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Revision from last 
session



Theories of 
evolution
• Lamarckism
• Jean-Baptiste Lamarck
• His ideas included: 

• Living species were different to those 
found in the fossil record

• Domestication of wild plants and 
animals and selective breeding 
resulted in plants and animals 
changing

• Cross breeding plants often led to new 
characteristics appearing in 
theoffspring



The law of Use 
and Disuse

• Lamarck suggested that animals 
changed over time in order to 
survive in a new environment.

• If a body structure is used often, 
then it became bigger in the 
following generations.

• ..or it disappears if not used.



The Law of Inheritance of Acquired 
Characteristics
• Lamarck also explained that organisms could inherit these changed 

structures from their parents. 

• This he called “inheritance of acquired characteristics”.

• A classic example that Lamarck used to explain this:

• The original giraffes must have found themselves in an environment 
where, in order to reach food at the tops of trees, they continually needed 
to stretch their necks. Over a lifetime, a giraffe could develop an elongated 
neck, allowing it to get more food. Parents could then pass on this 
elongated neck to their offspring.



Why was 
Lamarck 
wrong?

• Lamarck argued that traits acquired by parents 
could be passed on to offspring.

• He did, however, not provide any mechanisms 
of how this would happen

• We now know:
• That changes to organisms can only come 

about as a result of a genetic change which is 
then passed on to offspring.

• For this reason, Lamarckism is not accepted 
today as an explanation for evolutionary 
change.

• His work did, however, set the groundwork 
for scientists like Charles Darwin.



Darwinism
• Charles Darwin’s theory of evolution by natural 

selection is one of the basic concepts

• His observations:

1. While on his around-the-world trip on the 
ship, the HMS Beagle.

2. Populations can produce far more offspring 
than needed.

3. Sizes of most natural populations and 
resources remain relatively constant

4. There is a natural variation of 
characteristics among members of the 
same species.

5. Some characteristics are inherited and are 
passed on to the next generation



• Based on his observations, Darwin came to three main conclusions:

1. All organisms are involved in a struggle for survival and only those 
best suited to the environment would survive there. 

2. Organisms that survive are more likely to reproduce, and therefore 
pass on their useful characteristics to their offspring.

3. Over many generations, reproduction between individuals with 
different genetic makeup changes the overall genetic composition of 
the population.

• Evolution



Lamarckism vs Darwinism

Lamarckism Darwinism

Make-up of a
population

members of population are
all the same

Members have similar
characteristics with a
measure of variation

Transformation of a
species/population

Individuals are able to
transform during a life time

Populations, not individuals,
transform over time and only
through genetic means

Mechanism of
change

Individual chooses which
traits to pass on to offspring
changes are directed to
meet survival

Natural selection – the 
environment
exercises selective
pressure causing change
variation exists regardless of
organisms needs.



Difference between natural and artificial selection

Natural selection Artificial selection
The environment or nature is the
selective force.

Humans represent the selective force.

Selection is in response to suitability
to the environment.

Selection is in response to satisfying
human needs.

Occurs within a species. May involve one or more species (as
in cross breeding).



Punctuated equilibrium
Speciation

Human evolution

New concepts



Punctuated equilibrium

Punctuated equilibrium is a hypothesis that explains the speed at which
evolution takes place through natural selection:

• According to punctuated equilibrium, evolution is not always gradual as proposed by 
Lamarckism and Darwinism.

• Evolution involves long periods of time where species do not change or change very 
little (known as equilibrium).

• This alternates with (is punctuated by) short periods of time where rapid changes 
occur.

• As a result, new species are formed in a short period of time, relative to the long 
periods of no/little change.

• This is supported by the absence of transitional fossils (usually termed ‘missing links’) 
indicating the period of rapid change.



Speciation
“As a result of natural selection taking place over a 
period of time, the characteristics of organisms 
may change to such an extent that they cannot 
reproduce with the original members of that 
species to produce fertile offspring. We say that 
they have become a new species. This is called 
speciation”.



Speciation continued…
• A population of a particular species may become split by a geographical barrier, 

e.g. a river. As a result, the two parts of the population cannot interbreed. There is 
no gene flow between the two populations.

• Natural selection occurs independently in each population.

• This is due to different environmental conditions. As a result, the two populations 
become genotypically and phenotypically different over a period of time.

