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Most mammals have four types of teeth. They have incisors, canines, 

premolars, and molars. Incisors are the sharp, flat cutting teeth in the front of the 
mouth. Canines are the pointy teeth beside the incisors. They are the long teeth in 
dogs and cats. Premolars are the next teeth in the row and are often used for 
chewing, grinding, or cutting. In the back of the mouth are molars, which are used 
for chewing or grinding as well. 

Teeth are examples of physical structures that have changed in different lines of 
animals depending on how each animal lives. Over long periods of time some 
animals have developed certain teeth more than others. Cats and dogs have longer 
canines than people. Cows don’t have canines at all! These are examples of 
adaptations. 

Look at the four teeth provided by your teacher. Your first task is to figure out 
where in the jaw each tooth came from. Use the drawing of a Bison lower jaw on 
the next page to help you. You may have the same answer more than once. When 
doing the exercise, Cast 1 is the tallest tooth, Cast 2 is the second tallest, Cast 3 is 
the third tallest, and Cast 4 is the shortest. 

 
 

Write the tooth position and number. For example, if it is the second incisor write 
i2 (the i for incisor and 2 for the second one).  
 
Cast 1: Is it an incisor, a canine, a premolar, or a molar? Which one is it? _______ 
 
Cast 2: Is it an incisor, a canine, a premolar, or a molar? Which one is it? _______ 
 
Cast 3: Is it an incisor, a canine, a premolar, or a molar? Which one is it? _______ 
 
Cast 4: Is it an incisor, a canine, a premolar, or a molar? Which one is it? _______ 
 
Describe the features your group used to determine which tooth each cast was. Feel 
free to use sketches as well as words to help you describe the process you used. 
 



 
Figure 1. Bison lower jaw with labeled teeth. 

 
 



How Old Was the Bison? 
 

As animals eat throughout their lifetime their teeth wear down. This is 
particularly true for plant-eating animals (or herbivores). Eating grass and leaves 
is very tough on teeth and it wears the teeth down, like using and sharpening your 
pencil over the course of the school year. 

Your second task is to figure out how old each animal was when it died. First, 
measure the height of each tooth. Height goes from the base (the flat part where the 
roots would have been) to highest part of the crown (the chewing surface, or 
occlusal surface, with the bumps and grooves on top), as shown in the drawing 
below: 

 
Figure 2. Bison tooth, medial view. 

 
 

Table 1. Height of Bison tooth casts. 
 

 Height of tooth in mm 
Cast 1  
Cast 2  
Cast 3  
Cast 4  

 
Based on your measurements, make a hypothesis about the relative ages of each 
animal; that is, put the casts in order from which you think is the youngest to the 
oldest. 
 
 
 
 
 



Now use the Age vs. Crown Height in Bison m3 Graph to get an approximation of 
the age of each bison based on the tooth height. 
 

Graph 1. Age vs. Crown Height in Bison m3. 
 

 
Table 2. Height of Bison tooth casts with age estimates. 

 
 Height of tooth Age in years 

Cast 1   
Cast 2   
Cast 3   
Cast 4   

 
Another way to determine the age of an animal is to look at the wear on its teeth. 
Veterinarians do this to determine the age of your cat or dog. You can use tooth 
wear to estimate the age of each of the bison teeth in the photographs and line 
drawings, even though you cannot measure the height of the crown. 
 
An important part of the tooth for estimating age is the stylid, an extra ridge of 
enamel on bison teeth. This part of the tooth does not reach up to the top of the 
crown in unworn teeth. As the tooth wears the style eventually is exposed. At first 
it adds a small, circular enamel ring to the tooth. Continued wear makes its 
exposure look more like an oval or a teardrop. Finally, the ridge of enamel joins 



with the rest of the tooth and forms a loop. In really old individuals the loop may 
disappear again as the style is worn away completely, and only a thin enamel ridge 
is left around the outer edge of the tooth. 
 
Figure 3 below shows how the occlusal surfaces of the teeth look after different 
amounts of wear. 



Figure 3. Occlusal surfaces of Bison lower third molars at different ages. 
 

 



 
Below is a modified version of the Age vs. Crown Height in Bison m3 Graph, 
which shows how the occlusal surface of a bison third molar looks at each age.  
 

Graph 2. Age vs. Crown Height in Bison m3 with wear patterns. 
 

 
Using this graph, predict how the stylid should appear on each of your four teeth 
(no stylid, ring, oval, or loop) based on the height of each tooth. Then, look at each 
tooth and see what the stylid actually looks like. Did the graph correctly predict the 
stylid shape? 
 

Table 3. Observed tooth height vs. stylid shape. 
 

 Height of tooth Predicted stylid shape Actual stylid shape 
Cast 1    
Cast 2    
Cast 3    
Cast 4    

 
 
Now imagine that you could not measure how tall each tooth was, perhaps because 
the tooth was broken. Could you estimate the age of the bison based entirely on the 
wear pattern and stylid shape? Using the graph, estimate the age of each tooth 



based on its wear pattern. You should have a range of possible ages for each tooth 
(for example, 3 to 4 years old). Show your predicted ages in the chart below, along 
with the ages you calculated earlier when you measured the height of the teeth. 
 

