







    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



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 23 December 2015



                    The global spectrum of plant form and function

                    	Sandra Díaz1, 
	Jens Kattge2,3, 
	Johannes H. C. Cornelissen4, 
	Ian J. Wright5, 
	Sandra Lavorel6, 
	Stéphane Dray7, 
	Björn Reu8,9, 
	Michael Kleyer10, 
	Christian Wirth2,3,11, 
	I. Colin Prentice5,12, 
	Eric Garnier13, 
	Gerhard Bönisch2, 
	Mark Westoby5, 
	Hendrik Poorter14, 
	Peter B. Reich15,16, 
	Angela T. Moles17, 
	John Dickie18, 
	Andrew N. Gillison19, 
	Amy E. Zanne20,21, 
	Jérôme Chave22, 
	S. Joseph Wright23, 
	Serge N. Sheremet’ev24, 
	Hervé Jactel25,26, 
	Christopher Baraloto27,28, 
	Bruno Cerabolini29, 
	Simon Pierce30, 
	Bill Shipley31, 
	Donald Kirkup32, 
	Fernando Casanoves33, 
	Julia S. Joswig2, 
	Angela Günther2, 
	Valeria Falczuk1, 
	Nadja Rüger3,23, 
	Miguel D. Mahecha2,3 & 
	…
	Lucas D. Gorné1 

Show authors

                    

                    
                        
    Nature

                        volume 529, pages 167–171 (2016)Cite this article
                    

                    
        
            	
                        62k Accesses

                    
	
                        1730 Citations

                    
	
                            216 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Biodiversity
	Climate-change ecology
	Ecophysiology
	Ecosystem ecology
	Evolutionary ecology


    


                
    
    

    
    

                
            


        
            Abstract
Earth is home to a remarkable diversity of plant forms and life histories, yet comparatively few essential trait combinations have proved evolutionarily viable in today’s terrestrial biosphere. By analysing worldwide variation in six major traits critical to growth, survival and reproduction within the largest sample of vascular plant species ever compiled, we found that occupancy of six-dimensional trait space is strongly concentrated, indicating coordination and trade-offs. Three-quarters of trait variation is captured in a two-dimensional global spectrum of plant form and function. One major dimension within this plane reflects the size of whole plants and their parts; the other represents the leaf economics spectrum, which balances leaf construction costs against growth potential. The global plant trait spectrum provides a backdrop for elucidating constraints on evolution, for functionally qualifying species and ecosystems, and for improving models that predict future vegetation based on continuous variation in plant form and function.
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                    Figure 1: The volume in trait space occupied by vascular plant species is strongly constrained compared to theoretical null models.[image: ]


Figure 2: The global spectrum of plant form and function.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Climatic and geographical coverage of the dataset.
a–d, Green points, occurrence according to GBIF (http://www.gbif.org) of species with information on all six traits (a, c) and at least one trait (b, d). Upper panels (a, b) show distribution in major climatic regions of the world; grey, MAP and MAT as in CRU0.5 degree climatology261; Biome classification according to ref. 262. Lower panels (c, d) show distribution in the global map (Robinson projection); grey, land surface. Maps based on the R package ‘maps’, accessed at The Comprehensive R Archive Network (https://cran.r-project.org/web/packages/maps/index.html).


Extended Data Figure 2 Tests of the distribution of growth-forms (a) and major taxa (b) in trait space.
Woody and non-woody species differed significantly in their positions along PC1 but not along PC2. Angiosperms differed significantly from gymnosperms and pteridophytes in their positions along both axes; gymnosperms and pteridophytes differed in their position along PC1 but not along PC2 (see Methods for details of PCA analysis and a posteriori tests). Whiskers denote ± 3 s.d. from mean; n woody = 1,001; n non-woody = 1,209; n angiosperms = 2,120; n gymnosperms = 80; n pteridophytes = 14). Horizontal bars and dots within boxes indicate mean and median, respectively. Means with the same letter are not significantly different (Fisher’s least significant difference; P > 0.01).


Extended Data Figure 3 Selected bivariate relationships underlying the global spectrum of plant form and function, showing herbaceous (green) and woody (black) species separately.
See Extended Data Fig. 4 for standardized major axes statistics (slope, r2, sample size) of these and all other pairwise trait combinations.


Extended Data Figure 4 Bivariate relationships between the six traits that underlie the global spectrum of plant form and function.
The lower left portion of the matrix shows two-dimensional probability density distributions of bivariate trait relationships derived through kernel density estimation (see Methods). The colour gradient indicates regions of highest (red) to lowest (white) occurrence probability of trait combinations with contour lines indicating 0.5, 0.95 and 0.99 quantiles. The upper right portion contains standardized major axis (SMA)263 statistics (slope, r2, sample size n, and statistical significance, NS, P > 0.05; *0.05 > P > 0.01; **0.01 > P > 0.001; ***P < 0.001) for the corresponding relationships for all species (a), and for herbaceous (h) and woody species (w) separately. The diagonal displays the total sample sizes for each trait. For traits showing a strongly bimodal distribution, the all-species slope and correlation should be treated with caution. Pteridophytes show a discontinuous distribution in SM, but otherwise fall well within the general distribution of points; they represent less than 1% of the dataset, therefore including or excluding them does not significantly alter any of the relationships. SMAs were fitted using SMATR v.2 (http://www.bio.mq.edu.au/ecology/SMATR/).


Extended Data Table 1 Principal component analyses (PCAs) of global plant trait dataFull size table


Extended Data Table 2 Description and illustrative examples of species at different positions at the margin of the global spectrum of plant form and functionFull size table
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