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Introduction

I hope that you will fi nd this booklet interesting and stimulating and that it will lead to lots 
of discussions with your friends. 

I read On the Origin of Species and the Voyage of the Beagle, just before going to                
Sussex University where I fi rst studied genetics and then did a D.Phil investigating how 
Drosophila embryos develop.  Throughout my research career I have investigated the 
genetic control of development and molecular techniques that help us to unravel how 
things work.

At the University of Edinburgh I have many colleagues researching different aspects of 
modern biology and we were keen to do something to celebrate  Darwin’s  150th anniversary 
of publishing On the Origin of Species and the 200th anniversary of  his birth.  We decided 
on a practical resource for young people  that puts his ideas into a modern context.  We 
hope it will encourage more young people to think about genetics and evolution and the 
impact of man on our planet.

All the chapters have discussion topics and activities to do and it is important to remember 
with many of the questions posed there are no right answers; what people think will depend 
upon their cultural background and experiences.  However, it is crucial that our ideas 
are grounded in scientifi c evidence and not based on misconceptions.  It is also crucial 
that the social and ethical implications of what we are able to do are fully considered in 
deciding policy relating to medical advances and environmental issues.  You will be able 
to contribute to these ideas and decisions as you take up your various careers.

A lot of colleagues have infl uenced the production of this booklet over the last two years.  
Researchers drafted chapters, lecturers and researchers gave us interviews on what they 
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do, other colleagues helped with the design and  made the links with the school curriculum 
and lots of people discussed ideas and helped shape the fi nal product.  We hope that 
those interviewed will  provide role models to enable you to fi nd out what researchers are 
like and see that this could be an exciting career option.

Many people generously donated images to illustrate the text including a photographer 
and a naturalist that I met when at last I managed to visit the Galapagos Islands recently.  
It truly is a magical place and it is easy to imagine how it so inspired Charles Darwin when 
you see the variation in marine iguanas, tortoises and birds between the islands and are 
able to get close to a whole variety of animals who still have no fear of man.  But even 
visiting the islands raises its own issues relating to sustainability.  So the fi nal booklet is 
the result of a real collaboration between many scientists, all of whom have been inspired 
by Darwin.

None of this would have happened without the fi nancial support of the Darwin Trust of 
Edinburgh and colleagues in the University of Edinburgh.

I hope you will fi nd the experience of reading the booklet, and engaging in the discussions, 
shapes your ideas for years to come and at least some of you will become scientists.

Mary Bownes – Professor of Developmental Biology
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Enter the world of Charles Darwin and travel with 
him on the life journey that led to the theory of 
evolution through natural selection.

Scientific theories don’t freeze in time, and Darwin’s 
is no exception. Discover in this chapter how 
evolutionary and genetic research has and is 
making Darwin’s big idea bigger.

Are human’s able to tinker with natural selection to 
suit their desires? Find out in this chapter whether 
this is possible. Will you be able to decide where 
you would draw the line?

Aliens are beings from other planets. Or are they? 
This chapter will introduce you to aliens that could 
appear on your doorstep and we invite you to 
consider whether these are friend or foe.

Doctor, doctor… I’m ill! Sound familiar? We all get 
unwell sometimes, but how much of this is to do 
with our evolution and the evolution of pathogens? 
This chapter will get you thinking about evolutionary 
history and how this insight is helpful in medicine.

The climate on planet Earth is changing, but will 
this affect evolution? In this chapter explore the 
prospects of some organisms in the face of these 
changes.

Key points

Think box
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Our world is full of strange things. There are male spiders that offer themselves as a 
snack during sex, penguins that woo mates with pebbles and fish that change gender 
as they grow up. Some ants herd aphids like humans herd dairy cattle; others farm 
fungi for their crops, whilst plants recruit some ants as a private army in return for a 
home. Horned lizards squirt foul-tasting blood from their eyes as a defence. Salmon 
make the hazardous journey from streams all the way to the sea, where they live for 
a while only to turn around and find their way back to where they were spawned, 
jumping up waterfalls and sometimes going for up to a year without eating! 

The spiders and salmon may seem crazy to us, but why do we behave as we do? Why 
do people live in groups, when many animals live alone? Why do mothers have just 
a few children rather than hundreds? Why do many women prefer rich and powerful 
men, whilst most men prefer young and attractive women? None of this really made 
sense until Charles Darwin and Alfred Wallace independently came up with a way of 
explaining how life could change and adapt to our world. Dobzhansky, the famous 
geneticist, summed it up by saying: 

“Nothing in biology makes sense except in the light of evolution.”

Darwin’s big idea

The theory that Darwin put forward to explain how life could change and adapt to our 
world was the theory of evolution by natural selection. The key point of this theory is that 
life evolves because some individuals are more successful than others and, crucially, their 
offspring can inherit their parent’s characteristics. 

1.Darwin’s Big idea

Aims

By the end of this chapter you will be able to:

scientific theory of evolution by natural selection

world and how living things had arisen.

through natural selection.

1. Main picture: Species of the Galapagos Islands.
5
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3. Charles and William Darwin
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Who was Charles Darwin?

Born: February 12th 1809

Died:   April 19th 1882 at the age of 71 
and was buried in Westminster Abbey.

Family: I was born in the country in 
Shrewsbury, England to a wealthy family.
My father was a medical doctor and my 
mother was the daughter of the founder 
of Wedgewood pottery. Sadly my mother 
died when I was 8 years old. I had three 
sisters and one brother. My grandad was 
a medical doctor like my dad but he also 
liked doing lots of other things such as 
writing poetry and inventing. He had some 
radical ideas, including the idea that life 
evolved.

Nickname: When I was a child my family called me ‘Bobby’.

Hobbies: I did not really like school but loved the outdoors and collecting creatures. 
I built a chemistry lab with my brother, Erasmus and we spent many a happy hour 
experimenting in the outbuilding of my family’s house. 

Girlfriends: I had a girlfriend called 
Fanny Owen when I was around 20, but 
at the time I was obsessively interested 
in other things, namely beetles! Fanny 
ended up marrying someone else who 
was more attentive. When I was 29 I 
decided that marriage was a good idea 
and proposed to Emma Wedgewood, 
my cousin. We married early in 1839 and 
ended up having ten children, but three 
died in childhood. 

2. Charles Darwin 1816
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1809 Born in Shrewsbury, England.

1818 Starts at Samuel Butler Boarding School.

1825 Starts medical course at Edinburgh University.

1826 Meets Dr Robert Grant, naturalist and Lamarckian.

1827 Leaves Edinburgh University.

1828 Starts art degree at Cambridge University and meets   
 Rev, J.S. Henslow, botanist. Starts avidly collecting beetles.

1831 Passes his degree and the HMS Beagle voyage begins.

1836 The HMS Beagle returns to England.

1837 Works on natural history and geology. Makes friends with the geologist Charles Lyell.

1838 Reads essay on the principles of populations by T.R. Malthus.

1839 Marries Emma Wedgewood with whom he has ten children.

1842 Makes a brief sketch of his theory of descent with modification.

1844 Expands his sketch and makes a note to Emma to publish it if he dies.

1846 Begins work on barnacles.

1848 His father dies.

1854 Completes work on barnacles.

1856 Starts writing for his book on natural    
 selection, following advice from Charles Lyell. 

1858  Receives a letter from A.R. Wallace which includes  
 an essay on species which reflects Darwin’s views.  
 The theory is presented to the Linnean Society of London.

1859 On The Origin of Species is published.

1863 Seriously ill.

1864 Awarded the Copley medal of the Royal Society of London.

1868 The Variation of Animals and Plants Under Domestication is published.

1871 The Descent of Man is published.

1876 Begins autobiographical memoirs.

1882 Dies aged 71.

Darwin timeline
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Before Darwin’s big idea

In the days before Darwin, the world was a very different place from the one we live in 
now. Most people in Britain lived in small farming communities, textiles were driving the 
very beginnings of the industrial revolution and steam power was leading the way. People 
travelled by horse, cart and canal, if indeed they travelled at all, but they knew a great deal 
about the countryside around them. In fact, most people probably knew far more about the 
plants and animals of Britain than many of us do today. 

Even though people knew a lot about the natural world, there was one major point that few 
had grasped and that was that humans are also animals. People were not viewed as part of 
the natural world, they were separate from it and they were above it. Christianity, like most 
major religions, has a creation story that explains life on earth and most people believed 
that God created man to rule over the rest of nature. In fact, many people in Western 
culture understood life as a Great Chain of Being, a hierarchy with animals at the bottom, 
leading to man, angels and God at the top.

The most common belief was that man was a special case amongst living things and that 
we were created by God around 6,000 years ago. But not everyone thought that way. Even 
as far back as 520 BC, a Greek philosopher had suggested life evolved from slime in the 
oceans. But very few naturalists thought this way and if they did, they could not explain 
how animals and plants had changed over time. One explanation had been proposed by 
the naturalist, Jean-Baptiste Lamarck who suggested that an ancestor of a giraffe made 
its neck longer by stretching for food. Then, it passed on a longer neck to its calves, 

who then stretched their necks 
even more. He even collected 
data from blacksmiths believing 
their children were stronger than 
other people’s children were. 
Unfortunately for Lamarck, his 
theory met a few problems, 
such as why did a one-armed 
blacksmith go on to father two-
armed children? Lamarck’s 
theory just did not make sense, 
and many naturalists did not 
even bother to think about 
evolution anyway; for them a 
creator explained everything. 

4 The Great Chain of Being 
(scala naturae) proposed by the 
philosopher Aristotle. Snakes were at 
the bottom due to their corruption of 
eve, going up through insects, fi sh, 
birds and domestic animals to man, 
angels and God. 

Do you think that 
most people today 

see humans as 
animals?

That humans are 
above other species 

and the ruler of 
them?

What evidence do 
you have to support 

your view?
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The big idea evolves

Like all theories, Darwin’s theory of evolution through natural selection developed from 
observations, influences and much careful and exploratory thought. Darwin’s love of 
nature and natural history led him to many discussions, talks and activities that related to 
the natural world and the way particular species appeared and behaved. During his time 
studying medicine at The University of Edinburgh (the lectures of which he found boring 
and the sight of blood repulsive) and for his art degree at the University of Cambridge, 
Darwin associated with many great thinkers. His passion for natural history was ignited 
and his evolutionary thinking began to flourish. Aboard the HMS Beagle he was able to 
collect, observe and record an enormous range of data and specimens of species from 
around the globe. This would serve to provide the evidence Darwin needed to propose his 
ideas and to then support his theory. 

Darwin in Edinburgh

Whilst at The University of Edinburgh, the thinking of Professor Robert Grant influenced 
Darwin. Grant was an early evolutionist interested in primitive sea life such as sponges 
and bryozoans and had the idea that all life originated form a marine ancestor. Darwin’s 
interest had been provoked and he presented his first scientific paper in 1827 on Flustra,
a bryozoan.

Cambridge days

Once Darwin had started his arts degree at The University of Cambridge (medicine was 
just not for him!), he began to be influenced, motivated and encouraged by key thinkers 
there. Meeting Reverend J.S. Henslow, an eminent botanist, was perhaps the most 
important and influential contact in Darwin’s scientific career. The constant questioning 
and theorising the two men shared was critical in formulating Darwin’s ideas.

The voyage of HMS Beagle

A combination of 
field observations, 
people influences 

and thinking helped 
Darwin shape his big 
idea about evolution 

through natural 
selection.

5. The H.M.S Beagle painted by by Conrad Martens, the ships artist.
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After gaining his degree from Cambridge, Darwin enthusiastically accepted a job, outlined 
in a letter from Henslow, to be a naturalist on board the HMS Beagle. The voyage would 
take him round the world visiting a range of intriguing and very different places, including 
the Falkland Islands, Brazil, Galapagos Islands, Australia, Cocos and Keeling Islands.

“The voyage of the Beagle has been by far the most important event in my life, and 
has determined my whole career. Everything about which I thought or read was 

made to bear directly on what I had seen or was likely to see; and this habit of mind 
was continued during the five years of the voyage. I feel sure that it was this training 

which has enabled me to do whatever I have done in science.”

