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Modern Examples of Evolution in Action
• Natural selection was proposed by Darwin and by Wallace as being the mechanism by which new species arise from pre-existing species.
• They observed that the number of individuals within a population remains more or less constant.
• They realized that most organisms have great reproductive capacity and produce far more offspring than actually survive to adulthood, so there

must be a ‘struggle for existence’ within the population.
• The mechanism of natural selection depends on the fact that individuals within a population show genetic variations, some of which give advantage

in the ‘struggle for existence’.
• Thus those individuals best suited to the prevailing conditions will survive better and have a reproductive advantage, producing more offspring than

the less favoured organisms. (Darwin called this ‘survival of the fittest’).
Their advantageous variations are passed on to their descendents, resulting in a shift in gene frequencies when compared to the parent generation.  If
breeding barriers (isolating mechanisms) operate to prevent the varied offspring from breeding with the original population then eventually they may
develop into a new species (speciation).

A modern definition of natural selection is ‘differential reproduction
in nature, leading to an increase in the frequency of some genes or
gene combinations and to a decrease in the frequency of others’.Fig. 1. Flow diagram to illustrate the process of speciation

Factors in the environment that operate to keep populations in check are
called ‘selection pressures’ or ‘environmental resistances’. They
include:
• competition for resources such as food and space to live;
• disease;
• predation;
• lack of water, oxygen, or light;
• changes in temperature;

Interbreeding population
of original species.

        Gene mutation Organisms which differ slightly
from original species.

New factor in the environment
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Lowers reproductive
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Reduces numbers of
original species which
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In sexual species, a breeding barrier
may operate preventing interbreeding
of the two populations.

    May develop into a new species.

Most or all of the general principles outlined above apply to all examples
of evolution in action. However, remember that breeding barriers cannot
operate in prokaryotic organisms because they only reproduce asexually.

Reproductive rate and survival
not affected or may be
increased.
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Some modern examples of evolution

• The development of resistance in
many species of insects to insecticides.
For example, resistance to DDT in
mosquitoes, the development of
resistance to Bt toxin (genetically
engineered into crop plants) by insect
pests.

• The development of resistance to
warfarin by rats. Warfarin was used
as a rat poison and worked by
preventing blood clotting, with the
result that rats bled to death.

• The development of new strains of
virus. For example, influenza virus
frequently mutates to produce strains
to which humans have little or no
immunity. ‘Ancestral’ viruses
mutated to produce strains such as
the HIV/AIDS virus and the SARS
virus – these are important human
pathogens. There are now many
different strains of AIDS virus around
the world and the virus is still
mutating to form even more.

• The development of resistance in
many bacterial species to antibiotics,
for example, the tuberculosis
bacterium is now very difficult to treat
because it is resistant to nearly all
antibiotics.

• The development of tolerance to
toxic metals and their oxides by
certain plants. For example, some
grass species growing around disused
tin and lead mines are now so tolerant
to tin and lead salts that they can
even grow over the heavily
contaminated spoil heaps from the
mines.

Holcus lanatus

• The development of resistance by
rabbits to the myxomatosis virus.
This virus was deliberately introduced
to rabbit populations in an attempt
to eradicate them.

The development of antibiotic resistant strains of bacteria
In recent years there has been enormous environmental selection pressure
operating on bacterial populations. As a result many species of bacteria
have acquired mechanisms to resist the effects of many antibiotics. The
selection pressure factor has been the overexposure to antibiotics, caused
by:
• over-prescription of antibiotics by family doctors, but even more so

in hospitals
• overuse of antibiotics in farm animals, particularly their incorporation

into animal feeds because of their ‘growth enhancing’ properties.

Gene mutations in bacteria which give them antibiotic resistance will
therefore allow survival of the mutant bacteria when exposed to the
antibiotic, whereas the non-mutated bacteria will be killed. Thus the
antibiotic resistant bacteria will continue reproduction and form a
replacement population.

