LAB 2 – SHEET 1     A Study Of Horse Fossils  (student directions)

Please be very careful handling these breakable fossil replicas.  Always use two hands when picking up and holding the larger skulls.

The team leader will read these directions and lead the group efforts.  Everyone should read silently along with the leader.  There are three questions in this section that need to be answered.  Everyone on the team should jot down answers to questions on their personal copies.  The team leader’s copy and answers will represent the group in later discussions.

Work as a team.  Everyone should get involved, and open discussion in your group is encouraged.  Share your observations.  Be skeptical.  If you do not agree, say so and discuss it briefly.  That is what scientists do.  

Only time will limit your thoughts.  You don’t have much time to do this lab, so don’t waste time.  Try and get the most accurate answer your team can come up with, then write it down.  

All the teams will start each lab section at the same time.  Keep going until the directions tell you to stop.  If you finish early do not move on to the next section.  

The table you are seated at has a number.  Check the fossil specimen numbers on your table against the following list to be sure you have the right fossils at your table.

Table #1:
FAM 60300,  JODA 3363,  JODA 4664,  UCMP 114475

Table #2:
FAM 60800,  JODA 1086,  UCMP 114476,  UCMP 63617

Table #3:
AMNH 4832,  LACM 1863,  UCMP 82485,  UCMP 121890

Table #4:
FAM 60700,  AMNH 8174,  UCMP 68499,  UCMP 82497

ESTIMATING HORSE SIZE ACTIVITY:  The body length of a horse may be used to estimate the general size or mass of the horse.  In this lab activity we do not have the fossil bodies of horses, but you will be able to estimate the body length (BL) of a horse fossil by measuring another part of the fossilized body, the length of the skull.    

Why does this work?  From the study of modern horses and horse fossils it has been 

shown that the ratio of the head length to the body length, the proportion of head to 

body through time, has shown a general trend (tendency).  Yes, there are a few 

exceptions from the trend in the family history of the horse.  That is why it is a trend. 

This trend can be stated as a mathematical formula.  We will use the following formula 

to express this general trend in horses.  

formula:   BL (Body Length)   =   2.4  x  GRTSKL (see diagram below)

Using the metric system, your team will be taking measurements of your fossil specimens, and calculating the estimated body length of that horse when it was alive.  

The diagrams that follow will help to visualize what you will be measuring.
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The diagrams above illustrate that scientists can measure several features on a fossil skull and use these measurements to estimate the over-all size of the horse.  This is possible because studies of hundreds of thousands of horse fossils, and modern horses, have shown that as the over-all size of a horse skull increases or decreases, the rest of the body will increase or decrease in generally the same proportions.  So by just finding a horse skull (or even a tooth fossil), you can not only determine what type of horse it was, but also estimate the over-all size of the horse, whether that be in length or size/mass.

FIRST QUESTION:    

What is the estimated BL for each of the full-length, 

fossil skull specimens you have on your table?

Your team will have one or two full-length skulls on your table.  Fill in the blanks below and then use the formula on the previous page to get your BL answer. Measure the skulls in centimeters, answers to the nearest tenth of a cm.  

Skull Specimen # __________      GRTSKL __________cm      BL _________cm

Skull Specimen # __________      GRTSKL __________cm      BL _________cm

Do your math here:

SECOND QUESTION: 

Refer to the previous horse diagram.  After measuring many fossils of “grazing” horses, a scientist hypothesizes that the sum of the head length and neck length was equal to or greater than the length “Z” for all of the fossil horses studied.  So far, the study data supports this hypothesis.

What reason(s) could explain why the HL + NL was never less

than “Z” in the measurements of fossils of grazing horses, and does 

a predator have anything to do with you answer?
Write your answer here:

THIRD QUESTION:  

For each full-skull specimen on your table, what is the position

 of the “Anterior Orbit Point” (AOP) over the teeth?
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If you remember from the short film on horse
evolution, the film indicated that over time the
eye socket (orbit) of the skull was located
further toward the rear (posterior) of later
skulls. Relative to the teeth the eye socket
positioned further to the rear ending up
posterior to the molars.

The anterior orbit point is the eye orbit point
closest to the nose.




To get your answers do the following.  Find the anterior orbit point for each skull.  Imagine the row of teeth as a straight line (see diagram above).   Next, imagine a line drawn from the anterior orbit point down to the row of teeth that intersects that line at a ninety degree angle.  Where is that intersection point in terms of what tooth, or teeth?

Your answers should be as precise as to which half of a tooth, or where two teeth meet.

An example … Specimen ID#  AMNH 555    AOP  front half of M3
Write your answers in the spaces below.  

Your Specimen ID# ____________    AOP ______________

Your Specimen ID# ____________    AOP ______________

You will have either one or two full-length skull specimens at your table.

LAB 2 – Section Two (15 minutes):  

This section will be conducted at this table.
Tooth Patterns Tell Time!  Based upon literally tons of fossil evidence, the (ridgeline)

patterns that evolved on the surface of horse teeth have become more complex over time.  These patterns are great indicators of what type of horse you have and where the horse fits into the 55 million-year-old family tree of horse. 

These two examples may help give you an idea of the change in tooth pattern complexity over time.  Drawn from actual horse fossil teeth, the diagram on the left is from a very early horse molar, while the one on the right is from a recent member of the horse family tree.  Both of these horse species evolved in North America and are now extinct.
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Scientists need to be able to recognize fossil tooth patterns which help them to identify different types of horses that lived over time.   Sometimes all they have is a sketch of a tooth pattern to work from.  

