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            Abstract
Recent analyses have reported catastrophic global declines in vertebrate populations1,2. However, the distillation of many trends into a global mean index obscures the variation that can inform conservation measures and can be sensitive to analytical decisions. For example, previous analyses have estimated a mean vertebrate decline of more than 50% since 1970 (Living Planet Index2). Here we show, however, that this estimate is driven by less than 3% of vertebrate populations; if these extremely declining populations are excluded, the global trend switches to an increase. The sensitivity of global mean trends to outliers suggests that more informative indices are needed. We propose an alternative approach, which identifies clusters of extreme decline (or increase) that differ statistically from the majority of population trends. We show that, of taxonomicâ€“geographic systems in the Living Planet Index, 16 systems contain clusters of extreme decline (comprising around 1% of populations; these extreme declines occur disproportionately in larger animals) and 7 contain extreme increases (around 0.4% of populations). The remaining 98.6% of populations across all systems showed no mean global trend. However, when analysed separately, three systems were declining strongly with high certainty (all in the Indo-Pacific region) and seven were declining strongly but with less certainty (mostly reptile and amphibian groups). Accounting for extreme clusters fundamentally alters the interpretation of global vertebrate trends and should be used to help to prioritize conservation efforts.
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                    Fig. 1: Stylized patterns of system-wide growth rates.[image: ]


Fig. 2: Effect of extreme populations on the global growth index.[image: ]


Fig. 3: Population trends by taxonomic groups and realms.[image: ]


Fig. 4: Effect of the size of the time series.[image: ]


Fig. 5: Populations in the primary clusters across all systems, after removal of extreme clusters.[image: ]
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              Data can be obtained from the LPI database (www.livingplanetindex.org), AmphiBio30 (https://figshare.com/articles/Oliveira_et_al_AmphiBIO_v1/4644424), FishBase (www.fishbase.org)28 and life-history traits can be obtained from the amniote life-history database27 (https://doi.org/10.6084/m9.figshare.c.3308127.v1).
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Extended data figures and tables

Extended Data Fig. 1 Theoretical analyses of BHM model.
The pâ€“p plots show that the posterior distributions for each estimated parameter are unbiased and largely follow a 1:1 line for each hyper parameter (Ïƒ, Ï„) as well as the fraction in each cluster (f1, f2Â =Â 1Â âˆ’Â f1). The 1:1 line is the theoretic expectation, indicating that the true parameter value falls below the 0.01 quantile 1% of the time, the 0.02 quantile 2% of the time, and so on.


Extended Data Fig. 2 Sensitivity analyses of primary cluster trends.
The trends of the primary clusters (Î¸1), for the main analysis (x axis) versus the sensitivity analysis (y axis) for the threshold for extreme clusters (top) and the offset when nÂ =Â 0 was observed (bottom).


Extended Data Fig. 3 Effect of small time series on primary cluster trends.
Each point represents a trend estimate for the primary cluster of a system, with the full dataset (x axis) versus data excluding time series with less than 10 data points (y axis). The red dot indicates the freshwater Indo-Pacific mammals, which was reduced from 22 populations (full) to 2 populations (only data with at least 10 data points).


Extended Data Fig. 4 Mean trends of primary clusters across systems calculated using the BHM model.
Top, all species (14,700 populations). Middle, only large species (9,596 populations). Bottom, only small species (5,103 populations). The small species appear to be declining more than large species, although this finding needs to be interpreted with caution, as most primary distributions did not significantly deviate from zero for small species.


Extended Data Fig. 5 Histograms of observed growth rates and output of the BHM model for systems 1â€“16.
Blue line, primary cluster; red line, extreme cluster(s) from the model. Grey vertical lines show the range of observed values. In comparing the model output to the data we show the following. (1) The variation of the BHM primary cluster (blue line) is much lower than the raw data, because the BHM separates variation in among-population trends from variation due to within-population fluctuations. (2) The BHM model identifies evidence for extreme clusters in both directions (for example, terrestrial Indo-Pacific birds) or only one direction (for example, terrestrial Neotropical mammals), but not for other apparent clusters (for example, terrestrial Indo-Pacific herps). The BHM integrates the magnitude of within-population fluctuations, time-series sizes, number of populations, among-population variance, and the magnitude and frequency of the extreme populations in determining whether additional (extreme) clusters are needed to account for the observations.


