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Science B-64, Feeding the World, Feeding Yourself 
Section 2: Teeth 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
The Better to Eat You with, My Dear: 
What do teeth and jaws tell us about diet? 

 
 
Introduction: 
 
This lab will introduce some of the techniques used to make inferences about animal 
diet. You will take a close look at the dentition of several mammal species to see the 
adaptive relationship between diet and dental anatomy.  
 
Why is diet important? 
 
Dietary behavior has important implications for anatomy, ranging patterns, social 
structure, and mating strategy, and so is very informative about species biology.  
Observation of dietary behavior in living species allows researchers to relate dietary 
intake to functional morphology. The correlations drawn can then be applied to 
fossil species or animals whose dietary behavior is not known from observation. 
Additional techniques used to investigate diet in fossil species include dental 
microwear analysis and stable isotope measurement. These two techniques are 
beyond the scope of this lab, but are described briefly below. 
 
Dental Microwear Analysis 
 
Dental microwear analysis is a means of using microscopic surface features of teeth to 
determine the consistency of the foods an animal ate. Different foods have varying 



Name: 
Section: 

 2

degrees of hardness/softness, and leave different diagnostic marks on tooth enamel. 
We can see these differences in the SEM images below: 
 

    
                                                               (image P.Ungar)                                   (image P.Ungar) 
 

The image on the left is from a gorilla, which eats tough foods like leaves and terrestrial 
vegetation. The image on the right is from an extinct primate called Ouranopithecus 
that subsisted primarily on harder seeds and tubers. Softer objects tend to produce 
scratches, as in the left image, while hard objects produce pits, as in the right image. 
Frugivores like chimps tend to produce an intermediate pattern. The ratio of 
scratches:pits, then, can tell us what types of foods an animal consumed.   
 
Stable Isotope Analysis    
 
The chemical components of tooth enamel are also informative about diet. The enamel 
mineral contains a number of oxygen and carbon compounds that were incorporated 
during enamel formation, and the proportions of different isotopes present in these 
compounds can be related to animal diet. For example, the ratio of C13/C12, two 
isotopes of carbon, can be correlated to different types of vegetation consumed. High  
C13/C12 suggest the consumption of grasses and other plants using the C4 
photosynthetic pathway, while low  C13/C12 is indicative of fruits, leaves, and other C3-
photosynthesizing plants.   This distinction exists because of certain features of plant 
metabolism: the C3 photosynthetic pathway discriminates against the heavier isotope of 
carbon, while the C4 pathway does not. 
 
Lab Exercise 
 
In this lab, we will compare the masticatory (chewing) anatomy of a number of 
different mammalian species having different dietary behaviors in order to make 
inferences about the relationship between morphology and diet. Our model organisms 
will be: 
  

• Insectivore -  big brown bat (Epesticus fuscus) 
• Carnivore – tiger (Panthera tigris)  
• Herbivore – donkey (Equus asinus)  
• Omnivore -  rat (Rattus norvegicus) and pig (Sus scrofa) 
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We will take an especially close look at our own closest relatives, the primates, 
comparing the dentition of chimpanzees (Pan troglodytes), gorillas (Gorilla gorilla), 
humans (Homo sapiens), and an extinct hominid, Paranthropus boisei, for clues to our 
own dietary adaptations. 
 
1. The Anatomy of Eating: teeth 
 
Functional anatomy is the study of the relationship between form and behavior. 
Relating morphology to diet involves examining the structures (teeth, bone, and 
muscle) involved in chewing. Animal dentition contains a number of clues about diet, 
because teeth are closely adapted to the work they perform.  
  
Dental Morphology   
             
Animal dentition can differ in the number, shape, and function of the teeth present in 
the jaw. The main tooth forms are molars, premolars, canines, and incisors. The shapes 
and proportions of these teeth can differ widely among different species. Incisors cut 
and shear food at the front of the mouth. Canines are found at the corners of the 
mouth, behind the incisors, and are used in piercing food/prey. Premolars, located 
behind the canines, are intermediate in shape between canines and molars. Molar 
teeth have the greatest surface area for contacting food, and are used in crushing and 
grinding. 
 
