







    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: 22 December 2013



                    Species coexistence and the dynamics of phenotypic evolution in adaptive radiation

                    	Joseph A. Tobias1Â na1, 
	Charlie K. Cornwallis1,2Â na1, 
	Elizabeth P. Derryberry3,4, 
	Santiago Claramunt3,5,6, 
	Robb T. Brumfield3,5 & 
	â€¦
	Nathalie Seddon1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 506,Â pages 359â€“363 (2014)Cite this article
                    

                    
        
            	
                        20k Accesses

                    
	
                        154 Citations

                    
	
                            122 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Ecology
	Evolution


    


                
    
    

    
    

                
            


        
            Abstract
Interactions between species can promote evolutionary divergence of ecological traits and social signals1,2, a process widely assumed to generate species differences in adaptive radiation3,4,5. However, an alternative view is that lineages typically interact when relatively old6, by which time selection for divergence is weak7,8 and potentially exceeded by convergent selection acting on traits mediating interspecific competition9. Few studies have tested these contrasting predictions across large radiations, or by controlling for evolutionary time. Thus the role of species interactions in driving broad-scale patterns of trait divergence is unclear10. Here we use phylogenetic estimates of divergence times to show that increased trait differences among coexisting lineages of ovenbirds (Furnariidae) are explained by their greater evolutionary age in relation to non-interacting lineages, and thatâ€”when these temporal biases are accounted forâ€”the only significant effect of coexistence is convergence in a social signal (song). Our results conflict with the conventional view that coexistence promotes trait divergence among co-occurring organisms at macroevolutionary scales, and instead provide evidence that species interactions can drive phenotypic convergence across entire radiations, a pattern generally concealed by biases in age.
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                    Figure 1: Phenotypic divergence and evolutionary age in co-occurring lineages.[image: ]


Figure 2: Phenotype in relation to habitat and evolutionary history.[image: ]


Figure 3: Comparing divergence in sympatry versus allopatry.[image: ]


Figure 4: The dynamics of phenotypic divergence across space and time.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Phenotypic radiation.
Variation in beak morphology and plumage across 350 lineages in 12 major clades of ovenbirds (species richness in each clade is represented by distance on the circumference of the phylogram; clades are coloured to facilitate interpretation). Numbered clades (species names running clockwise) are as follows: 1, Synallaxini, clade A (Certhiaxis cinnamomeus, Pseudoseisura cristata, Synallaxis azarae, Pseudasthenes cactorum); 2, Synallaxini, clade B (Cranioleuca hellmayri, Acrobatornis fonsecai, Thripophaga macroura); 3, Synallaxini, clade C (Asthenes pyrrholeuca, Coryphistera alaudina); 4, Phacellodomus (Phacellodomus erythrophthalmus); 5, Leptasthenura (Leptasthenura xenothorax, Aphrastura spinicauda); 6, Margarornis/Premnoplex (Margarornis squamiger); 7, Philydorini (Automolus ochrolaemus, Thripadectes flammulatus, Syndactyla ucayalae, Hylocryptus erythrocephalis, Clibanornis dendrocolaptoides); 8, Furnariini (Furnarius cristatus, Upucerthia jelskii); 9, Ochetorhynchus (Pygarrhichas albogularis); 10, Xenops (Xenops tenuirostris); 11, Dendrocolaptinae (Nasica longirostris, Sittasomus griseicapillus, Campylorhamphus trochilirostris, Hylexetastes stresemanni, Dendroplex picus); 12, Sclerurinae (Geositta tenuirostris, Geositta antarctica, Sclerurus guatemalensis). Illustrations reproduced with the permission of Lynx Edicions.


Extended Data Figure 2 Stereotypy in ovenbird songs.
Examples of single songs given by six different individuals of one species of ovenbird (Xiphorhynchus guttatus) to illustrate typical levels of stereotypy of acoustic structure in a song sample in our data set, as well as the relative simplicity of suboscine songs (compared with the songs of oscine songbirds). Songs recorded in Bolivia (aâ€“c) and Peru (dâ€“f) were used to generate spectrograms (time versus frequency) using Raven Pro (settings: window = Hann, bandwidth = 256â€‰Hz, fast Fourier transform = 1,024, overlap = 0.875). Catalogue numbers of recordings: (a) XC2297, (b) XC64610, (c) XC1756, (d) JATXiphGutt02, (e) JATXiphGutt08, (f) XC84 (see Supplementary Data 1).


Extended Data Figure 3 Representative songs from the seven major clades of ovenbirds.
a, Synallaxini, clade A: Synallaxis erythrothorax (catalogue number ML7048, country El Salvador); b, Synallaxini, clade B: Cranioleuca curtata (ML120989, Bolivia); c, Synallaxini, clade C: Asthenes modesta (JAT99129, Bolivia); d, Philydorini: Automolus rufipileatus consobrina (ML66235, Venezuela); e, Furnariini: Cinclodes aricomae (JAT99138, Bolivia); f, Dendrocolaptinae: Campylorhamphus trochilirostris hellmayri (XC48901, Argentina); g, Sclerurinae: Geositta rufipennis rufipennis (ML46401, Argentina). Shown are waveforms (time versus amplitude, above) and spectrograms (time versus frequency) generated in MATLAB. Vertical dashed red lines (visible at high magnification) show note onset and offset.


