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INTRODUCTION
Mandibular corpus (MC) specimens are prevalent in the 
hominoid fossil record, making them useful to discern 
taxonomic relationships among extinct hominoids. 3-
dimensional geometric morphometric (3DGM) methods 
applied to the MC have shown promise in 
distinguishing modern adult hominoid species1-3, but 
less is known about the taxonomic reliability of MC 
morphology through development.

Objective: Evaluate shape differences in the MC 
between five extant African ape species and 
subspecies to determine at which developmental 
stage morphological differentiation occurs.

STUDY DESIGN
● 249 mandibular 3D scans were landmarked following 

methods in Balolia et al. (2020) (Table 1)
● Four MC subregions were digitized using 346 

landmarks and semilandmarks (Figure 1)
● MANOVA and discriminant function analyses were run 

on pairwise groups at the generic and species levels 
across four developmental stages: dP4 (infants); M1 
(juveniles); M2 (subadults); M3 (adults). 

● Principle component analyses (PCAs) were performed 
to visualize morphological differences  (Figures 2-4)

RESULTS DISCUSSION 
Differences between genera:
● Pan and Gorilla are distinct at dP4.

Differences between species of Gorilla:
● Western and Eastern lowland gorillas are distinct at 

dP4 with some overlap in morphology at M2.

Differences between species of Pan:
● There is some statistical confidence in identifying 

bonobos from chimpanzees by dP4, but 
morphologies become quite distinct by M2. 

Differences between subspecies of Pan troglodytes
● MC morphology cannot confidently distinguish 

between subspecies.
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Dental Stage

Taxa dP4 M1 M2 M3

Gorilla gorilla gorilla 7 21 32 20

Gorilla beringei graueri 6 7 6 21

Pan troglodytes troglodytes 12 11 16 20

Pan troglodytes schweinfurthii 11 22 18 25

Pan paniscus 22 34 26 22

Table 1. Sample size of taxa sampled by dental stage. 

Differences between genera
Genera Dp4 M1 M2 M3
Gorilla 11 (84.60%) 17 (100%) 25 (92.60%) 30 (100%)

Pan 24 (92.30%) 33 (100%) 38 (100%) 60 (100%)
Differences between species of gorilla

Species Dp4 M1 M2 M3
Gorilla gorilla (Western lowland gorilla) 5 (71.43%) 7 (70%) 19 (86.40%) 6 (66.70%)

Gorilla beringei (Eastern lowland gorilla) 5 (83.30%) 4 (57.10%) 4 (80%) 17 (80.95%)
Differences between species of chimpanzee

Species Dp4 M1 M2 M3
Pan paniscus (Bonobo) 8 (66.67%) 18 (85.71%) 10 (100%) 21 (95.50%)

Pan troglodytes (Chimpanzee) 10 (71.43%) 8 (66.70%) 26 (92.86%) 38 (88.40%)
Differences between subspecies of chimpanzee

Subspecies Dp4 M1 M2 M3
P. troglodytes troglodytes (Central chimpanzee) 5 (50%) 5 (71.40%) 7 (43.75%) 12 (63.20%)

P. troglodytes schweinfurthii (Eastern chimpanzee) 1 (25%) 4 (80%) 7 (58.33%) 15 (62.50%)

Table 2. Discriminant analysis correct placement results at various taxonomic levels and dental stages. 
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Figure 2. Bivariate plots of PC2 versus PC1 for comparisons between genera across development. Pan (blue) and Gorilla (red). 

Specific differences in gorilla species by tooth eruption

Figure 1. 3D landmarks used to quantify MC shape. Teeth are labeled in 
accordance with anthropological standards

CONCLUSION
● MC morphology at the earliest post-natal 

development stage (dP4) can be a useful taxonomic 
indicator to differentiate between African ape genera 
but has less predictive power at the species level.

● MC morphology has decreased predictive power at 
the subspecies and population level. 

● These findings, along with prior studies, show that 
the MC may be less taxonomically useful that cranial 
elements in closely associated populations5

● This may be due to the MC being closely associated 
with dietary functions and diets being similar at the 
subspecies and population levels.

Generic differences by tooth eruption
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Figure 3. Bivariate plots of PC2 versus PC1 comparing Gorilla species across development. Gorilla beringei (blue) and Gorilla gorilla (red).

Figure 4. Bivariate plots of PC2 versus PC1 comparing species of Pan across development. Pan paniscus (blue) and Pan troglodytes (red).  

dP4 M1 M2 M3

dP4 M1 M2 M3


