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            Abstract
Parasites can have strong impacts but are thought to contribute little biomass to ecosystems1,2,3. We quantified the biomass of free-living and parasitic species in three estuaries on the Pacific coast of California and Baja California. Here we show that parasites have substantial biomass in these ecosystems. We found that parasite biomass exceeded that of top predators. The biomass of trematodes was particularly high, being comparable to that of the abundant birds, fishes, burrowing shrimps and polychaetes. Trophically transmitted parasites and parasitic castrators subsumed more biomass than did other parasitic functional groups. The extended phenotype biomass controlled by parasitic castrators sometimes exceeded that of their uninfected hosts. The annual production of free-swimming trematode transmission stages was greater than the combined biomass of all quantified parasites and was also greater than bird biomass. This biomass and productivity of parasites implies a profound role for infectious processes in these estuaries.
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                    Figure 1: 
Biomass of animals and proportional contribution of parasites in three estuaries.
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Figure 2: 
Ecosystem-level biomass density of animal parasites in three estuaries.
[image: ]


Figure 3: 
Ecosystem-level biomass density of parasitically castrated (extended phenotypes) and uninfected phenotypes of hosts supporting parasitic castrators in three estuaries.
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Figure 4: 
Standing crop biomass and cercarial productivity of trematodes in 
Cerithidea californica
 snails.
[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Mammal responses to global changes in human activity vary by trophic group and landscape
                                        
                                    

                                    
                                        Article
                                         Open access
                                         18 March 2024
                                    

                                

                                A. Cole Burton, Christopher Beirne, â€¦ Roland Kays

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Genome-scale community modelling reveals conserved metabolic cross-feedings in epipelagic bacterioplankton communities
                                        
                                    

                                    
                                        Article
                                         Open access
                                         28 March 2024
                                    

                                

                                Nils Giordano, Marinna Gaudin, â€¦ Samuel Chaffron

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Warning sign of an accelerating decline in critically endangered killer whales (Orcinus orca)
                                        
                                    

                                    
                                        Article
                                         Open access
                                         02 April 2024
                                    

                                

                                Rob Williams, Robert C. Lacy, â€¦ Paul Paquet

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Loreau, M., Roy, J. & Tilman, D. in Parasitism and Ecosystems (eds Thomas, F., Renaud, F. & GuÃ©gan, J.-F.) 13â€“21 (Oxford Univ. Press, Oxford, 2005)
BookÂ 
    
                    Google ScholarÂ 
                

	Polis, G. A. & Strong, D. R. Food web complexity and community dynamics. Am. Nat. 147, 813â€“846 (1996)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Poulin, R. The functional importance of parasites in animal communities: many roles at many levels? Int. J. Parasitol. 29, 903â€“914 (1999)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Linderman, R. L. The trophicâ€“dynamic aspect of ecology. Ecology 23, 399â€“418 (1942)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Odum, E. P. Strategy of ecosystem development. Science 164, 262â€“270 (1969)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Yodzis, P. & Innes, S. Body size and consumerâ€“resource dynamics. Am. Nat. 139, 1151â€“1175 (1992)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Kuris, A. M. & Lafferty, K. D. in Evolutionary Biology of Hostâ€“Parasite Relationships: Theory Meets Reality (eds Poulin, R., Morand, S. & Skorping, A.) 9â€“26 (Elsevier, Amsterdam, 2000)

                    Google ScholarÂ 
                

	Lafferty, K. D. & Kuris, A. M. Trophic strategies, animal diversity and body size. Trends Ecol. Evol. 17, 507â€“513 (2002)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Dawkins, R. The Extended Phenotype: The Long Reach of the Gene (Oxford Univ. Press, Oxford, 1982)

                    Google ScholarÂ 
                

	Erwin, R. M. Dependence of waterbirds and shorebirds on shallow-water habitats in the mid-Atlantic coastal region: An ecological profile and management recommendations. Estuaries 19, 213â€“219 (1996)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Spruzen, F. L., Richardson, A. M. M. & Woehler, E. J. Spatial variation of intertidal macroinvertebrates and environmental variables in Robbins Passage wetlands, NW Tasmania. Hydrobiologia 598, 325â€“342 (2008)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Allen, L. G. Seasonal abundance composition and productivity of the littoral fish assemblage in Upper Newport Bay, California. Fish. Bull. 80, 769â€“790 (1982)

                    Google ScholarÂ 
                

	Ramer, B. A., Page, G. W. & Yoklavich, M. M. Seasonal abundance habitat use and diet of shorebirds in Elkhorn Slough, California. Western Birds 22, 157â€“174 (1991)

