or flores previamente ensacadas. A
30 + L ~ . .

wl polinizagado cruzada foi realizada
0+ utilizando pdélen de diferentes
0 t t t t — ~ 7 . ~
% 1% 2% W% A% 5% populacoes. Alem das polinizagoes

manuais, outras flores foram

ensacadas sem nenhum
Figura. 2. Porcentagem de germinagéo do grdo de podlen de o
Periandra coccinea em diferentes tratamento (controle) para verificar

a ocorréncia de autopolinizagéao
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espontanea (Bawa, 1974). Também foi marcado
um grupo controle para observar a formacao de
frutos naturalmente.

A formacao total de frutos dos tratamentos
foi acompanhada posteriormente.

O horario de antese, duragéao das flores e
disponibilidade do pdlen foram acompanhados
em campo. A receptividade estigmatica foi
determinada em campo através de observagao
do estigma com lupa de mao (10x), utlzando- [0 e o et e s
se perdxido de hidrogénio (H,0,), segundo o realizadas nas sépalas. (Roy Funch)
método descrito por Darni (1992). A quantificacéo
do néctar foi acompanhada em trés diferentes
horéarios (manha, meio dia e final da tarde) e sua concentragéo de acUcar foi analisada com
auxilio de um refratébmetro. Danos florais que atingissem as estruturas reprodutivas foram
computados em campo. Algumas flores foram levadas para laboratério onde se verificou
a viabilidade polinica utilizando vermelho neutro a 1% e a presenga de lipidios com auxilio
de SUDAM IV. Os graos de pélen foram colocados para germinar em diferentes
concentracdes de sacarose (10%, 20%, 30% 40%, 50%) para se conhecer seu potencial
germinativo. A presenca de osmoforos foi verificada com vermelho neutro a 1%.

Foram registrados o comportamento dos visitantes na flor, recurso procurado (néctar e/
ou pdlen) e horario da visita. A andlise do comportamento e freqliéncia do visitante na flor foi
realizada mediante observacoes diretas em diferentes periodos do dia (entre 06:00h e 17:00h).

Resultados

Periandra coccinea (Schrad.) Benth.
(Figura 1) apresenta flores vermelhas com 5
42 - cm de comprimento, antese diurna iniciando
5 40 entre 7:00 e 11:00h. O estigma encontra-se
% 22 I receptivo e o polen disponivel ja no periodo
' E. . E de antese. A duracao da flor é de um dia. A
32 - ; ; ; viabilidade polinica é de 98% e a concentracao

08:30 10:30 12:30 14:30

6tima de acgUcar para germinagéo do pdlen é

de 30% (Figura 2). Foi registrada pequena

Figura 4. Concentragao de agtcar no quantidade de lipidios na superficie do gréo

néctar de Periandra coccinea em diferentes q 51 N&o foi detectad d

hordrios do dia. e polen. Nao foi detectada a presenca de
odor e de osmodforos em suas flores.

Hordrio
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Na amostragem de flores danificadas naturalmente ou por interferéncia de visitantes
pilhadores (Figura 3), foram encontradas 8% de flores com algum tipo de dano nas
estruturas reprodutivas.

A guantidade de néctar medida nas flores sem ensacamento prévio variou de 5,3 pL,
no periodo da manhé, a 0 uL, no final da tarde. A concentracdo de agUcar no néctar
também variou estando mais concentrado no final da manha e inicio da tarde (Figura 4).

Durante o periodo de observagao dos visitantes florais, foi registrada a visita de apenas
uma espécie de beija-flor, Amazilia fimbriata que, ao coletar néctar insere a cabega proximo a
quilha da flor, suspendendo-a. Neste movimento, 0os estames e estigma sao expostos e
passam a tocar na cabeca do beija-flor, favorecendo a polinizacéo. Amazilia fimbriata foi a
Unica espécie visitante com potencial para realizar a polinizacédo em R coccinea (Figura 5). O
principal horario de visita foi entre 10 e 11h com baixa freqiéncia de visitagao no final da
tarde. Ocorreu a formacéo inicial de frutos em experimentos de autopolinizacéo e polinizagao
cruzada, e pequena producéo de frutos por autopolinizagéo espontanea (Tabela l). A formacéao
inicial de frutos no grupo controle foi de 24 %.

. ~ 25 1 T 42
Discussao

20 1

Periandra coccinea (Schrad.)
Benth. floresce e frutifica entre
abril e julho (FuncH & BARROSO,
1999) e relne aspectos florais
caracteristicos de sindrome de 00 700 0. 1000 0. 1300- 140 o
melitofilia e ornitofilia. Segundo o T N —
ARROYO (1981), muitas i
leguminosas papilionaceas
ornitéfilas teriam evoluido
diretamente de espécies
melitofilas. Esta autora, afirma que o género Periandra parece ser inteiramente adaptado
a polinizagéo por abelhas grandes como Xylocopa, com excegao de P heterophylla que
¢ polinizada por passaros. Apesar de apresentar plataforma de pouso, producao de
néctar, antese diurna, caracteristicas que sao relacionadas com polinizagao por abelhas,
R coccinea possui flores vermelhas com grande quantidade de néctar e alta concentragéo
de agUcar, auséncia de odor, flores solitarias que sao caracteristicas relacionadas com a
sindrome de Ornitofilia, condicdo confirmada pelas observagdes de campo em que foi
visto apenas beija-flor como visitante floral de P coccinea, como foi previamente observado
por FUNCH. (comunicacao pessoal).

n® flores visitadas
% aglcar

Figura 5. Freqléncia de visita do beija-flor em diferentes

Segundo FuncH & Barroso (1999), em revisao taxondmica do género Periandra, P coccinea
e R heterophylla estao reunidas no mesmo subgénero Coccinea. Estas espécies apresentam
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Tabela |. Resultado dos experimentos de polinizagdo em Periandra coccinea.

Tratamentos Autopolinizacao Polinizacao Autopolinizacao Controle
% (Fr/Fl) cruzada espontanea % (Fr/Fl)
% (Fr/Fl) % (Fr/Fl)
Periandra 60 (6/10) 66,6 (10/15) 21,4 (14/3) 24 % (25/101)
coccinea

grandes avangos nos caracteres polinicos que parecem estar relacionados com adaptagoes
ao modo de polinizacao, provavelmente, ornitofilia (FuncH & EaTaNABE, 1994).

Para VoceL (1990), a radiacdo de uma flor se efetua em varios subniveis, como
mecanismos para promover a xenogamia, mecanismos de incompatibilidade, modos
especiais de deposicdo do pdélen sobre o vetor, aspecto da corola, entre outros. Estas
variagcoes dependem da arquitetura floral e, portanto, da posicdo taxondmica da espécie.

A espécie Amazilia fimbriata apresentou maior visitagéo as flores de P coccinea no
periodo do final da manha e inicio da tarde, coincidindo com o periodo de maior
concentracdo de acUcar no néctar. Devido ao fato das flores nao terem sido ensacadas
para acompanhamento da quantidade de néctar ao longo do dia, a reducdo do volume
a partir das 10:00h pode estar relacionada ao fato de maior visitacdo nesse periodo.

P coccinea é, provavelmente, uma espécie autocompativel com base nos dados
preliminares obtidos. Segundo Arroyo (1981), comparando as trés sub-familias de
Leguminosae, auto-incompatibilidade é proporcionalmente menos freqlente em
Papilionoideae.

Devido ao curto periodo de observagéo do processo de frutificagéo, ndo se pode
inferir conclusdes definitivas a respeito do sistema reprodutivo de P coccinea. Apesar da
formacao inicial de frutos visualizada pelo inicial desenvolvimento do ovario, esta espécie
pode apresentar auto-incompatibilidade tardia (Giees, 1990), que pode formar frutos sem
sementes viaveis. Uma possivel explicagéo para a baixa formacéo de frutos e sementes
perfeitas seria a presenga de auto-incompatibilidade tardia em R coccinea, aliada a um
forrageio inapropriado do polinizador, que deve realizar transferéncia de pélen entre flores
da mesma mancha realizando a autopolinizacao.

Estudos de campo complementares serdo necessarios para um melhor entendimento
do mecanismo de polinizag&o e da biologia reprodutiva de P coccinea.
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Sistema de polinizacao em Tibouchina barnebyana
Wurdack (Melastomataceae) - biologia floral e palinologia

Viviane da Silva-Pereira
Sandra Regina Capelari Naxara
Francisco Hilder Magalhaes e Silva

Introducao

A familia Melastomataceae é composta por cerca de 166 géneros, os quais englobam
entre 4200 e 4500 espécies distribuidas em regides tropicais e subtropicais e apresenta
grande diversidade de habitos e ambientes ocupados (ReNNER, 1983).

Os estudos sobre a ecologia da polinizagado de espécies de Melastomataceae
realizados no Brasil se concentram na regiao sudeste (Baugratz & Siva, 1988; BoRGES
1991), na Amazénia (Renner, 1983, 1989, 1990) e na regido nordeste (MeLo & MAcHADO
1996; MELo et al., 1999). Estes e outros trabalhos (BucHmann, 1983; Gross & Mackay, 1998;
LarsoN & BARRETT, 1999) evidenciam que a familia apresenta caracteristicas da sindrome
melitdfila, especialmente nas espécies em que o pdlen constitui o Unico recurso floral
disponivel. Como em outros grupos vegetais com anteras poricidas, a polinizagao se da
normalmente através de abelhas capazes de realizar o comportamento de vibracéo para
coleta de pélen ("buzz pollination") (BucHmanNn, 1983).

Muitas espécies das tribos Merianieae, Bertolonieae, Microlicieae, Tibouchineae e
Rhexieae, apresentam forte diferenciacdo morfoldgica entre as duas séries de anteras
(RenNER, 1989). BucHmanN (1983) argumenta que plantas que possuem heteranteria
freqlentemente produzem, também, graos de poélen dimorfos nas diferentes anteras. A
este dimorfismo estao relacionadas variagdes na viabilidade, na forma, no tamanho,
composicao quimica e substancias de reserva dos graos de pdlen (BucHvann 1983).

BucHmann (1983) também relata que algumas espécies de Melastomataceae, que
apresentam flores rosas ou roxas e uma das séries de anteras de coloracdo amarela
(contrastante com as pélas), produzem pdlen invidvel, enquanto a outra série de antera,
utilizada apenas como plataforma de pouso pelos visitantes, produziria o pélen destinado
areproducao. HucHmann MUELLER (1881, 1883; apud RenNer, 1989), foi o primeiro pesquisador
a sugerir que esta diferenga ¢ resultante de uma divisdo funcional entre as duas séries de
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estames. Nesta divisdo as anteras conspicuas funcionam como atrativo para os
polinizadores e produzem graos de pdlen inviaveis, destinados apenas a alimentagéo
das larvas dos visitantes, enquanto as anteras menos atrativas produzem pélen viavel
que é transferido a partir do contato com partes do corpo do polinizador nao relacionadas
a coleta e armazenamento do recurso, durante a visita. Esta idéia se difundiu rapidamente
e é comumente mencionada como estratégia de polinizacéo tipica para vérias espécies
de Melastomataceae (VoGeL, 1978).

No presente trabalho foram conduzidos estudos do sistema de polinizacéo e analise
comparativa dos graos de pdlen produzidos nas duas séries de estames de Tibouchina
barnebyana Wurdack, com objetivo de verificar uma possivel divisdo funcional entre os
estames e a relagdo com o comportamento do polinizador.

Material e Métodos

O trabalho foi conduzido na cidade de Lengdis (12°27'30'S e 41°27'56"W), localizada
na Serra do Sincora, porcao central da Chapada

Diamantina, Bahia. Neste local a vegetagao é tipica de campos rupestres com a
predominancia do estrato herbéceo-arbustivo e com locais de vegetacédo arbdérea
desenvolvida.

A Chapada Diamantina é a porcdo baiana da Cadeia do Espinhago, delimitada
aproximadamente pelos paralelos 10°43'S e 14°20'S e pelos meridianos 40°40'W e 43°00'W
e constituida por um conjunto de serras e regides com altitude acima de 1000m. Embora
0S campos rupestres dominem a paisagem, de acordo com os gradientes altitudinais,
edéficos e microcliméticos, sdo encontradas areas de cerrados, caatingas e matas de
galeria constituindo um verdadeiro mosaico vegetacional.

A populagao de Tibouchina barnebyana Wurdack estudada estéa distribuida as margens
dos rios Lengdis e Serrano, onde se encontra uma vegetagéo de mata ciliar com sinais
de antropizacéo e elementos de campos rupestres acompanhando o curso d'agua.

Para a descricdo do comportamento de visita, coleta de recursos florais e polinizagao
foram realizadas observagoes focais em dois periodos: de 26 a 29 de abril de 2003 e de 23
a 25 de abril de 2004. Foram realizadas cerca de 5 horas de observacéo diaria em diferentes
horarios sempre por dois pesquisadores, cobrindo o periodo de 5:30h e 16:00h. As abelhas
visitantes foram coletadas diretamente nas flores, sacrificadas em acetato de etila,
montadas, etiquetadas, identificadas e depositadas da colegao cientifica do Laboratério
de Biologia e Ecologia de Abelhas (LABEA), Universidade Federal da Bahia (UFBA).
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Foram realizadas observagdes do horario e processo de antese, duracdo média da flor
e morfologia floral. A receptividade estigmatica foi verificada no campo em diferentes
periodos do dia, antes e depois da antese, utilizando peréxido de hidrogénio (DaFni, 1992)

Foram coletados botdes florais de diferentes individuos para anélise do possivel contetido
lipidico dos graos de pdlen a partir de testes com Sudan e para verificacao da presenga de
citoplasma nos graos de pdlen utilizando vermelho neutro a 1% (DarFni, 1992). Foram avaliados
cerca de 400 graos de polen em cada série de anteras, por individuo (n = 4).

Para o estudo da morfologia polinica dos graos de pdlen produzidos em cada série
de anteras, foram coletados botdes florais de cinco individuos. As anteras foram extraidas
e submetidas ao método de acetdlise de Erotman (1960) para extragdo dos graos de
pdlen e andlise em microscopia éptica. Para estas analises foi utilizado um microscépio
Zeiss modelo Axioskop 2 MC80 DX. Para tanto, os graos de pdlen foram incluidos em
gelatina glicerinada, para montagem entre lamina e laminula e feitas medidas dos
diametros dos graos de pdlen (equatorial e polar) em um prazo méaximo de oito dias. Tais
laminas estdo depositadas na palinoteca do Laboratério de Micromorfologia Vegetal
(LAMIV) da Universidade Estadual de Feira de Santana (UEFS). As mensuracoes dos
diametros dos graos de polen dos individuos tiveram tamanho amostral igual a 25. Todo
o material foi documentado sob a forma de fotomicrografias, acompanhadas das

Figura 1. (A) Detalhe do hébito e habitat de T. barnebyana. Detalhe da flor apds antese (B) e senescente (C).
(D) Coleta de polen por Augochloropsis callichroa.
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descrigdes palinoldgicas que seguiram a nomenclatura palinolégica de Punt et al. (1994).
O material testemunho encontra-se depositado no Herbéario da Universidade Estadual
de Feira de Santana (HUEFS).

Resultados

Tibouchina barnebyana Wurdack & uma espécie com habito arbustivo-arbéreo podendo
atingir até 4 metros de altura (Figura 1A). Apresenta flores pentédmeras, com pétalas
roxas dispostas radialmente formando uma plataforma plana com 3-4cm de diametro.
Possui 10 estames com a mesma coloragao das pétalas, porém com a base branca no
momento da antese e avermelhada quando senescente (Figura 1B-C). Os estames se
apresentam alternadamente dimorfos em relacdo ao comprimento dos filetes formando
duas séries de estames conspicuos e filiformes. As anteras sdo poricidas e deiscentes
através de um Unico poro localizado na porcéo apical. O estilete é sigmoidal e apresenta
estigma puntiforme.

A antese do botéo floral ocorre entre 4 - 5:00h e as flores permanecem disponiveis a
visitagdo por cerca de dois dias, embora a mudanca da coloracao na base dos filetes
possa funcionar como sinalizador da senescéncia floral. O estigma permanece receptivo
do momento da antese até a senescéncia da flor.

O Unico recurso floral oferecido aos visitantes € o pdlen. Os graos de pdélen séo
coletados por movimentos vibratérios realizados por algumas espécies de abelhas
grandes, sao retirados ativamente através do poro apical, por abelhas menores, ou através
do corte das anteras por abelhas pilhadoras. Foram registradas visitas legitimas, com
transferéncia adequada do pdlen entre as pegas reprodutivas das plantas, realizadas
por Bombus (Fervidobombus) brevivillus (Franklin, 1914) (Apidae) e por Augochloropsis
callichroa (Cockerell, 1900) (Halictidae). As duas espécies diferiram quanto ao horério de
visita, comportamento de coleta e contato com as pegas florais.

Operérias de Bombus brevivillus sdo animais grandes e vigorosos e apresentaram
voos longos e forrageamento intenso. As visitas das operarias ocorreram principalmente
no inicio da manha (5:30h as 8:00h), coincidindo com o horério de antese. As abelhas
visitam todas as flores disponiveis na planta e as visitas a cada flor duram em média 4
segundos (dp = 1.2 segundos, n = 11). O polinizador pousa na plataforma floral formada
pela disposigcao das pétalas, se posiciona sobre as pecas reprodutivas, se segura com o
terceiro par de pernas na base das pétalas e realiza movimentos vigorosos na base dos
estiletes com o primeiro e segundo par de pernas. Os estiletes sao vibrados
indistintamente, porém o pdélen das duas séries de anteras é depositado diferentemente
no corpo do polinizador. Os graos de pélen liberados das anteras curtas permanecem
aderidos na porcao ventral do térax e abdémen e sdo rapidamente recolhidos e
armazenados nas corbiculas, enquanto o pdélen liberado pelas anteras longas é lancado
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principalmente na porcéo lateral e dorsal do térax e abddmen, sendo este pdlen
parcialmente recolhido pela abelha. Durante o movimento de vibragdo o estigma entra
em contado com o pdlen depositado principalmente na lateral do corpo do polinizador.

Individuos de Augochloropsis callichroa sdo abelhas de pequeno porte que visitam
ativamente as flores de Tibouchina barnebyana para a coleta de pdlen (Figura 1 D). As
abelhas permanecem na mesma planta por longo periodo, as visitas as flores duram
cerca de 20 segundos e se concentram entre 11:00 e 15:00h. Os visitantes exploram
todas as anteras indistintamente, realizando o mesmo comportamento em ambas as
séries (anteras longas e curtas), utilizando como plataforma de pouso a prépria antera.
As abelhas pousam no apice da antera e retiram os gréos de pdlen através do poro
apical com o auxilio das garras das pernas anteriores e também da glossa, ou, algumas
vezes se seguram na base da antera e realizam movimento de vibragao na porcao terminal,
liberando pequenas quantidades de pdlen que é recolhido e armazenado nas escopas
localizadas nas coxas das pernas medianas e posteriores. Na maioria das visitas
observadas, as abelhas pousaram no estigma, realizaram comportamento semelhante
ao de coleta de pdlen e rapidamente passaram para outra antera continuando a coleta,
possivelmente realizando a transferéncia dos graos de pdlen por engano.