Table 4. Age based on tooth height vs. age based on stylid shape. 
 

 Age based on tooth height Age based on tooth wear 
Cast 1   
Cast 2   
Cast 3   
Cast 4   

 
How did your estimated age based on tooth wear compare to your estimated age 
based on tooth height? 
 
 
 

Big Trends 
 
The final task you have is to look for a general trend in the age of bison that 
preserve as fossils. You will be looking at images from 19 specimens of Bison 
lower third molars (m3). These 19 teeth all were found at a locality in California 
called Diamond Valley Lake, and the original fossils are stored at the Western 
Science Center. Your kit includes 19 cards, one for each tooth. One side of each 
card has a photograph of the occlusal surface of a tooth, while the other side has a 
line drawing of the enamel exposed of the occlusal surface. The cards also have the 
museum catalog number for each tooth. 
 
For this activity we consider a bison with no style or a ring (wear stages 1, 2, and 
3) as young, an oval (wear stage 4) as middle aged, and a loop or worn away (wear 
stages 5 and 6) as old. Look again at Figure 3 to help you identify each type of 
wear. Then fill in the chart below with the appearance of the stylid in each tooth 
(none, ring, oval, loop, worn away), and the age category for each tooth (young, 
middle aged, or old). 
 



 
Table 3. Stylid appearance in Bison m3 from Diamond Valley Lake. 

 
Reference number of 

specimen 
Basic shape 

of stylid 
Wear stage 

category 
Age Category of the Individual 

(young, middle age, old) 
WSC-P 495    
WSC-P 567    
WSC-P 1600    
WSC-P 3907    
WSC-P 6581    
WSC-P 10054    
WSC-P 10560    
WSC-P 10889    
WSC-P 11482    
WSC-P 11914    
WSC-P 13359    
WSC-P 13627    
WSC-P 13646    
WSC-P 18172    
WSC-P 18184    
WSC-P 18187    
WSC-P 11909    
WSC-P 18790    
WSC-P 19037    

 
Make a bar graph showing how many specimens are present in each age range 
category. Then answer the questions below. 
 
 
 
 
 
 
 
 
 
 
 
 
 



1. Based on your bar graph, which age categories are particularly common or are 
noticeably under represented in the fossil record? 
 
 
 
2. Brainstorm with your group to come up with some hypotheses that can explain 
any trend or trends that you found. 
 
 



It’s good to observe that young bison seem to be common in our sample, but is that 
observation actually surprising? To answer this question we need to determine how 
many teeth we would have expected to get in each category (young, middle aged, 
old) if a bison is equally likely to die at any point in its life cycle. The most 
obvious way to do this is to divide the number of teeth (19) by the number of age 
categories (3), which gives us an expected value of 6.3 teeth per category. 
However, if you look at Graph 2, it is clear that a bison doesn’t spend the same 
length of time in each age category. Using Graph 2 as a guide, estimate how many 
years a bison spends in each age category, to the nearest 0.5 years (remember these 
are based on m3 wear, NOT the total lifespan of the bison). Record your estimates 
in Table 4, then answer the questions below the table. 
 

Table 4. Estimated duration of Bison m3 age categories. 
 

Age category Estimated duration of category 
Young  

Middle aged  
Old  

 
 
 
If you assume that a bison is equally likely to die at every point in its life cycle, 
which age category should be most common in your sample? 
 
 
 
The sample we are studying has a total of 19 teeth. Based on your numbers in 
Table 4, about how many teeth in each age category would you expect in a sample 
of 19 teeth? You can calculate this by calculating the percentage of the m3 life 
span represented by each age caegory, using the following formula: 
 

(d ÷ L) X S = E 
 
where d = the estimated age category duration in years, L = the total lifespan of m3 
in years, S = the sample size, and E = the expected number of occurrences of that 
age category in the sample. In our case, the sample size (S) is 19, and the total 
lifespan of m3 is 12.5 years (while the lifespan of a bison is 15 years, in Graph 2 
we can see that m3 only forms when the bison is about 2.5 years old; therefore the 
lifespan of this tooth is 12.5 years). 
 



Using this formula, calculate how many teeth from each age category you would 
expect in a sample of 19 teeth, and record your estimates in Table 5 (record the 
values to 2 decimal places). Then using your data from Table 3, record the 
observed numbers of each age category in the Diamond Valley Lake sample. 
 

Table 5. 
Expected and observed numbers of Bison m3 age categories in DVL sample. 

 
Age 

category 
Estimated duration of 

age category 
Expected number in 

DVL sample 
Observed number in 

DVL sample 
Young    
Middle 

aged 
   

Old    
 
Using your data from Table 5, make a new bar graph showing both the expected 
and actual numbers of specimens in each wear stage category in your sample, then 
answer the questions below. 
 
 

 
 
 
 
 

 
 
Do the observed numbers for any of the age categories differ greatly from the 
expected values, and if so, which categories? 
 
 
 
In any sample such as this one, it’s possible that the differences we see between the 
observed and expected values are due to unexpected variables that are affecting the 
population. However, it’s also possible that the differences we see are due to 
chance, like flipping a coin and getting 10 heads in a row (the “null hypothesis”). 
There are various statistical tests that can be used to determine if it’s more likely 
that the differences are due to chance or to additional variables. Another way of 
stating this is, if we could see the entire population (in this case, all the bison that 



died in Diamond Valley), what are the odds that it would look like our sample (the 
19 fossils we actually collected)? 
 
