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            Abstract
Classical sexual selection theory1,2,3,4 provides a well-supported conceptual framework for understanding the evolution and signalling function of male ornaments. It predicts that males obtain greater fitness benefits than females through multiple mating because sperm are cheaper to produce than eggs. Sexual selection should therefore lead to the evolution of male-biased secondary sexual characters. However, females of many species are also highly ornamented5,6,7. The view that this is due to a correlated genetic response to selection on males1,8 was widely accepted as an explanation for female ornamentation for over 100 years5 and current theoretical9,10 and empirical11,12,13 evidence suggests that genetic constraints can limit sex-specific trait evolution. Alternatively, female ornamentation can be the outcome of direct selection for signalling needs7,14. Since few studies have explored interspecific patterns of both male and female elaboration, our understanding of the evolution of animal ornamentation remains incomplete, especially over broad taxonomic scales. Here we use a new method to quantify plumage colour of all ~6,000 species of passerine birds to determine the main evolutionary drivers of ornamental colouration in both sexes. We found that conspecific male and female colour elaboration are strongly correlated, suggesting that evolutionary changes in one sex are constrained by changes in the other sex. Both sexes are more ornamented in larger species and in species living in tropical environments. Ornamentation in females (but not males) is increased in cooperative breedersâ€”species in which femaleâ€“female competition for reproductive opportunities and other resources related to breeding may be high6. Finally, strong sexual selection on males has antagonistic effects, causing an increase in male colouration but a considerably more pronounced reduction in female ornamentation. Our results indicate that although there may be genetic constraints to sexually independent colour evolution, both female and male ornamentation are strongly and often differentially related to morphological, social and life-history variables.
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                    Figure 1: Interspecific variation in avian plumage colouration.[image: ]


Figure 2: The method used for quantifying plumage colouration.[image: ]


Figure 3: Plumage scores and plumage dichromatism in relation to key predictors in passerine birds.[image: ]


Figure 4: Coefficient estimates and model lines of linear mixed models predicting plumage scores in 2,471 species of passerines.[image: ]


Figure 5: Relationships among ecological variables and plumage colouration, as determined by phylogenetic controlled d separation path analysis21.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Comparison of plumage scores determined with handbook plates in RGB colour space with plumage scores determined with study skins using UVâ€“Vis spectrometry.
a, RGB versus UVâ€“Vis scores calculated with 534 Australian bird species (reduced major axis (RMA) regression: yâ€‰=â€‰0.965xâ€‰+â€‰2.025, Nâ€‰=â€‰1068, R2â€‰=â€‰0.670, Pâ€‰<â€‰0.0001). b, PGLS model effect sizes determined with RGB scores versus effect sizes determined with UVâ€“Vis scores (RMA regression: yâ€‰=â€‰0.878xâ€‰âˆ’â€‰0.042, Nâ€‰=â€‰30 model effects, R2â€‰=â€‰0.809, Pâ€‰<â€‰0.0001, each model had 305 Australian passerine species in it and black, red and green points reflect models predicting female scores, male scores and dichromatism scores, respectively). c, MCMCglmm model effect sizes (including interaction effects) determined with RGB versus UVâ€“Vis scores (RMA regression: yâ€‰=â€‰0.991xâ€‰âˆ’â€‰0.028, R2â€‰=â€‰0.930, Pâ€‰<â€‰0.0001, Nâ€‰=â€‰11 effects, the model had 305 Australian passerine species in it and each point reflects the mean effect size calculated from five models using a separate phylogenetic tree from http://birdtree.org each).


Extended Data Figure 2 Basic patterns of plumage colouration in the order Passeriformes (Nâ€‰=â€‰5,983 species).
a, Male versus female patch scores (upper breast shown as an example). Data points are coloured by the male RGB values scored from handbook plates. b, As in a, only points are coloured with female RGB scores. câ€“h, The colours associated with different plumage scores differentiated by patch type. The y axis is a normally distributed random number used to spread out variation and improve visualization. The figure reflects patterns that agree with our intuition: dull greens, olives and browns have low plumage scores (are female-like), while richer or high contrasting colours (blacks, purples, blues, reds and yellows) have high scores (are male-like).


Extended Data Figure 3 MCMCglmm results are robust to various cut-offs used to determine plumage scores.
a, b, Main effects (a) and interaction (b) with sex effects. Filled circles: estimates where Pâ€‰<â€‰0.001; open circles: estimates where 0.05â€‰>â€‰Pâ€‰>â€‰0.001. The vertical line represents the cut-off value used in the main analysis. To reduce processing time for this analysis each MCMCglmm model ran for 10,000 iterations with a sampling interval of 100. Parameter estimates from the shortened runs were highly similar to the parameter estimates reported in the main MCMCglmm analysis (see Extended Data Table 4). Note that the observed decline in effect sizes as the cut-off size increases is the automatic outcome of how plumage scores are calculated. As the cut-off size approaches 100% the variance in plumage scores necessarily approaches 0 and so the effect sizes will inevitably also approach 0.


Extended Data Figure 4 Candidate models for phylogenetic confirmatory path analysis.
aâ€“n, Arrows indicate hypothesized direct links between variables.


Extended Data Table 1 Comparison of multivariate co-evolutionary models of male and female plumage ornamentationFull size table


Extended Data Table 2 Phylogenetic generalized least-squares models on predictors of sexual dichromatism in the PasseriformesFull size table


Extended Data Table 3 Phylogenetic principal component analysis loadings and the variance explained by each componentFull size table


Extended Data Table 4 Morphological, life-history and social correlates of plumage colour scores in passerine birds (Nâ€‰=â€‰2,471 species)Full size table


Extended Data Table 5 Comparison of models used in phylogenetic confirmatory path analysisFull size table





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4

PowerPoint slide for Fig. 5




Rights and permissions
Reprints and permissions


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



Cite this article
Dale, J., Dey, C., Delhey, K. et al. The effects of life history and sexual selection on male and female plumage colouration.
                    Nature 527, 367â€“370 (2015). https://doi.org/10.1038/nature15509
Download citation
	Received: 21 May 2015

	Accepted: 21 August 2015

	Published: 04 November 2015

	Issue Date: 19 November 2015

	DOI: https://doi.org/10.1038/nature15509


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
                        








            


            

            
                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
            
        

        
    



            

        
    


    
        Editorial Summary
Colour clash in male versus female birds
Sexual selection theory can potentially explain the fact that male birds are usually more colourful and ornamented than females, but it does not explain why this is not always the case and why the difference between the sexes varies between species. James Dale et al. develop a method to quantify the colouration of all of the approximately 6,000 species of passerine birds to test alternative explanations. They find that patterns in the two sexes are correlated to a considerable extent, but that certain life history traits such as large body size and tropical distribution increase ornamentation in both sexes, whereas cooperative breeding increases ornamentation in females only, and sexual selection diminishes ornamentation in females more than it increases it in males.
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