Extended Data Figure 4 Evolutionary ages of ovenbird lineages.
Histograms show the frequency distribution of ages in allopatry (blue: a, b) versus sympatry (green: c, d) for pairs of closest relatives (a, c) and for all pairs of lineages (b, d). The reduced age of allopatric relatives is most evident in a: only seven (2.6%) of the closest sympatric lineages were estimated to be <2â€‰Myr old as opposed to 79 (31.6%) of closest allopatric lineages. Data are from all 350 lineages, excluding pairwise comparisons across subfamilies (that is, restricting to comparisons in Furnariinae, Dendrocolaptinae and Sclerurinae).


Extended Data Figure 5 Relationship between habitat divergence and evolutionary age in ovenbirds.
Histograms show patterns in allopatry (blue: aâ€“c) versus sympatry (green: dâ€“f), plotted against evolutionary age: a, d, lineages occupying the same habitat (that is, both in closed, semi-open or open habitats); b, e, lineages occupying moderately divergent habitats (closed versus semi-open, or semi-open versus open); c, f, lineages occupying very different habitats (closed versus open). Data are from all 350 lineages, excluding pairwise comparisons across subfamilies (that is, restricting to comparisons in Furnariinae, Dendrocolaptinae and Sclerurinae).


Extended Data Figure 6 Permutation tests examining the influence of data structure and response variable distribution on fixed effects.
Histograms show the frequency distributions of parameter estimates (x axis) obtained by randomly shuffling the response variable and re-running models 1,000 times. This procedure was applied to each fixed effect included in PLMMs, first on all pairs of closest relatives (upper panels) and then on all lineages (lower panels). Red lines show the parameter estimates obtained in our main analyses on observed data; Pâ€‰values refer to the proportion of permutations for which the parameter estimate obtained from observed data was greater (or less) than the randomly generated response. In all analyses, permutation Pâ€‰values were very similar to those obtained using F-tests (close relatives: Supplementary Tables 4â€“6; all lineages: Supplementary Tables 18â€“20), confirming that our results were not explained by biases in the structure of our data sets and variation in the distribution of our response variables.


Extended Data Figure 7 Comparing observed and simulated data sets under best-fit models of evolution.
Histograms show estimated differences between allopatric and sympatric lineages of ovenbird in beak morphology (a, b), tarsus length (c, d) and song structure (e, f), comparing values obtained in our main analyses (red line; Supplementary Tables 4â€“6 and 18â€“20) with data simulated under best-fit models of evolution. Different colours denote simulated trait data following a Brownian motion model of evolution (blue), and an Ornsteinâ€“Uhlenbeck model (green). Pâ€‰values are the proportion of simulations (n = 1,000) where the estimated difference obtained from our main analysis was greater (or less) than the estimate from the simulated data. For all traits and data sets, we found that Pâ€‰values from simulations corresponded to those in main analyses. Note that convergence in beaks is marginally significant and restricted to the all-lineages analysis (b), whereas convergence in songs is strongly significant and consistent across both analyses (e, f).


Extended Data Figure 8 Recovery of simulated trait divergence under different models of trait evolution.
Plots compare simulated and observed trait divergence between pairs of closely related ovenbird lineages (allopatric and sympatric lineages pooled) under two models of evolution using PLMMs: a, Brownian motion; b, Ornsteinâ€“Uhlenbeck. These 1:1 relationships demonstrate that PLMMs were able to recover differences simulated under both evolutionary models detected in our data sets. Scatter is reduced under Ornsteinâ€“Uhlenbeck because divergence is constrained.


Extended Data Figure 9 Examples of ovenbird lineages with similar songs in sympatry.
a, Synallaxis frontalis and b, Synallaxis azarae superciliosus; c, Dendrocolaptes picumnus picumnus and d, Dendrocolaptes certhia concolor; e, Dendroplex picus and f, Dendroplex kieneri. For each pair of recordings (taken at the same locality), spectrograms show that songs of each lineage are species specific, but highly similar in key acoustic traits (for example, peak frequency or pace) to their closest sympatric relative. Figures are annotated with the approximate time in millions of years since divergence. Illustrations reproduced with the permission of Lynx Edicions.


Extended Data Figure 10 Interpreting linear and quadratic terms of evolutionary age.
Trait data were simulated over 100 randomly generated trees specifying four different models of evolution: a, Brownian motion; b, Ornsteinâ€“Uhlenbeck (Î± = 0.1); c, Ornsteinâ€“Uhlenbeck (Î± = 0.3); d, Ornsteinâ€“Uhlenbeck (Î± = 0.6). Pairwise genetic (x axis: evolutionary age) and trait differences (y axis: trait divergence) between taxa were extracted from simulated data. Trait data and trees were simulated using the R package â€˜apeâ€™ with the functions rTraitCont and rtree. Plots show that the Brownian motion model predicts a linear term and the Ornsteinâ€“Uhlenbeck model predicts a quadratic term, particularly when the constraint parameter increases in strength.
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        Editorial Summary
Relationships strained in adaptive radiations
During adaptive radiations, species that share geographic ranges (in sympatry) have higher levels of character divergence than those that are geographically isolated (in allopatry). The traditional explanation invokes species interactions: selection favours greater divergence when there is direct competition for the same ecological niche. This has never been robustly tested at broader macroevolutionary scales, however. These authors present an extensive assessment of phenotypic divergence in the context of evolutionary time, focusing on ovenbirds, one of the most diverse families of birds in the world. Estimates of divergence in multiple genes and traits across a radiation of 350 ovenbird lineages show that the ecological or reproductive traits of coexisting species are no more divergent than those of non-interacting species, instead providing evidence that species interactions can drive widespread phenotypic convergence.
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