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Supplemental Figures 

Each of the figures herein are comparisons between key graphs from the literature [redrawn] and revised 

versions produced using reanalysed data. The figures mimic the aesthetics of the original graphs to make 

comparisons easier. Specifics are described in each figure caption. 



 

Fig. S1. 

Principal Component Analysis [PCA] of avian pedal measurements. Fowler et al. (2009; 2011) use 

Correspondence Analysis [CA], designed to analyse discrete data, to analyse the continuous length 

measurements of the avian pes. (A) The original CA of Fowler et al. (2011) is provided, excluding 



samples of Deinonychus. It generally resembles that of Fowler et al (2009) but has several additional 

strigiform samples included. This is contrasted to (B) PCA of the data used in (Fowler et al., 2011) 

excluding Deinonychus. Note relative occupations of the morphospace by each group remains somewhat 

constant, but several differences are pertinent between the CA and PCA plots. In PCA: Pandionidae 

inhabits the same region of the morphospace as Strigiformes; Phasianidae, Piciformes, and Cathartidae 

cluster more closely to each other than any other groups; and in the set of Accipitridae, Falconidae, and 

Passeriformes, Passeriformes replaces Falconidae as the intermediary region and all three cluster more 

closely together. 

 

Fig. S2. 

Principal Component Analysis of theropod skulls. The analysis of (A,B) Foth and Rauhut (2013) [convex 

hulls added] defines nine taxa as carnivorous, herbivorous, or omnivorous that this study considers 

indeterminate. In addition, their study does not scale the variance of the inputs when computing principal 

components. (C,D) Reanalysis with these taxa labelled as indeterminate and input variances scaled  

maintains most carnivores in their own region of the morphospace and lessens the overlap between 

carnivore and herbivore taxa (though the extreme morphologies of Anchiornis and Bambiraptor cause the 

convex hulls of the two to overlap broadly). No hull is generated for omnivores as the only taxon included 

with convincing evidence of omnivory is Lesothosaurus (Sciscio, Knoll, Bordy et al., 2017). Note that the 

Y-axis of (A,C) and both axes of (B,D) are inverted relative to the original publication as the sign of 

principal components calculated with the prcomp function in R is arbitrary (R Core Team 2019). 



 

Fig. S3. 

Principal Component Analysis of theropod skulls. (A,B) The analysis of Schaeffer et al. (2019) defines 

14 taxa as herbivorous/omnivorous or as small carnivores that this study considers indeterminate. (C,D) 

Reanalysis with these taxa labelled as indeterminate decreases the overlap between herbivores/omnivores 



and small carnivores primarily by removing therizinosaurians and avialans, respectively, from their 

groups. The total morphospace occupied by herbivores/omnivores is also greatly reduced by excluding 

oviraptorids which occupy their own unique area of the morphospace. PC1 and PC3 of landmark results 

are also plotted (E) to display their similarity to (A) and (C). This similarity is because PC3 of the 

landmark data describes similar shape variation to PC2 of the outline data (Figure 4 in Schaeffer et al., 

2019). 



 

Fig. S4. 

Relationship between mechanical advantage and plant consumption in Passerines. Plot based on the 

appendix of Corbin et al. (2015), (A) including and (B) excluding Zenaida macroura. Z. macroura is the 



only columbiform bird included in the otherwise passerine data set. Correlation including this point 

included is weak to nonexistent, but of moderate strength when the data is restricted to passerine taxa. 

 

Fig. S5. 

Biomechanical morphospace of Dinosauria. (A) The analysis of Button and Zanno (2020) incorporates 34 

functional metrics to examine the affinities of various dinosaur groups in order to investigate convergence 

in dietary adaptation. Their observed trends are maintained in (B) an analysis incorporating only nine of 

their measured indices which have both theoretical validity and are shown to discriminate diet among 

extant animals [their C2–8, 22, and 23]. The most noteworthy difference in trends is that in (B) there is 

more separation in the morphospace between edentulous theropods [Ornithomimosauria and 

Oviraptorosauria] and sauropods along the PC2 axis. Note also that (B) accounts for a much higher 

proportion of the variance in the first two principal components [60.4% as opposed to 32.2% in (A)]. 



