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                    Abstract
Invasive species have altered natural communities and exposed native species to new selective pressures. These pressures are particularly acute when invasive species are predators of natives. The invasive red imported fire ant has expanded its range significantly in the southeast United States and has become an important predator of native species that share similar habitat preferences, like the prairie lizard, Sceloporus consobrinus. Recent studies indicate that lizards that have coexisted for a long period of time with fire ants have responded both plastically and adaptively to this invasion. However, despite considerable work, few “controlled” experiments have been conducted to explore the influence of fire ants on vertebrates in natural populations. In this study we released hatchling lizards on two experimental islands that differed in fire ant density to investigate the influence of fire ants on lizard survival, habitat/space use, and patterns of phenotypic selection. We demonstrate that fire ant presence significantly explains patterns of lizard survival among populations and over small spatial scales within populations. As a consequence of survival patterns or avoidance behavior, lizard habitat use was significantly altered in the presence of fire ants in high density. Finally, we found strong signatures of natural selection on lizard body size and body condition, but the patterns of selection did not appear to be influenced by variation in fire ant density. This study highlights the direct influence of predatory fire ants on hatchling lizard mortality and habitat use. These effects can have important demographic and population-level consequences.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        Island colonisation leads to rapid behavioural and morphological divergence in Anolis lizards
                                        
                                    

                                    
                                        Article
                                        
                                         26 June 2023
                                    

                                

                                Daniel J. Nicholson, Robert J. Knell, … Michael L. Logan

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Trans-generational but not early life exposure to stressors influences offspring morphology and survival
                                        
                                    

                                    
                                        Article
                                        
                                         30 November 2017
                                    

                                

                                Dustin A. S. Owen, Travis R. Robbins & Tracy Langkilde

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Dynamics of habitat selection in birds: adaptive response to nest predation depends on multiple factors
                                        
                                    

                                    
                                        Article
                                        
                                         07 April 2018
                                    

                                

                                J. H. Devries, R. G. Clark & L. M. Armstrong

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Abrams PA, Rowe L (1996) The effects of predation on the age and size of maturity of prey. Evolution 50:1052–1061
Article 
    
                    Google Scholar 
                

	Allen CR, Rice KG, Wojcik DP, Percival HF (1997) Effect of red imported fire ant envenomization on neonatal American alligators. J Herpetol 31:318–321
Article 
    
                    Google Scholar 
                

	Allen CR, Forys EA, Rice KG, Wojcik DP (2001) Effects of fire ants (Hymenoptera: Formicidae) on hatching turtles and prevalence of fire ants on sea turtle nesting beaches in Florida. Fla Entomol 84:250–253
Article 
    
                    Google Scholar 
                

	Allen CR, Epperson DM, Garmestani AS (2004) Red imported fire ant impacts on wildlife: a decade of research. Am Midl Nat 152:88–103
Article 
    
                    Google Scholar 
                

	Angilletta MJ, Sears MW, Pringle RM (2009) The spatial dynamics of nesting behavior: lizards shift microhabitats to construct nests with beneficial thermal properties. Ecology 90:2933–2939
Article 
    
                    Google Scholar 
                

	Arnold SJ, Wade MJ (1984) On the measurement of natural and sexual selection: applications. Evolution 38:720–734
Article 
    
                    Google Scholar 
                

	Barr CL, Drees BM, Cohen ND, Reagor JC, Eugster AK, Sprott DH, Bade GC, Cornforth GC, Vinson SB (1994) Texas veterinarian survey: impact of red imported fire ants on animal health. Final Report, Texas Agricultural Extension Service, College Station, Texas

	Boronow K, Langkilde T (2010) Sublethal effects of invasive fire ant venom on a native lizard. J Exp Zool Part A 313A:17–23
Article 
    
                    Google Scholar 
                

	Brodie EDIII, Moore AJ, Janzen FJ (1995) Visualizing and quantifying natural selection. Trends Ecol Evol 10(313):318

                    Google Scholar 
                

	Fadamiro HY, He X, Chen L (2009) Aggression in imported fire ants: an explanation for shifts in their spatial distributions in Southern United States? Ecol Entomol 34:427–436
Article 
    
                    Google Scholar 
                

	Graham SP, Freidenfelds NA, McCormick GL, Langkilde T (2012) The impacts of invaders: basal and acute stress glucocorticoid profiles and immune function in native lizards threatened by invasive ants. Gen Comp Endocrinol 176:400–408
Article 
    CAS 
    
                    Google Scholar 
                

	Holtcamp WN, Grant WE, Vinson SB (1997) Patch use under predation hazard: effect of red imported fire ant on deer mouse foraging behavior. Ecology 39:674–678

                    Google Scholar 
                

	Janzen FJ, Stern HS (1998) Logistic regression for empirical studies of multivariate selection. Evolution 52:1564–1571
Article 
    
                    Google Scholar 
                

	Lande R, Arnold SJ (1983) The measurement of selection on correlated characters. Evolution 37:1210–1226
Article 
    
                    Google Scholar 
                

	Langkilde T (2009) Invasive fire ants alter behavior and morphology of native lizards. Ecology 90:208–217
Article 
    
                    Google Scholar 
                

	Langkilde T, Freidenfelds NA (2010) Consequences of envenomation: red imported fire ants have delayed effects on survival but not growth of native fence lizards. Wild Res 37:566–573
Article 
    