The life and letters of Charles Darwin, 1887

To find out more about The Beagle Voyage, its route and what Darwin got up to see:
http://www.aboutdarwin.com (and search for Beagle voyage)

Darwin collected and recorded a vast amount of data in his notebooks and sent 1,529 
species specimens back to England preserved in containers of spirit along with 3,907 
skins, bones and other dried specimens. The array of new species Darwin saw must have 
been an amazing experience for a man passionate about the natural world, never before 
having visited countries outside of Europe.

On returning home Darwin began ordering and labelling the species he had collected 
and started to analyse his data. Darwin was struck during the voyage with questions 
about the origin of species and now back at home he began to ponder at greater length 
the answer to these questions: why were there many species that were similar living in 
nearby regions? Why were there so many different species, with some that seemed to 
have the same function on different land masses? Why were there so many species on the 
Galapagos Islands that could not be found elsewhere? How had these species got there? 
Why weren’t these species found on similar islands in different parts of the world? Why 
were there species on the Galapagos Islands that had remarkable similarities to some 
species in South America?

If Darwin had shared these observations with you, what would you say to explain
 these observations?

Discuss your reasoning with a partner.

Darwin began to formulate explanations, reasoning that one species may have evolved to 
suit its new habitat and once back in England, formed the first sketch of an evolutionary 
tree.

10
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Upon reading an essay on population by Reverend Thomas Malthus, a political economist, 
Darwin immediately saw how Malthus’ ideas of competition being the natural way the 
population is kept in check, could apply to the natural world. Those living things that were 
at an advantage in their habitat would live longer and leave more offspring. The natural 
world was in competition and organisms with a trait or traits that gave a competitive edge 
would win; the theory of natural selection was born.

‘I can remember the very spot in the road, whilst in my carriage, when to my joy the 
solution occurred to me… the modified offspring of all dominant and increasing 

forms tend to become adapted to many and highly diversified places in the 
economy of nature.’ 

Charles Darwin Autobiography, 1887 

6. Darwin’s evolutionary tree. This image shows the first sketch of an evolutionary tree drawn by Darwin in his 
notebook, drawn underneath the statement ‘I think’. See how his thinking points towards the evolution of living 
things from a common ancestor. From Notebook B, 1837

66638 Uni Ed TEXT.indd   11 2/2/09   17:18:47



12

An unconventional idea

Have you ever had an idea that you thought might be laughed at or if once out in the 
open people would not like you because of it? 

Darwin was troubled with thoughts like these and struggled for a long time about 
whether he should let people know his ideas. He even wrote down a list of reasons why 
he should not publish his ideas about evolution:

1. Fellow naturalists would never accept his ideas. 
2. Animal breeders would find a huge document too boring to read. 
3. The trouble making atheists would use it for their evil agendas. 
4. The church would scorn him. 
5. He did not want to be labelled an atheist. 
6. He would betray his friends and family to whom he owed so much.

(reference: http://www.aboutdarwin.com)

Discuss with a partner a time when you have felt this way. What did you decide to do? 
Did you feel that this was the right decision at the time? Was it the right decision in the 

long term?

Do you think that new thinking can often be stifled by the need of the individual to not 
stand out and be ostracised?

Investigate other times in history when new thinking in science has been received 
poorly and has meant that the thinker and their ideas have been rejected. In the 

situation you find, does the idea become more accepted over time?

Do you think that this still happens today?

The truth is out!

After nearly twenty years of thinking, collecting evidence and reassuring himself that his 
ideas were valid, Darwin received a letter from Alfred Russel Wallace, a biologist who was 
himself collecting specimens in Indonesia. To Darwin’s amazement, Wallace too had come 
up with the same thoughts: that evolution occurred by natural selection. Both Darwin’s 
and Wallace’s writings on the theory were presented to the prestigious Linnean Society of 
London on 1st July, 1858.

The following year, on the 24th November On the Origin of Species by means of Natural 

Selection, or the Preservation of Favoured Races in the Struggle for Life was published and 
was sold out on the first day.

Do you want to know what happened next? Use the references below to find 
out what happened to Darwin and his ideas. 
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Summary

• Before Darwin’s theory of natural selection was published the most common belief 
was that God created man to rule over the rest of nature and that people were not 
part of the natural world. In this view species were static and non-evolving.

• Evolutionary thinking was evident as far back as 520 BC, but this type of thinking was 
not common amongst biologists.

• A combination of observations of the natural world, discussions, talks and writings 
from prominent thinkers led Darwin to his theory of natural selection.

• Darwin was the naturalist aboard the HMS Beagle voyage, a fi ve year trip that would 
shape and provide evidence for his evolutionary thinking.

• Following Darwin’s realisation that evolution occurs through natural selection he did 
not present his ideas for 17 years.

• Alfred Russel Wallace independently came up with the same theory as Darwin.

• Darwin published his initial evidence and the theory of natural selection in 1859 in On 

the Origin of Species.

References

About Charles Darwin

http://www.aboutdarwin.com

http://www.darwin200.org

For a comprehensive online account of Darwin’s life and works by the Cambridge University 
science historian Dr John van Wyhe see:
Dr John van Wyhe (2002-8) The complete work of Charles Darwin online

http://darwin-online.org.uk 

A selection of Charles Darwin’s original works

Darwin, C (1845) Journal of researches into the natural history and geology of the countries 
visited during the voyage of H.M.S. Beagle round the world. London: John Murray. 2d ed.
Darwin, C (1859) On the origin of species by means of natural selection, or the preservation 
of favoured races in the struggle for life. London: John Murray. 1st ed.
Darwin, C (1868) The variation of animals and plants under domestication. London: John 
Murray. 1st ed
Darwin, C (1871) The descent of man, and selection in relation to sex. London: John Murray. 1st ed

Activity

Darwin was an enthusiastic scientist who gathered a huge body of 
evidence to support his theory. 

Find 5 pieces of evidence that you have observed either in the wild or 
with domesticated plants and animals to support Darwin’s theory of 
natural selection. List the evidence and explain how it demonstrates 
natural selection in action.
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As with all areas of science, ideas and theories do not remain static and Darwin’s 
theory is no exception. Darwin’s big idea: evolution through natural selection has 
progressed with the addition of further scientific evidence and thinking. In this 
chapter we shall see how Darwin’s theory of evolution through natural selection has 
developed in the light of new scientific research and we will look at some of the basic 
ideas that underpin the theory so that you have a good foundation for thinking about 
the rest of the chapters. We will also be introduced to the concept of a species and 
see how new species form.

The modern synthesis of evolution or neo-Darwinism

Evolution: change in the make-up of populations or species over time

Many researchers have worked away on different aspects of evolution but, as is the case 
with Charles Darwin, some scientists stand out as making a major contribution. The 
next diagram shows some of the major contributors to the development of evolutionary 
biology.

The modern view of evolution combines the work of all these scientists and many more. 
It has helped us gain a clearer picture of the evolution of living things, including a much 
more detailed understanding of its mechanisms. Perhaps the greatest development was 
in merging Darwin’s work with the genetic studies of Gregor Mendel. These connections, 
made by Fisher, Haldane and Wright, provided a means for describing how the genetic 
transmission of characteristics from one generation to the next allows changes in the 
composition of a population. It was the coming together of these ideas which led to the 
term “modern synthesis” or “neo-Darwinism” being used when describing evolution 
through natural selection in the light of genetics.

2.Evolution now

Aims

By the end of this chapter you will be able to:

light of work by other scientists.

that this modern view of evolution is termed neo-Darwinism or the modern synthesis.

processes such as random genetic drift occur.

selection and provides a tool to investigate evolution.

1. Main picture: Dividing human cell in mitotic anaphase. Chromatids are shown in blue, with red showing 
mitosis-specific phosphorylation of Histone 3, a chromosomal component. Mitotic spindle microtubules are 
shown in green.

15
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How Darwin’s big idea got bigger...
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Evidence for evolution 

Evidence is continually being gathered that shows that species have changed through 
time (evolved) and that present day species share a common ancestor. This includes 
data from:

The fossil record 

Phenotypic similarities between species

Genotypic similarities between species

Observations of changes that occur in 
populations and or species

DNA analysis

Over the past few decades, enormous advances have been made in DNA technology 
which has provided new ways of looking for evidence of evolution. One way in which 
this is done is through comparing the genomes of species and is called comparative 
genomics. This allows data to be gathered which shows relatedness between organisms’ 
DNA, providing evidence for descent from common ancestors.

Comparative genomics

How is this done? The outcome of the techniques allows scientists to compare part of or 
the entire DNA sequence of one species with another. By doing this, scientists can see the 
similarities and differences between the DNA sequences and use computers to analyse 
the sequences and to predict how related species are. 

For example, a study in March 2000 which 
compared the fruit fly genome with the 
human genome discovered that about 
60 percent of genes are recognisable in 
both fly and human. In September 2005 
researchers comparing the chimpanzee 
and human genomes explained that they 
only found a 1.23 percent difference in 
the DNA sequences of the species. Does 
this mean then that we are 60 percent fly 
and 98.77 percent chimpanzee? However 
interesting this thought, those that carry 
out these studies remind us that the full 
story is yet to be unfolded, with much still 
to learn about how the genotype (the DNA 
sequence) translates into the phenotype. 
Maybe one day you will discover some of 
these connections.

3. Ammonite fossils

4. Chimpanzee
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5. DNA sequence trace. An example of DNA 
sequence data that is collected from an 
automated DNA sequencer. The different 
coloured peaks correspond to the different 
DNA bases, for example, a red peak shows the 
presence of a guanine (‘G’) base. In this way 
the order of the DNA base in a sample of DNA 
can be read. 

See Section 4 Applications of DNA technology in Nicholl, D (2005)
Cell and Molecular Biology Student Monograph (Advanced Higher) 

With these advances in DNA technology, more and more evidence is being gathered which 
demonstrates how species must have derived from a common ancestor, supporting and 
building upon the evidence which Darwin gathered, and allowing the construction of the 
ancestral ‘tree’ of life.

We have seen how Darwin developed his theory in Chapter One, and how this theory has 
grown in the last 100 years, but what exactly is the theory of evolution through natural 
selection and how does the modern synthesis explain the formation of new species?

How natural selection works

Natural selection: the increase in frequency over generations of 
characteristics associated with higher survival or reproductive success.

Darwin recognised that there was a struggle for existence amongst living things. This 
struggle means that there will be competition between individuals for food and other 
resources. Darwin also recognised that there was variation between individuals and 
species. He realised that this variation meant that some individuals were better adapted 
to their environment than others, so that these would survive longer and / or have more 
offspring. If the better suited characteristics are inherited (so that offspring receive them 
from their parents), then they will become more common within the species or population. 
Darwin realised that his process of natural selection could explain how living things 
evolved, and why they show signs of adaptation, that is, their characteristics appear to be 
designed to serve specifi c functions (eyes for seeing, ears for hearing and so on). 

Let us now take a closer look at the conditions that are required in order for selection to 
take place.

Variation: the spice of life

“No one supposes that all individuals of the same species are cast in 
the very same mould” 

Charles Darwin (1859) On the Origin of Species

18
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6. Bornean frilled tree frogs (Rhacophorus 
appendiculatus).These Bornean frilled tree frogs are 
all members of the same species yet show distinct 
within species variation.

19

Darwin knew that we could all see variation 
between species and also individual variation 
within species. The body of data and the level 
of detail Darwin had collected to demonstrate 
and investigate variation was most extensive. 
An example of this in On the Origin of Species 
is where Darwin describes how he dissected 
many insects of the same species to examine 
whether they were all the same. These careful 
and thorough examinations demonstrate 
Darwin’s desire to gather evidence for his 
theory and his scientifi c skill.

We can also see this variation around us 
and we know that natural selection will 

select for phenotypes that are more successful in that environment, but what is the source 
of the variation that we see? What actually is the mould that Darwin uses metaphorically to 
describe the source of the observed variation? From the diagram below we can see that it 
is an individual’s genotype (the genes and alleles an individual has) and how this genotype 
interacts with the environment that creates the individual phenotype. Organisms differ 
enormously in phenotypic characteristics and therefore must also differ genotypically, but 
what is the source of genotypic variation?

Genotype (DNA)

Environment

Phenotype

7.

8.
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The source of all new genotypic variation comes from changes in the DNA sequence 
of an organism. These changes are called mutations and can occur in coding and non-
coding regions of the DNA. Mutations are rare events that can occur spontaneously and 
at random by internal events (for example, by mistakes in the process that replicates DNA) 
but can also be induced by external factors like ultra violet (UV) radiation. Let us see this 
process in the diagram that follows.