Em relacdo ao contelido polinico, foram verificadas pequenas gotas de lipidios nos
graos de pdlen, nao tendo sido observadas diferengas de contelido entre as duas séries
de anteras. Da mesma forma, foi verificada alta taxa de viabilidade polinica, com valores
percentuais de graos de pélen com citoplasma acima de 98%, tanto em anteras longas
guanto em anteras curtas.

Tabela |: Distribuicdo dos tipos de aberturas nos grédos de pdlen nos dois tipos de anteras dos seis
individuos analizados de T. barnebyana Wurdack.

Anteras DP DE DEp Anteras DP DE DEp
curtas longas
21,3 18,8 18,5 21,9 16,9 17,2
20,9 15,4 16,2 21,6 16,4 16,6
22,9 18,1 18,0 22,5 17,2 17,3
20,7 23,1 22,0 _ - - -
24,1 22,8 22,2 22,6 22,4 22,8

DP = Didmetro polar.

DE = Diametro equatorial. = = =

DEp = Diametro equatorial Colpo Cdlporo Colporéide
| polar. Valores em pm.
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A anélise morfoldgica do pdlen revelou uma grande variedade polinica. Foi observada
a presenca de graos de pdlen pequenos a médios, esféricos a subprolatos, isopolares,
amb circulares a subtriangulares, 6-colpados, 3-colpados-3-colporados e 3-colpados-3-
colporoidados (Tabela l). Nos graos de pélen com aberturas compostas estas se alternam
com as aberturas simples e as ectoaberturas daquelas sado estreitas, com margens
paralelas e alongadas até o apocolpo. Neste, tais ectoaberturas apresentam suas
extremidades mais préximas entre si quando comparadas as distancias das extremidades
das aberturas simples - colpos. As endoaberturas também sao variaveis, pois nos colporos
apresentam formas definidas (retangulares, quadrangulares ou em forma de borboleta),
enquanto nos colpordides isso ndo ocorre. Em todos os individuos analisados foi
observada a presenca conjunta de grdos de pdlen com aberturas simples (colpo) e
compostas (cdlporos ou colporéides). No entanto, a proporcéo dos diferentes tipos variou
em relacdo as anteras (longas ou curtas) dos individuos. A ornamentacéao também se
mostrou variavel, tendo sido encontrados individuos com graos de pélen psilados e outros
com graos de pdlen rugulados.

Os diferentes tipos de graos de poélen encontrados nas duas séries de anteras foram
interpretados como variagdo morfoldgica intraespecifica, ndo tendo sido detectado um
padréo definido para os diferentes tamanhos de anteras.

D e NE F

Figura 2. (A) Grao de pdlen em Vista Polar (VP), superficie. (B) Grao de pdélen em VP, estrutura da exina. (C)
Gréao de pdlen em Vista Equatorial (VE), detalhe do colpo. (D) Gréo de pdlen em VE, detalhe do colporo. (E)
Gréao de polen VE, detalhe do colpordide. (F) Grao de polen em VE, estrutura da exina. Obs.: Nas figuras 2A,
2B, 2E e 2F os graos de pdlen estdo avermelhados devido a colorac&do com safranina. Barra = 10 m.
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Discussao

Bombus brevivillus foi considerado o principal agente polinizador de Tibouchina
barnebyana, realizando transferéncia eficiente dos gréaos de pdlen entre as flores.
Augochloropsis callichroa foi considerada polinizadora secundaria pois, apesar de coletar
efetivamente o pdlen disponivel em T barnebyana realiza a transferéncia dos graos entre as
partes reprodutivas de forma ocasional e acidental. Ademais, o longo tempo de permanéncia
destes individuos na mesma planta e as visitas seqlenciais as flores vizinhas podem
contribuir para maiores taxas de autopolinizacdo. Aspectos reprodutivos na familia
Melastomataceae tém sido levantados por diversos pesquisadores brasileiros, apontando
para alta diversidade de sistemas reprodutivos e freqlente ocorréncia de espécies apomiticas
(MELO & MACHADO, 1996; GOLDENBERG & SHEPHERD, 1998; OLIVEIRA, 1991).

Diferentemente das espécies que apresentam uma das séries de anteras amarelas e
atrativas para os polinizadores, onde estes concentram suas coletas (BucHmann, 1983;
LarsoN & BARRETT, 1999), a espécie por nds estudada apresenta as duas séries de anteras
de mesma coloragéo, seguindo o mesmo padrdo de cor das pétalas e ndo compdem um
padréo de coloragéo contrastante. Considerando os altos valores percentuais de viabilidade
polinica nas duas séries de anteras em T. barnebyana e comparando-0os com os valores
encontrados em outras espécies, a exemplo de Melastoma malabathricum L., cuja viabilidade
¢ baixa em uma das séries de anteras e alta na outra (BucHmann, 1983), concluimos que
nao ha produgao diferenciada de graos de pdlen na mesma flor.

Em descrigbes recentes de graos de pdlen de espécies de Tibouchina (MELHEM et al.
2003; CARREIRA & BaRTH 2003), 0s mesmos sao descritos com ornamentagao do tipo
ondulada, ondulada-estriada, finamente ondulada ou psilada, variando segundo a
espécie. Quanto as aberturas, estas sdo descritas como heterocolpadas, mantendo o
padréo 3-colporadas-3-pseudocolpadas. Assim, as variagdes aqui encontradas para T.
barnebyana em relagao as aberturas e ornamentagao nunca foram descritas para nenhuma
outra espécie do referido género. Este fato pode ser decorrente de estudos pouco
detalhados dos gréos de pélen de Tibouchina, uma vez que variagbes desta natureza
também foram observadas por Santos et al. (1997) dentro e entre espécies do género
Ossaea DC. Segundo estes autores, algumas caracteristicas polinicas se subdividem
entre os dois tipos de graos de pélen em que se apresentam: viaveis e inviaveis. Como a
grande maioria dos gréaos de poélen de T barnebyana se mostraram viaveis e também
variaveis morfopolinicamente, tal variacdo pode ser decorrente de um evento de dimorfismo
ou polimorfismo, referido por KoHLER (1976) para outras familias e que pode estar
relacionado com eventos de hibridacao.

Alguns aspectos levantados neste trabalho, como a coleta indistinta do pdlen
produzido nas duas séries de anteras pelos polinizadores, as altas taxas de viabilidade
polinica, auséncia de um padrao morfopolinico exclusivo de cada anteraem T. barnebyana,
corroboram a hipétese de que nao ha divisdo funcional entre as séries de estames.
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Verificamos que os graos de podlen coletados pelas abelhas tanto podem ser destinados

ao

aprovisionamento alimentar das crias quanto para a polinizagao da planta.
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Biologia Floral de Passiflora cincinnata Mast. no morro
do pai Inacio, Parque Nacional da Chapada Diamantina,
Bahia.

Sérgio Bastos

A familia Passifloraceae & nativa dos trépicos e subtrépicos. No Brasil ocorrem trés

géneros: Mitostemma, Tetrastylis e Passiflora (Cervir, 1986), sendo o Ultimo o maior deles,
com cerca de 200 espécies (SEmIR & Brown, 1975).

Estudos realizados sobre a biologia floral e polinizagado de diversas espécies de

Passiflora constataram a predominancia de melitofilia e de ornitofilia neste género (JANZEN,
1968; Snow, 1982; May & Spears, 1988) sendo registrada somente uma espécie quiropterdfila
(SazimA & Sazima, 1978).

Apresentamos aqui um estudo sobre alguns aspectos da biologia floral de Passiflora
cincinnata (Mast., 1868).

Materiais e Métodos

O presente estudo foi realizado em uma area de campo rupestre no morro do Pai
In&cio, localizado no municipio de Palmeiras (18° 27’ 38" S, 41° 28’ 447" W), Parque
Nacional da Chapada Diamantina na Bahia, durante um Curso de Campo sobre Ecologia
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Figura 1. Flor de Passiflora cincinnata.(foto: Emerson L.)
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da Polinizagdo. Durante os dias 26 e 28-30 de abril de 2003 foram feitas observacoes
diurnas para analisar: o tempo de abertura da flor, apresentagdo de pdlen e néctar, a
receptividade estigmatica (perdéxido de hidrogénio), porcentagem de pdlen com
protoplasma (azul de metileno), produgéo de néctar e concentragcdo de acgulcar
(refratbmetro), os visitantes florais e seu comportamento de forrageio.

Resultados

Passiflora cincinnata possui flores lilas-claro, com os filamentos longos da corona
violeta-claro a violeta escuro (Figura 1). A abertura do botéo floral é do tipo “explosiva”
como a observada por Sazima & Sazima (1978) em Passiflora mucronata. A antese é
assincronica, as flores abriram (06:20-07:50) e fecharam (18:25). O estigma apresenta-se
receptivo desde o inicio da antese até o seu encerramento. O poélen esta disponivel durante
toda antese. No inicio da antese 100% dos graos de pdélen apresentaram citoplasma,
enquanto que ao meio e final do dia os polens inviaveis foram 8,91 e 17,49%
respectivamente. O volume de néctar durante as primeiras e Ultimas horas do dia, foi
muito baixo (<1%), aumentando a produgéao por volta das 10:00h até as 13:00h quando
atinge um valor muito baixo.

A variagdo da concentracdo de néctar e aminoacidos é relativamente igual durante
as 10:00 e as 13:00h (41 e 42% para agUcares), periodo em gque houve maior producao;
no néctar foi de 17%. As flores de P cincinnata foram visitadas por quatro espécies de
abelhas Trigona spinipes (Fabricius, 1793); Centris fuscata Lepeletier, 1841; Centris sponsa
Smith, 1854; Centris longimana Fabricius, 1804; Centris maranhensis Ducke, 1910; Xylocopa
frontalis (Olivier, 1789), Também, duas espécies de formigas e um colibri foram observadas
visitando as flores de P cincinnata.
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Figura 2. Gréfico de visitantes florais
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Centris sp. em Passiflora amethystina. A abelha do género Xylocopa sé&o os polinizadores
de P cincinnata embora realizem visitas em menor frequéncia que as Trigona. Essas
abelhas possuem dimensdes compativeis com a morfologia da flor e por isso entram em
contato com os érgéos reprodutivos da flor com o dorso do térax. Mesmo apresentando
um numero regular de visitas as abelhas dos géneros Centris s4o menores que as
estruturas reprodutivas das flores, porém eventualmente essas abelhas podem entrar
em contato com o estigma.
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Daily Patterns of Foraging in Displaced Melipona
scutellaris Latreille (Hymenoptera: Apidae)

Victoria Wojcik

Lilian Santos Barreto
Favizia Freitas de Oliveira
Marina Siqueira de Castro

The stingless bee Melipona scutellaris Latreille, 1811 occurs naturally in the Atlantic
forests of North-eastern Brazil. Outside of this natural range three colonies are registered
in the Chapada Diamantina, Lengéis, Bahia (CASTRO, personal inf.). Like all species of
stingless honeybees, there is a division of labour in colony activates. Complex co-
ordinations of activities are responsible for the proper functioning of the hive and include,
brood care, queen attendance, waste removal and food collection. The frequency and
occurrence of food collection in the colony is an activity that can be observed from the
exterior of the hive without disturbing the colony.

For M. scutellaris, food sources are plant nectars and pollen. The rate at which the
colony collects these resources can be determined by examining incoming bees as they
enter the hive. Those with pollen attached to their corbicula have obviously foraged for
pollen. Those that do not have any significant pollen on their body can be assumed to
be carrying nectar in their crop. Through the analysis of incoming foraging bees the daily
foraging patterns of the displaced M. scutellaris colonies will be assessed. The goal of
this data collection is to first outline the daily foraging activity of these bees, which are out
of their natural range. Patterns of foraging in displaced M. scutellaris has not yet been
studied. The patterns of pollen and nectar collection with respect to climatic conditions
will be mapped out throughout the day to determine if distinct trends exist in foraging and
if these trends can be correlated with climatic and temporal factors which include time of
day, wind speed, relative humidity and ambient air temperature. Climatic conditions in
this region differ form those seen in the native range of M. scutellaris. If there is indeed a
connection between the measured variables and the foraging behaviour of M. scutellaris
then there should be a significant trends in foraging for pollen and nectar corresponding
to these variable changes. Form the data collected in this primary study it will be determined
if the behaviour of M. scutellaris is consistent across all colonies, regardless of their
geographic position.
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In addition to the daily pattern of foraging, the composition of daily foraging relating
to the variety of floral resources visited will be investigated through pollen analysis. Melipona
Scutellaris is consider to be a potential pollinator of various fruits in Bahia including:
Eugenia aquea (watery rose apple); E. jambosa (jambolam); E. uniflora (Brazil cherry);
Grewia asiatica (phausa); Persea americana (avocado); Psidium guajava (guava); Talisia
esculenta (pitomba) and Eryobotrya japonica (nespera) (Castro, 2002). Qualitative and
quantitative analysis will be carried out on the pollen collected by the colonies to determine
what the pattern of pollen collection is within and between the colonies. This data will
help to understand the foraging strategy of the bees

Materials and Methods

Three colonies of Melipona scutellaris in the Lengéis meliponary, Bahia, Brazil, were
monitored continuously on April 2003 from 07:00h to 17:00h. Measurements were taken
for two-minute intervals every half hour. Before each measure, the temperature, wind
speed and humidity were measured and recorded. During the two minutes of monitoring
all the bees that returned to the colony were registered as either carrying pollen or nectar
(bees carrying resin and mud were not include in this study). Twenty measures were taken
for each colony.

After each measurement set was completed, a sub-sample of bees carrying pollen
from each colony was taken. Bees were captured with an insect net and were then
preserved in vials with ethanol corks with labels indicating the time of day caught and
from which colony the bee was harvested. If no pollen collection was observed in the
initial measurement no bees were sampled. The pollen from these bees was analyzed to
determine what resources the colonies were foraging on. In the laboratory slides were
made of the pollen found on the bees. These slides were analyzed for general pollen
morphology to determine if each bee foraged on more then one resource and if the colony
as a whole foraged on more then one resource in that day.

Results

Daily foraging patterns of foraging

Foraging was strong and consisted throughout the day for all three colonies. Over all,
peak food resource foraging occurred prior to 10:00h. Figure 1 show the average foraging
across all three colonies. The average peak number of bees foraging across the colonies
at the peak hour was approximately 18 individuals. After this time, the foraging dropped
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to about 50% of the maximum and remained relatively constant, increasing slightly towards
16:00h. Colony activity never ceased in the time that the measurements were taken. The
average foraging baseline was nine individuals per measure, with a maximum of 18 and
a minimum of two.

There was a distinct trend in pollen and nectar collection throughout the day. All colonies
showed the same trend with only minor variation. Pollen collection was concentrated in the
morning hours (Figure 1). When graphed against the climatic conditions, the monitored
pollen and nectar collection show trends with temperature (Figure 2) and humidity (Figure
3). Pollen collection peaked at temperatures between 23°C and 27°C and at a humidity of
76% to 90%. Nectar foraging was consistent for most of the day. A drop in nectar collection
occurred at temperature grater then 28°C and humidity of greater than 70%. Both pollen
collection and general foraging showed this decrease at temperatures equato or greater
then 28°C. This trend also occurred at a humidity of 70% or less. Wind speed was never
more then 3 m per second and on average was negligible. No significant variation in wind
speed was observed.

Pollen collects by colony

Preliminary microscope analysis of the pollen samples taken off of the foraging bees
showed that there were five morphotypes of pollen collected across the three colonies. For
ease of analysis these five pollen types will be referred to as A, B, C, D and E. Each bee
collected only one type of pollen.
On the colony level, a variety of
pollen types were collected
throughout the day. The collect
of pollen was not identical in
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were not present in each colony Teme

and the ratios of pollen collected s

within each colony also differed. Figure 1: The average number of bees foraging for pollen and
Figure 4 is a graphical nectar across all three colonies as a function of the time of day.

representation of the pollen

composition for each colony. Colony 1 collected only two types of pollen in almost equal
proportions. Colony 2 collected four pollen types, one was dominant making up 40% of the
total which the remaining three equally composed 20% each of the remaining. Colony 3
also collected only two types of pollen but the proportion was highly skewed towards one
type. All colonies foraged for pollen type B. Pollen type A was collected only by colony 3.
Pollen types C and E were only collected by colony 2. Pollen type D was collected by
colonies 1 and 2.
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Figure 2: The Average colony foraging as a function of humidity

Discussion

Similar foraging behaviour experiments with Melipona scutellatis in Brazil have shown
that the bees experience peak foraging at specific temperatures and humilities. IMPERATRIZ
Fonseca et al. observed the external movement of a colony of M. scutellaris installed in
Sao Simao-SP in 2002. The comments on the external movement had started with the first
rays of light, when pollen collection was already intense (19.8°C, 91%, 6:07h). After 11:25h
(26°C and 70%) this specific activity ceased, but the activities of flight had been drawn out
until 18:15h (24.5°C and 75%), when the sun had already set (IMPERATRIZ FONSECA ef al.,
2002). The results of the nectar collection in colonies installed in Sdo Simao-SP, were
active from 10:45h (25°C-61%) to 16:35h (27°C-70%). The external activities of this same
species of bee, in the month of October 1993 were examined by Barros (1994) in
Jaboticabal-SP. Observation began at 5:00h and continued into the evening hours. BaARROS
(1994) also indicated peak pollen collection activity occurring between 19-21°C and at a
humidity between 59-61%, which occurred at 7:00h.
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Figure 3: The Average colony foraging as a function of temperature.
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The temperature data from these studies coincide with our results, while the humidity
values fall outside of the range that we observed. Our average foraging temperature was
25°C for pollen collection and at less then 28°C for nectar collection and overall foraging.
Humidity values were an average of 80% for pollen foraging and less then 70% for nectar
collection and general foraging. Data from other studies and our own suggest that
climatic factors affect the foraging patterns of Melipona scutellaris. The activities of the
bees occurred at different times during the day but the data collected shows that they are
related to temperature and humidity rather then changes in daylight and time of day.
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Figure 4: Pollen collection by colony

Nectar collection was consistent
throughout the day. Although
stronger overall foraging efforts were
seen in the early hours of the day,
individuals assumed to be carrying
nectar returned to the hive for the
duration of the study. The nectar
collected by four species of Melipona
in Panama was analyzed for sugar
variation over the course of a day and
demonstrated that the sugar
concentration ranged from 24-63%
(Rousik & BucHwmann, 1984). Already
in two Melipona of the Costa Rica,
these values had been amplified,
varying from 7.1-65.4% (BIESMEIJER et
al., 1999). One possibility is that M.
scutellaris has the capacity to work
with a wide range of sugar contents.
This may however be a response to
poor overall resources in the hives
foraging range. To investigate this
point further a study must be
undertaken that will trace foragers to
their food source. An analysis of
overall sugar content in flowering
plants within the forging range would
have to then be considered.

Pollen foraging occurred only in
the early parts of the day. There was
a strong relationship between
temperature and humidity in our
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study and in other studies but the temporal occurrence of pollen foraging occurred in the
early portion of the day for all hives studied. Pollen resources may in fact be a competitive
resource. Again, to investigate this behaviour patter more fully workers would need to be
studied at the resource.

