Exploration Guide: Human Evolution - Skull Analysis
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In 1856, three years before Darwin published On the Origin of Species, mysterious bones were found by quarry workers near the Neander River in Germany. As scientists analyzed the bones, they gradually realized that the bones were similar to the bones of modern humans, but they also showed significant differences. A new type of human-like being had been discovered, the Neanderthal. This discovery sparked a debate that continues to this day: How did humans originate? 

From the plains of Africa to the jungles of Indonesia, paleontologists have combed the world for evidence of our ancient ancestors, called hominids. But as each discovery fills in the gaps of our evolutionary history, new questions and complications are raised. 

Analyzing Hominid Skulls

Of all the hominid fossils that scientists have found, the skulls are the richest in information. Skulls have changed dramatically in size and shape during our evolution, and give clues about how our ancestors ate and behaved. In this activity, you will learn the basics of skull analysis. 

1. To describe and measure skulls, it is important to become familiar with a few anatomical features. The cranium encases the brain. The zygomatic processes are arches that run from the cheeks to the cranium. The jaw is composed of the upper jaw (maxilla) and lower jaw (mandible). There are three categories of teeth. The four front teeth are called incisors, the pointed teeth behind these are canines, and the remaining teeth are molars (the fifth molar is commonly called a wisdom tooth). The foramen magnum is an opening for the spinal cord at the base of the skull. In the Gizmo™, locate these features on the Homo sapiens skull. 
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2. Many aspects of a skull can be measured. Some of the most useful are seen from the side. Choose Pan troglodytes (chimpanzee) from the dropdown menu at right, and select the Side view of the skull. 

1. Turn on the Click to measure lengths and Click to measure area checkboxes. Place one end of the ruler on the ridge of bone above the eyes (brow ridge) and the other on the point where the mandible meets the cranium. You have divided the skull into two parts, the cranium and the face. 

2. Click on each of the squares in the cranium to estimate its cross-sectional area. The area of the selected squares is displayed next to the Click to measure area checkbox below. Record this value in your notes. This number can be used to compare the relative brain size of Pan troglodytes to other hominids. 

3. Click twice on the Click to measure area checkbox to clear your previous measurement, and then measure the cross-sectional area of the face section, not including the mandible. Record this value in your notes. 

4. Divide the cranium area by the face area, and record as the cranium/face area ratio. This ratio is indicative of how large the braincase is relative to the face. 

3. In some hominids, the face projects forward at an angle. To measure this, deselect the ruler and area tools, and select the Click to measure angles checkbox. Drag the vertex of the protractor tool at the tip of the maxilla where the front incisors insert, as shown below. Place one ray on the base of the last molar, and the other ray on the bridge of the nose. The resulting angle is displayed next to the checkbox. Record this value in your notes as the face angle. 
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4. Other interesting measurements can be made on the Bottom view of the skull. 

1. Identify the two large canine teeth and the back molars. Use the ruler tool to measure the distance between the two canine teeth and the two molars. What is the ratio of the two distances? Record this value in your notes as the jaw ratio. This ratio can be used to compare the shape of the jaw. 

2. The location of the foramen magnum can indicate how upright the hominid stood. When walking on all fours, it is an advantage to have the foramen magnum located at the back of the skull. With an upright posture, it is an advantage to have a foramen magnum tucked below the skull. Locate the center of the foramen magnum. Measure and record the distance between the center of the foramen magnum and the back of the skull, and from the center of the foramen magnum to the front incisors. Divide the first value by the second and record as the foramen magnum ratio. 
3. Locate the two zygomatic processes. The muscles that move the lower jaw must pass through the gaps between the zygomatic processes and the skull. Although these muscles are not preserved in fossilization, their size can be inferred from the size of the gap. Use the area tool to estimate the area between the zygomatic arch and the skull, and record as the zygomatic area. 

Comparing Hominid Skulls

Hominid skulls can be analyzed visually and quantitatively. In this activity, you will compare the hominid skulls based on features that are easily seen and features that are measured. 

1. First you will look at the skulls without knowing how old they are. Make sure the Show information checkbox is turned off, and that Pan troglodytes is selected from the dropdown menu. 

1. Observe the skull from each available angle. Write your overall impression of the skull and describe any specific features you see. 

2. Click the camera icon in the upper right of the SIMULATION pane to take a snapshot of the Side view of the skull. Paste the snapshot into a blank document, and label it Pan troglodytes. 

3. If you have time, take snapshots of each of the other skulls, and place these into your document for reference. Write a brief description of each skull in your notes. 

4. Which skulls do you think are most similar to modern humans? Why? 

5. At first glance, what do you think are the major changes that occurred in skull anatomy during human evolution? 

2. Choose all the above anatomical to compare, and measure each of the skulls listed in the dropdown menu. Choose chimp, africanus, neanderthal and homo sapien

1. ? 