Two alleles for beak shape
exist in the population.

A mutation occurs in the DNA 
sequence of allele 1 during 
the replication of DNA in the 
creation of gamete cells.

As the mutation occurred in 
a gamete cell it was passed 
on to one offspring of the next 
generation. Three alleles now 
exist for beak shape in the 
population.

9. Mutations are the source of genetic variation

20

This diagram oversimplifies how mutation forms new alleles and new characteristics, but 
helps us understand the main idea: that the mutation of the DNA sequence is the source 
of all new variation. This example uses a mutation in an allele of “the gene” for “beak 
shape”, but in reality such big phenotypic changes are unlikely to arise from one mutation 
in one gene, as phenotypic characteristics often require more than one gene and can be 
influenced by the environment.

Mutations that occur in the DNA of reproductive cells (gamete cells) will be passed on to 
the next generation. Mutations can be:

harmful (have a negative effect on the individual)

beneficial or

neutral

Mutations that change the amino acid sequence of a protein can be harmful and are 
hence selected against by natural selection. If the mutation is beneficial, then the change 
in phenotype associated with the change in DNA sequence gives the individual an 
advantage over other individuals within that population. If the mutation does not affect the 
individuals’ phenotype, it will probably have no effect on fitness, that is, it is neutral. The 
process of natural selection means that a mutation causing a beneficial adaptation to an 

Mutation is the 
source of the 

variability used by 
selection.

Mutations can occur 
in reproductive 

cells (gametes) or 
non-reproductive

cells (somatic cells). 
Only mutations in 
gamete cells can 

be passed on to the 
next generation and 
therefore be subject 
to natural selection.
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A mutation may 
be neutral in one 

environment 
but become 

an advantage 
in a different 
environment.
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individual will become more common within a population. If we have a look at the beak 
shape example above, the mutation which creates allele 3 produces a different phenotype 
to those that previously existed. This beak may actually help the organism by enabling 
the bird to eat foods other birds of that species previously could not or to eat the same 
foods more easily, for example by shelling nuts more quickly. This may then provide that 
bird with a competitive advantage that enables it to produce more offspring than other 
members of the same species. Thus, the number of birds with that allele for the beak 
shape gene increases in the population, which is a change that demonstrates evolution 
by natural selection.

Are all mutations benefi cial to an individual? 
Mutations are rare events. What effect will this have on the rate of evolution? 

Do you think this is refl ected in nature?

See Chapter 16 Mutation in Torrance, J (2008) Higher Biology (2nd Ed)

Inheritance: how is variation passed on?

In Darwin’s time people were aware that characteristics were inherited just from looking 
at parents and their offspring. But how did this inheritance occur? How inheritance occurs 
was a missing piece in Darwin’s theory and caused controversy between scientists beyond 
Darwin’s lifetime. The problem was resolved in the early 1900’s when Fisher, Haldane 
and Wright linked Darwin’s theory with the work of Mendel and other early geneticists, 
especially Morgan, Bridges, Muller and Sturtevant.

Mendel’s inheritance laws

Amazingly, Mendel was a contemporary of Darwin but Darwin wasn’t aware of Mendel’s 
work at the time. From Mendel’s observations with pea plants, two inheritance laws 
were proposed that show how characteristics are inherited:

The fi rst law
The segregation law:
• Alternative versions of genes account for variation in characteristics. These gene 

variants were later termed alleles.
• For most characteristics, one allele is inherited from each parent. This means that 

somatic cells contain two alleles for each gene; one from each parent. It is worth 
remembering that inheritance of two alleles is only relevant to diploid species. 

• When gamete cells (the reproductive cells) are made they only contain one allele 
for each gene.

See chapter 13 Monohybrid Cross in Torrance, J (2008) Higher Biology (2nd Ed)

The second law
The inheritance law:
• Different characteristics are inherited independently. It was later realised that 

this only applies to genes on different chromosomes, as those on the same 
chromosome are more likely to be inherited together (linked) the closer they are 
to one another physically.

See Chapter 14 Dihybrid cross and linkage in Torrance, J (2008) Higher Biology (2nd Ed)

10.
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Mendel’s work provided a way of explaining how individuals inherit characteristics 
unchanged, which differed from the belief that existed previously; that traits were inherited 
but that these blended rather than being inherited as discrete units. This solved a problem 
that greatly troubled Darwin; blending causes rapid loss of variation, yet variation is crucial 
for natural selection.  Darwin invoked the inheritance of changes caused by the effects of 
the environment on the parents to generate the variability he needed for his theory, but 
Mendel’s genetics shows that this is not needed, as variability is not destroyed during 
transmission from parent to offspring.

You may remember that both the genotype and the environment affect the phenotype 
and this is important to remember when we think about the passing on of characteristics 
to offspring. Let us imagine that you work physically hard everyday as a builder. Your 
muscles become stronger and the skin on your hands becomes tougher. Strong muscles 
and tough hand skin are characteristics of you but will they be passed on to your children? 
Thinking that characteristics that developed due to the environment were heritable was 
prevalent in the days before Darwin and is particularly assigned to the theorist Lamarck. 
However, once it was known that genes were the inherited material it was realised that 
changes that were caused by your environment were not passed on.

Fitness: The struggle for existence

“Nothing is easier than to admit in words the truth of the universal struggle for life.”

Charles Darwin (1859) On the Origin of Species

The existence of variation between individuals, and a means by which this variation can 
be inherited is enough to give rise to natural selection as long as there is a difference in 
the fi tness of characteristics.  For the natural selection of certain genotypes to occur there 
needs to be differences in the fi tness of characteristics so that certain phenotypes survive 
and reproduce more successfully. This difference in fi tness could mean for example that 
organisms are better at reproducing, are able to obtain food more readily or are more 
effective at avoiding predators. Environments are different, with each presenting its own set 
of pressures, so characteristics that are best suited to one environment are not necessarily 
best suited to other environments.

What pressures do environments present to species? What do individuals have to 
compete for? Will all environments produce the same degree of pressures? Do we as 

humans need to compete for resources in the same way as other species? 

To help you think about these questions consider what an individual needs to survive 
and reproduce and also what may prevent it reproducing.

See Chapter 17 Natural selection in Torrance, J (2008) Higher Biology (2nd Ed)

The pressures within a species’ environment are not static, which means that natural 
selection will continually select different forms to suit the new environment. We will be able 
to see this when we think about the effect of climate change on species in Chapter 6 and 
also when species are introduced to new environments in Chapter 4.

22

Changes to an 
individual caused 

by the environment 
(unless this causes 

mutations in the 
reproductive cells) 
cannot be passed 
on. The capacity 
to adapt to your 
environment is 

genetic and can be 
passed on.
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Myth debunking!

Myth: Natural selection always favours individuals with the most offspring.

Truth: Advantageous characters (and 
therefore genes) of an individual may also 
be present in members of the individual’s 
family – brothers, sisters, grandchildren 
and not just the individual’s offspring. 
Natural selection may then favour 
alleles that are inherited most frequently 
whether through direct offspring or 
relatives. Natural selection that increases 
a relatives reproductive chances is called 
kin selection.

An example of this is workers in the social colonies of wasps, ants and bees who work 
to feed young and tend the nest but do not reproduce themselves. If these individuals 
do not reproduce then how could natural selection favour their behaviour? The answer 
seems to lie in kin selection, where the individual’s genes are passed on to the next 
generation through their relatives.

Do you think kin selection occurs in human populations? Can you think of any 
examples of where humans act to aid the reproduction and survival of others?

The origin of species: how do new species form?

Darwin’s landmark book On the Origin of Species described how Darwin thought species 
evolved through natural selection, but what is a species and how do new species form 
from the process of natural selection?

What is a species?

Species: A group (population) of interbreeding organisms that share 
common characteristics. Through breeding, individuals of a species will 
produce fertile offspring and are said to be reproductively isolated from 
other species if they fail to mate with them, or the offspring of such 
matings are nonviable or infertile.

 
As with all terms in biology, the word species has been constructed and defi ned by humans 
to describe phenomena observed in the natural world. It’s worth remembering this, as 
often living things don’t want to play by our rules! Just as environments are not static, 
species are not static. Species are continually undergoing change, both in the number 
of individuals, populations and the variants of alleles within that species. The following 
diagram shows us how one species can become two species:

23

11.
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What type of events may cause barriers between members of the same species 
so that at least two sub-populations occur?

See Chapter 18 Speciation in Torrance, J (2008) Higher Biology (2nd Ed)

During Darwin’s Beagle voyage he was continually drawn to the similarities that some 
species showed even though they existed on different land masses. The question as to 
how this could have occurred bothered him and was one observation that focused his 
thinking on evolution. What Darwin was seeing was the result of speciation following the 
moving apart of the continents (continental drift), which at one time were together as one 
land mass. The gradual moving apart of the continents led to an increasing number of 
geographical barriers, creating the separation of populations of species needed to cause 
speciation.

24

sub-pop
A B

A population of one species 
that shows variance in 
characteristics but which can 
interbreed freely to produce 
fertile offspring.

An event occurs which causes 
a barrier between members 
of the same species forming 
two sub populations (A and B). 
The variation found within the 
species is not divided equally 
between the new populations.

Natural selection favours those 
individuals that are best suited 
to their new environment. 
Individuals with favoured 
characteristics become more 
common in the population.

New mutations occur in the 
population. Some of these are 
beneficial. Those individuals 
with the beneficial mutation 
become more common in the 
population.

The barrier between the populations 
is removed and the individuals can 
mix freely. The degree of variation 
between the two populations is 
now too great and they cannot 
interbreed. The two populations have 
now become two separate species.

12. The formation of a species
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14. Drosophila melanogaster (fruit fly)
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Today, scientists can study not only the phenotypic differences between populations or 
species but also the genotypic differences. Looking at the genotypic differences between 
populations (population genetics) can provide scientists with detailed information about 
the degree of similarities and differences between populations, giving them an insight 
into the processes involved in evolution. Molecular biology techniques are used for 
these investigations which usually involve a method of DNA fingerprinting and then the 
comparison of the DNA fingerprints between the individuals and populations. An example 
of the use of this technique is shown in the activity section of this chapter.

Species formation in action

Having seen how a species forms you may well wonder whether the process of species 
formation can be seen in action in the natural world today. You would imagine that this was 
so if evolution is an ongoing process. 

Populations of the birds named the Collared 
Flycatcher and the Pied Flycatcher have recently 
come into contact with each other after having 
been separated during the last Ice Age. A 
collection of researchers led by Uppsala University 
in Sweden found that different mating pairs of 
birds produce offspring that have different levels 
of viability. Interestingly, some of the female birds 
have developed a sexual preference for males 
belonging to their own “quasi species”, and this 
preference is determined by genes located on 
the sex chromosome. This research shows how 
two populations that were once separated have 
evolved different characteristics and are moving in 
the direction of speciation. 

Scientists have also performed a large number of experiments on Drosophila, creating 
conditions that occur in the initial stages of speciation so that they can analyse what 
happens. For example, an initial sample of Drosophila could be separated into two 
populations, each population being provided with a different type of food. The flies are 
then allowed to reproduce for a number of generations before testing is carried out to see 
what the likelihood of the flies from the same population is to mate with flies from the other 

populations. Interestingly, experiments like 
these have shown that flies from isolated fly 
populations that were fed different food tend 
to mate with flies from the same population, 
but that this was not the case with isolated 
fly populations that had all been given the 
same type of food. These experiments have 
shown how isolated populations can evolve 
reproductive isolation and therefore move 
towards speciation.

13. Pied flycatcher (Ficedula hypoleuca)  
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Evolution of populations: Is natural selection the whole story?

‘I am convinced that natural selection has been the main but not exclusive
 means of modifi cation.’

Charles Darwin (1859) On the Origin of Species 

So far we have only considered the role of natural selection in the changes that occur in 
the number of individuals with certain characteristics (alleles) in a population or species. 
If we take a closer look at the diagram showing the formation of a new species we can 
see that when the population fi rst splits individuals with different characteristics (and 
therefore different alleles) are distributed between the two sub populations. Sometimes a 
sub population can be small and may only have a selection of the variation that was in the 
original population. These chance factors affect the frequency of individuals with particular 
characteristics and therefore alleles within a population and can have a big impact on 
the alleles and hence phenotypic characteristics a population has. This process is called 
random genetic drift and it affects the evolution of species and populations, alongside 
natural selection.

