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            Abstract
Trophic interactions govern biomass fluxes in ecosystems, and stability in food webs. Knowledge of how trophic interaction strengths are affected by differences among habitats is crucial for understanding variation in ecological systems. Here we show how substantial variation in consumption-rate data, and hence trophic interaction strengths, arises because consumers tend to encounter resources more frequently in three dimensions (3D) (for example, arboreal and pelagic zones) than two dimensions (2D) (for example, terrestrial and benthic zones). By combining new theory with extensive data (376 species, with body masses ranging from 5.24 Ã— 10âˆ’14 kg to 800 kg), we find that consumption rates scale sublinearly with consumer body mass (exponent of approximately 0.85) for 2D interactions, but superlinearly (exponent of approximately 1.06) for 3D interactions. These results contradict the currently widespread assumption of a single exponent (of approximately 0.75) in consumerâ€“resource and food-web research. Further analysis of 2,929 consumerâ€“resource interactions shows that dimensionality of consumer search space is probably a major driver of species coexistence, and the stability and abundance of populations.




            
                
                    

    
        
            
                
                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: 
                        Consumerâ€“resource interactions can be classified by dimensionality.
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Figure 2: 
                        Model for scaling of search and consumption rate with body size.
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Figure 3: 
                        Effect of interaction dimensionality on scaling of search and consumption rate.
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Figure 4: 
                        Effects of interaction dimensionality on consumerâ€“resource dynamics.
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Interactions between the feeding habits of different organisms in a food chain or web â€” trophic interactions â€” can take place in two or three dimensions, and many communities show a mix of the two. By relating search rate and consumption rate to body mass, the authors show that the relationship between trophic-interaction strength and body size scales sublinearly in two-dimensional interactions but superlinearly in three-dimensional ones. They develop a model to show how this explains differences between, for example, aquatic and terrestrial ecosystems because the extra dimension provides an additional niche or opportunity in which to find resources. As an example, the model predicts that a foraging GalÃ¡pagos sea lion could enjoy a consumption rate up to 30 times higher in a pelagic zone near the surface of the ocean (in three dimensions) than deep-down in a benthic zone (in two dimensions).
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