Pollen-type foraging between colonies had great overall variation. Two trends were
present across all colonies. Individual bees foraged on one pollen source per foraging
flight. Each colony made use of more then one pollen resource during each day. Beyond
this no distinct trends in pollen foraging strategy were found across the three colonies
sampled. Colonies used multiple resources in different compositions. Not all pollen was
common to all colonies, but there did not appear to be exclusion of one colony form one
type of pollen. This is superficial because pollen was only analyzed morphologically.
The location of pollen collection for the three hives was not known. Further analysis on
foraging location would determine if competitive exclusion is occurring at the pollen resource.

To collect a more robust data set an increased number of observation days would be
appropriate for future study. These three displaced colonies are a small sample set and
are the only displaced colonies of M. scutellaris. It would be worthwhile to assess the
seasonal cycles of these colonies to see if there is any further climatic and temporal
variation. Monitoring pollen and nectar foraging over the life of the colony to determine if
any trends exist between colony age and health would also be needed. It would also be
valuable to monitor all forage types, including resin, clay and water collection to more
accurately map out the daily activities of the colony.
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Testing a method to evaluate the movement of bees
among different patches of Mimosa lewis

Flavia Monteiro Coelho
Cristiane Krug
Anne Bogdanski

Heterogeneity in the spatial distribution of organisms and their resources is ubiquitous
in nature and is an important factor in many ecological processes including foraging.
Animals that forage from flowers typically encounter heterogeneity in the spatial dispersion
of their resources, and behavioral responses may ensue (CressweLL, 2000). Floral foragers
encounter spatial heterogeneity in the distribution of flowers at several special scales. At
small scales, flowers are often aggregated because they develop on inflorescences, which
themselves may occur as aggregates on individual plants. At a large scale, individual
plants may have a patchy distribution in the landscape.

Optimal foraging models assume that foragers maximize their rate of resource
acquisition (CHarNov, 1976). This is a reasonable assumption for social insects since they
are freed from many of the constraints which are likely to affect the behavior of other
foragers (Pyke 1984).

The marginal value theorem is an optimality model for examining the behavior of foragers
exploiting patch resources (CHarNov, 1976). The theorem states that a forager should
leave a patch when the rate of food intake in the patch falls to that for the habitat as a
whole. The model predicts that pollinators should visit a great proportion of flowers in
small patches if they forage systematically and are thus able to avoid flowers that they
have just depleted. Bees are able to remember their direction of arrival at a flower, and
tend to continue in the same direction when they leave (WabbingToN et al., 1981 ; WADDINGTON
& HeinricH, 1981). Because of their general tendency to exhibit directionality, foragers may
also adjust their turning rates and movement distance according to the available rewards,
so that they quickly leave areas with few or unrewarding flowers, and remain for longer in
patches which provide a higher reward or where flowers are dense (Pyke, 1984).

The use of fluorescent powder to study the movement of bees among patches of resources
is common in the literature (TownsenD & LEvEY, 2005; AbLER & IrwiN, 2006; Howrace et al; 1998).

71



Our objective here was to verify the efficiency of fluorescent powder to accompany the
moment of bees visiting Mimosa lewis cf. testing the hypothesis that the bees tend to
maximize the exploitation of the resources using the same resource patch.

Methodology

This study was conducted in July 2005 in Chapada Diamantina, Brazil. Diamantina
Highlands are situated in the State of Bahia which is famous for its variety of ecosystems:
Cerrado, Caatinga, Mountain Forests, Stone Fields (Campo Rupestre) and common Fields
(HaGGEe et al., 2003). The mean temperature in the study area was 25°C, the mean humidity
around 72% and the speed of the wind about 0.8 m/s.

The plant examined in this study was Mimosa lewis cf. (Leguminosae, Mimosoidae), a
shrub about one meter in height and spherical flower heads with a diameter of about two
centimeters. Its flowers open in the morning and are abundantly visited by bees because
of their high production of pollen grains.

To test the hypothesis that bees maximize the exploitation of the resource, we used
four patches of M. lewis cf. along the track of Ribeirao do Meio near the town of Lengdis,
Bahia. In three of the four patches we selected 30 flowers each and marked them with
fluorescent powder, each patch with a different color. The first patch was marked with
orange fluorescent powder and the second, 50 meters away from the other one, with blue
fluorescent powder. The third patch, 200 meters away from the second one, was marked
with yellow fluorescent powder. The fourth patch was merely used to collect bees. The
flowers were marked in the beginning of the morning, and in the afternoon 30 flowers of
each patch were collected and observed under ultraviolet light to detect the transferred
fluorescent powder among the patches.

The bees were collected in the fourth patch of track Ribeirdo do Meio, located between
the patches one and two. Another patch, located in the track Serrano, Lencdis - Bahia,
was used to collect bee visitors. Bees were collected on one day from 6 am until 12 am
with entomological nets, identified and deposited in the entomological collection at the
Federal University of Bahia (UFBA).

Results

We collected 81 bees of the families Apidae, Halictidae, Megachilidae and
Anthophoridae. The species Melipona scutellaris Latreille 1811; Melipona quadrifasciata
anthidioides Lepeletier, 1836; Nannotrigona testaceicornis (Lepeletier, 1836) and Apis
mellifera scutallata Lepeletier, 1836 were collected in both tracks. The species Larocanthidiurm
sp., Augoclora sp2 and Dialictus sp1 were collected only in the track Serrano and the

72



species Partamona sp, Augochloropsis sp1,Trigona spinipes (Fabricius, 1973) Exomalopsis
sp1 and Tetrapedia sp1 were collected only in the track Ribeirdo do Meio.

Apis mellifera scutellata was the most abundant species. At the track Ribeirdo do
Meio, Melipona quadrifasciata anthidioides was the second most abundant species and
at the track Serrano Dialictus sp1 and Larocanthidium sp. were the most abundant
(Figure 1A and Figure 1B).

Fluorescent powder from different patches was not detected in the analyzed flowers
but it was found in some of the collected bees. We observed blue powder in the body of
some individuals of the species Melipona quadrifasciata anthidioides, Melipona scutellaris,
Trigona spinipis and Exomalopsis sp. collected in the second patch.

Discussion

The fact that some
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Figure 1 — Abundance of visitant bees of Mimosa lewis cf. in the tracks
Serrano (A) and Ribeirdo do Meio (B), Lengdis, Bahia.

bees. Although, if that is
true, it should be
expected that founded a
blue powder would
befound in the flowers of
the four patch what don't
happened.

To argue this event is
possibly to consider that
the wind could move the
powder away making
difficult to find powder in
the flowers. Other
possibility is that the bees
clean their bodies after
the forage and this action
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could mix the fluorescent powder with the pollen making difficult their identification in the
body of bees.

The results showed that this method using fluorescent power was not good to evaluate
the movement of bees among patches of Mimosa lewis. They present many gaps that
make it difficult to answer the central question made here. In this case, it is necessary to
study the movement of bees using an observational method that allows the study of the
behavior of the bees. Other possibility is to use a mark-release-recapture technique marking
some individual visiting one patch and attempting to recapture them on other patches.

However, as suggested by CHarNov (1976) in the optimal foraging models probably the
bees optimize the use of one resource patch collecting mainly pollen of different flowers
of the same plant. Probable the availability of the resource in the patches is high and
sufficient to maintain the visitant bees exploring this resource. Since the bees are capable
memorizing the tracks of forage and that is energetically cheaper to visit flowers in the
neighborhood than distant flowers, it can be a good strategy of foraging. Other explanation
that corroborates this hypotheses is that the probability of finding to find a flower unvisited
in a patch it is larger when the number of flowers unvisited by the total number of flowers
in the patch less the last flower visited is large. So, in a small patch is easier to find the
resource spending little energy. This argument does not require the pollinator to memorize
the positions of flowers that it has recently visited; only that it does not immediately visit
the flower that it just departed from.
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Estigma sensitivo em Jacaranda irwinii (Bignoniaceae):
O gque determina seu fechamento definitivo?

Paulo Milet-Pinheiro
Airton Torres Carvalho

A espécie Jacaranda irwinii Gentry (Bignoniaceae) possui um estigma bilobado que
fecha em poucos segundos ao ser tocado por um polinizador, ficando assim indisponivel
para deposicao polinica até uma eventual reabertura. A sensitividade estigmética tem
sido documentada em pelo menos 4 familias da ordem Schrophulariales: Bignoniaceae,
Lentibulariaceae, Martyniaceae e Scrophulariaceae. Stevens (1994), estudando 19 espécies
de Bignoniaceae no Cerrado, observou que todas elas apresentavam esse padréo.
Segundo Newcowmse (1922; 1924) e FeTscHeEr & KoHN (1999) todas as flores com estigma
sensitivo sdo hermafroditas, com corolas tubulares e estigmas compostos por dois lobos.

O significado evolutivo e funcional da sensitividade estigmatica vem despertando o
interesse de cientistas desde o século XIX (DArwIN, 1876; NEwcomBse, 1922; 1924; STEPHENSON
& THomas, 1977; BerTIN, 1982; FeTscHER & KoHN, 1999; FeTscHER, 2001; SHU-XIANG et al.,
2004). Varias hipoteses foram sugeridas para explicar o significado do fechamento do
estigma, tais como: prevenir a autopolinizacao (Newcomse, 1922; 1924; RiTLanD & RITLAND,
1989; FetscHer & Kohn, 1999); facilitar a polinizagdo cruzada (FETscHeR & Konn, 1999; Li et
al., 2001); aumentar a captura e retencdo de graos de pdlen (THEReT, 1976); reduzir a
interferéncia entre recepgao e exportacao de podlen dentro da flor (Wees & LLoyp, 1986;
FeTscHER, 2001, FETSCHER et al., 2002); aumentar a exportacéo de graos de poélen (FETSCHER
& Kohn, 1999; FeTscHeR et al., 2002) e por fim, fornecer condigdes mais favoraveis para a
germinacéo dos graos (Newcomse, 1922; 1924). Todas as hipdteses propostas, nao sao
excludentes entre si, e o fechamento pode, dependendo da espécie, ter funcdes e/ou
respostas diferentes (Newcomse, 1922; 1924).

Até o momento nenhum estudo evidenciou claramente o fator que determina o
fechamento definitivo do estigma em Jacaranda irwinii. Nesse estudo tentamos responder
a trés questdes: 1) o que determina o fechamento e reabertura do estigma?; 2)
autopolinizacédo e polinizagao cruzada determinam efeitos distintos no padréo de
fechamento estigméatico? e 3) existe reconhecimento do estigma a estrutura protéica externa
do grao de pdélen co-especifico? Nossa hipétese considera que o fechamento estigmatico
definitivo esta relacionado a deposicdo de graos de pdlen co-especificos no estigma.
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Material e Métodos

Area de estudo

O trabalho de campo foi realizado na trilha do cemitério de Lencdéis, Chapada Diamantina,
Bahia, Brasil (454 metros, S 12°33'20.8”" W 41°23'26.3"). O clima da regiao é tropical Umido
com cerca de trés meses mais secos no inverno (SePLANTEC, 1978). A temperatura média
anual, segundo dados do INEMET, é de 23,1°C e a precipitagao pluviométrica anual é de
1445,3 mm. A vegetacao predominante € um cerrado gramineo-lenhoso com elementos de
campo rupestre. Essa &rea pode ser considerada como de tenséo ecolégica, pois apresenta
limites com uma floresta estacional semidecidua (MarTINS, 1995).

Espécie estudada

Jacaranda irwinii € um arbusto com 1 a 2 m de altura que vegeta preferencialmente
sobre solos rochosos. Apresenta inflorescéncias em paniculas com flores hermafroditas,
violetas tubulares (Figura 1), com quatro estames didinamos, um estaminddio glandular
desenvolvido e um estigma composto por dois lobos sensitivos (Gentry, 1990; 1992).
Essa planta € amplamente distribuida pela Chapada Diamantina (HARLEY & GiuLETTI, 2004),
sendo endémica dessa regiao (Gentry, 1990;

1992). P s & ¥ Palflo.Milet-Pinheiro
p

Desenho experimental

levam ao fechamento do estigma e ao que
responde o fechamento definitivo, foram
ensacados 36 botdes em pré-antese em 15
individuos. As flores foram submetidas a
seis tratamentos: 1) toque mecanico; 2)

polinizacdo cruzada manual; 3)

o - .. Figura 1. Vista geral das flores de Jacaranda irwinii
autopolinizagdo manual; 4) deposicao de em Lencdis, Chapada Diamantina, Bahia, Brasil.
areia; 5) deposicao de podlen de IJpomoea
sp. e 6) deposicao de pdlen co-especifico
morto. Foram feitas seis repeticbes para cada tratamento. Os graos de podlen foram
inviabilizados, sem destruir sua estrutura protéica externa, em banho maria a 65° C por
uma hora. O tempo de fechamento e reabertura do estigma apdés toque mecanico foi
determinado a partir de 15 flores ensacadas, ainda no estagio de botao, em cinco
individuos.

Para verificar que tipos de estimulos v I
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Resultados

O fechamento do estigma de flores de Jacaranda irwinii esté relacionado a qualquer
estimulo mecénico. O fechamento definitivo, porém, ocorre apenas apds a deposicéo de
podlen co-especifico viavel (autopolinizagao ou polinizagéo cruzada) no estigma (Tabela I).

O tempo de fechamento estigmatico apds o toque mecanico foi, em média, 26
segundos, com uma variagao entre 8 e 60 segundos (Fig. 2a). A reabertura desses
estigmas levou em média 54,3 minutos, apresentando uma grande variagao (fig. 2b).

Discussao

Os resultados deste estudo mostram que existe um reconhecimento do estigma aos graos
de pdlen viaveis e co-especificos, uma vez que apenas nos tratamentos de autopolinizacéo
manual e polinizacdo cruzada manual houve o fechamento definitivo dos estigmas.

Em estudo realizado com bignoniaceas do Parque Nacional do Catimbau, Milet-Pinheiro
(2006) evidenciou esse mesmo padrédo para as espécies Jacaranda rugosa Gentry, Tabebuia
impetiginosa (Mart. ex DC.) Standley e Anemopaegma laeve DC. SiNGH & CHAUHAN (1996),
SHu-XiaNG e colaboradores (2004) também mostraram que os estigmas de Tecoma stans
L. e Campsis radicans (L.) Seem. ex. Bureau fechavam definitivamente apds a deposicéo
de gréaos de pdlen co-especifico.

LiNskens (1976) atribui o fechamento do estigma a perda de turgor das células que
compreendem o tecido estigmatico. Segundo esse mesmo autor, a germinagao de pdlen
e o subsequente crescimento do tubo polinico, um processo no qual a &gua € desviada
do tecido envolvendo o pistilo para o crescimento do tubo, provavelmente mantém o
estigma no estado colapsado (fechado). Newcowmse (1922, 1924) estudando espécies de
Bignoniaceae, encontrou uma maior taxa de germinacéo de graos de pdlen em estigmas
fechados do que em abertos. Segundo ele um dos significados do fechamento do estigma
seria incrementar a germinagao de pdélen, uma vez que o fechamento do mesmo propicia
um microhabtat favoravel a germinacao dos graos. O tempo que o estigma de Jacaranda

Tabela I: Posi¢ao do estigma em Jacaranda irwinii logo apds os tratamentos e duas horas apds os tratamentos.

posicdo do estigma

Tratamento - - - -
imediatamente apds o tratamento  duas horas apods o fratamento
fechado aberto fechado aberto

Toque mecanico 6 0 0 6
Polinizag¢ao cruzada 6 0 6 0
Autopolinizagéo 6 0 6 0
Deposicao de Areia 6 0 0 6
Deposicao de Polen de Ipomoea sp. 6 0 0 6
Deposigao de pélen morto 6 0 0 6
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Figura 2: Tempo de fechamento (a) e reabertura (b) do estigma em flores de Jacaranda irwinii no experimento

irwinii permanece fechado apds um toque mecéanico (54,3 minutos) parece ser suficiente
para o inicio do processo de crescimento do tubo polinico e, conseqlentemente, para o
fechamento definitivo do estigma.

Segundo Bawa (1974) e GenTRry (1978) a maior desvantagem para plantas com floragéo
em massa € a tendéncia dos polinizadores visitarem muitas flores em um mesmo
individuo, aumentando a geitonogamia. Para as Bignoniaceae, plantas com floragéo
em massa, predominantemente auto-incompativeis e que possuem fechamento
estigmatico (Gentry, 1990; Stevens, 1994), o efeito de visitas consecutivas pode ter um
impacto negativo no sucesso reprodutivo. Como foi observado no presente estudo, a
deposicéo de pdélen de um mesmo individuo determinou o fechamento definitivo do
estigma. Isso quer dizer que, no caso da planta ser auto-incompativel, somente as
primeiras visitas dos polinizadores resultarao na formacao de frutos, enquanto que visitas
posteriores vao aumentar o fluxo geitonégamo de pélen e, conseqlentemente
indisponibilizar estigmas para eventuais deposicdes polinicas. Pinto (2005), estudando
Hancornia speciosa Gomes (Apocynaceae), uma espécie com floragcdo em massa,
evidenciou que apenas as duas primeiras visitas consecutivas em um mesmo individuo
foram eficientes em formar frutos.

Em muitas Bignoniaceae o tempo de fechamento do estigma é mais lento do que o
periodo de permanéncia de polinizadores nas flores (BerTiN, 1982; MiLET-PiNHEIRO 2006).
Assim sendo, é pouco provavel que em Jacaranda irwinii o fechamento do estigma esteja
relacionado a uma tentativa de evitar a autopolinizagdo, como vem sendo sugerido na
literatura (NEwcomBe, 1922, 1924; RiTLanD & RiTLAND, 1989; FETSCHER & KoHN, 1999). Além do
mais, a propria disposicao das partes reprodutivas nas flores, com os estames situados
anteriormente ao estigma, ja seria uma forma de reduzir ou evitar a autopolinizagéo.

O estigma de Jacaranda irwinii permanece, em média, 54,3 minutos fechado apés o
togue mecanico, mesmo que nao tenha sido polinizado. Esse situacéo torna o estigma
indisponivel a deposigdo de graos de pdlen até sua reabertura e, conseqlentemente,
tem um efeito negativo temporario para o sucesso reprodutivo feminino. Alternativamente,
FeTscHER & KoHN (1999), estudando Mimulus aurantiacus (Scrophulariaceae), observaram
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que flores com estigmas abertos exportavam menos graos de pdlen do que aquelas
com estigmas fechados, sugerindo que esse mecanismo estigmatico aumentaria o fitness
reprodutivo masculino.

Agradecimentos

Nos gostarfamos de agradecer a Peter Kevan e Vernon G. Thomas pelas orientacdes
no projeto, Luis Primo pelas idéias e sugestdes, a Blandina F. Viana, Fabiana O. Silva e
Favizia Freitas pelo apoio na realizacdo do trabalho e a Reisla Oliveira pela leitura critica
e sugestdes no manuscrito. O trabalho foi desenvolvido durante o Il Pollination Course,
realizado em lengdis, Chapada Diamantina, Bahia, Brasil, promovido por uma parceria
da UFBA, UEFS e UOGUELPH.

Referéncias
Bawa, K. S. 1974. Breeding systems of tree species of a lowland tropical community.
Evolution, 28: 85-92.

BerTiN, R. 1. 1982. Floral biology, hummingbird pollination and fruit production of trumpet creeper
(Campsis radicans, Bignoniaceae). American Journal of Botany, 69: 122-134.

