







    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



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 17 August 2016



                    Biodiversity at multiple trophic levels is needed for ecosystem multifunctionality

                    	Santiago Soliveres1, 
	Fons van der Plas1,2, 
	Peter Manning1,2, 
	Daniel Prati1, 
	Martin M. Gossner3,4, 
	Swen C. Renner5,6, 
	Fabian Alt7, 
	Hartmut Arndt8, 
	Vanessa Baumgartner9, 
	Julia Binkenstein10, 
	Klaus Birkhofer11, 
	Stefan Blaser1, 
	Nico Blüthgen12, 
	Steffen Boch1,13, 
	Stefan Böhm5, 
	Carmen Börschig14, 
	Francois Buscot15,16, 
	Tim Diekötter17, 
	Johannes Heinze18,19, 
	Norbert Hölzel20, 
	Kirsten Jung21, 
	Valentin H. Klaus20, 
	Till Kleinebecker20, 
	Sandra Klemmer15, 
	Jochen Krauss22, 
	Markus Lange3,4,23, 
	E. Kathryn Morris24,25, 
	Jörg Müller18, 
	Yvonne Oelmann7, 
	Jörg Overmann9, 
	Esther Pašalić3,4, 
	Matthias C. Rillig19,25, 
	H. Martin Schaefer26, 
	Michael Schloter27,28, 
	Barbara Schmitt1, 
	Ingo Schöning3,23, 
	Marion Schrumpf23, 
	Johannes Sikorski9, 
	Stephanie A. Socher29, 
	Emily F. Solly23,30, 
	Ilja Sonnemann31, 
	Elisabeth Sorkau7, 
	Juliane Steckel22, 
	Ingolf Steffan-Dewenter22, 
	Barbara Stempfhuber27,28, 
	Marco Tschapka21,32, 
	Manfred Türke3,4,16,33, 
	Paul C. Venter8, 
	Christiane N. Weiner12, 
	Wolfgang W. Weisser3,4, 
	Michael Werner22, 
	Catrin Westphal14, 
	Wolfgang Wilcke34, 
	Volkmar Wolters35, 
	Tesfaye Wubet15,16, 
	Susanne Wurst31, 
	Markus Fischer1,2,13 & 
	…
	Eric Allan1,36 

Show authors

                    

                    
                        
    Nature

                        volume 536, pages 456–459 (2016)Cite this article
                    

                    
        
            	
                        28k Accesses

                    
	
                        469 Citations

                    
	
                            299 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Biodiversity
	Ecosystem services


    


                
    
    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
Many experiments have shown that loss of biodiversity reduces the capacity of ecosystems to provide the multiple services on which humans depend1,2. However, experiments necessarily simplify the complexity of natural ecosystems and will normally control for other important drivers of ecosystem functioning, such as the environment or land use. In addition, existing studies typically focus on the diversity of single trophic groups, neglecting the fact that biodiversity loss occurs across many taxa3,4 and that the functional effects of any trophic group may depend on the abundance and diversity of others5,6. Here we report analysis of the relationships between the species richness and abundance of nine trophic groups, including 4,600 above- and below-ground taxa, and 14 ecosystem services and functions and with their simultaneous provision (or multifunctionality) in 150 grasslands. We show that high species richness in multiple trophic groups (multitrophic richness) had stronger positive effects on ecosystem services than richness in any individual trophic group; this includes plant species richness, the most widely used measure of biodiversity. On average, three trophic groups influenced each ecosystem service, with each trophic group influencing at least one service. Multitrophic richness was particularly beneficial for ‘regulating’ and ‘cultural’ services, and for multifunctionality, whereas a change in the total abundance of species or biomass in multiple trophic groups (the multitrophic abundance) positively affected supporting services. Multitrophic richness and abundance drove ecosystem functioning as strongly as abiotic conditions and land-use intensity, extending previous experimental results7,8 to real-world ecosystems. Primary producers, herbivorous insects and microbial decomposers seem to be particularly important drivers of ecosystem functioning, as shown by the strong and frequent positive associations of their richness or abundance with multiple ecosystem services. Our results show that multitrophic richness and abundance support ecosystem functioning, and demonstrate that a focus on single groups has led to researchers to greatly underestimate the functional importance of biodiversity.
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                    Figure 1: Effects of multitrophic richness and abundance on grassland functioning.[image: ]


Figure 2: Functional importance of multiple trophic groups.[image: ]


