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            Abstract
Animals that travel together in groups display a variety of fascinating motion patterns thought to be the result of delicate local interactions among group members1,2,3. Although the most informative way of investigating and interpreting collective movement phenomena would be afforded by the collection of high-resolution spatiotemporal data from moving individuals, such data are scarce4,5,6,7 and are virtually non-existent for long-distance group motion within a natural setting because of the associated technological difficulties8. Here we present results of experiments in which track logs of homing pigeons flying in flocks of up to 10 individuals have been obtained by high-resolution lightweight GPS devices and analysed using a variety of correlation functions inspired by approaches common in statistical physics. We find a well-defined hierarchy among flock members from data concerning leading roles in pairwise interactions, defined on the basis of characteristic delay times between birds’ directional choices. The average spatial position of a pigeon within the flock strongly correlates with its place in the hierarchy, and birds respond more quickly to conspecifics perceived primarily through the left eye—both results revealing differential roles for birds that assume different positions with respect to flock-mates. From an evolutionary perspective, our results suggest that hierarchical organization of group flight may be more efficient than an egalitarian one, at least for those flock sizes that permit regular pairwise interactions among group members, during which leader–follower relationships are consistently manifested.




            
                
                    

    
        
            
                
                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: 
Summary of directional correlation function analysis for determining leader–follower relationships within a flock.
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Figure 2: 
Hierarchical leadership network generated for a single flock flight.
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Figure 3: 
Hierarchical leadership network generated from multiple flock flights.
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An airborne pecking order
Birds of a feather proverbially flock together, but just how large groups of animals move in a coordinated way has defied complete explanation. Do they follow a leader, or does pattern emerge from a set of simple behavioural rules? Until now the question has been addressed largely with numerical modelling, but with the availability of miniature 'backpack-style' GPS loggers weighing just 16 grams, it is now possible to track each bird in a flock and test the models against direct measurement. Experiments using flocks of up to 10 homing pigeons reveal that a bird's position in the flight depends on its place in a well-defined social hierarchy — an airborne 'pecking order'. Intriguingly, birds respond more quickly to a flock-mate seen primarily with the left eye, adding to evidence that they have specific roles dependent on their position in the flock.
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