Darwin, C. 1876. The effects of cross and self-fertilization in the vegetable kingdom. London

FeTscHER, A. E. 2001. Resolution of male-female conflict in an hermaphroditic flower. Proceedings
of the Royal Society of London, Series B: Biological Sciences, 268: 525-529.

FeTscHeR, A. E. & Konn J. R. 1999. Stigma behavior in Mimulus aurantiacus (Scrophulariaceae).
American Journal of Botany, 86: 1130-1135.

FeTscHER, A. E., RurerT, S. M. & Konn, J. R. 2002. Hummingbird foraging position is altered by the
touch sensitive stigma of bush monkeyflower. Oecologia, 133: 551-558.

GenTRy, A. H. 1978. Anti-pollinators for mass-flowering plants? Biotropica, 10: 68-69.

GenTry, A. H. 1990. Evolutionary patterns in Neotropical Bignoniaceae. Memoirs of the New
York Botanical Garden, 55: 118-129.

GenTRY A. H. 1992 Bignoniaceae. Flora Neotropica, Monograph No. 25(ll). The New York
Botanical Garden.

HarLey, R. M. & GiuuieTTi, A. M. 2004. Wild flowers of the Chapada Diamantina. lllustrated walks
in the mountains of NE Brazil . Flores Nativas da Chapada Diamantina . Trilhas botanicas
ilustradas nas montanhas do Nordeste do Brasil. S&o Carlos: Rima Editora.

81



82

L, Q. J., Kress, W. J., Xu, Z. F., Xia, Y. M., ZHanG, L., Deng, X. B. & Gro, J. Y. 2002. Mating system and
stigmatic behaviour during flowering of Alpinia kwangsiensis (Zingiberaceae). Plant
Systematics and Evolution, 232: 123-132.

Linskens, H. F. 1976. Stigmatic responses. Proceedings of the third MPP meeting (eds K. H.
Sheikh & Y. Vardar), pp. 1-12. Ege University, Izmir.

MarTiNs, C. F. 1995. A flora apicola e nichos tréficos de abelhas na Chapada Diamantina
(Lencois-BA, Brasil). Revista Nordestina de Biologia, 10: 119-140.

MiLeT-PINHEIRO, P. 2006. Polinizagao de Tabebuia impetiginosa e Jacaranda rugosa (Bignoniaceae)
e o efeito de pilhadores no seu sucesso reprodutivo no Parque Nacional do Catimbau.
Dissertacao de mestrado, Universidade Federal de Pernambuco, Recife.

Newcomget, F. C. 1922 The significance of the behavior of sensitive stigmas. American Journal of
Botany, 9: 99-120.

Newcombe, F. C. 1924. The significance of the behavior of sensitive stigmas Il. American
Journal of Botany, 11: 85-93.

PinTo, C. E. 2005. Visitas florais consecutivas diminuem a producao de frutos em Hancornia
speciosa Gomez (Apocynaceae)? Monografia, Universidade Federal de Pernambuco, Recife.

Ritanp, C. & Rimeanp, K. 1989. Variation of sex allocation among eight taxa of the Mimulus
guttatus species complex (Scrophulariaceae). American Journal of Botany, 76: 1731-1739.

SHU-XIANG, Y., CHUN-FENG, Y., TAo, Z. & QING-FENG, W. 2004. A mechanism facilitates pollination due
to stigma behavior in Campsis radicans (Bignoniaceae). Acta Botanica Sinica, 46: 1071-1074.

SINGH, J. & CHAUHAN, S. V. S. 1996. Morphological changes in the stigma of seasonally transient
sterile Tecoma stans L. Phytomorphology 46, 1-7.

STEPHENSON, A. G. & THomas, W. W. 1977. Diurnal and nocturnal pollination of Catalpa speciosa
(Bignoniaceae). Systematic Botany, 2: 191-198.

Stevens, A. D. 1994. Reproduktionsbiologie einiger Bignoniaceen in Cerrado Brasiliens. PhD
thesis, Osterreichische Akademie der Wissenschaften, Wien.

SepLANTEC 1978. Atlas do estado da Bahia: Il Etapa. Secretaria do Planejamento, Ciéncia e
Tecnologia. Centro de Planejamento da Bahia, Salvador.

THiereT, J. W. 1976. Floral biology of Proboscidea lousianica (Martyniaceae). Rhodora, 78: 169-179.

WEegs, C. J. & LLoyp, D. G. 1986. The avoidance on interference between the presentation of
pollen and stigmas in agiosperms. New Zealand Journal of Botany, 24: 163-178.



Who is pollinating Stemodiia pratensis (Scrophulariaceae)
in lencadis, Bahia?

Marcia de Fatima Ribeiro
Eva MoOnica Sarmento da Silva
Rémulo Augusto Guedes Rizzardo

Introduction

Pollination is the process where pollen grains from anthers are transferred to the stigma
of the same flower (self pollination) or to the flower of a plant of the same species (cross
pollination) (HArRDER, 1997). It is fundamental in the sexual reproduction of most of the
superior plants, since they are unable to move in searching for sexual partners. Therefore,
they need pollinator agents (biotic or abiotic) in order to transfer the pollen grains from the
male to the female organs. These agents may be: wind, water or animals (FRreras, 1998;
Kevan, 1999). Among the animals are the vertebrates (mammals, rodents, birds) and
invertebrates (butterflies, flies, wasps and bees). According to Frermas et al. (2002), insects
are very relevant for the reproductive success of the angiosperms since they act as pollen
vectors. Moreover, they also have an extraordinary contribution for the sustainability of
the crops (CasTtro, 2002). In fact, ¥ of the crop plants that we use as food depend on
pollination by animals to produce healthy seeds and fruits (BucHmanN & NagHAN, 1996).

Stemodia pratensis (Aubl) C. P Cowan belongs to the family Scrophulariaceae, which
has about 3000 species, mainly in temperate regions, being relatively rare in tropical
regions. The main characteristics of the family are: herbaceous plants, with opposite
leaves, and conspicuous, hermaphroditic flowers (Jovy, 1977).

The species S. pratensis was chosen in the flora of the Chapada because it had an
attractive flower with landing petals, and possibly, nectar guides. Through a direct
observation we saw a bee (Apis mellifera scutellata Lepeletier, 1836) entering the flower
with pollen on it head. Because the anthers are inside the flower and it has a landing
platform, we though this bee could be the pollinator of the plant. Our hypothesis was that
when the bee enters the flower to collect nectar it could receive pollen grains on its head,
and visiting other flowers, it would pollinate them.

Our main aim in this work was to gather information on the flower biology and
physiology of S. pratensis and investigate the pollinator and its behaviour on the flower.
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Material and Methods

The species S. pratensis was studied at Serrano, Serra do Sincora, in Lencois, Bahia
State (12°33'41,1'S; 41°23'41,0"W, altitude of 411m). Lencais is inside the Parque Nacional
da Chapada Diamantina, in a protected area (APA: Area de Protecao Ambiental), well
irrigated by the Paraguacu river and its effluents. The climate has well defined seasons
with high thermal amplitude, although it is inserted in a semiarid region. Most part of the
vegetation is of rupestrian fields and has a few areas of higher trees (VIrRGens et al., 1997).

The studied area is disturbed and the focused plants were located at the side of a
pathway to a water fall, forming two small patches of about 3m? and 2m?, respectively.
The study period was from May, 30" to June, 2", 2005.

Floral biology, anthesis and longevity

The study of floral biology and the floral
syndrome was carried out by observing the
flowers in the field and dissecting them in
the laboratory, under a stereomicroscope.
Flowers were measured in their length and
width using a paquimeter. Entire flowers and
parts of them were photographed with a
digital camera.

Nectar guide was investigated using a
UV lamp (Siva, 2005) on fresh flowers that
were brought to the laboratory.

Figure 1. Flowers of Stemodia pratensis in the
field. (Photo by Marcia M. C. Régo).

In the field the flowers were observed -
from 6:30h to 17:00h to determine its
opening time (anthesis).

Some flowers were marked and checked
for senescence during the entire period of
observation to determine their longevity.

Figure 2. Interior view of reproductive parts of
Stemodia pratensis flowers (Photo by Cristiane Krug)
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Floral sources

Presence of pollen and nectar was detected by direct observation of the floral sources
in the flower, and observation of the flower visitors’ behavior searching for them.

Nectar production and sugar concentration

Using capillaries and a refratometer the authors tried to determine nectar production
and sugar concentration, respectively, collecting nectar from flowers at intervals of one
hour, during all day. Some flowers were also bagged in order to keep and concentrate
larger volumes of nectar for longer intervals (2 or 3 hours up to the entire day).

Stigma receptivity

The receptivity of the stigma was investigated
using H,0, 70%, which was deposited directly on
the stigma of flowers at intervals of one hour,
during all day. The formation of bubbles,
indicating the presence of peroxidase, was used
to confirm its receptivity (Siva, 2005).

Pollen viability

The pollen viability was studied through the

coloration of pollen grains with neutral red 1% Figure 3. Posterior and ventral view of
S . Is of h duri I Stemodia pratensis flowers showing hairs.
(SiLva, 2005), at intervals of one hour, during a (Photo by Paulo Millet-Pinheiro)

day. The flowers were collected and the pollen
grains were seen under the stereomicroscope
checking for dyed grains.

Pollination systems

To study the plant reproductive systems the flowers were bagged:
1) before anthesis, for the natural self pollination;
2) after the visit of an insect collecting pollen, for the spontaneous cross pollination.

Buds were also collected to serve as a control. In all cases the flowers were fixed in
alcohol, for posterior measurements (diameter and length) of ovaries, under a
stereomicroscope (WILD) with a graduate ocular.
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Because the data showed no normal distribution non-parametric tests (Kruskal-Wallis
and Mann-Whitney U test) were applied in order to verify whether the differences were
significant at the level of 5% (P<0.05).

Visitors and potential pollinators

On the two days of observation and data collection (30 and 31/05/05), climatic
parameters (wind speed, in m/s; temperature, in °C, relative humidity, in%) were obtained
a few meters from the study area by Flavia M. C. Ferreira, Cristiane Krug and Anne
Bogdanski, who gently provided them for us.

Most insects visiting the flowers were collected using an entomological net in the first
day of observation. After identifying common visitors, only different ones were collected.
The insects were labeled, identified, and remained at the collection of the Universidade
Estadual de Feira de Santana (UEFS), in Feira de Santana, Bahia and at the Federal University
of Ceara (UFC), in Fortaleza, Ceara. During the second day of observation the presence of
individuals was simply registered in that time and collection occurred only eventually, when
a different visitor appeared.

Pollen slides

Pollen grains from the flower anthers (used as a reference) and from the legs and other
body parts of the bees were collected for comparison. The slides containing pollen grains
were prepared using gelatin and glycerin and were fixed with nail polish (SiLva, 2005).

Results

Floral biology, anthesis Table I. Presence and viability of pollen, given by % of dyed grains by
and longevity

Flowers of S. pratensis were  Time (hours) Presence of % of dyed grains
purple and white (Figure 1). They pollen grains

08:00 yes 100
were small and had on average 09:00 Jes 100
10.09 = 0.76mm of length and  1g:00 yes 100
6.31 = 1.09mm of width (N=10  11:00 yes 100

12:00 yes 100
flowers). TIje sy.mmetry was (35 e 0
zygomorphic, with the floral  14:00 no 0
formula: K6 C3 + (2) A4G1.Two ~ 15:00 no 0
. 16:00 no 0
fillets were longer and located 117:00 no 0

above the other two
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(staminoids?), which were placed at the same height of the stigma (Figure 2). The opening
of anthers was longitudinal. There were hairs in the interior and on the ventral external part
of the petals (Figure 3). It was not possible to identify the function of those hairs.

The flowers presented characteristics of mellitophily: zygomporphy, petals forming a
landing platform, nectar guide (confirmed by the UV), and the pollen was hidden in the
flower. The nectaries were located under the ovaries.Most flowers opened between 8 and
8:30h, and they lasted up to 2 days (N= 13 flowers). After 24h circa of 31% of the marked
flowers died. On the second day, however, there was rain during all morning and this probably
influenced the result of the last day of observation, i.e. all flowers were dead. In any case, in
general, there was a previous senescence of petals and the pistils lasted longer.

Flower sources

Pollen grains were present in the anthers mainly from 8:00 to 10:30h, after that
just a few grains were in the flowers. Around 13:00 h all pollen grains were already
collected by visitors, and were, therefore, absent in the flower (see bellow).

Nectar was offered from about 8:30h up to 16:00h, although we think (based on
our attempts of nectar collection, see bellow) the amount offered was always very
small. In the first day, from 11:00 h up to 12:00h it was observed an increase of
some visitors (i.e., butterflies), and a decrease of others (bees). At this time they
were collecting nectar.

Nectar production and sugar concentration

Due to a very small amount of nectar and/or inadequate size of the capillaries was not
possible to collect any nectar. Neither was possible to measure the nectar sugar concentration.

Table Il. Means and standard deviations (x + sd) found for the analyzed
variables (diameter and length, in mm) for the ovaries of flowers of Stemodia
pratensis submitted to different treatments (control, spontaneous cross
pollination and self pollination). (N= number of ovaries)

Treatments Diameter (mm) Length (mm)
Control 1.92 £ 0.24 3.21 £ 0.45
(N=9) (N=9)
Spontaneous cross pollination 2.61 £ 0.26 4.60 = 0.62
(N= 22) (N= 22)
Self pollination 2.36 £ 0.27 4.12 £ 0.90
(N=7) (N=7)
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Stigma receptivity

As flowers are quite small it was not possible to observe any reaction to H,0O,, and
thus, determine the stigma receptivity.

Pollen viability

Table | shows the percentage of stained pollen grains, and therefore, the viable grains. From
8:00h to 12:00h, time in which pollen grains were present in the anthers, all of them were viable.

Pollination systems

Table Il shows the means and standard deviations (x = sd) for diameter and length
(in mm) of ovaries from S. pratensis flowers found for the control and two treatments
(i.e., spontaneous cross pollination and self pollination). The differences were significant
for both variables (P< 0.001, Kruskal-Wallis test).

When the treatments were significantly different from spontaneous cross pollination and
self pollination, for both diameter and length, although this difference was greater for the
spontaneous cross pollination (all P values < 0.05, Mann-Whitney test, table lll). This could
indicate that self pollination is less important than the other system.

The comparison between the two treatments (self pollination and spontaneous cross
pollination) showed that the values for the diameter were indeed significant (P< 0.05,
Mann-Whitney test), but not for the length (P> 0.05, Mann-Whitney test, table llI).

Visitors’ frequency and behavior, and potential pollinators

A total of 45 individuals were collected on the flowers (table IV), mainly bees (~69%) of
several genera, and butterflies (~27%).

Figure 4 shows the data of

two days of observation which
demonstrates the flowers were

-
(X}

|
visited mainly in the morning. | _ " i :
The peak of visitation was | § 2|I
between 10:30h and 11:30h, | § . | e
when temperature was around 2 | ] L JJ' i {
25°C and the wind was less ¢ Il el
than 3m/s and 2m/s, S S SEES (E’Q °?\"5’?&°Qf’°<a°°\<og -
respectively. The relative Time of the day (h)

humldlty presented Iarger Figure 4. Frequency of individuals visiting Stemodia pratensi
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Figure 5. Climatic parameters (Wind, in m/s; Temperature, in °C,
and Relative Humidity, in %) obtained at the field working area on

30/05 (above), and 31/05/05 (below).

variation on the two days:
~64-67% and 63-43%,
respectively (fig. 5).

Among the bees, the most
frequent families were Apidae
(N. testaceicornis and A. m.
scutellata) and Halictidae (i.e.,
Dialictus sp1, Augochlora sp1
and A. sp2) (fig. 6). In fact, N.
testaceicornis was very
abundant: 35% (fig. 6).

Three of the four most
abundant bee species were
collecting pollen (N.
testaceicornis, Dialictus sp1
and Augochlora sp1) and
maybe they were potential
pollinators. The reason is that
it has been suggested that
flower visitors that search for
pollen are more favorable for
pollination  than  when

searching for nectar because they carry larger amounts of pollen in their bodies (FReg,
1998; Frermas, 1995). Although A. m. scutellata was collecting nectar she presented pollen

on her head as well.

Nannotrigona testaceicornis behavior

These bees were the first to arrive
(8-8:15h) and they started to open
even the buds of flowers that were
still not completely open, forcing the
petals with their mandibles and front
legs. For that they walked on the
flower entering on it from above. Then
they collected pollen using their
mandibles and front legs and
pushing the grains to the corbicula.
This behavior was observed as the

flowers were completely open as well.

7%

35%

21% @ Apis mellifera

m Augochlora sp1
0 Augochlora sp2
0O Dialictus sp1

B N. testaceicornis

m Others

16%

Figure 6. Relative frequency (%) of different bees visiting

Stemodia pratensis
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These bees spent quite a lot of time on the flower comparing to others (around 20-23 s).

When we examined the body parts searching for pollen grains we also found them on
their heads, suggesting that besides active harvesting these bees also acquired pollen by
passive contact with anthers.

Dialictus sp1 and Augochlora sp1 behavior

The bees searched for pollen using front legs, but only visited flowers that were completely
open. They collect the grains with mandibles and legs, spreading them on the head and
thorax. They had a faster collecting behavior than the Meliponinae (i.e., ~10-12s).

Pollen slides

Pollen grains of S. pratensis had no ornamentation and were more or less triangular,
with three pores or depressions.

Pollen grains found on the body (legs, head, and the rest of the body) of N.
testaceicornis, Dialictus sp1, Augochlora sp1, Augochlora sp2, and A. m. scutellata were
from S. pratensis, and other plants as well. This indicates that these bees were collecting
pollen (and/or nectar) in other sources at the same foraging trip.

Discussion

Although self pollination also occurs, spontaneous cross pollination probably brings
larger benefits for the flowers (our results on the diameter of ovaries).

Based on the observations on the availability of pollen on the flowers, the frequency
and density of individuals at the flowers, their behavior collecting pollen, and the
confirmation through the

pO”en slides, is pOSS|b|e to Table lll. P values obtained for comparisons with Mann-Whitney U test
conclude that the potential made between the analyzed variables (diameter and length, in mm) of

pollinators may be N.
testaceicornis, Dialictus sp1
and Augochlora spl.
However, A. m. scutellata,

) Control x spontaneous cross P < 0.001 P < 0.001
which was not seen pollination
collecting pollen, may also

Comparisons Diameter (mm) Length (mm)

be a potential pollinator Control x self pollination P = 0.007 P =0.020
since she indeed carried

. Spontaneous cross pollination x
pollen grains on her head. self pollination P = 0.044 P =0.110
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There is a possibility that the smaller stamens were staminoids and were offering only
not viable pollen while the larger stamens were depositing viable pollen grains on the
head of some bee visitors (i.e., the mentioned potential pollinators) which would work as
true pollinators. However, pollen grains found in the bees’ head may have lower germinability
than the grains found in other body parts (Freiras, 1997a). On the other hand, bees’ head
could reach the stigma more efficiently than the corbicula for example. And assuming
that pollen grains tend to stay at the body area they were deposited (as pollen grains of
cashew on A. mellifera; Freitas, 1997b), this bee could be effective pollinator as well.

Obviously more detailed studies are needed for confirmation of our suggestions.

Table IV. Number and identification of the insects collected in the flowers of Stemodia pratensis (N= number
of individuals).