See Chapter 18 Speciation in Torrance, J (2008) Higher Biology (2nd Ed)
See Chapter 19 Adaptive radiation in Torrance, J (2008) Higher Biology (2nd Ed)

Summary

• The “modern synthesis” or “neo-Darwinism” describes the combined theories of 
evolution by natural selection and genetics.

• Natural selection is a process that occurs when there is variation, inheritance and a 
struggle for existence.

• Variation is created by mutations.

• Mutations can be harmful, benefi cial or neutral.

• Mendel’s laws of inheritance describe how characteristics can be passed on.

• Species are populations of interbreeding organisms that show common 
characteristics.

• New species form by separated populations of a species changing to such a degree 
that interbreeding to produce fertile offspring is not possible.

• Populations evolve by natural selection and random genetic drift.

26

66638 Uni Ed TEXT.indd   2666638 Uni Ed TEXT.indd   26 4/2/09   12:35:284/2/09   12:35:28



27

References

Nicholl, D (2005) Cell and Molecular Biology Student Monograph (Advanced Higher)

Torrance, J (2008) Higher Biology (2nd Ed), Hodder Gibson, Paisley.

Uppsala University (2007, October 8). Genes From The Father Facilitate The Formation Of New 
Species. ScienceDaily. Retrieved August 14, 2008, from
http://www.sciencedaily.com /releases/2007/10/071005092723.htm

Rice, W and E. Hostert (1993) Laboratory experiments on speciation: What have we learned in 
40 years? Evolution 47(6): 1637-1653

For more information on bere barley see: http://en.wikipedia.org/wiki/Bere_(grain)
Or email: cathy.southworth@ed.ac.uk

Further reading

Evolution is a topic often discussed in the popular science literature. Several popular authors have 
produced some excellent texts about evolution that provide modern examples and analogies for the 
theory of natural selection. These include:

Richard Dawkins
For a full listing of books see the website: http://richarddawkins.net/

Dawkins, R (2006) The Selfish Gene (30th anniversary edition), Oxford University Press, Oxford.

Gould
For a full listing of books see the website:
http://www.stephenjaygould.org/bibliography.html

Gould, S.J (1977) Ever Since Darwin. W.W. Norton, New York

Steve Jones
For a full listing of books see the website:
http://www.ucl.ac.uk/biology/academic-staff/jones/jones.htm

Jones, S (2000) As Darwin’s Ghost: The origin of the species updated. Ballantine Books, New 
York.
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Activity

Scottish Island differences in bere barley 

15. Bere barley growing on the Island of Eday, Orkney.

Barley has been grown for many years in Scotland, with archaeological samples having 
been found on Orkney that date back to Neolithic times. Bere barley is a traditional variety 
that has been in Scotland since at least the time of the Vikings, pre-dating all modern 
varieties of barley and in 2004 could only be found growing on Orkney, Shetland, The 
Western Isles and Tiree. Bere barley from the different islands is rarely swapped between 
growers on different islands and some stories state that bere from the Northern Isles will 
not grow as well on the Western Isles.

Exercises

1. What type of barrier has separated the populations of bere barley 
found on the different islands?

2. What human activities would have led to the creation of different 
populations of bere barley?

3. How can a barrier that separates two populations of the same species 
lead to speciation?

4. Bere barley is a variety of barley and not a separate species to other 
barleys. Suggest why it is not considered a separate species. 

28
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Task 1
After thinking about the questions above, discuss your answers with a partner. What 
similarities and differences are there in your answers? Together, can you formulate 
more comprehensive answers, using diagrams if needed?

Task 2
A scientist who studied bere barley on the Scottish Islands looked at the genotypic 
differences between the bere barley growing on the different islands to determine the 
level of variation. DNA fi ngerprinting methods (genotyping) were used to achieve this 
and the resulting data was analysed using statistical models. The results showed that 
there was signifi cant variation between the bere barley on the Western Isles and the 
Northern Isles.

The growers of bere barley on the Scottish Islands are interested in the results of the 
study. How would you explain to them the events which may have led to the genotypic 
differences in the bere barley on the different islands? Work as a pair or small group to 
produce one power point slide or overhead transparency that would help explain what 
may have happened over time to cause these differences.

Task 3
Some people think that bere barley was brought to Scotland by the Vikings, whereas 
others believe that it dates back to the Neolithic period. Barley samples which have 
phenotypic characteristics similar to bere have been discovered on Orkney which 
date back to Neolithic times. There are also Scandinavian barley varieties that have 
phenotypic characteristics similar to bere. What methods could you use to gain 
evidence that would show which of these hypotheses was most likely true?
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Professor Brian 
Charlesworth
Brian Charlesworth is Professor and Head 
of the Institute of Evolutionary Biology 
at The University of Edinburgh. In his 
spare time he likes reading, listening to 
classical music and hill-walking. He also 
has two cats and a dog.

Interview

Q You have spent a lot of your life looking at evolution. How did you fi rst get 
interested in evolution?

A When I was at high school in London we started learning more about scientifi c 
biology and the conceptual framework of genetics. Evolution attracted me because a lot 
of biology seemed like it was collecting lots of facts without much framework to put them 
together … so I started reading some books when I was in my late teens and went on from 
there.

I always liked animals and kept quite a lot of creatures when I was a kid, mostly reptiles 
and amphibians because we lived in a small house in London and there wasn’t much 
space for anything else. I kept things like snakes, slow worms, lizards, frogs, toads and 
newts and [saw] the obvious relationships. If you look at frogs feet its got fi ngers just like 
ours and you start wondering why they are so similar despite the fact that in other respects 
they’re very very different. So that was basically how I got started, fi rst just being interested 
in animals and then when I got a bit older just thinking about what it all meant.

Q Why do you think an understanding of evolution is so important in the study of 
biology?

A Evolution is the way we can understand how these things have come about partly 
because these structures are inherited from our ancestors and of course when we look 
at the molecular basis of life now we see huge commonalities all the way from viruses 
to mammals…you can trace everything back to some common ancestor which may be 
several billions of years old, so it really does provide a framework for understanding why 
organisms look and behave the way they do.

Q Darwin made a huge contribution to our understanding of evolution. Why do 
you think his theory of evolution through natural selection is so important?

A Well you have to look back a bit to where biology was back in the 1830s, which 
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is when Darwin basically developed all of his ideas.  He didn’t publish On the Origin of 

Species until 1859 but he kept extensive notebooks and if you read the notebooks most 
of his major ideas were formulated rather quickly around 1837, 38 and 39. Then of course 
he spent a long time collecting lots of evidence and facts and what really you see when 
you read the notebooks is Darwin coming to realise that there’s a completely impersonal 
mechanistic process by which evolution has happened.  He wasn’t the fi rst person to think 
of the idea of evolution, he was the fi rst person (a) to really collect solid evidence that 
evolution has happened [and (b)] he also came up with a mechanism and I think that the 
mechanism together with the evidence is what makes Darwin so important…

Q Theories in biology are never static and there are many more people who 
have looked at how evolution might work since Darwin. Who are the other heroes of 
evolutionary biology for you?

A My main heroes are the people who founded the genetic interpretation of evolution 
and this was the big gap in Darwin’s work. He had a muddled view of inheritance, which 
was commonly held at that time…he knew there was variation but he didn’t understand 
anything about it and he was unaware of Mendel’s work which laid the foundations for our 
correct interpretation of inheritance …..

Q In his book On the Origin of Species, Darwin devotes an entire chapter to 
diffi culties on the theory. One of these is why we don’t see or fi nd fossils of creatures 
in more transitional stages of evolution. Is their modern day evidence of such 
transitional forms?

A My understanding is that ever since Darwin there has been a progressive fi lling in 
of the gaps and the fossil record and obviously it’s a patchy process. Evolution often 
takes place rather rapidly and in obscure parts of the world with organisms with rather 
small numbers. So the chance that you actually see an evolutionary transition in action is 
relatively small so, for example, Darwin produced a theory of the origin of humans based 
largely on comparing humans with what was known about other primates. [He] said if 
you look at chimpanzees and gorillas they are clearly the closest animals that look like 
human beings… There are very good intermediates between reptiles and mammals, we 
have very good intermediates now between fi sh and  early land vertebrates , things where 
[you might say, is it] a fi sh or is it an amphibian because the skeletal structures are so 
intermediate. These are all exactly what you would expect from Darwin’s view, but there 
are gaps in the fossil record because it’s hard to fi nd fossils…

Q So it sounds as well that with the advent of DNA technology, evolutionary 
biology has moved on quite a lot and it provides more evidence. 

A Yes, well people are investigating the tree of life as people call it … its one area where 
people are trying to use better and better data to get the early relationships between major 
forms of organisms straightened out.  So we know much more about that now than we did 
20 years ago and it becomes almost entirely from molecular sequence comparisons.

Q That’s comparative sequencing?

A Yes, so there’s some very sophisticated statistical methods people are applying to 
reconstruct what we call molecular phylogenies so that’s a very thriving research area.
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Q Secondly, Darwin discusses the diffi culty of the evolution of organs of extreme 
perfection. A common example of this is the evolution of the human eye. How could 
evolution by natural selection create such perfection?

A Well I think Darwin gave the answer to this,  that evolution by natural selection is a step 
wise process in which each step may be relatively small but you improve something which 
is there already, rather than putting something completely new .  So when you look at an 
eye or any other complex structure the diffi culty that Darwin was well aware of was that 
there are many different components and they have to work together to have a functional 
eye… [and he] pointed out that there are intermediates, so if you look at very simple 
organisms what they will have is a few photo receptors which will collect light and maybe 
a little pigment… the early eyes were completely incapable of forming an image but they 
were able to detect movement or they [could] detect light, both of which are very useful 
to primitive  organisms. The remarkable thing of course is that if you look at the proteins 
which are involved in light reception in our eyes they are present way back to bacteria. 
So its mind boggling and Darwin himself thought it was mind boggling that something as 
complicated as this could evolve in this gradual series of steps .  Each individual link in the 
chain is perfectly functional but its not doing quite the same job as what came later.

Q Do you think that there are any diffi culties that still exist with the theory?

A I don’t think they are the diffi culties of the sort of magnitude that you say ‘Oh dear I’ve 
got something seriously wrong’, but there are lots and lots of unsolved problems.

Q Like missing pieces of the jig-saw?

A Well I mean I’ve already said we don’t know how the Cambrian explosion came about 
so I would say that’s a problem it’s not a diffi culty. I think we understand the basic processes 
very well , what goes on in the population and what makes things happen , what we lack 
in many cases is the detailed evidence that allows us to say this is what really happened  
and this is the kind of natural selection force,  this is the reason why this evolved .  I mean 
look at human language for example , its clearly an evolved characteristic , we don’t have 
it in chimpanzees , they can communicate remarkably well with each other but they have 
nothing you could call language, but every human being all over the world is capable of 
learning a language. We don’t understand what the selective pressures that drove the 
evolution of language are, we’ve got lots of papers where people speculate about it but 
this is one of those areas where there’s essentially no evidence that could really enable 
you to decide between the different  hypotheses, and that’s a real diffi culty. The best you 
can do is make up plausible seeming stories and show that they fi t all the facts that we’ve 
got, but of course you can never be sure that those are the correct stories…

To hear the whole interview with Professor Brian Charlesworth and to fi nd out more about 
how DNA technology is contributing to research in evolutionary biology and the hot topic 
areas for evolutionary biology in the 21st Century go to:
http://www.biology.ed.ac.uk/public/sibe/projects/HappyBirthdayDarwin
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16. Dividing human cell in mitotic metaphase. Chromatids are shown in blue, with red showing mitosis-specific 
phosphorylation of Histone 3, a chromosomal component. Mitotic spindle microtubules are shown in green.

