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Analysis of tooth crown height (hypsodonty) 

Background 

The proportional height of tooth crowns in herbivorous mammals is functionally related to their 
diet.  All mammal teeth are made of the same materials – enamel, dentine, and cement – and 
are equally susceptible to wear.  An animal that has an abrasive diet must therefore have some 
mechanism from keeping its teeth from being quickly worn away.   

Increasing the height of the tooth crown is the most common specialization.  In the ancestral 
low-crowned condition (brachydont), the tooth crown forms in the jaw and then erupts as the 
roots grow.  Once the roots close, the tooth remains virtually unchanged except for wear.  The 
short crown would have a comparatively short lifespan if it was subjected to heavy wear.  
However, in high-crowned mammals (hypsodont) the tooth erupts while the crown is still 
forming.  This allows the top part of the crown to wear away while the bottom is still being 
produced.  When the tooth reaches maturity, it forms roots and eruption ceases when the 
roots close.  From that point onward the tooth diminishes in height due to wear.   

Note that hypsodont is only relevant for herbivores.  For the most part, a carnivorous diet is 
soft and non-abrasive.  Carnivore teeth have more of a propensity to crack than to wear in 
response to grabbing prey or cracking bones. 

Among herbivores, browsers (leaf and flower eaters) and frugivores tend to have low-crowned 
brachydont teeth; grazers (grass eaters) or low quality foragers (e.g. elephants that eat brushy 
and woody material) have hypsodont teeth (Figure 1).  Mixed feeders typically have mesodont 
teeth. 

      

Figure 1.  Diagram showing differences between browsers (brachydont) and grazers (hypsodont).  (after 
Janis et al., 2002). 
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Measuring hypsodonty 

The precise definition of hypsodonty varies by taxonomic group, but generally a species can 
be assigned to one of the three categories by measuring the height and mesiodistal length of 
the upper M2 crown and calculating a ratio of height over length.  Generally, if a tooth is 
shorter than it is long, it is brachydont; if it is about equally high as long it is mesodont; and if it 
is taller than it is long it is hypsodont. 

 

Type Height to length 
ratio (M2) 

Code 

Brachydont < 0.8 1 
Mesodont 0.8-1.2 2 
Hypsodont >1.2 3 

 

Table 1.  Criteria for assigning a tooth crown height for a species (from Eronen et al., 2010).   

 

Estimating precipitation from tooth crown height 

Based on the work of Eronen et al. (2010a,b), precipitation can be estimated from hypsodonty.  
This method works because vegetation quality is closely linked to precipitation, and the 
proportion of high crowned teeth in a fauna is closely linked to the dominant vegetation in a 
habitat.  The estimate is based on the distribution of tooth crown heights in the entire 
community rather than just one species because more than one vegetation type is likely to be 
found in most habitats.  The goal is to get at the overall habitat from analysis of the full range of 
tooth types in the local herbivore community. 

 

Variable Description 
NHYP Number of herbivore species in sample 

NHYP1 Number of brachydont species 
NHYP2 Number of mesodont species 
NHYP3 Number of hypsodont species 

pNHYP1 Proportion of brachydont species (NHYP1 / NHYP) 
pNHYP2 Proportion of brachydont species (NHYP2 / NHYP) 
pNHYP3 Proportion of brachydont species (NHYP3 / NHYP) 

 

Table 2.  Variables needed to estimate precipitation from tooth crown height (from Eronen et al., 2010b). 
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Next, these variables are plugged into the regression tree from Eronen et al. (2010a).  Start at 
the top of the tree, and take the appropriate path at each node.  If the condition is true, take 
the left path, otherwise take the right (Figure 2). 

 

 

Figure 2.  Regression tree for estimating precipitation from hypsodonty.  Start at top of tree.  If condition 
is true, take left path, otherwise take right path.  Numbers at the bottom are estimates of annual 
precipitation in mm. (from Eronen et al., 2010a). 

 

  



Indiana University | Department of Geological Sciences 4 

Assignment  

1. Download from Canvas the updated spreadsheet with molar crown information for our 
Bighorn Basin taxa. 

2. Create a table and calculate the variables described in Table 2 above.   

3. Use the regression tree (Figure 1) to estimate precipitation for the early Eocene of the 
Bighorn Basin. 

4. Find places today that have similar precipitation amounts using Map D (Fig. 2) from 
Eronen et al. (2010a).  

5. Turn in to Canvas when completed.  (also discuss in class) 
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