
 

Peer Review File  

Open Access This file is licensed under a Creative Commons Attribution 4.0 
International License, which permits use, sharing, adaptation, distribution and 
reproduction in any medium or format, as long as you give appropriate credit to 

the original author(s) and the source, provide a link to the Creative Commons license, and indicate if 
changes were made. In the cases where the authors are anonymous, such as is the case for the reports of 
anonymous peer reviewers, author attribution should be to 'Anonymous Referee' followed by a clear 
attribution to the source work. The images or other third party material in this file are included in the 
article’s Creative Commons license, unless indicated otherwise in a credit line to the material. If material is 
not included in the article’s Creative Commons license and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.  

Small body size is associated with increased evolutionary lability 
of wing skeleton proportions in birds 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


REVIEWER COMMENTS 

 

Reviewer #1 (Remarks to the Author): 

 

This manuscript evaluates the link between body mass and the modularity (i.e., the structure of 

trait covariation (i.e., integration)) of size proportions across the skeleton in a rich sample of birds 

(although see comments below for improvement). The major finding of the study is an intriguing 

relationship between small body sizes and weaker size proportions integration in the wing skeleton 

which the authors explain as, mostly, reflecting the release of biomechanical constraints of flight 

associated with larger birds, allowing small birds to explore other optimal solutions to the 

construction of the wing (e.g., hyperaerial apodiiforms and hirundinids). The manuscript also 

proposes a novel methodological pipeline that opens interesting avenues for future research. 

This manuscript excels in some ways such as the analytical component or the introduction to the 

topic of modularity and its generative factors at several evolutionary levels. However, I think there 

are several aspects that can be improved to enhance the accessibility of the findings overall. 

Furthermore, I have some additional concerns. 

First, I think it is important to clarify throughout the manuscript that when the authors are talking 

about integration and modularity this refers to relative sizes of skeletal elements. This must be 

clear from the title and the abstract. Personally, it took me a while to understand that the authors 

were not talking about shape/form integration. 

Second, is there any reason why the reduced version of ‘TEMPO BIRDS’ is used instead of the 

largest and most updated version of this dataset (i.e., Navalón et al., 2022)? The expanded version 

includes ~100 species many of which are passerines – a group including among the smallest birds 

and widely discussed in the present manuscript – but also some of the smallest representatives of 

other lineages (e.g., Micropsitta, Psittaciformes). Unless there is a major reason for not including 

this readily available dataset, I encourage the authors to make full use of the available data. If the 

reason – as I suspect – is the unavailability of flight style traits for the expanded dataset, then I 

reckon that: 1) this data mostly exists in large global datasets like AVONET; 2) this latter part of 

the manuscript is such a minor aspect of the current study that it does not overweight the benefits 

of including a much richer dataset of smaller birds, and 3) links between body mass and species 

richness have been widely explored and probably (as admitted by the authors) are explained by 

many other factors related with generation times, metabolism, etc. Therefore, I recommend that 

even if the authors do not include the richer dataset that is readily available (which I encourage), 

excluding connections between flight style, richness and body mass will streamline an already 

(conceptually and analytically) complex paper. To be clear I think they could still discuss aspects of 

flight style biomechanics in the discussion which in reality they are not derived from their 

analyses. 

More specific comments: 

Introduction: 

I can be wrong but I think the actual bird species count is closer to 11K than to 10K. 

Methods: 

You need to state all the R functions and packages that you used. 

Discussion: 

A number of findings here resonate with the findings in Navalón et al., 2022. Including a clear 

environmental structure in patterns of morphological disparity across the skeleton – including but 

not restricted to skeletal proportions (e.g., much larger disparity of skeletal proportions in 

waterbirds with respect to landbirds). 

‘268 the highest values. The observation that more distal skeletal elements within the head and 

leg 

269 tended to be more variable’ This result can be also interpreted as the effects of adaptation in 

the elements of the avian body that are in closest contact with the environment and therefore are 

more heavily shaped by selective pressures related to ecological traits as proven by an previous 

paper lead by the same first author (Orkney et al., 2021) 

I think the discussion could benefit from a summary statement that links back to the main 

evolutionary component of the study (i.e., links between body mass and the integration in skeletal 

size proportions) 

Figures: 

Figure 2c could be a different figure together with a version of Fig.2a with the inset heatmaps. 

Resulting Figure 2 would retain a,b,d,e and the schematic skeleton excluding the insets from 2a. 



Figure 3. Some labels for clades and silhouettes to guide the reader’s attention. Same for Figure 1. 

This will make the paper more appealing to a wider readership like the beautiful drawing of Figure 

2. 

 

 

 

 

 

Reviewer #2 (Remarks to the Author): 

 

In this manuscript, Orkney and Hedrick use a dataset comprising morphometric data for a variety 

of skeletal elements collected from 149 volant bird species to investigate the evolutionary 

allometry of the functional modularity of the avian skeleton. The authors found that, in general, 

variability in skeletal element size increased with increasing body mass (especially more distal 

elements), as did strength of integration among the module comprising the wing elements; by 

contrast, strength of integration among the module comprising the trunk elements as well as 

between the wing and trunk modules decreased with body mass. Those patterns were supported 

by pairwise comparison of selected elements, revealing that increasing body mass was linked to 

tighter integration between humerus and carpometacarpus size, but weaker integration between 

the scapula and sternum and the carpometacarpus and sternum. 

 

The patterns the authors seek to elucidate here are fundamental ones in bird evolution, and so this 

paper is likely to draw the interest of a wide range of functional, organismal and evolutionary 

biologists. The data collected and analyses used seem sufficient to investigate the allometric 

evolution of the sampled skeletal elements across birds, and the results a quite fascinating. I 

applaud the authors for making all the data and scripts that went into their analyses available – if 

only all authors were as forthcoming! 

 

I have several concerns about the authors’ conclusions – in particular, about the assumptions 

made by the authors about the biological significance of their chosen data. There are also some 

parts of the paper I found quite confusing and unclear – specifically, the authors’ description of 

“method 1” and the discussion of “Pareto fronts.” 

 

My first major concern regards the biological significance of the authors’ analyses. What the 

authors are specifically investigating is the (co)evolution of the allometry of the sizes of the 

skeletal elements sampled here. From there, the authors implicitly assume that there is a 

meaningful link between, on the one hand, evolutionary shifts in those allometries, and, on the 

other hand, functional shifts in some aspects of the modules comprising those elements. However, 

the authors do not explain why we might expect such a relationship, let alone what that 

relationship might be. To be clear, I am *not* suggesting that such a relationship does not exist – 

indeed, I find it quite intuitive that it would – but something approaching a clear, explicit 

understanding of that relationship must be provided by the authors to support any conclusions 

drawn by the analyses presented in this paper. I strongly urge the authors to establish this 

expected link in the introduction and explore what their results might tell us about that link in the 

discussion. 

