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            Abstract
Theoretical and empirical research highlights the role of punishment in promoting collaborative efforts1,2,3,4,5. However, both the emergence and the stability of costly punishment are problematic issues. It is not clear how punishers can invade a society of defectors by social learning or natural selection, or how second-order free-riders (who contribute to the joint effort but not to the sanctions) can be prevented from drifting into a coercion-based regime and subverting cooperation. Here we compare the prevailing model of peer-punishment6,7,8 with pool-punishment, which consists in committing resources, before the collaborative effort, to prepare sanctions against free-riders. Pool-punishment facilitates the sanctioning of second-order free-riders, because these are exposed even if everyone contributes to the common good. In the absence of such second-order punishment, peer-punishers do better than pool-punishers; but with second-order punishment, the situation is reversed. Efficiency is traded for stability. Neither other-regarding tendencies or preferences for reciprocity and equity, nor group selection or prescriptions from higher authorities, are necessary for the emergence and stability of rudimentary forms of sanctioning institutions regulating common pool resources and enforcing collaborative efforts.




            
                
                    

    
        
            
                
                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: 
                        Time evolution of the competition between peer-punishment and pool-punishment.
                      [image: ]


Figure 2: 
                        Pool-punishment in compulsory and voluntary PGGs.
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Figure 3: 
                        The competition between peer- and pool-punishers in voluntary PGGs.
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Cooperation in evolutionary games can be stabilized by the punishment of non-cooperators, at a cost to those doing the punishing. It can take various forms, including peer punishment, where individuals punish free-riders after the event, and pool punishment, where a fund for sanctioning is set up beforehand. The former can be summed up as 'taking the law into your own hands', the latter as having police to do the job. Using a computational model, Sigmund et al. show that pool punishment has the edge over peer punishment in dealing with second-order free-riders â€” those who cooperate in the main game but refuse to contribute to punishment. The model shows that individuals can spontaneously adopt a self-governing institution to monitor contributions and sanction free-riders. It needs no top-down prescriptions or planning. Trial and error, and the imitation of successful examples, suffice to produce a social contract between individuals guided by self-interest.
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