Order Family species N
Lepidoptera 12
Diptera Syrphidae 1
Hymenoptera Chalcididae 1
Hymenoptera Anthophoridae Centris Fabricius, 1804 sp1 1
Hymenoptera Anthophoridae Centris Fabricius, 1804 Sp2 1
Hymenoptera Anthophoridae Exomalopsis Spinola, 1853 2
Hymenoptera Megachilidae Larocanthidium Urban, 1997 1
sp.
Hymenoptera Halictidae Dialictus Robertson, 1902 sp1 5
Hymenoptera Halictidae Augochlora smith, 1853 spl 1
Hymenoptera Halictidae Augochlora smith, 1853sp 2 4
Hymenoptera Apidae (Apini) Apis mellifera scutellata 3
Hymenoptera Apidae Nannotrigona testaceicornis 13
(Me[ipon]naj) Lepeletier, 1836
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Some Aspects of the Floral Biology of Marcetia bahiensis
(Brade & Markgraf) Wurdack (Melastomataceae), in the
Chapada Diamantina, Bahia

Fernando A. O. Silveira
Flavia S. Faria

Melastomataceae comprises nearly 4500 to 5000 species in 166 genera, with 3000
species distributed in the Neotropical region (Renner, 1993). Its small or large flowers are
generally periginous, tetra or pentamerous, conspicuous, hermaphrodite, with
actinomorphic or zygomorphic symmetry. The tubular anthers contain the pollen grains
that are allowed to be dispersed through a small pore at the anther apex (poricidal
dehiscence) mediated by a biotic vector (Renner, 1989). After a complex sequence of floral
movements during anthesis, most species are pollinated by bees that vibrate their thoracic
muscles to remove the pollen from their anthers (PiNHEIRO, 1995; MELO & MAacHADO, 1996;
LarsON & BARRETT, 1999; BusH & RivEra, 2001; GoLDENBERG & VARASSIN, 2001 ; OLIVEIRA-REBOUGAS
& GivenEes, 2004). This kind of pollination is called buzz or vibratile pollination (BucHMmANN,
1983, ProcTOR €t al., 1996).

Buzz pollination also occurs in other eight monocot families and 63 dicot families
(BucHmann, 1983). In general, pollen is the only resource offered to pollinators by buzz-
pollinated species (ProcTor et al., 1996). Female bees of Colletidae, Andrenidae,
Anthophoridae, Halictidae and Apidae forage at the onset of the day collecting pollen from
buzz-pollinated species and storing the small-sized pollen on the hairs located at their legs
(BucHmann, 1983).

The reproductive system in Melastomataceae varies greatly; there are self-compatible,
self-incompatible and apomitic species (RENNER, 1989; GoOLDENBERG & VARASSIN, 2001).
Apomixis (or agamospermy) is defined as the production of asexual seeds (KoLtunow &
GrossnNikLaus, 2003). Recent studies have shown that many Melastomataceae species
present high levels of apomixis and that this phenomenon is almost restricted to Miconiae
(GoLbeNBeRrG & SHEPHERD, 1998). Those species also have low pollen viability (below 20%)
compared to the non-apomitic species which present pollen viability above 85%
(GOLDENBERG & VARASSIN, 2001).

Although many progresses in reproductive biology of Melastomataceae have been
made in various ecosystems, little attention was given to Brazilian species. Since most
studies in Brazil have been conducted in the Amazon forest and in Cerrado (Brazilian

93



Table | - Sequence of events during flower anthesis of M. bahiensis
(Melastomataceae).

Event Time of first Event length
occurrence (hours)
Stigma exposition 3:00h - 4:00h 3
Petal unfolding 4:00h - 5:00h 3
Filaments unfolding 7:00h - 8:00h 2
Filaments stick together 8:00h - 9:00h 1
Filaments spreading 9:00h - 10:00h 10
Filaments grouping 18:00h - 19:00h 48

savannas) (MeLo & MacHapo, 1996), insufficient data is available to draw any solid
conclusions on the distribution of apomixis within the Melastomataceae tribes and its
potential correlations with habitat and growth form (RenNER, 1989; GOLDENBERG & SHEPHERD,
1998). Therefore, the goal of this study was to study the reproductive biology of Marcetia
bahiensis (Brade & Markgraf) Wurdack (MFlastomataceae) at Chapada Diamantina, Bahia.
The following hypotheses were tested: 1) Filament movement is visited-induced and 2)
Pollen viability correlates with the breeding system.

Material and Methods

Studied area and species

This study was conducted between May and June 2005 at Serra do Sincora, municipality
of Lengdis, Chapada Diamantina, Bahia, northeastern Brazil. The main vegetation in the
studied area is called rupestrian fields. The soils are acidic, nutrient-poor with the
occurrence of quartzite outcrops where an extremely diverse and endemic flora establishes.
The climate is mesothermic with dry winters and rainy summers, with low precipitation
and high temperatures (HARLEY, 1995).

Marcetia bahiensis is a shrub up to 1.5 m tall, endemic of Bahia state, northeastern
Brazil. It only occurs at Lengdis, Palmeiras and Morro do Chapéu in rupestrian fields from
400 to 1200 meters a.s.l. Marcetia bahiensis blooms and fruits mainly between November
and July (MarTiNs, 1989).

Floral biology and breeding system

Eleven M. bahiensis individuals on rocky outcrops were marked and individual
flowers and flower visitors were observed between 04:30h and 02:00h during three
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consecutive days. All events during anthesis were observed and the time of first occurrence
and duration of each event was recorded.

Five flowers were immersed in neutral red solution (1%) to test for the presence of
osmophores [12]. Pollen viability was also assessed through immersion in neutral red
solution (1%) in six anthers from one-day old flowers, seven from two-day old flowers and
three from three-day flowers. Pollen grains were counted in an area of 0.09 mm? per
anther and pollen viability rate was calculated through the following formula:

Pollen viability = n° viable pollen grains / total pollen grains

To estimate variation in pollen grain size, 30 pollen grains from three anthers of three
individuals were stained in neutral red solution (1%) and measured with an optical
microscope (A = 400x).

The breeding system was studied using manipulated pollinations (GOLDENBERG &
SHEPHERD, 1998). Treatments were performed to check for spontaneous open-pollination
(flowers marked), manual cross-pollination (pollen from another plant, emasculated and
bagged), manual self-pollination (pollen from the same flower and bagged) and apomixis
(flowers emasculated, style cut off and bagged).

The number of flower buds and fruits in three inflorescences from all individuals (n = 33)
was recorded and their reproductive success in the field was estimated according to the
formula:

Reproductive success = total fruits / total flower buds.

Some flower buds had already abscised but it was possible to record the exact location
of the abscised buds because of the scar left in the shoot.

Results and Discussion
Marcetia bahiensis presents inflorescences composed of simple or modified dichasia

along the shoots. The flower calyx is reduced, the white petals are 4-5 mm long, the
filaments are 2.5-3mm and style is 6mm long (MarTINS, 1989).

Table Il - Flower traits of M. bahiensis (Melastomataceae) in different days.

Day Pollen viability (%)_ Herkogamy Flower senescence

1 95 Strong Absent
2 98 Moderate Weak
3 93 Moderate Strong
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Figure 1 — An individual of M. bahiensis growing on rocky outcrops (A) and the detail of its flowers (B).

Anthesis began between 2:00h and 4:00h in a specific sequence of floral movements
(Table 1). The stigma exposition began at dawn and lasted until 6:00h (Figure 2A). By this
time, petal unfolding was completed in most flowers yet filaments were still folded with
anthers pointed downward (Figure 2B). Afterwards, filaments bent out (Figure 2C) and stuck
together in the center of the flower within a relative short period of time (Figure 2D) spreading
out in an actinomorphic arrangement (Figure 2E). Finally, filaments grouped again and this
display remained for 48h (Figure 2F) until senescence. The complete anthesis lasts for 12
hours and the flowers lasted for four days (Table ). Contact between stigma and anthers
was not observed, rejecting any possibility of self-pollination during anthesis.

Neither flower scents nor the presence of osmophores were verified. Pollen was
considered the only floral reward as flowers lack other flower rewards, such as oils or
nectar. A strong herkogamy was observed in first-day flowers (Table II). Different filament
and style sizes (MarTINS, 1989) associated with spatially separated organs should be an
effective strategy to prevent self-pollination (Renner, 1989). However, in second- and third-
day flowers, herkogamy was reduced because there was no longer a spatial separation
between filaments and style (Table II).

Extended anthesis with complex floral movements has been described for other
Melastomataceae. Miconia ciliata anthesis begins at 08:00h and lasts for nine to ten
hours to be completed (MeLo & MacHabo, 1998). In Henrietta succosa, flowers open at
05:00h and anthesis lasts for seven hours. The sequence of floral movements in M.
bahiensis is very similar to H. succosa and M. ciliata. However, in H. succosa after 14h
total senescence occurs and when anthesis is completed in M. ciliata, all flaments are
positioned in one side of the flower. In M. bahiensis however, after 24h senescence takes
place in the petals, but in filaments evidence of senescence is presented only after 48h. In
Marcetia taxifolia, petal senescence occurs only after seven days (PiNHEIRO, 1995). As flower
visitors were extremely rare (see below), and even so flower movements took place
independently, the hypothesis that filament movement is visited-induced was rejected.
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In all treatments of manipulated pollinations, reproductive success was greater than
94%, indicated by a high level of fruit formation (Table Ill). These results agree with data
collected from our estimate on the reproductive success of 33 open inflorescences in the
field (94 = 0.051%), though caution should be taken in interpreting these results because
fruit abscission may have occurred afterwards due to late-acting self-incompatibility.

These results would suggest that M. bahiensis is self-compatible, agreeing with Renner (1989)
who verified that most Melastomeae are self-compatible and that self-incompatibility is almost
restricted to Miconieae and Rhexieae. However, Renner (1989) and PinHeirO (1995) state that self-
pollination in melastomes is almost impossible to happen because of the strong herkogamy
caused by poricidal anthers. Thus, high fruit formation in self-pollination should be due to apomixis,
which may also account for fruit formation in the open- and cross-pollination treatments. High
and equal values of fruit formation among pollination treatments can be interpreted as the occurrence
of apomixis. The criteria used to determine fruit set was ovary development, as we did not have
access to mature fruits. During fruit development the ovary size increased and the hypanthium
acquired a red color resembling the mature fruits. Thus, M. bahiensis may be considered an
apomitic species. Apomixis is reported to be less frequent in Melastomeae (22.2%) than in Miconieae
(63%; GOLDENBERG & SHEPHERD, 1998).

Mean pollen-size was 19.86 = 2.98 im. Apomitic species often show high variable pollen
sizes (P Kevan, pers. comm.). This was not the case of M. bahiensis which showed high
pollen size homogeneity. Low pollen viability should be expected in apomitic species, but

Figure 2 — Sequence of events during M. bahiensis anthesis. For detailed description of each
event see Table | and text.
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pollen viability was greater
than 90% (Table Il). PINHEIRO
(1995) found 90% of pollen
viability in the non- -

Table Il - Results of the manipulated pollinations (% of fruits formed,
with total number of flowers used in brackets) of M. bahiensis

L . Treatment Reproductive success
apomitic M. taxifolia. Spontaneous open-pollination 97 (34)
Hence, caution should be  Manual cross-pollination 100 (8)
taken in using pollen Manual self-pollination 95 (24)

Apomixis 94 (15)

viability as an indicator of -2EXUE
apomixis. Low viable pollen
associated with apomixis may be true for Miconieae (GoLDENBERG & SHEPHERD, 1998, GOLDENBERG
& VarassiN, 2001) but not for Melastomeae. Aciotis acuminifolia (Melastomeae) is capable of
producing seeds apomitically yet its pollen grains are viable (Renner, 1989). Therefore, the
hypothesis that pollen viability correlates with the breeding system was rejected.

During all the observational period flower visitors were rarely observed and none of them
were considered effective pollinators (Table V). Pollination of bee-pollinated melastomes is
generally performed by Xylocopa, Melipona and Augochioropsis species (ReNNER, 1989) even
though species of Augochlora (MeLo & MacHapo, 1998), Centris (OuveirA-ReBoucas & GIMENES,
2004), Bombus (LarsoN & BarreTT, 1999) and others are reported. The visit by Augochloropsis sp.
took only two seconds, and although it performed a vibratory movement during pollen collection,
the stigma was never touched, which puts the species in the category of pollen thief. Although
they have an important role in pollinating crops (Hearp, 1999), Trigona species are known for
robbing nectar from Melastomataceae flowers. They rob pollen from the apical pores of the
tubular anthers as far as their tongues reach and then cut off the top of the anther to expose
more pollen (Renner, 1983). Thus, Trigona spinipes should not be considered as a pollinator of
M. bahiensis. The other flower visitors were rejected as potential pollinators because of their
behavior on the flower and because of their feeding habits, which are mainly carnivorous.

The lack of pollinators also supports the hypothesis that M. bahiensis is an apomitic
species. GoLbENBERG & VARASSIN (2001) observed that apomitic melastomes were not visited
by bees, while bee activity was detected in non-apomitic species.

So, who pollinates Marcetia bahiensis? Wind pollination is unlikely to take place because
the tubular anthers with poricidal dehiscence prevent pollen removal by wind (ReENNER, 1989).
In addition, M. bahiensis has a small punctiform stigma with a reduced area to collect
pollen (MarTiNs, 1989). The absence of flower scents could account for the absence of
pollinators. However, most melastomes do not produce flower scents (Renner, 1989) but are
still visited by bees and other animals. PinHeiro (1995), studying the reproductive biology of
five melastomes in restinga (plant communities in southeastern Brazil under marine
influence), observed that Marcetia taxifolia flowers were rarely visited by bees, although it
bloomed several times a year. A phylogenetic approach on the reproductive biology of
Marcetia species may be important in order to evaluate the reproductive strategies within
the genus. Achieving a certain level of independence of pollinators, through apomixis, may
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represent an adaptive

strategy because M.

bah/e’?SIS IS. strongly Flower visitor Visit duration ~ Time of the ‘Category

associated with harsh (sec) day

environments (MARTINS, Halictidae ) 2 09:30 Pollen thief
Augochloropsis sp.

1989) such as the Apidae 1 10:00 Occasional

. . Trigona spinipes
Chapada Diamantina . oore sPiniP

Table IV - Flower visitors of M. bahiensis (Melastomataceae).

Araneae resident Night Occasional
(HARLEY, 1995), Orthoptera resident Morning Occasional
Curculionidae resident Afternoon Occasional

Why M. bahiensis
produces such visually attractive flowers is still unclear. Phylogenetic relationships between
and within Melastomataceae tribes should be taken into account in evaluating the
occurrence and significance of apomixis in the family. Solid conclusions about the
evolution of apomixis in the family will only be possible with additional data collection in
contrasting environments from species from different tribes.
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Aspectos da biologia floral e visitantes de Evolvulus
glomeratus Nees & Mart (Convolvulaceae) no municipio
de Lencgdis, Chapada Diamantina, Ba

Juliana Hipdlito de Sousa
Synara Matos Leal
Josenilton Alves Sampaio

A familia Convolvulaceae esta amplamente distribuida, sendo encontrada
principalmente, na regido tropical com representantes em climas subtropicais e temperados
(Barroso et al., 1986; MasBeRLeY, 1987 apud Lerte et al., 2005; RiBeiro & BiancHINI, 1999). E
composta por 55 géneros e 1930 espécies descritas, aproximadamente, sendo 0s géneros
com maior numero de espécies lpomea (600 sp), Convolvulus (250), Cuscuta (150), e

Jacquemontia (120) (Juop et al., 1999).

Normalmente s&o plantas arbustivas, subarbustivas ou trepadeiras, sendo raramente
arbustos, arvores, ou holoparasitas. Suas folhas sé&o alternas, simples ou compostas,
na maioria das vezes sem estipulas, sésseis ou pecioladas, e algumas vezes reduzidas
aescamas. As inflorescéncias determinadas, as vezes estao reduzidas a uma flor solitaria,
terminal ou axilar. As flores s@o normalmente bissexuais radiais, diclamideas, monoclinas,
com duas bréacteas por flor, sépalas livres ou imbricadas, com corola actinomorfa,

Foto: Juliana Hipodlito

Figura 1A e 1B - Detalhe das flores de E. glomeratus
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gamopétala, de perfloragdo imbricativa contorcida, infundibiliforme, campanulada,
hipocrateriforme. O androceu possui 5 estames alternos com os lobos da corola, basifixos,
filetes filiformes geralmente dilatados na base, com ou sem tricomas glandulares, anteras
basi ou dorsifixas. O gineceu possui um estilete bifido ou partido, ou dois estiletes distintos,
sendo o estigma terminal, e seu ovario supero (BIaNCHINI & Pirani, 1997).

Possuem espécies de importancia econémica, dentre elas a espécie Evolvulus
glomeratus, muito freqlente em campos rupestres. Esta espécie possui ampla variagéao
morfolégica apresentando muitas subespécies e variedades, e vem sendo cultivada e
comercializada como ornamental, com o nome popular de “mimo-do-céu” ou
“vassourinha rasteira” (BiancHINI & Pirani, 1997).

As flores de Convolvulaceae parecem ser bastante atrativas a insetos, e ficam abertas
por um dia ou menos (geralmente apenas algumas horas) tendo o néctar como
recompensa. Embora existam trabalhos que investiguem a polinizacado, interagdo com insetos
e a biologia floral de outras espécies dessa familia (Suarez et al., 2004), poucos séo os trabalhos
encontrados sobre a ecologia da polinizagédo de espécies que causaram problemas em
ecossistemas agricolas
(KL & RaNGa, 2003;
PiEDADE-KIILL & RANGA,
2000), como por exemplo
de Evolvulus glomeratus,

Tabela l. Principais alteragdes fisiolégicas e morfolégicas da flor de E. glomeratus
durante o periodo de observacdo em Lengois, Chapada Diamantina, BA

Evento Hora* Duragao
espécie estudada no (aproximadamente)
Antese da flor 5:00 - 8:00 3h
presente trabalho, onde Corola em formato de estrela 06:20 1h 20 min
sao apresentadas  Corola em formato de 7:10 2 h 10 min
. - pentagono
algumas 'nforma@oes Corola em formato de circulo 8:00 3h
acerca de sua bio|ogia Deiscéncia da antera 7:20 - 7:40 2 h 30 min
. "Deflexdo" do estigma 08:42 3h 42 min
floral e morfolog|a floral, Senescéncia (murchamento 12:55 - 16:46 7 h 55 min-
com registro dos da corola até fechamento) 11 h 46 min

visitantes florais.

Material e Métodos

Area de Estudo. O estudo foi desenvolvido no extremo sul da Chapada Diamantina,
na Serra do Sincord, na cidade de Lengdis, Bahia. Esta cidade que se encontra entre
montanhas e possui a altitude de 394m, apresentando vegetacdo de campos rupestres
com a presenca de um dos tipos de vegetacdo campestre relacionada floristicamente
com o cerrado e freqUente na Chapada, que sao 0s “campos gerais”; estes ocorrem em
relevo plano ou ligeiramente ondulado, e recobrem solos arenosos e profundos, aonde
sdo encontradas muitas espécies herbaceas e subarbustivas. O clima é geralmente mais
Umido quando comparado a areas com a mesma altitude, devido a maior proximidade
com o Oceano Atlantico (HarLEy, 1995).
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A espécie estudada tem habito arbustivo perene, muito ramificada, com folhas simples,
cartaceas. Apresenta flores sésseis, reunidas em inflorescéncias, onde geralmente encontra-
se 2 a 3 flores abertas e as outras fechadas, normalmente abrindo 1 ou 2 dias depois,
possui sepalas exteriores elipticas e interiores oval-elipticas de 5 a 8mm de comprimento. A
corola hipocrateriforme, com coloracao azul ou branca (mais raro), com 12 a 15 mm de
comprimento, um tubo de 3 a 6 mm também de comprimento, estames exsertos, filetes
glabros, anteras sagitadas. O ovario é globular, bilocular (BiancHiNi & Pirani, 1997).

