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                    Abstract
Among the multiple factors involved in the decline of amphibians, competition with alien species remains understudied. In Western Europe, non-native marsh frogs (Pelophylax ridibundus and other sister species) have been widely imported for gastronomic purposes and have then often escaped from captivity. Apart from closely related species, the impact of the subsequent colonization of non-native species on native amphibians is still unknown. In this study, we analysed the response of a threatened species, the yellow-bellied toad (Bombina variegata), faced with the presence of alien frogs in mountain rivers in France. We studied the co-occurrence pattern of the native toad and the alien frog, while taking into account co-dependence of the detection rates in both species. We tested three main scenarios to explain a non-random pond occurrence for each species and to establish their respective habitat preferenda: (1) a pond-area-dependent scenario, predicting different responses from each species for a given pond size, (2) a fish-dependent scenario, predicting different responses from each species given the presence of fish in ponds, and (3) a floodplain-width-dependent scenario, predicting different responses from each species given the geomorphological characteristics of the floodplain. Taking into account site-specific covariates, we concluded that introduced frogs do not currently have an impact on the native population of the yellow-bellied toad.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Non-native populations and global invasion potential of the Indian bullfrog Hoplobatrachus tigerinus: a synthesis for risk-analysis
                                        
                                    

                                    
                                        Article
                                        
                                         09 September 2020
                                    

                                

                                Nitya Prakash Mohanty, Angelica Crottini, … John Measey

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        High habitat invasibility unveils the invasiveness potential of water frogs
                                        
                                    

                                    
                                        Article
                                        
                                         04 July 2022
                                    

                                

                                Mathieu Denoël, Clément Duret, … Mattia Falaschi

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The Xenopus laevis Invasion in Portugal: An Improbable Connection of Science, Mediterranean Climate and River Neglect
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2018
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Abad-Franch F, Ferraz G, Campos C, Palomeque FS, Grijalva MJ, Aguilar HM, Miles MA (2010) Modeling disease vector occurrence when detection is imperfect: infestation of Amazonian palm trees by triatomine bugs at three spatial scales. PLoS Negl Trop Dis 4(3):e620. doi:10.1371/journal.pntd.0000620
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Alford RA, Richards SJ (1999) Global amphibian decline: a problem in ecology. Ann Rev Ecol Evol Syst 30:133–165
Article 
    
                    Google Scholar 
                

	Arano B, Llorente G, Garcia-Paris M, Herreros P (1995) Species translocations menaces Iberian Waterfrogs. Conserv Biol 9:196–198
Article 
    
                    Google Scholar 
                

	Barandun J, Reyer U (1997a) Reproductive ecology of Bombina variegata: characterisation of spawning ponds. Amphibia-Reptilia 18:153–154

                    Google Scholar 
                

	Barandun J, Reyer U (1997b) Reproductive ecology of Bombina variegata: development of eggs and larvae. J Herpetol 31:107–110
Article 
    
                    Google Scholar 
                

	Barandun J, Reyer HU (1998) Reproductive ecology of Bombina variegata: habitat use. Copeia 2:497–500
Article 
    
                    Google Scholar 
                

	Barandun J, Reyer U, Anholt B (1997) Reproductive ecology of Bombina variegata: aspect of life history. Amphibia-Reptilia 18:347–355
Article 
    
                    Google Scholar 
                

	Beebee TJC, Griffiths RA (2005) The amphibian decline crisis: a watershed for conservation biology? Biol Conserv 125:271–285
Article 
    
                    Google Scholar 
                

	Blanchet S, Loot G, Grenouillet G, Brosse S (2007) Competitive interactions between native and exotic salmonids: a combined field and laboratory demonstration Ecol Freshwat Fish 16:133–143

                    Google Scholar 
                

	Blaustein AR, Kiesecker JM (2002) Complexity in conservation: lessons from the global decline of amphibian populations. Ecol Lett 5:597–608
Article 
    
                    Google Scholar 
                

	Burnham KP, Anderson DR (2002) Model Selection and Multi-Model Inference. A Practical Information—Theoretic Approach, 2nd edn, Springer-Verlag New York