17. Pea assortment showing cotyledon colours.
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Natural selection results from a combination of variation, inheritance and a struggle 
for survival. If organisms reproduce, passing on their characteristics to their offspring, 
and these characteristics are different between organisms and there is competition 
for resources, then those that replicate best (the quickest, the most efficient, and the 
most prodigious) will become the more common in future generations. This selection 
of the ‘best’ or ‘fittest’ is a metaphor Darwin used to describe this mathematical 
process. This ‘selection’ occurs naturally. This means that an intelligent entity is not 
required for the process to occur. However, this selection can also occur by other 
means, such as human intervention. Mankind can hijack the process of evolution 
to artificially select those types that 
are most suitable to mankind. Those 
types that are best are those types that 
conform to mankind’s desires, and these 
become more common. Mankind has 
been artificially selecting for thousands 
of years and this has shaped our pets 
and domestic animals, both on the farm 
and at home, as well as the crops, fruits 
and vegetables that we eat. Mankind 
is now in a position to radically alter 
life through artificial selection and 
genetic modification thanks to modern 
technologies based on an advanced 
knowledge of genetics. The implications 
and consequences of these technologies 
will affect us all.

Artificial Selection

Have you ever wondered why there are so many different types of dog and why pet dogs 
are quite different from dogs seen in the wild?  This is because pet dogs are the result of 

3.Human Intervention

Aims

same three principles as natural selection.

and support his theory of evolution by natural selection.

intervention that can create artificial selection and 
variation, using examples. 

genetic technologies present ethical questions that are 
complex.

1. Main picture: Transgenic pigs displaying fluorescence under UV light due to the presence of green 
fluorescent protein (GFP).

2. Nursing Piglets in a farrowing crate.
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Artifi cial selection is 
when man selects 

for traits he desires 
in organisms.

artifi cial selection. Different breeds of dogs refl ect different desires that people had; some 
people wanted large fi erce dogs, some wanted cute fl uffy dogs, some wanted small dogs 
to keep them warm like hot-water bottles, and some people wanted dogs that were good 
for hunting or for rounding up sheep. All these different dog breeds are the result of human 
preferences and human intervention in the evolutionary process. 

Artifi cial selection is the name given to the process whereby mankind interferes with the 
process of natural selection by being the selector (the word derives from the Latin words 
‘art’ - by man, and ‘facere’ – to do/make). When mankind interferes with natural selection it 
affects the outcome of the evolutionary process and generally causes organisms to evolve 
faster and in a manner that is desirable and preferable to man. Artifi cial selection is a 
special case of natural selection and not something that is entirely, or intrinsically, different. 
At the genetic and mathematical level the processes are the same.

Artifi cial selection was key in Darwin’s evidence for 
natural selection

It was Darwin who coined the term artifi cial selection, so that he could compare and contrast 
it with what he described as natural selection, devoting a whole chapter to ‘Variation under 
domestication’ in On the Origin of Species. He recognised that humans selected for 
specifi c characteristics in organisms routinely and that these differences could be passed 
from parent to offspring. Key to Darwin was that both processes involved ‘selection’. He 
realised that the principles of natural selection: competition, variation, and inheritance, 
also applied in the case of artifi cial selection. The difference between the two types being 
that with artifi cial selection the organisms are not competing to fi ll their natural, ecological 
niche, but are, instead, competing to be selected by man. Competition normally occurs 
because organisms over-reproduce, that is, more offspring are created than there are 
ecological spaces for. However, competition can also occur, even in low populations, if 

3. ‘Mulligan’ - Weimaraner 4. ‘Duffy’ - Bijon Frise

Darwin used 
examples of artifi cial 
selection to support 
his theory of natural 

selection.
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man is choosing who wins and loses, 
and thus determining who actually gets 
to reproduce and pass on their genes.

Darwin could see that artificial selection 
was a clear example of the power of 
selection to shape and modify life. 
This also made his argument more 
persuasive because he could use 
familiar examples such as pets, for 
example dogs, and domestic crops 
such as wheat and strawberries to 

show people how evolution worked. The results of artificial selection are particularly 
powerful examples because the strength of selection is often greater when guided by man. 
This is because man can exert greater competition and because man often has extreme 
preferences. This leads evolution to proceed at a quicker pace than normal.

Selective breeding in the past – what did people wish for?

Nowadays, selective breeding refers 
to the deliberate use of artificial 
selection to alter an organism in a 
desirable way, but selective breeding 
has been going on for thousands of 
years. Humanity began to change its 
way of life around 12,000 years ago, 
when people gradually stopped living 
as hunter-gatherers and became more 
stationary. This was because people 
had learned how to survive on farmed 
products, successfully domesticating 
crops and livestock, rather than 
having to hunt and search for their 
food. These people were now also 
in a position to artificially select their 
stock. They probably did not have a 
thorough grasp of inheritance but it’s 
not unreasonable to suggest that they 
enhanced the reproduction of those 
individuals and types that they found 
preferable, especially when large 
changes in traits occurred. 

A relatively recent example of such selection occurred when around 100 years ago people 
artificially selected carrots to be orange instead of a brown/purple colour. The preference 
for orange was because the other colours turned water into a dirty brown colour. In the 
past one can imagine that if somebody had a tree that produced larger fruits than average 
then they would use the seeds from that tree to plant the ‘next generation’ and thus over 
time the fruits have got bigger.  

5. Strawberries at market

6. Transgenic flock of sheep

What traits do you 
think farmers would 

select for in their 
crops?
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Under natural selection these larger fruits may have been selected against. 
Can you think why this might be so?

This is because the fruit is the tree’s incentive to certain animals to spread their seeds. 
The fruit acts like a bribe, but think about it, there’s no need to pay a bigger bribe than 
necessary is there? So trees that ‘pay’ the optimal bribe, the smallest possible bribe 

that still attracts the right animals, will be the most successful during evolution. 
This is because the energy the tree saves on smaller bribes it can invest in more 

seeds or more fruit (many small, effective bribes are better than one large, 
more than is necessary, bribe).

Selective breeding today – how easy is it?

The science of selective breeding is now just that, a science, with scientists skilled in 
evolution and genetics employed in agriculture across the world. But why do we now need 
scientists to do the job that our ancestors did so well?

One reason is because modern agriculture wants results fast, it does not want to wait 
10,000 years for the desired livestock, and so help is needed to speed up the process and 
direction of change. Though it may sound easy to select for what you want, such as more 
milk from your cow, or bigger ears on your dog, it is, unfortunately very complicated. This 
is for three main reasons:

i) Pleiotropy – the relationship between genes and phenotype (or final product) is not a 
simple one. There is not one gene for every trait, but many genes that interact to bring 
about certain results. Each gene may also have many affects (pleiotropy). This means that 
by selecting for a trait such as greater milk yield, one may also be selecting for another 
trait, such as reduced adult size, or fat content in the meat. 

ii) Linkage disequilibrium - Genes reside on chromosomes and genes that are next to 
each other on a chromosome are more likely to be inherited together. This is because the 
further two genes are apart; the more likely they are to be separated during the process of 
recombination. This is known as linkage disequilibrium. This also means that if we select for 
a particular allele of a gene, we are also likely to be unwittingly selecting for alleles that reside 
nearby on the same chromosome. This nearby allele thus ‘hitchhikes a ride’ along with the 
allele of the other gene that we are selecting. So if there are two nearby genes, one for milk 
yield and one for coat colour, then when we select for an allele to increase milk yield we also 
inadvertently select the allele for coat colour.

iii) Inbreeding and a loss of variation – variation is required for selection because it 
provides the choices from which to select. If there is no variation then there is no point 
selecting as all the stock would be the same. When a population of organisms undergoes 
strong selection, then the amount of variation is automatically reduced. This means that 
over time there is less and less choice for our selectors to act upon and artificial selection 
will grind to a halt. Natural mutations provide natural variation but these do not occur 
quickly enough for the business of agriculture. Breeders attempt to increase the variation 
in their stock by careful crossing of their stock with stock obtained from other breeders.

To overcome these problems you can see that knowledge and skills in genetics and 
mathematics are needed, which provides the role for scientists in artificial selection. 
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7. Fallon, a modern variety of barley produced from 
selected breeding methods.

8.‘Pug’ – a fl at face dog

Marker Assisted Selection – how knowledge of genetics can help 
with selection.

One modern method used in creating 
new varieties of crop and animal 
breeds is called Marker Assisted 
Selection (MAS). 

Once the positions of genes have been 
located on a species’ chromosomes 
the scientist can fi nd markers that 
are associated with those genes 
and specifi c alleles. This makes the 
selection process easier as new plants 
or animals can be analysed using 
genetic technology to detect whether 
they contain specifi c markers and 
hence the associated gene or allele. 
Markers are often short recognisable 
sequences of DNA that can be 
detected by DNA fi ngerprinting (using 
gels or more commonly now using 
automated machines). 

Why might this be better than previous 
methods? Selection in the past was 
based on what a plant or animal looked 
like (its morphology or phenotype) 
which required time for an organism to develop for certain characteristics to be seen. 
Using Marker Assisted Selection, young plants and animals can be analysed for genes 
that are yet to manifest themselves. An example of this would be a disease resistance 
gene in barley, for example powdery mildew resistance. The marker for this gene can 
be detected without needing to grow the plant and exposing it to the fungus, saving 
both time and money.

Selective Breeding - Be careful what you wish for!

The creation of different dog breeds was done 
without an understanding of the complexity of 
selection, and this is why many dog breeds 
suffer from health problems. We have selected 
certain breeds for how they behave or look, 
but we haven’t taken their whole ‘phenotype’ 
into account. Thus by selecting for short 
legs we may have inadvertently selected for 
alleles that cause heart problems or other 
health problems. Natural selection avoids 
these problems because natural selection is 
always selecting on the basis of the overall 
performance of the organism. If there is a 
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design trade-off in an organism, say between being big to win more fights but being small 
to avoid having to eat too much to stay alive, natural selection will find the optimal balance. 
However, artificial selection can distort this balance and the focus on just one or two traits 
can be detrimental to the animal’s overall performance. So why do these animals survive 
despite their health problems? Man facilitates their reproduction and aids their survival 
though medical care and so as long as they live long enough to breed they will persist 
under artificial selection.

“…dogs with flat faces became so desirable that dogs with even flatter faces 
were bred… this led to dogs with respiratory problems…”

Discuss this statement with a partner before forming an opinion of your own as to 
whether you think dogs should be bred in this way. Where would you draw the line 

as to the extent of breeding that should be carried out?

Hybridisation

Darwin in On the Origin of Species devotes a whole chapter to the subject of hybridisation 
and its implications to his theory of evolution through natural selection. Hybridisation in 
artificial selection is the crossing of two species or varieties of a species with the purpose 
of producing a daughter species or variety that has the best characters of both parents. 
Sometimes the offspring (called hybrids) have characteristics of both parents and other 
times they form intermediate traits (such as pink flowers when the parent species are one 
red flowered species and one white flowered species). In this way, hybridisation is a way 
man can increase the variation from which to select. It was by this process that Gregor 
Mendel, who we met in chapter two, produced pea plants so that he could observe the 
characteristics in the offspring and draw conclusions about the nature of inheritance. 

How is the process of hybridisation carried out?

9. Pea flowers of a plant homozygous for ‘bip’ (recessive gene - bipartitus). Flower wings sharply bicoloured 
– upper part normal colour, lower part much lighter colour.
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Mendel was able to produce pea plant hybrids by removing the stamens from the fl owers 
to prevent self –fertilisation and by then brushing pollen from one variety onto the carpels of 
another variety. By doing this Mendel was able to direct the reproduction of the plants and 
artifi cially select the offspring of interest. Getting the different pea plant varieties to cross 
breed was a delicate process but not insurmountable. Most species, however, are unable 
to reproduce with one another due to behavioural, mechanical and biochemical barriers 
or incompatible reproductive organs. There are exceptions and these generally involve 
closely related species that may reproduce producing viable or more likely nonviable 
offspring, meaning they are unable to reproduce (are sterile). These facts pose challenges 
to scientists who want to hybridise normally incompatible species and varieties.

What challenges do these facts pose to scientists who want to create and use hybrids?

Scientists can overcome these challenges of mating and nonviable offspring using 
a variety of methods, depending on the species involved and what they are trying 
to achieve. The purpose of producing hybrids can range from developing new crop 
varieties to attracting the human eye with unusual looking pets to producing a good-
tempered camel!

The desire to produce a good tempered camel was the motivation behind the production 
of cama, a hybrid from the mating of a camel and guanaco (Lama guanicoe). The physical 
barrier of size would normally prevent camels and guanacos from breeding so the artifi cial 
insemination of a female guanaco was required to produce a cama. This process is not easy 
and many failures occurred. Most notably with this type of hybrid, artifi cial insemination of 
a female camel with guanaco sperm proved not to work.

