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Terminology & definitions 

 Fossilisation:  the process that took place to produce the fossil over a period of time. 

 Anthropology:  the study of the human race, including the different belief systems, 
customs and social habits. 

 Palaeontology:  the study of the earliest known periods of human existence, e.g. the 
Stone Age. 

 Archaeology:  the study of ancient times by examining the buried remains of buildings, 
tools, animal and plant fossils remains found in rock strata.  

 Archaeologist:  a scientist that digs up, studies and traces fossil remains in rock 
strata. Archaeologists use carbon dating to determine when the animals and plants 
lived. Fossils found in one stratum of rock are compared to strata from later periods 
resulting in a progression of forms. Organisms without a backbone show 
modifications and development into organisms that have a backbone. The 
archaeologists have also recorded fish that have modified into amphibians, amphibians 
that have modified into reptiles and in later strata, the reptiles into mammals. Fossil 
evidence supports these progressions. 

 Palaeontologists and anthropologists use information from archaeologists to record 
findings and determine what lead to extinction or evolutionary changes.  

 Anthropogenesis is the study of human evolution and the development of Homo 
sapiens as a distinct species from the ancestral superfamily, Hominoidea.  Scientific 
disciplines like anthropology, primatology, archaeology and genetics are used to map 
out the origin of humankind. 

 
Key Concepts / X-planation 
Evidence that Evolution has occurred 
Theories of human evolution are based on research and scientific evidence that support 
the concept of continual change.  Sources like geology, anatomy, embryology, genetics 
and physiology have been used as explanations for the theories.  Further lines of evidence 
are fossil records, modification of descent, Biogeography and genetics. 
 
Geological evidence shows that the earth is estimated to be five thousand million years 
old. The first record of living material preserved as a fossil, is from the Palaeozoic era 
(540 million years ago).   

 Fossil:  the word is derived from Latin and is defined as the imprint, traces or 
preserved remains of an organism that once lived.  A fossil may be plant and 
animal body parts as well as impressions in rocks or traces left by the organisms.  

 Age of Fossils:  Two methods that are used to determine the age of a fossil: 
Relative age:  sedimentary rocks are formed over a long period of time and each 
layer will contain the organisms that lived at a certain period of time.  Each layer is 
covered over with a new layer of sedimentary rock and soil. Fossils found in the 
upper layers will be newer that those found lower down so the depth of the fossils 
will determine their relative age. 
Absolute age:  is accurate and is measured in years.  Two techniques are used by 
Archaeologists to deter the absolute age of a fossil: 

o Radio-active dating:  there are radioactive elements like uranium in 
rocks and as these rocks age, the uranium converts into lead.  
Scientists measure the uranium and lead levels to determine the age of 
the fossils embedded in the rocks.  This method can only be used for 
fossils believed to be older than 100 million years because the process of 
the uranium to lead conversion takes a long time. 
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o Carbon dating:  all living organisms contain a radioactive atom called 
Carbon-14.  When the organism dies, the Carbon-14 atom is converted 
into nitrogen over time.  Scientists know the rate of the conversion and 
the period of time this takes.  Once the level of Carbon-14 is determined 
in the fossil, the age can calculated.  This method will only be used for 
fossils believed to be less than 50 000 years old. 

 
Evidence that evolution has occurred 

 Comparative anatomy - Anatomical evidence:  obtained from the study of the details 
of the structures of body parts and systems of organisms that belong to a phylum.  

o Homologous organs: (homo = the same) similarity of the formation of a 
body part or organ due to a common evolutionary origin, e.g. the structure of 
the pentadactyl limb in seals, bats and humans.  The bones, muscles and 
nerves are arranged in a similar manner in a front paw, wing and arm.  

o Analogous organs: different structures of a body part or organ but with a 
similar function, e.g. lungs of mammals, trachea or air tubes of insects and 
gills of fish. These organs have evolved in a different way to meet a 
common need to obtain oxygen in mammals, insects and fish. 

 

 Differences in appearance of organisms within a species:  this is due to variations 
caused by the following: 

o Meiosis – crossing over during prophase and random arrangement of the 
chromosomes during metaphase) 

o Mutations: fixed and neutral by point and shift mutations on the DNA. 
o Random mating 
o Random fertilization 

 
Human evolution  
Scientists estimate that the earth is more than 5 billion years old. Geological evidence 
indicates that simple forms of life on earth appeared 3,5 billion years ago. There are many 
hypotheses but none have been irrefutably proven.  Archaeologists have provided fossil 
evidence to prove that relationships existed between the Early Stone Age cultures in 
Europe and Northern Africa. Discoveries in South Africa, Kenya and Zimbabwe have been 
used to prove and validate that Africa was the home of early man.  
 