	Buschmann H (2002) Fecundity of yellow-bellied toads Bombina variegata under free-range conditions: an indication of risk-spreading strategy. Amphibia-Reptilia 23:362–369

                    Google Scholar 
                

	Cadi A, Joly P (2004) Impact of the introduction of the red-eared slider (Trachemys scripta elegans) on survival rates of the European pond turtle (Emys orbicularis). Biodiv Cons 13:2511–2518
Article 
    
                    Google Scholar 
                

	Case TJ (1996) Globat patterns in the establishment and distribution of exotic birds. Biol Conserv 78:69–96
Article 
    
                    Google Scholar 
                

	Cayuela H, Cheylan M, Joly P (2011) The best of a harsh lot in a specialized species: breeding habitat use by the yellow-bellied toad (Bombina variegata) on rocky riverbanks. Amphibia-Reptilia 32:533–539
Article 
    
                    Google Scholar 
                

	Choquet R, Rouan L, Pradel R (2009) Program E-SURGE: A software application for fitting multievent models modelling demographic processes in marked populations. In: Thomson DL, Cooch EG, Conroy MJ (eds) Modeling demographic processes in marked populations, environmental and ecological statistics. Springer, New York, pp 847–868

                    Google Scholar 
                

	Curtis AE, Paton PWC (2010) Assessing detection probabilities of larval amphibians and macroinvertebrates in isolated ponds. Wetlands 30:901–914
Article 
    
                    Google Scholar 
                

	Cushman SA (2006) Effects of habitat loss and fragmentation on amphibians: a review and prospectus. Biol Conserv 128(2):231–240
Article 
    
                    Google Scholar 
                

	Daszak P, Cunningham AA, Hyatt AD (2003) Infectious disease and amphibian population declines. Divers Distrib 9:141–150
Article 
    
                    Google Scholar 
                

	Dodd CK, Dorazio RM (2004) Using counts to simultaneously estimate abundance and detection probabilities in a Salamander community. Herpetologica 60:468–478
Article 
    
                    Google Scholar 
                

	Gómez-Rodríguez C, Guisan A, Díaz-Paniagua C, Bustamante J (2010) Application of detection probabilities to the design of amphibian monitoring programs in temporary ponds. Ann Zool Fenn 47:306–322
Article 
    
                    Google Scholar 
                

	Gotelli NJ, Arnett AE (2000) Biogeographic effects of red fire ant invasion. Ecol Lett 3:257–261
Article 
    
                    Google Scholar 
                

	Haffner P (1997) Bilan des introductions récentes d’amphibiens et de reptiles dans les milieux aquatiques continentaux de France métropolitaine. Bull Fr Pêche Piscic 344–345:155–163
Article 
    
                    Google Scholar 
                

	Hartel T, Nemes S, Cogălniceanu D, Öllerer K, Schweiger O, Moga CI, Demeter L (2007) The effect of fish and aquatic habitat complexity on amphibians. Hydrobiologia 583:173–182
Article 
    
                    Google Scholar 
                

	Holsbeek G, Jooris R (2010) Potential impact of genome exclusion by alien species in the hybridogenetic water frogs (Pelophylax esculentus complex). Biol Invasions 12:1–13
Article 
    
                    Google Scholar 
                

	Hotz H, Uzzell T (1983) Interspecific hybrids of Rana ridibunda without germ line exclusion of a parental genome. Cell Mol Life Sci 39:538–540
Article 
    CAS 
    
                    Google Scholar 
                

	Hotz H, Mancino G, Bucciinnocenti S, Ragghianti M, Berger L, Uzzell T (1985) Rana ridibunda varies geographically in inducing clonal gametogenesis in interspecies hybrids. J Exp Zool 236:199–210
Article 
    
                    Google Scholar 
                

	Ivanova NL, Zhigalski OA (2011) Demographic features of populations of the marsh frog (Rana ridibunda Pall.) introduced into water bodies of the Middle Urals. Russ J Herpetol 42:400–406

                    Google Scholar 
                

	Joly P, Morand A (1994) Theoretical habitat templets, species traits, and species richness: amphibians in the Upper Rhône River and its floodplain. Freshwater Biol 31:455–468
Article 
    
