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            Abstract
Modern squamates (lizards, snakes and amphisbaenians) are the world’s most diverse group of tetrapods along with birds1 and have a long evolutionary history, with the oldest known fossils dating from the Middle Jurassic period—168 million years ago2,3,4. The evolutionary origin of squamates is contentious because of several issues: (1) a fossil gap of approximately 70 million years exists between the oldest known fossils and their estimated origin5,6,7; (2) limited sampling of squamates in reptile phylogenies; and (3) conflicts between morphological and molecular hypotheses regarding the origin of crown squamates6,8,9. Here we shed light on these problems by using high-resolution microfocus X-ray computed tomography data from the articulated fossil reptile Megachirella wachtleri (Middle Triassic period, Italian Alps10). We also present a phylogenetic dataset, combining fossils and extant taxa, and morphological and molecular data. We analysed this dataset under different optimality criteria to assess diapsid reptile relationships and the origins of squamates. Our results re-shape the diapsid phylogeny and present evidence that M. wachtleri is the oldest known stem squamate. Megachirella is 75 million years older than the previously known oldest squamate fossils, partially filling the fossil gap in the origin of lizards, and indicates a more gradual acquisition of squamatan features in diapsid evolution than previously thought. For the first time, to our knowledge, morphological and molecular data are in agreement regarding early squamate evolution, with geckoes—and not iguanians—as the earliest crown clade squamates. Divergence time estimates using relaxed combined morphological and molecular clocks show that lepidosaurs and most other diapsids originated before the Permian/Triassic extinction event, indicating that the Triassic was a period of radiation, not origin, for several diapsid lineages.
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                    Fig. 1: Holotype of M. wachtleri (PZO 628).[image: ]


Fig. 2: Combined evidence relaxed-clock Bayesian inference analysis with total evidence tip and node dating using the fossilized birth–death tree model.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Cranial anatomy of M. wachtleri (PZO 628) based on personal examination and micro-CT scan data.
a, Skull in dorsal view. b, Skull in posteroventral view. c, Skull in anteroventral view. d, Skull in right ventrolateral view. e, Skull in left dorsal lateral view. f, Line drawing of the skull in dorsal view. g, Reconstruction of the skull in dorsal view. h, Detailed view of right lateral side of the skull. i, Drawing of the view in h. San, surangular. Scale bars, 5 mm (a–g).


Extended Data Fig. 2 Cranial and postcranial anatomy of M. wachtleri (PZO 628) based on personal examination and micro-CT scan data.
a, Cross-section of the skull at the level of the frontals in anterior view. b, Details of the anterior end of the left dentary in occlusal view. c, Left quadrate. d, Whole body of the holotype as preserved in the slab (dorsal view). e, Anterior cervical vertebrae in left lateral view. f, Longitudinal section of the anterior cervicals in ventral view. g, Last cervicals and anterior dorsals in dorsal view. h, Pectoral girdle in ventral view. i, Pectoral girdle in left ventrolateral view. j, Right humerus in ventral view. k, Right manus in dorsal view. l, Line drawing of right manus in dorsal view. Ax.R., axis rib; Ce.Pl., cervical, pleurocentrum; Co, cotyle; C.V.3, third cervical vertebra; dc2–5, distal carpals 2–5; DPC, deltopectoral crest; D.R., dorsal rib; D.T., dentary teeth; Epi.St., epiphysial suture; H.Epi., humeral epiphysis; i, intermedium; lc, lateral centrale; McI–V, metacarpals I–V; N.A., neural arch; Olf.Tr., olfactory tract; Po.Co., posterior cotyle; Qj.Fr., quadratojugal foramen; Qj.St., quadratojugal suture; r, radiale; Sbd.Sh., subdentary shelf; Sof.Pr., subolfactory processes; u, ulnare. Scale bars, 1 mm (a, b), 5 mm (c, e–h, j–l), 10 mm (d, i).


Extended Data Fig. 3 Equal weights maximum parsimony analysis, morphological data only.
Strict consensus of 621 most parsimonious trees (2,268 steps each). Numbers at nodes indicate Bremer indices.


Extended Data Fig. 4 Implied weighting maximum parsimony analysis, morphological data only.
Strict consensus of the five best feet trees (fit = 91.768892).