• Even if the two populations mixed at a later time, they will not be able to interbreed 
again. 

• We say that one or both parts of the population have become a new species = 
speciation.



Mechanism for reproductive isolation

• Geographic isolation causes speciation. Reproductive 
isolation, isolates the gene pool of a species. 

• Examples of reproductive isolation:

• Breeding at different times of the year.
• Species-specific courtship behaviour.
• Adaptation to different pollinators in plants.
• Infertile offspring.



What do we know so far?
• As a result of natural selection, the characteristics of organisms 
can change over time due to changing environmental conditions.

• New species can arise when a group of organisms change so 
much that they can no longer reproduce with the original 
species (this is called speciation).

• Natural selection and speciation can also be used to explain 
how humans have evolved.



Human evolution

Similarities between humans (Homo sapiens) and African apes

Upright posture

Opposable thumb

Bare fingertips and nails instead of claws

Rotation around elbow joint
Longer upper arms
Freely rotating arms



Human evolution
Differences between humans (Homo sapiens) and African apes

Feature Humans (Homo sapiens) African Apes

Cranium Large cranium/brain Small cranium/brain

Brow Ridges Brow ridges are not well developed Brow ridges well developed

Spine More curved spine (S-shaped spine) Less curved spine (C-shaped spine)

Pelvic girdle Short, wide pelvis Long, narrow pelvis

Canines Small canines Large canines

Palate shape Small and semi-circular Long and rectangular

Jaws • Small jaws
• Less protruding jaws/less-prognathous

• Large jaws
• More protruding jaws/more 
prognathous

Cranial ridges No cranial ridge Cranial ridge across the top of the 
cranium

Foramen Magnum Foramen magnum in a forward position Foramen magnum in a backward 
position



Activity 1

Study the two skulls shown on the 
right and answer the questions 
that follow.

1. Which skull (A or B) is that of 
a non-human primate?

2. List FIVE OBSERVABLE 
reasons (based only on 
features that are visible in the 
diagram) for your answer in 
question 1. SKULL A SKULL B



Activity 1
Study the two skulls shown on the right and 
answer the questions that follow.

Which skull (A or B) is that of a non-human 
primate?

Skull B

List FIVE OBSERVABLE reasons (based only 
on features that are visible in the diagram) for 
your answer in question 1.

Pronounced brow ridge3
Protruding jaw/prognathous3
Large canine
Small cranium
Cranial ridge across the top of the cranium

SKULL A SKULL B



Activity 2
The diagrams on the right represent 
the skulls of three organisms:
Taung child (Australopithecus 
africanus), a modern human 
(Homosapiens) and a gorilla (Gorilla 
gorilla). The arrow indicates the 
position of the foramen magnum (the 
opening that allows the spinal cord 
to connect with the brain). Study the 
diagrams and answer the questions 
that follow:

1. Identify the organisms that are 
represented by each of skulls A, B 
and C.

SKULL A SKULL B SKULL C

Skull diagrams showing the position of the foramen magnum



Activity 2
The diagrams on the right represent 
the skulls of three organisms:
Taung child (Australopithecus 
africanus), a modern human 
(Homosapiens) and a gorilla (Gorilla 
gorilla). The arrow indicates the 
position of the foramen magnum (the 
opening that allows the spinal cord 
to connect with the brain). Study the 
diagrams and answer the questions 
that follow:

1. Identify the organisms that are 
represented by each of skulls A, B 
and C.
Answer:  A – Homo sapiens/human3
B – Gorilla gorilla/gorilla3
C – Australopithecus africanus 
(Taung child)3

SKULL A SKULL B SKULL C

Skull diagrams showing the position of the foramen magnum



Activity 2

The diagrams on the right represent the
skulls of three organisms:
Taung child (Australopithecus africanus),
a modern human (Homosapiens) and a
gorilla (Gorilla gorilla). The arrow
indicates the position of the foramen
magnum (the opening that allows the
spinal cord to connect with the brain).
Study the diagrams and answer the
questions that follow:

2. Assuming that the diagrams were
drawn to scale, list THREE observable
differences between the skulls of
organisms A and B.