                    Google Scholar 
                

	Kenis M, Auger-Rozenberg AM, Roques A, Timms L, Péré C, Cock MJW, Settele J, Augustin S, Lopez-Vaamonde C (2009) Ecological effects of invasive alien insects. Biol Invasions 11:21–45
Article 
    
                    Google Scholar 
                

	Kéry M, Schmidt BR (2008) Imperfect detection and its consequences for monitoring for conservation. Community Ecol 9:207–216
Article 
    
                    Google Scholar 
                

	Kiesecker JM, Blaustein AR (1997) Population differences in responses of red-legged frogs (Rana aurora) to introduced bullfrogs. Ecology 78:1752–1760

                    Google Scholar 
                

	Kiesecker JM, Blaustein AR, Miller CL (2001) Potential mechanisms underlying the displacement of native Red-Legged frogs to introduced Bullfrogs. Ecology 82:1964–1970
Article 
    
                    Google Scholar 
                

	Kupferberg SJ (1997) Bullfrog (Rana catesbeiana) invasion of a California river: the role of larval competition. Ecology 78:1736–1751

                    Google Scholar 
                

	Larson ER, Magoulick DD (2009) Does juvenile competition explain displacement of a native crayfish by an introduced crayfish? Biol Invasions 11:725–735

                    Google Scholar 
                

	Lengagne T, Joly P (2010) Paternity control for externally fertilised eggs: behavioural mechanisms in the waterfrog species complex. Behav Ecol Sociobiol 64:1179–1186
Article 
    
                    Google Scholar 
                

	Lengagne T, Plenet S, Joly P (2008) Breeding behaviour and hybridization: variation in male chorusing behaviour promotes mating among taxa in waterfrogs. Anim Behav 75:443–450
Article 
    
                    Google Scholar 
                

	Luquet E, Vorburger C, Hervant F, Joly P, Kaufmann B, Schmeller DS, Léna JP, Grolet O, Konecny L, Plénet S (2011) Invasiveness of an introduced species: the role of hybridization and ecological constraints. Biol Invasions 13:1901–1915
Article 
    
                    Google Scholar 
                

	MacKenzie DI, Nichols JD, Lachman GB, Droege S, Royle JA, Langtimm CA (2002) Estimating site occupancy rates when detection probabilities are less than one. Ecology 83:2248–2255
Article 
    
                    Google Scholar 
                

	Mackenzie D, Bailey LL, Nichols JD (2004) Investigating species co-occurrence patterns when species are detected imperfectly. J Anim Ecol 73:546–555
Article 
    
                    Google Scholar 
                

	MacKenzie NL, Burbidge AA, Baynes A, Brereton RN, Dickman CR, Gordon G, Gibson LA, Menkhorst PW, Robinson AC, Williams MR, Woinarski JCZ (2006) Analysis of factors implicated in the recent decline of Australia’s mammal fauna. J Biogeogr 34:597–611
Article 
    
                    Google Scholar 
                

	Massemin D (2001) Effectifs, répartition et déplacements du sonneur à ventre jaune Bombina variegata (L.) (Anura; Discoglossidae) dans une population du sud de la France (département de l’Ardèche). Bull Soc Herpetol Fr 97:27–39

                    Google Scholar 
                

	Massemin D, Cheylan M (2001) Eléments bibliographiques sur le statut passé et actuel du Sonneur à ventre jaune Bombina variegata (L.) (Anura; Discoglossidae) en région méditerranéenne française. Bull Soc Herpetol Fr 97:41–47

                    Google Scholar 
                

	Mazerolle MJ, Bailey L, Kendall WL, Royle JA, Converse SJ, Nichols JD (2007) Making great leaps forward: accounting for detectability in herpetological field studies. J Herpetol 41:672–689
Article 
    
                    Google Scholar 
                

	McCoy E, Heck KL (1987) Some observations on the use of taxonomic similarity in large-scale biogeography. J Biogeogr 14:79–87
Article 
    
                    Google Scholar 
                

	Morand A (1997) Relative stability of the larval and the breeding habitats of Bombina variegata and Bufo calamita: the inadequacy of r-K and r-K-A models. Geobios 30:23–36
Article 
    