One simple statistical test for this type of problem is a chi-square test for goodness 
of fit, which uses the following formula: 
 
 
 
 
 
So to perform the test, in each category find square of the observed minus the 
expected value and divide by the expected value. Add those values for all the 
categories to find the chi-square (χ2) value. Record your calculations in Table 6. 
 

Table 6. 
Chi-square values for DVL Bison m3 sample. 

 
Age 

category 
Expected 
number in 

DVL sample 

Observed 
number in 

DVL sample 

(observed-
expected)2 

(observed-expected)2 

÷ expected 

Young     
Middle 

aged 
    

Old     
χ2     

 
Evaluation of a chi-square value also depends on the number of categories, using a 
value called the Degrees of Freedom. The degrees of freedom is equal to the 
number of categories – 1, so in our sample the degrees of freedom = 2. 
 
Once we have the chi-square value and the degrees of freedom, we can use a chi-
square distribution table or online calculator to determine the probability that our 
observed values were the result of random chance, the “p-value”. As an example, a 
p-value of 0.10 would mean that there is a 10% chance that the difference between 
the observed and expected results was the result of random chance. 
 
For most scientific studies, the standard for rejecting the null hypothesis and 
accepting that the observed differences in the observed and expected values reflect 
the complete population is having a p-value that is less than 0.05. If the p-value is 
less than 0.05, the results are said to be “statistically significant”. 

(observed - expected)2  
	  χ2 = Σ expected  

	  



 
Using a published chi-square distribution table or online calculator and your data 
from Table 6 calculate the p-value for the DVL sample. 
 
 
Can you reject the null hypothesis that the differences are due to random chance? 
 
 
While we have grouped our data into three age categories, we actually have six 
different wear stages. What happens if we use similar statistical tests on this larger 
number of categories? 
 
Go through the same steps to conduct a chi-square test using wear stages instead of 
age categories, starting with estimating the duration of each wear stage. 
 

Table 7. Estimated duration of Bison m3 wear stages. 
 

Wear stage Estimated duration of stage 
1  
2  
3  
4  
5  
6  

 
If you assume that a bison is equally likely to die at every point in its life cycle, 
which tooth wear stage should be most common in your sample? 
 
 
 
Next, calculate the expected number of teeth in each wear stage and compare those 
values to the number of teeth actually observed in each wear stage. 
 
 
 
 
 
 
 
 



Table 8. 
Expected and observed numbers of Bison m3 wear stage in DVL sample. 

 
Wear 
stage 

Estimated duration of 
stage 

Expected number in 
DVL sample 

Observed number in 
DVL sample 

1    
2    
3    
4    
5    
6    

 
Using your data from Table 8, make a new bar graph showing both the expected 
and actual numbers of specimens in each wear stage category in your sample, then 
answer the questions below. 

 
 
 

 
 
 
 
 

 
 

Do the observed numbers for any of the wear stages differ greatly from the 
expected values for any wear stage categories, and if so, which categories? 
 
 
 
 
 
 
 
 
 
 
 
 
 



Now calculate the chi-square value for the sample. 
 

Table 9. 
Chi-square values for DVL Bison m3 sample. 

 
Wear 
stage 

Expected 
number in 

DVL sample 

Observed 
number in 

DVL sample 

(observed-expected)2 (observed-expected)2 

÷ expected 

1     
2     
3     
4     
5     
6     
χ2     

 
We now have six categories, which means we have five degrees of freedom. Using 
a published chi-square distribution table or online calculator and your data from 
Table 6 calculate the p-value for the DVL sample. 
 
 
 
Can you reject the null hypothesis that the differences are due to random chance? 
 
 
 
While we have used a chi-square test to evaluate the significance of our sample, 
statistical tests such as this one are typically only reliable for large sample sizes. In 
fact, in most cases we would want to have expected values of at least 5 in every 
category to have confidence in our chi-square results. While our first chi-square 
test using three age categories had expected values greater than 5 in each category, 
in our second test most of the expected values were less than five. To illustrate 
why sample size is so important in statistical tests, let’s imaging that we found two 
additional teeth, one in wear stage 4 and one in wear stage 5. 
 
Recalculate the values for the tables below, using our new hypothetical data set 
with 21 specimens. 
 
 
 



 
Table 10. 

Expected and observed numbers of Bison m3 wear stage in hypothetical DVL sample. 
 
Wear 
stage 

Estimated 
duration of stage 

Expected number in 
hypothetical DVL sample 

Observed number in 
hypothetical DVL sample 

1    
2    
3    
4    
5    
6    

 
Table 11. 

Chi-square values for hypothetical DVL Bison m3 sample. 
 
Wear 
stage 

Expected 
number in 

hypothetical 
DVL sample 

Observed 
number in 

hypothetical 
DVL sample 

(observed-expected)2 (observed-expected)2 

÷ expected 

1     
2     
3     
4     
5     
6     
χ2     

 
p = ________ 
 
Can we reject the null hypothesis with our hypothetical larger sample? 
 
