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                    Abstract
Top predators can suppress mesopredators both by killing them and by motivating changes in their behavior, and there are numerous examples of mesopredator release caused by declines in top predator populations. Demonstrated cases of invasive species triggering such releases among vertebrate trophic linkages (indirect facilitation), however, are rare. The invasive cane toad, Bufo marinus, has caused severe population-level declines in some Australian predators via lethal toxic ingestion. During a long-term study of the direct impacts of cane toads on predatory monitor lizards in tropical Australia, we documented significant, marked increases in annual counts of a mesopredator, the common tree snake (Dendrelaphis punctulatus). Mean snake counts during surveys of 70-km river transects at two sites increased from <1 individual per survey during 2001–2006, to 8–18 per survey in 2007. These increases occurred approximately 3 years following the arrival of cane toads, and 1–3 years after 71–96 % population declines in three species of predatory monitor lizards (Varanus panoptes, V. mertensi, and V. mitchelli). These data suggest a mesopredator release: the dramatic reduction of predatory monitor lizards caused increases in the tree snake by decreasing predation risk. The increases in tree snake counts were not attributable to either abiotic factors, or a trophic subsidy. The severe declines of predatory monitor lizards, coupled with recent evidence of cascading effects on their prey, suggest that cane toads are re-shaping riparian communities in tropical Australia through both direct negative effects and indirect facilitation.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Terrestrial mesopredators did not increase after top-predator removal in a large-scale experimental test of mesopredator release theory
                                        
                                    

                                    
                                        Article
                                         Open access
                                         14 September 2021
                                    

                                

                                Geoff Castle, Deane Smith, … Benjamin L. Allen

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Invasive cane toads might initiate cascades of direct and indirect effects in a terrestrial ecosystem
                                        
                                    

                                    
                                        Article
                                         Open access
                                         19 January 2018
                                    

                                

                                Benjamin Feit, Christopher E. Gordon, … Mike Letnic

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Invasion dynamics: interactions between the European Green Crab Carcinus maenas and the Asian Shore Crab Hemigrapsus sanguineus
                                        
                                    

                                    
                                        Article
                                        
                                         23 October 2018
                                    

                                

                                Christopher Baillie & Jonathan H. Grabowski

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Barber NA, Marquis RJ, Tori WP (2008) Invasive prey impacts the abundance and distribution of native predators. Ecology 89:2678–2683
Article 
    PubMed 
    
                    Google Scholar 
                

	Baxter CV, Fausch KD, Murakami M, Chapman PL (2004) Non-native stream fish invasion restructures stream and forest food webs by interrupting reciprocal prey subsidies. Ecology 85:2656–2663
Article 
    
                    Google Scholar 
                

	Berger J (2010) Fear-mediated food webs. In: Terborgh J, Estes JA (eds) Trophic cascades predators, prey, and the changing dynamics of nature. Island Press, Washington, DC, pp 241–253

                    Google Scholar 
                

	Blackburn TM, Cassey P, Duncan RP, Evans KL, Gaston KJ (2004) Avian extinction and mammalian introductions on oceanic islands. Science 305:1955–1958
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Blamires SJ (2004) Habitat preferences of coastal goannas (Varanus panoptes): are they exploiters of sea turtle nests at Fog Bay, Australia? Copeia 2004:370–377
Article 
    
                    Google Scholar 
                

	Braithwaite RW, Griffiths A (1994) Demographic variation and range contraction in the northern quoll Dasyurus hallucatus (Marsupialia: Dasyuridae). Wildl Res 21:203–217
Article 
    
                    Google Scholar 
                

	Brown GP, Phillips BL, Shine R (2011) The ecological impact of invasive cane toads on tropical snakes: field data do not support laboratory-based predictions. Ecology 92:422–431

                    Google Scholar 
                

	Bruno JF, Stachowicz JJ, Bertness MD (2003) Inclusion of facilitation into ecological theory. TREE 18:119–125

                    Google Scholar 
                

	Burnett S (1997) Colonizing cane toads cause population declines in native predators: reliable anecdotal information and management implications. Pac Conserv Biol 3:65–72

                    Google Scholar 
                

	Callaway R (2007) Positive interactions and interdependence in plant communities. Springer, Dordrecht

                    Google Scholar 
                

	Catling PC, Hertog A, Burt RJ, Wombey JC, Forrester RI (1999) The short-term effect of cane toads (Bufo marinus) on native fauna in the Gulf Country of the Northern Territory. Wildl Res 26:161–185
Article 
    
                    Google Scholar 
                

	Christian KA (2004a) Varanus panoptes. In: King D, Pianka E (eds) Varanoid lizards of the world. Indiana University Press, Bloomington, pp 423–429