The use of somatic fusion in plants, which was developed over 30 years ago, can overcome 
the problem of sexual incompatibility and is a hybrid forming method that you will need 
to learn about for your higher studies, along with hybrids of corn and other crop species. 
This method is described at length in chapter 21 Artifi cial Selection in Torrance, J (2008) 
Higher Biology (2nd Ed).
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10. Rama, the fi rst cama hybrid ever born, shown here at three years.
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Hot news
Rhino chimeras

Edinburgh University scientists are proposing to use a new cloning method to create 
a chimera – a rhino that is a mixture of the northern and southern white rhino- to 
save the rare white rhino from extinction. They hope to produce a chimera of the two 
subspecies that will have egg or sperm cells of the white rhino so that these can be 
used in breeding programmes. Different from a hybrid, that is produced from bringing 
together gametes from different species or varieties to produce one a single embryo, 
a chimera is produced from combining cells to form one embryo so that the resulting 
offspring have differing proportions of cells from each parent. This technique has been 
used previously by researchers, for example to produce chimeric mice and a chimeric 
sheep-goat, commonly referred to as a ‘geep’, which was produced by combining 
embryos from a goat and a sheep.

A great deal of time, effort and money is needed to develop methods such as these. 
Do you think saving a species from extinction is a worthy use of such time and money? 

Do you think humans should try to save animals and plants from extinction?

Hybrids in evolution

We have just looked at the use of artificially produced hybrids and their use in producing 
new variation which humans can select from. But do such hybrids exist in nature? Do 
species successfully cross the species barrier to produce offspring and if so do they go 
on to produce viable offspring that proliferate to produce new species? The significance 
of hybrids in evolution is an area of enthralling research with scientists around the globe 
investigating the formation of hybrid species, their genetics and the environments within 
which they exist. There is no doubt that hybrids do contribute to evolution but to what extent 
is inconclusive. An Edinburgh University researcher works on a hybrid of the native Scottish 
red and introduced Sika deer. The Sika deer, an introduced (alien) species can successfully 
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11. White Rhinoceros
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13. Transgenic mice fluorescing under UV light due to the presence of green fluorescent protein (GFP)

12. Sika deer
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breed with the native red deer. By looking 
at the DNA of these hybrids and of the pure 
bred species, scientists can see whether 
the native red deer are being diluted by 
genes from the Sika deer. Information like 
this is important to conservationists and 
environmental managers. You will find out 
more about this work in Chapter 4. 

Another example of work in this area is a 
collaboration between scientists at The 
University of Edinburgh and those in 
Panama and Columbia who produced a 
viable hybrid using two species of butterfly. 
These hybrids produced offspring that 
preferred to mate with other hybrids 
which shows how a new species could be 
formed.

Genetic technologies

Man is now able to transform and alter the genetic constitution of many species. This 
means that artificial selection can be taken to another level as we now have greater and 
more refined control. New technologies allow us to add entirely new genes to species, to 
delete genes, and to better select for the genes we want. These new technologies have 
different consequences for evolution and can be summarised as those that:

i) Allow us to ‘select’ from pre-existing variation using genetic analysis. In these cases 
there is no genetic modification.

ii) Change an organism’s genome by moving genes within a species e.g. a disease 
resistance gene from one variety of barley to another.

iii) Change an organism’s genes by moving genes between species. This puts new genes 
or alleles into a species’ gene pool. 

iv) ‘Create’ variation, adding to the gene pool. This could be the creation of completely 
new alleles or genes.
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PGD selects from 
pre-existing variation 

and so does not 
alter the genotype of 

a baby.

Choosing from pre-existing variation

Just as markers aid breeders of crops and animals to select for offspring with certain 
genetic characteristics, scientists and doctors can use markers to detect certain genetic 
characteristics from the DNA of a cell from a growing human embryo. This technology is 
known as Pre-Implantation Genetic Diagnosis (PGD), which you may have heard used in 
the context of ‘Designer Babies’.

Technology box: Pre-Implantation Genetic Diagnosis (PGD)

The PGD technique selects embryos from a number grown outside the mother’s 
womb. By removing a cell from the growing embryo scientists can identify versions 
of genes, allowing them to choose the embryo with the desired characteristics. For 
example, whether the embryo will develop into a boy or a girl or whether it will exhibit 
a particular genetic disorder, for example cystic fi brosis.

The PGD technique, although not a form of genetic manipulation, is an example of 
artifi cial selection as certain characteristics are being selected against. Ethical debate 
surrounding the technique has always been complex.

In Vitro fertilisation is 
performed.

Genetic screening of 
the embryos enables
ones with the desired
gene or genes to be 
selected.

The chosen 
embryos are 
implanted into 
the mother.
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15. Transgenic hen used for the production of 
medicines.
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Moving genes between varieties

The same species can often include 
different strains or varieties. Sometimes 
these are the result of artificial selection 
themselves. For instance, there are 
many varieties of barley that have 
resulted from artificial selection, and 
these different varieties are resistant 
to different diseases depending upon 
where they have been cultivated in 
the past. For example, some barley 
varieties contain a gene that gives 
them resistance to the fungus Puccina 

graminis that causes the disease stem-rust. Making sure that crop species are resistant 
to disease is big business and has led to the development of transgenic barley varieties 
that have been modified with the insertion of the resistance gene from another variety (one 
method used for this is agrobacterium-mediated transformation). 

Moving genes between species

Scientists can also use recombinant genetic technologies to transfer genes from one 
species to another and these technologies are used in scientific research, agriculture and 
the pharmaceutical industry and include the transfer of genes between a wide variety of 
species.

Human medicines are often based on providing patients with proteins that are naturally 
produced by the human body. For example, people with diabetes sometimes need insulin 
to keep healthy as their bodies do not produce it. In the past insulin was produced from 
modifying pig insulin using enzymes, but progress in genetic engineering meant that 
the human insulin gene could be inserted into the bacterium Eschericia coli, which then 
expresses the gene and produces human insulin. In 1982 permission was granted for 
human insulin produced in this way to be offered to sufferers of diabetes. The producers of 
human insulin claim that it is better as it is ‘identical to the body’s own insulin and therefore 
the logical choice’. However, not every user faired well when using human insulin and 
some still depend on animal insulin as their medicine.

Bacteria are not the only species that have 
been put to use in making medicines. 
Farm animals and plants (plant-made 
pharmaceuticals (PMPs)) are also used 
and have led to the term ‘bio-pharming’. 
For example, the hereditary disease 
alpha-1-antitrypsin deficiency (A1AD) is 
the commonest cause of liver disease in 
children and is a disorder that also affects 
adults who may develop the lung disease 
emphysema. Transgenic sheep have been 
developed that produce milk that contains 
the human protein alpha-1-antitrypsin and 
is currently being trialled to help A1AD 
emphysema sufferers.

14. Close up of stem rust (Puccina graminis) on wheat

66638 Uni Ed TEXT.indd   45 2/2/09   17:19:37



46

The genetic modification of plant crops as ‘factories’ for pharmaceutical products has 
attracted attention in the same way as the genetic modification of crops for food. The 
benefits and risks are complex and make interesting debate. You can enter into this debate 
by finding out more at http://www.beep.ac.uk which provides links to articles and raises 
some thought provoking questions.

The use of traditional hybridisation methods in selective breeding has been successful 
in producing varieties with disease resistance. How is the use of GM technology to 

move genes between varieties the same and different to the process of hybridisation 
used in traditional selective breeding? 

Think about the aims, method and outcome of the different processes.

Do you think there should be different guidelines or legislation about the use of 
traditional selective breeding methods and those that use genetic modification 

technology? Can you explain your reasoning behind your answer?

From a choice of two foods, where one contained a wheat variety produced using 
selective breeding and one used a wheat variety produced through using genetic 

modification, would you feel more comfortable eating one over the other? Consider 
your emotional and rational responses to this question. 

The ethics involved in the use of genetic modification are complex. Are the issues 
involved solely concerned with the difference in the aims and methods?

RIDL – an example of modern genetic technologies

Insects such as mosquitoes and the tsetse fly are unpopular because they bite and 
are vectors for disease. Millions of people each year suffer from malaria, just one of the 
diseases that female mosquitoes are responsible for spreading. In the past, scientists have 
tried to reduce the number of mosquitoes by releasing millions of male mosquitoes that 
were infertile. The hope was that these males would mate with the females and prevent the 
females from mating with healthy males. Any female that mated with a sterile male would 
fail to produce any offspring. This was known as the Sterile Insect Technique (SIT), but 
unfortunately it is not always a great success. One of the reasons was because the method 
used to make sterile males by blasting them with radiation also made them unhealthy and 
they were not attractive to females. This meant they could not compete very well against 
healthy males. The good news is that new genetic technologies have now given scientists 
hope that they can overcome these problems.

A group of scientists, based mainly at Oxford University, have engineered mosquitoes to 
carry a gene which is fatal to female mosquitoes – unless they have a special ingredient in 
their diet, an ingredient they can only get in the specially prepared food of the laboratory. 
This gene is also dominant, so females only need one copy of it for them to die. The 
scientists have named this technique RIDL (the Release of Insects carrying a Dominant 
Lethal gene). Their aim is to produce lots and lots of these mosquitoes and then to release 
the males into the wild, with the hope that these males will then breed with the wild 
females. The result will be that all the daughters of these females will not be viable and will 
die before they become adults. This is particularly useful because it is the adult females 
that bite people and transfer the disease malaria. There is also the added bonus that the 
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For selection to 
be affected, new 

technologies must 
affect the genes of 

the germ line, rather 
than the ‘somatic 

line’.
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16. This female mosquito (Anopheles freeborni) is taking a blood meal from a human host by pumping the 
ingested blood through her “labrum”, which is visible here as a thin red, “needle-like” structure between the 
mosquito’s head and the host’s skin.

male offspring will be okay and therefore they will be able to grow up and mate with more 
females, thus extending the effect of the system and negating the need to repeatedly 
release more modified males into the environment. 

What do you think are the evolutionary consequences of this science for the 
mosquitoes? To answer this, you should think about what happens to a female if she 

mates with a normal male as opposed to a RIDL male?

Evolution and genetic engineering

Selective breeding has directed the evolution of species useful to humans for hundreds 
of years. Genetic technologies can also direct the evolution of species in this way if they 
affect the germ line of an individual that goes on to reproduce. If contained, these artificially 
selected species won’t affect the evolution of other species as they will not have a chance 
to interact. The likely ability to contain species, though, is controversial and people 
worry that if genetically engineered species are not contained, there will be  irreversible 
effects on the evolution of other species. This is in addition to the concern that genetically 
engineered species may pose harm through producing unknown chemical products 
directly, or in the case of the engineered genes through infiltrating other species. Take the 
RIDL example above, that aims to reduce the risk of malaria to human health; inevitably, 
this will affect the numbers of mosquitoes, but what about their evolution? Reducing the 
numbers in a population, particularly if this is an extreme reduction, affects evolution by 
reducing the amount of diversity within the species creating a bottleneck in the population. 
Mosquitoes don’t exist in isolation so changes in their populations will have inevitable 
affects on other species, including the malaria parasite for which it is a vector. In Chapter 
5 you will be introduced to how the control of bacteria, using antibiotics, by humans, has 
affected bacterial evolution, presenting an interesting case as to how human intervention 
for positive health gain has inadvertently affected evolution and created new challenges 
to health.
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Even though genetic technology can affect the evolution of species its incidence at present 
is very low compared to other factors involved in the evolution of species. The future is 
unknown, but as with all new technology the informed debate of the issues and ethics and 
governmental policy will be key to deciding the future use of these technologies.

Think about the conditions needed for natural selection to take place. How do these 
genetic technologies affect the process of natural selection? In what way do genetic 
technologies interfere with these conditions? What then, if any, are the evolutionary 

consequences of these technologies? What do you feel about these technologies being 
used? Is your answer the same for all of these types of technology? 

RIDL provides an example of genetic manipulation in order to reduce a huge public 
health problem that kills millions each year and which has an enormous economic 
impact on the countries it affects. The health and economic benefits in reducing the 
incidence of malaria are big. Given this, do you think the use of genetic technology 
in this case is valid? Are the possible consequences to the environment of a lesser 

importance than the reduction of the disease? Weigh up the costs versus the benefits.