Both axes of the graphs are inverted relative to the original publication. An interactive three-dimensional 

graph of the data can be generated from the supplemental R code.



Supplemental Tables 

The following are tables to assist in interpreting the details of this review. Specifics are given with each table caption. 

 

Table S1. 

Calculation of cranial connective properties of Shenqiornis. Connective tissue properties recorded in the literature are compiled and used to 

estimate connective tissue properties for Shenqiornis. Regressions of cross-sectional area [X-Sect] and Young’s Modulus [E] were made vs. [body 

mass]0.33 using a polynomial [Poly] and power [Pow] fit to the properties of cranial sutures. As Cost et al. (2019) considered dog patellar tendon as 

a potential model, an additional power-fit regression using the full sample [PowFS] was also made. Macaques were excluded from all regressions 

as outliers. The properties of the Pow regression are used in Figure 6C; Poly and PowFS properties produced dislocation similar to Figure 6A and 

B. 

Animal Part Mass (g) X-Sect (mm2) E (MPa) Source Mass Source 

Human Child Cranial suture 27260.90 14.06 1100.00 

(Davis, Loyd, 

Shen et al., 

2012) 

(Davis et al., 2012) 

Human Infant Cranial suture 10714.29  381.48 
(Wang, Zou, Li 

et al., 2014) 

WHO weight-for-age 50th percentile at 18 months, 

weighted by gender 

Human Postnatal Cranial suture 8650.00  0.60 

(Grau, Daw, 

Patel et al., 

2006) 

WHO weight-for-age 50th percentile at 9 months 

Macaque (male) Cranial suture 5360.00  7700.00 

(Kupczik, 

Dobson, Fagan 

et al., 2007) 

(Smith & Jungers, 1997) 

Macaque (female) Cranial suture 3590.00  1900.00 
(Kupczik et al., 

2007) 
(Smith et al., 1997) 

Mouse Cranial suture 24.00 0.13 0.58 

(Chien, Wu, 

Chao et al., 

2008) 

(Chien et al., 2008) 

Lewis Rat Cranial suture 250.50 0.51 2.35 
(Chien et al., 

2008) 
(Chien et al., 2008) 



Wistar Rat Cranial suture 62.12  1.08 

(McLaughlin, 

Zhang, Pashley 

et al., 2000) 

(Extrapolated from Novelli, Diniz, Galhardi et al., 

2007) 

Rabbit Facial suture 1590.57  1.27 
(Radhakrishnan 

& Mao, 2004) 
(Jones, Bielby, Cardillo et al., 2009) 

Goat Nasal suture 46900.00  400.00 (Farke, 2008) (Jones et al., 2009) 

Camel Nuchal ligament 488000.00 850.00 0.55 

(Dimery, 

Alexander & 

Deyst, 1985) 

(Jones et al., 2009) 

Deer Nuchal ligament 20000.00 51.60 0.61 
(Dimery et al., 

1985) 
(Dimery et al., 1985) 

Sheep Nuchal ligament 21000.00 84.00 0.57 
(Dimery et al., 

1985) 
(Dimery et al., 1985) 

Pig Palatal suture 84500.00 462.71 47.43 

(Savoldi, Xu, 

Tsoi et al., 

2018) 

(Jones et al., 2009) 

Dog Patelar tendon 26700.00 0.24 30.80 

(Haut, 

Lancaster & 

DeCamp, 

1992) 

(Haut et al., 1992) 

Reptile (validated 

in Sphenodon?) 
Suture 195.29  10.00 

(Curtis, Jones, 

Evans et al., 

2013) 

(Average of Herrel, Moore, Bredeweg et al., 2010 

Supplement 1) 

Shenqiornis Poly  340.00 0.63 2.76 Regressions Table 1, this review 

Shenqiornis Pow  340.00 7.07 2.86 Regressions Table 1, this review 

Shenqiornis 

PowFS 
 340.00 0.68 2.51 Regressions Table 1, this review 
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