 
What does this tell you about the importance of sample size in data collection? 
 
 
 
Given the estimated duration of each tooth wear category, how large would your 
total m3 sample need to be to have an expected number of 5 teeth in each 
category? 



 
Bison from Diamond Valley Lake: 

Using teeth to study ancient bison populations  
 

Alton C. Dooley Jr. and Brett S. Dooley 
 (answers included) 

 
Most mammals have four types of teeth. They have incisors, canines, 

premolars, and molars. Incisors are the sharp, flat cutting teeth in the front of the 
mouth. Canines are the pointy teeth beside the incisors. They are the long teeth in 
dogs and cats. Premolars are the next teeth in the row and are often used for 
chewing, grinding, or cutting. In the back of the mouth are molars, which are used 
for chewing or grinding as well. 

Teeth are examples of physical structures that have changed in different lines of 
animals depending on how each animal lives. Over long periods of time some 
animals have developed certain teeth more than others. Cats and dogs have longer 
canines than people. Cows don’t have canines at all! These are examples of 
adaptations. 

Look at the four teeth provided by your teacher. Your first task is to figure out 
where in the jaw each tooth came from. Use the drawing of a Bison lower jaw on 
the next page to help you. You may have the same answer more than once. When 
doing the exercise, Cast 1 is the tallest tooth, Cast 2 is the second tallest, Cast 3 is 
the third tallest, and Cast 4 is the shortest. 

 
Write the tooth position and number. For example, ff it is the second incisor write 
i2 (the i for incisor and 2 for the second one).  
 
Cast 1: Is it an incisor, a canine, a premolar, or a molar? Which one is it?  m3 
 
Cast 2: Is it an incisor, a canine, a premolar, or a molar? Which one is it? m3 
 
Cast 3: Is it an incisor, a canine, a premolar, or a molar? Which one is it? m3 
 
Cast 4: Is it an incisor, a canine, a premolar, or a molar? Which one is it? m3 
 
Describe the features your group used to determine which tooth each cast was. Feel 
free to use sketches as well as words to help you describe the process you used. 
 
The lower third molar (m3) is longer than the other teeth and is the only one 
that has two grooves running vertically along the side of the tooth.  



 
 

Figure 1. Bison lower jaw with labeled teeth. 

 
 
 
 
 
 



 
How Old Was the Bison? 

 
As animals eat throughout their lifetime their teeth wear down. This is 

particularly true for plant-eating animals (or herbivores). Eating grass and leaves 
is very tough on teeth and it wears the teeth down, like using and sharpening your 
pencil over the course of the school year. 

Your second task is to figure out how old each animal was when it died. First, 
measure the height of each tooth. Height goes from the base (the flat part where the 
roots would have been) to highest part of the crown (the chewing surface, or 
occlusal surface, with the bumps and grooves on top). 

 
Figure 2. Bison tooth, medial view. 

 
Table 1. Height of Bison tooth casts. 

 
 Height of tooth in mm 

Cast 1 72 mm 
Cast 2 60 mm 
Cast 3 48 mm 
Cast 4 26 mm 

 
Note: Answers may vary by 1-2 mm. 
 
Based on your measurements, make a hypothesis about the relative ages of each 
animal; that is, put the casts in order from which you think is the youngest to the 
oldest. 
 
From youngest to oldest: 
 
1, 2, 3, 4 



 
Now use the Age vs. Crown Height in Bison m3 Graph to get an approximation of 
the age of each bison based on the tooth height. 
 

Graph 1. Age vs. Crown Height in Bison m3. 
 

 
 

Table 2. Height of Bison tooth casts with age estimates. 
 

 Height of tooth Age in years 
Cast 1 72 mm 2.5 years 
Cast 2 60 mm 4.5 years 
Cast 3 48 mm 6.5 years 
Cast 4 26 mm 10.5 years 

Note: Answers may vary by as much as 0.5 years, based on the measured 
height of each tooth. 
 
Another way to determine the age of an animal is to look at the wear on its teeth. 
Veterinarians do this to determine the age of your cat or dog. You can use tooth 
wear to estimate the age of each of the bison teeth in the photographs and line 
drawings, even though you cannot measure the height of the crown. 
 



An important part of the tooth for estimating age is the stylid, an extra ridge of 
enamel on bison teeth. This part of the tooth does not reach up to the top of the 
crown in unworn teeth. As the tooth wears the style eventually is exposed. At first 
it adds a small, circular enamel ring to the tooth. Continued wear makes its 
exposure look more like an oval or a teardrop. Finally, the ridge of enamel joins 
with the rest of the tooth and forms a loop. In really old individuals the loop may 
disappear again as the style is worn away completely, and only a thin enamel ridge 
is left around the outer edge of the tooth. 
 
The drawings below show how the occlusal surfaces of the teeth look after 
different amounts of wear. 



Figure 3. Occlusal surfaces of Bison lower third molars at different ages. 
 

 



Below is a modified version of the Age vs. Crown Height in Bison m3 Graph, 
which shows how the occlusal surface of a bison third molar looks at each age. 
 

Graph 2. Age vs. Crown Height in Bison m3 with wear patterns. 