Procedimento Metodoldgico. As observacdes de biologia floral foram realizadas durante
03 dias em duas areas as margens dos rios Ribeirdo do Meio e Serrano, das 4:00 as 17:00
onde foram marcados aleatoriamente 10 botdes florais. Cada botéo foi, entdo, acompanhado
desde a fase de antese até o murchamento da flor, registrando-se cada mudanca para
assim determinar o horario de antese, caracterizar as fenofases e a longevidade das flores.

Para verificar a viabilidade dos graos de pdlen, anteras de diferentes flores (5) foram coletadas
em 5 intervalos para que compreendessem diferentes estagios da flor (em botao, em antese no
formato de estrela, em antese em formato de pentagono, apds a deiscéncia das anteras e
durante sua senescéncia),
totalizando 25 amostras que
foram acondicionadas em
ependorfes  contendo
solucao de vermelho neutro
(1%) (Darni, 1992), com a
confeccéo de laminas para
a estimativa do percentual
do numero de graos de
pdlen viaveis de acordo com
a hora em que o material foi
coletado. A receptividade
estigmatica foi detectada
com o perdoxido de
hidrogénio, segundo
metodologia proposta por
Darnt (1992): os estigmas
foram mergulhados em
uma gota da solucéo e Figura 2: Sequéncia de abertura
mediante a formacéo de de £ glomeratus
bolhas na superficie

foto: Juliana Hipdlito

- 2.A — Flores em botao

eStigmatiCax a flor foi - 2.B — Flores iniciando a antese
considerada com estigma - 2.C — Flores em formato de estrela

. - 2.D - Flores em forma de
receptivo. pentagono

- 2.E —Flores em formato de circulo
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Tabela II. Viabilidade polinica das flores de E. Flores foram coletadas (n=>5) e colocadas
glomeratus em Lengdis, Chapada Diamantina, BA. em potes de vidro, que foram fechados por
aproximadamente 1 hora e depois abertos,

Hora % de gréos viaveis  1arg retirada do ar do interior do recipiente e
oBso-Baooh gf’; deteccao da fragrancia. Também foram
07:00h 72,3 separadas as partes florais em potgs (cada

07:24 - 07:33 76,10 pote contendo 5 partes), ou seja potes
15:10h 75 contendo sépalas (n=5), pétalas (n=5),

anteras, estames e nectarios (5), para detectar
onde o odor poderia estar sendo produzido.

Visitantes florais foram coletados pelo método de varredura idealizado por Sakacawmi et al.
(1967), com modificagdes, utilizando-se redes entomolégicas, a cada 1 hora, no periodo de
8:00 as 15:00h. Alguns espécimes foram coletados utilizando-se potes pequenos de vidro,
enquanto repousavam ou caminhavam sobre flores. Os espécimes coletados foram mortos
em camaras contendo acetato de etila e, posteriormente, alfinetados para identificacdo dos
mesmos, quando possivel até o nivel de espécie. Os espécimes encontram-se depositados
na colecéo de referéncia do Laboratério de Biologia e Ecologia de Abelhas (LABEA).

Resultados e Discussao

Evolvulus glomeratus apresenta flores com corola hipocrateriforme e estigma localizado
em posicao um pouco mais alta que os estames; provavelmente ha uma separagao espacial
dessas estruturas (hercogamia). Sua antese, caracterizada pelo afastamento das bordas da
corola, ocorre obedecendo a um padrao de estrela — pentagono - circulo (Figura 1). Iniciando
a abertura por volta das 05:00 (Tabela 1), a deiscéncia da antera ocorre aproximadamente 2
horas e 30 minutos apds a antese da flor. O estigma comecava a apresentar um processo de
deflexdo quase 4 horas apds a antese da flor, que possui a duracéo de apenas meio dia
(aproximadamente 12 h). O processo de senescéncia floral, caracterizado pelo murchamento
das bordas da corola, inicia aproximadamente 8 horas ap6s a antese da flor.

Foto: Juliana Hipélito

Figura 3: Foto A, B e C: Flores de E. glomeratus e visitantes (Trigona spinipes).
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Os testes de viabilidade polinica demonstraram que durante toda a vida da flor mais
de 50% dos graos de pdlen nas anteras se apresentam viaveis, sugerindo assim uma
separacao temporal da funcionalidade dos érgaos reprodutivos (dicogamia), ja que as
anteras abrem apenas 2 horas aproximadamente apds a antese da flor, lembrando que
até as 7:00h as anteras ainda nao sofreram deiscéncia, esta ocorre no intervalo de 7:24 e
7:33h (Tabelall).

O estigma se mostrou receptivo durante toda a vida da flor. Os testes de odor nao
foram significativos, ou seja, ndo se conseguiu detectar fragrancia alguma com a
utilizagdo do método escolhido.

Na coleta de visitantes o maior nimero de individuos coletados foi o de Augochlora
sp (12), seguida por Apis mellifera scutellata Lepeletier, 1836 (9), sendo que dos individuos
coletados (44), as abelhas representam 75%. Outras espécies encontradas foram
representantes das seguintes ordens: Diptera, Hymenoptera (Formicidae, Vespidae,
Chalcidoidea), Lepdoptera, Coleoptera (Curculionidae) e Hemiptera (Figura 5)(Tabela lll).

O comportamento individual dos visitantes néo foi avaliado, ndo sendo possivel assim,
inferir qual seria o polinizador eficiente, ou polinizadores. Entretanto, a predominancia de
abelhas encontradas em Evolvulus glomeratus, corresponde com a sindrome Melitdfila
apresentada pela familia Convulvulaceae, a exemplo de lpomoea asarifolia (KiLL & RANGA,
2003) e Jacquemontia
multiflora (PiEbADE-KiiLL &

Ranga, 2000). Tabela Ill. Diversidade de visitantes em flores de Evolvulus glomeratus,
durante o periodo de observagao, em Lencdéis, Chapada Diamantina, BA.

Individuos de Apis m.

scutellata e Augochlora Grupo taxondmico Espécie Hora de coleta
sp1 foram encontrados em Coleoptera Coledptera sp. 14:50
. N Curculionidae sp 14:55
E. g/omeratus de 8:00 as Hymenoptera Chalcidoidea (micro) 14:55
14:00 horas, enquanto que Formicidae
4 Formicidae sp 14:56
ag duas especies qe Formicidae sp1 14:58
Diptera coletadas, assim Formicidae sp2 14:58
: Vespidae
Co'm'o as abellhlas Trigona Vespidas 55 10:00
spinipes (Fabricius, 1793) e Apidae
Py Apis mellifera scutellata 08:00
Dialictus — sp1, foram Nannotrigona testaceicornis 11:00
encontradas apenas nas Partamona sp 08:00
: : Partamona sp 14:53
dua/s primeiras horas. 0 ona SpHipes Hétn
Porem, as abelhas foram, Halictidae
: Augochlora spl 09:00
de uma maneira geral' Augochlora spl ? 14:00
Augochlora sp2 10:00
Dialictus sp1 09:00
Anthophoridae
Exomalopsis spl 11:00
Ceratina sp 13:00
Lepdoptera Lepdoptera sp 12:00
Hemiptera Hemiptera sp 14:56
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Foto: Juliana Hipolito

Figura 4: Detalhe de visitante com graos de podlen de E. glomeratus

4.A — Detalhe abdémen de Augochlora sp1 - 4.B — Detalhe escopa de Apidae sp

Individuos coletados em Evolvulus glomeratus , Chapada Diamantina, Lencgois,
Ba. 2005
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Figura 5 — NUmero de individuos coletados de cada espécie em flores de Evolvulus glomeratus durante um
dia (8:00 as 15:00).
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Individuos coletados em Evolvulus glomeratus , Chapada
Diamantina, Lencois, Ba. 2005
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Figura 6 — Espécimes coletados em E. glomeratus e sua distribuigdo ao longo do dia.

coletadas em todos os horarios amostrados, apesar com ndmero baixo de espécimes
coletados (Figura 6).
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Yellow and Red Anthers in Pavonia cancellata — \What do
They Mean?

Patricia M.C. Albuquerque
Marcia M.C. Régo

Introduction

Most flowering plants depend on animals for effective pollination and sexual reproduction
(BucHmanN & NasHAN, 1996). The flowers can be breeding and resting places for some bees
(FaEGRI & VAN DeR PuL, 1979; Sivpson & NEFF, 1981). At the same time, most of the more
familiar insect groups, including most bees, butterflies and moths, and also some flies and
beetles, depend for their sustenance upon pollen or nectar rewards provided by flowers.

The allocation of pollen between the pollen producing flower and the pollinating bee
can best be studied in the case in which flowers are visited almost exclusively by oligolectic
pollinating bee species (ScHLINDWEIN et al., 2005). Bees of these species are specialized to
collect pollen only in flowers of the same genus or plant family. Such is the case of
Pavonia cancellata according to SCHLINDWEIN & MARTINS (2000).

The idea that pollen and anthers function as signals to the insects has been observed
by many pollination biologists (FAEGRI & VAN DeR PuL, 1979; BarTH, 1991).

Pavonia comprises about 150 species (CronauisT, 1981), distributed in the neo- and
paleotropics. Pollination by bees and birds is reported in this genus. The flowers of most
studied species of Pavonia are self fertile (GoTTSBERGER, 1972).

Pavonia cancellata Cav. is a prostrate, creeping half-shrub, common at ruderal sites on
sandy soils in Northeastern Brazil. Flowers of Pavonia have numerous stamens with large
pollen grains (BartH, 1975). The large size of pollen grains in melittophilous flowers is often
cited in relation to behavioural and morphological specializations of pollen-collecting bees,
thus explaining their oligolecty (Rousik, 1989; GimeNEs, 1991; ScHUNDWEIN & MARTINS, 2000).

In a population of Pavonia cancellata close to Lencois-BA at Chapada Diamantina
National Park, it was noted that there were two different flowers, one with red anthers and
another with yellow ones. The colour change in flowers, fruits, seeds, and leaves, due to
a change in water-soluble pigments, is a well-known phenomenon and it has been proved
that such colour changes enable insects to locate flowers in full anthesis immediately, so
that they can avoid the younger and older ones (GotTtsBercer, 1971). The P cancellata
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Figure 1. Different anther colours of Pavonia cancellata flowers a) yellow anthers; b) red

populations at Lengdis are in two different places, one in a place called Serrano, about 1
Park and the Marimbus-Iraquara Environmental Protection Area, classified as a “rigorous
protection area”, about 27 Km away from the city center.

We asked: Would the visiting guilds of an undisturbed and adisturbed area be the same?
Would the different anther colours be a sign of flower senescence or be related to pollen viability
or maybe a means of selection for the floral visitors? Which flower visitors are effective pollinators?

Materials and Methods

Study site

The field study was performed during 29, 30 and 31 of June and 01 of July 2005 at
Chapada Diamantina National Park, Northeast of Brazil about 400 Km from Salvador,
Bahia State. The first study site was located at Serrano locality near the Lencdis River.
Because of its proximity to the city center, this area experiences the effects of human
activities, which include mainly the collection of wood products and the sporadic aerial
applications of insecticides that are used to kill mosquitoes and thus prevent “dengue”
disease. The second ones were located in a rigorously protected area at Pai Inacio s Hill
near the TELEMAR tower. The local climate is mesothermic, tropical semi-humid. Rain
predominates in the austral summer (November-danuary), with a secondary maximum in
March and April. During the austral winter months (May-August), rainfall decreases and
a marked dry period occurs from August to October under the influence of the South
Atlantic Anticlone. Medium annual rainfall is 1138 mm, annual average temperatures vary
between 22 and 25°C, with minimum averages approximating 15°C (FuncH et al., 2002).

110



Figure 2. Different aspects of Pavonia cancellata flowers during the anthesis: a) closed bud; b) beginning
of anthesis; ¢) closed bell; d) open bell ; e) open flower and f) wilted flower.

Floral morphology and anthesis

The total pollen content of an anther was transferred to a microscope slide and prepared
for pollen counting. To assay viability and availability of pollen grains six flowers of each
locality and three anthers of each flower of both anther colours were used. The first flower
was collected one hour after beginning of anthesis in unexplored flowers (not visited by a
pollinator); the second two hours later and so on until the end of anthesis (wilted flower).
Methylene blue was used in the red anthers and neutral red was used in yellow ones. The
average pollen count per flower was calculated multiplying the average pollen content of
an anther by the average number of stamens per flower.

Buds of six plants of each locality and colour were marked individually, and anthesis
of these flowers, which were accessible to flower visitors, was monitored until senescence.

Frequency and behaviour of flower visitors

Vouchers of visiting insects were collected in Pavonia cancellata. Frequency of flower
visitors was determined by counting bees and others insects of the different species at
the flowers during a total of six hours. During each visit it was checked whether the bees
came in contact with the stigma.

The local vegetation at the study sites consists of ruderal plants with the predominance
of herb and shrub vegetation known as “campo rupestre”.

111



Floral morphology and anthesis

The total pollen content of an anther was transferred to a microscope slide and prepared
for pollen counting. To assay viability and availability of pollen grains six flowers of each
locality and three anthers of each flower of both anther colours were used. The first flower
was collected one hour after beginning of anthesis in unexplored flowers (not visited by a
pollinator); the second two hours later and so on until the end of anthesis (wilted flower).
Methylene blue was used in the red anthers and neutral red was used in yellow ones. The
average pollen count per flower was calculated multiplying the average pollen content of
an anther by the average number of stamens per flower.

Buds of six plants of each locality and colour were marked individually, and anthesis
of these flowers, which were accessible to flower visitors, was monitored until senescence.
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Figure 3. Visits of bee species (Ptilothrix plumata and five tiny Halictinae species) and the beetle (Pristimerus
sp.) during one day to flowers of Pavonia cancellata in two study sites: a — at Pai In4cio’s Hill and b — at
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Frequency and behaviour of flower visitors

Vouchers of visiting insects were collected in Pavonia cancellata. Frequency of flower
visitors was determined by counting bees and others insects of the different species at
the flowers during a total of six hours. During each visit it was checked whether the bees
came in contact with the stigma.

The relative frequencies were calculated for each bee species.

Results

Floral morphology and anthesis

The flowers of Pavonia cancellata are campanulate, erect, light yellow, with dark-violet
throat. The style is enclosed in a column formed by fused filaments and terminates in ten
free, visible, filiform stylar lobes, each ending in a globose, papillous stigmatic head. The
ovary is 5-locular, with each locule containing one ovule. The anthers are monothecate and
contain echinate pollen grains, red, yellow, or rarely, both (Figure 1). There was no strong
variation between number of stamens and pollen grains of yellow and red flowers (Table ).

Few flowers open per plant per day, but they do not open synchronously. The anthesis
began at 8:00 a.m. with all anthers already dehisced. At Pai Indcio’s site, maybe due to
the cold weather, the anthesis began at 9:25 a.m. The boom of opening flowers took
place between 10:00 and 11:00 a.m. in Serrano and at around 12:00 a.m. at Pai Inacio
(Table I, Figure 2).

Frequency and behaviour of flower visitors

The Pavonia cancellata flowers were visited by bees of five species: Ptilothrix plumata
Smith, 1853 (Apidae, Apinae, Emphorini), Dialictus sp. (Halictidae, Halictinae, Halictini),
and four species of Augochlora (Halictidae, Halictinae, Augochlorini). Furthermore, we
recorded numerous flower visits of the beetle Pristimerus sp. (Curculionidae, Prionomerini).

Table I. Number of stamens and of pollen grains of a flower of Pavonia cancellata with red and yellow anthers.

Red Anthers Yellow Anthers
Variation Mean Variation Mean
Stamens/flowers 41 - 57 46 40 - 57 48
Pollen grains/stamen 43 - 66 54 32 -64 44
Pollen/flower 2484 2112
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Table Il. Anthesis time of Pavonia cancellata in two localities.

Serrano Plant 01 Plant 02 Plant 03 Plant 04 Plant 05 Plant 06

08:20 ? ? ? ? ?
09:15 * * * * 1§ e
11:25 * * * * * *
14:20 PAS PAS LXK LK LXK LK
Pai Inacio

08:20 ? ? ? 2 ? 9

09:20 ? ? 2 2 ? 9

11:15 PAS . PAS ? ? %
12:10 * PAS * PG * *
13:00 * PG * * *
13:30 LXK ZAS ZAS ZAS 2% S

Pristimerus sp. was an abundant visitor on P cancellata flowers in both studied places.
They visited the flowers to feed on pollen and used them as sleeping sites. No aggressive
interaction was noticed between bees and the beetle. Sometimes it was possible to observe
bees and beetle sleeping together at the same flower.

Ptilothrix plumata was the most abundant species at Pai Inacio “s Hills where only one
Halictinae specie was collected (Figure 3A). On the other hand, at Serrano, Halictinae
species was the most abundant. The bees were more frequent between 11:00 and 14:00
at Pai Inacio and between 12:00 and 15:00 at Serrano (Figure 3).

The pollen grains found at Ptilothrix plumata were only Pavonia sp. grains (red and
yellow). Soon after the beginning of anthesis, P plumata started the pollen collection.
Although pollen was the most collected resource, P plumata also collected nectar.

At the end of anthesis of Pavonia cancellata (13:00-14:30) the P plumata males stopped
flying and stayed unmoving inside the flower until the flower closed completely. In one
flower was possible to notice two bees sleeping together at the same flower (Figure 4).

The P plumata is a medium sized bee and is morphologically adapted to collect big
pollen grains: the bee goes through the filament widthwise and lengthwise collecting the
pollen grains, and as soon as she goes out, she touches the stigmas, which become
saturated with pollen grains. A pollen colleting female of Ptilothrix plumata stayed in a
flower of Pavonia cancellata for 10-29 sec and was the bee species that spent much time
in a flower than the other ones.

The small Halictinae bee species collected pollen and nectar, but they did not touch
the stigmatic heads.

The number of pollen grains in an unexplored flower was between 34 and 55 in red
anther flowers and 52 and 65 in yellow ones (Table Ill). It was observed that by the end of
the anthesis (14:00) they had almost disappeared (Table lI).
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Table lll. Number of pollen grains per anther during the anthesis of Pavonia cancellata.

