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						Abstract
 Cyrtopodium includes ~42 species, among which is Cyrtopodium polyphyllum (Vell.) Pabst ex F. Barros that occurs in a rainforest in south-eastern Brazil. Its non-rewarding flowers, which attract Centridini bees by deceit, are rain-assisted self-pollinated, a phenomenon rarely found in orchids and other plant families. In addition, self-pollination has never been reported in Cyrtopodiinae and data on the pollination of South American orchids are scarce. Flowers were observed at different times of the day, on both sunny and rainy days, to record floral morphology, visitors and the effects of rainfall on flowers. On rainy days, water accumulates on the stigma and dissolves the adhesive substance of the stigmatic surface. A viscous drop thus forms, which contacts the pollinarium. When evaporation makes the viscous drop shrink, the drop moves the pollinarium with the anther onto the stigmatic surface and promotes self-pollination. Fruit set in natural habitat was low, with 2.4% at one study site, where a similar value (2.2%) was recorded in flowers self-pollinated by rain. In C. polyphyllum, facultative self-pollination assisted by rain is thus an important strategy that guarantees fruit set when pollinator’s visits are scarce, which is common in species pollinated by deceit.

					

				
				
					

				

		 
				

				
					
						
							Acknowledgements

								 
						

						We thank the Núcleo Picinguaba, Instituto Florestal, for granting permissions for field work, Leonardo Galetto, Silvana Buzato and Mardiori T. P. dos Santos for valuable suggestions and Alain François for improving our English. This study is part of the Master’s Degree dissertation of LMP at the Departamento de Botânica, Pós-Graduação em Biologia Vegetal, Universidade Estadual de Campinas, São Paulo, Brazil. This research was supported by the State of São Paulo Research Foundation (FAPESP) as part of the Thematic Project Functional Gradient (Process Number 03/12595–7), within the BIOTA/FAPESP Program - The Biodiversity Virtual Institute (http://www.biota.org.br), as well as by FAPESP (grant 04/12531–1) and CNPq. COTEC/IF 43.703/2004 permit.

 
			References

		


		
[bookmark: R1]
		Ackerman JD 
		(1986) Mechanisms and evolution of food-deceptive pollination systems in orchids. Lindleyana 1, 108–113. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R2]
		Ackerman JD 
		(1989) Limitations to sexual reproduction in Encyclia krugii (Orchidaceae). Systematic Botany 14, 101–109. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R3]
		Baker HG 
		(1955) Self-compatibility and establishment after “long-distance” dispersal. Evolution 9, 347–349. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R4]
		Batista JAN, Bianchetti LB 
		(2004) Three new taxa in Cyrtopodium (Orchidaceae) from central and southeastern Brazil. Brittonia 56, 260–274. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R5]
		Borba EL, Semir J 
		(1998) Wind-assisted fly pollination in three Bulbophyllum (Orchidaceae) species occurring in the Brazilian campos rupestres. Lindleyana 13, 203–218. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R6]
		Catling PM 
		(1980) Rain-assisted autogamy in Liparis loeselii (L.) L.C. Rich. (Orchidaceae). Bulletin of the Torrey Botanical Club 107, 525–529. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R7]
			
		 

Catling
PM
 (1990) Auto-pollination in the Orchidaceae. In ‘Orchid biology, reviews and perspectives. v.5’. (Ed. J Arditti) pp. 121–158. (Timber Press: Oregon) 


		
		
		
[bookmark: R8]
		Catling PM, Catling VR 
		(1991) A synopsis of breeding systems and pollination in north American orchids. Lindleyana 6, 187–210. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R9]
		Chase MW, Hills HG 
		(1992) Orchid phylogeny, flower sexuality, and fragrance-seeking – evidence from variation in chloroplast DNA among subtribes Catasetinae and Cyrtopodiinae. Bioscience 42, 43–49. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R10]
			
		 

Cox
PA
 (1989) Baker’s law, plant breeding systems and island colonization. In ‘The evolutionary ecology of plants’. (Eds JH Bock, YB Linhart) pp. 209–224. (Westview Press: Boulder, CO) 


		
		
		
[bookmark: R11]
			
		 

Dressler
RL
 (1981) ‘The orchids: natural history and classification’. (Harvard University Press: Cambridge, MA) 


		
		
		
[bookmark: R12]
		González-Díaz N, Ackerman JD 
		(1988) Pollination, fruit set, and seed production in the orchid, Oeceoclades maculata. Lindleyana 3, 150–155. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R13]
			
		 

Hoehne
FC
 (1942) Orchidaceae. In ‘Flora Brasilica Vol. 12. Fasc. 1’. (Ed. FC Hoehne) pp. 1–254, tab. 1–153. (Instituto de Botânica: São Paulo) 


		
		
		
[bookmark: R14]
		Holsinger KE 
		(1986) Dispersal and plant mating systems: the evolution of self-fertilization in subdivided populations. Evolution 40, 405–413. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R15]
			
		 

Köppen
W
 (1948) ‘Climatologia: com um estúdio de los climas de la tierra.’ (Fondo de Cultura Econômica: México) 


		
		
