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Unit 2 Materials List  

 

 

 Skulls 
­  Armadillo skull (#1) 

­  Beaver skull (#6) 

­  Bobcat skull (#9) 

­  Coyote skull (#3) 

­  Deer skull (#5) 

­  Human skull (#8) 

­  Mink skull (#4) 

­  Porcupine skull (#11) 

­  Prairie Dog skull (#2a), rabbit (#2b), rat (#2c) 

­  Skunk skull (#10) 

­  Turtle skull (#7) 

 Graduated cylinder (100 ml) 

 box with BBs and cup inside 

 plastic bin for BBs 

 tooth type set 

 funnel 

 ruler 

 protractor 

 Vernier caliper 
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Unit 2: Of Skulls and Teeth 
 

 

Introduction  

Skulls can tell you a great deal about their owners. Through them the 

vertebrate feeds, senses its environment, communicates with other organisms 

and even offers some defense against enemies. Thus, we can learn much about 

an animal from examining the structure of its skull and the teeth in it. In the 

following exercises, you will learn how to read these structures to gain an 

understanding of how an animal lives. The tooth type game (Exercise 1) is 

meant for all and should be completed before moving on to dental formulas 

(Exercise 2), and Skull/Tooth Shape: Morphometrics (Exercise 3). These later 

exercises provide experience with the basic tools that scientists use when 

studying skulls.  

 

Exercise 1. Tooth Types 

Picture by University of Michigan Museum of Zoology 
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Teeth stab, tear, slice, grind, crush, and chop food in hundreds of 

different ways, and more can be revealed about animalsô lifestyles by 

examining their teeth, than by any other single physical characteristic.  This is 

because tooth size, shape and arrangement in the mouth are important 

determinants of the type of food an animal can obtain and consume. Its diet and 

method of feeding are, in fact, closely related to its dentition (as in number, 

kinds, and arrangement of teeth). In fact, dentition can be used to tell what type 

of animal you are looking at. 

In the trunk, you will find a series of skulls that have different dentitions. 

Animals can generally be assigned to one of four major groups with respect to 

diet: 1) carnivore (meat eater), herbivore (plant eater), insectivore (insect eater) 

and omnivore (an animal that eats a variety of foods including meat and plants).  

 

THE GAME 

Your job is to determine the diet of each of the animals represented by 

the skulls in the trunk. Each skull with most of its teeth intact is numbered so 

that you can look up the correct answer (diet) on the ANSWER SHEET. Do try 

to make your determinations before looking up the answer, and try to guess the 

type of animal as well. 

 The information under lists A and B on the next two pages will help you 

in making your decisions. 
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A. Tooth Types 

1. Incisors are the flat, chisel-shaped teeth at the front of the mouth (behind the 

lips) that are used in biting, cutting, nibbling, and stripping. 

2.  Canines are behind the incisors, and are located on the cheek-side of the 

mouth. They are cone-shaped, and may even be dagger-like. They are used 

for seizing, piercing and tearing.  

3. Premolars are transitional teeth located between the canines and the molars 

at the rear. They have 1 or more cusps (points) and are generally used for 

grinding and crushing, but they may also be used in slicing food.   

4. Molars have many major cusps (e.g., 3-5), and are located in the back of the 

mouth on the cheek side. Molars function in grinding and crushing. 
 

Fig.1 Ventral view of skull showing location and structure of teeth.  

 

 
Picture by University of Michigan Museum of Zoology 
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B. Diet Types 

 

1. Carnivores share special adaptations for life as predators. Most notably, 

they have large slicing canines and long roots on their teeth. The fourth 

upper premolar and first lower molar in most carnivores are called carnassial 

teeth, and are used to cut and chew off chunks of meat. The cusps on a 

carnivoreôs molars are also high and pointed. Even these teeth in the back of 

the mouth are used in tearing flesh.  Carnivores also have front facing eyes, 

heavy skulls, and jaws that are strong but that can only open and shut, not 

move side to side.  