09:00 10:00 11:00 12:00 13:00 14:00

Pai Inacio

Red anthers 34 - 44 24 - 66 12 - 50 9 -44 9-52 6 -14
39 45 32 23 34 9

Serrano

Red anthers 44 - 55 13 -42 9-22 32 -49 31-46 2-12
49 30 17 43 38 8

Yellow anthers 52 - 65 31 - 46 27 - 45 22 - 54 7 - 44 1-18
59 36 36 41 22 7

Discussion

Floral morphology and anthesis

The P cancellata flowers at Serrano and Pai Incio s hill do not open synchronously
as observed by ScHUNDWEIN & MARTINS (2000) in one population of P cancellata in a Tabuleiro
vegetation at Jodo Pessoa — PB also in Northeastern of Brazil. Despite the very short time
of observation (only four days), it was possible to see that the boom of opening flowers in
those two places were different also. We believe that in hottest and more less cloudy
sites, like Serrano, the anthesis of flowers lasts longer than in colder and cloudy places
like Pai Inacio. At Joao Pessoa, for example, where the climate is tropical and humid with
temperatures between 23.9°C and 26.7°C all year round, the opening time of flowers was
between 5:30 and 6:00 h with around 7 hours of anthesis (ScHLUNDWEIN & MARTINS, 2000).

Different anther colours in different plants of the same species are not a common fact.
It was noticed only one species of Liliaceae that is common in North America and Canada:
Erythronium americanum Ker-Gawler, which has brownish and yellow anthers (Kevan pers.
Inf.). The authors did not find any paper about different anther colours in Pavonia species,
a fatr that was observed only at Serrano, and not at Pai Inacio’s hill or even in other
population of this same species which was found in sand dunes at Sao Lufs — MA. At
Serrano the different anther colours were not a sign of flower senescence, nor was it
related to pollen viability and it did not seem to be a selective way to call the attention of
floral visitors. The pollen grains of red and yellow anthers are viable and floral visitors were
observed at both kinds of flowers in the same way.
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Figure 4. Ptilothrix plumata male sleeping at Pavonia cancellata flower. A — we turned off two
petals and the bees continues sleeping; B — two individuals together.

Frequency and behaviour of flower visitors

At the end of anthesis only a few pollen grains remained in the Pavonia red or yellow
anthers. This can not be attributed only to bee visits, but also to Pristimerus sp., one of
the most frequent flower visitors that was also noticed by ScHuNDweiN & MarTINs (2000).
Pristimerus sp. is a tiny curculuonid beetle that visits the flowers to feed on pollen and
uses them as sleeping and mating sites, but they did not cause cross-pollination.
Accordingly to ScHunoweiN & MARTINS (2000) these beetles perforate the epidermis of the
corolla with their mouthparts, causing dehydration, and them closing the loose petals
with their legs. With this behaviour, according to these authors, competition between
Pristimerus sp and Ptilothrix plumata bee takes place. P plumata has to provision their
brood cells before the beetles succeed in closing the flowers. Unfortunately this behaviour
of Pristimerus sp. was not observed. During the observation time it seemed that the weather
condition was the most responsible for the end of the anthesis, and the beetles presence
do not seem to be related to it

The pollen collection trip by the oligolectic bee Ptilothrix plumata in flowers of Pavonia has
been observed by ScHuNDweIN & MarTINS (2000). According to them, oligolecty seems to be a
common feature of species of Emprorini which are morphologically and/or behaviorally
adapted to collect pollen from specific food plants, and, in general, are effective pollinators
of plants with large pollen grains like Melitoma in jpomoea (Convolvulaceae), Diadasina in
Ludwigia (Onagraceae), Ancyloscelis in Opuntia (Cactaceae) and Ptilothrix in all of those
and in Pavonia (PINHEIRO & SCHLINDWEIN, 1998; SCHUNDWEIN & WITTMANN, 1997; SCHUINDWEIN, 1998).

Females of P plumata are highly efficient pollen foragers, apparently adapted to the
synchronous pollen presentation of the flowers of Pavonia (ScHuNbweIN & MARTINS, 2000). In
general, only 2-3 flowers of a P cancellata plant bloom on the same day, thus, females of
Ptilothrix frequently cause cross-pollination visiting flowers of several plant individuals.

In this short observation time, many males of P plumata were found using the P
cancellata flowers as a sleeping place. Copulation in flowers is very common in bees
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(EickworT & GinsBerG, 1980; Cure & WittMANN, 1990; ALvES-DOS-SANTOS, 1999; MEDEIROS &
ScHuNpwEIN, 2003). According to THorNHILL & ALcook (1983), copulation behavior on flowers
seems to be more frequent in bee species with low nest density. On this way, the natural
selection would cause males to look for females in their foraging places. This strategy
would be fruitful mainly if the food supply was not very dispersed In this way, the male
reproductive success will be subordinate to its ability to choose flowers that are frequently
being visited by female of their species
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Avaliacao da Sindrome Floral de Cuphea sessilifolia

(Lythraceae)

Marilia Dantas Silva
Lila Vianna Teixeira

Katia Maria Medeiros de Siqueira

Introducao

A familia Lythraceae é amplamente distribuida nas regides tropicais e subtropicais do
mundo, sendo que Cuphea representa o maior género desta familia, com
aproximadamente 250 espécies classificadas em 13 segoes (GraHam & CavaLcANTI, 1999;
GraHAM, 1998). Cerca de 18 espécies constituem a segao Brachyandra, que é basicamente
definida pela presenca de estames com filetes muito curtos e profundamente inseridos

no tubo floral (Barroso, 1954).

Cuphea sessilifolia Mart. 1841 (Figura 1) constitui um arbusto ereto com cerca de 50 cm de
altura e pequenas folhas de coloragéo verde-escura, sendo freqlente em areas abertas e de
campo rupestre. Com suas flores pequenas e tubulares, com cerca de 4-6 mm e seis pétalas
de igual tamanho, apresenta caracteristicas da sindrome de Melitofilia, como: flores rosas,
zigomorficas, diurnas e presenca dos nectarios (Funch et al., 2004).

O objetivo do presente trabalho
foi testar as seguintes hipoéteses:
Cuphea sessilifolia apresenta
sindrome de melitofilia; e se em
decorréncia das consequéncias
causadas pela crescente
urbanizacdo no municipio de
Lengdis, Bahia, esta espécie passa
por limitacao de polinizadores. Para
testar essas hipoteses foram
determinados 0s seguintes
procedimentos: 1) identificar os
visitantes florais de C. sessilifolia; 2)
determinar ataxa de visitacdo desses

Foto: Teixeira,L

Figura 1: Flor de Cuphea sessilifolia
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polinizadores; e 3) verificar se a polinizagao cruzada
manual apresenta maior sucesso reprodutivo que
a polinizacao aberta.

Foto:Teixeira,L.V.

Material e Métodos

A area de estudo esta localizada no
municipio de Lencodis-BA. Consiste em uma
area extremamente antropizada, com varias
espécies vegetais exdticas introduzidas.

Figura 2: Ovarios de Cuphea sessilifolia.
As abelhas foram amostradas nas flores A= nao desenvolvido (pré-antese) e

B= com desenvolvimento (apds polinizagéo).

com rede entomoldgica nos dias 30 e 31 de maio

de 2005 entre as 7:00 to 15:00h. Cada coletor

permaneceu 15 minutos nas plantas, a cada

hora, o que totalizou 12 horas de esforgo amostral. Os individuos capturados foram
sacrificados em camara mortifera (frasco com acetato de etila), e posteriormente
transferidos para frascos individuais devidamente identificados (data, horario, planta).
No laboratério as abelhas foram montadas em alfinetes entomoldgicos, etiquetadas,
desidratadas em estufa (45°C) e acondicionadas em armario entomolégico apropriado
para posterior identificagao.

Para verificar a taxa de visitagdo realizou-se a contagem do nimero de visitantes que
pousavam nas flores a procura de recursos, durante o periodo de 10 minutos, tendo sido
calculado o indice de visitagao: n.° total de visitantes/ n.° de flores observadas (Darni, 1992).

Para observar a existéncia de limitagao de visitantes florais foram selecionados 40
botbes em fase de pré-antese. Vinte botdes foram ensacados para evitar a presenca de
visitantes e foi entdo realizado a polinizacao cruzada manual dois dias apds o
ensacamento. Outras vinte flores foram marcadas e deixadas expostas aos visitantes
florais. Apds trés dias da selegao dos botdes, os ovarios das flores dos dois tratamentos
foram coletados e medidos para comparacao do desenvolvimento dos mesmos (Figura
2).

Resultados e Discussao

Foram amostrados 127 individuos de 17 espécies visitando as flores de C. sessilifolia,
sendo que 92% dos visitantes eram da ordem Hymenoptera (51% Formicidae, 37%
Halictidae, 3% Apidae, 1% Anthophoridae), 4% Diptera, 2% Lepidoptera e 2% Qutros
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(Figuras 3 e 4). Entre as abelhas, foi Visitantes coletados
possivel destacar as tribos
Augochlorini e Halictini. A taxa de
visitagdo encontrada foi de 0,04.

As flores observadas de C.

sessilifolia apresentaram uma L
assincronia na antese, entretanto 0@{@é‘?;e‘9;@%‘*;@\\%&‘:;5;@&‘_’;@@%i@e"i@eif‘*;@i&;@@QQ@@”}@%Q
observou-se um pico entre as 10:00 e | & & O%Sigifif«« R T F
11:00 da manha. As flores apresentam &

uma duragéo de trés dias e meio.
Figura 3: Numero de visitantes coletados em Cuphea

Quanto ao sistema reprodutivo, sessilifolia.
observou-se que 0s ovarios em pré-
antese apresentaram uma média de 2,0 = 0,0mm (N=9) de comprimento. Os ovérios de
flores que sofreram polinizagdo cruzada manual apresentaram 2,71+ 0,36mm (N=16)
de comprimento enquanto os que sofreram polinizacdo espontanea 2,77 + 0,38mm
(N=20). Houve desenvolvimento ovariano tanto na polinizagdo manual quanto na
polinizacao aberta.

Foi possivel observar com os resultados deste trabalho que Cuphea sessilifolia, apesar
de apresentar caracteristicas morfoldgicas tipicas que a levaria a classificagao na sindrome
de Melitofilia, foi bastante visitada por representantes da familia Formicidae. Dessa forma,
C. sessilifolia nao apresenta uma sindrome exclusiva de Melitofilia.

Observa-se também que, aparentemente, C. sessilifolia ndo apresenta limitacdo de
visitantes na area de estudo em Lencdis, uma vez que apresentou um ndmero razoavel
de visitantes florais e o desenvolvimento ovariano nas flores expostas a visitacao foi
semelhante ao das flores submetidas a polinizagdo manual cruzada. Entretanto, ndo foi
realizado teste de autocompatibilidade nesta espécie e, portanto, nado sabemos afirmar
sobre a existéncia ou nao de autopolinizacéo, como foi observado para outras espécies
do género (GraHam, 1998).

Lepiopera, - outros Segundo Graram (1998), a presenca de

tubos florais pequenos, estames que nao

alcancam a margem do tubo floral, e estigma

posicionado no mesmo nivel ou abaixo das

Formowdae anteras, no género Cuphea, indicam uma

baixa probabilidade para a introducéo de

podlen de flores de outras plantas ou de pdélen

de outras flores da mesma planta, o que
sugere autopolinizagdo neste grupo.

Diptera

Figura 4: Porcentagem dos grupos de
visitantes de Cuphea sessilifolia
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Remocao de Polinias e visitantes florais de Blepharodon
nitidum (Vell.) J.f. Macbr. (Asclepiadaceae)

Luis Miguel Primo
Tarcila de Lima Nadia
Ana Virginia Leite

Introducao

A familia Asclepiadaceae compreende cerca de 300 géneros e 2.200 espécies,
distribuidas principalmente em regides tropicais e subtropicais (SWARUPANANDAN et al., 1996).
Esta familia é formada por espécies herbéaceas, arbustivas ou trepadeiras, todas
apresentando caracteristicas florais semelhantes. As flores s&o pentameras,
hermafroditas, actinomorfas e apresentam o gineceu e o androceu profundamente
modificados. A regiao do estigma possui forma de carretel, com cinco fendas ou aberturas
estreitas, laterais. Os graos de pdlen estédo agrupados sob a forma de polinias (Joty,
2002). Segundo WvatT & BrovyLes (1994), as flores de Asclepiadaceae estao entre as mais
complexas dentre as Angiospermas e, com algumas excegoes (e.g. Kunze, 1991; Lumer &
YosT, 1995), sdo polinizadas por insetos. As polinias podem se aderir, através do
corpusculo, as pernas,
pecgas bucais ou pélos do
inseto visitante, enquanto
este forrageia em busca de
néctar (PercivaL, 1965).
Entretanto, a polinizagao
ocorre quando a polinia é
inserida na cavidade
estigméatica pelo polinizador
(ProcTor et al., 1996).

A contagem direta do
numero de polinias
removidas pode ser um
indicativo para estimativas
do fitness masculino (v.

Figura 1. Blepharodon nitidum na mata de galeria proximo ao rio Serrano,
Lengois, Bahia. A. Habito, B. Inflorescéncia, C. Flor.
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BrovLes & Wyatt, 1990, 1991). Este trabalho foi realizado visando responder as seguintes
questdes: (1) Quais sao os visitantes florais de Blepharodon nitidum (Vell.) J.F. Macbr.? E
(2) Existe diferenga no nimero de polinias removidas em diferentes horarios de antese?

Material e Métodos

Area de estudo

O estudo foi realizado em junho/2005, no municipio de Lengois, Chapada Diamantina
(12°56'51"S; 41°39'36"W), que se localiza na regido central do Estado da Bahia e dista 409
km de Salvador (Ouvera et al., 2005). A vegetacao local é caracteristica de mata de galeria
e esta situada proximo ao Rio Serrano que corta a cidade de Lengdis.

Biologia floral e polinizacao

Flores foram fixadas em &lcool 70% e analisadas em laboratério, sob
estereomicroscopio, quanto ao numero e disposicao dos verticilos florais. O diametro e
profundidade da corola foram medidos em campo, com auxilio de régua milimetrada. A
longevidade floral foi observada em campo, marcando-se quinze flores de cinco individuos
e acompanhando o desenvolvimento dessas flores desde a abertura até seu
murchamento. A receptividade do estigma foi verificada no inicio da antese, mergulhando
os estigmas de dez flores de individuos diferentes em perdxido de hidrogénio (H,0,) (Darn,
1992). Espécime testemunho foi depositado no Herbério da Universidade Estadual de
Feira de Santana.

Os visitantes florais foram observados em campo quanto ao seu comportamento e
classificados como polinizadores ou pilhadores. Os insetos visitantes (diurnos e noturnos)
foram coletados para serem analisados em laboratério sob estereomicroscépio quanto
ao local de deposigdo de polinias em seu corpo, assim como quanto a presenca de
graos de pdlen de outras espécies vegetais. Foi verificada a freqliéncia de visitantes
florais diurnos em dois individuos focais, totalizando 12 horas de observagdes. O nimero
de visitas foi calculado para cada hora do dia, sendo considerada como visita, 0 ato de
o visitante pousar na flor e coletar o recurso floral (néctar). Observagbes também foram
feitas no periodo noturno (4 horas).

Remocao de polinias

Flores foram marcadas e deixadas livres, sendo coletadas 24 e 48 horas apds inicio
de antese (N=96, n=92, respectivamente) e fixadas em alcool 70% para calcular o nimero
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de polinias removidas por flor
durante os dois primeiros dias
de antese. Flores que se
encontravam no chao foram
fixadas em alcool 70% para
serem analisadas quanto ao
numero de polinias removidas
ao final da antese (n=65).

Para verificar quais os
grupos de visitantes florais,
diurnos (abelhas e moscas)
ou noturnos (mariposas e
besouros), sdo responsaveis
pelo maior nimero de polinias
removidas, botbes em pré-
antese foram ensacados com
voal (malha 0,05mm). Pela
manhéa, foram retirados os
sacos de 92 flores que foram
marcadas e deixadas
expostas durante o dia (de
5:00h as 17:00h) e no inicio da
noite foram retirados os sacos
de outras 59 flores, que
ficaram expostas durante o
periodo de 17:00h as 5:00h do
Figura 2. Visitantes florais de Blepharodon nitidum, no municipio dia seguinte. Apés ° periodo
de Lengdis, Bahia. A. Apis mellifera, B. Espécie de mosca preta, de exposicao aos visitantes
C e D. Duas espécies de moscas verdes, E. Lepidoptera, F. florais, essas flores foram

Espécie de vespa, G e H. Polinias (setas) aderidas as partes i i
bucais e pernas anteriores em uma espécie de mosca verde (G) coletadas e fixadas em alcool

e em Apis mellifera (H). 70% para analise em
laboratério quanto ao nimero
de polinias removidas.
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Resultados Parciais e Discussao

Biologia floral e polinizacao

Blepharodon nitidum é
uma liana que coloniza areas 3%
abertas, na borda da floresta
ou ambientes degradados
(Figura 1A). Possui flores
brancas, pentameras, com
8,9mm=0,7 de diametro e
2mm=0 de profundidade. O
androceu é formado por cinco Figura 3. Percentagem de visitas as flores de Blepharodon nitidum
estames (com cinco poll’nias), durante 18 horas de observagdes, no municipio de Lengois, Bahia.
que formam uma coluna
central, envolvendo o gineceu.
O gineceu possui ovario sUpero, constituido por dois carpelos livres entre si. Essas
caracteristicas florais sdo comuns para a familia e estao fortemente relacionadas a
polinizagado por insetos (VIJAYARAGHAVAN & SHUKLA, 1980; ENDREss, 1994). Além dessas
caracteristicas, as flores de B. nitidum estao agrupadas em inflorescéncias cimosas (Figura
1B e C) e emitem odor desagradavel durante a antese, caracterizando a sindrome de
polinizacao por moscas (Miiofilia) (FAeGRI & PiuL, 1979; ENDRESs, 1994; ProcTor et al., 1996).
A antese floral tem duragéo de 3-4 dias. Botdes comecam sua abertura as 05:45h e ja
estdo completamente abertos as 06:00h, ndo ocorrendo o fechamento das flores. O
estigma torna-se receptivo logo no inicio da antese.

W Apis mellifera
B Moscas verdes
B Moscas pretas
[ Outros

35%

Foram encontrados varios insetos diurnos (Diptera, Hymenoptera e Lepidoptera) e
noturnos (Lepidoptera, Coleoptera), visitando as flores de B. nitidum. Entre os dipteros,
foram encontradas 17 espécies da familia Tachinidae, sendo de dois grupos, moscas
verdes e moscas pretas. Entre os himenodpteros, foram registradas apenas visitas de
Apis mellifera scutellata Lepeletier, 1836 e Melipona scutellaris Latreille, 1811 (Apidae) e
algumas espécies de vespas. As espécies de moscas e a abelha Apis mellifera pousavam
na parte central da flor ou nas pétalas para coleta de néctar, tocando nas estruturas
reprodutivas com suas partes bucais, sendo essas consideradas como polinizadoras
(Figura 2). Desse modo, as polinias eram removidas e aderidas as partes bucais do
animal visitante. No entanto, polinias foram também encontradas aderidas as pernas
anteriores, medianas ou posteriores (Figura 2G e H). As demais espécies, bem como os
visitantes noturnos, foram consideradas como pilhadoras de néctar, pois nao
apresentaram polinias aderidas ao seu corpo.