 
Using this graph, predict how the stylid should appear on each of your four teeth 
(no stylid, ring, oval, or loop) based on the height of each tooth. Then, look at each 
tooth and see what the stylid actually looks like. Did the graph correctly predict the 
stylid shape? 
 

Table 3. Observed tooth height vs. stylid shape. 
 

 Height of tooth Predicted stylid shape Actual stylid shape 
Cast 1 72 mm No stylid No stylid 
Cast 2 60 mm No stylid No stylid 
Cast 3 48 mm Ring Ring 
Cast 4 26 mm Loop Loop 

 
Note: The height of Cast 3 is very close to the transition between ring and 
oval. Students will need to look at the graph carefully to see that Cast 3 should 
have a ring. 
 
Now imagine that you could not measure how tall each tooth was, perhaps because 
the tooth was broken. Could you estimate the age of the bison based entirely on the 



wear pattern and stylid shape? Using the graph, estimate the age of each tooth 
based on its wear pattern. You should have a range of possible ages for each tooth 
(for example, 3 to 4 years old). Show your predicted ages in the chart below, along 
with the ages you calculated earlier when you measured the height of the teeth. 
 

Table 4. Age based on tooth height vs. age based on stylid shape. 
 

 Age based on tooth height Age based on tooth wear 
Cast 1 2.5 years 2.5 to 4 years 
Cast 2 4.5 years 4 to 5.5 years 
Cast 3 6.5 years 5.5 to 6.5 years 
Cast 4 10.5 years 10 to 14 years 

 
How did your estimated age based on tooth wear compare to your estimated age 
based on tooth height? 
 
The ages based on tooth height should all fall within the age ranges based on 
tooth wear. 
 
 
 

Big Trends 
 
The final task you have is to look for a general trend in the age of bison that 
preserve as fossils. You will be looking at images from 19 specimens of Bison 
lower third molars (m3). These 19 teeth all were found at a locality in California 
called Diamond Valley Lake, and the original fossils are stored at the Western 
Science Center. Your kit includes 19 cards, one for each tooth. One side of each 
card has a photograph of the occlusal surface of a tooth, while the other side has a 
line drawing of the enamel exposed of the occlusal surface. The cards also have the 
museum catalog number for each tooth. 
 
For this activity we consider a bison with no style or a ring (wear stages 1, 2, and 
3) as young, an oval (wear stage 4) as middle aged, and a loop or worn away (wear 
stages 5 and 6) as old. Look again at Figure 3 to help you identify each type of 
wear. Then fill in the chart below with the appearance of the stylid in each tooth 
(none, ring, oval, loop, worn away), and the age category for each tooth (young, 
middle aged, or old). 
 
 



Table 3. Stylid appearance in Bison m3 from Diamond Valley Lake. 
 

Reference number of 
specimen 

Basic shape 
of stylid 

Wear stage 
category 

Age Category of the Individual 
(young, middle age, old) 

WSC-P 495 loop 5 old 
WSC-P 567 oval 4 middle aged 
WSC-P 1600 none 2 young 
WSC-P 3907 past-loop 6 old 
WSC-P 6581 loop 5 old 
WSC-P 10054 none 1 young 
WSC-P 10560 none 2 young 
WSC-P 10889 ring 3 young 
WSC-P 11482 none 2 young 
WSC-P 11914 ring 3 young 
WSC-P 13359 oval 4 middle aged 
WSC-P 13627 oval 4 middle aged 
WSC-P 13646 ring 3 young 
WSC-P 18172 none 2 young 
WSC-P 18184 none 2 young 
WSC-P 18187 loop 5 old 
WSC-P 11909 oval 4 middle aged 
WSC-P 18790 none 2 young 
WSC-P 19037 ring 3 young 

 
Make a bar graph (histogram) showing how many specimens are present in each 
age category. 

 



 
1. Which age group(s) is particularly common or noticeably under represented in 
the fossil record? 
 
Young animals are very common. 
 
2. Brainstorm with your group to come up with some hypotheses that can explain 
any trend or trends that you found. 
 
Young animals may have been more likely to be killed by predators, or to die 
from disease or accidents.  
 
 



It’s good to observe that young bison seem to be common in our sample, but is that 
observation actually surprising? To answer this question we need to determine how 
many teeth we would have expected to get in each category (young, middle aged, 
old) if a bison is equally likely to die at any point in its life cycle. The most 
obvious way to do this is to divide the number of teeth (19) by the number of age 
categories (3), which gives us an expected value of 6.3 teeth per category. 
However, if you look at Graph 2, it is clear that a bison doesn’t spend the same 
length of time in each age category. Using Graph 2 as a guide, estimate how many 
years a bison spends in each age category, to the nearest 0.5 years (remember these 
are based on m3 wear, NOT the total lifespan of the bison). Record your estimates 
in Table 4, then answer the questions below the table. 
 

Table 4. Estimated duration of Bison m3 age categories. 
 

Age category Estimated duration of category 
Young 4 

Middle aged 3.5 
Old 5 

 
 
 
If you assume that a bison is equally likely to die at every point in its life cycle, 
which age category should be most common in your sample? 
 
Old bison should be most common. 
 
