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Figure 6: Procrustes superimposition of a structure with object symmetry demonstrated with a 

leaf configuration. Landmarks 1 and 10 are on the midline, and landmarks 2-9 are original 

while 11-18 are relabeled after being reflected across the midline. Modified from Klingenberg 

(2015). 
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Figure 7: PCA plot of asymmetric component for dataset with all landmarks. 
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Figure 8: Anterior view of the shape changes associated with the first four PC axes from the 

PCA using the asymmetrical covariance matrix of the dataset with all landmarks. These 

wireframes show the positive ends of the PC axes, which are the exact opposite of the negative 

ends, and are magnified by 5 times the greatest PC score. Dark blue wireframe and landmarks 

are changes seen on the axis shown and light blue frame and landmarks are the symmetrized 

consensus. 
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Figure 9: Superior view of the shape changes associated with the first four PC axes from the 

PCA using the asymmetrical covariance matrix of the dataset with all landmarks. These 

wireframes show the positive ends of the PC axes, which are the exact opposite of the negative 

ends, and are magnified by 5 times the greatest PC score. Dark blue wireframe and landmarks 

are changes seen on the axis shown and light blue frame and landmarks are the symmetrized 

consensus. 
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Figure 10: Boxplots of Procrustes FA scores from dataset with all landmarks. Lines within boxes 

represent the median and the box describes interquartile range (25-75%).The box whiskers 

represent 1.5 times the box height. 
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Figure 11: Graphical representation of the Spearman rank correlation between growth rate and 

FA of the entire cranium. The median FA scores were plotted against ranked growth rate. 
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Figure 12: Boxplots of Procrustes FA scores from datasets with landmarks divided by region. 

Line represents median and box describes interquartile range 25-75%. The box whiskers 

represent 1.5 times the box height. 
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Figure 13: Graphical representation of the Spearman rank correlation between growth rate and 

FA in the cranial base. The median FA scores were plotted against ranked growth rate. 

 

 

 

 
 

Figure 14: Graphical representation of the Spearman rank correlation between growth rate and 

FA in the face. The median FA scores were plotted against ranked growth rate. 
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Figure 15: Graphical representation of the Spearman rank correlation between growth rate and 

FA in the cranial vault. The median FA scores were plotted against ranked growth rate. 
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9. Appendix 

Table A: Specimens used in this study. 
 

Specimen 

Number 
Museum 

Catalog 

Number 
Species Sex Source Scan Type Country Locality 

Ggg1F252575 USNM 252575 Gorilla gorilla gorilla Female MW Tocheri CT scan Republic of Congo Northwest 

Ggg2F1398 CMNH 1398 Gorilla gorilla gorilla Female AN Romero Surface model Gabon, Central African 

Republic, or Republic 

of Congo 

Unknown 

Ggg2F1399 CMNH 1399 Gorilla gorilla gorilla Female AN Romero Surface model Gabon, Central African 

Republic, or Republic 

of Congo 

Unknown 

Ggg2F1400 CMNH 1400 Gorilla gorilla gorilla Female AN Romero Surface model Gabon, Central African 

Republic, or Republic 

of Congo 

Unknown 

Ggg2F1412 CMNH 1412 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southeast 

Ggg2F1690 CMNH 1690 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southwest 

Ggg2F1704 CMNH 1704 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southwest 

Ggg2F1710 CMNH 1710 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southwest 

Ggg2F1798 CMNH 1798 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southwest 

Ggg2F1846 CMNH 1846 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southwest 

Ggg2F1849 CMNH 1849 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southwest 

Ggg2F1851 CMNH 1851 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southwest 

Ggg2F1854 CMNH 1854 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southwest 

Ggg2F1876 CMNH 1876 Gorilla gorilla gorilla Female AN Romero Surface model Gabon, Central African 

Republic, or Republic 

of Congo 

Unknown 

Ggg2F1877 CMNH 1877 Gorilla gorilla gorilla Female AN Romero Surface model Gabon, Central African 

Republic, or Republic 

of Congo 

Unknown 
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Table A (Cont.) 
 

Specimen 

Number 
Museum 

Catalog 

Number 
Species Sex Source Scan Type Country Locality 

Ggg2F1907 CMNH 1907 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southeast 

Ggg2F1945 CMNH 1945 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southeast 

Ggg2F1950 CMNH 1950 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southeast 

Ggg2F1955 CMNH 1955 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southeast 

Ggg2F1970 CMNH 1970 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southeast 

Ggg2F1972 CMNH 1972 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southeast 

Ggg2F1989 CMNH 1989 Gorilla gorilla gorilla Female AN Romero Surface model Cameroon Southeast 

Ggg1M174712 USNM 174712 Gorilla gorilla gorilla Male MW Tocheri CT scan Gabon West 

Ggg1M174714 USNM 174714 Gorilla gorilla gorilla Male MW Tocheri CT scan Gabon West 

Ggg1M174715 USNM 174715 Gorilla gorilla gorilla Male MW Tocheri CT scan Gabon Unknown 

Ggg1M174716 USNM 174716 Gorilla gorilla gorilla Male MW Tocheri CT scan Gabon Unknown 

Ggg1M174720 USNM 174720 Gorilla gorilla gorilla Male MW Tocheri CT scan Gabon Unknown 

Ggg1M176216 USNM 176216 Gorilla gorilla gorilla Male MW Tocheri CT scan Cameroon South 

Ggg1M176217 USNM 176217 Gorilla gorilla gorilla Male MW Tocheri CT scan Cameroon South 

Ggg1M176225 USNM 176225 Gorilla gorilla gorilla Male MW Tocheri CT scan Cameroon South 

Ggg1M220324 USNM 220324 Gorilla gorilla gorilla Male MW Tocheri CT scan Republic of Congo North 

Ggg1M599167 USNM 599167 Gorilla gorilla gorilla Male MW Tocheri CT scan Equatorial Guinea West 

Ggg2M1076 CMNH 1076 Gorilla gorilla gorilla Male AN Romero Surface model Gabon, Central African 

Republic, or Republic 

of Congo 

Unknown 

Ggg2M1196 CMNH 1196 Gorilla gorilla gorilla Male AN Romero Surface model Gabon, Central African 

Republic, or Republic 

of Congo 

Unknown 

Ggg2M1401 CMNH 1401 Gorilla gorilla gorilla Male AN Romero Surface model Gabon, Central African 

Republic, or Republic 

of Congo 

Unknown 
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Table A (Cont.) 

