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Origin of ideas about origins
Theory vs Hypothesis
• A theory is an explanation of something that has been observed in nature which can be
supported by facts, generalisations, tested hypotheses, models and laws.
• A hypothesis is a possible solution to a problem.
• The word evolution simply means change over time.
• Biological evolution refers to any genetic change in a population that is inherited and
becomes a characteristic.

Evidence of
evolution

• Genetic evidence includes:
• Identical DNA structure
• Similar gene sequence
• Similar portions of DNA with no
functions
• Similar mutations
• Species that are closely related
have a greater similarity to each
other than more distantly related
species.

1. Crossing over during Prophase I of meiosis involves an
exchange of genetic material, leading to new combinations of
maternal and paternal genetic materials in each new cell /
gamete resulting from meiosis.

Degree of
variation

2. Random arrangement of maternal and paternal
chromosomes at the equator during metaphase allows different
combinations of chromosomes /chromatids to go into each new
cell / gamete resulting from meiosis, making them different.
3. Random fertilisation between different egg cells and different
sperm cells formed by meiosis result in offspring that are
different from each other.
4. Random mating between organisms within a species leads to
a different set of offspring from each mating pair.
5. A mutation changes the structure of a gene or chromosome
and therefore the organism’s genotype. Since the genotype
influences the phenotype, it creates organisms with new,
different characteristics from one generation to the next.

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.

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

Why was
Lamarck
wrong?

• 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

Evolution by natural selection
• Natural selection is one of the mechanisms that explains how evolution takes place.
• Those organisms best suited to a particular environment produce the most
offspring.
• This is commonly referred to as “survival of the fittest” – where “fittest” does not mean
the strongest, but the best suited to the environment.
• Having favourable traits that are suitable to the changing environmental conditions
• may lead to the formation of new species (speciation).
• Natural selection always acts on variation already present in a population and the
environment is the selective pressure for change.

How does natural selection work?
•

1

• There is a lot of variation among offspring as offspring differ from their parents.
• When the environment changes or there is competition (for food, space, etc.).
• The offspring with characteristics or traits that make them better suited to the new
environment.
• The organisms without the desired characteristic or trait are less able to survive in the
new environment or competition and so will die out.
• This means that more offspring in the next generation will have the advantageous
characteristic(s).
• The next generation will have a higher proportion of individuals with the new trait or
characteristic.
• These differences accumulate and eventually all individuals in a population have the
new trait or characteristic.

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.

Artificial selection
• Humans have long exploited the variation in wild and cultivated organisms
to develop crops or new breeds of livestock, through a process called
artificial selection.
• Artificial selection is a human-driven selective force and occurs at a faster
rate than natural selection.
• Favourable traits are artificially selected for by scientists and farmers.
• Artificial selection mimics natural selection, with the exception that artificial
selection is a much faster process and results in less variation than natural
selection.

Artificial selection in a domesticated
animal
• All dog varieties originated from the Grey wolf, Canis
familaris.
• The first few domesticated wolves would have been
selected for traits such as tameness, submissiveness and
ones that were easy to work with.
• Five ancient breeds of dog arose from inbreeding which
gave rise to the large number of distinct dog breeds that
we have today.
• The extremely large genetic variability in the ancestral
species made it a perfect choice for domestication as
different traits could be expressed under different selective
pressures.

Some issues
• Pedigree dogs, born from two dogs of the same breed, sometimes suffer from
deformations and can be vulnerable to diseases and parasites.
• This is due to their decreased genetic variation.
• Mongrel dogs (“pavement specials” as they are commonly referred to in South
Africa) are dogs that were outbreed and so their genetic variation is far greater
than a purebred dog.
•
• This makes mongrel dogs quite robust (healthy) and they do not die very easily
from natural diseases or parasites and they are very fertile.

Artificial selection in crops
• Domestication in plants has resulted in wide variety of new species with large
phenotypic differences amongst species.
• An example:
• The domestication of maize (Zea mays spp).
• The modern day maize plant was bred from a multi-stemmed wild grass.
• Over the past thousand years, farmers selected and planted seeds from those
maize plants that had bigger ears of corn and that required less space to grow.
• Over time, all the undesirable traits were bred out of the plant, leaving only the
large ears of corn and less stems.

