Evidence for Evolution Part 1: The Fossil Record

Evolution of the Horse
                   





Section 1:  Understanding the Background information
Web-Quest Directions: 
1.  Go to:  http://www.flmnh.ufl.edu/fhc/firstCM.htm
2.  On a separate sheet of paper give a short, but accurate answer to each of the questions below.

3.  The questions come in order but take care to read all of the pages thoroughly.

Click on “What’s in a Name” and go through each page in the section.
1.  What is meant by the name horse?

2.  Why do scientific names often have Latin or Greek roots?

When finished with the Name section, click on “Toe Tales” at bottom of page.  Work your way through the section.

3.  What’s an ungulate?

4.  What’s toe number got to do with classification of ungulates?

5.  Who are the even toed ungulates?  What are they called?

6.  Who are the odd toed ungulates?  What are they called?

7.  Who are all the horses’ closest modern relatives?

8.   What’s interesting about the tapir?

9.  Why do you suppose modern horses have only one toe?
Take the time to study the frame showing horses toes and a human’s hand showing changes in toes touching ground over time.  Then go on to next frame. 

10.   What advantage does the horse gain by having but one large toe in progression from

         Hyracotherium to Equus?

11.  Which toe did horses never have?

12.  Are there any bones in a more recent horses’ hoof left over from the other toes?  Explain.

13.  What adaptive advantage is gained by extending the middle toe as the hoof?
Now click on fossil gallery.  

14.  What size was Hyracotherium?

15.  How are its teeth described?  _________________ crowned.  

16.  Does the skeleton indicate a pretty good runner?  Explain why.
Read about Megahippus. 

17.  What’s it mean to say a deer is a browser?  

18.  What does it mean to say a cow is a grazer?

19.  What type of teeth would a browser have?

20.  What type of teeth would a grazer have?

21.  How does Parahippus fit into the scheme of browsers/grazers?

22.  Describe the genus Equus.

23. What are the living members of Equus?

24.  Where are their fossils found?

25.  What type of teeth do modern horses have?
 Horse Evolution Background:

The earliest animals that can be considered as belonging to the horse family (Equidae) are members of the early Eocene genus Hyracotherium.  Evolutionary time has been broadly classified into epochs which are of varying lengths of time but had common climates.  In rocks of the late Eocene and of succeeding epochs, fossil remains of the family Equidae are abundant.  Generally speaking, the climate changed from one of moist, forested, or marshy environments with lots of large tender-leafed plants to one of increasingly drier, harder ground with short grasses that are coarse and tough.  Paleontologists have classified the animals represented by these fossils into about twenty genera.

One year after the publication of On the Origin of Species, Richard Owen (1804–1892) described the earliest known horse-like fossil, first called Hyracotherium, now often referred to as eohippus (the dawn horse). Hyracotherium was some 50 cm high, weighed about 2 kg, had four toes on its pad-footed front legs and three on its hind legs (modern horses only have one toe on each foot), and simple teeth adapted for browsing on soft vegetation. 


Later fossil finds indicate that Hyracotherium was present from North America to Europe as a number of herbivorous species, some no larger than an average-sized modern-day house cat. In the approximately 60 My (million years) since Hyracotherium arose, horses have changed radically. They now run on hard ground, chew tough, silica-containing grasses, and show special adaptations for this particular environment. Their elongated legs are built for speed, bearing most of the limb muscles in the upper part of the legs, enabling a powerful, rapid swing. Today, horses are the only tetrapods with a single toe on each foot.  This arrangement, coupled with a special set of ligaments, provides horses with a pogo-sticklike springing action while running on hard ground. Their teeth also show exaggerated qualities adapted for chewing tough, abrasive grasses, their teeth being much longer than the teeth of other grazers. The molars and premolars are nearly identical in shape, long, and continue growing for the first eight years of life until the roots form.  


By the 1870s, paleontologists such as Othniel C. Marsh (18 1–1899) were able to use fossils of North American and European horses to present the first classic example of a stepwise evolutionary tree among vertebrates, showing various transitional stages.  Remarkably, we now know almost all the intermediate stages between eohippus (Hyracotherium) and today’s horse, Equus, including transitions from low- to high-crowned teeth, browsers to grazers, pad-footed to spring-footed and small- to large-brained. As shown in the diagram below, evolutionary changes among these forms did not proceed in a single direction but, as a “bushy” family tree.  Even when evolution was proceeding rapidly, as it did during the Miocene, both small- and large-sized species evolved. This gives us a good picture of how horses adapted and spread out as Earth’s climate and horse habitats changed. 


Since the fossil material is abundant, paleontologists have a great many structural characteristics to consider when working out relationships within the family Equidae.    