 

Specimen 

Number 
Museum 

Catalog 

Number 
Species Sex Source Scan Type Country Locality 

Ggg2M1405 CMNH 1405 Gorilla gorilla gorilla Male AN Romero Surface model Gabon, Central African 

Republic, or Republic 

of Congo 

Unknown 

Ggg2M1410 CMNH 1410 Gorilla gorilla gorilla Male AN Romero Surface model Cameroon Southeast 

Ggg2M1709 CMNH 1709 Gorilla gorilla gorilla Male AN Romero Surface model Cameroon Southwest 

Ggg2M1712 CMNH 1712 Gorilla gorilla gorilla Male AN Romero Surface model Cameroon Southwest 

Ggg2M1717 CMNH 1717 Gorilla gorilla gorilla Male AN Romero Surface model Cameroon Southwest 

Ggg2M1754 CMNH 1754 Gorilla gorilla gorilla Male AN Romero Surface model Cameroon Southwest 

Ggg2M1796 CMNH 1796 Gorilla gorilla gorilla Male AN Romero Surface model Cameroon Southwest 

Ggg2M647 CMNH 647 Gorilla gorilla gorilla Male AN Romero Surface model Cameroon Unknown 

Ggg2M650 CMNH 650 Gorilla gorilla gorilla Male AN Romero Surface model Cameroon Unknown 

Ptt1F174701 USNM 174701 Pan troglodytes troglodytes Female MW Tocheri CT scan Gabon West 

Ptt1F174707 USNM 174707 Pan troglodytes troglodytes Female MW Tocheri CT scan Gabon West 

Ptt1F174710 USNM 174710 Pan troglodytes troglodytes Female MW Tocheri CT scan Gabon West 

Ptt1F220062 USNM 220062 Pan troglodytes troglodytes Female MW Tocheri CT scan Gabon West 

Ptt1F220063 USNM 220063 Pan troglodytes troglodytes Female MW Tocheri CT scan Gabon West 

Ptt2F1701 CMNH 1701 Pan troglodytes troglodytes Female AN Romero Surface model Cameroon Southeast 

Ptt2F1703 CMNH 1703 Pan troglodytes troglodytes Female AN Romero Surface model Cameroon Southeast 

Ptt2F1713 CMNH 1713 Pan troglodytes troglodytes Female AN Romero Surface model Cameroon Southwest 

Ptt2F1721 CMNH 1721 Pan troglodytes troglodytes Female AN Romero Surface model Cameroon Southwest 

Ptt2F1723 CMNH 1723 Pan troglodytes troglodytes Female AN Romero Surface model Cameroon Southwest 

Ptt2F1724 CMNH 1724 Pan troglodytes troglodytes Female AN Romero Surface model Cameroon Southwest 

Ptt2F1737 CMNH 1737 Pan troglodytes troglodytes Female AN Romero Surface model Cameroon Southwest 

Ptt2F1749 CMNH 1749 Pan troglodytes troglodytes Female AN Romero Surface model Cameroon Southwest 

Ptt2F1755 CMNH 1755 Pan troglodytes troglodytes Female AN Romero Surface model Cameroon Southeast 

Ptt2F1843 CMNH 1843 Pan troglodytes troglodytes Female AN Romero Surface model Cameroon Southwest 

Ptt2F1890 CMNH 1890 Pan troglodytes troglodytes Female AN Romero Surface model Cameroon Southeast 
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Table B (Cont.) 

 

Order View 
Midline/

Bilateral 

Left/

Right 
Location Ossification Description 

63 Lateral Bilateral Left Face Intermembranous The most lateral point on the zygomaticofrontal suture 

64 Lateral Bilateral Left Face Intermembranous Deepest point in anterior notch of zygomatic bone 

65 Lateral Bilateral Left Vault Intermembranous The most anterior superior-inferior midpoint on the margin of the 

external auditory meatus 

66 Lateral Bilateral Left Vault Intermembranous The most posterior superior-inferior midpoint on the margin of the 

external auditory meatus 

67 Lateral Bilateral Left Vault Intermembranous The most superior point on the margin of the external auditory 

meatus 

68 Lateral Bilateral Left Vault Intermembranous The most lateral, inferior point on the mastoid process 

69 Posterior Bilateral Left Vault Intermembranous The most lateral point on the process created by the mastoid and 

temporal bone 

70 Posterior Bilateral Right Vault Intermembranous The most lateral point on the process created by the mastoid and 

temporal bone 

71 Superior Bilateral Left Vault Intermembranous The most lateral point on the most medial inflection of the cranial 

vault behind the browridge 

72 Superior Bilateral Right Vault Intermembranous The most lateral point on the most medial inflection of the cranial 

vault behind the browridge 

73 Superior Bilateral Left Vault Intermembranous The most lateral point on the frontal bone (brow ridge) 

74 Superior Bilateral Right Vault Intermembranous The most lateral point on the frontal bone (brow ridge) 

 

6
7
 