You will now study the patterns from the fossil teeth you have on your table before you, using all four specimens on your table.

FOURTH QUESTION:


Based upon your observations of teeth patterns, in what chronological order 

would you place these specimens in time from ancient to most recent?

To do this, look at the ridgeline patterns on the teeth of all four of the horse fossil specimens before you.  Compare the teeth from specimen to specimen. Even compare similar individual teeth between specimens, such as comparing the M2s.

On the full skulls, you should be able to determine what types of teeth are present, from incisors to molars.  Some of you fossil specimens have just a partial skull or jaw, or just a few teeth.  On the list that follows you will know which teeth you have on the fossil specimens at your table for more precise comparisons between teeth, such as comparing M2s or P3s, etc., between specimens.

Types of Teeth ​​​From the (Non-Skull) Specimens at Your Table​​

JODA 4664 / left maxilla, M1-M


UCMP 82485 / left maxilla, M1-M3

UCMP 82497 / right maxilla, M1- M3

UCMP 68499 / left maxilla, P3 – M1, M3

UCMP 63617 / left maxilla, P4 - M2

UCMP 114476 / right dentary, M1 - M2

UCMP 114475 / right maxilla, P2 - M2

UCMP 121890 / right maxilla, P2 - P4
JODA 3363 / left maxilla, P2 - M3; right maxilla, P2, P4 - M3

Maxilla means from the skull palate. 
 Dentary means from the jawbone, or mandible. 

Next, carefully examine each of your four fossil specimens.  Remember the film you saw on horse evolution showed that the pattern on the top of a horse tooth got more complex over time.  Early in the horse family tree each horse tooth started with a simple pattern and the pattern became more complex, with more lines and swirls.

Lay the four fossil specimens out in a line on your table.  One end of the line will be the most ancient, the other end the most recent.  Using the teeth pattern complexity, rearrange the specimens in line so they line up from the most ancient to the most recent.  Look for obvious and subtle changes, and similarities, in pattern complexity.

Write the specimen ID #’s on the lines below.  If your team feels a couple of specimens are the same, write them on the same line below.  Be sure and fill in your table number.

  Write Your Table # Here: _____

       
Most Recent

Specimen #____________________

Specimen #____________________

Specimen #____________________

Specimen#____________________

      
Most Ancient

FIFTH QUESTION
 

Does the tooth pattern below match any one of the teeth on any

one of the specimens on your table?

See if you can identify the exact tooth on one of your fossil specimens.  Only one table will have the tooth present.  If the tooth drawing below does not match any fossil teeth at your table, put an “X” where the specimen # should be.  The tooth below is not drawn in one-to-one scale.
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Write your table # here:

Write the specimen # here:

posterior side anterior side

Extra credit ... write what
tooth it is (ex. P2 or M3) here:

lingual side




LAB 2 – Section Three  (10 minutes):

The teacher will instruct your team to move to another table to do this section.  Each group will move to the next highest numbered table.  The table #4 people move to table #1.

The activity at the your new table will begin just as the previous study section began.

SIXTH QUESTION:



Look at the patterns on the teeth of the horse fossil specimens before you. 

Based upon your observations of teeth patterns, in what chronological order 

would you place these specimens in time from ancient to most recent?

Write the specimen ID #’s on the lines below.  If your team feels a couple of specimens are the same, write them on the same line below.  Be sure and fill in your table number.

  Write Your Table # Here: _____

       
Most Recent

Specimen #____________________

Specimen #____________________

Specimen #____________________

Specimen#____________________
          Most Ancient

SEVENTH QUESTION: 


Based upon information on handouts given to you, do meat-eating

animals tend to have a “hypocone” on their teeth?  (yes or no)

Your Answer: _______

LAB 2 – Section Four (10 minutes):   

Wait for the teacher to give you the word to move to your new table.

EIGHTH QUESTION:



Look at the patterns on the teeth of the horse fossil specimens before you. 

Based upon your observations of teeth patterns, in what chronological order 

would you place these specimens in time from ancient to most recent?

Write the specimen ID #’s on the lines below.  If your team feels a couple of specimens are the same, write them on the same line below.  Be sure and fill in your table number.

  Write Your Table # Here: _____

       
Most Recent

Specimen #____________________

Specimen #____________________

Specimen #____________________

Specimen#____________________

      
Most Ancient

NINTH QUESTION:  Now that your team has had a chance to look over a few horse fossil teeth, try looking over the following teeth and answering the question.  

Which one tooth below belongs to a horse?  (Circle or check mark the tooth you select.)
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Go on to next page for a wonderful conclusion!  (  (  (
TENTH QUESTION:



Look at the patterns on the teeth of the horse fossil specimens before you. 

Based upon your observations of teeth patterns, in what chronological order 

would you place these specimens in time from ancient to most recent?

Write the specimen ID #’s on the lines below.  If your team feels a couple of specimens are the same, write them on the same line below.  Be sure and fill in your table number.

   Write Your Table # Here: _____

       
Most Recent

Specimen #____________________

Specimen #____________________

Specimen #____________________

Specimen#____________________

      
Most Ancient

Let’s Check Your Answers (the first 20 minutes)…

We are going to check the answers written down on the team leader’s papers.  These will be the team answers.  Everyone should have written down the answers to the questions on their copy of the directions, so have your answers ready in case the team leader has written down something that is not clear.  

Putting it all together (10 minutes) … 

You will find out the order that all sixteen fossil specimens lived through time.   
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