SKULL A SKULL B SKULL C

Skull diagrams showing the position of the foramen magnum



Activity 2
The diagrams on the right represent the skulls of
three organisms:
Taung child (Australopithecus africanus), a modern
human (Homosapiens) and a gorilla (Gorilla
gorilla). The arrow indicates the position of the
foramen magnum (the opening that allows the
spinal cord to connect with the brain). Study the
diagrams and answer the questions that follow:

2. Assuming that the diagrams were drawn to
scale, list THREE observable differences between
the skulls of organisms A and B.
Answer:
• Skull A /  Skull B
• Brow ridge reduced/absent
• Pronounced brow ridge
• Non-prognathous/non-protruding jaw
• Prognathous/protruding jaw
• Poorly developed canines /Large canines
• No cranial ridges/Cranial ridges present
• Large cranium/ Small cranium

SKULL A SKULL B SKULL C

Skull diagrams showing the position of the foramen magnum



Activity 2
The diagrams on the right represent
the skulls of three organisms:
Taung child (Australopithecus 
africanus), a modern human 
(Homosapiens) and a gorilla (Gorilla 
gorilla). The arrow indicates the 
position of the foramen magnum (the 
opening that allows the spinal cord 
to connect with the brain). Study the 
diagrams and answer the questions 
that follow:

3. By looking at the position of the
foramen magnum (indicated by the
arrows), state which TWO organisms
are best adapted for walking on two
legs rather than four legs. SKULL A SKULL B SKULL C

Skull diagrams showing the position of the foramen magnum



Activity 2
The diagrams on the right represent 
the skulls of three organisms:
Taung child (Australopithecus 
africanus), a modern human 
(Homosapiens) and a gorilla (Gorilla 
gorilla). The arrow indicates the 
position of the foramen magnum (the 
opening that allows the spinal cord 
to connect with the brain). Study the 
diagrams and answer the questions 
that follow:

3. By looking at the position of the 
foramen magnum (indicated by the 
arrows), state which TWO organisms 
are best adapted for walking on two 
legs rather than four legs.

Answer: Homo sapiens/human3 
AND Australopithecus africanus
(Taung child)

SKULL A SKULL B SKULL C

Skull diagrams showing the position of the foramen magnum



Activity 2
The diagrams on the right represent 
the skulls of three organisms:
Taung child (Australopithecus 
africanus), a modern human 
(Homosapiens) and a gorilla (Gorilla 
gorilla). The arrow indicates the 
position of the foramen magnum (the 
opening that allows the spinal cord 
to connect with the brain). Study the 
diagrams and answer the questions 
that follow:

4. Explain, using observable 
features, why the organism to which 
skull C belongs can be regarded as 
a transitional species (a species that 
is in the process of changing). SKULL A SKULL B SKULL C

Skull diagrams showing the position of the foramen magnum



Activity 2
The diagrams on the right represent the
skulls of three organisms:
Taung child (Australopithecus africanus), 
a modern human (Homosapiens) and a 
gorilla (Gorilla gorilla). The arrow 
indicates the position of the foramen 
magnum (the opening that allows the 
spinal cord to connect with the brain). 
Study the diagrams and answer the 
questions that follow:

4. Explain, using observable features,
why the organism to which skull C
belongs can be regarded as a
transitional species (a species that is in
the process of changing).

Answer: It has features of the skull that
are intermediate between that of skulls A
and B, e.g. jaw protrudes more than in
skull A but less than in skull B, face not
flat in skull of B but flat in skull A.

SKULL A SKULL B SKULL C

Skull diagrams showing the position of the foramen magnum



Out of 
Africa 
hypothesis

The ‘Out of Africa’ hypothesis states that modern 
humans originated in Africa and then migrated 
out of Africa to the other continents.

• Evidence to support this:

1. The oldest fossils of australopithecines/Homo 
habilis/bipedal organisms have been found in 
Africa.

2. The oldest fossils of Homo erectus have been 
found in Africa.

3. Analysis of mutations in mitochondrial DNA shows 
that the oldest female ancestors of humans are 
from Africa.



Phylogenetic 
tree
• A phylogenetic tree (or 

evolutionary tree) 
represents the possible 
evolutionary relationships 
among a set of organisms 
or groups of organisms.

• The tips of the tree 
represent descendants 
(often species) and the 
points where the tree 
branches represent the 
common ancestors of 
those descendants.



Any questions?
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