The mutant DNA in bacteria is frequently situated in the plasmid
DNA. When bacteria die some of their plasmids may be released into
the surrounding substrate. Other species of bacteria which also
colonise the substrate may absorb the mutated plasmid DNA into
their cells and incorporate the mutant DNA into their own genome.
Thus, if one species of bacterium becomes antibiotic resistant it may
pass the antibiotic resistance allele to other species of bacteria. Thus,
antibiotic resistance may spread amongst a wide variety of bacterial
species.

Gene mutations can give bacteria antibiotic resistance in a number of ways:
• The bacteria lack a target for the antibiotic. For example, Chlamydia

do not have peptidoglycan which is the target for penicillins.
• The antibiotic target may be inaccessible. For example, peptidoglycan

inside Gram-negative bacteria is inaccessible to penicillins which cannot
penetrate the outer membrane of the bacteria.

• The antibiotic target may be modified to prevent attachment of the
antibiotic.

Mutations such as these have led to the development of hospital
‘superbugs’ which are resistant to most or all antibiotics. These may pose
a serious threat to patients because of cross-infection risks. Resistant
Staphylococcus aureus, Serratia marcescens, Neisseria gonorrhoeae  and
Escherischia coli are some of the problem organisms. Careful hospital
hygiene, especially efficient hand-washing by medical staff between
handling patients is essential to prevent cross-infection.

Development of tolerance to toxic metals by plants
Spoil heaps from old lead, tin and zinc mines which are common in Cornwall
and areas of Wales, are often devoid of vegetation which cannot tolerate
the high concentrations of heavy metals and their salts that are present.
• Certain grasses, for example, Yorkshire Fog, (Holcus lanatus) and

some horsetails (Equisetum fluvatile) have developed tolerant strains
which can colonise and reproduce on the spoil heaps. The selection
pressure preventing the growth of non-tolerant species is the high
concentration of toxic metallic ions.

• In species which have developed tolerant varieties, gene mutations
must have occurred to give individuals the necessary tolerance to grow
to reproductive age and pass the ‘tolerance’ alleles onto offspring.

• Some mutations are thought to have the effect of enabling the binding
of toxic metallic ions into the cellulose cell walls of plant cells so that
the ions cannot enter the cytoplasm to disrupt sensitive biochemical
processes. Other mutations are thought to enable the plants to actively
pump out any toxic metallic ions that have been absorbed before they
reach toxic concentrations.

• Tolerant plants, for unknown reasons, grow badly or not at all on non-
contaminated soils. Non-tolerant plants cannot grow in contaminated
soils. Thus there is a potential breeding barrier (isolation mechanism)
and in years to come tolerant and non-tolerant varieties may become
separate species.
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Fig 2. Rabbits and myxomatosis

In 1759, 24 specimens of the European wild rabbit, Oryctolagus cuniculus,
were released onto an estate in Victoria, Australia. It was thought they
would multiply and provide an animal for humans to hunt.  They multiplied
so successfully and spread so widely that by 1905 they spanned the
continent. This was because:
• They had no natural predators, and there was abundant vegetation

(sheep-grazing grassland and crops) for food and large areas of suitable
habitat to colonise.

• Rabbit-proof fencing failed to stop their progress and they advanced
into new territory at about 110 kilometres each year.

Rabbit myxoma virus is found in the wild rabbit population of South
America, but these rabbits are resistant to the virus and it does not harm
them. However, it was found that the virus was lethal to European wild
rabbits and caused the disease, myxomatosis. The virus could be spread
very easily between rabbits, either by contact or via various arthropod
vectors, including rabbit fleas, mosquitoes, lice, ticks and mites. Because
rabbits live in burrows in dense communities, called warrens, the virus was
easily transmitted.
• In 1950, in an attempt to control the huge Australian rabbit population,

myxoma virus was deliberately introduced to several areas. The virus
was a new selection pressure (Fig 2).

• The disease myxomatosis spread through the whole of Australia within
about three years, causing around 99.9% mortality in the rabbit
population. (The speed and intensity of this was thought to be related
to the limited gene pool of the rabbit population which allowed them
to be susceptible to the virus – remember that the Australian rabbits
were descended from just 24 ancestors).

• The few rabbits that recovered and survived the disease could impart
passive immunity to their offspring by passing antibodies across the
placenta or via milk. The offspring would thus have short term
protection.