 

2.  Herbivores have tall molar teeth that are very broad. These molars have  

flat upper surfaces sometimes with ridges on them to help grind plant 

material. Many herbivores lack canines entirely, and the incisors may be 

clipper-like, for use in cutting off plant stems. Squirrels use incisors that 

look like canines to force nuts open. In many herbivores, the incisors grow 

continuously. Cutting hard plant material wears an herbivoreôs incisors 

down, so continuous tooth growth keeps them at an optimal length for this 

work.  Many herbivores have jaws that move from side to side, in addition to 

opening and closing, to further help them grind plant material between the 

surfaces of the molars. 

 

3.  Insectivores have a mouthful of sharp little teeth that are similar in size  

and shape. These are used in seizing and crushing hard-shelled insects and 

other small animals like worms.  

 

4.  Omnivores have sharp, long canines for puncturing and grabbing onto  

 animal prey. Wide molar teeth with low bumpy crowns are often present to 

handle both the chewing of meat and grinding of plant material.  Greater 

variability in the shape of different teeth is the key to this type of animal, 

which has a broad diet. 
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Exercise 2. Dental Formulas 

  All mammals have teeth with the exception of monotremes (e.g., duck-

billed platypus), anteaters, and certain whales. As you have already learned 

from the game Tooth Type, mammals have a variety of tooth types. These 

include incisors (I), canines (C), premolars (P), and molars (M).  Each type of 

tooth is adapted to perform the specific functions listed below. See Fig. 1 for 

tooth location. 

INCISORS (I)  Designed for biting, cutting and stripping 

CANINES (C) Designed for seizing, piercing and tearing 

PREMOLARS  (P) 
Designed for grinding, crushing, shearing and 

slicing 

MOLARS  (M)  Designed for grinding and crushing 

 

          Incisors (I)        Canine (C)        Premolars        Molars 

  

Fig. 1. Position of different types of teeth in a mouth. 

A mammal's dental formula designates the number of each type of tooth 

found in its dentition.   It provides one kind of quantitative (quan.ti.ta.tive, 

Pronunciation: 'kwän-t&-"tA-tiv) measure of the differences between 

individual animals, different age or sex classes of the same species, different 
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species, and animals having different feeding strategies or diets. In the Tooth 

Type exercise, you used your observational skills to assign a skull (representing 

an animal) to a feeding category. This is what is considered a qualitative 

(qual.i.ta.tive, Pronunciation: 'kwä-l& -"tA-tiv) measure or approximation. 

Quantification on the other hand involves actual measurement and provides for 

numerical and graphical comparison of two or more samples. We will use 

dental formulas in this exercise to quantitatively compare skulls that we have 

identified in Exercise 1 as having different diets.  

Your specific goal in this exercise is to quantitatively compare the dental 

formulas for a flesh-eating mammal (carnivore), an insect-eating mammal 

(insectivore), a vegetation-eating mammal (herbivore) and a mammal that feeds 

both on plants and animals. 

 

Before we do this, however, it is important to learn about frequency tables and 

graphs. A frequency table or chart presents the distribution of some item (e.g., 

cats-eye marbles) according to some type of category (e.g., marble owners).  

Thus the data presented in the table below were collected from four individuals, 

each of whom had a bag of marbles. If we count the cats-eye marbles each 

person has, we can visualize the distribution of this type of marble among the 

four individuals by placing the marble counts/frequencies in tabular form.   As 

you can see below, Bob has very few cats-eye marbles in his bag and Meg has 

the most. 

 

Individuals Number of cats- 

eye marbles 

Bob 2 

Susan 16 

Meg 32 

John 20 

   

It is easier to visualize relationships between frequencies or counts if 

these are relativized to some standard such as 1. A proportion  is a number 

between zero and one that compares the size/weight/number etc. of things 

relative to the cumulative whole.  In our marble example, the whole is the sums 

of all the cats-eye marbles the four individuals have (70).   To be precise, the 

proportion of the whole that is the part is equal to the fraction 

 

 



 9 

Thus Bob has two of the 70 cats eye marbles or 2/70 = 0.03.  Note that 

proportions are usually given in decimal form. 