                    Google Scholar 
                

	Christian KA (2004b) Varanus mertensi. In: King D, Pianka E (eds) Varanoid lizards of the world. Indiana University Press, Bloomington, pp 410–415

                    Google Scholar 
                

	Clavero M, Garcia-Berthou E (2005) Invasive species are a leading cause of animal extinctions. TREE 20:110
PubMed 
    
                    Google Scholar 
                

	Cogger H (2000) Reptiles and amphibians of Australia. Reed New Holland, Sydney

                    Google Scholar 
                

	Covacevich JA, Couper PJ (1992) The Carpet Python, Morelia spilota (Lacépède), another unsuccessful predator of the Cane Toad, Bufo marinus (Linnaeus), in Australia. Greater Cincinnati Herpetol Soc Contr Herpetol 1992:57–59

                    Google Scholar 
                

	Doody JS, Taylor R (1997) A note on the foraging behavior of Dendrelaphis punctulatus in the Northern Territory. Herpetofauna 27:55–56

                    Google Scholar 
                

	Doody JS, Green B, Sims R, Rhind D, West P, Steer D (2006) Indirect impacts of invasive cane toads (Bufo marinus) on nest predation in pig-nosed turtles. Wildl Res 33:349–354
Article 
    
                    Google Scholar 
                

	Doody JS, Green B, Rhind D, Castellano C, Sims R, Robinson T (2009) Population-level declines in Australian predators caused by an invasive species. Anim Conserv 12:46–53
Article 
    
                    Google Scholar 
                

	Doody JS, Lloyd R, Rhind D (2012a) Varanus panoptes (yellow-spotted monitor). Diet and prey capture. Herpetol Rev 43:339–340

                    Google Scholar 
                

	Doody JS, Hall M, Rhind D, Green B, Dryden G (2012b) Varanus panoptes (Yellow-spotted Monitor) Diet. Herpetol Rev (In press)

	Elton CS (1958) The ecology of invasions by animals and plants. Methuen, London

                    Google Scholar 
                

	Fearn S, Trembath DF (2010) Natural history of the common tree snake, Dendrelaphis punctulatus (Serpentes: Colubridae), in the wet-dry tropics of north Queensland. Austr J Zool 58:384–389
Article 
    
                    Google Scholar 
                

	Freeland WJ (1986) Populations of cane toads, Bufo marinus, in relation to time since colonization. Austr Wildl Res 13:321–329
Article 
    
                    Google Scholar 
                

	Fritts TH, Rodda GH (1998) The role of introduced species in the degradation of island ecosystems: a case history of Guam. Ann Rev Ecol Syst 29:113–140
Article 
    
                    Google Scholar 
                

	Glen AS, Dickman CR (2005) Complex interactions among mammalian carnivores in Australia, and their implications for wildlife management. Biol Rev 80:387–401
Article 
    PubMed 
    
                    Google Scholar 
                

	Hill BM, Ward SJ (2010) National recovery plan for the Northern Quoll Dasyurus hallucatus. Department of Natural Resources, Environment, The Arts and Sport, Darwin

                    Google Scholar 
                

	Kikvidze Z, Callaway RM (2009) Ecological facilitation may drive major evolutionary transitions. Bioscience 59:399–404
Article 
    
                    Google Scholar 
                

	Letnic M, Webb JK, Shine R (2008) Invasive cane toads (Bufo marinus) cause mass mortality of freshwater crocodiles (Crocodylus johnstoni) in tropical Australia. Biol Conserv 141:1773–1782
Article 
    
                    Google Scholar 
                

	Lever C (2001) The cane toad. The history and ecology of a successful colonist. Westbury Publishing, West Yorkshire

                    Google Scholar 
                

	Losos JB, Green HW (1988) Ecological and evolutionary implications of diet in monitor lizards. Biol J Linn Soc 35:379–407
Article 
    
                    Google Scholar 
                

	Oakwood M (2004) The effect of cane toads on a marsupial carnivore, the northern quoll, Dasyurus hallucatus. Report to Parks Australia, Darwin

                    Google Scholar 
                

	Olden JD, Poff L, Douglas MR, Douglas ME, Fausch KD (2004) Ecological and evolutionary consequences of biological homogenization. TREE 19:18–24
PubMed 
    
                    Google Scholar 
                

	Phillips BL, Brown GP, Shine R (2003) Assessing the potential impact of cane toads on Australian snakes. Conserv Biol 17:1738–1747
Article 
    
                    Google Scholar 
                

	Phillips BL, Greenlees MJ, Brown GP, Shine R (2010) Predator behavior and morphology mediates the impact of an invasive species: cane toads and death adders in Australia. Anim Conserv 13:53–59
Article 
    
