11 12  Variation and natural selection: the evolution of species
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" To understand the meaning of adaptation, and to provide examples of this
f To realise that Darwin's theory benefited from the ideas of other scientists
Adaptation
As we have seen, living organisms differ from one another. Some of these variations make an organism well suited to its environment, some make no difference, and others make the organism less well suited to its environment. An organism that is well suited to make the most of the limited resources within its environment is said to show adaptation to its environment, as shown opposite. The cactus, polar loear and camel are all well adapted to their environments - see pages 167 and 239.
Vegetarian tree finch
Other species 5 to the larce finch had ; take advantage : feeding oppor--on the differen: islands. Darwin suspected tha: :--r had evolved f-:—i large ground f-:-.
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A lion has adaptations that enable it to capture prey efficiently. These are:
f structural (e.g. teeth and claws)
m biochemical (e.g. extra protein-digesting enzymes)
F behavioural (e.g. hunting in groups).
The work of Charles Darwin
Charles Darwin (1809-82) was a British naturalist who took part in a world voyage on a ship called HMS Beagle. The voyage, which began in 1831 and lasted for five years, allowed Darwin to see many examples of adaptations. His most famous observations were made on the Galapagos Islands off the west coast of South America. Some species seemed to have adaptations to life on particular islands, but had similarities, and Darwin suspected 1 that they all originated from a single species. An example is shown above right.

The large ground finch was ven. similar to a species from the So^r American mainland.
Finches of the Galapagos islands show adaptations to the fe resources on the different islands.
Evolution by natural selection
Ät the time that Darwin lived, most people that each species was fixed, and had been put Earth in its current form by a creator - God. thought that species were not fixed, and thai changed through time to produce new species. called this changing through time evolution he was unable to convince other scientists be he could not suggest a mechanism for evolut However, he eventually published his ideas ir. • famous book, The Origin of Species by Means Natural Selection. An outline of the events le to this publication is shown on the opposite
210
[image: image6.png]



As a result of many observations made during his voyage on HMS Beagle, Charles Darwin began to think that living organisms could change in structure. Darwin suggested that species became adapted to meet the challenges of their environment.
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Rev. Thomas Malthus was a mathematician 3 showed that populations of living organisms jld increase indefinitely uniess they were kept heck by limited resources.

Charles Lyell was a geologist who showed that the Earth's rocks were very old. He pointed out that rocks of different ages contained the fossilised remains of different animals and plants.
Darwin proposed a mechanism of evolution by natural selection
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win was stung into action, and published ideas in The Origin of Species.

Alfred Russell Wallace was a professional animal collector working in Malaysia. He wrote to Darwin, and Darwin realised that Wallace had reached the same conclusions about natural selection.
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i and The Origin of Species




; 1    vaii—t
What is meant by the term adaptation?
.?.; Name one animal and one plant with which you are familiar, and describe how each is adapted to its environment.

§
u •o
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To understand how adaptation leads to natural selection
Darwin's ideas about natural selection can be summarised under a number of headings, as shown in the diagram below.
Natural selection may lead to new species
Some organisms are better suited to their environment than others. These organisms will be more likely to survive and breed than some of their competitors. Because of this, the characteristics they possess will become more common in the species över successive generations. If we consider one such characteristic, for example neck length in antelopes, we should be able to draw a graph showing how this characteristic is distributed in the population (see page 198). If the environment applies a selection pressure such as a limited availability of leaves for food, one part of the population may be favoured. In a few generations' time the graph may look rather different, as shown on the opposite page. If two populations of this antelope were separated from one another, natural selection