The new chart below displays the frequency data and this same 

information expressed as proportion of total cats-eye marbles that belong to the 

individuals sampled.  From this new column, we can easily see that Meg has 

almost half of the total cats-eye marbles (½ = 0.50). 

  

Individuals Number of cats- 

eye marbles 

Proportion of  

Cats-eye marbles 

Bob 2 0.03 

Susan 16 0.23 

Meg 32 0.46 

John 20 0.28 

  

It is easier to compare counts that are presented as proportions. It is even easier 

to compare values such as counts if these are presented graphically, in visual 

form. See bar graph representation of the proportion data below. 

 

 

 
 

A bar graph consists of the following parts. 

1. A title  tells the viewer what the bar graph is comparing. At the top of 

every bar graph there should be a title.   
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2. The y-axis is the vertical axis.  It measures the value of the quantitative 

variable.  The y-axis should be labeled with the name of the quantitative 

variable.  

 

3. The x-axis is the horizontal axis.  It charts the value of the qualitative 

variable.  The x-axis should be labeled with the name of the qualitative 

variable.   

 

 

4. Each value that the qualitative variable may take has its own bar.  Along 

the x-axis, each bar should be labeled with the value of the qualitative 

variable to which it belongs.  

 

5. The height of each bar tells us the value that the quantitative variable 

takes when the qualitative variable takes the value associated with the 

bar.  To find this value, draw a horizontal line from the top of the bar to 

the y-axis.  The number on the y-axis that this line hits is the value of the 

quantitative variable.  Note that if this line falls between two tick marks 

on the y-axis then you will need to estimate the value of the quantitative 

variable. 

 

6. The example marble graph is a special type of bar graph called a relative 

frequency bar graph.  A relative frequency bar graph displays proportions 

rather than absolute numbers.     

 

 Answer the Following Questions about the above graph 

 

Q1. What is the title of the marble example bar graph? 

 

Q2. How is the y-axis labeled in the marble figure? 

 

Q3. How is the x-axis labeled in figure 3a? 

 

Q4.  List all the values that the qualitative variable (category) takes in the 

marble figure. 

 

Q5.  Use the table to determine which two individuals have the closest to equal 

proportions of cats-eye marbles. 

  



 11 

 

Now you are ready to turn your attention to quantifying the differences among 

skulls of each of the three feeding strategies: herbivore, carnivore and 

omnivore. 

 Select a skull of each type 

How to find the dental formula for a skull 

To find the dental formula for a skull, you must first count how many teeth of 

each type are in the skull.  Because both sides of the skull should contain the 

same number of each tooth type, you will only need to count the teeth in one 

side of the skull.   

Note that some teeth may be missing in your skulls.  You can determine what 

type of tooth once filled the hole by looking at the tooth in the same position on 

the other side of the jaw. Right and left sides should be symmetrical or mirror 

images of each other. This is because all higher animals (except the 

echinoderms) are bilaterally symmetrical. That is, the body can be divided into 

two identical halves along a central longitudinal axis (Fig. 2). 

 

 

 

 

 

 

 

  

 

 

How to find a skullôs dental formula 

 

 Make a table similar to the one below and fill it in with the data you collect 

on each skull examined 

Step 1: Count the number of incisor teeth on one side of the skullôs upper 

jaw, and record the result in your table. 

Step 2: Count the number of incisor teeth on one side of the skullôs lower 

jaw, and record the result in your table. 

Fig. 2. Bilateral symmetry is characteristic of 

the higher animals. The midline drawn on this 

face from top to bottom produces two identical 

halves (two lateral sections).  
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Step 3: Repeat steps 1 and 2 for canine, premolar, and molar teeth.  

Step 4: Complete the calculations indicated at the end of each column in the 

table to determine the total number of teeth each skull has. 