• Figure on the right: The evolution in the size of the ear of corn. The
first image is the original size of the Zea mays spp and the one on
the far right is the modern day maize.

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)

PAST EXAM PAPER
QUESTIONS

Question 1:
Indicate whether each of the statements in COLUMN I apply to A ONLY, B ONLY, BOTH A AND B or NONE of the
items in COLUMN II. Write A only, B only, both A and B, or none

COLUMN I

COLUMN II

Mechanisms of reproductive isolation

A: Species-specific courtship behaviour
B: Breeding at different times of the year

Fossils found in South Africa

A: Little Foot
B: Taung Child

Proposed the 'law' of use and disuse'

A: Eldredge
B: Gould

Question 2:
Coyote

• What type of evidence for
evolution is represented
here (in Fig 1)?
• What is a biological
species?
• Describe how these three
species could have
evolved from a common
ancestor.

Jackal

Dingo

Fig1 . The present-day distribution of three closely related
species of the dog family, the coyote, jackal and dingo, is
shown on the world map below.

Multiple choice question
Artificial selection occurs when;
a)
b)
c)
d)
e)

the environment controls which organisms will survive.
humans determine which organisms will survive.
the extremes of the population have a lesser chance to survive.
the extremes of the population have a better chance to survive.
the organisms on one extreme of the population have a better
chance to survive than those on the other extreme.

Multiple choice question
The distribution of different organisms over the surface of the
earth;
a)
b)
c)
d)
e)

offers evidence for evolution.
provides evidence for a single center of evolution.
appears to be simply a matter of chance.
is not affected by biogeographical features.
is primarily the result of human activities.

Multiple choice question
Lamarck's contribution to the theory of evolution was the concept of;
a)
b)
c)
d)
e)

natural selection.
catastrophism.
inheritance of acquired characteristics.
mutation.
geographic distribution of organisms.

Multiple choice question
The operation of natural selection depends upon the fact that;
a) the strong always survive, whereas the weak always die.
b) some individuals have a better chance to produce more
offspring.
c) mutations are always harmful.
d) acquired characteristics are inherited.
e) reproduction of all members of a species is virtually the same.

Multiple choice question
Genetic variation is the result of all but which one of the
following?
a)
b)
c)
d)
e)

alteration in chromosome structure or number
gene mutation
independent assortment
the role of environment in controlling genetic expression
crossing over and genetic recombination

Multiple choice question
On the Galápagos Islands, Charles Darwin observed ;
a) completely unrelated species on each of the islands.
b) species exactly like those found in South America.
c) somewhat similar species, with traits that suited their
particular environments.
d) species completely unrelated to those found in South
America.

Multiple choice question: application
When farmers select animals or plants to use for breeding, they
look for ;
a)
b)
c)
d)

species that are perfect and unchanging.
homologous structures.
traits that are produced artificially.
natural variations that are present in a species.

Multiple choice question: application
When lions prey on a herd of antelopes, some antelopes are killed
and some escape. Which part of Darwin’s concept of natural
selection might be used to describe this situation?
a)
b)
c)
d)

acquired characteristics
reproductive isolation diversity.
survival of the fittest
descent with modification

Extra application question
In a small group of people living in a remote area, there is a high
incidence of “blue skin”, a condition that results from a variation on the
structure of haemoglobin. All of the “blue-skinned” residents can trace
their ancestry to one couple, who were among the original settlers of
this region. The unusually high frequency of “blue skin” in the area is
an example of ;
a)
b)
c)
d)
e)

mutation
genetic drift
natural selection
sexual selection
heterozygote advantage

Fill in the table
Lamarckism

Darwinism

Concept developed by……

Theory developed by ……

It suggests that the organisms can pass their
acquired characteristics to their offspring.

It states that the origination and development
of an organism should be created through the
process of natural selection.

It mainly occurs due to the theory of………..

This occurred due to the …………….. of
organisms

This theory is not based on the theory
of……………..

It follows the theory of………………...

Example:

Example:

