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Comparing Hominids

3.1.10 B  Describe concepts of models as a way to predict and understand science and technology.

· Examine the advantages of using models to demonstrate processes and outcomes (e.g., blue print analysis, structural stability).

3.1.10 C  Apply patterns as repeated processes or recurring elements in science and technology.

· Examine and describe recurring patterns that form the basis of biological classification, chemical periodicity, geological order and astronomical order.

3.1.10 D  Apply scale as a way of relating concepts and ideas to one another by some measure.

· Apply dimensional analysis and scale as a ratio.

3.2.10 B  Apply process knowledge and organize scientific and technological phenomena in varied ways.

· Describe materials using precise quantitative and qualitative skills based on observations.

3.2.12 B  Evaluate experimental information for appropriateness and adherence to relevant science processes.

· Judge that conclusions are consistent and logical with experimental conditions.

3.3.10 D  Explain the mechanisms of the theory of evolution.

· Analyze data from fossil records, similarities in anatomy and physiology, embryological studies and DNA studies that are relevant to the theory of evolution.

· Compare modern day descendants of extinct species and propose possible scientific accounts for their present appearance.

3.3.12 D   Analyze the theory of evolution.

· Examine human history by describing the progression from early hominids to modern humans.

Introduction: 
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[image: image7.png]The search for the missing link has excited many evolutionary biologists since Darwin’s time.  But what would an “ape-man” look like? How would a scientist identify a “missing link?”  Since the turn of the beginning of the 20th Century, there has been a steady growth in the number of human fossils that have been found in East and South Africa, Southeast and Eastern Asia, and Europe.  Perhaps one of the most famous hominid fossil finds was made by Donald Johanson and Tom Gray on November 24th, 1974 in Ethiopia.  In the celebration that followed that evening, the researchers listened to the Beatle’s “Lucy in the Sky with Diamonds” over and over again.  The nickname “Lucy”, given to the find, has stuck ever since.  Officially, Lucy is classified as member of one of the earliest groups of known hominids, Australopithecus afarensis.  Lucy’s skeleton was complete enough to allow researchers to predict that A. afarensis were bipedal, that is they walked on two feet just as we do.  The shape of the pelvis is shorter and broader than a chimpanzee or gorilla pelvis, indicating an upright posture.  Measurements of the skull, femur and other structures also support the bipedality of Lucy.  In 1978 a set of 3.6 million-year-old foot prints made by a pair of Australopithecus afarensis individuals was discovered, providing proof that Lucy was bipedal.  
For a good discussion of major hominid Fossils visit http://www.mnh.si.edu/anthro/humanorigins.
In order to study hominid fossils, scientists must make detailed observations and measurements.  Such data allows scientists to classify the fossils and to make determinations regarding many features such as potential brain size, method of locomotion, and diet.  In this lab you will make several observations and measurements on replicas of fossil hominids, gorilla, and chimpanzee skulls.  Using this information you will be able to make conclusions regarding trends in human evolution.  
A summary of skulls you will study:
· Gorilla gorilla-  Gorilla

· Pan troglodytes- Common Chimpanzee

· Because Chimpanzees and Gorillas evolved in Rain Forests, there is a very sparse fossil record for these organisms.  Fossil evidence for Gorillas and Chimpanzees dates back to approximately 500, 000 years ago.

· Australopithecus africanus- A member of the Gracile (small framed) Australopithceans.  Africanus fossils were found in South Africa and date to 2.4-2.8 million years ago, appearing after A. afarensis. One of the first hominid fossils discovered in the 20th century, the Taung child, was a member of the A. africanus species (although this find was largely ignored for many years.)

· Australipithecus boisei- A member of the Robust (large framed) Australopithceans. Boisei fossils were found in Kenya and date to 1.4-2.3 million years ago.