Diet Herbivore Omnivore Carnivore 

Species       

Incisors 

(upper jaw) 

      

Incisors 

(lower jaw) 

      

Canines 

(upper jaw) 

      

Canines 

(lower jaw) 

      

Premolars 

(upper jaw) 

      

Premolars 

(lower jaw) 

      

Molars 

(upper jaw) 

      

Molars 

(lower jaw) 

      

Sum       

2×Sum = 

Total 

      

 

The sum you arrive at for each skull in the bottom row is equal to the total 

number of teeth it has.  

 Record your formulas by mammal type on a piece of paper and then 

check your formulas against those provided in the accompanying answer 

key under Exercise 2. Dental Formulas. 

 Compare the differences in the total number of teeth in each skull. Which 

one has the highest number? Which one the lowest number? Is the 

difference in total tooth number related to the difference in diets?   

 For each of your animal types determine which type of tooth was the 

most common.  How could you use these materials to better delimit 

(determine) whether the differences in most common tooth type reflect 
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dietary adaptations or some other causation (e.g. differences in animal 

size)?  

  If you guessed counting the teeth of additional representatives of each 

diet type, you are a scholar. Do count the teeth of additional skulls.  

 Investigate the relationship between an animalôs diet and the types of 
teeth the animal has by making a bar graph or series of bar graphs similar 

to the marble distribution example. Be sure to make a frequency table 

first for each question you wish to explore. 

 

Q7.  Why is it more meaningful to compare the proportion of teeth of a 

species that are molars than it is to compare the absolute number of 

molars within a skull if our goal is to understand the relationship between 

an animalôs diet and its teeth? 

 
 

You might wish to present more than one quantitative variable or trait on a 

graph.  It would resemble the graph shown below, which displays the values of 

two quantitative variables measured in the same scale.  Note that if you add a 

second qualitative variable to your graph you will also need to include a legend. 
 

Example of a bar graph that incorporates more than one quantitative variable. 
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Exercise 3. Morphometrics: Shape has Meaning 

 

Morphometrics is the quantitative analysis of the shape of organisms. It 

thus is an integral component of many evolutionary, ecological, and 

developmental studies in biology.  Morphometrics is important to taxonomists 

and systematists, who use the physical characteristics of individuals to describe 

species and their relationships to other species. These techniques are also 

applied to the patterns of shape variation within and among samples (life stages, 

populations, species, ecological equivalents, etc.).  This permits the 

development and testing of hypotheses as to the origin of noted patterns of 

variation.  For example, quantifying skull morphological variation might help 

us to understand the function of various traits with respect to the ecological role 

of the species being examined.  

 Here we are interested in the feeding role of the animals represented by 

the skulls available to us. Remember that the skull is part of the skeleton of a 

mammal and is designed to protect the brain.  

 Examine the figure below of a skeleton, identifying the parts and their 

functions. 

 Share your ideas with others and see if there is general agreement 

about the functions you have assigned to different parts of the 

mammalian skeleton. 

 

 
Your task in this exercise is to determine whether tooth shape or the skull 

characteristics you choose to examine reflect an animalôs feeding role, merely 

reflect its size, or have no significance at all. Specifically, we will compare 
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carnivores to herbivores, the two skull types for which we have multiple 

representatives. 

 Sort your mammalian skulls and pull out the carnivores and herbivores.  

 What we need to do is complete the same measurements on all skulls of 

each category so that we have sufficient data to detect a pattern as to 

whether particular traits differ between the two feeding strategies: 

carnivory and herbivory.  

 You will use the Vernier caliper in taking most of your measurements. (A 

ruler may be needed to measure skull length in the case of some of the 

larger skulls). Learn how to use a Vernier caliper (Fig. 1) before starting 

on this exercise.  

 

Fig. 1. Making measurements with the metric Vernier caliper. 

 

The Vernier caliper is a measuring device that can be used to measure an 

objectôs outer diameter, inner diameter, and length, as well as the depth of a 

hole.   It gives an additional decimal of precision over the standard ruler.  The 

Vernier caliper consists of the following parts: 

 

 The large lower jaws are used to measure the outer diameter or the length 

of an object. 

