
HAL Id: tel-03942806
https://theses.hal.science/tel-03942806v1

Submitted on 17 Jan 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

New perspectives on avian REM sleep
Gianina Ungurean

To cite this version:
Gianina Ungurean. New perspectives on avian REM sleep. Neuroscience. Université de Lyon, 2022.
English. �NNT : 2022LYSE1014�. �tel-03942806�

https://theses.hal.science/tel-03942806v1
https://hal.archives-ouvertes.fr


’     

THESE  de DOCTORAT DE L’UNIVERSITE DE LYON 
    

l’Université Claude Bernard Lyon 1

Ecole Doctorale 476  

Neurosciences et cognition 

Spécialité de doctorat 

Neurosciences 

     

Gianina Ungurean 

Nouvelles perspectives sur le 
sommeil paradoxal des oiseaux 

      

Pr MAZZA Stéphanie         

Pr ADAMANTIDIS Antoine        
Dr ATON Sara          
Pr ARNULF Isabelle        

  

Pr BLUMBERG Mark        
Dr LIBOUREL Paul-Antoine         

      
Dr LUPPI Pierre-Hervé           

    
Dr RATTENBORG Niels      ’   

   



Nouvelles  perspectives sur le 
sommeil paradoxal des oiseaux 

  

            
               

         
           

             
          

             
             

          
           

             
          

            
          

               
          

            
         

              
             

            
          

           
          

          
               

              
           

           
         

               
              

             
           

             
            

             
            

          
           

     
        



       
         

            
  

           
         

           
            

          
        

               
            

 

 

Mots  clés  

        
     

 

  



New  perspectives on avian REM 
sleep 

 

               
             

          
            

              
             
             

          
           

            
            

             
          

              
            

             
             

             
              

              
             

           
           

          
                

              
               

            
             

          
           

           
              

            
            

             
             

            
               

          
          



            
             

 

Keywords  

         
   

 



Noi  perspective asupra somnului 
REM al păsărilor 

 
           

                

            
           

             
               

              

            
             
               
              

             

              

          

             
             

                
               

                 
             

             
                

             
                  

             
          
             

             
             

              
               

             

              

               
             

           
           

             
              

             
               

               
            



               
            

 

  

        
    

  



   
Nouvelles perspectives sur le sommeil paradoxal des oiseaux _______________________ 2 

Résumé _______________________________________________________________________ 2 

New perspectives on avian REM sleep __________________________________________ 4 

Summary _____________________________________________________________________ 4 

Noi perspective asupra somnului REM al păsărilor ________________________________ 6 

Rezumat ______________________________________________________________________ 6 

General introduction ________________________________________________________ 9 
Proposed functions of sleep ______________________________________________________________ 9 
Comparative perspective(s) _____________________________________________________________ 10 
Determining which species have or don’t have NREM and REM sleep ___________________________ 11 
Overview over sleep patterns across taxa __________________________________________________ 12 
Thesis outline _________________________________________________________________________ 24 

Chapter 2 ________________________________________________________________ 25 
Summary ____________________________________________________________________________ 26 
Keywords ____________________________________________________________________________ 26 
Introduction __________________________________________________________________________ 26 
Results ______________________________________________________________________________ 29 
Discussion ___________________________________________________________________________ 32 
Methods _____________________________________________________________________________ 35 
Acknowledgements ____________________________________________________________________ 39 
Supplementary Material ________________________________________________________________ 39 

Chapter 3 ________________________________________________________________ 41 
Summary ____________________________________________________________________________ 42 
Keywords ____________________________________________________________________________ 42 
Results and discussion __________________________________________________________________ 42 
Methods _____________________________________________________________________________ 52 
Acknowledgements ____________________________________________________________________ 56 
Supplementary Material ________________________________________________________________ 57 

Chapter 4 ________________________________________________________________ 60 
Abstract _____________________________________________________________________________ 61 
Introduction __________________________________________________________________________ 61 
Results ______________________________________________________________________________ 63 
Discussion ___________________________________________________________________________ 66 
Methods _____________________________________________________________________________ 71 

General discussion _________________________________________________________ 74 
The evolution and function of sleep examined through comparative approaches __________________ 74 
Conclusion ___________________________________________________________________________ 79 

References _______________________________________________________________ 81 
 

   



General  introduction 
 

   –           

           

        

             

            

           

      

 

Proposed functions of sleep 

             

             

           

               

               

            

’             

         

       

             

            

           

         

            

           

             

            

             

          

              

           

          

              

             

           

             

 



            

                

               

          

          

          

              

  

            

              

          

        ’     

           

            

             

              

           

               

             

            

             

         in utero   

             

            

           

              

              

            

               

                

            

            

         

        

 

Comparative  perspective(s) 

          

            

            

            

            



             

             

             

             

             

               

               

             

           

     

            

            

           

           

              

          

            

            

          

Zonotrichia leucophrys gambelii          

              

           

           

           

                 

            

     

 

Determining  which species have or don’t have NREM and REM sleep 

             

            

               

             

             

 

             

           

            

           

           



            

           

           

           

              

             

            

             

              

             

                

                

             

          ’    

           

           

              

               

               

            

             

      ‘ ’       

             

            

         

              

              

            

       

               

            

               

            

 

Overview  over sleep patterns across taxa 

  

            

             

             

            



            

           

 ‘ ’   ‘ ’    

              

         –    

              

           

–                

            

          

           

         

         –       

            

            

            –  

                

          

            

           

             

             

          

 

  

Non-REM  Sleep  

          

             

         

          

           

                 

           

            

   –           

            

                

             

         

            

           



 

Figure  1. Main behavioral correlates of wakefulness and sleep in mammals and birds.  

                  
               
               

          
           

           
         

                   

                 

             

             

             

            

            

 



 

Figure  2. Traveling slow waves in the avian cortex (hyperpallium) during NREM sleep.  

               

              

            

          

              

         

              

       

                

              

                

              

        

               

 

 

            

           

            

          

              

             

                



             

       

 

 

Figure  3. Avian local sleep homeostasis.  
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Figure  4. Posture-dependent regulation of muscle tone during REM sleep in geese.  
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Figure  5. Comparative overview depicting the principal known neural and/or behavioral 
sleep characteristics in two reptile species and zebrafish larvae. 
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Figure 1. Brain temperature (Tbr) during NREM and REM sleep in pigeons.  
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Figure  2. Relationship between (A) NREM and (B) REM sleep bout length and change in 

brain temperature (Tbr) in pigeons.           

             

                 

               

                

          

 

          

             

                    

                

              

               

          



 

 

Figure  3. Brain temperature (Tbr) during NREM-like and REM-like sleep in bearded 

dragons. 
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Figure  1. State-dependent changes in pupil size in awake pigeons.  
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Figure 2. Behavioral  characterization and EEG correlates of RIMs.  
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Figure 3. Sleep-state-dependent  pupil dynamics in guira cuckoos.  
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Figure 4. Nicotinic  cholinergic receptors mediate pupillary constrictions in birds during 
wake and sleep 
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Figure  1. Pigeons cycle through NREM and REM sleep in fMRI recording conditions.  
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Figure  2. fMRI activity temporally related to REM bouts.      
           

         
             

 

 

     

           
              
            

           
             
            

            
             
            

               
             

        

 



  

Figure 3. fMRI activity temporally related to NREM bouts.     
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