· Homo erectus- Homo erectus was the first “global” human.  Erectus fossils have been found in many regions of the world, from southeast Asia (Java man) to China (Peking man) to Africa (Turkana Boy, the African Homo erectus is often referred to as Homo ergaster).

· Homo neanderthalenesis- Neanderthal man was first discovered in the Neander valley in Germany.  Neanderthal man was one of the first “missing links” discovered.  It is still debated whether Neanderthals are a separate hominid species or a sub-species of Homo sapiens.  Neanderthals lived from about 300, 000-30,000 years ago.

· Homo sapiens- “The Wise Man”.  This is US!  Fossil evidence for modern humans begins about 100,000 years ago.  

Guiding Questions:

Vocabulary:  

Paleontology—the science of the forms of life existing long ago, as represented by fossil animals and plants.

Anthropology—the science of man, that deals with the origin, development, races, customs, and beliefs of 


mankind.

Archaeology—the scientific study of the people, customs, and life of ancient times. Students of archaeology 


excavate, classify, and study the remains of ancient cities, artifacts, pottery, monuments, or any other 


records in order to reconstruct a picture of the past.

Hominid—a primate of the Hominidae family.

Foramen magnum—opening in the occipital bone through which passes the spinal cord from the brain.

Occipital condyle—posterior lobe of the cerebral hemisphere.

Supraorbital crest—elongated prominence located above the bony pyramid shaped cavity of the skull that

contains and protects the eyeball.

Nuchal crest—prominence on the occipital region of the skull that serves as the attachment area for neck


muscles.

Cranium—the portion of the skull that encloses the brain.

Frankfurt plane— established from the bottom of the orbit thru the top of the external auditory meatus 


(bottom of the eye socket to the top of the ear opening).  This plane will be parallel to the ground when 


the head is held naturally by the animal in a “relaxed” posture.
Materials:

Casts of:   Homo erectus, Gorilla gorilla, Homo neanderthalensis, Australopithecus boisei,
Australopithecus africanus, Homo sapiens sapiens, Pan troglodytes skulls.
Calipers

Metric rulers

Calculators 

Laminated pictures of skulls for making measurements
Safety Notes:  
Skulls are fragile!  Please handle them with care.  Often, two students will need to work together 


to make the measurements.

Qualitative Analysis:
A. Examine the skull, face and forehead of the casts and pictures of A. africanus, H. erectus, and modern H. sapiens.  Refer to the pictures of each skull to identify the Frankfurt plane.  Hold the skull such that the Frankfurt plane would be parallel to the ground.  Compare the skulls, relative to one another, and record your qualitative analysis in Table 1 below.  
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Cranial Capacity (range) 400 ‑500 cc 

775 ‑1225 cc 



1000 ‑2000 cc

1. Describe the forehead as:  “more vertical” or “more sloping”.

2.   Describe the face relative to the back of the skull as:  “larger and more projecting” or “smaller 


and straighter”.
3.   Rate the brow ridges from 1-3 (largest to smallest).

4. Describe the maximum skull width (as seen from the back) as:  “closer to the base”, “closer to the top”, or “in between”. 
Table 1: Comparative Skull Features
	
	FEATURE
	A. africanus
	Homo erectus
	Homo sapiens 

	1
	Forehead
	
	
	

	2
	Face
	
	
	

	3
	Brow Ridges
	
	
	

	4
	Maximum Skull Width
	
	
	


Quantitative Analysis:
B. Scientists use three basic sets of measurements to compare skulls. Two of these measurements use an area called the Frankfurt plane. The Frankfurt plane is a line that passes from the bottom of the eye socket through the top of the ear opening. This is the plane in which the head is normally carried during life. As you make the measurement, record the results in Table 2. 

