







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 02 February 2011



                    Alternative stable states explain unpredictable biological control of Salvinia molesta in Kakadu

                    	Shon S. Schooler1, 
	Buck Salau2, 
	Mic H. Julien1 & 
	â€¦
	Anthony R. Ives3Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 470,Â pages 86â€“89 (2011)Cite this article
                    

                    
        
            	
                        1895 Accesses

                    
	
                        69 Citations

                    
	
                            18 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Invasive species
	Plant ecology


    


                
    
    

    
    

                
            


        
            Abstract
Suppression of the invasive plant Salvinia molesta by the salvinia weevil is an iconic example of successful biological control. However, in the billabongs (oxbow lakes) of Kakadu National Park, Australia, control is fitful and incomplete. By fitting a process-based nonlinear model to thirteen-year data sets from four billabongs, here we show that incomplete control can be explained by alternative stable states1,2,3,4â€”one state in which salvinia is suppressed and the other in which salvinia escapes weevil control. The shifts between states are associated with annual flooding events. In some years, high water flow reduces weevil populations, allowing the shift from a controlled to an uncontrolled state; in other years, benign conditions for weevils promote the return shift to the controlled state. In most described ecological examples, transitions between alternative stable states are relatively rare, facilitated by slow-moving environmental changes, such as accumulated nutrient loading or climate change5,6. The billabongs of Kakadu give a different manifestation of alternative stable states that generate complex and seemingly unpredictable dynamics. Because shifts between alternative stable states are stochastic, they present a potential management strategy to maximize effective biological control: when the domain of attraction to the state of salvinia control is approached, augmentation of the weevil population or reduction of the salvinia biomass may allow the lower state to trap the system.
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                    Figure 1: 
                        Log biomass of salvinia in four Kakadu billabongs.
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Figure 2: 
                        Fitted model to log salvinia biomass (black) and logit weevil damage (grey) for four billabongs.
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Figure 3: 
                        Phase portraits of logit weevil damage against log salvinia biomass for the four billabongs.
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        Editorial Summary
Weed control in a state of flux
In most years, the invasive mat-forming weed salvinia is successfully controlled in the river courses of Kakadu National Park, Australia, by the salvinia weevil, introduced as a biological control agent in the 1980s. In some years, however, control is incomplete. This has now been attributed to a well-known but not fully understood ecological phenomenon â€” alternative stable states. When these occur they pose severe problems for ecosystem management, but most studied examples are of strongly stable states that switch only rarely after major perturbations. In the salviniaâ€“weevil example, however, frequent changes in water availability cause shifts between weakly stable states in which control is either effective or not. A better understanding of how these shifts occur could allow intervention to keep the system in the controlled state.
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