                    Google Scholar 
                

	Millennium Ecosystem Assessment (2005) Ecosystems and human well-being: synthesis report. Island Press, Washington

                    Google Scholar 
                

	Mittlebach G (1986) Predator-mediated habitat use: some consequences for species interactions. Environ Biol Fish 16:159–169
Article 
    
                    Google Scholar 
                

	Mooney HA, Cleland EE (2001) The evolutionary impact of invasive species. Proc Natl Acad Sci USA 98:5446–5451
Article 
    CAS 
    
                    Google Scholar 
                

	Morrison LW, Porter SD, Daniels E, Korzuhkin MD (2004) Potential global range expansion of the invasive fire ant, Solenopsis invicta. Biol Invasions 6:183–191
Article 
    
                    Google Scholar 
                

	Newman JC, Thawley CJ, Langkilde T (2014) Red imported fire ant predation on eggs of the eastern fence lizard. Herpetol Notes 7:415–418

                    Google Scholar 
                

	Oufiero CE, Angilletta MJ (2006) Convergent evolution of embryonic growth and development in the eastern fence lizard (Sceloporus undulatus). Evolution 60:1066–1075
Article 
    
                    Google Scholar 
                

	Phillips PC, Arnold SJ (1989) Visualizing multivariate selection. Evolution 43:1209–1222
Article 
    
                    Google Scholar 
                

	Porter SD, Tschinkel WR (1987) Foraging in Solenopsis invicta (Hymenoptera: Formicidae): effects of weather and season. Environ Entomol 16:802–808
Article 
    
                    Google Scholar 
                

	Power ME (1987) Predator avoidance by grazing fishes in temperate and tropical streams: importance of stream depth and prey size. In: Kerfoot WC, Sih A (eds) Predation. University of New England, Hanover, pp 333–351

                    Google Scholar 
                

	Reznick DN, Endler JA (1982) The impact of predation on life history evolution in Trinidadian guppies (Poecilia reticulata). Evolution 36:160–177
PubMed 
    
                    Google Scholar 
                

	Schluter D (1988) Estimating the form of natural selection on a quantitative trait. Evolution 42:849–861
Article 
    
                    Google Scholar 
                

	Stearns SC (1992) The evolution of life histories. Oxford University Press, New York

                    Google Scholar 
                

	Stearns SC, Koella JC (1986) The evolution of phenotypic plasticity in life history traits: predictions of reaction norms for age and size at maturity. Evolution 40:893–913
PubMed 
    
                    Google Scholar 
                

	Stinchcombe JR, Agrawal AF, Hohenlohe PA, Arnold SJ, Blows MW (2008) Estimating nonlinear selection gradients using quadratic regression coefficients: Double or nothing? Evolution 62:2435–2440
Article 
    
                    Google Scholar 
                

	Thawley CJ, Langkilde T (2016) Invasive fire ant (Solenopsis invicta) predation of eastern fence lizard (Sceloporus undulatus) eggs. J Herpetol 50:284–288
Article 
    
                    Google Scholar 
                

	Trauth SE, Robison HW, Plummer MV (2004) The amphibians and reptiles of Arkansas. University of Arkansas Press, Fayetteville

                    Google Scholar 
                

	Tschinkel WR (2006) The fire ants. Belknap/Harvard University Press, Cambridge

                    Google Scholar 
                

	Tschinkel WR, King JR (2013) The role of habitat in the persistence of fire ant (Solenopsis invicta) populations. PLoS ONE 8(10):e78580
Article 
    CAS 
    
                    Google Scholar 
                

	Warner DA, Andrews RM (2002) Nest-site selection in relation to temperature and moisture by the lizard Sceloporus undulatus. Herpetolo 58:399–407
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank Ian Clifton for assistance both in the field and in the lab. We also thank two anonymous and Kevin G. Smith for helpful comments that improved this manuscript. All activities and procedures associated with this research were approved by the University of Central Arkansas Animal Care and Use Committee (15-003). Funding for this research was provided grants from the University Research Council of the University of Central Arkansas and the National Geographic Society/Waitt Foundation to MEG.


Author information
Authors and Affiliations
	Department of Biology, University of Central Arkansas, 201 Donaghey Ave., Conway, AR, 72035, USA
Matthew E. Gifford & Christopher D. Robinson

	Department of Biological Science, University of Tulsa, Tulsa, OK, 74104, USA
Timothy A. Clay


Authors	Matthew E. GiffordView author publications
You can also search for this author in
                        PubMed Google Scholar



	Christopher D. RobinsonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Timothy A. ClayView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Matthew E. Gifford.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Gifford, M.E., Robinson, C.D. & Clay, T.A. The influence of invasive fire ants on survival, space use, and patterns of natural selection in juvenile lizards.
                    Biol Invasions 19, 1461–1469 (2017). https://doi.org/10.1007/s10530-017-1370-z
Download citation
	Received: 14 October 2016

	Accepted: 07 January 2017

	Published: 13 January 2017

	Issue Date: May 2017

	DOI: https://doi.org/10.1007/s10530-017-1370-z


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
	Fire ants
	Natural selection
	Survival
	Lizards
	Predation








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					34.207.100.160
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    