                    Google ScholarÂ 
                

	Oâ€™Brien, J. & Van Wyk, P. in Crustacean Issues: Factors in Adult Growth (ed. Wenner, A.) 191â€“218 (Balkema, Rotterdam, 1985)

                    Google ScholarÂ 
                

	Hechinger, R. F. et al. How large is the hand in the puppet? Ecological and evolutionary effects on body mass of 15 trematode parasitic castrators in their snail host. Evol. Ecol. 10.1007/s10682-008-9262-4 (in the press)

	Fingerut, J. T., Zimmer, C. A. & Zimmer, R. K. Patterns and processes of larval emergence in an estuarine parasite system. Biol. Bull. 205, 110â€“120 (2003)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Browne, R. A. & Russell-Hunter, W. D. Reproductive effort in molluscs. Oecologia 37, 23â€“27 (1978)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Hughes, R. N. & Roberts, D. J. Reproductive effort of winkles (Littorina spp.) with contrasted methods of reproduction. Oecologia 47, 130â€“136 (1980)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Arias-Gonzalez, J. E. & Morand, S. Trophic functioning with parasites: a new insight for ecosystem analysis. Mar. Ecol. Prog. Ser. 320, 43â€“53 (2006)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	McLusky, D. S. The Estuarine Ecosystem 2nd edn (Blackie, Glasgow, 1989)
BookÂ 
    
                    Google ScholarÂ 
                

	Calow, P. Pattern and paradox in parasite reproduction. Parasitology 86, 197â€“207 (1983)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Rigby, M. C., Hechinger, R. F. & Stevens, L. Why should parasite resistance be costly? Trends Parasitol. 18, 116â€“120 (2002)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Lochmiller, R. L. & Deerenberg, C. Trade-offs in evolutionary immunology: just what is the cost of immunity? Oikos 88, 87â€“98 (2000)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Lafferty, K. D., Dobson, A. P. & Kuris, A. M. Parasites dominate food web links. Proc. Natl Acad. Sci. USA 103, 11211â€“11216 (2006)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lafferty, K. D. et al. in Disease Ecology: Community Structure and Pathogen Dynamics (eds Collinge, S. K. & Ray, C.) 119â€“134 (Oxford Univ. Press, Oxford, 2006)
BookÂ 
    
                    Google ScholarÂ 
                

	Lafferty, K. D. & Morris, A. K. Altered behavior of parasitized killifish increases susceptibility to predation by bird final hosts. Ecology 77, 1390â€“1397 (1996)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Huxham, M. & Raffaelli, D. Parasites and food-web patterns. J. Anim. Ecol. 64, 168â€“176 (1995)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Thompson, R. M., Mouritsen, K. N. & Poulin, R. Importance of parasites and their life cycle characteristics in determining the structure of a large marine food web. J. Anim. Ecol. 74, 77â€“85 (2005)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Bush, A. O., Lafferty, K. D., Lotz, J. M. & Shostak, A. W. Parasitology meets ecology on its own terms: Margolis et al. revisited. J. Parasitol. 83, 575â€“583 (1997)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Peters, R. H. The Ecological Implications of Body Size (Cambridge Univ. Press, Cambridge, 1983)
BookÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank many assistants, in particular I. Jimenez, A. Kaplan, M. Saunders, J. Smith, A. Wood and the research team of L. Ladah. L. Ladah and the Huttinger family provided facilities for fieldwork. Satellite imagery of CSM was provided by K. Clarke. The University of California Natural Reserve System provided access to CSM. The National Science Foundation/National Institutes of Health Ecology of Infectious Diseases Program provided funding.


Author information
Author notes	Armand M. Kuris and Ryan F. Hechinger: These authors contributed equally to this work.


Authors and Affiliations
	Department of Ecology, Evolution and Marine Biology and Marine Science Institute, University of California, Santa Barbara, California 93106, USA, 
Armand M. Kuris,Â Ryan F. Hechinger,Â Jenny C. Shaw,Â Kathleen L. Whitney,Â Charlie A. Boch,Â Julio Lorda,Â Luzviminda MababaÂ &Â Nadia L. Talhouk

	 Centro de InvestigaciÃ³n y Estudios Avanzados del IPN, C.P. 97310, MÃ©rida, Mexico , 
Leopoldina Aguirre-Macedo

	 Ecology and Evolutionary Biology, Princeton University, Princeton, New Jersey 08544-1003, USA , 
Andrew P. Dobson