Evidence of common ancestors for living primates, including humans 
The term ‘Homo’ refers to the genus and means ‘human’.  Studies of human evolution 
must include hominids such as the Australopithecines, as it is theorized that the Homo 
genus diverged (split) from them about four million years ago in Africa.  Scientists have 
estimated that humans branched from their common ancestor with the chimpanzee about 
five to six million years ago.  Other species of Homo like Homo erectus and Homo 
neanderthalus have all become extinct.  Substantial fossil proof exists to explain hominid 
evolution, although it is not enough to make specific conclusions.  
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Phylogenetic tree in schematic form to show the place of the family Hominidae in 
the animal kingdom:  Scientific classification of primates 

 

 
 
Scientists generally theorize that the Homo/Pan split of Hominini occurred over a period 
of 4 million years and took place about 5 to 6 million years ago.  This is based on studies 
of the key gene sequences of modern humans and chimpanzees.  Generally, species 
that belong to the same subfamily should generally share more than 97% of their DNA.  
But the similarity between the modern human genome and the chimpanzee genome is 
only about 70%. When DNA segments are analyzed and compared, the genetic 
sequence divergence (the process of one species diverging over time, into two or more 
species where genetic characteristics are passed from one generation to the next) varies 
significantly between humans and chimpanzees.  Chimpanzee, gorilla and orangutan 
genomes have been sequenced and have 24 pairs of chromosomes.  Humans only have 
23 pairs of chromosomes, because the human chromosome 2 represents a fusion of two 
chromosomes that remained separate in the rest of the primates. 
 
Characteristics that humans share with other primates: 

 opposable thumb with power grip and precision grip (so we are able to hold grasp and 
wrap the fingers around objects while the thumb stands loose to hold around the other 
side) 

 bare finger tips – for a better sense of touch 

 long arms (primates have much longer arms than humans, to enable them to swing in 
trees and for a more fluid movement) 

 freely rotating arms and hands - due to the ball-and-socket joint at the shoulder and 
the gliding joint in the wrist both joints are able to rotate through 180o 

 stereoscopic vision – where two eyes are able to focus on one object and perceive 
depth 

 visual acuity – eyes have an increased number of rod AND cone cells with their own 
nerve cells where cone cells enable us to see colour  
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 large brain when compared to body mass – allowing for intelligence and thinking 
patterns 

 brain centres that are able to process information from the senses are enlarged and 
function well -  sense of touch and sight especially 

 olfactory centre (sense of smell) in the brain is reduced  

 few offspring – humans and primates have longer gestation periods, less offspring 
and increased parental care 

 upright posture and bipedalism (bi = two and pedal = walk, so bipedalism means 
walking on two legs.  Primates sometimes move on two legs but often use their arms to 
assist them)   

 social dependency – group cohesion and living together enjoying shared activities 
 
Characteristics that make humans different from other primates: 

 humans are always bipedal as we always only walk on two legs and never use our 
hands on the ground.  Walking on two legs has implications beyond those affecting the 
skeleton and muscles as scientists theorize that the upright posture and subsequent 
changes to the nervous system resulted in the enlargement of the cerebral 
hemispheres. (see figure 21-7 below) 

 a human face and skull is flat with no prognathous (protruding jaw structure) (see 
diagram a below) 

 dentition (teeth) is similar to that of monkeys and apes but different from that of older 
primates like the gorilla with smaller canines since humans do not require large 
canines to rip flesh to eat or for defense.  Teeth are aligned into the jaws in a gentle 
curve/‟u‟ shape (see diagram c below) 

 larger brain than primates (brain size varies from 1200ml to 1800ml with the average 
size being 1400ml)  (see diagram b below) 

 humans have learned to communicate through language 
 

Changes in structure that characterize human evolution 

 Bipedalism (shirt of the foramen magnum to a more forward position) 

 A more rounded skull and increased cranium size 

 A flatter face due to: 
o Less sloping forehead 
o Less protruding jaw  
o A more developed chin 