might favour different adaptations in the two environments. Eventually the two different populations of antelope could have so many different adaptations that they can no longer interbreed - they are said to be different species.
Alternative theories of evolution
Early scientists and religious leaders believed that a creator had placed all living organisms on the Earth in their present-day forms. Even once the evidence for evolution had been accepted, not everyone agreed with Darwin's idea of natural selection. Jean Baptiste Lamarck was a Frenchman who lived about 70 years before Darwin. He believed that organisms adapted to their environment by 'use and disuse', that is, a giraffe might gain a long neck by stretching up for food in a tall tree. However, Lamarck was never able to show how these acquired characteristics could be passed on from one generation to another. The major difference between the theories of Darwin and Lamarck was that: F Lamarck suggested that the environment caused
the variations f Darwin suggested that the environment selected the
variations, which had arisen purely by chance.
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Over-production - all organisms produce more offspring than can possibly survive, and yet populations remain relatively stable, e.g. a female peppered moth may lay 500 eggs, but the moth population does not increase by the same proportion!
Struggle for existence - organisms experience environmental resistance i.e. they compete for the limited resources within the environment. e.g. several moths may try to feed on the same nectar-producing flower.
Variation - within the population there may be some characteristics that make the organisms that have them more suited for this severe competition. e.g. some moths might be stronger fliers, have better feeding mouthparts, be better camouflaged while resting or be less affected by rain.

Survival of the fittest - individuals that are most successful in the struggle for existence (i.e. that are the best suited/adapted to their environment) are more likely to survive than those without these advantages.
e.g. peppered moths: dark-coloured moths resting on soot-covered tree trunks will be less likely to be captured by predators than light-coloured moths.
Advantageous characteristics are passed
on to offspring - the well-adapted
^dSS*.
individuals are more likely to breed than
Ib
those that are less well-adapted - they pass
on their genes to the next generation. This
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process is called natural selection.
e.g. dark-coloured moth parentswill
produce dark-coloured offspring.
Evolution by means of natural selection

l
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Height is a characteristic that shows continuous variation in antelopes.
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Small       Average         Tall When food is only available from high branches, natural selection
[image: image26.png]



Many generations låter
picks out the taller antelopes.
Small       Average         Tall
The formation of new species
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Forming new species
Two populations of the same species could be separated, e.g. by a mountain range. Different selection pressures might exist on opposite sides.
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Natural selection by predators, who can see tall antelopes more easily, favours the small antelopes.
Many
generations
låter
The two populations now have so many different adaptations that they cannot interbreed. They have now become two species, e.g. the dik-dik and giraffe in east Africa.
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Natural selection by food availability on high trees only, favours the tall antelopes.
Small       AverageTall
Many
generations
låter
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l Using only the following information, answer questions a to d.
Cepoeo is a type of snail which shows considerable variation in its shell colour. The basic colour can be yellow, brown, fawn, pink, orange or red. Över the top of this basic colour up to five bands of a darker colour may occur, around the shell. Colour of shell provides camouflage for the snail because some colours are more difficult to see than others against the background.
Cepoeo is an important part of the diet of thrushes. These birds collect snails and break open their shells by banging them on a stone. Thrushes tend to use the same stone, called an 'anvil', whenever feeding in a particular area.
It is possible to collect the remains of the shells and count the number of each shell type. It is also possible to collect the live snails in the same area and count the numbers of each shell type. Collections of both live snails and broken shells were made in an area where the ground layer plants gave a fairly evenly coloured background. The results are shown in the table. a How many more live, unbanded Cepoeo were
collected than banded?
b Suggest an explanation for thrushes taking more banded snails even where there appear to be more unbanded snails in the live populations.

Number of snails
Banded    Unbanded    Total   % Banded
264
296
560         47.0
486
377
863
56.0
Live snails Shell remains from 'anvils' in the area
c Which type of shell, banded or unbanded, would
you expect to occur most frequently in a live snail
population i amongst dead leaves in a wood?
ii amongst grasses growing on a sand dune? d The main points of the theory of evolution by
natural selection are listed below.
A The number of offspring is far greater than the number surviving to adult stage.
B  Variation exists among the offspring.
C Some variations are useful and help the organisms to survive.
D  Competition occurs between the offspring.
E   Only those surviving can breed.
Natural selection can change the proportions of
the different colours in a snail population. Use the
five points A to E above to describe how this
change might come about.
(MEGJune 1992)
11-14'' Natural selection in action
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To provide examples of natural selection in action today l" To outline evidence that evolution has occurred
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1 Organisms die - bodies sink to the bottom of the sea, and become covered with sediment.
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2 Sediment härdens and the remains turn to stone. New layers, containing newer remains, form över the old.
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3 Rock layers (strata) fold and are raised up out of the sea. They are now exposed to wind and rain.
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4 Erosion, and faults in rocks, exposé the different strata and the fossils they contain.
|   How fossils form. Fossils of different ages show different structures, but similarities between them suggest that one form evolved into another.