                    Google Scholar 
                

	Prevot-Julliard A, Clevel J, Teillac-Deschamps P, Julliard R (2011) The need for flexibility in conservation practices: exotic species as an example. Env Manag 47:315–321
Article 
    
                    Google Scholar 
                

	Price-Rees SJ, Brown GP, Shine R (2010) Predation on toxic cane toads (Bufo marinus) may imperil bluetongue lizards (Tiliqua scincoides intermedia, Scincidae) in tropical Australia. Wildl Res 37:166–173
Article 
    
                    Google Scholar 
                

	Rayner MJ, Hauber ME, Imber MJ, Stamp RK, Clout MN (2007) Spatial heterogeneity of mesopredator release within an ocean island system. PNAS 14:20862–20865
Article 
    
                    Google Scholar 
                

	Ritchie EG, Johnson CN (2009) Predator interactions, mesopredator release, and biodiversity conservation. Ecol Lett 12:982–998
Article 
    PubMed 
    
                    Google Scholar 
                

	Rodriguez LF (2006) Can invasive species facilitate native species? Evidence of how, when, and why these impacts occur. Biol Invasions 8:927–939
Article 
    
                    Google Scholar 
                

	Roemer GW, Donlan CJ, Courchamp F (2002) Golden eagles, feral pigs, and insular carnivores: how exotic species turn native predators into prey. PNAS 99:791–796
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Rose AB (1974) Gut contents of some amphibians and reptiles. Herpetofauna 7:4–8

                    Google Scholar 
                

	Schlaepfer MA, Sax DF, Olden JD (2011) The potential conservation value of non-native species. Conserv Biol 25:428–437
Article 
    PubMed 
    
                    Google Scholar 
                

	Schultz T, Doody JS (2004) Varanus mitchelli. In: Pianka E, King D (eds) Varanoid lizards of the world. Indiana University Press, Bloomington, pp 416–422

	Shine R (1986) Food habits, habitats, and reproductive biology of varanid lizards in tropical Australia. Herpetologica 42:346–360

                    Google Scholar 
                

	Shine R (1991) Strangers in a strange land: ecology of the Australian colubrid snakes. Copeia 1991:120–131
Article 
    
                    Google Scholar 
                

	Shine R (2010) The ecological impact of invasive cane toads (Bufo marinus) in Australia. Quar Rev Biol 85:253–291
Article 
    
                    Google Scholar 
                

	Shine R, Doody JS (2011) Invasive species control: understanding conflicts between researchers and the general community. Front Ecol Env 9:400–406
Article 
    
                    Google Scholar 
                

	Simberloff D (2000) Nonindigenous species: a global threat to biodiversity and stability. In: Raven P, Williams T (eds) Nature and human society: the quest for a sustainable world. National Academy Press, Washington, DC, pp 325–336

                    Google Scholar 
                

	Soanes R (2011) The influence of nest site choice and sensory cues on the reproductive success of Crimson Finch (Neochmia phaeton). Honours thesis, Monash University, Melbourne, Australia

	Somaweera R, Shine R (2011) The (non) impact of invasive cane toads on freshwater crocodiles at Lake Argyle in tropical Australia. Anim Conserv. doi:10.1111/j.1469-1795.2011.00500
                

	Soule M (2010) Conservation relevance of ecological cascdes. In: Terborgh J, Estes JA (eds) Trophic cascades. predators, prey, and the changing dynamics of nature. Island Press, Washington, DC, pp 337–351

	Soule′ ME, Bolger DT, Alberts AC, Wright J, Sorice M, Hill S (1988) Reconstructed dynamics of rapid extinctions of chaparral-requiring birds in urban habitat islands. Conserv Biol 2:75–92
Article 
    
                    Google Scholar 
                

	Stachowicz JJ (2001) Mutualism, facilitation, and the structure of ecological communities. Bioscience 51:235–246
Article 
    
                    Google Scholar 
                

	Stewart-Oaten A, Murdoch W, Parker K (1986) Environmental impact assessment: “pseudoreplication” in time? Ecology 67:929–940
Article 
    
                    Google Scholar 
                

	Sutherland DR, Glen AS, de Tores PJ (2010) Could controlling mammalian predators lead to mesopredator release of carnivorous reptiles? Proc Roy Soc B 278:641–648
Article 
    
                    Google Scholar 
                

	Sutherst RW, Floyd RB, Maywald GF (1995) The potential distribution of the cane toad, Bufo marinus L. in Australia. Conserv Biol 10:294–299
Article 
    
                    Google Scholar 
                

	Terborgh J, Estes JA (2010) Trophic cascades: predators, prey, and the changing dynamics of nature. Island Press, Washington, DC