Summary

have desirable traits.

organisms and choose offspring with desirable traits.

breeding.

more variation from which to select from using techniques of hybridisation and 
genetic technologies.

17. Transgenic chicks fluorescing green under UV light due to green fluorescent protein (GFP).
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About Max Burton

I love being an evolutionary biologist because it is a subject that can be applied to a wide range 
of problems and it has the power to explain so much of the world around us. It was when I had 
my fi rst lectures on evolution at the University of Sussex that I truly fell in love with the subject 
as it was able to explain so much and to answer so many questions that I wanted to ask. It 
was such an enlightening experience and all I knew was that I just had to know more! My fi rst 
degree was in Biology and American Studies but I decided to focus on Biology and Evolution 
in particular after enrolling for an MSc at the University of Oxford. I subsequently applied to do 
a PhD at Edinburgh University where I gained a thorough training in Evolutionary theory and 
genetics and how it can be applied to Animal Behaviour (including Humans). I mostly studied 
why and when animals have sons or daughters and what the evolutionary consequences were 
of having a boy versus a girl. I am now applying my knowledge to investigate human behaviour. 
This is known as Evolutionary Psychology. In particular I am investigating why people form 
long-term relationships with both friends and mating partners. My aim is to explain the adaptive 
signifi cance of people’s behaviour.

Being a good scientist is not about being some crazy genius. It is about getting a good training 
in how to think like a scientist and to learn various tools and techniques (such as lab skills 
or statistical techniques) that will help you solve problems and answer scientifi c questions. 
A good scientist is like a good detective; observant and thorough, with an ability to see the 
bigger picture and to problem solve. It can be very satisfying and lots of fun, as well as a very 
sociable career.
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Activities

Practical task

Become a fruit fl y farmer!
This practical demonstrates the process of artifi cial selection

Aim: To carry out artifi cial selection using Drosophila melanogaster.

Overview: You will select Drosophila with the characters you desire from a mixed 
population and will see how this selection will effect the population over time.

Materials:
• 2 pure breeding strains of Drosophila with an obvious phenotypic difference, for 

example white and red eyes. Be aware whether or not the difference is sex-linked. 
In the white and red eye example the trait is sex-linked. You could use body colour 
instead.

• Fly food. This can be made up or obtained from a supplier. See the fl y food 
information at the end of the practical.

• Vials containing the fl y food with bungs.
• Microscope or good quality magnifying glass.
• Ether.
• Beaker and funnel that will sit snugly in the beaker.
• Cotton wool.
• Elastic bands.

Method:
1. Take 20 red-eyed female fl ies and 20 white-eyed females and place in a vial of food, 

and replace the bung. Leave at 25°C for a few days until the females have laid eggs. 
The females will have already mated. They would have stored sperm to fertilise lots of 
eggs, so they don’t need any males.

2. Remove the fl ies from the vial to leave just the eggs.
3. Leave the eggs for approximately 2 weeks at 25oC to hatch and grow to adult size 

and then start breeding.
4. Remove fl ies from the vial, and place into each of 3 separate vials, 10 white-eyed 

females and 10 red-eyed females. To do this you will need to make the fl ies drowsy so 
that you can determine their sex and place them in the new vials. This is done by using 
ether:
• Dampen some cotton wool with ether and wrap it round the narrow part of the 

funnel. Fix in place using elastic bands.
• Place the funnel over the beaker.
• Pour the fl ies into the funnel over the beaker quickly (these should fi t snugly), 

being careful not to allow the fl ies room to escape. Once the fl ies are in the beaker 
they should become drowsy and fall to the bottom of the beaker.

• The fl ies can now be sexed and their eye colour determined. Use a microscope or 
magnifying glass to do this using the reference diagram below:
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Commercially available fl y food
Available from Fisher Scientifi c UK:
Drosophila Fly food Jazz-Mix 
Product Code: DRO-200-020S 
Manufacturer: Applied Scientifi c 
Manufacturer Code: AS-153 
UOM: 1 lb 
Code: 02 
https://extranet.fi sher.co.uk/webfi les/
uk/web-docs/LSUK0327.pdf

5. The 3 vials are the start of the experiment and need to be labelled A -control, B-
artifi cial selection (AS) red and C-artifi cial selection (AS) white. Allow 2-3 days for the 
females to lay eggs. 

6. Remove the females from the vials, leaving the eggs. Allow approximately 2 weeks at 
25oC for the eggs to hatch and for fl ies to develop into adults and mate.

7. Record the numbers of red and white eyed males and females using the method 
described before for sexing using ether to make the fl ies drowsy.

8. Into each of 3 fresh vials labelled A, B and C, as before, transfer 20 fl ies from the 
previous 3 vials. For the control use 20 females which represent the proportion of 
red eyed / white eyed from the previous control vial. In vial B place 20 females with 
as many as possible with red eyes. In vial C, place 20 female fl ies with as many as 
possible with white eyes.

9. Leave the vials for 2-3 days at 25oC, until the fl ies have laid eggs. Remove the females 
and allow 2 weeks for the eggs to hatch and the fl ies to develop and mate.

10. Continue this cycle of hatching, growing and selection, following the change in the 
proportions of fl ies with different phenotypes in the populations.

Results;
What is the best way of displaying your data? Experiment with this and discuss in a group.
Once you have chosen the best way of displaying your results, as a class review what 
each group found:
• What happened to the populations in A, B and C?
• How can the differences in populations be explained by the principles of artifi cial 

selection?
• If a sex-linked trait was the focus, how did this affect the population numbers?
• How are population numbers affected when a trait is dominant or recessive? How did 

this affect the numbers in your experiment?
• What diffi culties were encountered in running the experiment? How could these 

diffi culties be overcome?

Drosophila fl ies: These can be obtained from The University of Edinburgh contact:  
SIBE@ed.ac.uk

Drosophila Fly Food Recipe
Water       1 litre
Agar 10gms
Sugar 50gms
Corn fl our 25gms
Live Yeast 17.5gms
Polenta 10gms

Method
• Boil Agar and water for 10mins
• Mix Polenta in warm water in a beaker
• Mix Cornfl our in warm water in a beaker
• Mix Yeast in cold water in a beaker
• Add polenta and corn fl our to boiling 
 agar, bring back to boil.
• Add yeast, stir continuously
• Turn off heat, add sugar.
• Dispense into bottles/vials.
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Professor Stephen Bishop
Steve Bishop is a researcher at The 
Roslin Institute and Royal (Dick) School of 
Veterinary Studies, University of Edinburgh, 
where he leads a group studying animal 
disease genetics. His research interests 
cover many livestock and aquaculture 
species from sheep to salmon, and he 
aims to find ways to breed animals that are 
more resistant to diseases – i.e. happier 
and healthier animals. These interests stem 
from his background, having been brought 
up on a sheep farm in New Zealand, as 
does his love of outdoor activities and hill 
climbing. To relax he is a keen piano player 
and, when the weather permits, attempts 
to play tennis. 

Interview

Q Professor Stephen Bishop you are a group leader and Professor at the Roslin 
Institute near Edinburgh, could you tell us a bit about the work that is carried out at 
Roslin and in particular the work you do?

A The Roslin Institute focuses on animals, mainly farm animals. My research is 
predominantly into animal genetics, animal health and animal diseases. Essentially, we 
study factors affecting animal health, welfare, productivity and environmental impact, and 
try to find solutions that improve animal health and efficiency, and the quality of animal 
food products. At the Institute there is a strong focus on genetics – how is animal health, 
efficiency and product quality affected by animal genotype. My research deals mainly with 
animal disease genetics, for example, I look at genetic differences between animals and 
the resistance to various diseases… Currently I have projects in sheep, cattle, pigs and 
Atlantic salmon.

Q You have been working in the field of genetics and agricultural science all of 
your adult life. What drew you to this area whilst you were at school?

A I guess that to some extent my interest in genetics and agricultural sciences reflects my 
background. I was brought up on a sheep farm in New Zealand, and studying agriculture 
seemed the natural thing to do after I left school. Although I first studied genetics at school 
and enjoyed it, it was while I was studying agriculture at University that I realised its full 
significance. What excited me was the topic of quantitative genetics, the inheritance of 
complex characteristics such as height, weight and behaviour and the possibilities this led 
to in the field of animal breeding. Although my interests were in biology, at school my skills 
had always been in mathematics. This topic seemed to combine both together; it resulted 
in the best of both worlds – applying quantitative techniques and some mathematics to 
a relevant and important area of biology. At university I also became interested in larger 
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issues, such as the problems of food supply in a world with an ever growing population. 
The application of genetics to the improvement of animal performance and welfare, and 
ultimately to helping to solve food supply issues, became a compelling career option for 
me.

Q Artificial selection has a long history in agriculture. How has knowledge of 
genetics changed the way artificial selection is carried out?

A Well I think that genetics has had a really big impact on the way artificial selection 
is carried out, but these impacts differ quite a lot between plants and animals. In plants, 
breeding has relied more on genetics, as portrayed in the popular press. For example, 
trying to find genes that influence important production traits or disease resistance 
characteristics, and then developing lines of plants that contain the desirable version of 
these genes. In animals, the impact so far has been just as great but in a much different 
way. Most breeding relies on the analysis of performance traits in a population of animals, 
and choosing animals that are of the highest genetic merit, in other words, choosing 
animals that will produce the best offspring. What we call quantitative genetic techniques 
underpin these methods; this is combining genetic principles with sophisticated statistical 
techniques…

Q Along side the advancement in genetic knowledge, genetic technologies have 
been developed. Which of these technologies has impacted most on the agricultural 
industry? For example, whole genome sequencing and marker assisted breeding.

A Again, I think the distinction must be made between plants and animals. The impact 
has been greater in plants, simply because it is much easier to experiment with plants 
and the ethical questions raised are much fewer. Marker-assisted breeding, which is using 
DNA to help with the breeding, has had some, albeit limited, impact in animals. Marker-
assisted breeding is when animals are chosen according to some DNA test, rather than 
simply using performance records… the problem is that most traits are controlled by many 
genes; therefore you need rather a lot of markers!  Nevertheless, there are some success 
stories. For example, some pig breeding companies have used genetic markers that are 
associated with the quality of pig meat, and other markers that are associated with the 
number of piglets born in a litter… But I should stress that these markers are only used 
by a small proportion of breeders… Remember that evolution and natural selection work 
by using selection on phenotypes not genetic markers.  Whole genome sequences are 
starting to become available for major livestock species. However, at the moment they are 
mainly of scientific interest.  Whilst there are potentially many applications of these data, 
practical application in the animal breeding industry is a long way off.

Q The genetic engineering of livestock and crops is a topic commonly and 
controversially covered by the media, but to what degree is genetic engineering 
actually influencing and being used in the development of varieties?

A Yes, I should define genetic engineering first.  It is a term used to cover various 
techniques for artificially altering the function of a gene so that the plant or animal has a 
characteristic or trait that is not seen in natural populations of that plant or animal. In a 
sense, it is like an artificial mutation.

In crops, genetic engineering is quite widespread, but this is not so in the UK or the EC. 
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Although there is some testing of genetically engineered varieties, none are yet grown 
commercially. However, in other parts of the world, the situation is rather different, with 
genetically engineered varieties of, for example, maize, soya and tomatoes widely grown. 
In fact, most soya grown worldwide is from genetically engineered varieties. The genetic 
modifications are mostly for disease resistance traits… Genetic engineering has yet to 
make an impact in animals. This is for two reasons, firstly, the difficulties of producing 
genetically engineered animals, in which the genetic change is inherited in a stable manner 
across generations. This is a very technically demanding and costly to be successful, and 
the second factor is the likely unfavourable public reaction to such genetic modifications.

Q Do you see selective breeding to produce varieties with favourable traits 
differently to the genetic engineering of varieties with favourable traits?

A Yes I think there is a major difference between selective breeding and genetic 
engineering; selective breeding uses only naturally occurring genetic variation. Therefore, 
the consequences of selective breeding are much more predictable and more reproducible, 
also selective breeding will only use genotypes that have been demonstrated to be viable 
under natural conditions.  Because of this we believe that public acceptance of selective 
breeding is likely to be much greater…

Q Knowledge of genetics is important, but how can an understanding of the 
process of evolution help in artificial selection?

