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            Abstract
The large brown, round, strongly scented seeds of Ceratocaryum argenteum (Restionaceae) emit many volatiles found to be present in herbivore dung. These seeds attract dung beetles that roll and bury them. As the seeds are hard and offer no reward to the dung beetles, this is a remarkable example of deception in plant seed dispersal.
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                    Figure 1: The similarities between C. argenteum seeds and a dung pellet and dissimilarities with other nut seeds.


Figure 2: Comparisons of volatile emissions among seeds and large mammal droppings that indicate the similarity of C. argenteum to the dung of some herbivores.



                


                
                    
                
            

            
                References
	Schaefer, H. M. & Ruxton, G. D. Deception in plants: mimicry or perceptual exploitation? Trends Ecol. Evol. 24, 676â€“685 (2009).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Galetti, M. in Seed Dispersal and Frugivory: Ecology, Evolution and Conservation (eds Levey, D. J., Silva, W. R. & Galetti, M. ) 177â€“191 (CAB International, 2002).

                    Google ScholarÂ 
                

	Pfeiffer, M., Huttenlocher, H. & Ayasse, M. Myrmecochorous plants use chemical mimicry to cheat seed-dispersing ants. Funct. Ecol. 24, 545â€“555 (2010).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Turner, K. & Frederickson, M. Signals can trump rewards in attracting seed-dispersing ants. PLoS ONE 8, e71871 (2013).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Linder, H. P. Two new species of Ceratocaryum (Restionaceae). Kew Bull. 6, 465â€“477 (2001).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Midgley, J. J. & Anderson, B. C. in Seed Fate: Predation, Dispersal and Seedling Establishment (eds Forget, P.-M. et al.) 197â€“204 (Ciba Publishing, 2005).
BookÂ 
    
                    Google ScholarÂ 
                

	Skinner, J. D. & Chimimba, C. T. Mammals of the Southern African Subregion (Cambridge Univ. Press, 2005).
BookÂ 
    
                    Google ScholarÂ 
                

	Radloff, F. G. T., Mucina, L., Bond, W. J. & le Roux, W. P. J. Strontium isotope analyses of large herbivore habitat use in the Cape Fynbos region of South Africa. Oecologia 164, 567â€“578 (2010).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hollander, J. L., Vander Wall, S. B. & Longland, W. S. Olfactory detection of caches containing wildland versus cultivated seeds by granivorous rodents. West. N. Am. Nat. 72, 339â€“347 (2012).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Paulsen, T. R. et al. Physical dormancy in seeds: a game of hide and seek? New Phyt. 198, 496â€“503 (2013).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Scholtz, C. H. & Howden, H. F. A revision of the southern African genus Epirinus Reiche (Coleoptera: Scarabaeidae: Scarabaeinae). J. Ento. Soc. S. Africa 50, 121â€“154 (1987).

                    Google ScholarÂ 
                

	Davis, A. L. V. Seasonal dung beetle activity and dung dispersal in selected South African habitats: implications for pasture improvement in Australia. Agric. Ecosys. Environ. 58, 157â€“169 (1996).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Jurgens, A. et al. Chemical mimicry of insect oviposition sites: a global analysis of convergence in angiosperms. Ecol. Lett. 16, 1157â€“1167 (2013).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Stavert, J. R. et al. The volatile organic compounds of introduced and native dung and carrion and their role in dung beetle foraging behaviour. Ecol. Ent. 39, 556â€“565 (2014).
ArticleÂ 
    
                    Google ScholarÂ 
                

	PÃ©rez-Ramo, I. M. et al. The Comparative Effectiveness of Rodents and Dung Beetles as Local Seed Dispersers in Mediterranean Oak Forests. PLoS ONE 8, e77197 (2013).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Burger, B. V. & Petersen, W. G. B. Semiochemicals of the Scarbaeinae, III: Identification of the attractant for the dung beetle Pachylomerus femoralis in the fruit of the spineless monkey orange tree, Strychnos madagascariensis. Z. Natur. 46, 1073â€“1079 (1991).
CASÂ 
    
                    Google ScholarÂ 
                

	Vander Wall, S. B. & Longland, W. S. Diplochory: are two seed dispersers better than one? Trends Ecol. Evol. 19, 297â€“314 (2004).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Culot, L. et al. Dung beetles: an efficient diplochorous dispersal system in the Peruvian Amazonia. Biotrop. 43, 84â€“92 (2011).
ArticleÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank T. Hoekstra of CapeNature for permission to work in Potberg and H.P. Linder, W.J. Bond, B. Anderson, S.-L. Steenhuisen, N. Hobbhahn, M. Cramer and J. Hoffman for comments on the manuscript. P. Muller provided assistance with photographs and SEM. We thank the NRF for funding.


Author information
Authors and Affiliations
	Department of Biological Sciences, University of Cape Town, P bag, 7701, Rondebosch, South Africa
Jeremy J. Midgley,Â Joseph D. M. WhiteÂ &Â Gary N. Bronner

	School of Life Sciences, University of KwaZulu-Natal, PBagX01, Scottsville, 3209, Pietermaritzurg, South Africa
Steven D. Johnson


Authors	Jeremy J. MidgleyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Joseph D. M. WhiteView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Steven D. JohnsonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Gary N. BronnerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Contributions
J.J.M. initiated the study and together with J.D.M.W. and G.N.B. did the field work. S.D.J. did the scent and statistical analysis. All four contributed to manuscript writing.
Corresponding author
Correspondence to
                Jeremy J. Midgley.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary Information (PDF 377 kb)

Supplementary Movie 1 (MP4 26316 kb)

Supplementary Movie 2 (MP4 19726 kb)

Supplementary Movie 3 (MP4 15430 kb)




Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Midgley, J., White, J., Johnson, S. et al. Faecal mimicry by seeds ensures dispersal by dung beetles.
                    Nature Plants 1, 15141 (2015). https://doi.org/10.1038/nplants.2015.141
Download citation
	Received: 01 June 2015

	Accepted: 28 August 2015

	Published: 05 October 2015

	DOI: https://doi.org/10.1038/nplants.2015.141


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Fire-mediated germination syndromes in Leucadendron (Proteaceae) and their functional correlates
                                    
                                

                            
                                
                                    	Rosemary J. Newton
	Berin D. E. Mackenzie
	Tianhua He


                                
                                Oecologia (2021)

                            
	
                            
                                
                                    
                                        Succession of Dung-Inhabiting Beetles and Flies Reflects the Succession of Dung-Emitted Volatile Compounds
                                    
                                

                            
                                
                                    	Frantisek Xaver Jiri Sladecek
	Stefan DÃ¶tterl
	Martin Konvicka


                                
                                Journal of Chemical Ecology (2021)

                            
	
                            
                                
                                    
                                        Plant attractants: integrating insights from pollination and seed dispersal ecology
                                    
                                

                            
                                
                                    	Kim Valenta
	Omer Nevo
	Colin A. Chapman


                                
                                Evolutionary Ecology (2017)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Advisory Panel
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Plants (Nat. Plants)
                
                
    
    
        ISSN 2055-0278 (online)
    
    


                
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    