Extended Data Fig. 6 Histograms of observed growth rates and output of the BHM model for systems 17â€“32.
Blue line, primary cluster; red line, extreme cluster(s) from the model. Grey vertical lines show the range of observed values. For further information, see Extended Data Fig. 5.


Extended Data Fig. 7 Histograms of observed growth rates and output of the BHM model for systems 33â€“48.
Blue line, primary cluster; red line, extreme cluster(s) from the model. Grey vertical lines show the range of observed values. For further information, see Extended Data Fig. 5.


Extended Data Fig. 8 Histograms of observed growth rates and output of the BHM model for systems 49â€“57.
Blue line, primary cluster; red line, extreme cluster(s) from the model. Grey vertical lines show the range of observed values. For further information, see Extended Data Fig. 5.





Supplementary information
Supplementary Information
This file contains Supplementary Methods, Supplementary Results, Supplementary Discussion: Effect of small time-series on extreme clusters and Supplementary Tables.


Reporting Summary




Rights and permissions
Reprints and permissions


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



Cite this article
Leung, B., Hargreaves, A.L., Greenberg, D.A. et al. Clustered versus catastrophic global vertebrate declines.
                    Nature 588, 267â€“271 (2020). https://doi.org/10.1038/s41586-020-2920-6
Download citation
	Received: 28 January 2020

	Accepted: 04 September 2020

	Published: 18 November 2020

	Issue Date: 10 December 2020

	DOI: https://doi.org/10.1038/s41586-020-2920-6


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

                
                    	
                            
                                
                                    
                                        Revealing uncertainty in the status of biodiversity change
                                    
                                

                            
                                
                                    	T. F. Johnson
	A. P. Beckerman
	R. P. Freckleton


                                
                                Nature (2024)

                            
	
                            
                                
                                    
                                        Conserved chromatin and repetitive patterns reveal slow genome evolution in frogs
                                    
                                

                            
                                
                                    	Jessen V. Bredeson
	Austin B. Mudd
	Daniel S. Rokhsar


                                
                                Nature Communications (2024)

                            
	
                            
                                
                                    
                                        Protected areas slow declines unevenly across the tetrapod tree of life
                                    
                                

                            
                                
                                    	A. Justin Nowakowski
	James I. Watling
	Luke O. Frishkoff


                                
                                Nature (2023)

                            
	
                            
                                
                                    
                                        Past, present, and future of the Living Planet Index
                                    
                                

                            
                                
                                    	Sophie E. H. Ledger
	Jonathan Loh
	Louise McRae


                                
                                npj Biodiversity (2023)

                            
	
                            
                                
                                    
                                        Insect decline in forests depends on speciesâ€™ traits and may be mitigated by management
                                    
                                

                            
                                
                                    	Michael Staab
	Martin M. Gossner
	Nico BlÃ¼thgen


                                
                                Communications Biology (2023)

                            


                

            

        
    

            
                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

                
                    
                    
                        
                            
    
        
            
                
                    Reply to: Shifting baselines and biodiversity success stories
                

                
	Brian Leung
	Anna L. Hargreaves
	Maria Dornelas



                
    
        
            Nature
        
        Matters Arising
        
        
            26 Jan 2022
        
    


            

        

    


                        

                    
                        
                            
    
        
            
                
                    Reply to: Do not downplay biodiversity loss
                

                
	Brian Leung
	Anna L. Hargreaves
	Robin Freeman



                
    
        
            Nature
        
        Matters Arising
        
        
            26 Jan 2022
        
    


            

        

    


                        

                    
                        
                            
    
        
            
                
                    Reply to: Emphasizing declining populations in the Living Planet Report
                

                
	Brian Leung
	Anna L. Hargreaves
	Robin Freeman



                
    
        
            Nature
        
        Matters Arising
        
        
            26 Jan 2022
        
    


            

        

    


                        

                    
                        
                            
    
        
            
                
                    Reply to: The Living Planet Index does not measure abundance
                

                
	Brian Leung
	Anna L. Hargreaves
	Robin Freeman



                
    
        
            Nature
        
        Matters Arising
        
        
            26 Jan 2022
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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 â€” 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: ]