Para a familia Asclepiadaceae séo relatadas espécies polinizadas por um amplo
espectro de visitantes, tais como Hymenoptera e Lepidoptera, ou dependentes de um
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grupo especifico de polinizadores que podem ser Hymenoptera, Lepidoptera, Coleoptera
ou Diptera (ViERA & SHEPHERD, 1999). ViEIRA & SHEPHERD (1999) trabalhando com sete espécies
do género Oxypetalum, verificaram um amplo espectro de visitantes florais, entre
Coleoptera, Hemiptera, Hymenoptera. Esses autores nédo relataram a presenca de dipteros,
sendo estes, juntamente com Apis mellifera, considerados o0s principais polinizadores de
B. nitidum. Ainda, VIERA & SHEPHERD (1999) observaram que as partes bucais dos visitantes
florais constituiram o local com maior freqiéncia de polinias aderidas. Ja em Pergularia
daemia (Forssk.) Chiov., as polinias s&o aderidas as pernas dos visitantes florais
(VIJAYARAGHAVAN & SHUKLA, 1980).

Apis mellifera e as espécies de moscas verdes foram os visitantes florais mais
freqUentes, contribuindo com 36,29% e 35,25% do total de visitas, respectivamente
(Figura 3). As moscas pretas formaram o terceiro grupo de visitantes florais mais
frequentes, contribuindo com 25,65% do total de visitas. Os demais visitantes
contribuiram com menos de 3% das visitas (Figura 3). O periodo de maior freqléncia
de visitas foi entre 9:00h e 15:00h, quando houve o maior nimero de espécies visitantes
(Figura 4). A abelha introduzida, Apis mellifera, tem sido registrada polinizando flores
de outras espécies de Asclepiadaceae (e.g. FrosT, 1965; KePHART, 1983).

Remocao de polinias

O numero médio de polinias removidas por flor aumentou de acordo com o maior
tempo de exposicao das flores aos visitantes florais (Tabela ). A percentagem de flores
qgue apresentaram polinias removidas também aumentou de acordo com o tempo de
exposicao aos visitantes florais (Tabela I). Em se tratando de flores que apresentaram
polinias removidas, o percentual foi bastante elevado (92,31%). No entanto, o percentual
de polinias removidas foi baixo (34%). O baixo nimero de polinias removidas pode estar
relacionado ao elevado numero de flores disponiveis em grandes populagbes (como
observado para B. nitidum). LEmu & SYRJANEN (2002) encontraram que o nimero de polinias
removidas foi baixo em
grandes populacdes de
Vincetoxicum hirundinaria. 180 1

Quanto a remogéao de
polinias em diferentes
horarios de antese, diurno
(5:00h as 17:00h) e noturno _ _
(17,000 & 5900 do 9
seguinte), houve uma maior
remogao durante o periodo
diurno (4,78%) em relacao
ao  noturno (1,36%) Figura 4. Frequéncia de visitas as flores de Blepharodon nitidum, no
(+2:5,97; g.|':1; p:0,0Z). municipio de Lengdis, Bahia.

Nimero de visitas

Hom

B Apis mellifera B Moscas verdes B Moscas pretas O Vespas Bl Borboletas

127



O ndmero de flores com polinias removidas também foi maior no periodo diurno (21,74%),
guando comparado com o noturno (3,39%) (+?=7,56; g.l.=1; p=0,01). Estes resultados indicam
que os principais polinizadores s&o que visitam as flores durante o dia (Hymenoptera e Diptera).

Os resultados parciais deste estudo revelam que, embora as flores sejam miidfilas, na
area de estudo, apresentaram comportamento generalista, sendo visitadas por diversas
ordens de insetos. A remogéo das polinias, que pode garantir o sucesso reprodutivo
masculino, depende da participacao dos visitantes diurnos (abelhas Apis mellifera e moscas).

Tabela |. Porcentagem de flores e polinias removidas e nimero médio de polinias removidas por flor de

Porcentagem de  Porcentagem de NUmero médio de
Tratamento flores com polinia polinias polinias removidas
removida removidas por flor
24h 34,38 8,75 0,44
48h 48,91 14,78 0,74
Fim da 92,31 34,00 1,57
antese
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Aspects of Pollination Biology and Heterostyly of Piriqueta
constellata (Turneraceae) in the Chapada Diamantina, Ba

Priscila Ambrdsio Moreira
Patricia Nunes-Silva

Typically, the flowering plants populations contain only one sexual phenotype that is
capable of mating with all other conspecific individuals, however, floral traits of many
species can be variable and different morphs can exist in a population (BARRET & HARDER,
2005; GaskeTT et al., 2005). According to BARrReT et al. (2000), there are 28 disparate families
of angiosperms that present heteromorphy.

Heterostyly is a genetic polymorphism in which plant populations comprise two (distyly)
or three (tristyly) mating types that differ in the reciprocally arranged female and male
reproductive organs. Distylous species have two floral morphs, F pin (long style and low
anthers) and F thrum (short style and high anthers) (Barrett, 2002). When the species
present two morphs, the control is done by just one gene with two alleles and when three
morphs, the control is done by two genes with two genes each. It is expected that the
ratio between plants with pin and thrum flowers in a population is 1:1 (GanDers, 1979).

Heteromorphy is nearly always associated with self-incompatibility systems. Self-
pollination or crossing between plants of the same type does not lead to fertilization in
general (ProcToRr et al., 1996). So, heterostyly is another mechanism that favors cross-
pollination. This occurs because the individuals of a particular insect species have a
proboscis of a constant length and then, operates always at the same level. Therefore,
an animal with long proboscis, such as a butterfly, could carry pollen grains of a long-
styled flower to a stigma of a short-styled one. However, animals with shorter proboscis,
like a bee, does not reach deep in the corolla, so bees pollinate stigmas on long-styled
flowers with the pollen from short-styled flowers (BartH, 1991).The lack of the bee species
Ancyloscelis gigas Friese (Emphorini) in Juréia region of Sdo Paulo State was considered
a primary importance to the disappearance of the thrum morph of Eichhornia azurea
(Swartz) Kunth (Pontederiaceae), because only the long proboscides of this bee species
could reach the short stamens or stigmas, others bee species were not able to do that
(ALVES-DOS-SANTOS, 2002).

Therefore, in heterostylous species, fertilization success relies on pollinators failing to
distinguish between pin and thrum morphs of a species. Consequently, within a population,
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pin and thrum morphs are unlikely to differ in traits that may influence floral constancy
(GasketT et al., 2005).

Distyly can be broken through several mechanisms, for example:

- Homostyly: when the two forms become equal;

- Monomorphy: the loss of one of the two forms;

- Dioecy: when one of the morphs has male function and the other one female function.

- Lost of incompatibility between the morphs: the self-fertilization becomes a favorable
strategy.

The breakdown of the heterostyly breeding system, according to Ganbers (1979), is
related to habitats where there is absence or scarcity of specific pollinators.

The Turneraceae family is composed of eight genus distributed on tropical and
subtropical regions of America and Africa. Piriqueta constellata (Arbo,1993) is a ruderal
herb which flowers are heterostilic (long and short-styled).

In this study, the objective was to investigate pollination visitation, reproductive success
of each morph and maintenance of heterostyly condition in a population of Piriqueta
constellata.

Material and Methods

Figure 1. Short style from thrum flowers of Figure 2. Long style from pin flowers of Piriqueta
Piriqueta constellata. Foto: Priscila A. Moreira constellata. Foto: Priscila A. Moreira
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This study was done during two days of May (2005) on Rio Serrano’s trail of Lengdis
region in Chapada Diamantina, BA. The anthesis of P constellata was observed to verify
for how long it occurred and the receptivity test of the stigma was done using H,O, (10vol)
every hour with one flower.

The flower’s visitors were observed in the period of anthesis and their behavior was
recorded. They were collected with an entomological net and killed in a deadly chamber
that contained acetate in a piece of cotton. Bees were identified by Dr. Favizia Freitas de
Oliveira (UEFS) and butterflies by Dr. Olaf Hermann Hendrik Mielke (UFPR).

The maintenance of heterostyly condition was analysed by checking set fruit on pin
and thrum plants and by counting every pin or thrums plants along the trail to compare
the ratio between the two morphs to the expected
ratio of 1:1. This comparison was made using the
qui-square test. Also observations of the pollen
grains were done under microscope from both forms
which were stained with red neutral.

The reproductive success was verified counting
the number of developing fruits of 50 old flowers
per individual. Five individuals of each morph were
used. The proportion of number of fruits per flower
were calculated and compared.

Figure 3. Developing fruit (on left) and old
flower buds (on right) (height=1,5cm) of

Results

Both thrum and pin flowers were observed on
the population of Piriqueta constellata present on the trail of Serrano River (Figures 1 and
2). The pollen grains of thrum flowers were more robust than the ones of pin flowers. Both
morphs set fruit (Figure 3), although the reproductive success was different. The mean
number of fruit set and the mean of the proportion of number of fruits and flowers buds
presented were higher on individuals with long-styled flowers than on the individuals with
short-styled flowers (Table ).

The individual plants presented long or short-styled flowers only and the ratio of short
(n=84) and long styled (n=76) plants on the Serrano’s river trail was statistically equal to
1:1. (X*=0.2; gl.=1; p=0.6546).

Flowers were opened just for a day, beginning to open at 05:00 AM and to closing at
05:00 PM. Only at 05:00AM stigmas were not receptive, so flowers could be pollinated any
time of the day.

The flowers were visited by one species of hummingbird, six species of bees and
four of butterflies. (Table Il). Hummingbirds and butterflies could touch the anthers on
the base of pin flowers of P constellata and transfer the pollen grains to the stigma of
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thrum flowers. However,
hummingbirds were present more
frequently only after rain periods,
but the butterflies occurred during  Long-styled Flower buds Fruit set  Proportion

Table I. Mean proportion of number of fruits and flowers
buds presented by plants with long and short-styled flowers

all anthesis. Apis mellifera Lepeletier, gg 12 g-gg
1836 (Africanized honey bee) was 50 40 0.80
very frequent and walked on the 50 32 0.64
flower while collected pollen or/and 30 5. Q.94
. . Mean/std 29.8/14.5 0.60

nectar, touching the reproductive  Short-styled Flower buds Fruit set  Proportion
organs and transferring the pollen ‘5‘3 io g-ég
grains between morphs. Others bee 50 31 0.62
species were smaller and the 50 17 0.34
foraging behavior did not favor the 20 32 0.2
Mean/std 19.4/13.3 0.39

touch on the reproductive organs of
the flower.

Discussion

The mechanisms involved on the breakdown of the heterostyly were not observed in
the population of P constellata studied. All observed individuals had long or short flowers
and set fruit, so it was not found homostyly, monomorphy or dioecy. Although no
experiments were done to verify the lost of incompability; OrnburF & PerrY (1964) observed
strong auto-incompability in long-styled flowers of Piriqueta caroliniana (Walt.) Urban.

The aspect of pollen grains of short-styled flowers can be related to the quantity of
nutritive reserves. According to BArreTT (1992), although without evidence, the pollen grains
of short-styled flowers are bigger because they have more reserve to the polinic tube’s
growth through the long styles of long-styled flowers. The more robust pollen grains in
short-styled flowers of P constellata observed in this present study possibly indicate more
reserves, although this fact needs to be checked.

Individuals of P constellata with pin flowers produced more fruits and so, had a higher
reproductive relative success. MonTeiro et al. (1991), studying the distyly of Psychotria
barbiflora, also observed more fruit set in pin flowers. Ganpers (1979) stated that pin flowers
receive more legitimate pollinations because of the evident stigma position and then,
through natural selection the long-styled flowers could have a relative female function
and the short-styled ones a male function. However, WiLLson (1983) considered pin flowers
better pollen donors and that thrum flowers produced more fruits. The higher reproductive
success of pin flowers observed here must be considered cautiously since the mean of
fruit set of both morph showed high standard deviation (Table ).
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Although pin flowers presented higher reproductive success than thrum flowers, both
morphs occurred with a 1:1 ratio. Almost all studies that approach the ecologic aspect of
heterostylic species verified unequal ratios between the morphs (Ganbers, 1979). The relative
frequencies of the morphs can vary greatly among years, locations and species (PHILPP &
ScHou, 1981), but Crosay (1949) suggest that deviations of the ratio 1:1 are related to self-
pollination in one of the morphs. So, this ratio should be verified for a longer period in this
population for more conclusive information.

According to BartH (1991), visitors with long proboscides can transfer pollen from pin
to thrum flowers, while visitors with short proboscides do the opposite. However, it is also
needed to consider the behavior of the visitor and the frequency of visitation.

Apis mellifera and many species of butterflies were considered the main pollinators of
P constellata because they were frequent visitors of the flowers during all anthesis and
had contact with the reproductive parts of the flowers.

Table II. Visitors of Piriqueta constellata on Rio Serrano’s trail of Lengdis region in Chapada Diamantina, BA.

Species Pollinating? Resource Body part cover
collected with pollen
Hylocharis sp. (Trochilidae) ? Nectar ?
Copaeodes jean (Evans, Probably thrum Nectar Proboscis
1955) (Hesperiidae) flowers
Chiordes c. catillus Probably thrum Nectar Proboscis
(Cramer,1779)(Hesperiidae) flowers
Agraulis vanilla maculosta Probably thrum Nectar Proboscis
(Stichel, 1908) flowers
(Heliconiidae)
Urbanus d. dorantes (Stoll, Probably Nectar Proboscis
1790) (Hesperiidae) thrumflowers
Dialictus sp.1 (Halictidae) Probably not (too  Pollen Torax and
small/behavior) abdomen (ventral
part)
Augochlora sp.2 (Halictidae) Probably not (too Nectar Abdomen
small/behavior) and (ventral part)
pollen
Augochlora sp.5 (Halictidae) Probably not (too  Pollen Legs
small/behavior)
Nannotrigona Probably not (too  Pollen Torax and
testaceicornis (Lepeletier, small/behavior) abdomen (ventral
1836) (Apidae) part)
Exomalopsis analis Spinola, Probably not (too  Pollen Torax and
1853 (Anthophoridae) small/behavior) abdomen (ventral
part)
Apis mellifera Lepeletier, Probably pin and  Nectar Head and legs
1836 (Apidae) thrum flowers and
pollen
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Rede Baiana de Polinizadores para Conservacao da
Biodiversidade de Polinizadores em Ecossistemas
Naturais e Agricolas no estado da Bahia

Décadas de estudos e intensos debates consolidaram o consenso geral entre os
pesquisadores de que 0s animais desempenham um importante papel na conservacao
das espécies vegetais, por realizarem atividades relacionadas com a polinizacdo das flores,
adispersao das sementes e a reciclagem de matéria organica. As relagdes entre os visitantes
florais e as angiospermas tém sido tema de muitos estudos e estdo embasadas em trocas
de recompensas, onde as espécies vegetais, por meio de suas cores, odores e outros
atributos, atraem os animais oferecendo néctar, pélen e/ou 6leo, e recebem em troca o
beneficio da polinizagédo. Vale ressaltar que essas interacbes sdo essenciais para a
manutencao dos processos e funcdes dos ecossistemas, sejam eles naturais ou manejados
(agro-ecossistemas). Além dos recursos mencionados anteriormente, as espécies vegetais
ainda podem fornecer frutos como alimento, atrativos sexuais (esséncias), locais para
acasalamento, sitios de nidificacao e/ou materiais para construgao de ninhos, o que reforga
ainda mais a interdependéncia entre as plantas e os animais.

Sabe-se que cerca de 1/3 das culturas agricolas dependem da polinizagao realizada por
animais, o que torna este servigo essencial para a manutengao e aumento da produgao agricola
e, consequentemente, garantindo o suprimento de alimentos para a populagédo humana.

Com a crescente reducédo dos habitats naturais, devido a grande agao antrépica, o
conhecimento da biodiversidade dos organismos torna-se de extrema importancia, pois
muitas delas estao em processo de extingdo mesmo antes de serem conhecidas pela
comunidade cientifica.

Nesse contexto, aimportancia dos servigos ambientais promovidos pelos polinizadores
foi reconhecida oficialmente pela “Convencéo da Diversidade Bioldgica (CBD)”, desde a
ECO 92, ocorrida no Rio de Janeiro. A “Conferéncia das Partes (COP5)” da CBD, em
2000, aprovou um programa denominado “Iniciativa Internacional para Conservagao e
uso sustentavel dos polinizadores”, citado a partir de entdo como “Iniciativa Internacional
dos Polinizadores (IPl)”. A CBD indicou a “Food and Agriculture Organization (FAQ)”
como facilitadora e coordenadora deste processo. A FAO, na COP6, propbs um plano
de agéo para a IPl, com desafios globais projetados até para o ano de 2010.
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Desde entdo, varios grupos de pesquisadores estao trabalhando nessas agoes, e em
2003, varias iniciativas regionais definiram seus planos de agdo e comegaram a trabalhar
em conjunto na escolha de metodologias que permitam comparagdes de resultados nos
diversos continentes. Dentre estas podemos destacar a “Iniciativa Européia dos Polinizadores
(EPI)”, a “Campanha Norte Americana de Protegao aos Polinizadores (NAPPC)”, a “Iniciativa
Africana dos Polinizadores (API)”, a “Iniciativa dos Polinizadores dos povos das montanhas
da Asia (ICIMOD)” e a “Iniciativa Brasileira dos Polinizadores (IBP)".

O governo do Estado da Bahia reconhece a necessidade de acdes voltadas para o
conhecimento da biodiversidade Baiana, tendo como exemplo a criacao do programa
BIOTA BAHIA. No entanto, o conhecimento especifico, “conservacdo e manejo da
biodiversidade de polinizadores no Estado” justificam a implantacao da Iniciativa Baiana
de Polinizadores, bem como da Rede Baiana de Polinizadores.

Assim, desde Fevereiro de 2005, como parte integrante da IBE o grupo de
pesquisadores do Estado da Bahia tém se reunido numa “Iniciativa Baiana dos
Polinizadores (IBP-BA)”, com o intuito de viabilizar e agilizar as tomadas de decisdes, de
forma a contribuir mais direta e organizadamente com as acdes da IBP Desta forma,
devido a necessidade de agdes mais amplas para a Bahia, foi criada a “Rede Baiana de
Polinizadores (REPOL)”, que tem como objetivo principal, Integrar os Grupos de
Pesquisadores do Estado da Bahia, mesmo aqueles em diferentes estagios de
desenvolvimento e com diferentes competéncias (Ecélogos, Etélogos, Sistematas/
Taxonomistas, etc.), otimizando os recursos humanos, financeiros e de laboratérios para
a geragao de conhecimentos cientificos e tecnoldgicos, contribuindo assim para o avango
e difusdo do conhecimento na area, e somando esforgos para viabilizar Projetos e Acdes
ligados ao Mapeamento, Conservacao e Manejo Sustentado dos Polinizadores, com
vistas também a abertura de mercados ainda ndo disponiveis, como o aluguel ou venda
de col6nias de abelhas sem ferrdo para polinizacdo de culturas agricolas.

A criagéo da REPOL representa um grande avango para as pesquisas e geragao de
tecnologias na Bahia, visto que os conhecimentos gerados poderao viabilizar acdes
ligadas a demarcacgao de areas de reservas biolégicas, projetos de polinizagao dirigida
para culturas de interesse econdmico, manejo sustentado de pragas agricolas, prevencéo
e controle de doencas, prevengao de acidentes com animais (p. ex. abelhas e vespas),
uso sustentado dos recursos naturais e, principalmente, a preservagéo das espécies da
nossa fauna e flora associada e a funcionalidade dos ecossistemas.
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