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            Abstract
The Eumetabola (Endopterygota (also known as Holometabola) plus Paraneoptera)1 have the highest number of species of any clade, and greatly contribute to animal species biodiversity2,3. The palaeoecological circumstances that favoured their emergence and success remain an intriguing question3,4,5,6. Recent molecular phylogenetic analyses have suggested a wide range of dates for the initial appearance of the Holometabola, from the Middle Devonian epoch (391 million years (Myr) ago) to the Late Pennsylvanian epoch (311 Myr ago7,8,9,10,11,12), and Hemiptera (310 Myr ago13). Palaeoenvironments greatly changed over these periods, with global cooling and increasing complexity of green forests14. The Pennsylvanian-period crown-eumetabolan fossil record remains notably incomplete15,16,17,18,19, particularly as several fossils have been erroneously considered to be stem Holometabola1,15,20,21 (Supplementary Information); the earliest definitive beetles are from the start of the Permian period21,22. The emergence of the hymenopterids, sister group to other Holometabola, is dated between 350 and 309 Myr ago8,9,12, incongruent with their current earliest record (Middle Triassic epoch)1,20. Here we describe five fossils— a Gzhelian-age stem coleopterid, a holometabolous larva of uncertain ordinal affinity, a stem hymenopterid, and early Hemiptera and Psocodea, all from the Moscovian age—and reveal a notable penecontemporaneous breadth of early eumetabolan insects. These discoveries are more congruent with current hypotheses of clade divergence. Eumetabola experienced episodes of diversification during the Bashkirian–Moscovian and the Kasimovian–Gzhelian ages. This cladogenetic activity is perhaps related to notable episodes of drying resulting from glaciations, leading to the eventual demise in Euramerica of coal-swamp ecosystems, evidenced by floral turnover during this interval23,24. These ancient species were of very small size, living in the shadow of Palaeozoic-era ‘giant’ insects. Although these discoveries reveal unexpected Pennsylvanian eumetabolan diversity, the lineage radiated more successfully only after the mass extinctions at the end of the Permian period, giving rise to the familiar crown groups of their respective clades.
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                    Figure 1: Representatives of stem hymenopterids and stem coleopterids.[image: ]


Figure 2: Holometabolous larva and representatives of stem Psocodea and Euhemiptera.[image: ]


Figure 3: Phylogeny of main insect clades.[image: ]


Figure 4: Comparison of the sizes of Carboniferous fossil Pterygota and extant Pterygota.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Representative of the stem hymenopterids, Avioxyela gallica gen. et sp. nov.
a, Photograph of counterpart. b, Reconstruction of forewing based on part and counterpart. CuA, cubitus anterior; CuP, cubitus posterior; MA, median anterior; MP, median posterior; R, radius; RA, radius anterior; RP, radius posterior; ScP, subcosta posterior. Scale bar, 1 mm (a, b).


Extended Data Figure 2 Representative of the stem hymenopterids, Avioxyela gallica gen. et sp. nov., electron scanning photograph.
a, Two wings partly overlapping. b, Reconstruction of the two forewings. c, Mirror of the second wing to show the identity of pattern with the first wing. d, e, Electron scanning photograph of radial vein of second wing with interpretation of the veins. Scale bar, 1 mm (a, b, c).


Extended Data Figure 3 Representative of the stem coleopterids, Stephanastus polinae gen. et sp. nov.
Electron scanning photographs. a, Foreleg and pronotum. b, Mid-leg. Scale bar, 1 mm (a, b).


Extended Data Figure 4 Holometabolous larva, Metabolarva bella gen. et sp. nov.
Photograph of posterior half of body. Scale bar, 1 mm.


Extended Data Figure 5 Representative of stem Euhemiptera, Aviorrhyncha magnifica gen. et sp. nov.
a, Photograph of part. b, Electron scanning photograph of counterpart. AA1 + 2, first anal anterior vein; AA3 + 4, second anal anterior vein; PC, precosta. Scale bar, 1 mm (a, b).


Extended Data Figure 6 Euhemiptera wing venation.
a, Wing base of Aviorrhyncha magnifica gen. et sp. nov. b, Wing base of a modern Fulgoroidea. Scale bar, 1 mm (a, b).


Extended Data Figure 7 Representative of stem Psocodea, Westphalopsocus pumilio gen. et sp. nov.
a, Reconstruction of forewing. b, Photograph. A, anal veins. Scale bar, 1 mm (a, b).


Extended Data Figure 8 Very small forewing of a dictyopteran from Avion. Specimen Avion 13.
Scale bar, 1 mm.
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The discovery of a group of previously unknown insect species that lived around 300 million years ago reveals a remarkable level of diversity in early insect populations. André Nel et al. identify the oldest representatives of the holometabolan groups Hymenopterida and Coleoptera, together with the oldest accurate holometabolous larva, oldest Psocodea and oldest Hemiptera in the Late Carboniferous. These are all tiny fossils, revealed by stereomicroscopy, living at the same time as the more easily studied and hence familiar Palaeozoic-era 'giant' insects. The fossils described here include very early examples of the groups which would one day evolve into beetles, true bugs and hymenopterans — the ants, bees and wasps: together, the most species-rich of any modern animal group.

show all

    

    
    

    
        
            
                
                    
                        
                            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: ]