   
                                                                   
 
crown 
                                                                                   
 
    cusp 
 
 
 
 
                    Human Molar 
 
 
Molar tooth form highly variable among species and can contain a great deal of 
information about diet. Molars with low crowns are described as brachydont. 
Herbivores generally have higher hypsodont crowns. Rounded cusps are 
bunodont, while teeth with cusps and ridges with sharp cutting edges are 
secodont. Molars with cusps resembling folds are lophodont if the folds run from 
tongue to cheek, and selenodont if the folds run from front to back. 
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Bunodont                                         Selenodont 

 

                          
Lophodont                                    Secodont 

 
Tooth morphology has obvious implications for diet, since it relates directly to food 
processing. Bunodont teeth are good for crushing and grinding objects like fruit and 
seeds, and are found in omnivorous animals. Teeth with high shearing crests are useful 
in processing leaves and other fibrous vegetation. Some carnivore molars are modified 
into blades to cut and tear flesh, and insectivore teeth often have sharp cutting edges 
to process chitin-rich insect material. 
 
 

 
 

1. Blade-like 
carnivore teeth 
shearing  

2. Bunodont            
omnivore molar  
rolling and crushing 

3. Hypsodont herbivore 
molars shredding and  
grinding tough, fibrous 

         tough or soft food    juicy or brittle food        plant material 
 
 
 
 
 

Hildebrand 1995 
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Exemplars of the Dietary Classes 
 
In comparative anatomy, it is useful to have  an outgroup – an animal more 
distantly related to the animals you are studying  than the animals are to each 
other – in order to  better understand the shared features in  the group under 
study. Here, our outgroup is a reptile, the alligator (Alligator mississippiensis).  
Alligator teeth are generally conical and there is little shape differentiation along 
the tooth row. This is because alligator teeth are not as important in processing 
food in the mouth, but rather are designed to catch and hold prey. 
 
 These mammal jaws are very different, but they have one feature in common: 
they are highly specialized for processing food. As you examine these crania and 
their associated dentition, look for differences in the relative sizes and shapes of 
teeth that signal different feeding adaptations. Note which animals have 
hypsodont v. brachydont teeth, and which have bunodont, lophodont, 
selenodont, or secodont teeth. 
 
1. Carnivore: Panthera tigris 
Carnivore teeth are modified for their roles in capturing, killing, and 
dismembering prey. They have relatively small incisors, and use their large 
canines to capture and kill prey. Their premolars are often hook-shaped, and 
may be used in holding prey. Most carnivores have a pair of blade-like cheek 
teeth (premolars and molars) used for shearing flesh, while the other molars are 
bunodont and function in crushing bone. The general rule of thumb is that the 
more an animal relies on meat, the more blade-like the cheek teeth. More 
omnivorous animals tend to have bunodont molars for crushing food. 
 
Cats are highly specialized carnivores, and tigers are among the largest cats. 
Note the space behind the lower canines – this accommodates the large upper 
canine when the jaw is closed. 
 
2. Herbivore: Equus asinus 
Donkeys have square-crowned hypsodont cheek teeth that are great for 
grinding. The canines are very small, and the incisors are conical. Their dentition 
is highly adapted for consuming grasses, especially the tougher grasses of 
marginal areas. They use their incisors to hold the grass and break it off with a 
sharp sideways motion of the head. 
 
3. Omnivore: Rattus sp. 
Rat dentition is well-adapted for gnawing. Their incisors grow continuously 
during their lifetimes and are constantly sharpened by gnawing activity. Note the 
gap between their incisors and cheek teeth – part of the upper lip folds into this 
gap while they gnaw away at cinder blocks or your ipod headphones, protecting 
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the rest of the mouth. The upper incisors hold the object being gnawed, while 
the lower jaw containing the chisel-shaped incisors moves back and forth. The 
cheek teeth have ridges that cut against each other during back front jaw 
movement. In addition to ho-hos and macaroni and cheese, rats can consume 
bulbs, seeds, carrion, smaller animals, and even bark.  
 
4. Omnivore: Sus scrofa 
Pigs use their snouts to root above and below the ground for tubers, insects, 
nuts, seeds, and carrion, and can also catch small animals. Both sexes have 
canine tusks, although males’ tusks are larger. The lower incisors are chisel-
shaped, while the upper incisors are small and curved. The lower premolars form 
a blade-like line. The molars are bunodont and contain a large number of cusps.  
 