 

Relatedly, when discussing the patterns they reconstruct, the authors must acknowledge the 

myriad other traits that might influence those patterns besides total size. Indeed, many other 

aspects of a given skeletal element are likely to influence the function of that element, arguably 

with greater strength – for example, degree of pneumatization, the relative development of sites 

for muscle attachment, or bone thickness and microstructure. Furthermore, many aspects of other, 

related tissues are likely to major influence the evolution of skeletal modules – for example, 

associated musculature, and functionally related organs. This is especially relevant to the wing, to 

which the authors understandably devote much of their discussion. Indeed, one might easily 

imagine shifts in overall airfoil shape, feather distribution, and feather morphology profoundly 

influencing the function of the wing module without any appreciate shift in the sizes of the 

underlying skeletal elements. The authors do mention such potential influences in select cases, 

such as the sternum (but see my comment below), but these factors are largely ignored. I 

understand that testing for concomitant shifts in those other traits was beyond the scope of this 



study, but their exclusion must still temper the conclusions drawn by the authors from their 

analyses. I find it possible – perhaps likely – that quite different patterns might be recovered if 

other aspects of this system were sampled, instead. For example, I suspect that the 

shapes/morphologies of the trunk elements (e.g., the functional surfaces of the scapula and 

coracoid, the sizes of the keel and notches of the sternum) are far more directly linked to function 

than size, and thus might show a significantly different pattern of integration between the wing 

and trunk modules. The potential – indeed, likely – confounding intersection of these many traits 

should be discussed by the authors throughout their paper. 

 

In many cases, the conclusions drawn by the authors are dependent on assumed evolutionary 

patterns that are not supported in this paper. The most crucial example is the pattern invoked in 

the title of the paper: miniaturization within birds. In many cases (most notably among passerines 

and hummingbirds), the authors explicitly assume that a lineage has been marked by 

miniaturization but provide no support for that assumption. In the introduction, the authors 

support the statement that birds have been “critically defined by miniaturization” (lines 63-64) by 

citing Benson et al. (2018), but that paper investigated trends in body mass leading to the stem 

lineage of extant birds, not among extant birds proper. If the authors were referring to papers 

cited within Benson et al. (2018), they should cite those papers, instead. If the authors mean to 

invoke their own analysis of body mass evolution, they should provide relevant discussion of those 

patterns. Nevertheless, the authors should provide support for any pattern of miniaturization they 

infer to justify the invocation of such a pattern in the title. 

 

In other cases, the authors do support invoked patterns with citations, but they are not clear about 

what those patterns actually are or how they might be connected. For example, on lines 260-263, 

the authors compare their recovered pattern of increasing variability in skeletal proportions with 

increasing body size to a previously reported pattern of “high inherent variability of skeletal 

tissue.” As written, without going to the paper cited, I do not have a clue what “high inherent 

variability” means, and so I have no idea what the authors are trying to say here. On lines 263-

266, the authors propose a stronger functional link between the sizes of trunk elements and 

internal organs among smaller birds than larger birds without explaining why we might expect the 

organs to exert pressure on the sizes of those elements (especially the elements besies the 

sternum), and they do not provide a citation for sized-dependent variability in size of internal 

organs. On lines 242-244, the authors propose a functional link between trunk and wing 

integration and flight style specifically among passerines, but they do not explain what that link 

might be. 

 

In lines 237-238, the authors suggest that the trunk does not “have an obvious locomotory 

function.” This is not true at all! The scapula, coracoid, and sternum are directly involved in the 

flight stroke! 

 

I did not find any conclusions drawn from the authors’ analyses of species richness to be 

compelling, and I think that aspect can be cut from the manuscript without any cost to the utility 

of the study – which I urge the authors to do. A sample of only 149 species out of the more than 

11,000 known species is sufficient to investigate the evolution of traits like skeletal element size 

because it can reasonably be assumed that one or few species are a reliable enough proxy for the 

condition characterizing the entire lineage to which those species belong. However, I am highly 

skeptical that the same can be said when species number is the very trait being investigated. 

Minimally, the authors should provide a metric of how reliably their sample serves as a proxy for 

total species richness and discuss potentially consequences of their low sample size, but again, I 

think all discussion of this can and should be removed. 

 

Similarly, I am not compelled by discussion of recovered patterns of ecological evolution beyond 

potential links to the wing. The authors’ chosen proxy for ecology is flight style, which we might 

expect to be mostly linked to the wing and potentially to the trunk, but only weakly linked to the 

skull and leg. 

 

I found the discussion of “Pareto fronts” (paragraph 3 of the discussion) to be largely 

impenetrable. What I *think* they authors were trying to communicate is: “If the values of traits 

of interest are strongly linked among elements, then forces constraining the value of one such trait 



will also constrain the values of traits to which it is linked.” If my read there is incorrect, I urge the 

authors to “reverse engineer” how I might have come to such a misunderstanding. If my read is 

correct, it seems to me that this paragraph is largely redundant with the preceding paragraph, and 

so I recommend the authors fold whatever point they sought to make in this paragraph into that 

one. Minimally, the authors should reevaluate how they are approaching this point. Either way, I 

strongly urge the authors to remove direct discussion of “Pareto fronts” completely and to limit 

indirect discussion to a citation – it seems to me that, in order to clearly describe what they are 

and how they pertain, the authors will need to devote far too many column inches to the concept, 

distracting the reader from what we should be focused on. 

 

Similarly, I found part of the description of “method 1” unclear. The authors did a fine job of 

outlining their treatment of body size bins and their schema for bootstrapping, but I do not fully 

understand exactly what comparisons were being made here. Specifically, what comparisons are 

contributing to the pairwise Z-scores? Does “pairwise comparison” refer to comparison of pairs of 

skeletal elements within a single species, or comparisons of the same measurement between pairs 

of species? Based on figure 2, I suspect it’s the former, but this wasn’t clear to me from the text. 

 

I found the panels comprising figure 1 to generally be too small to be readable. I don’t think the 

tree in panel A is useful, and so I recommend cutting it from this figure and moving to its own 

supplemental figure, where it can be shown much larger. Thus, the remaining space can be used to 

expand the remaining panels. 

 

The microplots in panel A of figure 2 are far too small to be useful, and so I recommend they be 

moved to their own supplemental figure. Panel C is useful, but the text is far too small to read, so 

I recommend replacing the names of elements with numbers that are defined in the caption. 

 

In figure 3, again, the taxonomic names are impossibly small. I don’t find the tree useful, so I 

recommend cutting it, cutting the point labels in panels b-e, and adding a simple legend that 

connects point color to clade names. 