In the horse the grinding teeth are in the back part of the mouth, separated from the front teeth by a toothless space.  (That’s where the bit goes in when you ride a horse!) On each side of the each jaw the grinding teeth (cheek teeth) consist of three premolars and three molars.  The structural characteristic to be studied in this exercise is the distance spanned by the cheek teeth.

Section 2.  Understanding the data provided by fossil horses.
Taking detailed measurements of the bones of fossil horses we can answer the question "how have horses changed over the past 60 million years"? We will concentrate our study on the size of the cheek teeth present in the skulls of the fossil horses.
Graphing Directions:
1.  From the information on Horse Evolution chart (Fig. 1), enter the approximate time each genus lived on the "Span of Cheek teeth" data table below (Fig. 2). 
2.  Construct a TAILS graph by using the span of the cheek teeth (cm) as the y-axis using as much of the y-axis as possible.  Use geologic time (millions of years ago) as the x-axis, again using as much of the grid paper as possible.  Next to the numerical years you can write the general epoch matching that time.  Use the “Evolution of Horse” diagram to fill in general dates for each Epoch.

3.  As each point is plotted, place beside it the name of the genus it represents.  Plot browsers in one color, grazers in another.
4.  Attach the graph to the Web-quest Q's and Conclusion Q's worksheets.

Conclusion Questions:  Answer in complete sentences on separate paper.
1.  Look at the photo of the modern horse skull (Fig. 3).  Notice what a huge mandible there is for a chewing muscle attachment.  What other adaptations to grazing do you notice from this skull?
2.  What does the tooth size tell about the skull size and therefore of the animals size? 

3.  Describe the type of food, the type of climate, and the type of tooth browsers have.

4.  Describe the type of food, the type of climate, and the type of tooth grazers have.

5.  Describe the overall trend in the evolution of the horses’ teeth.  What do you think about the exceptions?

6.  What significant change happened in the horse family tree (especially in the teeth) about 18 million years ago?
7.  20-50 MYA warm moist air, and warm equatorial water was spread throughout the world differently.  In today's modern world the Pacific is cut off from Atlantic and the Atlantic is cut off from Indian oceans except at the extreme southerly points of South America and South Africa.  What do you think happened to the climate, and therefore the shift from browsers to grazers as the continents changed the ocean circulation?
8.  What is the significance of the side branches on the horse family tree?  What must have occurred to cause the side branches (the ‘fingers’ of the late miocene)? 

9.  Was the rate of change constant or did it vary over time?  When was the rate of change the greatest?  The least?  (Check the horse family tree, Fig. 1)  

10.  In general, do you think rapid rates of change occur in stable environments or rapidly changing ones?  Explain your reasoning.

11.  Think of the Earth’s great grassland biomes of today.  Describe an actual predator-prey relationship that exists between a grazer and a big cat.  What are the major adaptations each has in order to survive against the other?

12.  Why did most horse species become extinct?

13.  Why do most species become extinct? 

14.  Write a paragraph explaining how evolution is related to variations, adaptations, and natural selection?

Figure 1.  Horse Evolution Chart.

Note:  The "grazers" and the "browsers" are shown in different shading.
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Figure 2.  Span of Cheek Teeth in Horses:
	Genera of Equidae
	Name of Epoch.
	Time when Epoch existed: millions of years ago
	Span of Cheek Teeth (cm)

	1.  Hyracotherium
	Early Eocene
	
	4.3

	2.  Orohippus
	Middle Eocene
	
	4.3

	3.  Epihippus
	Late Eocene
	
	4.7

	4.  Mesohippus
	Early Oligocene

Middle Oligocene
	
	7.2

7.3

	5.  Miohippus
	Late Oligocene

Early Miocene
	
	8.4

8.3

	6.  Parahippus
	Early Miocene
	
	10.0

	7.  Anchitherium
	Early Miocene
	
	11.3

	8.  Archaeohippus
	Middle Miocene
	
	6.5

	9.  Merychippus
	Middle Miocene

Late Miocene
	
	10.2

12.5

	10.  Hypohippus
	Late Miocene
	
	14.2

	11.  Megahippus
	Early Pliocene
	
	21.5

	12.  Pliohippus
	Early Pliocene

Middle Pliocene
	
	15.5

15.6

	13.  Nannippus
	Early Pliocene

Late Pliocene
	
	11.0

10.7

	14.  Calippus
	Early Pliocene
	
	9.3

	15.  Neohipparion
	Middle Pliocene
	
	13.1

	16.  Astrohippus
	Middle Pliocene

Late Pliocene
	
	11.8

11.8

	17.  Equus
	Late Pliocene

Pleistocene
	
	18.8

17.6


Fig 3.  A modern horse skull
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