







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 09 May 2012



                    Brain-wide neuronal dynamics during motor adaptation in zebrafish

                    	Misha B. Ahrens1,2, 
	Jennifer M. Li1, 
	Michael B. Orger3, 
	Drew N. Robson1, 
	Alexander F. Schier1, 
	Florian Engert1 & 
	â€¦
	Ruben Portugues1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 485,Â pages 471â€“477 (2012)Cite this article
                    

                    
        
            	
                        23k Accesses

                    
	
                        447 Citations

                    
	
                            90 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Neuronal physiology
	Sensorimotor processing


    


                
    
    

    
    

                
            


        
            Abstract
A fundamental question in neuroscience is how entire neural circuits generate behaviour and adapt it to changes in sensory feedback. Here we use two-photon calcium imaging to record the activity of large populations of neurons at the cellular level, throughout the brain of larval zebrafish expressing a genetically encoded calcium sensor, while the paralysed animals interact fictively with a virtual environment and rapidly adapt their motor output to changes in visual feedback. We decompose the network dynamics involved in adaptive locomotion into four types of neuronal response properties, and provide anatomical maps of the corresponding sites. A subset of these signals occurred during behavioural adjustments and are candidates for the functional elements that drive motor learning. Lesions to the inferior olive indicate a specific functional role for olivocerebellar circuitry in adaptive locomotion. This study enables the analysis of brain-wide dynamics at single-cell resolution during behaviour.
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                    Figure 1: 
                        Experimental setup and fictive motor adaptation.
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Figure 2: 
                        Functional imaging during adaptive motor control in larval zebrafish.
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Figure 3: 
                        Low-dimensional representation of neural network dynamics.
                      [image: ]


Figure 4: 
                          Four types of neural dynamics during adaptive motor control.
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Figure 5: 
                          Anatomical locations of neurons and neuropil regions.
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Figure 6: 
                        Effect of inferior olive lesions on visually induced motor adaptation.
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