 



  
           
              
           
              
          
             
    

              
     

 

             
             
               
               
             
             
             
           

RESPONSE TO REVIEWERS' COMMENTS



              
               
               
               
              
                
                
 

       
          
           
  

       
       
        

                
               
               
               
             
                 
                  
            

             
            
              
           
 

               
            
               
              
            
               
            
           
           
            
             
             
         
  



            
             
             
             
              
              
           
             
        
  

                   
               
               
             
                
             
      

               
             


                
         

              
             
           
             
            
             
     

  

                  

                 
               
         


            

               



          
            
   


                
            
             
    

            
             
         
            
             
          
     

             
            
          

                
           
           
              
            
             
           
             
           
 

              
                 
                
               
          

             
       
     

 
         
             
          



           
           
         

 
           
             
           
         
              
           
      

               
              
 

              
           

 
          
             
            
             
           
          
               
            
          
            
           
           
           
            
           
        
          


                
              

              
      

              



                
  

             
           

               
           
      

 

      

             
             
              
             
              
              
              
             
            
     

               
                
             
               
                  
   

             
               
               
       

               
           
        

             

              
 



             
               
              
               
             
                
                   
              
               
                
            

             
             
           


   
            
           
             
            


   
          
              
             
         

          
           
            
       

   
             
            
            
          
 

           
             
               
              
           



               
              
            
           
                


            
            
         
             
           
        

          
          
           
          
          
             
          
           
          
           
          
             
             
          
           
            
            


              
               
                
                
                
              
                 
               
              
             

            
               
               



  

             
            
              
            

             
                
              
             
              
             
                 
               
                
             
             
         

             
            
             
            
          
            
            
            
            
           
             
      

               
            
            
  

  
       10    
             
          

  
           
               
       



               
               
            
              
                 
                

          
           
           
            
             
             
            
          
   

              
             
               
               
 

           
           

         
          
              
           
            
          
            

             
               

           
             
             
             
   

        
              
           



          
             
               
            
          
              
            
           
         
  

              
                
 

       

                
                  
                    
              
                 
             
                
                 
              
        

       

             
                
                  
  

             
                
       

               
                
              
                   
                
                
                
             



               
                  
                 
         

              
            

                
                 
           
             
             
                   

             
             
               
           
             
          
    

                 
                    
                
   

            
             
              
              
            
            
              


                   
                   
               

              
              


               
                 



     

            
             
            
              
              
           



                   
              
       

              
        

               
           
            

             
          

               
             

                
       

             
              
    

                
               
    

                 
       

               
         
         

               
          
             



               
              

               
               


                 
             
          
        

               
          

                
            
         

                
      

                  
          
       

              
  

             
           

            
           

            
      



REVIEWERS' COMMENTS 
 
Reviewer #1 (Remarks to the Author): 
 
I think the authors took on the comments and suggestions of both reviewers and addressed them 
carefully with additional analyses and thorough new discussion. I am very positively surprised by 
the attitude of the authors and I think this peer-review process has clearly improved the 
manuscript. I am very happy with the current state of this article. 
 
I have however some minor observations about some parts of the article: 
 
The authors wrote: 
Indeed, ornithuromorphan birds, the stem that leads to crown birds, are distinguished as the only 
Mesozoic bird clade that flouts Cope’s rule [36]. 
 
This statement is unlikely to be true and I wouldn’t rely on those conclusions because they are at 
odds with multiple lines of evidence: 

1.  A rebuttal to that article was published that exact year on the basis that the original 
article did not used phylogenetic methods – they reassessed the same data with PCMs and 
could not find any of the claimed trends. 

2.  Our knowledge of avian evolution has been boosted significantly since 2008. 
 
I think the truth is that, at the moment, we cannot tackle this kind of studies using the Mesozoic 
fossil record. We need first to have a much richer and denser fossil record to be able to distinguish 
these sorts of trend. For an example of the kind of rich fossil record needed to do this see 
Sanisidro et al., 2022 in Science on body size evolution in brontotheres, a group of extinct odd-
toed ungulates. 
 
Instead, the authors may want to use this part of the Introduction to comment on how birds are 
the only group of dinosaurs that seemingly could evolve into smaller sizes that appear to have 
been ‘forbidden’ for the remainder of the dinosaur lineages (Benson et al., 2018). This could have 
implications for the lability of modularity in both groups – partly explaining this novel relationship 
between modularity and BM which may not characterise non-avian dinosaur evolution. 
The title is also too long in my opinion: 
 
Birds of the tiny-verse: Avian miniaturisation is accompanied by a reorganisation of the modular 
evolution of skeletal proportions, with diverse implications across different bird groups 
I suggest instead: 
 
Birds of the tiny-verse: Avian miniaturisation is accompanied by a reorganisation of the 
modular evolution of skeletal proportions 
 
But 
Avian miniaturisation evokes (at least in the mind of palaeontologists) the events of 
miniaturisation leading to the origination of Avialae (total clade birds) as a clade from within non-
avian dinosaurs. But the paper deals with the repeated evolution of miniaturisation within the 
crown group of birds – which is entirely different. I’d suggest the authors give some thought to 
this potential ambiguity and think about a way of mitigating it in the title. This will make the paper 
far more cited and avoid potential misunderstandings by the community. An example: 
Birds of the tiny-verse: Repeated miniaturisation in crown birds was accompanied by a 
reorganisation of the modular evolution of skeletal proportions 
Or 
Birds of the tiny-verse: Small sizes in birds facilitated increased evolutionary lability of 
wing skeleton proportions 
 
Figures: 
 
Figure 1: Clade labels do not seem to cover all the taxa in the phylogeny – to avoid overlapping of 
labels I suggest intertwining light and dark grey bands – e.g., as per Cooney et al., 2017. This 
applies also to Figure 4. 
Figure 3: To make part b more accessible I would add next to the heatmaps a silhouette of a bird 
whose size changes according to the body mass bins so readership can see at a glance the main 
message of the plots (i.e., changes in integration with size variation). 



 
 
Typos: 
 
Line 158: Spheniscus is mispelled 
 
 
 
 
Reviewer #2 (Remarks to the Author): 
 
I find the revised manuscript by Orkney and Hedrick to be much improved, and I commend the 
authors for their efforts. In particular, I find both the figures and the methods section to be clearer, 
and the additional discussion provided by the authors is effective. I have a few remaining larger – 
but not severe – concerns, and I have a number of suggestions. 
 