 The small upper jaws are used to measure the inner diameter of an object. 

 The sliding metal bar is used to measure the depth of a hole.    

 The stationary scale. 

 The Vernier or moveable scale. 
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How to measure the length of an object with the Vernier caliper: 

1. Fit the object to be measured securely between the lower jaws of the caliper.   

2. The zero mark of the Vernier scale marks the length of the object on the 

stationary scale to the nearest tenth of a centimeter (mm).  This value is 

between 4.0 cm and 4.1 cm in the picture, so the first decimal place is a 0. 

               
 

 

3. Now find the first line of the Vernier scale that exactly corresponds to a line 

of the stationary scale.  The number of this line gives the second decimal of 

the objectôs length.  In the picture the first line that exactly matches is line 5 

so the length of the object is 4.05 cm. 

 Scientists use the metric system in making measurements, so record all of 

your measures in centimeters (10 mm = 1 cm) with one significant digit 

(e.g., the length of the rock in the picture is 4.1 cm with one significant 

digit). 

Large lower 

jaws 

Small upper 

jaws 

Vernier 

scale 

Stationary scale  

scalescalescalesc

ale 

Sliding 

metal bar 
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 In order to account somewhat for inter-observer differences, scientists have 

more than one person measure each character for each specimen. You 

should have at least three individuals make each measurement you decide 

to complete.  

 Compute the mean value of the measurements of each character and use 

that value in subsequent analyses. The mean value refers to central 

tendency. The formula for calculating the mean for total skull length is: 

 

TL mean =  X/n, 

 

where  = sum, X = each of the three values X1, X2, X3 and n = the total 

number of measurements of this trait (3 in this case). If the three 

measurements of skull length were 19.5, 19.8 and 20.1, TL mean = (19.5 + 19.8 

+20.1)/3 or TL mean = 19.8 for the particular skull. 
 

A series of measurements that you might make on the skulls (List A) 

and teeth (List B) can be found on the next two pages. You may add other 

measures to the list. Consult the drawings presented in Fig. 2 to locate 

particular measurements. 
 

 Choose some subset of the measurements to complete. You must, however, 

include total skull length (Figs. 2C and D) in the measurements you 

make on the skulls. This is because we will use total skull length as a 

measure of overall size. General body size tends to confound patterns we 

wish to examine in other traits: larger animals would tend to have larger 

values for all traits you might wish to measure. Thus, although a larger bird 

may have a longer beak than a smaller bird, the smaller bird may actually 

have a relatively greater beak length if its beak makes up a greater 

proportion of overall skull length.  We will factor out the effects of overall 

size by expressing the value of each trait as proportional to overall body size 

(measured as total skull length in this case). Thus, we will compute the ratio: 

trait value/total skull length. This technique is called ratio standardization.  

 As you take these measurements, construct a table on a sheet of paper. 

Across the top (columns of the table), list the traits (e.g., total length, snout 

length snout width, total tooth row length). Down the side (rows of the 

table), list the skulls grouped by type as in carnivore species (e.g., bobcat, 

skunk, coyote) followed by herbivore species (e.g., deer, rabbit, beaver). 

Insert your measurements in the respective cells as you complete them. An 

example of such a table (Table 1) follows Lists A and B. Note that you will 

need to add additional rows for characters that require calculation using the 
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measurements you have taken (e.g., for the area of the foramen magnum for 

which diameter would be measured and recorded. Area determination 

requires applying the formula for a circle, r
2
, where = pi (pronounced 

pie) å 3.14 and the radius r = diameter/2. 
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List A. Skull Measurements 
 

*Must Do : Total (greatest) skull length (Fig. 2C & D).  

Select additional measures from following and/or add your own. 

1. Palate length (LS): G ï point equidistant from (midway between) A and E 

in Fig. 2A 

2. Maximum palate width: distance C ï D (Fig. 2A) 

3. Minimum palate width: distance A ï  E (Fig. 2A) 

 The above measurements on the palate might be combined in calculating 

palate area as a trapezoid, triangle etc.  