1. Nuchal Area Height – This measurement gives relative position and height of the foramen magnum and helps to determine upright posture of individual. 

     a. Note the line that passes through the bottom of the orbit (eye socket) and through the top of the auditory aperture (ear opening). This line defines the Frankfurt Plane, this plane is horizontal when the head is held in a neutral position on top of our necks.

b. Measure and record the distance AB.  This is a line that is perpendicular from the highest point of the cranium ("B") to the Frankfurt Plane. The point where these lines meet is "A."  Use the pictures of the skulls as your reference.
c. Measure and record the distance AG.  G is a point marked along AB that is at the height of the nuchal crest, the region of the skull to which neck muscles attach.  
d. Compute the ratio (using your measured values) AG / AB X 100 = nuchal area height

                                
2. Condylar index ‑‑ used to tell how far forward or backward the occipital condyles 

are. The occipital condyles are projections from the base of the skull that connect the skull to the cervical (neck) vertebrae. This gives an indication of how upright the organism stood. The more centered that the occipital condyles are along the Frankfurt plane the more likely the hominid stood upright.
a. Measure and record the distances CD and CE on the skull.  E is the point along the Frankfurt line that indicates the front most point of the face.  D is the point along the Frankfurt line that indicates the rear most point of the skull.
b. Compute the condylar index: (CD/CE) X 100
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3. Supraorbital height index – used to measure the height of the skull above the eyes. It indicates overall cranial height (frontal lobe), this is an indirect measure of the size and complexity of the cerebrum.
a. Measure and record the distance AB 
b. Measure and record the distance FB. F is a point along AB that is at the height of the top of the orbit
c. Compute and record the supraorbital height index, which equals (FB/AB) X 100.
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Table 2: Quantitative Measurements

	(in centimeters)
	CE
	CD
	AB
	BF
	AG
	CD/CE 
	AG/AB
	BF/AB

	Homo erectus


	 
	 
	 
	 
	 
	 
	 
	 

	Gorilla gorilla


	 
	 
	 
	 
	 
	 
	 
	 

	Homo neanderthalensis


	 
	 
	 
	 
	 
	 
	 
	 

	Australopithecus boisei


	 
	 
	 
	 
	 
	 
	 
	 

	Australopithecus africanus


	 
	 
	 
	 
	 
	 
	 
	 

	Homo sapiens sapiens


	 
	 
	 
	 
	 
	 
	 
	 

	Pan troglodytes


	 
	 
	 
	 
	 
	 
	 
	 


Student Evaluation:

By using the information you have recorded in your table and the display of skulls, answer the following questions.

1. List the 5 Hominid skulls (Australopithecus africanus, Australopithecus boisei, Homo neanderthalensis, Homo erectus, and Homo sapiens) in order, from largest nuchal height to smallest nuchal height.
a.    ((((((((((((((((((((((((((((((( 

d.    ((((((((((((((((((((((((((((((((((((((
b.    ((((((((((((((((((((((((((((((( 

e.    ((((((((((((((((((((((((((((((((((((((
c.    (((((((((((((((((((((((((((((((
2. List these same skulls in order, from the largest condylar index to the smallest condylar index. 

a.    (((((((((((((((((((((((((((((((

d.    ((((((((((((((((((((((((((((((((((((((
b.    (((((((((((((((((((((((((((((((

e.    ((((((((((((((((((((((((((((((((((((((
c.    (((((((((((((((((((((((((((((((
3. List these same skulls in order, from the largest supraorbital index to the smallest supraorbital index. 

a.    (((((((((((((((((((((((((((((((

d.    ((((((((((((((((((((((((((((((((((((((
b.    (((((((((((((((((((((((((((((((

e.    ((((((((((((((((((((((((((((((((((((((
c.    (((((((((((((((((((((((((((((((
4. From Australopithecus to modern humans, does the nuchal area height get larger or smaller? What does this mean?

((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
5. From Australopithecus to modern humans, what has happened to the condylar index? What does this mean?

((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
6. From Australopithecus to modern humans, what has happened to the supraorbital index? What does this mean?

((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
7. As humans have evolved, try to describe, in one sentence, the three patterns of change illustrated by the skulls you have examined.
((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
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