My first concern again regards what is actually being investigated in this study: the allometric 
evolution of skeletal element size. I want to echo and emphasize a concern expressed by Reviewer 
1 in their initial review: the authors should take care to clarify what is being investigated at all 
times. To the authors’ credit, they have followed Reviewer 1’s suggestion to increased clarity on 
this point in several places, but I think there are several instances where further clarity is 
warranted. For example, several topic sentences in the discussion (e.g., sentences beginning on 
lines 164, 200, 223, 260, and 270) make references to “modular organisation” or “integration” 
without clarifying what is being discussed. I suspect the authors are expecting that readers will 
infer from the larger text what is meant, but I find this to be confusing or – at worst – 
unintentionally misleading. 
 
To this point, I again want to emphasize that any number of traits not tested here (e.g., shapes of 
the elements, shapes of associated structures like muscles or feathers) may explain the signals 
recovered in this paper. I appreciate that the authors added a paragraph to their discussion that 
explicitly discusses several of these potential factors, but they are largely ignored in discussions of 
patterns elsewhere in the paper. In particular, it is crucial to emphasize that patterns recovered 
here of low levels of variation in skeletal proportions (either within or between modules) may 
simply be offset (or even driven) by high levels of variation in (for example) element shape or 
associated integumentary structures. 
 
I also think the authors may have misconstrued my initial point in my first review (lines 261-271 
of their response document). I think the authors interpreted my comment as a call for more 
support for the concept of modularity across bird morphology – not at all what I meant! Rather, I 
was calling for stronger support of why we might expect absolute/relative skeletal size 
*specifically* to be modular, rather than some dimension(s) of shape. The authors do provide 
some justification for this hypothesis – increased body mass might be expected to correspond to 
increased loads on modules comprising the wing or leg – but little justification is given for why 
skeletal allometry – again, as opposed to some dimension(s) of shape – might be linked to other 
dimensions of life/organismal history, such as feeding ecology or reproductive mode. As in my 
previous review, I do not mean to suggest that I am skeptical such links might exist – again, I find 
it intuitive that they would – but the authors should make such hypotheses and their justifications 
explicit. I think addressing this point will help the authors address my previous point (i.e., more 
carefully interpreting patterns of low variability). 
 
My second general concern again regards the invocation by the authors of “miniaturization” among 
birds. Specifically, I think the use of this concept unnecessarily limits the applicability of their 
results. Indeed, the body size-linked patterns recovered by the authors are significant regardless 
of whether a lineage has experienced episodes of miniaturization. By discussing those patterns 
largely in the context miniaturization, I think the authors undercut the power of those patterns by 
selectively applying them only to lineages for which miniaturization can be demonstrated, while 
simultaneously inviting criticism from folks like myself who might get distracted by potentially 
unjustified claims of miniaturization. By removing (or at least limiting) discussion of 
miniaturization, and instead focusing on the recovered patterns themselves, the authors will 
broaden the scope of potential impact of their study. 
 
Relatedly, I appreciate that the authors have provided additional support for the notion that some 
lineages (e.g., passerines, apodiforms) have experienced episodes of miniaturization. However, if 



the authors use their own results as part of this justification, those results should be discussed in 
the discussion in detail, rather than relegated to a single line in the results (i.e., lines 103-205). 
Moreover, the fact that typical body masses of a given clade (e.g., Apodiformes) are smaller than 
the body mass estimated for all of birds is not, on its own, sufficient to reconstruct a trend towards 
smaller masses. Rather, comparisons with near relatives and divergences – ideally in a quantitative 
framework – are necessary. 
 
On a minor final note related to this point, the authors misrepresent the trend we recovered in 
Torres et al. (2021) (their citation number 37). In that study, we recovered a pattern of increasing 
body mass along the stem avian lineage leading towards to the divergence of the crown clade, 
followed by decrease towards the divergences of Neognathae and Neoaves; we do not directly 
comment on trends within Neoaves, including towards the present day – contra to lines 71-74. 
 
Some smaller comments: 
 
Regarding the title, I appreciate the nuance introduced by the authors, but I find the result to be a 
little clunky. And, again, I strongly advocate the authors not limit themselves to just 
“miniaturization.” A potential suggestion: “Birds of the tiny-verse: strength of avian skeletal 
proportion modularity scales with body size.” 
 
I suggest rephrasing the hypotheses outlined in lines 80-83 so that the hypothesized pattern is 
described first, followed by the potential driver(s) of that pattern. I.e., “We hypothesize that 
integration of skeletal proportion within the elements comprising the wing will be weaker among 
smaller birds, driven in part by lower mechanical loads.” Thus, the sentence leads with the aspect 
actually being tested in this paper. 
 
I remain uncompelled by the authors’ hypothesis that stronger trunk-wing integration within 
passerines is linked to flying style. Minimally, the authors should include their justification from 
their response document (i.e., lines 440-444 of the response document) in the main text. 
However, my doubts remain. First, I would expect the ability of birds to efficiently tuck their wings 
against their bodies to be far more strongly influenced by shape and range of motion of the wing, 
and to a lesser extent the shape of the body proper, than the size of the wing relative to the body. 
Second, many other clades of birds should theoretically be similarly optimized – most notably 
diving birds. 
 
I question the authors’ phrasing in lines 45-47, where they describe “changes in skeletal 
proportions commensurate with body mass” as a “*driving force* of trait integration across the 
skeleton” (emphasis mine). Are those allometric changes really *driving* trait integration? Or has 
strength of integration in those traits been shown to *co-vary with* allometry? If a causal 
relationship really has been demonstrated, the authors should specify which traits are being 
driven. 
 
A minor note, but I find “concentration of disparity” in line 263 to be paradoxical – maybe rephrase 
to, “The disproportionate disparity within…” 
 
I approve of the compromises struck by the authors with regards to their figures, but I think the 
line weights in Fig. 1b got jumbled. In Fig. 4b, I find the colors of the data points almost 
impossible to discern because of the relatively heavy line weight of the black outlines – I suspect 
that line weight may already be at its minimum, so may be try dropping it altogether and seeing if 
the dots are more readable. If the authors insist on keeping labels in Fig. 4b, I urge them to place 
them more strategically to prevent overlapping with datapoints and – if possible – increasing their 
font size by at least one point. 
 
A slight philosophical comment on lines 175-179 regarding expectations of modularity in 
ecologically-specialist avian subclades: in my opinion, definitions of “ecologically-specialist” are so 
necessarily narrow with regard to the amount of “biology” they describe (thereby failing to account 
for countless dimensions of life history/organismal biology by which they might be generalists, or 
by which other clades might be considered specialists in their own rights) that failures of patterns 
to match expectation are as likely to reflect biases in definitions as they are to reflect real 
biological signal. 
 