Evolution occurs över very long periods of time. Evidence from fossils suggests that it took many millions of years for the modern-day form of the horse to evolve, for example. The horse takes several years to produce the next generation, but organisms that breed more rapidly, such as microorganisms and insects, should show adaptations much more quickly. Bacteria have evolved to be resistant to antibiotics (see page 3 K and insect pests on crops have developed resista to the chemicals used to control them. Some populations of råts have evolved resistance to warfarin, a chemical used to control rodents.
Evidence for evolution: fossils tell the stor. When organisms die, their remains usually decompose and their bodies disappear. Sometimes. however, parts of them are turned into rock, forming fossils. The best fossils are found in sedimentary rocks, which were formed from sediments such as sand or mud ät the bottom of ancient seas. The oldest sedimentary rocks, and therefore the oldest fossils, are found in the deepest layers of rock. The study of fossils, called palaeontology, provided much of the early evide that organisms had evolved from earlier forms.
Evolution of the horse
The fossil record has given us clues about the evolution of the horse, as shown on the page opposite.
Evolution may be reversed
The evolution of the dark, or melanic, form of the peppered moth was described on page 212. After years of smoky pollution the dark form was more common in industrial areas than the light form. However, after the Clean Air Act the emission of smoky pollution became strictly controlled and gradually löst their smoky covering. Light-colourec lichens were able to grow on trees as pollution levels fell, and soon the dark form of the moth became more obvious to predators! In most areas the UK the light form of the moth is now more common than the dark form (see opposite).
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evolution of the horse: clues from the fossil record
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Light and dark (melanic) forms of the peppered moth

Extinction
Evolution continues to adapt organisms to their environment. If there are rapid changes to the environment, organisms may not evolve quickly enough to adapt. They will no longer be successful in exploiting the resources of their environment, and the species may become extinct. Many living organisms have become extinct during the history of the Earth.
For example, during the Mesozoic era dinosaurs dominated the Earth, but they all became extinct within a very snört time. They may have been unable to cope with changes in vegetation brought about by severe effects on climate of a collision between the Earth and a giant meteorite.
Another example is the mammoth, which was abundant on the Earth until about 10 000 years ägo. It is likely that the extinction of the mammoth coincided with the end of the last Ice Age - mammoths were well adapted to low temperatures but were ät a disadvantage as the Earth warmed up.
Most extinctions have been the result of natural environmental change. Human activities may cause many more organisms to become extinct, as we snäll see on page 268.
This exercise might test your skills as a palaeontologist! Look ät the diagram above left.
l How much taller is the modern horse than its earliest ancestor? Express your answer as a percentage.
2: Describe the major change to the feet of the horse during its evolution.
:..?.. The teeth of the modern horse have very obvious hardened ridges. Compare this with the ancient horse. Which of the two would be better suited to chewing coarse vegetation such as grass?
4
Ancient horses lived in swampy areas, but
modern horses live on open plains. How does the
taller body and single toe of the modern horse
suit it to its present-day habitat?
5 Assume that a horse can breed successfully ät
five years of age. How many generations could
have passed between Hyracotherium and Equus?
6 Use the terms adaptation, variation, survival of
the fittest and natural selection to describe how
the modern form of the horse might have
evolved from its ancestors.
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^  Artificial selection
To understand the process of artificial selection
Making organisms useful to humans
Variation occurs naturally and randomly in all living organisms, but the natural environment is not the only agent of selection. Ever since early humans began to domesticate animals and plants, they have been trying to improve them. This improvement is brought about by selecting those individuals that have the most useful characteristics and allowing only these individuals to breed. This process is called artificial selection. Humans have replaced the environment as the agents of selection. There are many important examples of selective breeding:
f Jersey cattle have been bred to produce milk
with a very high cream content. f All domestic dögs are the same species, but some
have been bred for appearance (e.g. Pekinese),
some for hunting (springer spaniels) and some as
aggressive guards (Rottweilers). f Wheat nas been bred so that all the stems are the
same height (making harvesting easier) and the
ears separate easily from the stalk (making
collection of the grain easier).