• Rabbits have a very high reproductive rate and it is likely that one or
more gene mutations occurred amongst the small surviving population
which gave their offspring and the populations they formed, immunity
to the myxoma virus. In Australia at the present time about 40% of the
rabbit population is immune to the myxoma virus.

• Another factor that has led to the survival of a mutated rabbit
population is that in some areas, the myxoma virus has become
attenuated (mutated into less virulent forms) and is not as pathogenic
as the original strain.

• Because resistant rabbits and surviving non-resistant rabbits still live
side by side, they can interbreed. Thus there is at present no breeding
barrier (isolation mechanism) operating and so the resistant rabbits are
not yet a separate species.
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Other possible examples of evolution in action
These examples are not as ‘clear cut’ as the above examples, but could
provide information for examination questions and answers.

• Elephants have tusks made from ivory. In areas of Africa and Asia
elephant populations have been seriously reduced by poachers. In
Sri Lanka elephants are predominantly tuskless and tusked
individuals only occur occasionally. The selection pressures causing
this are obscure but possibly the tusked allele became infrequent
due to hunting by man over thousands of years (for meat, but mainly
for ivory), while the tuskless allele increased in frequency because
the hunters only killed elephants which carried ivory. Thus the
tuskless elephants tended to reproduce and produce more tuskless
elephants but the tusked elephants failed to reproduce as frequently.

• When confronted with danger hedgehogs traditionally immediately
roll up into a ball and present the surroundings with a protective
surface of sharp prickles. This makes them inaccessible to predators.
It is thought that some hedgehogs show an alternative trait – that
when they are confronted with danger they will initially run away as
quickly as possible before rolling up into a ball.

Hedgehogs frequently need to cross roads, particularly at night. They
are alarmed when car lights approach. Those that immediately roll
into a ball are likely to be squashed and their alleles are lost to the
population. Hedgehogs that run for cover to the verge of the road
before rolling into a ball are less likely to be squashed and they
survive to breed their alleles on into the population. Thus in areas
where roads and traffic are abundant ‘runner’ hedgehogs may be
selected and ‘rollers’ may become very scarce. In areas where there
are few roads and little traffic both traits may be present frequently.

Exam Hint – whatever the example of evolution you are asked about
or given data about, try to think:
• what the selection pressure is that is operating on the organisms
• what selective advantages the organisms may possess to

enable them to survive the selection pressure.
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Practice Questions
1. Staphylococcus aureus  is a bacterium found in about 30% of the noses

of normal healthy people and is also commonly found on people’s
skin. If it causes infections they can be treated by any of a number of
available antibiotics. A hospital ‘superbug’, much in the news at present,
is MRSA. MRSA stands for methicillin-resistant Staphylococcus
aureus. The bacterium is usually confined to hospitals and to vulnerable,
debilitated, adult patients in intensive care units, burns units, surgical
wards and orthopaedic wards. It can be treated by other antibiotics but
they are expensive and have toxic side effects. In recent years the
‘superbug’ has spread to children’s wards, particularly to neonatal and
pediatric wards. Numbers of under-15 children infected has risen from
4 cases in 1990 to 376 cases by 2001.

(a) Outline a mechanism by which MRSA may have evolved and
become established. 5

(b) Suggest how the spread of MRSA in hospitals may be minimized.
4

(c) Why is it essential that the number of MRSA infections occurring
is minimized? 3

Total 12

2. Bt-protein is coded for by a gene found in a soil bacterium, Bacillus
thuringiensis. The protein is lethal to many insects. The bacterial Bt-
allele has been genetically engineered into cotton plants and American
corn plants and is supposed to make them resistant to insect attack.
When the insect bites the plant it receives a lethal dose of Bt-protein
and dies. GM crops containing Bt-protein have been grown in the
USA for about 20 years, saving money because insecticides were not
needed and boosting income, because yields were increased because
there was no insect damage to the crops.

However, in 1996 more than 18,000 acres of Bt-crops were
overwhelmed and devastated by attack from the European Corn Borer
insect. Bt-crops now seem to have little protection against insect attack
and new insecticides have had to be introduced to protect crops.