Line 28 – need a space before second dash 
 



Line 237 – need a space between “emphasise” and “the” 
 
 
Reviewer #2 (Remarks on code availability): 
 
Everything functions as expected. 
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To the Reviewers:6

We extend our thanks to the Reviewers and Editor for their continued support to help us develop7

and improve our manuscript.8

9

A detailed list of changes and line indices is provided below: Responses are in bold10

and indicated with double chevrons: “>>”11

12

Reviewer 1:13

“I think the authors took on the comments and suggestions of both reviewers and addressed them14

carefully with additional analyses and thorough new discussion. I am very positively surprised by15

the attitude of the authors and I think this peer-review process has clearly improved the manuscript.16

I am very happy with the current state of this article. I have however some minor observations17

about some parts of the article:”18

19

>> We thank Reviewer 1 for their continued help and support.20

21

“The authors wrote:22

Indeed, ornithuromorphan birds, the stem that leads to crown birds, are distinguished as the only23

Mesozoic bird clade that flouts Cope’s rule [36]. This statement is unlikely to be true and I wouldn’t24

rely on those conclusions because they are at odds with multiple lines of evidence:25

1. A rebuttal to that article was published that exact year on the basis that the original article did26

not used phylogenetic methods – they reassessed the same data with PCMs and could not find any27

of the claimed trends.28

RESPONSE TO REVIEWERS' COMMENTS



2. Our knowledge of avian evolution has been boosted significantly since 2008. I think the truth is29

that, at the moment, we cannot tackle this kind of studies using the Mesozoic fossil record.30

We need first to have a much richer and denser fossil record to be able to distinguish these sorts of31

trend. For an example of the kind of rich fossil record needed to do this see Sanisidro et al., 2022 in32

Science on body size evolution in brontotheres, a group of extinct odd-toed ungulates. Instead, the33

authors may want to use this part of the Introduction to comment on how birds are the only group34

of dinosaurs that seemingly could evolve into smaller sizes that appear to have been ‘forbidden’ for35

the remainder of the dinosaur lineages (Benson et al., 2018). This could have implications for the36

lability of modularity in both groups – partly explaining this novel relationship between modularity37

and BM which may not characterise non-avian dinosaur evolution.”38

39

>> We have ammended the passage as follows: (Line 65)40

“We also reflect that the evolutionary history of birds has been critically defined41

by the exploration of small sizes inaccessible to other dinosaur lineages, [1, 2], and42

that the smallest bodied avian subclades underwent rapid Cenozoic diversifications43

(e.g. [3]). This raises the possibility that there may be a novel intersection in birds44

between body mass and intrinsic controls on evolutionary dynamics such as modular45

organisation. ”46

47

“The title is also too long in my opinion: Birds of the tiny-verse: Avian miniaturisation is48

accompanied by a reorganisation of the modular evolution of skeletal proportions, with diverse49

implications across different bird groups I suggest instead: Birds of the tiny-verse: Avian minia-50

turisation is accompanied by a reorganisation of the modular evolution of skeletal proportions51

But Avian miniaturisation evokes (at least in the mind of palaeontologists) the events of minia-52

turisation leading to the origination of Avialae (total clade birds) as a clade from within non-avian53

dinosaurs.54

But the paper deals with the repeated evolution of miniaturisation within the crown group of55

birds – which is entirely different. I’d suggest the authors give some thought to this potential am-56

biguity and think about a way of mitigating it in the title. This will make the paper far more cited57

and avoid potential misunderstandings by the community. An example:58

Birds of the tiny-verse: Repeated miniaturisation in crown birds was accompanied by a reor-59

ganisation of the modular evolution of skeletal proportions Or Birds of the tiny-verse: Small sizes60

in birds facilitated increased evolutionary lability of wing skeleton proportions,”61

62

>> We have ammended the title as follows: (Line 1)63

“Small body size facilitates increased evolutionary lability of wing skeleton propor-64

tions in birds,” We made a minor alteration of the title suggested by Reviewer 1 so65

that we include the phrase ‘body size’ in the title.66

67

“Figures:68

Figure 1: Clade labels do not seem to cover all the taxa in the phylogeny – to avoid overlapping69

of labels I suggest intertwining light and dark grey bands – e.g., as per Cooney et al., 2017. This70

applies also to Figure 4.”71

72

>> I have intertwined black and dark grey bands on the phylogram, to resemble73

Cooney et al., 2017’s aesthetic. I have also added ticks to the groups representing the74

hoatzin and owls, so that they are more clearly identified. I have made this change75
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to Figure 1 and to Figure 4. In addition, Reviewer 2 requested that I remove the76

line weight on points in Figure 4, increase the label point size and alter label positions.77

78

“Figure 3: To make part b more accessible I would add next to the heatmaps a silhouette of a79

bird whose size changes according to the body mass bins so readership can see at a glance the main80

message of the plots (i.e., changes in integration with size variation).”81

82

>> I have added a silhouette of the thrush, Turdus pilaris, scaled according to83

the log10(mass) associated with each subplot in panel b.84

85

“Typos:86

Line 158: Spheniscus is mispelled”87

88

>> I have addressed this spelling error.89

90

Reviewer 2:91

“Reviewer # 2 (Remarks to the Author):92

I find the revised manuscript by Orkney and Hedrick to be much improved, and I commend93

the authors for their efforts. In particular, I find both the figures and the methods section to be94

clearer, and the additional discussion provided by the authors is effective. I have a few remaining95

larger – but not severe – concerns, and I have a number of suggestions. My first concern again re-96

gards what is actually being investigated in this study: the allometric evolution of skeletal element97

size. I want to echo and emphasize a concern expressed by Reviewer 1 in their initial review: the98

authors should take care to clarify what is being investigated at all times. To the authors’ credit,99

they have followed Reviewer 1’s suggestion to increased clarity on this point in several places, but100

I think there are several instances where further clarity is warranted. For example, several topic101

sentences in the discussion (e.g., sentences beginning on lines 164, 200, 223, 260, and 270) make102

references to “modular organisation” or “integration” without clarifying what is being discussed.103

I suspect the authors are expecting that readers will infer from the larger text what is meant, but104

I find this to be confusing or – at worst – unintentionally misleading. To this point, I again want105

to emphasize that any number of traits not tested here (e.g., shapes of the elements, shapes of106

associated structures like muscles or feathers) may explain the signals recovered in this paper. I107

appreciate that the authors added a paragraph to their discussion that explicitly discusses several108

of these potential factors, but they are largely ignored in discussions of patterns elsewhere in the109

paper. In particular, it is crucial to emphasize that patterns recovered here of low levels of variation110

in skeletal proportions (either within or between modules) may simply be offset (or even driven)111

by high levels of variation in (for example) element shape or associated integumentary structures.”112