Some examples of artificial selection are shown below and opposite. The same species can be bred in different ways for different purposes. Early horsa have become specialised as carthorses or for racing, for example.
Maintaining variation
What appears to humans as a valuable characterisor might not always be valuable in a natural situation. For example, a Chihuahua dog would probably not survive in the wild because its hunting instincts have been bred out to make it more suitable as a pet. It is very important that humans preserve animal and plant genes for characteristics that do not offer any advantage to us ät the moment. A cow with a limited milk yield may carry a gene tha: makes it resistant to a disease which is not yet a problem in domestic herds, for example. This resistance gene might be extremely valuable if ever such a disease did become established. For this reason many varieties of animals and plants are kept in small numbers in rare-breed centres up and down the country. Plant genes may be conserved ai seeds, which are easy to store, and some animal genes may be kept as frozen eggs, sperm or embryos
A very large individual may be mated with one of its parents.
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Even larger animal with more meat
Techniques of artificial selection





Artificial insemination
Male animals, no matter how many usdU characteristics they have, cannot give birth to young animals! So:
· Most male offspring will be fattenec
upfor selling as meat.
· 'Desirable' males may be electrically
stimulated to ejaculate - the sperm is
collected and frozen. One male can
easily produce several hundred samp e.
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· The sperm can be taken to a pig
breeding farm and used to insemi:"
many females.
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Cabbage
Cauliflower
The plant breeder can transfer pollen from the stamen of one flower to the stigma of another (using a fine paintbrush). The pollinated flower can be protected from unwanted pollination by enclosing it in a fine gauze bag. Self-pollination can be avoided by removing stamens or carpels from flowers.
Selectfor many flower heads and thickstem.
Select for many small side buds.
Brussels sprouts
Kale
No sex please!
Selective breeding involves the 'mixing' of genes ät meiosis and fertilisation. However, once a plant breeder has bred a plant with a desirable characteristic, then asexual reproduction (vegetative propagation) must be used to make many copies of it.
t
Artificial selection has produced many vegetables from one ancestor species.
'
Three major differences between artificial and natural selection
r In artificial selection, humans are the agents of selection, while natural selection depends upon the natural environment.
i Artificial selection is much quicker than natural selection.
Artificial selection offers no advantage to the animal or plant in its natural environment.
It is likely that selective breeding will be replaced by genetic engineering in the future. This technique, explained on page 218, is much more predictable than selective breeding and produces useful results more quickly.

A potato grower wanted to produce a new variety of potato which grows quickly and makes good chips. She has one variety which grows quickly but makes poor chips, and another which grows more slowly but makes good chips. When plants of these two varieties produce flowers she crosses the two varieties. Låter she collects the seeds and plants them. a To cross the two varieties, the grower pollinates
a flower of one variety with pollen from the
other.
Describe how the grower should do this. b From the seeds she collects, she finds that one
of the new plants grows very quickly and
produces potatoes which make good chips.
How would she produce a crop of potatoes
which are exactly the same?
(NEABJune 1992)
Genetic engineering
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To understand the term genetic engineering * To understand the value of enzymes in genetic
engineering *" To be able to describe a technique in genetic
engineering " To list some products of genetic engineering that
are of value to humans
•• l nmfltBi
What is genetic engineering?
The examples of selective breeding described on page 216 are a form of genetic engineering, since humans are interfering with the natural flow of genetic material from one generation to the next when they choose the animals or plants that will be allowed to reproduce (and pass on their genes). However, what we now call genetic engineering is a much more predictable and refined process than selective breeding. In this process:
f Genes that code for characteristics valuable to
humans are identified. l? These genes are removed from the animal or
plant that normally shows this characteristic. f! The genes are transferred to another organism,
usually one that grows very quickly. ?' This organism 'reads' the gene it has received,
and shows the characteristic that is valuable
to humans.
Recombinant DNA technology
In many cases the characteristic is the ability to manufacture a product that has some medical or industrial value. Because DNA (a gene) from one organism is being transferred to the DNA of another organism to make a new combination of DNA, this 'modern' genetic engineering is often referred to as recombinant DNA technology. The principle of this technique sounds very straightforward, but in practice it is extremely difficult.
P The genetic material is microscopic in size. A
technician can't use a pair of scissors to cut out
a gene! F The höst organism, that is, the one that will
receive the valuable gene, would not normally
take in DNA from another organism.

