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What is a 
Carnivore?

• Special dentition
• Carnassial pair
• Sharp teeth for shearing and slicing

Carnassial Pair



Diet Effects Anatomy

Hyena

Wolf

Grizzly Bear

• Bone crunchers (hyena)
• Large, wide teeth
• High bite force

• Meat slicers (wolf)
• Longer, thinner teeth
• Lower bite force 

• Gnawers/Light crunchers (bears)
• Will consume some bones 
• Includes omnivores here
• Wider, robust teeth



The Eocene

• 56-33.9 million years ago 
(Mya)
• Tropical rainforests
• 71.6ºF 

• First carnivores (Order 
Creodonta)
• Gave rise to the modern 

order Carnivora
• Foxes to hyenas or lions 
• Behavior?



The Fossil

• Order Creodonta
• Family Oxyaenidae

• 56.8-48.6 Mya
• Not sure what species

• Came from Colorado!
• On loan from Carnegie 

Museum of Natural 
History



Research Question 
and Procedure

What is the dietary behavior of 
the specimen? Bone cruncher 
or flesh slicer?

1. Estimate bite force from cranium
2. Measure bone crushing abilities 

from teeth
3. Compare to modern carnivores



Predictions

• If bite force is high and the 
teeth are robust, we can 
conclude it is more like a 
bone crusher

• If bite force is low and 
teeth are long and narrow, 
we can conclude it is more 
of a meat slicer

Wolf



Methods

Mountain Lion



Extant Carnivores 

• Hyena: 2
• Mountain lion: 2
• Wolverine: 2
• Wolf: 2
• Coyote: 5
• Red fox: 5
• Black bear: 6
• Grizzly bear: 2

Location

• Zooarchaeology Lab
• Mammalogy/Zoology 

Department 

Samples



Before

A'er

Fossil Virtual 
Reconstruction

• 3D Scanning and Modeling
• Artec Spider Scanner, Artec

Studio, Blender
• Processed and aligned
• Model created 

• Inclusion of extant taxa
• Wolf cranium (eye orbits to back 

of skull)
• Hyena zygomatic arches
• Wolf nose (canines and incisors)



Grizzly Bear

Temporalis

Masseter

• Force generated by the interaction of the biting 
muscles, mandibles and skull, the 
temporomandibular joints (TMJs), and 
the teeth

• Measured in Newtons (N) here
• Ex: Human bite force is about 777 N
• Ex: Hyena bite force is over 4000 N

• Calculated by 
• Temporalis and Masseter cross-sections

• ImageJ

Bite Force



• Bone crunching vs. 
meat slicers 
• Width and length 

ratios 
• Carnassial 

tooth
• Assisting 

tooth
• ImageJ

Bone Crunching

Coyote
Carnassial

Assisting Tooth



Results

Grizzly bear
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Conclusion

• Bite force?
• High bite force for body size

• Large red fox to coyote size
• Smaller than most bone crunching animals

• Bone crunching ability?
• May crunch small bones, but not large ones

• Dentition in between bone crunchers and 
meat slicers

• Evolutionary implications 
• Did bite force evolve before bone crunching?

Coyote
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