
Measurement # Name Description Correlation to posture

1 FemAbDist Distance between femoral head 
and abductor scar

Increases in sprawling and dual-gait 
taxa, decreases in upright taxa

2 Pace Angle Angle between three 
consecutive steps in a trackway

Increases in upright taxa, decreases in 
sprawling taxa

3 HumHWMax Width of humeral head in 
anterior-posterior direction

Increases in sprawling taxa, decreases 
in dual-gait and upright taxa

4 UArtW Width of proximal articular 
surface of the ulna

Increases in upright and dual-gait taxa, 
decreases in sprawling taxa

Femur of Varanus komodoensis 
(USNM 101444) in dorsal view 
with FemAbDist labeled (see 
chart below)

Humerus of Pecari tajucu tajucu 
(USNM 261026) in anterior view 
with HumHWMax labeled (see 
chart below)

Dimetropus tracks from Sacchi  
et al. 2014 with pace angle 
labeled (see chart below)

Ulna of Alligator sinensis 
(USNM 292078) with UArtW 
labeled (see chart below)

Dimetrodon milleri drawn
with updated posture

I. Dimetrodon is likely not a true sprawling tetrapod as it overlaps with dual-gait 
taxa in the DFA

 a. DFA was sensitive to how many variables were used, due to the limited sample   
 size of extant taxa

 b. DFA is useful in sorting taxa based on postural grade, but provides little context   
 for the range of tetrapod locomotion styles 
  i. Arboreal, cursorial, semi-aquatic, and other specialist taxa are masked by    
  broad postural grades

 c. Dual-gait taxa may cluster tightly due to phylogenetic similarity, as they are all are  
 crocodylians

II. 40° is a reasonable FAA estimate for Dimetrodon based on its DFA proximity to 
crocodylians with similar FAA

 a. Larger sample size needed to better define determinants of FAA

 b. Pace angle was the best predictor of FAA in this dataset, but other variables are   
 shown to contribute in previous studies as well
   i. Lateral trunk bending and pelvic rotation has a significant impact on 
  increasing pace angle in sprawling taxa (Kubo and Ozaki, 2009)
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 Dimetrodon, a “pelycosaur” grade synapsid, 
was the apex predator of the Early to Middle 
Permian. Easily recognized by tall neural spines 
and large caniform teeth, this ancient relative of   
therapsids, and later mammals, is widely      
categorized with sprawling posture despite how 
derived it is from basal synapsids. (Romer, 1940) 
The spine of Dimetrodon exhibits limited lateral 
flexibilty and trackways attributed to the 
organism lack body dragging marks, implying 
our understanding of its locomotion is outdated. 
(Kemp, 2005; Hunt and Lucas, 1998) By 
studying the functional morphology of the 
forelimb and hindlimb of Dimetrodon compared 
to that of extant reptiles and mammals, I seek to 
better quantify its locomotion across the 
spectrum of sprawling to upright posture. 

Did Dimetrodon truly have sprawling posture?

Can postural grade and/or femoral abduction angle be estimated 
for fossil taxa from limb dimensions and pace angulation?

Does femoral abduction angle rather than discrete postural grade 
better inform transitions in locomotion? (Gatesy, 1991)

Collected data:

1. Linear measurements of 58 continuous variables 
of girdles, zeugopodia, and stylopodia of 23 extant 
taxa (11 mammals, 12 reptiles) and Dimetrodon 
(Beck, 2004)

2. Pace angulations for same 23 extant species 
and ichnogenus Dimetropus (Kubo and Benton, 
2009)

3. Femoral abduction angles for 7 extant species

• Collect data from a wider number and variety of modern taxa and  
 reduce the number of variables
• Expand list of taxa with known femoral abduction angles
• Take phylogenetic relationships of taxa into account during further  
 analysis
• Expand fossil taxa to basal “pelycosaurs” and therapsids
• Apply these methods to other groups such as extinct archosaurs
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Stats:

1. Discriminant function analysis (DFA) on limb 
dimensions and pace angulation of extant species to 
predict that of Dimetrodon 

2. Multiple regression of 7 extant taxa with known 
femoral abduction angles to predict that of 
Dimetrodon 

Describing Posture in Tetrapods
Postural grade

Femoral Abduction Angle (FAA)

Postural grades sort taxa into discrete categories 
and assume “upright” is improved condition.
(Gatesy, 1991)

Figure 1 from Rubidge and Sidor , 2001.

Figure 2 from Kubo and Ozaki, 2009.

Describes far away from the body the femur is 
held in reference to the parasagittal plane. At 90° 
an posture is considered fully sprawling and at 0° 
posture is considered fully upright, as shown in the 
figure to the right.

Graph of 4 variable DFA of extant taxa with 
Dimetrodon. Variables shown are best 
predictors of postural grade. Plot shows 
Dimetrodon grouping with dual-gait taxa, 
overlapping directly over Caiman crocodilus. 
Sprawling taxa are loosely clustered, dual-gait 
are well clustered, and upright taxa are fairly 
clustered. The sprawling taxon within the 
upright taxa is the monotreme Tachyglossus 
aculeatus. The two sprawling taxa closest to 
the dual-gait taxa are Tupinambis teguixin, 
Varanus komodoensis, and Varanus 
exanthematicus.

Preliminary regression of pace angle with 
FAA of extant taxa, predicting an FAA of 40° 
for Dimetrodon. Only 7 taxa from the larger 
set of 23 had a known abduction angle, so 

results should be treated with caution. In this 
initial regression, only pace angle was shown 

to have a strong correlation with FAA. 

Table elaborating the variables that best sorted extant taxa by assigned posture 
category during discriminant function analysis (DFA). Variables chosen by cross-validation.

Photo by Donald E. Hurlbert and James Di Loreto, Smithsonian.

Dimetrodon image

synapsid phylogeny

Femur of Varanus komodoensis 
(USNM 101444) in dorsal view 
with FemAbDist labeled (see 
chart below)

Humerus of Pecari tajucu tajucu 
(USNM 261026) in anterior view 
with HumHWMax labeled (see 
chart below)

Dimetropus tracks from Sacchi  
et al. 2014 with pace angle 
labeled (see chart below)

Ulna of Alligator sinensis 
(USNM 292078) with UArtW 
labeled (see chart below)
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I. Dimetrodon is likely not a true sprawling tetrapod as it overlaps with dual-gait 
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Dimetrodon milleri drawn
with updated posture

Grade Description Traditionally sorted taxa

Sprawling proximal limb bones held near 
perpendicular to parasagittal plane

Squamate reptiles, turtles, 
amphibians, pelycosaurs

Dual-gait Crocodilians, therapsids

Upright proximal limb bones held near 
parallel to parasagittal plane Mammals, dinosaurs, birds

capable of holding proximal limb 
bones intermediately or in sprawling 

condition

Measurement # Name Description Correlation to posture

1 FemAbDist and abductor scar
Increases in sprawling and dual-gait 

taxa, decreases in upright taxa

2 Pace Angle Angle between three 
consecutive steps in a trackway sprawling taxa

3 HumHWMax Width of humeral head in 
anterior-posterior direction in dual-gait and upright taxa

4 UArtW Width of proximal articular 
surface of the ulna

Increases in upright and dual-gait taxa, 
decreases in sprawling taxa

Increases in upright taxa, decreases in 

Distance between femoral head 

Increases in sprawling taxa, decreases 
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