                    Google Scholar 
                

	Morand A, Joly P (1995) Habitat variability and space utilization by the amphibian communities of the French Upper-Rhone floodplain. Hydrobiologia 300(301):249–257
Article 
    
                    Google Scholar 
                

	Morand A, Joly P (1997) Phenotypic variation in metamorphosis in five anuran species along a gradient of stream influence. C R Acad Sci III 330:645–652
Article 
    
                    Google Scholar 
                

	Moyle PB, Light T (1996) Biological invasions of fresh water: empirical rules and assembly theory. Biol Cons 78:149–161
Article 
    
                    Google Scholar 
                

	Olea PP, Mateo-Tomás P (2011) Spatially explicit estimation of occupancy, detection probability and survey effort needed to inform conservation planning. Divers Distrib 17:714–724
Article 
    
                    Google Scholar 
                

	Pagano A, Joly P, Hotz H (1997) Taxon composition and genetic variation of water frogs in the Mid-Rhone floodplain. C R Acad Sci 320:759–766
Article 
    CAS 
    
                    Google Scholar 
                

	Pagano A, Crochet PA, Graf JD, Joly P, Lodé T (2001) Distribution and habitat use of water frogs hybrids complexes in France. Global Ecol Biogeogr 10:433–441
Article 
    
                    Google Scholar 
                

	Pagano A, Dubois A, Lesbarrères D, Lodé T (2003) Frog alien species: a way for genetic invasion? C R Biol 326:85–92
Article 
    
                    Google Scholar 
                

	Pellet J, Schmidt BR (2005) Monitoring distributions using call surveys: estimating site occupancy, detection probabilities and inferring absence. Biol Conserv 123:27–35
Article 
    
                    Google Scholar 
                

	Petren K, Case TJ (1996) Habitat structure determines competitive intensity and invasion success in gecko lizards. PNAS USA 95:11739–11744
Article 
    
                    Google Scholar 
                

	Plénet S, Pagano A, Joly P, Fouillet P (2000) Variation of plastic responses to oxygen availability within the hybridogenetic Rana esculenta complex. J Evol Biol 13:20–28
Article 
    
                    Google Scholar 
                

	Plötner J, Uzzell T, Beerli P, Spolsky C, Ohst T, Litvinchuk SN, Guex GD, Reyer HU, Holtz H (2008) Widespread unidirectional transfer of mitochondrial DNA: a case in western Palaearctic water frogs. J Evol Biol 11:668–681
Article 
    
                    Google Scholar 
                

	Pradel R (2005) Multievent: an extension of multistate capture–recapture models to uncertain states. Biometrics 6:442–447
Article 
    
                    Google Scholar 
                

	Ragghianti M, Bucci S, Marraci S, Casola C, Mancino G, Hotz H, Guex GD, Plötner J, Uzzell T (2007) Gametogenesis of intergroup hybrids of hemiclonal frogs. Genet Res 89:39–45
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Regan TJ, Chadès I, Possingham HP (2010) Optimally managing under imperfect detection: a method for plant invasions. J of Appl Ecol 48:76–85
Article 
    
                    Google Scholar 
                

	Royall RM (1986) Model robust confidence intervals using maximum likelihood estimators. Int Stat Rev 54:221–226
Article 
    
                    Google Scholar 
                

	Royle JA, Nichols JD (2003) Estimating abundance from repeated presence-absence data or point counts. Ecology 84:777–790
Article 
    
                    Google Scholar 
                

	Schmeller D, Seitz A, Crivelli A, Veith M (2005) Crossing species’ range borders: interspecies gene exchange mediated by hybridogenesis. Proc R Soc Lond B Biol Sci 272:1625–1631
Article 
    CAS 
    
                    Google Scholar 
                

	Schoener TW (1983) Fields experiments on interspecific competition. Amer Nat 122:240–285
Article 
    
                    Google Scholar 
                

	Shea K, Chesson P (2002) Community ecology theory as a framework for biological invasions. TREE 17:170–176

                    Google Scholar 
                

	Smith KG (2005) Effects of non-indigenous tadpoles on native tadpoles in Florida: evidence of competition. Biol Cons 123:433–441
Article 
    