113

>> We have identified the instances on lines 164, 200, 223, 260, 270 and added114

clarifying language to ensure that readers know that the modular organisation of115

skeletal proportions is the subject of our work.116

117

>> Line 164 ( now line 160 )118

has been revised as “The application of our tandem-method approach reveals an119

intersection between body mass evolution and the modular organisation of skeletal120
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proportions that coheres with biomechanical expectations.” We have chosen the lan-121

guage ‘modular organisation of skeletal proportions’ for brevity.122

123

>> Line 200 ( now line 206)124

has been revised as “We hypothesise that higher integration of skeletal proportions125

within the wing reflects the influence of tighter mechanical constraints at high body126

masses, reasoning that changes in the mechanical properties of one trait within a127

highly-constrained structure will require compensatory changes in other traits to128

maintain function.”129

130

>> Line 223 ( now line 229)131

has been revised as “We suggest that songbirds play a substantial role establish-132

ing strong evolutionary integration between the skeletal proportions of the wing and133

trunk in small-bodied birds.”134

135

>> Line 260 ( now line 272)136

has been revised as “The observation that the relative sizes of more distal skeletal137

elements within the head and leg tend to be more variable (Figure 1b; Head, Leg) is138

consistent with predictions under a proximo-distal gradient of embryogenesis [4] and139

previous observations of greater evolutionary variance in more rostral components of140

the avian cranium [5].”141

142

>> Line 270 ( now line 283)143

has been revised as “The wing is a notable outlier in our analysis, with no clear144

proximo-distal gradient in the variability of the relative size of different skeletal ele-145

ments.”146

147

>> Line 65 ( now line 60)148

has been revised as “However, the degree of evolutionary lability of modular organisa-149

tion across birds– and its potential drivers– have yet to be systematically investigated,150

despite mosaic flexibility in the modular evolution of the proportions of the the avian151

locomotory system being an established explanation for avian evolvability [6, 7].”152

153

>> Line 80 ( now line NA) has been removed during revision.154

155

>> Line 84 ( now line 85)156

has been revised as “Here, we develop a novel framework to untangle the complexity157

inherent to modularity and explore the impact of body mass on the modular organi-158

sation of skeletal proportion evolution in birds.”159

160

>> Line 105 ( now line 110)161

has been revised as “The relative sizes of the more distal skeletal elements within the162

head and leg (e.g. mandible, tarsometatarsus) are the most variable. However, there163

is no clear evidence that the relative sizes of more distal elements within the wing164

are more variable than proximal elements. Furthermore, the relative sizes of skeletal165

elements within the trunk exhibit a disorganised increase in variance with body mass.166

We note that those skeletal elements which did not conform to our expectations are167
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generally major components of the avian flight apparatus, a point we return to in the168

discussion.”169

170

>> Line 215 ( now line 221)171

has been revised as “The leg and head hence experience no trade-off requiring the172

increased consolidation of elements proportions to resist greater mechanical stress at173

the expense of evolvability in more massive birds. ”174

175

>> Line 225 ( now line 232)176

has been revised as “We suggest that the relative sizes of bones within the trunk and177

wing may be more integrated among small birds, and especially passerines, because178

they become unified as a single locomotory module in intermittent and flap-bounding179

flight-styles, which are restricted to small birds.”180

181

>> Line 283 ( now line 297)182

has been revised as “Additional support is lent to this hypothesis by our finding that183

the relative size of the scapula, which has a direct role in the avian flight apparatus, is184

not characterised by greater levels of variance compared with other trunk elements,185

despite occupying a more peripheral position within the trunk.”186

187

I have also clarified my description of other studies:188

189

>> Line 22 has been revised as190

“For example, morphological variation in mammalian vertebrae clusters into func-191

tional and developmental regions along the spinal column [8, 9] and morphological192

variety of avian cranial bones exhibit stronger evolutionary correlations within tis-193

sues of the cranial neural crest and mesodermal lineages [5]”194

195

>> In response to Reviewer 2’s discussion of a broader diversity of possible traits,196

such as 3D shape, musculature and plumage: It has previously been shown that197

skeletal proportions exhibit a much stronger signal of modular evolution than 3D198

skeletal shape in birds. Essential changes in skeletal proportion are, in the absence of199

situations such as mechanical equivalence, likely to change the essential mechanical200

function of the skeleton, with substantial expected implications for activities such as201

flight mechanics. 3D shape, by contrast can be subtly modified in many ways that202

can achieve slight changes to essential mechanical function or other ancillary func-203

tions ( for example, the alteration of a tarsometatarsal bone shape to accommodate204

raptorial dissection of prey items ). It is not completely clear how these changes in205

3D shape, occurring independently of skeletal proportions, are likely to affect the206

modular integration of skeletal proportions as body mass changes, but I agree with207

Reviewer 2 that an acknowledgement of their potential effects and a description of208

their expected influence on our results should be described from the outset of the209

manuscript.210

We therefore entertain the possibility that the remiges, which are more flexible211

than bone, may be able to occupy a larger section of the distal aerofoil surface at the212

expense of the carpometacarpus in small birds (indeed, the relative remige length213

as a proportion of the wing scales allometrically). Assuming that the avian wing’s214
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gross proportions are isometric with respect to body mass, variation in remige length215

could result in greater evolutionary variability of the carpometacarpus bone length,216

relative to other wing bones, and hence a decrease in perceived integration of skeletal217

proportions. In this hypothetical scenario, the accessory mechanical role of ancillary218

structures, such as feathers, are able to accommodate a portion of the consolidating219

structural role that might be more incumbent on the skeleton in massive birds. We220

are therefore going to include words to this affect at the penultimate paragraph of221

our introduction:222

223

>> Line 75 (now line 74)224

“We observe that the primary feathers occupy a greater portion of the total avian225

wingspan in small birds [10], while individual skeletal proportions scale with isomme-226

try [11]. We hypothesise that the accessory mechanical function of ancillary structures227

with lower stiffness than the wing skeleton, such as feather remiges and supporting228

musculature, is able to accommodate a portion of the consolidating structural role229

that might be more incumbent on the skeleton in massive birds experiencing greater230

mechanical stresses. We therefore have a clear reason to anticipate weaker integration231

of the wing skeleton proportions within small birds. Furthermore, [10] suggests that232

longer primary remiges facilitate differential joint placement along the avian wing233

and access to novel wing stroke kinematics, leading us to expect that a reduction in234

integration within the avian wing skeleton may permit the exploration of a broader235

remit of flight-styles. ”236

237

This new paragraph required the removal of a single adjacent line that would have238

become redundant.239

240

As an aside, we speculate the process by which the flight feathers take up a larger241

portion of he wing in some groups of birds- moving the skeletal joints proximally-242