Figure 3: Biotic versus abiotic drivers of ecosystem functioning.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Functional effects of multitrophic richness and abundance on 14 grassland ecosystem services.
a, Standardized coefficients (mean ± s.e.m.) of the abundances (triangles) and richness (circles) of those trophic groups that significantly affect a given function are shown. b, The net effect (that is, the sum of significant standardized effects). c, Difference in adjusted R2 between the final multitrophic models and those models using the abundance and richness of the best performing individual trophic group (unitrophic) or plant species richness (plant richness). Ecosystem services are organized by the main four types of services they associate with (provisioning, supporting, regulating and cultural). The number of trophic groups included in the most parsimonious model is given next to their adjusted R2. Multifunctionality results at 25%, 50%, 75% and 90% thresholds are also shown (see Methods).


Extended Data Figure 2 Functional effects of environmental factors and multitrophic richness and abundance on 14 grassland ecosystem functions.
a, Standardized slope estimates (mean ± s.e.m.) for each significant predictor are shown, with the exception of study region and soil type, which were retained in all models. b, Net effect (sum of significant standardized effects) for multitrophic richness and abundance. c, The total amount of variance explained by either environmental + plant species richness, environmental + the abundance and richness of the best individual trophic predictor, or by environmental + multitrophic diversity and abundance are shown for each function (adjusted R2, to control for the high number of predictors included). The number of trophic groups included in the best models (2.15 ± 1.2 across functions, and 1.94 ± 1.2 across functions and multifunctionality indices) is given next to the adjusted R2 value. The increase in the adjusted R2 values in models with plant-species-richness averaged 0.07 ± 0.12 (across functions) and 0.06 ± 0.11 (across functions and multifunctionality indices). Ecosystem services are organized by the main four types of services they associate with (top–bottom: provisioning, supporting, regulating and cultural). TWI, topographic wetness index, based on the aspect and position in the slope, and the inclination of the slope. Multicollinearity between the predictors introduced is unlikely (Extended Data Table 3).


Extended Data Figure 3 Number of trophic groups necessary to predict multifunctionality measures calculated with all possible combinations of 1–9 services, and their net effects.
The number of predictors selected in the best models (left) and their overall effects (sum of standardized coefficients; right) across all possible combinations of 1–9 services (N = 501) are shown. Error bars show the 95% confidence intervals, estimated for all possible combinations of n (1 to 9) functions in both cases. Only the 9 services with fewer than 20 data gaps were considered in these analyses (see details in Methods). Multifunctionality for these combinations was calculated at the 25% (upper panel), 50%, 75% and 90% (bottom panel) thresholds. Services removed were flower cover, arbuscular mycorrhizal colonization, soil aggregate stability, phosphorous retention index and pest control.


Extended Data Figure 4 Functional effect of the different trophic groups on contrasting multifunctionality scenarios.
Overall functional effects (significant standardized coefficients; mean ± s.e.m.) from the most parsimonious model) of the richness (open bars) and abundance (hatched bars) of each group are shown according to ref. 34.


Extended Data Figure 5 Functional importance of species richness and abundance compared to environmental drivers.
Venn diagrams showing the variance partition for the four components of our statistical models (environment: climate, soil and land-use intensity; species richness of the nine trophic groups, abundance of primary producers, above- and below-ground predators, below-ground herbivores and soil microbial decomposers). The variance not explained by the model (the residual) is also shown. The variance explained by richness, abundance and their overlap is summed up as Biota. Each panel represents an individual function or multifunctionality metric.


Extended Data Figure 6 Functional effect of the different trophic groups.
Overall functional effects (mean ± s.e.m. of the standardized slopes obtained from the model; with the exception of a, where error could not be estimated) of the richness (open bars) and abundance (hatched bars) of each group. a, The values were calculated after weighting each standardized coefficient (those in Extended Data Fig. 1) by the adjusted R2 of the model to account for differences in model performance. b, c, The values were calculated as the standardized coefficients in a general model fitted to all services at once, including ‘service identity’ as an extra predictor and ‘plot’ as random factor to control for pseudo-replication (reduced models (b); the ones presented in the main text), or full models (c) and, d, calculated as multi-model average parameters from a model fitted to all services at once. Correlations (Spearman’s rank correlation coefficients) between the different approaches are given.


Extended Data Table 1 Re-analysis of manipulative multitrophic studiesFull size table


Extended Data Table 2 Details of the sampling procedure for each trophic group and functionFull size table


Extended Data Table 3 Correlations between diversity predictors from the models in the main textFull size table


Extended Data Table 4 Model selectionFull size table
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