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            Abstract
Sex determination is a fundamental biological process, yet its mechanisms are remarkably diverse1,2. In vertebrates, sex can be determined by inherited genetic factors or by the temperature experienced during embryonic development2,3. However, the evolutionary causes of this diversity remain unknown. Here we show that live-bearing lizards at different climatic extremes of the speciesâ€™ distribution differ in their sex-determining mechanisms, with temperature-dependent sex determination in lowlands and genotypic sex determination in highlands. A theoretical model parameterized with field data accurately predicts this divergence in sex-determining systems and the consequence thereof for variation in cohort sex ratios among years. Furthermore, we show that divergent natural selection on sex determination across altitudes is caused by climatic effects on lizard life history and variation in the magnitude of between-year temperature fluctuations. Our results establish an adaptive explanation for intra-specific divergence in sex-determining systems driven by phenotypic plasticity and ecological selection, thereby providing a unifying framework for integrating the developmental, ecological and evolutionary basis for variation in vertebrate sex determination.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: 
                        Experimental effects of thermal conditions on sex ratio and birth date.
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Figure 2: Life-history and temperature differences between lowland and highland populations of  N.â€‰ocellatus.[image: ]


Figure 3: 
                        Evolutionary simulation results with genetic sex determination as ancestral state.
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        Editorial Summary
Sex determined by climate
In vertebrates, sex can be determined either genetically or by the temperature experienced by the embryo, but the evolutionary causes of this variation remain poorly understood. Pen et al. show that a live-bearing lizard at different climatic extremes of its range uses different sex-determining mechanisms â€” temperature in the lowlands and genotype at higher altitudes. Divergent natural selection on sex determination by altitude is caused by climatic effects on lizard life history and variation in the magnitude of between-year temperature fluctuations. The results establish an adaptive explanation for intra-specific divergence in sex-determining systems.
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