could be viewed as an aerial analogue to the evolution of digitigrade and unguligrade243

postures in terrestrial vertebrates.244

245

>> Line 72, (now line 73)246

I have changed ‘volant’ to ‘forelimb-propelled,’, for two reasons:247

1) There is a single penguine in the dataset248

2) A large number of other researchers I have relayed my research to were unfamiliar249

with the word ‘volant’250

251

>> Line 90 (now line 93)252

I am now concluding the introduction with a specific call for other researchers to253

pursue the questions identified by Reviewer 2:254

“In particular, we advocate the further exploration of 3D skeletal morphology, remige255

proportions and soft tissue anatomy in bird wings.”256

I would greatly like to explore these questions myself- I note that Nudds et al., 2011’s257

sample includes only 34 bird species, and that specific measurements of individual258

bone lengths in the wing can be complicated in study skins. I have observed remiges259

occasionally in uCT scan data before, and I wonder whether data on MorphoSource260

could be marshalled to this aim across a large dataset of birds- potentially all the261
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birds in Navalon et al., 2022 will be available on Morphosource and their specific262

remige lengths could be collected under the auspices of a new project. The further263

exploration of soft tissue anatomy such as musculature is a subject that I think would264

require dissection of recently dead birds that have not experienced shrinkage, dry-265

ing or immersion in preservatives. Perhaps it can be shown that muscle attachment266

footprints differ characteristically across birds as a function of body mass, or that267

the tensile strength of muscle- relative to resistance to flexure of bones- is greater in268

small birds (this sounds like it should be true, if the intensive properties of muscle269

and bone are relatively consistent across birds, but it would be very interesting to be270

proven wrong).271

272

“I also think the authors may have misconstrued my initial point in my first review (lines 261-273

271 of their response document). I think the authors interpreted my comment as a call for more274

support for the concept of modularity across bird morphology – not at all what I meant! Rather, I275

was calling for stronger support of why we might expect absolute/relative skeletal size *specifically*276

to be modular, rather than some dimension(s) of shape. The authors do provide some justifica-277

tion for this hypothesis – increased body mass might be expected to correspond to increased loads278

on modules comprising the wing or leg – but little justification is given for why skeletal allome-279

try – again, as opposed to some dimension(s) of shape – might be linked to other dimensions of280

life/organismal history, such as feeding ecology or reproductive mode. As in my previous review,281

I do not mean to suggest that I am skeptical such links might exist – again, I find it intuitive282

that they would – but the authors should make such hypotheses and their justifications explicit. I283

think addressing this point will help the authors address my previous point (i.e., more carefully284

interpreting patterns of low variability).”285

286

>> We have added more specific language in our introduction, to justify our pre-287

dictions, (see lines 73 onwards), and have also related these justifications to potential288

futurework investigating soft tissue structures. We have cited Nudds 2011 to justify289

the hypothesis that variation in the allometry of wing bone proportions should corre-290

spond to variety in flight kinematics and therefore ecological variables such as flight291

styles.292

293

“My second general concern again regards the invocation by the authors of “miniaturization”294

among birds. Specifically, I think the use of this concept unnecessarily limits the applicability of295

their results. Indeed, the body size-linked patterns recovered by the authors are significant regard-296

less of whether a lineage has experienced episodes of miniaturization. By discussing those patterns297

largely in the context miniaturization, I think the authors undercut the power of those patterns298

by selectively applying them only to lineages for which miniaturization can be demonstrated, while299

simultaneously inviting criticism from folks like myself who might get distracted by potentially300

unjustified claims of miniaturization. By removing (or at least limiting) discussion of miniatur-301

ization, and instead focusing on the recovered patterns themselves, the authors will broaden the302

scope of potential impact of their study.”303

304

>> We agree with Reviewer 2 that using the term ‘miniaturisation’ could limit305

the potential impact of our study, especially given that it may be confused with a306

reduction in body mass in stem birds. I have therefore carefully removed reference to307

‘miniaturisation’ throughout the manuscript and instead used language such as ‘size308
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scaling’. Because these instances are numerous I have not provided specific line num-309

bers in my response. We have amended this language in the abstract, introduction, I310

have amended the language that low body masses within apodiforms, passerines and311

coraciiforms are ‘therefore derived’ to ‘likely to be derived’ (line 110) I have amended312

language in the opening paragraph of the discussion to remove the word ‘miniaturise’.313

314

“Relatedly, I appreciate that the authors have provided additional support for the notion that315

some lineages (e.g., passerines, apodiforms) have experienced episodes of miniaturization. How-316

ever, if the authors use their own results as part of this justification, those results should be317

discussed in the discussion in detail, rather than relegated to a single line in the results (i.e., lines318

103-205). Moreover, the fact that typical body masses of a given clade (e.g., Apodiformes) are319

smaller than the body mass estimated for all of birds is not, on its own, sufficient to reconstruct a320

trend towards smaller masses. Rather, comparisons with near relatives and divergences – ideally321

in a quantitative framework – are necessary.”322

323

>> I agree with Reviewer 2. I do not necessarily believe that the history of body324

mass evolution across birds can be conclusively reconstructed from extant birds alone,325

and therefore- while I view it as likely that the lineages leading to songbirds and hum-326

mingbirds underwent reductions in body size, I have made sure that the language of327

the manuscript does not present this as an accepted truth and that claims within the328

manuscript are not contingent upon this hypothesis.329

330

“On a minor final note related to this point, the authors misrepresent the trend we recovered331

in Torres et al. (2021) (their citation number 37). In that study, we recovered a pattern of in-332

creasing body mass along the stem avian lineage leading towards to the divergence of the crown333

clade, followed by decrease towards the divergences of Neognathae and Neoaves; we do not directly334

comment on trends within Neoaves, including towards the present day – contra to lines 71-74.”335

336

>> I have removed the content relevant to this mistake in lines 71-74. Thankyou337

for pointing this out.338

339

I have revised this content as: (Line 256)340

“We also reflect that the evolutionary history of birds has been critically defined341

by the exploration of small sizes inaccessible to other dinosaur lineages, [1, 2], and342

that the smallest bodied avian subclades underwent rapid Cenozoic diversifications343

(e.g. [3]), although the history of body size evolution through the Mesozoic remains344

fragmentary [12].”345

346

Some smaller comments:347

348

Regarding the title, I appreciate the nuance introduced by the authors, but I find the result to349

be a little clunky. And, again, I strongly advocate the authors not limit themselves to just “minia-350

turization.” A potential suggestion: “Birds of the tiny-verse: strength of avian skeletal proportion351

modularity scales with body size.”352

353

>>We have rephrased the title as “Small body size facilitates increased evolu-354

tionary lability of wing skeleton proportions in birds” following a compromise of the355
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advice provided to us by both reviewers and the journal.356