5. Insectivore: Eptesicus fuscus 
Insectivores use their incisors as forceps to catch prey, and their jaw movement 
focuses primarily on rapidly opening and closing the mouth, with little side-to-
side movement. Insectivorous bats generally have short faces and smaller 
incisors, with tall pointed canines useful in puncturing insect exoskeletons. The 
incisors are reduced to accommodate the echolocation complex located in the 
nasal region, and their bunodont cheek teeth are useful for processing larvae 
and worms.  The big brown bat here is a nocturnal hunter of night-flying insects, 
which it captures on the wing. 
 
6. Mystery Guest 
Based on your observation of the correlations between certain dental features 
and diet, can you place these animals into the correct dietary class? Give two 
diagnostic features supporting your classification. 
 
Dietary class 
 
 
 
 
 
 
 
 
 

1. 
  
 

2. 
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7. Mystery Guest 
 
Dietary class 
 
 
 
 
 
 
 

1. 
 
 

2. 
 
 

 
8. Mystery Guest 
 
Dietary class 
 
 
 
 
 
 
 
 

1. 
 

2. 
 

 
 
Primates 
 
Now that we have looked at the broader differences between animals belonging 
to different dietary classes, we will focus in on our own closest relatives, the 
primates, in order to investigate dietary adaptations in our own lineage. These 
differences are much more subtle.  
 
9. Primate: Pan troglodytes 

10. Primate: Gorilla gorilla 

11 Fossil Primate: Paranthropus boisei 

12. Primate: Homo sapiens 

 
The anthropoid primates most closely related to humans tend to have bunodont 
molars, spatula-shaped incisors, and dagger or cone-shaped canines. Compare 
the incisor and cheek teeth of the human, chimpanzee, and gorilla. Which has 
the largest incisors in relation to the cheek teeth? Are the incisors of the chimp, 
ape, paranthropine, and human oriented vertically, or do they project outward 
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from the mouth? Large incisor size and outward projection are correlated with 
frugivory – what do your observations suggest about the diets of these 
species? 
 
 Incisor : cheek teeth 

ratio 
Incisor angle 

P. troglodytes  
large 

 

G. gorilla 
 

  

P. boisei 
 

  

H. sapiens 
 

 vertical 

 
Modern humans are omnivores, and we share this trait with our closest living 
relatives, the chimpanzees. But the fossil record gives us a chance to imagine 
what it would be like if our dietary preferences had evolved differently. Look at 
the fossil example, Paranthropus boisei.  This hominid, which arose ~2.2 mya in 
eastern Africa, is not believed to be one of our direct ancestors, but occupies an 
interesting side branch in the hominid lineage. 
 
P.boisei  has an  exceptionally robust masticatory apparatus, indicating that this 
hominid  was highly specialized for heavy chewing.  The ridge atop the skull, 
(called a sagittal crest) and the flaring cheekbones  both indicate that 2 of the 
main muscles involved in chewing, the temporalis and the masseter, were 
especially large. The sagittal crest provides an extra-large attachment area for 
the temporalis, which then passes through the space created by the flared 
cheekbones. The flared lateral orientation of the cheekbones allows for powerful 
action of the masseter during chewing.  The temporalis controls  the opening 
and closing of the mouth, while the masseter works with other muscles to 
provide side-to-side motion. The size (in cross-sectional area) of a muscle is 
directly proportional to the force it can generate, so we can deduce that P. boisei 
was capable of producing some very strong bite forces. The molars of this 
hominid are enormous.  
 
What sort of food processing to they  appear to be specialized for? ___________ 
 
Which of the modern primates does the cranial anatomy of P. boisei most 
resemble ? ___________  
 



Name: 
Section: 

 9

 
Referring to your observations of the differences in dentition and craniofacial 
anatomy, and given the microwear data below, what sorts of foods do you think 
these primate species are adapted to consume? 
 
 
 Microwear Robusticity Diet 

 
P. troglodytes intermediate intermediate  

 
 
 

G. gorilla scratches 
 

  
 
 
 

P. boisei pitted v. high  
 
 
 

H. sapiens intermediate 
 

 Hostess snack 
cakes, chicken lo 
mein, funyuns 
 

 


