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    Abstract
Although information theoretic approaches have been used extensively in the analysis of the neural code, they have yet to be used to describe how information is accumulated in time while sensory systems are categorizing dynamic sensory stimuli such as speech sounds or visual objects. Here, we present a novel method to estimate the cumulative information for stimuli or categories. We further define a time-varying categorical information index that, by comparing the information obtained for stimuli versus categories of these same stimuli, quantifies invariant neural representations. We use these methods to investigate the dynamic properties of avian cortical auditory neurons recorded in zebra finches that were listening to a large set of call stimuli sampled from the complete vocal repertoire of this species. We found that the time-varying rates carry 5 times more information than the mean firing rates even in the first 100 ms. We also found that cumulative information has slow time constants (100-600 ms) relative to the typical integration time of single neurons, reflecting the fact that the behaviorally informative features of auditory objects are time-varying sound patterns. When we correlated firing rates and information values, we found that average information correlates with average firing rate but that higher-rates found at the onset response yielded similar information values as the lower-rates found in the sustained response: the onset and sustained response of avian cortical auditory neurons provide similar levels of independent information about call identity and call type. Finally, our information measures allowed us to rigorously define categorical neurons; these categorical neurons show a high degree of invariance for vocalizations within a call-type. Surprisingly, call-type invariant neurons were found in both primary and secondary avian auditory areas.
Author Summary Just as the recognition of faces requires neural representations that are invariant to scale and rotation, the recognition of behaviorally relevant auditory objects, such as spoken words, requires neural representations that are invariant to the speaker uttering the word and to his or her location. Here, we used information theory to investigate the time course of the neural representation of bird communication calls and of behaviorally relevant categories of these same calls: the call-types of the bird’s repertoire. We found that neurons in both the primary and secondary avian auditory cortex exhibit invariant responses to call renditions within a call-type, suggestive of a potential role for extracting the meaning of these communication calls. We also found that time plays an important role: first, neural responses carry significant more information when represented by temporal patterns calculated at the small time scale of 10 ms than when measured as average rates and, second, this information accumulates in a non-redundant fashion up to long integration times of 600 ms. This rich temporal neural representation is matched to the temporal richness found in the communication calls of this species.





  


  
  



  
      
  
  
    Copyright 
The copyright holder for this preprint is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under a CC-BY 4.0 International license.


  


  
  



  





  


  
  



  
      
  
  
    View the discussion thread.


  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
      
  
  
     PreviousNext 
  


  
  



  
      
  
  
    Posted December 10, 2018.  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Download PDF  


  
  



          

        

        
        
          
            
  
      
  
  
     Email

  
    
  
      
  
  
    
 Thank you for your interest in spreading the word about bioRxiv.
NOTE: Your email address is requested solely to identify you as the sender of this article.




  Your Email *
 



  Your Name *
 



  Send To *
 

Enter multiple addresses on separate lines or separate them with commas.




  You are going to email the following 
 Invariant neural responses for sensory categories revealed by the time-varying information for communication calls



  Message Subject 
 (Your Name) has forwarded a page to you from bioRxiv



  Message Body 
 (Your Name) thought you would like to see this page from the bioRxiv website.



  Your Personal Message 
 








CAPTCHAThis question is for testing whether or not you are a human visitor and to prevent automated spam submissions.










  


  
  



  





  


  
  



  
      
  
  
     Share  


  
  



  
      
  
  
    


		  
		  
  
      
  
  
    

      
      Invariant neural responses for sensory categories revealed by the time-varying information for communication calls
    

  
      Julie E. Elie, Frédéric E. Theunissen

  
      bioRxiv 492546; doi: https://doi.org/10.1101/492546 

  
  
  


  


  
  



	  

	
  
  	
  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  

	
		  
	    
  
      
  
  
    [image: Reddit logo] [image: Twitter logo] [image: Facebook logo] [image: LinkedIn logo] [image: Mendeley logo]
  


  
  



	  

	


  


  
  



  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      

      
      Invariant neural responses for sensory categories revealed by the time-varying information for communication calls
    

  
      Julie E. Elie, Frédéric E. Theunissen

  
      bioRxiv 492546; doi: https://doi.org/10.1101/492546 

  
  
  


  

  
  	      Citation Manager Formats

        
      	BibTeX
	Bookends
	EasyBib
	EndNote (tagged)
	EndNote 8 (xml)
	Medlars
	Mendeley
	Papers
	RefWorks Tagged
	Ref Manager
	RIS
	Zotero

    

  



  


  
  



  





  


  
  



          

        

	
 	
	
	


  


  
  



  
      
  
  
    	Tweet Widget
	Facebook Like
	Google Plus One



  


  
  



  
        Subject Area

    
  
  
    	Neuroscience




  


  
  



  
      
  
  
    


  

  
      
  
  
    
  
      
  
    Subject Areas  




  


  
  



  
      
  
  
    
  
      
  
    All Articles  




  


  
  



  
      
  
  
    	Animal Behavior and Cognition (5175)

	Biochemistry (11639)

	Bioengineering (8679)

	Bioinformatics (29012)

	Biophysics (14860)

	Cancer Biology (11998)

	Cell Biology (17262)

	Clinical Trials (138)

	Developmental Biology (9363)

	Ecology (14079)

	Epidemiology (2067)

	Evolutionary Biology (18198)

	Genetics (12183)

	Genomics (16701)

	Immunology (11790)

	Microbiology (27853)

	Molecular Biology (11473)

	Neuroscience (60471)

	Paleontology (449)

	Pathology (1860)

	Pharmacology and Toxicology (3212)

	Physiology (4915)

	Plant Biology (10342)

	Scientific Communication and Education (1678)

	Synthetic Biology (2867)

	Systems Biology (7315)

	Zoology (1634)


  


  
  

  







  


  
  



			

		

	
	
 	
	
	


    

  


      


  

    
  
  
    
  
      







  