4. Foramen magnum diameter distance B ï F (Fig. 2A) 

 This measure could be used in calculating the area (size) of the spinal cord. 

5. Snout (nasal) width (Fig. 2C)  

6. Snout (nasalia) length (Fig. 2D) 

 Multiply nasal width by length to get another estimate of snout or rostrum 

size. 

7. Interorbital breadth (Fig. 2C) can be used as an estimate of the degree to 

which the eyes face forward versus to the side. 

8. Biorbital breadth (Fig. 2C) 

 Subtract interobital breadth from biorbital breadth and divide by 2 to obtain 

an estimate of eye size. 

9. Measure the volume (height x length x width) of the tympanic bulbs (H) 

(Fig. 2A). 

10. Measure the height of the sagittal crest (ridge for muscle attachment) at the 

midline of the top of the skull (Fig. 2C). 

 May be absent in some and recorded as 0 mm 

11. Measure the length, width and height of the cranium (Fig. 2C and D).  

 L X W X H will provide a rough estimate of brain size (volume). 

12.  For a more accurate measure of brain size fill the chamber with BBs using 

a funnel extended into the foramen magnum (opening) at the base of the 

skull (between B and F on Fig. 2A).  (You will need to plug nerve holes 

with cotton before pouring the BBs in, and be sure to place the skull in 

the plastic tub while making this measurement to avoid BB spills.) 

 Pour these BBs that filled the cranium into the graduated cylinder and 

record the volume in milliliters (ml) that these take up. Note that you may 

have to fill the cylinder more than one time to obtain the volume estimate 

for the larger brains.  

 Be sure to return all of the BBs to the storage container when you are 

finished making this estimate. 
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List B. Suggested Tooth Measurements. Consult Figs. 2C & 3. 

 

1.  Total tooth row length for mandible (lower jaw): (Fig. 2B) 

4. Molar tooth row length for mandible (lower jaw): (Fig. 2B) 

5. Total tooth row length for maxilla (upper jaw): distance E - I (Fig. 2C & 3) 

6. Molar tooth row length for maxilla (upper jaw): distance I ï J (Fig. 2C & 3) 

7. Record the geometric shape of the surface of a representative tooth of each 

of the four types of teeth (e.g. triangle, rectangle, square) present in the 

upper versus lower jaws of each skull. Measure the appropriate dimensions 

while looking down on this surface. 

8. Using the protractor provided, measure the angle from the cusp (tip) (highest 

cusp in case of molars) to base of the tooth for the teeth measured under # 6. 

9. Measure the parameters needed to complete the volume estimates shown 

below for the representative tooth of each of the four tooth types that might 

be present (incisor, canine, premolar, molar) from 6.  

       Vrectangular prism = a×b×c           
 
  ómolarô                   óincisorô 
 
 
 

    Vcone = 1/3 ŕ2h, 

                      where ́  (pi) = 3.14 

ócanineô 
 

10.  Number of cusps (points or ridges) on top surface of representative tooth of 

each of the tooth types on maxilla (upper jaw) 

11.  Number of cusps (points or ridges) on top surface of representative tooth of 

each of the tooth types on mandible (lower jaw) 
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Table 1. Example of table of measurements 
 

              Carnivores                         Herbivores  
 

Measurement 
bobcat coyote mink  beaver deer porcupine 

Total skull 

length 

      

Foramen 

magnum 

diameter 

      

Foramen 

magnum 

area 

      

Nasalia length       

Nasal width       

Snout size       

Mandibular 

Tooth row 

length 

      

Mandibular 

Molar tooth row 

length 

      

Representation 

of molars in 

mandible 

(MTL/tot TL) 

      

etc       

etc       
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Fig. 2. Views of skulls showing location of measurements suggested in List 

A (Suggested skull measurements) and some from List B (Suggested tooth 

measurements).

B

A

D
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Above fig presented in: http://www. Jax.org/cranio/standard_protocol.html 

 

 

Fig. 3. Ventral view of skull showing positions and shapes of respective 

tooth types. 

 


