







    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: 15 June 2016



                    Bright spots among the world’s coral reefs

                    	Joshua E. Cinner1, 
	Cindy Huchery1, 
	M. Aaron MacNeil1,2,3, 
	Nicholas A.J. Graham1,4, 
	Tim R. McClanahan5, 
	Joseph Maina5,6,7, 
	Eva Maire1,8, 
	John N. Kittinger9,10, 
	Christina C. Hicks1,4,9, 
	Camilo Mora11, 
	Edward H. Allison12, 
	Stephanie D’Agata5,7,13, 
	Andrew Hoey1, 
	David A. Feary14, 
	Larry Crowder9, 
	Ivor D. Williams15, 
	Michel Kulbicki16, 
	Laurent Vigliola13, 
	Laurent Wantiez17, 
	Graham Edgar18, 
	Rick D. Stuart-Smith18, 
	Stuart A. Sandin19, 
	Alison L. Green20, 
	Marah J. Hardt21, 
	Maria Beger6, 
	Alan Friedlander22,23, 
	Stuart J. Campbell5, 
	Katherine E. Holmes5, 
	Shaun K. Wilson24,25,26, 
	Eran Brokovich27, 
	Andrew J. Brooks28, 
	Juan J. Cruz-Motta29, 
	David J. Booth30, 
	Pascale Chabanet31, 
	Charlie Gough32, 
	Mark Tupper33, 
	Sebastian C. A. Ferse34, 
	U. Rashid Sumaila35 & 
	…
	David Mouillot1,8 

Show authors

                    

                    
                        
    Nature

                        volume 535, pages 416–419 (2016)Cite this article
                    

                    
        
            	
                        23k Accesses

                    
	
                        342 Citations

                    
	
                            1122 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Environmental impact
	Sustainability
	Tropical ecology


    


                
    
    

    
    

                
            


        
            Abstract
Ongoing declines in the structure and function of the world’s coral reefs1,2 require novel approaches to sustain these ecosystems and the millions of people who depend on them3. A presently unexplored approach that draws on theory and practice in human health and rural development4,5 is to systematically identify and learn from the ‘outliers’—places where ecosystems are substantially better (‘bright spots’) or worse (‘dark spots’) than expected, given the environmental conditions and socioeconomic drivers they are exposed to. Here we compile data from more than 2,500 reefs worldwide and develop a Bayesian hierarchical model to generate expectations of how standing stocks of reef fish biomass are related to 18 socioeconomic drivers and environmental conditions. We identify 15 bright spots and 35 dark spots among our global survey of coral reefs, defined as sites that have biomass levels more than two standard deviations from expectations. Importantly, bright spots are not simply comprised of remote areas with low fishing pressure; they include localities where human populations and use of ecosystem resources is high, potentially providing insights into how communities have successfully confronted strong drivers of change. Conversely, dark spots are not necessarily the sites with the lowest absolute biomass and even include some remote, uninhabited locations often considered near pristine6. We surveyed local experts about social, institutional, and environmental conditions at these sites to reveal that bright spots are characterized by strong sociocultural institutions such as customary taboos and marine tenure, high levels of local engagement in management, high dependence on marine resources, and beneficial environmental conditions such as deep-water refuges. Alternatively, dark spots are characterized by intensive capture and storage technology and a recent history of environmental shocks. Our results suggest that investments in strengthening fisheries governance, particularly aspects such as participation and property rights, could facilitate innovative conservation actions that help communities defy expectations of global reef degradation.
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                    Figure 1: Global patterns and drivers of reef fish biomass.[image: ]


Figure 2: Bright and dark spots among the world’s coral reefs.[image: ]


Figure 3: Differences in key social and environmental conditions between bright spots, dark spots, and ‘average’ sites. a, Social and institutional conditions; b, external- or donor-driven projects; c, technologies; d, environmental conditions.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Marginal relationships between reef fish biomass and social drivers.
a, Local population growth; b, market gravity; c, nearest settlement gravity; d, tourism; e, nation/state population size; f, Human Development Index; g, high compliance marine reserve (0 is fished baseline); h, restricted fishing (0 is fished baseline); i, low-compliance marine reserve (0 is fished baseline); j, voice and accountability; k, reef fish landings; l, ocean productivity; m, depth (−1 = 0–4 m, 0 = 4–10 m, 1 = >10 m); n, reef flat (0 is reef slope baseline); o, reef crest flat (0 is reef slope baseline); p, lagoon/back reef flat (0 is reef slope baseline). All variables displayed on the x axis are standardized. Red lines are the marginal trend line for each parameter as estimated by the full model. Grey lines are 100 simulations of the marginal trend line sampled from the posterior distributions of the intercept and parameter slope, analogous to conventional confidence intervals. Two asterisks indicate that 95% of the posterior density is in either a positive or negative direction (Fig. 1b–d); a single asterisk indicates that 75% of the posterior density is in either a positive or negative direction.


Extended Data Figure 2 Correlation plot of candidate continuous covariates before accounting for collinearity (Extended Data Table 4).
Collinearity between continuous and categorical covariates (including biogeographic region, habitat, protection status, and depth) were analysed using box plots.


Extended Data Figure 3 Model fit statistics.
Top, Bayesian P values (BpV) for the full model indicating goodness of fit, based on posterior discrepancy. Points are Freeman–Tukey differences between observed and expected values, and simulated and expected values within the MCMC scheme (n = 10,000). Plot shows no evidence for lack of fit between the model and the data. Bottom, Posterior distribution for the degrees of freedom parameter (ν) in our supplementary analysis of candidate distributions. The highest posterior density of 3.46, with 97.5% of the total posterior density below 4 provides strong evidence in favour of a non-central t distribution relative to a normal distribution and supports the use of 3.5 for ν.


Extended Data Figure 4 Box plot of deviation from expected as a function of the presence or absence of key social and environmental conditions expected to produce bright spots.
Boxes range from the first to third quartile and whiskers extend to the highest value that is within 1.5× the inter-quartile range (that is, distance between the first and third quartiles). Data beyond the end of the whiskers are outliers, which are plotted as points.


Extended Data Table 1 Summary of social and environmental covariatesFull size table


Extended Data Table 2 List of nations/states covered in study and their respective average biomass (kg ha−1 ± standard error)Full size table


Extended Data Table 3 Model selection of potential gravity indicators and componentsFull size table


Extended Data Table 4 Variance inflation factor (VIF) scores for continuous data before and after removing variables due to collinearityFull size table


Extended Data Table 5 List of bright and dark spot locations, population status, and protection statusFull size table
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The health of the world's coral reefs, which provide goods and services for millions of people, is declining. Effective management of these ecosystems requires an understanding of the underlying drivers of reef decline. In a study that spans the gap between ecology and the social sciences, Joshua Cinner and colleagues develop a Bayesian hierarchical model, using data from more than 2,500 reefs worldwide, to predict reef fish biomass based on various socioeconomic drivers and environmental conditions. They identify 15 bright spots — sites where reef biomass is significantly higher than expected. The bright spots are found not only among iconic remote and pristine areas, but also where there are strong sociocultural institutions and high levels of local engagement. On the basis of this analysis, the authors argue for a refocus of coral reef conservation efforts away from locating and protecting remote, pristine sites, towards unlocking potential solutions from sites that have successfully confronted the coral reef crisis.
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