		
[bookmark: R16]
		Lakon G 
		(1949) The topographical tetrazolium method for determining the germination capacity of seeds. Physiology (Bethesda, MD) 24, 389–394. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R17]
		Lloyd DG, Schoen DJ 
		(1992) Self- and cross-fertilization in plants. I. Functional dimensions. International Journal of Plant Sciences 153, 358–369. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R18]
		Mickeliunas L,
		Pansarin ER, Sazima M 
		(2006) Biologia floral, melitofilia e influência de besouros Curculionidae no sucesso reprodutivo de Grobya amherstiae Lindl. (Orchidaceae: Cyrtopodiinae). Revista Brasileira de Botânica 29, 251–258. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R20]
		Moeller DA, Geber MA 
		(2005) Ecological context of the evolution of self-pollination in Clarkia xantiana: population size, plant communities, and reproductive assurance. Evolution 59, 786–799. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R19]
		Montalvo AM, Ackerman JD 
		(1987) Limitations to fruit production in Ionopsis utricularioides (Orchidaceae). Biotropica 19, 24–31. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R21]
		Pansarin ER, Amaral MCE 
		(2006) Biologia reprodutiva e polinização de duas espécies de Polystachya no sudeste do Brasil: evidência de pseudocleistogamia em Polystachyeae (Orchidaceae). Revista Brasileira de Botânica 29, 423–432. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R22]
		Ribeiro JELS 
		(1994) Distribuição de espécies de Orchidaceae na planície litorânea (restinga) da Praia da Fazenda, município de Ubatuba (SP). Arquivos de. Biologia e Tecnologia 37, 515–526. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R23]
			
		 

Roubik
DW
 (1992) ‘Ecology and natural history of tropical bees.’ (Cambridge University Press: Cambridge, UK) 


		
		
		
[bookmark: R24]
			
		 

Schlindwein
C
 (1995) ‘Wildbienen und ihre Trachtpflanzen in einer sudbrasilianischen Buschlandschaft: Fallstudie Guaritas, Bestäubung bei Kakteen und Loasaceen.’ (Verlag Ulrich E. Grauer: Stuttgart) 


		
		
		
[bookmark: R25]
		Singer RB, Cocucci AA 
		(1999) Pollination mechanisms in four sympatric southern Brazilian Epidendroideae orchids. Lindleyana 14, 47–56. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R26]
		Stebbins GL 
		(1957) Self-fertilization and population variability in the higher plants. American Naturalist 91, 337–354. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R27]
		Tremblay RL,
		Ackerman JD,
		Zimmerman JK, Calvo RN 
		(2005) Variation in sexual reproduction in orchids and its evolutionary consequences: a spasmodic journey to diversification. Biological Journal of the Linnean Society 84, 1–54. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		
		
[bookmark: R28]
			
		 

van der Pijl
L
, 
Dodson
CH
 (1966) ‘Orchid flowers: their pollination and evolution.’ (University of Miami: Coral Gables, FL) 


		
		
		
[bookmark: R29]
		Vogel S 
		(1974) Ölblumen und ölsammelnde Bienen. Akademie der Wissenschaften und der Literatur Tropische und subtropische Pflanzenwelt 7, 1–267. 
			[image: open url image1]
		
		

		
		
		
[bookmark: R30]
		Zimmerman JK, Aide M 
		(1989) Patterns of fruit production in a neotropical orchid: pollinator vs. resource limitation. American Journal of Botany 76, 67–73. 
			

		| Crossref | GoogleScholarGoogle Scholar | 
			[image: open url image1]
		
		

		
		



 


 





 
				

		
			
		

				
					
						
	
		[image: Committee on Publication Ethics]

	

	
		
			
						
							
					

							
							
							
							
							
						

						

					
								
									Rent Article (via Deepdyve)
								
							
			Export Citation
			
				Cited By (14)
			
				Get Permission
		
		

		
		
		
			View Dimensions

			

		

	
			
				
					Subscriber Login

					
					
					
					Username:
					

					Password:
					 
				 

			

		
					

				
	
		   
		

	 
		    
	            Journal Navigation

    	        
						

						
							Left Panel NavigationJournal Home
						

							About the Journal
	Editorial Structure
	Publishing Policies
	Contacts


					
					
	

						
							Left Panel NavigationContent
						

							
												Left Panel NavigationLatest
											
	
														  Left Panel NavigationMost Read
													
	All Content
	Special Issues
	Research Fronts
	Virtual Issues
	Turner Review Series


					
					
	

						
							Left Panel NavigationFor Authors
						

							General Information
	Scope
	
										
				                            
				                       	Submit Article
										
										
	Author Instructions
	Licence to Publish
	Open Access
	Read and Publish
	Publishing Charges
	Awards and Prizes


					
					
	

						
							Left Panel NavigationFor Reviewers
						

							Reviewer Guidelines
	
										
				                            
				                       	Review Article 
										
	Reviewer Recognition
	Annual Reviewer Index


					
					
	

						
							Left Panel NavigationFor Subscribers
						

							Subscription Prices
	Customer Service
	Library Recommendation


					
					
	

						
							Left Panel NavigationFor Advertisers
						

						

					
					


				
				

			
	 [image: email icon]
	 	e-Alerts

	 	
		Subscribe to our Email Alert or [image: RSS] feeds for the latest journal papers.

	 

	 



			    
		


	

    
		
         
          Links

            
              Links first column

              	About Us
	Contact Us
	Help
	Workshops
	Building Technology Resources 


            
        

        
          Browse by subject

          
            
              Browse by subject first column

              	Animals
	Built Environment
	Food & Agriculture
	Gardening & Horticulture
	Children


            
          

          
            
              Browse by subject second column

              	Marine & Freshwater
	Natural Environment
	Physical Sciences
	Plants & Fungi
	Science in Society


            
          

        

        
          Connect with us

            [image: Like us on Facebook]
            [image: Follow us on Twitter]
            [image: Connect with us on Instagram]
            [image: Connect with us on LinkedIn]
        
 

	
		We acknowledge the Traditional Owners of the land, sea and waters, of the areas that we live and work on across Australia. We acknowledge their continuing connection to their culture, their contribution to our shared knowledge, and pay our respects to their Elders past and present.

		
			Copyright Legal Notice and Disclaimer Privacy

		

		[image: CSIRO]
		
			[image: Australian Academy Of Science]
		
	
	





     
     [image: Clicky]



		

    
	