357

I suggest rephrasing the hypotheses outlined in lines 80-83 so that the hypothesized pattern358

is described first, followed by the potential driver(s) of that pattern. I.e., “We hypothesize that359

integration of skeletal proportion within the elements comprising the wing will be weaker among360

smaller birds, driven in part by lower mechanical loads.” Thus, the sentence leads with the aspect361

actually being tested in this paper.362

363

>> We have rephrased the paragraph as follows: (Lines 76) “We hypothesise that364

the accessory mechanical function of ancillary structures with lower stiffness than365

the wing skeleton, such as feather remiges and supporting musculature, are able to366

accommodate a portion of the consolidating structural role that might be more in-367

cumbent on the skeleton in massive birds experiencing greater mechanical stresses.368

We therefore have a clear reason to anticipate weaker integration of wing skeleton369

proportions within small birds. Furthermore, Nudds et al. [10] suggest that longer370

primary remiges facilitate differential joint placement along the avian wing and access371

to novel wing stroke kinematics in smaller birds, leading us to expect that a reduction372

in integration within the avian wing skeleton may permit the exploration of a broader373

remit of flight-styles.”374

375

This mechanical justification incorporates hypotheses about the potential roles of376

musculature and plumage which the Reviewers requested. I acknowledge that the377

hypothesised pattern that results from this mechanism is described as a corollary,378

rather than the leading clause of the sentence. I believe this style is necessary here379

so that the reader feels that they can arrive at this hypothesis as a deduction drawn380

from the presented observations.381

382

“I remain uncompelled by the authors’ hypothesis that stronger trunk-wing integration within383

passerines is linked to flying style. Minimally, the authors should include their justification from384

their response document (i.e., lines 440-444 of the response document) in the main text. However,385

my doubts remain. First, I would expect the ability of birds to efficiently tuck their wings against386

their bodies to be far more strongly influenced by shape and range of motion of the wing, and to a387

lesser extent the shape of the body proper, than the size of the wing relative to the body. Second,388

many other clades of birds should theoretically be similarly optimized – most notably diving birds.”389

390

>> We have added the following text at Line 235391

“Flap-bounding flight, in which a bird temporarily travels under ballistic motion392

between brief bursts of intense flapping [13], requires the wing to lie flush against393

the trunk to form a fusiform lift-generating surface. This could mean that, in flap-394

bounding birds, the wing and trunk dimensions are required to match and that their395

capacity to evolve independently is diminished compared to other birds.”396

I note that many diving birds do not tuck their wing flush against their body during397

dives; gannets do not for example; their wings are so long that they are swept back398

to trail the body before breaking the water surface and are subsequently deployed as399

fins. Little auks, guillemots frigate birds, puffins and penguins all have various wing400

postures during dives, which canot be described as ‘flush’. I note with interest that401

dippers, which are passerine birds we might expect to practice intermittent flight,402
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do not fold their wings flush during dives and that they practice high frequency con-403

tinuous flapping flight. Amazingly, kingfishers practice continuous flapping hovering404

flight. Kingfishers may break the water surface during dives with their wings trailing405

behind them like a gannet or even with their wings open, as though the transition in406

fluid medium is an irrelevance that they hardly notice. There is perhaps a greater407

diversity of tucking styles in larger birds as well, such as the swan, which tucks its408

wings over its back. I agree with Reviewer 2 that the flap-bounding hypothesis could409

be challenged- and would welcome a response from other researchers if they believe410

they have falsified it.411

412

“I question the authors’ phrasing in lines 45-47, where they describe changes in skeletal propor-413

tions commensurate with body mass” as a “*driving force * of trait integration across the skeleton”414

(emphasis mine). Are those allometric changes really *driving* trait integration? Or has strength415

of integration in those traits been shown to *co-vary with* allometry? If a causal relationship416

really has been demonstrated, the authors should specify which traits are being driven.”417

418

>> We agree with Reviewer 2’s assessment. We have changed the language ‘driv-419

ing’ to ‘covary’.420

421

A minor note, but I find “concentration of disparity” in line 263 to be paradoxical – maybe422

rephrase to, “The disproportionate disparity within...”423

424

>> We have rephrased this as (Line 275)425

“The relatively high phenotypic disparity of peripheral skeletal proportions, com-426

pared to the proximal skeleton,”427

428

“I approve of the compromises struck by the authors with regards to their figures, but I think429

the line weights in Fig. 1b got jumbled. In Fig. 4b, I find the colors of the data points almost430

impossible to discern because of the relatively heavy line weight of the black outlines – I suspect431

that line weight may already be at its minimum, so may be try dropping it altogether and seeing if432

the dots are more readable. If the authors insist on keeping labels in Fig. 4b, I urge them to place433

them more strategically to prevent overlapping with datapoints and – if possible – increasing their434

font size by at least one point.”435

436

>> We have reduced the lineweight in Figure 1b to increase clarity. We have437

removed the black border around points in Figure 4b. We have reduced the number438

of taxon labels in Figure 4b, and have increased their size as much as the figure plan439

allows (Nature journals require text in figures to be between 5-7 pt), taking effort to440

place labels more strategically.441

442

“A slight philosophical comment on lines 175-179 regarding expectations of modularity in443

ecologically-specialist avian subclades: in my opinion, definitions of “ecologically-specialist” are so444

necessarily narrow with regard to the amount of “biology” they describe (thereby failing to account445

for countless dimensions of life history/organismal biology by which they might be generalists, or446

by which other clades might be considered specialists in their own rights) that failures of patterns447

to match expectation are as likely to reflect biases in definitions as they are to reflect real biological448

signal.”449
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450

>> We have reworded this sentence as follows: (Line 181)451

“The structure of modular aggregation and dis-aggregation we have uncovered here452

is disseminated across avian phylogeny (Figure 4), which defies expectations that453

the emphasis of distinct combinations of modularity within a broader avian ‘locomo-454

tor mosaic’ should correspond strongly with avian subclades distinguished by unique455

combinations of ecology, body size and developmental mode (e.g. Dial, 2003 Figure456

3 [7]).”457

458

“Line 28 – need a space before second dash”459

460

>> I have added a space461

462

Line 237 – need a space between “emphasise” and “the” ”463

464

>> I have added a space465

466

Reviewer #2 (Remarks on code availability):467

“Everything functions as expected.”468

469

>> Thank you for independently assessing the code. I wish to note that I realised470

the ribbons on Figures 2 and 4 were not tracing the exact 1 and 2 σ quantiles. I471

have fixed this, and it is an aesthetic-only change, but I am declaring it for full trans-472

parency.473

474
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