







    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



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 02 May 2018



                    Complete Ichthyornis skull illuminates mosaic assembly of the avian head

                    	Daniel J. Field1,6Â na1, 
	Michael Hanson1Â na1, 
	David Burnham2, 
	Laura E. Wilson3, 
	Kristopher Super2, 
	Dana Ehret4, 
	Jun A. Ebersole5 & 
	â€¦
	Bhart-Anjan S. Bhullar1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 557,Â pages 96â€“100 (2018)Cite this article
                    

                    
        
            	
                        9374 Accesses

                    
	
                        67 Citations

                    
	
                            1709 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Palaeontology
	Phylogenetics


    


                
    
    

    
    

                
            


        
            Abstract
The skull of living birds is greatly modified from the condition found in their dinosaurian antecedents. Bird skulls have an enlarged, toothless premaxillary beak and an intricate kinetic system that includes a mobile palate and jaw suspensorium. The expanded avian neurocranium protects an enlarged brain and is flanked by reduced jaw adductor muscles. However, the order of appearance of these features and the nature of their earliest manifestations remain unknown. The Late Cretaceous toothed bird Ichthyornis dispar sits in a pivotal phylogenetic position outside living groups: it is close to the extant avian radiation but retains numerous ancestral characters1,2,3. Although its evolutionary importance continues to be affirmed3,4,5,6,7,8, no substantial new cranial material of I. dispar has been described beyond incomplete remains recovered in the 1870s. Jurassic and Cretaceous LagerstÃ¤tten have yielded important avialan fossils, but their skulls are typically crushed and distorted9. Here we report four three-dimensionally preserved specimens of I. disparâ€”including an unusually complete skullâ€”as well as two previously overlooked elements from the Yale Peabody Museum holotype, YPM 1450. We used these specimens to generate a nearly complete three-dimensional reconstruction of the I. dispar skull using high-resolution computed tomography. Our study reveals that I. dispar had a transitional beakâ€”small, lacking a palatal shelf and restricted to the tips of the jawsâ€”coupled with a kinetic system similar to that of living birds. The feeding apparatus of extant birds therefore evolved earlier than previously thought and its components were functionally and developmentally coordinated. The brain was relatively modern, but the temporal region was unexpectedly dinosaurian: it retained a large adductor chamber bounded dorsally by substantial bony remnants of the ancestral reptilian upper temporal fenestra. This combination of features documents that important attributes of the avian brain and palate evolved before the reduction of jaw musculature and the full transformation of the beak.
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                    Fig. 1: Full 3D reconstruction of the skull of I. dispar.[image: ]


Fig. 2: Line drawings of the skull of I. dispar.[image: ]


Fig. 3: Relationships of I. dispar and the origin of the avian beak.[image: ]


Fig. 4: Derived brain shape and primitive temporal region of I. dispar.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Full 3D reconstruction of the skull of I. dispar in high resolution.
This is the same reconstruction as shown in Fig.Â 1, reproduced at a higher resolution to show details.


Extended Data Fig. 2 Reconstruction of the skull of I. dispar.
Material described in this paper is indicated in gold and previously described regions are indicated in grey. All elements are scaled to the size ofÂ theÂ  FHSM VP-18702 specimen.


Extended Data Fig. 3 Reconstruction of the skull of I. dispar indicating the material represented by every known Ichthyornis specimen.
AllÂ elements areÂ scaled to the size ofÂ the FHSM VP-18702 specimen. Specimen numbers in bold are those used in the reconstruction. Numbers in italics indicate preservation of the same element in additional specimens.


Extended Data Fig. 4 High-resolution line drawing of the skull of I.Â dispar.
This the same image as shown in Fig.Â 2, reproduced at a larger size to show details. All anatomical abbreviations are as indicated in Fig.Â 2. Solid lines indicate areas known from fossil specimens, and dashed lines indicate unknown areas reconstructed from other ornithuran birds.


Extended Data Fig. 5
Skull and jaw elements of I. dispar specimen BHI 6421.


Extended Data Fig. 6
Skull and jaw elements of I. dispar specimen FHSM VP-18702.


Extended Data Fig. 7
Skull and jaw elements of I. dispar specimen KUVP 119673.


Extended Data Fig. 8
Skull and jaw elements of I. dispar specimen ALMNH 3316.


Extended Data Fig. 9
Skull and jaw elements of I. dispar holotype YPM 1450 showing the nasal and lacrimal elements that have not previously been reported.


Extended Data Fig. 10
Skull and jaw elements of I. dispar specimens YPM 1728, YPM 1459, YPM 1775 and YPM 1749.
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Reporting Summary

Supplementary Data
This file contains Supplementary Trees 1-17. (Tree legends can be found in the Supplementary Information)


Video 1: FHSM 18702, premaxillary beak and articulated rostral maxilla as they were preserved, with palatine attached

Video 2: FHSM 18702, neurocranium

Video 3: FHSM 18702, complete jugal

41586_2018_53_MOESM7_ESM.mov
Video 4: YPM 1450, nasal and lacrimal. Partial nasal and lacrimal are attached as they were discovered in the reanalysis of YPM 1450


Video 5: ALMNH 3316, rostral tip of premaxillae

Video 6: BHI 6421, quadrate, quadratojugal, and two postdentary complexes

Video 7: ALMNH 3316, five fragments of the maxilla showing tooth alveoli and medially positioned occlusal fossae
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