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                    Abstract
Observations on Mount St Helens indicate that the spread of recolonizing lupin plants has been slowed due to the presence of insect herbivores and it is possible that the spread of lupins could be reversed in the future by intense insect herbivory [Fagan, W. F. and J. Bishop (2000). Trophic interactions during primary sucession: herbivores slow a plant reinvasion at Mount St. Helens. Amer. Nat.
                        155, 238–251]. In this paper we investigate mechanisms by which herbivory can contain the spatial spread of recolonizing plants. Our approach is to analyse a series of predator-prey reaction-diffusion models and spatially coupled ordinary differential equation models to derive conditions under which predation pressure can slow, stall or reverse a spatial invasion of prey. We focus on models where prey disperse more slowly than predators. We comment on the types of functional response which give such solutions, and the circumstances under which the models are appropriate.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Modeling changes in predator functional response to prey across spatial scales
                                        
                                    

                                    
                                        Article
                                        
                                         17 June 2017
                                    

                                

                                Diego F. Rincon, Luis A. Cañas & Casey W. Hoy

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Endogenous spatial heterogeneity in a multi-patch predator-prey system: insights from a field-parameterized model
                                        
                                    

                                    
                                        Article
                                        
                                         21 September 2020
                                    

                                

                                David Brown, Andrea Bruder & Miroslav Kummel

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Dynamics of Predator–Prey Metapopulations with Allee Effects
                                        
                                    

                                    
                                        Article
                                        
                                         19 August 2016
                                    

                                

                                Meng Fan, Ping Wu, … Robert K. Swihart

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Aronson, D. G. and H. F. Weinberger (1975). Nonlinear diffusion in population genetics, combustion, and nerve pulse propagation, in Lecture Notes in Mathematics, 446, J. A. Goldstein (Ed.), Berlin: Springer-Verlag, pp. 5–49.

                    Google Scholar 
                

	Conway, E. D. (1984). Diffusion and (predator-prey) interaction: pattern in closed systems. Res. Notes Math.
                           101, 85–133.
MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Dunbar, S. R. (1986). Traveling waves in diffusive predator-prey equations: periodic orbits and point-to-periodic heteroclinic orbits. SIAM J. Appl. Math.
                           46, 1057–1078.
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Fagan, W. F. and J. Bishop (2000). Trophic interactions during primary succession: Herbivores slow a plant reinvasion at Mount St. Helens. Amer. Nat.
                           155, 238–251.
Article 
    
                    Google Scholar 
                

	Fife, P. C. (1976). Pattern formation in Reacting and Diffusing Systems. J. Chem. Phys.
                           64, 554–564.
Article 
    
                    Google Scholar 
                

	Hadeler, K. P. and F. Rothe (1975). Travelling fronts in nonlinear diffusion equations. J. Math. Biol.
                           2, 251–263.
Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Hastings, A., S. Harrison and K. McCann (1997). Unexpected spatial patterns in an insect outbreak match a predator diffusion model. Proc. R. Soc. Lond. B
                           264, 1837–1840.
Article 
    
                    Google Scholar 
                

	Hosono, Y. (1998). The minimal speed of traveling fronts for a diffusive Lotka Volterra competition model. Bull. Math. Biol.
                           60, 435–448.
Article 
    MATH 
    
                    Google Scholar 
                

	Keener, J. P. (1987). Propagation failure in coupled systems of discrete excitable cells. SIAM J. Appl. Math.
                           47, 556–572.
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Keener, J. P. (1993). The effects of discrete gap junction coupling on propagation in myocardium. J. Theor. Biol.
                           148, 49–82.

                    Google Scholar 
                

	Keitt, T. H., M. A. Lewis and R. D. Holt (2000). Allee effects, invasion pinning and species borders. Submitted to Amer. Nat.
                        

	Lewis, M. A. and P. Kareiva (1993). Allee dynamics and the spread of invading organisms. Theor. Popul. Biol.
                           43, 141–158.
Article 
    MATH 
    
                    Google Scholar 
                

	Lewis, M. A., B. Li and H. F. Weinberger (2000). Spreading speeds and the linear conjecture for two-species competition models. Submitted to J. Math. Biol.
                        

	May, R. (1974). Model Ecosystems, Princeton, NJ: Princeton University Press.

                    Google Scholar 
                

	Murray, J. D. (1989). Mathematical Biology, Berlin: Springer Verlag.
MATH 
    
                    Google Scholar 
                

	Perko, L. (1991). Differential Equations and Dynamical Systems, New York: Springer Verlag.
MATH 
    
                    Google Scholar 
                

	Rothe, F. (1981). Convergence to pushed fronts. Rocky Mt. J. Math.
                           11, 617–633.
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Sherratt, J. A., B. T. Eagan and M. A. Lewis (1997). Oscillations and chaos behind predator-prey invasion: mathematical artefact or ecological reality? Phil. Trans. R. Soc. Lond. B
                           352, 21–38.
Article 
    
                    Google Scholar 
                

	Smoller, J. (1994). Shock Waves and Reaction-Diffusion Equations, New York: Springer Verlag.
MATH 
    
                    Google Scholar 
                

	Weinberger, H. F., M. A. Lewis and B. Li (2000). Analysis of the linear conjecture for spread in cooperative models. Submitted to J. Math. Biol.
                        


Download references




Author information
Authors and Affiliations
	Nonlinear and Complex Systems Group, Department of Mathematical Sciences, Loughborough University, Loughborough, LE11 3TU, UK
M. R. Owen

	Department of Mathematics, University of Utah, Salt Lake City, Utah, 84112, USA
M. A. Lewis


Authors	M. R. OwenView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. A. LewisView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Owen, M.R., Lewis, M.A. How predation can slow, stop or reverse a prey invasion.
                    Bull. Math. Biol. 63, 655–684 (2001). https://doi.org/10.1006/bulm.2001.0239
Download citation
	Received: 20 September 2000

	Accepted: 11 March 2001

	Issue Date: July 2001

	DOI: https://doi.org/10.1006/bulm.2001.0239


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
                        


Keywords
	Transition Layer
	Prey Density
	Logistic Growth
	Predator Density
	Prey Model








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					44.202.61.50
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    