                    Google Scholar 
                

	Stanaway MA, Mengersen KL, Reeves R (2011) Hierarchical Bayesian modelling of early detection surveillance for plant pest invasions. Environ Ecol Stats 18:569–591
Article 
    
                    Google Scholar 
                

	Tanadini LG, Schmidt BR (2011) Population size influences amphibian detection probability: implications for biodiversity monitoring programs. PLoSONE 6:e28244. doi:10.1371/journal.pone.0028244
                
CAS 
    
                    Google Scholar 
                

	Teplitsky C, Plenet S, Léna JP, Mermet N, Malet E, Joly P (2005) Escape behaviour and ultimate causes of specific induced defences in an anuran tadpole. J Evol Biol 18:180–190
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Thorn M, Green M, Bateman PW, Waite S, Scott DM (2011) Brown hyaenas on roads: estimating carnivore occupancy and abundance using spatially auto-correlated sign survey replicates. Biol Conserv 144:1799–1807
Article 
    
                    Google Scholar 
                

	Van Buskirk JV (2003) Habitat partitioning in European and North American pond-breeding frogs and toads. Divers Distrib 9:399–410
Article 
    
                    Google Scholar 
                

	Vorburger C, Reyer HU (2003) A genetic mechanism of species replacement in European waterfrogs? Conserv Genet 4:141–155
Article 
    CAS 
    
                    Google Scholar 
                

	Waddle JH, Dorazio RM, Walls SC, Rice KG, Beauchamp J, Schuman MJ, Mazzoti FJ (2010) A new parameterization for estimating co-occurrence of interacting species. Ecol Appl 20:1467–1475
Article 
    PubMed 
    
                    Google Scholar 
                

	Zeisset I, Beebee TJC (2003) Population genetics of a successful invader: the marsh frog Rana ridibunda in Britain. Mol Ecol 12:639–664
Article 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
We would like to thank the volunteer fieldworkers who helped in data collection, especially Sylvain Boitaud, Clément Chérie and Adeline Audibert. We also thank Jean-Paul Thomas and Eric Gaillard, who provided their field knowledge, and Sylvain Maillard and Jules Chiffard, who created the map provided in this paper. This research was funded by the Conseil Général du Département de l’Ardèche, Rhône-Alpes DREAL and the Parc Naturel Régional des Monts d’Ardèche (Nicolas Dupieux). We are also grateful for the technical support that the Municipality of Gluiras has lent to the achievement of this study. Capture was authorised by the Préfecture de l’Ardèche (Arrêté no2010-98-5 was formally given on 8 April 2010) for the purpose of population monitoring. We warmly thank the two anonymous referees who have contributed to significantly improving the manuscript.


Author information
Authors and Affiliations
	Centre d’Ecologie Fonctionnelle et Evolutive (CEFE), U.M.R. 5175, 1919 route de Mende, 34293, Montpellier, France
Hugo Cayuela & Aurélien Besnard

	Laboratoire d’Ecologie des Hydrosystèmes Naturels et Anthropisés (LEHNA), U.M.R. 5023, 43 boulevard du 11 novembre 1918, 69622, Villeurbanne, France
Hugo Cayuela & Pierre Joly


Authors	Hugo CayuelaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Aurélien BesnardView author publications
You can also search for this author in
                        PubMed Google Scholar



	Pierre JolyView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Hugo Cayuela.


Electronic supplementary material

Below is the link to the electronic supplementary material.

                
Supplementary material 1 (DOCX 22 kb)




Rights and permissions
Reprints and permissions


About this article
Cite this article
Cayuela, H., Besnard, A. & Joly, P. Multi-event models reveal the absence of interaction between an invasive frog and a native endangered amphibian.
                    Biol Invasions 15, 2001–2012 (2013). https://doi.org/10.1007/s10530-013-0427-x
Download citation
	Received: 18 February 2012

	Accepted: 30 January 2013

	Published: 02 March 2013

	Issue Date: September 2013

	DOI: https://doi.org/10.1007/s10530-013-0427-x


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
	Overlap in habitat use
	
                Bombina variegata
              
	
                Pelophylax ridibundus
              
	Multi-event models
	Detection








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.82.145.95
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    