(a) Suggest an explanation for Bt-crops no longer killing the population
of Corn Borer insects which try to eat them. 5

(b) How could you tell if the Bt-tolerant Corn Borer insects living in
Bt-crop growing areas had developed into a different species from
Corn Borer insects living in areas where non-Bt-crops were grown.

3
Total 8

3. Recently a new species of groundsel, which must have originated in the
last 30 years, has been found growing on several wasteland sites in
York. The new species is a hybrid between Common Groundsel and
Oxford Ragwort; the latter plant was introduced to Britain from Sicily
about 300 years ago and is now widespread. The new species is called
Senecio eboracensis (‘eboracum’ is the Latin name for York).

The new species is rapid growing and will set seed within 3 months of
germinating. It has a different chromosome make up to its parental
species and flowers at a different time of the year. It is also mainly self-
fertilising/pollinating. The new species is still only found in York where
it prefers recently disturbed waste ground.

(a) Suggest how the new species could have arisen by hybridization.
6

(b) The new species cannot breed with its parent species (reproductive
isolation). Why not? 4

(c) As the city of York is being redeveloped, waste ground sites in the
city are rapidly disappearing. Suggest how the new species might
ensure its survival? 3

(d) The British flora contains relatively few plant species compared
with floras of many other areas of the world. Suggest advantages of
introducing some foreign plant species into the British flora. 3

Total 16 Answers
1.(a)treatment of Staphylococcus aureus infections with methicillin/

exposure of S, aureus to methicillin;
gene mutation to give S. aureus methicillin-resistance;
resistant bacteria survive and reproduce asexually;
may be transmitted on hands/skin/by sneezing/coughing to other
patients;
and to other wards/ other hospitals;5

(b)regular washing/showering of patients/medical staff to reduce skin
populations and so reduce the risk of cross-infection;
efficient handwashing by medical staff before touching another
patient;
efficient disinfection/sterilization procedures of bedding/medical
instruments and ward surfaces (walls/floors);
carriers of MRSA should be aware of it and act appropriately
(washing/suitable soaps/regularly laundering clothes and bedding)
so that they do not pass MRSA on;4

(c)it can be fatal, particularly in young people;
it is difficult, unpleasant and expensive to treat;
it could reach epidemic proportions and become a much more
serious problem/it might pass its mutant alleles onto other species
of bacteria which also become methicillin-resistant;3

2.(a)some corn borer insects may have developed a mutant allele giving
them tolerance to the Bt toxin;
if the mutation occurred in the gametes it would be passed on to
the offspring;
insects carrying the mutation would survive to reproduce with
other surviving insects;
mutant allele would thus stand a good chance of becoming
homozygous;
non-tolerant insects would die when they eat the Bt toxin, and
their population would be replaced by Bt-tolerant insects;5

(b) interbreed  Bt-tolerant insects with Bt-intolerant insects from a
non-Bt crop area;
if they breed and produce offspring which when grown can also
produce offspring then they are still one species;
if they do not breed or breed to produce offspring which are sterile
then they have evolved into different species;3

3.(a)pollen from Common Groundsel must have pollinated Oxford
Ragwort or vica-versa;
fertilisation and seed formation occurred;
the seeds germinated and grew into sterile F1 hybrid;
at some stage a restitution nucleus must have formed/chromosome
number doubled/each chromosome became paired;
this enabled chromosomes to pair in meiosis so that gametes could
form;
thus the F1 hybrid became a fertile new species;6

(b)because its chromosomes are different;
so that even if offspring resulted they would be sterile, because
meiosis could not occur to form gametes;
they tend to be self-pollinated;
they flower at different times of the year to the parent species;4

(c)they will need to disperse seeds to other areas of disturbed wasteland
outside York;
seeds may get dispersed on workman’s tools/in soil that is
transferred from city sites to other areas;
humans may decide to collect the seeds and disperse them in other
suitable areas, but this is interfering with nature rather than letting
nature take its course;3

(d)it increases the number of plant species in the British flora;
it increases biodiversity because other species associated  with the
imported species may colonise;
alleles from the imported species may be hybridized into other
native species and result in further speciation and variety;3