The sample we are studying has a total of 19 teeth. Based on your numbers in 
Table 4, about how many teeth in each age category would you expect in a sample 
of 19 teeth? You can calculate this by calculating the percentage of the m3 life 
span represented by each age category, using the following formula: 
 

(d ÷ L) X S = E 
 
where d = the estimated age category duration in years, L = the total lifespan of m3 
in years, S = the sample size, and E = the expected number of occurrences of that 
age category in the sample. In our case, the sample size (S) is 19, and the total 
lifespan of m3 is 12.5 years (while the lifespan of a bison is 15 years, in Graph 2 
we can see that m3 only forms when the bison is about 2.5 years old; therefore the 
lifespan of this tooth is 12.5 years). 
 



Using this formula, calculate how many teeth from each age category you would 
expect in a sample of 19 teeth, and record your estimates in Table 5 (record the 
values to 2 decimal places). Then using your data from Table 3, record the 
observed numbers of each age category in the Diamond Valley Lake sample. 
 

Table 5. 
Expected and observed numbers of Bison m3 age categories in DVL sample. 

 
Age 

category 
Estimated duration of 

age category 
Expected number in 

DVL sample 
Observed number in 

DVL sample 
Young 4 6.08 11 
Middle 

aged 
3.5 5.32 4 

Old 5 7.60 4 
 
Using your data from Table 5, make a new bar graph showing both the expected 
and actual numbers of specimens in each wear stage category in your sample, then 
answer the questions below. 
 
 

 
 
 



Do the observed numbers for any of the age categories differ greatly from the 
expected values, and if so, which categories? 
 
The observed and expected values are different for some categories. There are 
more young bison than expected, and fewer old bison than expected.  
 
 
In any sample such as this one, it’s possible that the differences we see between the 
observed and expected values are due to unexpected variables that are affecting the 
population. However, it’s also possible that the differences we see are due to 
chance, like flipping a coin and getting 10 heads in a row (the “null hypothesis”). 
There are various statistical tests that can be used to determine if it’s more likely 
that the differences are due to chance or to additional variables. Another way of 
stating this is, if we could see the entire population (in this case, all the bison that 
died in Diamond Valley), what are the odds that it would look like our sample (the 
19 fossils we actually collected)? 
 
One simple statistical test for this type of problem is a chi-square test for goodness 
of fit, which uses the following formula: 
 
 
 
 
 
So to perform the test, in each category find square of the observed minus the 
expected value and divide by the expected value. Add those values for all the 
categories to find the chi-square (χ2) value. Record your calculations in Table 6. 
 

Table 6. 
Chi-square values for DVL Bison m3 sample. 

 
Age 

category 
Expected 
number in 

DVL sample 

Observed 
number in 

DVL sample 

(observed-
expected)2 

(observed-expected)2 

÷ expected 

Young 6.08 11 24.2064 3.981 
Middle 

aged 
5.32 4 1.7424 0.328 

Old 7.60 4 12.96 1.705 
χ2    6.014 

 

(observed - expected)2  
	  χ2 = Σ expected  

	  



Evaluation of a chi-square value also depends on the number of categories, using a 
value called the Degrees of Freedom. The degrees of freedom is equal to the 
number of categories – 1, so in our sample the degrees of freedom = 2. 
 
Once we have the chi-square value and the degrees of freedom, we can use a chi-
square distribution table or online calculator to determine the probability that our 
observed values were the result of random chance, the “p-value”. As an example, a 
p-value of 0.10 would mean that there is a 10% chance that the difference between 
the observed and expected results was the result of random chance. 
 
For most scientific studies, the standard for rejecting the null hypothesis and 
accepting that the observed differences in the observed and expected values reflect 
the complete population is having a p-value that is less than 0.05. If the p-value is 
less than 0.05, the results are said to be “statistically significant”. 
 
Using a published chi-square distribution table or online calculator and your data 
from Table 6 calculate the p-value for the DVL sample. 
 
p = 0.0494 
 
Can you reject the null hypothesis that the differences are due to random chance? 
 
Yes, because p < 0.05. 
 
While we have grouped our data into three age categories, we actually have six 
different wear stages. What happens if we use similar statistical tests on this larger 
number of categories? 
 
Go through the same steps to conduct a chi-square test using wear stages instead of 
age categories, starting with estimating the duration of each wear stage. 
 

Table 7. Estimated duration of Bison m3 wear stages. 
 

Wear stage Estimated duration of stage 
1 1.5 
2 1.5 
3 1 
4 3.5 
5 4 
6 1 



If you assume that a bison is equally likely to die at every point in its life cycle, 
which tooth wear stage should be most common in your sample? 
 
Wear stage 5 should be most common, followed by wear stage 4. 
 
Next, calculate the expected number of teeth in each wear stage and compare those 
values to the number of teeth actually observed in each wear stage. 
 

Table 8. 
Expected and observed numbers of Bison m3 wear stage in DVL sample. 

 
Wear 
stage 

Estimated duration of 
stage 

Expected number in 
DVL sample 

Observed number in 
DVL sample 

1 1.5 2.28 1 
2 1.5 2.28 6 
3 1 1.52 4 
4 3.5 5.32 4 
5 4 6.08 3 
6 1 1.52 1 

 
Using your data from Table 8, make a new bar graph showing both the expected 
and actual numbers of specimens in each wear stage category in your sample, then 
answer the questions below. 

 
Do the observed numbers for any of the wear stages differ greatly from the 
expected values for any wear stage categories, and if so, which categories? 
 



The observed and expected values are different for some categories. For 
categories 2 and 3 the observed numbers are much higher than expected, and 
for wear stages four and five the observed numbers are lower than expected.  
 
Now calculate the chi-square value for the sample. 
 

Table 9. 
Chi-square values for DVL Bison m3 sample. 

 
Wear 
stage 

Expected 
number in 

DVL sample 

Observed 
number in 

DVL sample 

(observed-expected)2 (observed-expected)2 

÷ expected 

1 2.28 1 1.6384 0.719 
2 2.28 6 13.8384 6.069 
3 1.52 4 6.1504 4.046 
4 5.32 4 1.7424 0.328 
5 6.08 3 9.4864 1.560 
6 1.52 1 0.2704 0.178 
χ2    12.900 

 
We now have six categories, which means we have five degrees of freedom. Using 
a published chi-square distribution table or online calculator and your data from 
Table 6 calculate the p-value for the DVL sample. 
 
p = 0.0243 
 
Can you reject the null hypothesis that the differences are due to random chance? 
 
Yes 
 
While we have used a chi-square test to evaluate the significance of our sample, 
statistical tests such as this one are typically only reliable for large sample sizes. In 
fact, in most cases we would want to have expected values of at least 5 in every 
category to have confidence in our chi-square results. While our first chi-square 
test using three age categories had expected values greater than 5 in each category, 
in our second test most of the expected values were less than five. To illustrate 
why sample size is so important in statistical tests, let’s imaging that we found two 
additional teeth, one in wear stage 4 and one in wear stage 5. 
 



Recalculate the values for the tables below, using our new hypothetical data set 
with 21 specimens. 
 

Table 10. 
Expected and observed numbers of Bison m3 wear stage in hypothetical DVL sample. 

 
Wear 
stage 

Estimated 
duration of stage 

Expected number in 
hypothetical DVL sample 

Observed number in 
hypothetical DVL sample 

1 1.5 2.52 1 
2 1.5 2.52 6 
3 1 1.68 4 
4 3.5 5.88 5 
5 4 6.72 4 
6 1 1.68 1 

 
 

Table 11. 
Chi-square values for hypothetical DVL Bison m3 sample. 

 
Wear 
stage 

Expected 
number in 

hypothetical 
DVL sample 

Observed 
number in 

hypothetical 
DVL sample 

(observed-expected)2 (observed-expected)2 

÷ expected 

1 2.52 1 2.31 0.917 
2 2.52 6 12.11 4.806 
3 1.68 4 5.38 3.204 
4 5.88 5 0.77 0.132 
5 6.72 4 7.40 1.101 
6 1.68 1 0.46 0.275 
χ2    10.434 

 
p = 0.0638 
 
Can we reject the null hypothesis with our hypothetical larger sample? 
 
No, because p > 0.05 the null hypothesis cannot be rejected. 
 
What does this tell you about the importance of sample size in data collection? 
 



With small samples such as this one, even small changes in the data set can 
have a large impact on the outcome. That’s why chi-square tests are generally 
not used on samples in which the expected values in each category are < 5. 
 
Given the estimated duration of each tooth wear category, how large would your 
total m3 sample need to be to have an expected number of 5 teeth in each 
category? 
 
63 teeth. This is calculated by multiplying each “Estimated Duration of Stage” 
value by 5, and taking the sum. 
 
 
 
 
 



Teacher’s Notes 
 

Students will use cast replicas of four fossil bison teeth to determine the tooth position of 
each. Then they will do an analysis of these teeth from the Western Science Center to 
determine how old each individual bison was when it died, and draw inferences about 
whether some ages of bison are more dominant in the collection than others. 

The teeth included in the kit are each around 60,000 years old and each represents the same 
tooth position, namely, the lower third molar (m3). Despite the fact that all of these are the same 
tooth, from different individuals, they each look quite different. These differences are caused by 
different stages of wear since each individual was a different age. The less worn (generally the 
taller the tooth) the younger the individual was at the time of death. Since none of these are 
deciduous teeth, it is assumed the organism died rather than lost the tooth. 
 
Determining the Tooth Position 

Each of the teeth represents different wear stages of the last molar from the jaw (m3). 
Students can use the Bison Lower Jaw sheet (Figure 1) to identify the teeth based on their shape.  

Students may have difficulty with the identifications. If this is the case you can point out that 
the most important aspect of shape is the length of the tooth (from front to back). This is more 
important than height of the tooth (from the base to the crown), though students tend to focus on 
the latter. Another aspect of morphology students may overlook is the number of vertical 
grooves along the side of the tooth. When seen from above (occlusal view), these grooves divide 
the tooth into crescent-shaped lobes. The premolars have one lobe (because there are no grooves 
along the sides), the first and second molars each have two lobes (one groove along the side), 
while the third molar has three lobes (two grooves along the side). 
 