Extended Data Fig. 5 Bayesian inference analysis, morphological data only.
Bayesian majority-rule consensus tree. Numbers at nodes indicate posterior probabilities.


Extended Data Fig. 6 Bayesian inference analysis, combined morphological and molecular data.
Bayesian majority-rule consensus tree. Numbers at nodes indicate posterior probabilities.


Extended Data Fig. 7 Relaxed-clock Bayesian inference analysis with total-evidence tip dating using the fossilized birth–death tree model, combined morphological and molecular data.
Bayesian majority-rule consensus tree. Numbers at nodes indicate posterior probabilities.


Extended Data Fig. 8 Relaxed-clock Bayesian inference analysis with total-evidence tip and node dating using the fossilized birth–death tree model, combined morphological and molecular data.
Bayesian majority-rule consensus tree. Numbers at nodes indicate median estimates for the divergence times, and node bars indicate the 95% highest posterior density for divergence times.


Extended Data Fig. 9 Taxon stability plotted against taxon completeness in the analysis combining both morphological and molecular data.
a, Taxon stability in uncalibrated Bayesian inference analysis. b, Taxon stability in relaxed-clock Bayesian inference analysis with tip dating. Taxon stability increases directly proportional to taxon completeness. M. wachtleri (taxon 67, in red) has a stability slightly above average for uncalibrated Bayesian inference, and well above average for Bayesian inference with tip dating. All taxa are identified in Supplementary Table 3 (n = 129 taxa). Regression line in blue and 95% confidence interval in grey. Labels for extant taxa (~100% completeness) are omitted for simplicity.
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Reporting Summary

Supplementary Data 1
Morphological phylogenetic dataset


Supplementary Data 2
Molecular phylogenetic dataset


Supplementary Data 3
Combined phylogenetic dataset with Mr. Bayes commands used for uncalibrated Bayesian analysis.


Supplementary Data 4
Combined phylogenetic dataset with Mr. Bayes commands used for relaxed clock Bayesian analysis calibrated with tip dating.


Supplementary Data 5
Combined phylogenetic dataset with Mr. Bayes commands used for relaxed clock Bayesian analysis calibrated with tip and node dating.





Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Simões, T.R., Caldwell, M.W., Tałanda, M. et al. The origin of squamates revealed by a Middle Triassic lizard from the Italian Alps.
                    Nature 557, 706–709 (2018). https://doi.org/10.1038/s41586-018-0093-3
Download citation
	Received: 05 December 2017

	Accepted: 28 February 2018

	Published: 30 May 2018

	Issue Date: 31 May 2018

	DOI: https://doi.org/10.1038/s41586-018-0093-3


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        A late-surviving phytosaur from the northern Atlantic rift reveals climate constraints on Triassic reptile biogeography
                                    
                                

                            
                                
                                    	Chase Doran Brownstein


                                
                                BMC Ecology and Evolution (2023)

                            
	
                            
                                
                                    
                                        Extended embryo retention and viviparity in the first amniotes
                                    
                                

                            
                                
                                    	Baoyu Jiang
	Yiming He
	Michael J. Benton


                                
                                Nature Ecology & Evolution (2023)

                            
	
                            
                                
                                    
                                        Lepidosauromorphs and associated vertebrate fauna from the Late Triassic Tiki Formation, South Rewa, Gondwana basin, India: implication for paleoenvironment and paleobiogeography
                                    
                                

                            
                                
                                    	Y. Priyananda Singh
	K. Milankumar Sharma
	Ningthoujam Premjit Singh


                                
                                Proceedings of the Indian National Science Academy (2023)

                            
	
                            
                                
                                    
                                        High morphological disparity in a bizarre Paleocene fauna of predatory freshwater reptiles
                                    
                                

                            
                                
                                    	Chase Doran Brownstein


                                
                                BMC Ecology and Evolution (2022)

                            
	
                            
                                
                                    
                                        Evolutionary origins of the prolonged extant squamate radiation
                                    
                                

                            
                                
                                    	Chase D. Brownstein
	Dalton L. Meyer
	Jacques A. Gauthier


                                
                                Nature Communications (2022)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    X-ray computed microtomography of Megachirella wachtleri
                

                
	Tiago R. Simões
	Michael W. Caldwell
	Randall L. Nydam



                
    
        
            Scientific Data
        
        Data Descriptor
        
            Open Access
        
        
            06 Nov 2018
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