 A more rounded jaw increased size in the skeleton 

 Change in dentition 
 
The process of the gradual transition to becoming human is called hominization and 
refers not only to the physical changes that took place like diet, movement and skeletal 
structure, but also the accelerated development of social behaviour.  Hominization is 
believed to have been influenced by: 

 the development of speech (oral communication) 

 changes in sexual behaviour with pair bonding, favouring and protection of mate and 
increased parental supervision of offspring 

 the development of a communal and social structure that allowed individuals to group 
together to hunt, share food and work as a unit to survive 
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The Cradle of Humankind  
The Cradle of Humankind is a World Heritage Site first named by Unesco in 1999.  It is 
located about 50 km northwest of Johannesburg, South Africa.  Hominid remains have 
been excavated at the Cradle of Humankind. Many anthropologists believe that hominids 
lived all over Africa, but their remains are only found at sites where their bones were 
preserved into fossils, like at the Cradle of Humankind.  Archaeological caves in the 
Makapan Valley show traces of human occupation and evolution dating back about 3,3 
million years. There is evidence that defines the origin and evolution of humankind with 
fossils of several specimens of early hominids, dating back to between 4,5 million and 2,5 
million years. 
 
Fossil evidence: 

Who found it: Date: What was 
found: 

Where was it 
found: 

Relevance: 

Raymond Dart 1924 juvenile 
Australopithecus 
africanus skull 
called the 
Taung Child 
 

Taung is a small 
town in the 
North West 
Province 

The Taung 
Chil’s skull 
shows that it 
was positioned 
directly above 
the spine, 
indicating an 
upright posture. 
This is a trait 
seen in 
humans, but not 
other primates. 
 

Dr Robert 
Broom and 
John Robinson 

1947 a 2,3-million 
year old fossil of 
Australopithecus 
africanus, 
commonly know 
as the famous 
Mrs Ples 

Sterkfontein 
Caves 

The uncovering 
of Mrs Ples 
provided further 
proof of the 
development of 
humankind and 
supported the 
findings of the 
Taung Child 

Team:  Maurice 
Taieb, Donald 
Johnson, Mary 
Leakey and 
Yves Coppens 

1974 excavated 40% 
of a 3.2 million 
year old 
skeleton of an 
Australopithecus 
afarensis  called 
Lucy 

Hadar in the 
Awash Valley of 
Ethiopia’s Afar 
Depression 

Lucy’s skull 
capacity was 
small like apes, 
but showed 
bipedalism like 
humans proving 
the theory that 
bipedalism 
preceded the 
increase of the 
human brain 
size 

Dr Ronald J 
Clarke 

1997 the near-
complete 3.3 
million year old 

Swartkrans in 
the Cradle of 
Humankind 

Also found 
evidence for the 
controlled use 
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Australopithecus 
skeleton called 
Little Foot 

of fire dating 
back to 1 million 
years ago 
 

 
African fossils – Great Rift Valley 
Many fossils relating to human evolution and hominid ancestors have been found in the 
Great Rift Valley which is in East Africa and extends from Lebanon to Mozambique, 
especially in an area called Piedmont.  Some notable discoveries are: 

 1975:  Michael Bush discovered the “First Family” at a dig called site 33.  There were 
13 individuals found.  It was concluded that all the individuals died together during a 
flash flood. 

 2001:  A 7 million year old fossil skull named “Toumai” was discovered near Chad.  It 
is possibly the earliest hominid fossil found  

 2006:  At a dig in Ethiopia, a skeleton of a three year old australopithecine was found 
and named “Selam”. 

 
Out of Africa hypothesis and evidence for African origins of modern humans 
Most scientists agree that Homo sapiens evolved in Africa and spread outwards across the 
continents.  Some scientists support an alternative theory that humans evolved as a single 
species from Homo erectus in Asia.  Not only does fossil evidence support an African 
origin but so too does Y-chromosomal DNA and mitochondrial DNA research. 
 
The Out of Africa hypothesis was developed by Chris Stringer and Peter Andrews, 
stating that modern Homo sapiens evolved in Africa about 200,000 years ago and 
migrated outwards to Europe and Asia, according to the Southern Dispersal theory.  
This theory is based on genetic, linguistic (language) and archaeological evidence where 
researchers using mitochondrial DNA, have concluded that all were descended from one 
woman from Africa, called Mitochondrial Eve.  The Out of Africa theory is also supported 
by the fact that genetic diversity is the highest among African populations.  Anthropologists 
and palaeontologists have collected substantial evidence to prove that humans moved 
from Africa to settle in Europe and Asia, at the approximate time of the glacial period. 
Some underwent a process of bleaching, which resulted in the fair-skinned, light-eyed 
and blonde-haired people of Britain, Scandinavia and Germany.  Note that the oldest 
centres of civilisation discovered, are located in Egypt, Mesopotamia and the Indus basin.  
The question is:  why did early humans emigrate from Africa to Europe and Asia?  One 
possible explanation is that the glacial period altered the climate in Northern Africa from 
very hot and dry to very cold.  Food sources like plants and animals would have been 
severely impacted, so movement to a warmer place where there was an abundance of 
food took place. 
 
