







    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

                    
        
            
    
        
            
                
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 19 February 2020



                    A simple dynamic model explains the diversity of island birds worldwide

                    	Luis Valente1,2,3,4, 
	Albert B. Phillimore5, 
	Martim Melo6,7,8, 
	Ben H. Warren9, 
	Sonya M. Clegg10,11, 
	Katja Havenstein4, 
	Ralph Tiedemann4, 
	Juan Carlos Illera12, 
	Christophe Thébaud13, 
	Tina Aschenbach1 & 
	…
	Rampal S. Etienne3 

Show authors

                    

                    
                        
    Nature

                        volume 579, pages 92–96 (2020)Cite this article
                    

                    
        
            	
                        17k Accesses

                    
	
                        69 Citations

                    
	
                            424 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Biogeography
	Ecological modelling
	Phylogenetics


    


                
    
    

    
    

                
            


        
            Abstract
Colonization, speciation and extinction are dynamic processes that influence global patterns of species richness1,2,3,4,5,6. Island biogeography theory predicts that the contribution of these processes to the accumulation of species diversity depends on the area and isolation of the island7,8. Notably, there has been no robust global test of this prediction for islands where speciation cannot be ignored9, because neither the appropriate data nor the analytical tools have been available. Here we address both deficiencies to reveal, for island birds, the empirical shape of the general relationships that determine how colonization, extinction and speciation rates co-vary with the area and isolation of islands. We compiled a global molecular phylogenetic dataset of birds on islands, based on the terrestrial avifaunas of 41 oceanic archipelagos worldwide (including 596 avian taxa), and applied a new analysis method to estimate the sensitivity of island-specific rates of colonization, speciation and extinction to island features (area and isolation). Our model predicts—with high explanatory power—several global relationships. We found a decline in colonization with isolation, a decline in extinction with area and an increase in speciation with area and isolation. Combining the theoretical foundations of island biogeography7,8 with the temporal information contained in molecular phylogenies10 proves a powerful approach to reveal the fundamental relationships that govern variation in biodiversity across the planet.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 / 30 days
cancel any time

Learn more



Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more



Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more



Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Fig. 1: Archipelago and island bird colonization time data.


Fig. 2: Estimated relationships between island area and isolation, and local island biogeography parameters.


Fig. 3: Goodness of fit of the preferred model (M19).


Fig. 4: Observed and predicted island diversity–area and island diversity–distance relationships.



                


                
                    
                
            

            
                Data availability


New sequence data produced for this study have been deposited in GenBank with the accession codes: MH307408–MH307656. The following datasets have been deposited in Mendeley: DNA alignments (https://doi.org/10.17632/vf95364vx6.1), new phylogenetic trees produced for this study (https://doi.org/10.17632/p6hm5w8s3b.2), and DAISIE R objects (https://doi.org/10.17632/sy58zbv3s2.2). The 11 previously published trees are available upon request.



Code availability


The custom computer code used for this study is freely available in the DAISIE R package (https://github.com/rsetienne/DAISIE).
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Extended data figures and tables

Extended Data Fig. 1 Variation of cladogenesis with isolation and area.
Contour plot showing how the local rate of cladogenesis varies with area and Dm assuming the maximum-likelihood global hyperparameters of the M19 model (equations describing the relationships are provided in Supplementary Table 1). Numbers correspond to the archipelago numbers from Fig. 1 and show the local cladogenesis rates for each of the archipelagos in our dataset. Area is shown as a log scale.


Extended Data Fig. 2 Bootstrap precision estimates of the parameters of the M19 model.
Parametric bootstrap analysis fitting the M19 model to 1,000 global datasets simulated with maximum-likelihood parameters of the M19 model. Plots are frequency histograms of estimated parameters. Black lines show the median estimated values across all simulations and the blue lines the simulated values. Dashed lines show 2.5–97.5 percentiles. Parameters are explained in Supplementary Table 1. Bootstrap parameter estimates for the M14 model are shown in Extended Data Table 5.


Extended Data Fig. 3 Randomization analysis of the M19 model.
Distribution of global hyperparameters estimated from each of 1,000 datasets with the same phylogenetic data as our main global dataset but randomly reshuffling archipelago area and isolation among the 41 archipelagos in the dataset. Grey histograms show DAISIE maximum-likelihood parameter estimates for the M19 model. Red arrows show the estimated parameter from the real data. In most cases, the hyperparameters describing the exponent of the power models (x, α, β and d0) are estimated as zero in the reshuffled datasets, which is not the case in the real data (red). Parameters are explained in Supplementary Table 1.


Extended Data Fig. 4 Goodness of fit of the preferred model (M19).
Plots show the observed total number of species, cladogenetic species and colonizations versus those simulated by the model. Median and 95% percentiles are shown for 1,000 simulations of each archipelago. Selected archipelagos mentioned in the main text or well-known archipelagos for which one or more of the diversity metrics are under- or overestimated are highlighted in colour. Dashed line is y = x. See also Fig. 3.


Extended Data Fig. 5 Ratio of pseudo-R2 observed over pseudo-R2 simulated.
Estimates were based on 10,000 datasets simulated using the M19 model. A ratio centred on 1 would indicate that the model explains the observed data as well as it is able to explain the average dataset simulated under the maximum-likelihood parameters.


Extended Data Fig. 6 Sensitivity to colonization and branching times.
a, Maximum-likelihood parameter estimates of the M19 model (preferred model) for datasets differing in colonization and branching times. D6 represents 100 datasets, therefore, the 2.5 and 97.5 percentiles are shown. Parameter symbols are described in Supplementary Table 1. b, Estimated relationships between island area and isolation and local island biogeography parameters for each dataset. Under the M19 model, cladogenesis rate increases with both area and isolation, and thus plots for more (far, 5,000 km) and less (near, 50 km) isolated islands are shown.
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Extended Data Table 4 Previously published dated trees usedFull size table
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Supplementary Data 1
| Island birds database Includes the database of taxa of our focal group found on each of the 41 archipelagos.


Supplementary Data 2
| Full archipelago data Includes physical data, species richness and sampling (from the focal group of taxa) for the 41 archipelagos included in this study.


Supplementary Data 3
| Sensitivity to archipelago selection and isolation metrics Results of the sensitivity analyses excluding single islands, using different isolation metrics and with Mascarenes fused as a single archipelago.
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