i" The höst organism might not show the valuable characteristic, for example it may not make a particular protein, even though it now has the DNA that codes for the protein.
Technological advances have overcome these potential problems. Key to success has been the discovery of:
f enzymes that can cut DNA from one chromosome and paste it into another, acting like scissors and glue
f vectors that can carry the gene from one organism to another
F culture techniques that allow large quantities of the valuable product to be produced and collected, even if the höst organism would not normally produce it.
Many compounds can be manufactured by genetically engineered bacteria, including insulin and other products which are used directly by humans. These products are otherwise often taken from animals. For example insulin can be isolated from the pancreas of a pig.
Recombinant DNA technology has several advantages:
P The product is very pure, and can be the human version of a protein rather than a version produced by another animal. The human protein is likely to work more efficiently in a person, and is less likely to be rejected by the body's defences.
P The product can be made in large quantities, making it less expensive and more readily available. Insulin produced in this way costs about 1% as much as insulin produced from pig pancreas.
E The process can be switched on or off easily as the bacteria can be stored until needed again. The product can be made as required rather than just when animal carcasses are available.
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Plasmid - small circle of DNA in harmless bacterial cell
fccteria containing the j éEsirable gene are selected i then cu Itu red in a
ent medium to provide ; -ge population capable er aroducing the desired »eie product.
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T-w desirable gene (section of DNA) s dentified and located, e.g. the x^e coding for human insulin r 3 pancreas cell.
Opened vector
The plasmid (gene vector) is cut open ät specific points using the same restriction endonuclease enzyme.
The enzyme ligase splices the desirable gene into the vector.
Vector (carrying gene) is now re-inserted into the höst bacterial cell.
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•e desirable gene is 'cut' ~-n chromosome
using
cific restriction endonuclease enzyme.
•ccombinant DNA- human /', se-e plus bacterial plasmid
\-
Selected bacteria are cultured in a fermenter or bioreactor under optimum pH, temperature and nutrient levels.
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Product
AT:er some processing, for example to remove the bacterial cells -~3' recycling, the product is extremely pure and relatively -expensive. Important examples of such gene products are:
· insulin (required for the treatment of diabetes)
· human growth hormone
· factor VIII (blood clotting factor for haemophilia)
· BST is an important animal hormone used to speed up the
growth of beef cattle.
ienetic engineering (recombinant DNA technology) depends on err.Ties and the culture of microorganisms.

A plasmid of bacterial DNA
1  The following table lists events from the Identification of a human gene coding for a hormone "X" to the commercial production of hormone "X".
Genes can be transferred into plasmids, tiny circles of DNA which are found in bacteria. Show the correct sequence of events 1 to 8 by copying the table below and writing the appropriate number in each box provided. The first (number 1) and last {number 8) have been completed for you.
Event
Number
Cutting of a bacterial plasmid
using restriction endonuclease Cutting of human DNA with
restriction endonuclease Identification of the human DNA
which codes for hormone "X" Many identical plasmids,
complete with human gene, are
produced inside the bacterium. Mixing together human gene and
"cut" plasmids to splice the human
gene into the plasmid Some of the cloned bacteria are
put into an industrial fermenter
where they breed and secrete the
hormone.
The bacterium is cloned. Using the plasmid as a vector,
inserting it, complete with
human gene, into a bacterium
(Edexcel Nov. 1994 [part])
A very large individual may be mated with one of its parents





In this litter of pigs, two are larger than the others. Large pigs carry more meat so are valuable to a pork butcher.








If  the 'size' characteristic is inherited, the next generation may contain individuals that are even bigger.





These two pigs with the desirable characteristic are allowed to breed, and produce a litter.


To increase the chances that the two individuals will mate, the pig breeder will spray pig sex hormones in the breeding pen.