Evolution in present times 
Scientists use biotechnology and genetic engineering to artificially select desired 
characteristics and create new species that are beneficial to humans.  Harmful species of 
mutated viruses and bacteria are created for Biochemical warfare, e.g. anthrax and ebola 
virus.  We also find new species developing that are resistant to insecticides and 
antibiotics, e.g. DDT, MDR and XDR Tuberculosis.   The evolutionary process is fast 
tracked by human intervention. 
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 DDT (dichloro-diphenyl-trichloroethane) 
Many years ago, mosquito breeding areas were sprayed with an insecticide called DDT 
to prevent malaria by killing the mosquito larvae and was initially very effective.  
However, some insects with mutations in their sodium channel gene were resistant to 
DDT and with breeding it took about 7 years for DDT to lose its effectiveness.  The 
genetic trait that caused the resistance to DDT was homozygous ressessive and 
eventually resulted in the evolution of the mosquito into a new DDT resistant species.  
However, the impact of DDT on the environment continues because it is non-
biodegradable and toxic. DDT was washed from the soil and leached into underground 
water and eventually the sea. The weak solution of DDT was absorbed by micro-
organisms and through the food chain link, the concentration increased and resulted 
in bio-accumulation. Cancer and many other diseases may result in humans. In 
animals and birds, the toxin accumulation results in uncharacteristic behaviour, egg-
shell thining and death.  In 1972, the use of DDT was officially banned worldwide.  

 

 Resistant strains of TB 
Tuberculosis is caused by a bacterium called Mycobacterium tuberculosis that attacks 
the lungs, kidneys and bones. Symptoms would include chest pains, fever, coughing, 
loss of weight and shortness of breath. Eventually, mucus and pus block the alveoli 
causing them to burst, resulting in the person coughing infected spray droplets of 
blood. Loss of alveoli causes lack of oxygen, resulting in physical weakness.  TB is 
also transmitted in infected milk. The TB bacteria are destroyed when exposed to 
sunlight and infected people should be isolated and treated with antibiotics for a 
minimum of six months.  Children are immunised with inoculations at the local clinics. 
The TB bacteria have evolved into „multi-drug resistant strains‟ (MDR-TB), where 
normal drugs are ineffective.   In 2006, „extensively drug-resistant tuberculosis‟ 
(XDR-TB) was identified.  MDR-TB tends to develop when patients miss doses of 
antibiotics or do not complete the full treatment.  This strain seems less virulent and 
does not appear to dominate naturally.  But XDR-TB has a much higher mortality rate 
than MDR-TB and does not seem to transmit in healthy populations but appears to be 
more prevalent in individuals who are HIV positive.  With the XDR-TB strain, from 
onset of the disease to death takes approximately 15 to 20 days as this strain does not 
respond to any of the drugs presently available in South Africa.  

 
Alternative explanations to evolution 
Anthropologists, palaeontologists and archaeologists have uncovered evidence from fossil 
records that prove the theory of evolution, showing adaptation or extinction processes 
throughout the ages.  Adaptations result in natural selection and biodiversity results.  
Constant change is brought about by the need to adapt and survive, gene mutations and 
human intervention. The theory of evolution is one explanation of how change has 
occurred over time to ensure survival.  Diversity is therefore the result of change over 
time, through the process of natural selection.  
 
But please remember: 

 A conflict exists between religion and science with respect the theory of evolution 

 Cultural and religious explanations differ vastly from scientific theories for the origin and 
development of life on earth 

 Science is limited to only providing explanations for physical structures and events of 
which there is proof, but not spiritual or faith-based matter and we must remember that 
both are important to humans, but in different ways. 
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X-ample Questions 
QUESTION 1: 
(Taken from DoE Preparatory Examination 2008 Paper 2) 
 
In an investigation a biotechnologist injected chimpanzee blood into a rabbit. The immune 
system of the rabbit recognized the chimpanzee blood protein as foreign and produced 
antibodies. The rabbit's antibodies were then extracted and developed as a serum. When 
the serum is added to blood samples in different test tubes removed from of a variety of 
different animals, a precipitate forms. The more precipitate forms, the more closely related 
the animal is to the chimpanzee.  Study the table below that shows the percentage 
precipitate formed in this investigation, and answer the questions that follow. 
 

