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Introduction
The order Primates is characterized by a set of synapomorphies including: grasping hands and feet,

nails instead of claws, diagonal sequence gait, and hind limb dominated locomotion. Numerous
adaptive hypotheses have been suggested to explain the historical context for the origins of the order.
The Grasp-Leaping Hypothesis argues that primates are distinguished from other arboreal mammals by
their acrobatic locomotion, with an ancient evolution of arboreal leaping (Szalay and Delson, 1979).
Predictions of this hypothesis would include greater postcranial similarities between the earliest
euprimates and arboreal leaping strepsirrhines (i.e. Eulemur, Otolemur). In contrast, both the Visual
Predation Hypothesis (Cartmill, 1992) and Angiosperm Hypothesis (Sussman, 1991) argue for careful
grasping of food items as important for the earliest primates. Predictions of either hypothesis would
include forelimb anatomy more similar to careful climbers and predators (e.g. Nycticebus, Perodicticus).

The evolution of these competing uses for the forelimb would include changes to the proximal ulna,
as the trochlea articulates with the humerus and defines the long axis of the forearm. The radius
articulates with the ulna proximally at the radial notch inferior and anterio-lateral to the trochlea. More
anteriorly articulated radii provide greater stability in pronation (during quadrupedalism), but limit
supination. Degree of manual supination increases as the radial notch moves laterally. Supination is
required for manual manipulation, and the use of the manus in obtaining and consuming foods.

Question and Hypotheses

Can the proximal ulna evaluate competing hypotheses of early primate evolution?
• The proximal ulna will discriminate locomotor categories regardless of phylogeny.
• Fossil early primates will be more similar to extant primates than other mammalian taxa.
• Primate and non-primate manipulative taxa (e.g. Enhydra, Procyon) will have a more laterally oriented 

radial notch indicative of greater capacity for supination.

Results
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Discussion 
The proximal ulna distinguishes primates as unique compared to other mammals. Primates and non-
primates are approximately separated by PC 2 in multivariable analyses (Figure 3). Results of the linear
discriminant analysis correctly classifies specimens as primates or non-primates at 82% (Table 1).

Plesiadapis and Cantius occupy a unique morphospace for mammals, and suggest a different
locomotor context for primate evolution. These results indicate that Plesiadapis and Cantius may have
been engaging in a unique form of locomotion not captured by this sample (Figure 3). While Cantius
and Notharctus are argued to be anagenetically linked based on cranio-dental similarities, Notharcus is
postcranially derived in the direction of extant primate arboreal quadrupeds (Table 1, Figure 4).

Within sister taxa, a more laterally oriented radial notch is associated with non-quadrupedal use of
the upper limb. While primates are not specifically distinguished from other mammals in radial notch
angle, the pattern of variation in the univariate analysis supports the functional hypothesis concerning
the relationship between the radius, ulna, and supination (Figure 5).
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Figure 5. Quadrupeds have a more anteriorly oriented radial notch than non-quadrupeds.

Figure 4. UPGMA pairwise cluster by average 
genus Procrustes shape variables. 

Figure 3. PCA of the 3D Geometric Morphometric analysis. 

Table 1. Linear Discriminate Analyses

Extant Posterior Probability Fossil Classification

Group % Correct Genus (n) Classification (n)

Primate 85 Plesiadapis (9) Potorous (3), Dendrolagus (3), Macropus (3)

Non- Primate 76.5 Cantius (2) Potorous (2)

Total 82 Notharctus (3) Papio (1), Saimiri (1), Marmota (1)

Megaladapis (4) Ateles (4)

Archaeolemur (3) Pan (2), Potorous (1)

Palaeopropithecus (6) Potorous (2), Macropus (4)
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Materials and Methods

Sample                                                              Data Collection

Figure 1. Phylogenetic tree of sample taxa, sample size, and 
locomotor mode. Colors correspond to order (see Results).  

Figure 2. Landmarks on the proximal ulna 
collected with a microscribe.

Morphologika 2.5 was used for the General
Procrustes Analysis (GPA) and Principal
Components Analysis (PCA). PC scores of extant
specimens from the components that accounted
for a cumulative 95% of the variation were
exported to R and used to conduct a Linear
Discriminant Analysis (LDA). Fossil PC scores from
the same analysis were input into the LDA to
predict their generic designation. UPGMA cluster
analyses used genus average Procrustes values.

Calculations                                                     Analyses  
The x, y, z, coordinates from the raw microscribe
data were used to fit a plane with landmarks 6, 7,
8 to define the long axis of the trochlear notch,
and a plane fitting landmarks 1, 2, 3 to define the
the radial notch. The angle between the two
planes was calculated using the normal vectors for
each plane, where more acute angles
characterized more laterally oriented radial
notches, and angles approaching 90° indicated a
more anteriorly oriented radial notch.
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