	Thomsen MS, Wernberg T, Altieri A, Tuya F, Gulbransen D, McGlathery KJ, Holmer M, Silliman BR (2010) Habitat cascades: the conceptual context and global relevance of facilitation cascades via habitat formation and modification. Integr Comp Biol 50:158–175
Article 
    PubMed 
    
                    Google Scholar 
                

	Ujvari B, Madsen T (2009) Increased mortality of naïve varanid lizards after the invasion of non-native cane toads (Bufo marinus). Herpetol Conserv Biol 4:248–251

                    Google Scholar 
                

	Ujvari B, Shine R, Madsen T (2011) Detecting the impact of invasive species on native fauna: cane toads (Bufo marinus), frillneck lizards (Chlamydosaurus kingii) and the importance of spatial replication. Austral Ecol 36:126–130
Article 
    
                    Google Scholar 
                

	Urban MC, Phillips BL, Skelly DK, Shine R (2007) A toad more travelled: the heterogenous invasion dynamics of cane toads in Australia. Am Natur 171:E134–E148
Article 
    
                    Google Scholar 
                

	Ward S, Woinarski J, Griffiths T, McKay L (2006a) Threatened species of the Northern territory. Yellow-spotted Monitor. Varanus panoptes. Department of Natural Resources, Environment, and the Arts. Northern Territory Government, Darwin

	Ward S, Woinarski J, Griffiths T, McKay L (2006b) Threatened species of the Northern territory. Mertens Water Monitor. Varanus mertensi. Department of Natural Resources, Environment, and the Arts. Northern Territory Government, Darwin

	Webb GJW (1982) A look at freshwater crocodiles. Austral Natur Hist 20:299–303

                    Google Scholar 
                

	Webb GJW, Manolis SC (2010) Australian freshwater crocodile Crocodylus johnstoni. In: Manolis SC, Stevenson C (eds) Crocodiles. Status survey and conservation action plan. Crocodile Specialist Group, Darwin, pp 66–70

                    Google Scholar 
                

	Webb GA, Rose AB (1984) The food of some Australian snakes. Herpetofauna 16:21–27

                    Google Scholar 
                

	Webb GJW, Buckworth R, Manolis SC (1983) Crocodylus johnstoni in the McKinlay River, N.T. VI. *Nesting biology. Austral Wildl Res 10:607–637
Article 
    
                    Google Scholar 
                

	Webb JK, Shine R, Christian KA (2005) Does intraspecific niche partitioning in a native predator influence its response to an invasion by a toxic prey species? Austral Ecol 30:201–209
Article 
    
                    Google Scholar 
                

	White EM, Wilson JC, Clarke AR (2006) Biotic indirect effects: a neglected concept in invasion biology. Diversity Distrib 12:443–455
Article 
    
                    Google Scholar 
                


Download references




Acknowledgments
We thank P. O’Brien (Douglas Daly Research Farm, NT) and A. Georges for logistical support. We are grateful to R. Allen, G. Brown, L. Crimmins, G. Dryden, D. Hunter, G. Kay, P. Macak, R. Sims, D. Steer, and D. Trembath for assistance in the field. The project benefited from discussions with J. Hone, R. Pech, and T. Robinson. The study was funded by CSIRO and the Natural Heritage Trust (Department of Environment and Water).


Author information
Authors and Affiliations
	Institute for Applied Ecology, University of Canberra, Canberra, ACT, 2601, Australia
J. Sean Doody, Christina M. Castellano & Brian Green

	Department of Ecology and Evolutionary Biology, University of Tennessee, 569 Dabney Hall, Knoxville, TN, 37996-1610, USA
J. Sean Doody

	Department of the Sustainability, Environment, Water, Population and Communities, Canberra, ACT, 2600, Australia
David Rhind


Authors	J. Sean DoodyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Christina M. CastellanoView author publications
You can also search for this author in
                        PubMed Google Scholar



	David RhindView author publications
You can also search for this author in
                        PubMed Google Scholar



	Brian GreenView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                J. Sean Doody.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Doody, J.S., Castellano, C.M., Rhind, D. et al. Indirect facilitation of a native mesopredator by an invasive species: are cane toads re-shaping tropical riparian communities?.
                    Biol Invasions 15, 559–568 (2013). https://doi.org/10.1007/s10530-012-0308-8
Download citation
	Received: 23 January 2012

	Accepted: 18 August 2012

	Published: 01 September 2012

	Issue Date: March 2013

	DOI: https://doi.org/10.1007/s10530-012-0308-8


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
	Trophic cascade
	Mesopredator release
	Predation risk
	
                Bufo marinus
              
	
                Varanus
              
	
                Dendrelaphis punctulatus
              








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					34.205.43.164
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    