 
1. What is the composition of the serum?      (2) 
2. According to the above information, which animal is least closely related to 

chimpanzees? Give a reason for your answer.     (2) 
3. Formulate a hypothesis for the investigation above.    (2) 
4. Name TWO variables that had to be kept constant in this investigation. (2) 
    
 
QUESTION 2: 
(Taken from DoE Feb/March 2010 Paper 2) 
 
The diagram below shows a phylogenetic tree based on DNA similarities. The percentage 
next to each branch shows the amount of difference in the genome (DNA nucleotide 
sequence) of the two relevant groups. 
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1. From the diagram, determine how long ago the chimpanzees split from the line to 

humans.           (2) 
2. Which organism is most closely related to humans?     (1) 
3. Calculate the DNA similarity between the genome of the chimpanzee and the 

human.          (2) 
       
 
QUESTION 3: 
(Taken from DoE Feb/March 2009 Paper 2) 
 
A comparison of the anatomical features of organisms has helped scientists to propose 
evolutionary relationships. 

 
 
1. Tabulate THREE observable differences between the side view of the skulls of 

Homo and the chimpanzee.        (7) 
2. Which ONE of the organisms (Australopithecus or chimpanzee) is/was a 

quadruped?           (1) 
3. Give ONE observable reason for your answer to QUESTION 2.   (1) 
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X-ercise 
 
1. Fossil evidence shows that the earth is about …. 
 A.  4,5 Million years old 
 B.  5 Billion years old 
 C.  8 Billion years old 
 D.  10 million years old 
 
2. Extinction occurs…. 

A. When a species is unable to survive in their environment. 
B. When only a few of a species survives. 
C. When a species goes into hiding until conditions improve. 
D. The gradual depletion of a population. 

 
3.  Which of the following is NOT a fossil? 

A.  Tyrannosaurus rex skull, 65 million years old 
B.  Oil formed from microorganisms, 150 million years old 

 C.  Stone tool made by ancestors of human, 2,6 million years ago 
D.  195 million-year-old dinosaur footprint imprinted in rock 

 
4.  Study the following characteristics: 

1. Olfactory brain centres reduced 
2. Bare fingertips 
3. Flat face (not prognathous) 
4. Always bipedal 

 
Which combination of characteristics makes humans different from other primates? 
A  2, 3 and 4 only 
B  1, 2 and 3 only 
C  3 and 4 only 
D  1, 2 and 4 only 

 
5.  One way to determine the age of a fossil is to use the rate of decay of carbon-14. 

The graph below shows how carbon-14 decays over time.
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A fossil snail was found to have 30% of its carbon-14 remaining.  According to the 
above graph, the age of the fossil is approximately … 
A   5 000 years. 
B  15 000 years. 
C  10 000 years. 
D  20 000 years. 

 
6.   The study of the human race, including the different belief systems, customs and 

social habits is called…. 
 A.  Palaeontology 
 B.  Anthropology 
 C.  Archaeology 
 D.  Homonization 
 
7. The most accurate method of determining the age of a fossil is by using… 
 A.  relative age dating if the fossil is believed to be older than 1 million years 
 B.  radio-active dating if the fossil is believed to be less than 50 million years 
 C.  carbon dating if the fossil is believed to be more than 50 million years 
 D.  radio-active dating if the fossil is believed to be older than 100 million years 
 
8. Which of the following is not a homonid fossil? 
 A.  Taung Child 
 B.  Big Foot 
 C.  Mrs Ples 
 D.  Toumai 
 
9. The Out of Arica hypothesis is supported by which of the following: 
 1.  Y-chromosomal DNA research 

2.  Mitochonrial DNA reasearch 
3.  Fossil evidence 
4.  Human evolution from Homo aferensis 
5.  The Northern dispersal theory 
 
Which of the following combinations is correct? 
A. 1,2 and 3 
B. 1, 2 and 4 
C. 2, 3 and 5 
D. 3, 4 and 5 

 
10. Anthropogenesis is the study of…. 
 A.  the earliest known periods of human existance 
 B.  the study of the habits, social behaviour and characteristics of the human race 

C.  fossils and the evolutionary changes over time that occurred to the Homo 
species 

D.  the study of human evolution and the development of Homo sapiens as a 
distinct species   
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X-ercise Answers 
1. B 
2. A 
3. C 
4. C 
5. C 
6. B 
7. D 
8. B 
9. A 
10. D  