Determining the Age of the Individual 

Students can look at the wear on the occlusal surface tooth to draw inferences about the age 
of the individual (make sure that students understand that “occlusal surface” is the grinding 
surface on the top of the tooth). In general, the greater the height of the tooth (from base to 
crown) the younger the individual was at time of death. This will, of course, be subject to 
individual variation as well as the specific diet of the animal. However, we are most concerned 
with the principle that as an animal ages its teeth become more worn. 

Because bison teeth have such a complex shape, as the teeth wear down the pattern of enamel 
on the occlusal surface changes. Students can use these shape changes to estimate the age of the 
individual. In the exercise students are asked to compare their age estimates derived from 
measuring the tooth height to those derived from looking at wear patterns. 
 
 
Analysis of Teeth for Determining Age Demographics of a Population 
 

Beyond the specifics found earlier in the activity, students can draw broader conclusions by 
looking at a greater number of specimens. We’ve included 19 cards that represent all the 
identifiable Bison m3 specimens from Diamond Valley Lake. Each card has a photograph of the 
occlusal surface of the tooth on one side, and a line drawing of the enamel pattern of the same 
tooth on the other side. Students should be able to group the teeth into broad age categories using 
the same method they used earlier in the exercise, and then produce a histogram of the results. 



They should find that young animals (less than 6.5 years old) make up more than half of the 
sample. 

 
This is a good opportunity to discuss population dynamics and the nature of the fossil record 

with the class. The fossil record is a record of animals that died, so you might expect a fossil 
sample to be biased toward the ages when death is most likely to occur. In most species of 
animals, death is most likely to occur among the young. That means that often young animals are 
much more common as fossils than mature adults, and that is what we see in the Diamond Valley 
Lake sample. There are however, exceptions to this trend. When a whole population of animals 
dies very rapidly in a disaster (perhaps in a flood, or a volcanic eruption), every individual is 
equally likely to die and the bias toward young animals is removed. In these cases, middle-aged 
adults are generally the most common, with smaller numbers of the very old and very young. 
 
Notes on Assumptions and Sample Biases 
 

Note that for the purposes of the exercise we have greatly simplified the available data set to 
make a more easily observed relationship between age and tooth height/wear pattern. This 
relationship is actually subject to external variables (such as abrasiveness of food) as well as 
internal variables (individual variations in size, stylid length, and growth rate). As an example of 
this kind of variation, consider the different ages of children when their baby teeth fall out and 
their adult teeth erupt. In addition, this sample includes all specimens of the genus Bison, but this 
includes two different (but closely related) species that are found at Diamond Valley Lake, Bison 
antiquus and Bison latifrons. We’re assuming that the growth rates of these ancient species are 
both similar to the living bison species, Bison bison. While we’ve simplified the data for the 
exercise, the general trends are reliable for large samples. These are possible points for class 
discussion. 
 
Notes on Detailed Analysis of Sample 
 
The second part of this exercise involves breaking down the data in two different ways and 
examining the data in more detail, including running chi-square tests. 
 
In part 1 the students should have observed that when the tooth are grouped into broad age 
categories (young, middle age, and old) that young teeth are more common. In part 2 they will 
first be asked to calculate how many of each category they would have expected to find in a 
sample of 19 teeth, based on how many years the bison spends in each age category (which they 
can calculate from Graph 2). 
 
Once the students have expected and actual occurrences in each age category, they can conduct a 
chi-square test, and should find that the data is significant at the 95% confidence level (in other 
words, young animals really are unusually common in the sample). 
 
The students are then asked to repeat the test using each of the 6 wear stages, instead of grouping 
the wear stages into age categories. The students should find a very low p-value, indicating 
statistical significance. However, a sample with only 19 teeth spread across 6 categories is too 
small for a reliable chi-square test. To be reliable, every data category should have an expected 



value of 5 or greater. That is true of this data set if the teeth are grouped into three age categories, 
but not if they are divided into 6 wear stages. To emphasize this, the students are asked to re-run 
the data, but with two additional teeth added (making the total sample size 21). By hypothetically 
adding just two teeth to the sample the p-value is increased to > 0.05, illustrating why chi-square 
tests are not generally used on such small samples. 
 
So, how can the same data set be large enough to give a reliable answer in one test but not the 
other? It turns out that the tests were actually looking at slightly different things. When we 
divided the teeth into age categories, we seemed to have an unusually large number of young 
teeth. We could state our hypothesis as, “Teeth from young bison (2.5-6.5 years old) are 
unusually common in the sample.” In our second test, the hypothesis would be something like, 
“Teeth from wear stage 2 are unusually common and teeth from wear stage 5 are unusually rare 
in the sample.” Because of the small sample size, we can be pretty confident in saying that young 
animals are unusually common, but we can’t be as sure if we try to attribute that to a particular 
wear stage being unusually common. 
 
In vertebrate paleontology sample sizes are often very small. As a result many hypotheses in 
vertebrate paleontology do not have the same statistical certainty seen in many other fields in 
which the sample sizes tend to be much larger, including invertebrate paleontology. There is a 
greater possibility that hypotheses based on such small samples will be rejected if new 
discoveries are made. That does not mean that we cannot make any hypotheses based on small 
data sets, or that hypotheses based on such data have no value. Rather, these hypotheses tend to 
point toward future directions for research and exploration. 