	Department of Biology, Center for Infectious Disease Dynamics, Pennsylvania State University, University Park, Pennsylvania 16802, USA, 
Eleca J. Dunham

	Department of Biology, University of Texas Pan-American, Edinburg, Texas 78539, USA, 
Brian L. Fredensborg

	Department of Biology, University of Wisconsinâ€“Stevens Point, Stevens Point, Wisconsin 54481, USA, 
Todd C. Huspeni

	 Pacific Islands Fisheries Research Center, National Marine Fisheries Service, Honolulu, Hawaii 96822, USA , 
Frank T. Mancini

	Department of Biology, University of California, Riverside, California 92521, USA, 
Adrienne B. Mora

	 Ecology and Evolutionary Biology, University of Connecticut, Storrs, 75 North Eagleville Rd. Unit 3043, Storrs, Connecticut 06269, USA , 
Maria Pickering

	 Smithsonian Tropical Research Institute, Apartado 0843, Ancon, Balboa 03092, Panama, Republic of Panama , 
Mark E. Torchin

	 Western Ecological Research Center, US Geological Survey, Marine Science Institute, University of California, Santa Barbara, California 93106, USA , 
Kevin D. Lafferty


Authors	Armand M. KurisView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ryan F. HechingerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jenny C. ShawView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Kathleen L. WhitneyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Leopoldina Aguirre-MacedoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Charlie A. BochView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Andrew P. DobsonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Eleca J. DunhamView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Brian L. FredensborgView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Todd C. HuspeniView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Julio LordaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Luzviminda MababaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Frank T. ManciniView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Adrienne B. MoraView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Maria PickeringView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Nadia L. TalhoukView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Mark E. TorchinView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Kevin D. LaffertyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Armand M. Kuris.


Supplementary information

Supplementary information
The file contains Supplementary Methods. (PDF 96 kb)


Supplementary information
The file contains Supplementary Data 1 with the standard errors and degrees of freedom associated with the stratified means and confidence limits depicted in all the figures. (XLS 30 kb)





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Rights and permissions
Reprints and permissions


About this article
Cite this article
Kuris, A., Hechinger, R., Shaw, J. et al. Ecosystem energetic implications of parasite and free-living biomass in three estuaries.
                    Nature 454, 515â€“518 (2008). https://doi.org/10.1038/nature06970
Download citation
	Received: 03 January 2008

	Accepted: 02 April 2008

	Published: 01 July 2008

	Issue Date: 24 July 2008

	DOI: https://doi.org/10.1038/nature06970


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

                
                    	
                            
                                
                                    
                                        A new technique to study nutrient flow in host-parasite systems by carbon stable isotope analysis of amino acids and glucose
                                    
                                

                            
                                
                                    	Tobias Hesse
	Milen Nachev
	Torsten C. Schmidt


                                
                                Scientific Reports (2023)

                            
	
                            
                                
                                    
                                        The parasitic nematode Strongyloides ratti exists predominantly as populations of long-lived asexual lineages
                                    
                                

                            
                                
                                    	Rebecca Cole
	Nancy Holroyd
	Mark Viney


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        Prey-mimetism in cercariae of Apatemon (Digenea, Strigeidae) in freshwater in northern latitudes
                                    
                                

                            
                                
                                    	Anna FaltÃ½nkovÃ¡
	Olena Kudlai
	Karl SkÃrnisson


                                
                                Parasitology Research (2023)

                            
	
                            
                                
                                    
                                        A paradox of parasite resistance: disease-driven trophic cascades increase the cost of resistance, selecting for lower resistance with parasites than without them
                                    
                                

                            
                                
                                    	Jason C. Walsman
	Alexander T. Strauss
	Spencer R. Hall


                                
                                Evolutionary Ecology (2023)

                            
	
                            
                                
                                    
                                        Infected food web and ecological stability
                                    
                                

                            
                                
                                    	Akihiko Mougi


                                
                                Scientific Reports (2022)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Parasites count too
Parasites â€” and other infectious agents â€” can have a major impact on an ecosystem, by targeting a prominent prey or predator species. But a study of the biomass of free-living and parasitic species in three estuaries on the Pacific coast of California and Baja California suggests that parasite ecology should be given more weighty consideration in food-web analysis and ecosystem modelling in future. The surprise finding was that parasites have substantial biomass in these ecosystems, even exceeding that of top predators. For instance the biomass of trematodes â€” parasitic flukes â€” was particularly high, comparable to that of birds, fish, burrowing shrimps and polychaetes.
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