A I guess the understanding comes from the fact that artificial selection is just really 
evolution sped up. An understanding of evolution will help breeders to design better 
artificial selection strategies and appreciate any possible banana skins.  The lessons from 
evolution teach breeders to study the population as a whole, and to take care to maintain 
genetic diversity.  They also teach the breeder that many things are possible – simply look 
at the diversity of size and shape of wild animal species!  Also lessons from evolution 
teach the breeder to take care of animal fitness, in other words, not to concentrate solely 
on animal performance but to also take account of animal fitness, longevity, health and 
reproductive ability

Q Your research interests at present lie with animal disease genetics. Selecting for 
disease resistance in varieties at one level seems sensible so that healthy livestock 
are produced. The selection of one species, though, will impact on the evolution of 
others. How, then, does selecting for disease resistance affect the evolution of the 
disease causing bacteria, virus or parasite?

A Yes, the evolution of the micro-organism causing the disease, be it bacteria, virus 
or parasite, is a difficult but important issue.  Evolution of the agent is actually an issue in 
all aspects of disease control, for example, if you use a vaccine or a drug to control the 
infection, then you face exactly the same issue.  Under conditions of natural selection for 
disease resistance, in wild populations, you face the same issue again – with the host 
and the agent co-evolving. So, the big issue we need to address is how long disease 
control will work for, if we use genetically resistant animals, and how we can minimise any 
potential problems.

Some simple solutions include, for example, periodically checking that so-called resistant 
animals truly are resistant to the current form of the disease, secondly, if using genetic 
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markers to breed for resistance then try to use more than one marker, in other words, 
base selection on more than one gene. This way, you create a bigger barrier for the agent 
to overcome and lastly, wherever possible, try to combine disease control with using 
genetically resistant animals with other methods of control…

Q New methods and technologies are being researched all of the time. In light of 
these, how do you see artifi cial selection in agriculture developing over the next 50 
years?

A I guess, as with every technology, some things will stay the same, and others will 
change. Certainly, in animal breeding, molecular and DNA information will become much 
more important, but the logistical problems of using this information will remain, and some 
breeders will simply ignore it. 

I personally see livestock production in the UK in 50 years time as being a patchwork: it is 
likely that there will be small islands of extremely intensive livestock production, essentially 
factory farming, where large quantities of food are produced quickly and effi ciently, 
resulting in the cheap food products that will dominate supermarket shelves. Surrounding 
these islands will be large areas of organic-type livestock production, where animals will 
be raised less intensively and usually under outdoor conditions. This will produce foods 
that are perceived as being of higher quality, are niche marketed, and considerably more 
expensive.   Equally importantly, these areas of organic production will serve as an amenity 
for the general public – it will comprise large areas of attractive countryside that is used by 
the general public for recreation…

To hear the whole interview with Professor Stephen Bishop as a podcast and fi nd out 
more about Stephen’s research, artifi cial selection in agriculture, the similarities and 
differences between natural selection and artifi cial selection and more examples of 
genetically modifi ed animals go to: 
http://www.biology.ed.ac.uk/public/sibe/projects/HappyBirthdayDarwin
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The world today is full of talk of 
aliens: is there life on other planets? 
Are there aliens in our midst? What 
is the truth about alien abduction 
stories? What you may not realise, 
though, is that alien species are ever 
present. That is because in ‘science 
speak’ alien species are animals 
and plants that are outside their 
historically known natural range 
because of dispersal by humans. A 
species’ natural range is the area 

that an animal or plant lives in and naturally disperses without the aid of man.  For 
example, Grey Squirrels and Rhododendrons are alien species in the UK. The British 
Rhododendron (R. ponticum) is from Spain and Portugal, whereas the Grey Squirrels’ 
natural range is the USA. They have reached the UK by crossing physical barriers. 
As grey squirrels are not known to swim the Atlantic, the only way they could have 
reached the UK was by human intervention, as the seas provide an impenetrable 
barrier. How do humans help species cross these barriers?  

The helping hand of Homo sapiens

How do animals and plants cross these physical barriers?

Darwin, in his 1872 epic book On the Origin of Species, makes the observation that there 
are no mammals common to Europe, Australia or South America because mammals were 
unable to migrate between these locations. A few species may disperse long distances 
by wind, ocean currents or by migration but this is a small minority. Less than 100 years 
later the world was experiencing huge technological advances in global transport and 
as Charles Elton a famous ecologist of the time, correctly pointed out, these advances 
were rapidly breaking down the once impenetrable physical barriers of oceans and land 
masses for animals and plants.  Now in the 21st century human transport is recognised as 

4.Aliens have landed!

Aims

By the end of this chapter you will be able to:
• Defi ne alien species. 
• Describe methods by which alien species disperse.
• State the likelihood of alien species surviving.
• Recognise that the minority of alien species survive and 

that of these only some cause ecological and or economic 
damage.

• Describe the problems that alien species have caused to 
the environment using examples.

• Use evolutionary theory to explain why some alien species 
survive better than others.

• Discuss with others the impact alien species have, using 
examples.

Human transport is 
recognised as the 

greatest dispersal of 
species. 

Species can 
be dispersed 

intentionally and 
unintentionally by 

humans.

1. Main picture: Christmas Island red crabs 
57

Humans transport 
themselves in 

many ways. Can 
you think of ways, 
in your everyday 
life, that you may 

inadvertently move 
species from one 

location to another?

2. Grey Squirrel
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the greatest dispersal of species around the globe being far more important than natural 
dispersal for distributing animal and plants.

A marine example

Marine aliens are transported round the world by 
aquaculture (the farming of animals and plants 
in water), and on the bottom of ship hulls or in 
ballast water. Aquaculture is a major contributor 
to the spread of alien species either by directly 
culturing non-native species or by alien species 
accidentally being brought in with aquaculture 
species.  The Portuguese oyster (Crassostrea

gigas) was introduced to the UK for aquaculture 
but is now found living wild in many marine 
habitats.  Whereas, the Wireweed, (Sargassum

muticum) was brought to northern France with 
the movement of oyster spat, juvenile oysters, 
for culture.  It now forms part of the seaweed 
community on rocky shores in France and the 
UK.

Ballast water is used by ships that have unloaded their cargo and need to stabilise the 
ship for the voyage to the next port.   Millions of litres of seawater are pumped into large 
ballast tanks in the ships hull.  However, the problem is that millions of planktonic animals 
and plants that live in seawater are also pumped into the ballast tanks.  The ship may travel 
half way round the world crossing physical barriers that were once impenetrable to these 
tiny organisms.  When it reaches the next port to take on cargo the ship pumps the ballast 
water into the sea which releases all these animals and plants into a new environment, 
often hundreds and thousands of miles away.  Ships are a major cause of dispersing 
marine aliens which can be visualised by the numbers of alien species in main ports.

Will alien species 
impact on the 

ecosystem? Could 
they have an affect 
on native species? 

Imagine Darwin 
was observing an 
alien species in a 
new habitat; how 
might he explain 
what happens in 
terms of natural 

selection?

58 4. Portuguese or Pacific Oyster (Crassostrea gigas)

3.
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Certain 
characteristics 

of a species will 
determine whether 

or not it will 
survive in a new 

environment

Aliens in their new location

If millions of alien species are released into a new environment do 
they all survive?

You can imagine what it would be like to be suddenly transported to a desert island: Where 
would you get your food? Where would you shelter? How would you protect yourself? 
As humans we are adaptable and can often survive in unfamiliar environments. But what 
about other species, is it usual for alien species to survive? The simple answer is no, 
however, the story is more complex. Certain characteristics make an alien a good invader 
such as:

1. Being abundant and widely distributed in their native range.
2. Having a wide environmental tolerance such as the ability to tolerate living in range of 

temperatures.
3. High genetic variability.
4. Short reproductive cycle.
6. Rapid growth.
7. Early sexual maturity.
8. High reproductive capacity.
9. Broad diet (opportunistic feeding).
10. Gregarious (living together).
11. Natural ways of rapid dispersal.
12. Live commensally with human activity.

Many alien species cannot adapt to live in a new environment. Differences in climatic 
conditions like temperature and seasonal variation, predators, competition, resources and 
diseases are just a few problems that alien species have to overcome to thrive in a new 
environment.  It’s pretty amazing, then, how any alien species survive at all.

The ‘ten rule’
There is a rule for predicting the number of alien species likely to survive called the 
‘ten rule’.  The ‘ten rule’ predicts that 10% of all alien species released will become 
established whilst the other 90% will not be able to adapt to their new environment 
and will therefore die.  There are exceptions but it is a good rule of thumb in estimating 
the number of alien species likely to establish in a habitat.

Do all alien species that survive cause a problem?

A further part of the ‘ten rule’ is that only 10% of those alien species that survive and 
establish will become a pest and cause a serious problem.  This means that the majority of 
alien species do not cause a problem and have very little impact on the animals and plants 
already living in their new environment.  For example, around the Scottish coast an alien 
Japanese Skelton Shrimp, (Caprella mutica) has invaded but seems to live on fi sh farm 
nets, marinas and mooring ropes without affecting any of the other species living there.  
Likewise the New Zealand Willowherb (Epilobium brunnescens) occurs in wet places on 
mountains throughout Britain but does no harm to native plants or animals. Alien species 
may live there for years and cause no problem but this may alter with changes in the 
environment, like physical disturbance or climate change.  

Only 10% of alien 
species that survive 
become a pest or 
serious problem. 

I am a species 
with high genetic 

variability 
(high level of 

polymorphism). 
Explain to me why 
I would be a good 

Alien.
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Some species and ecosystems are more vulnerable to invasion by 
alien species

All environments are prone to invasion by alien species including the most remote continent 
in the world, Antarctica which has over 200 alien species living on it. Extinctions caused by 
alien species are most likely on islands. Islands are isolated and often have unique native 
endemic fauna and fl ora that have small populations because of the small size of the 
islands.  This makes these often rare and specialist endemic species prone to extinction.

Alien species that cause a problem

The example of the crazy ant

Although the majority of alien species appear not to cause any problems, some invasive 
alien species can cause massive ecological and economic damage.  These are the alien 
species that we have to look out for, we must remain vigilant.  For example, the crazy 
ant (Latin name: Anoplolepis gracilipes) gets its name from foraging that involves fast 
erratic movement with random changes in direction.  It is on the World Conservation Union 
(IUCN) world’s worst 100 invasive species list.  The crazy ant invaded Christmas Island 
2600 km of western Australia in the Indian Ocean and has killed 10 to 20 million Christmas 
Island Red Crabs.  Crazy ants form super-colonies with millions of individuals and several 
queens.  It is estimated that 3 million crabs were killed in just 18 months that is over 5500 
crabs per day. So what if the crazy ants kill all the crabs?

The crabs feed on decaying matter on the forest fl oor and seeds from the plants and 
trees, essentially doing the cleaning work of the forest.  However, since the decimation 
of the crab population less seeds are being eaten.  These uneaten seeds then germinate 
and grow changing the composition and density of plants in the forest.  Additionally ants 
use formic acid to kill their prey and this is poisonous to the crabs.  Much of the decaying 
matter has been sprayed with formic acid killing any remaining crabs that eat it, further 
decreasing the crab population and increasing the number of seeds that are uneaten.

Furthermore the crazy ants affect the number of scale insects which are a parasite of plants 
feeding on the plants sap.  Crazy ants protect scale insects because the scale insects 
suck the sap from native trees and convert the sap into honey dew which the crazy ants 
feed on.  This relationship between the crazy ant and the scale insect is called mutualism 
because both species derive a benefi t from one another.  The scale insect population 
rapidly increases covering native trees in honey dew which then gets infected by a mould 
killing the tree.  The alien crazy ants therefore changed the entire ecology of the island.  It 
is also predicted that the population of Christmas Island Frigate birds will decline by 80% 
in the next 30 years because the crazy ants will eat the chicks at nesting time. They really 
are crazy alien ants!

Using your 
knowledge of 

evolutionary theory 
can you think why 

extinctions are 
more likely on 

islands?

5. Christmas Island red crabs
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Botanical monsters: the beauty, the clone and the giant.

Several large and impressive plant species were brought to British gardens over the past 
few centuries.  Of these a few, like the Rhododendron, Japanese Knotweed and Giant 
Hogweed, found Britain to their liking and escaped to form huge populations in the wild.  

Rhododendron ponticum was brought 
from southern Spain, yet now is totally 
at home on the much colder hillsides 
of Scotland.  How has it managed this?  
Rhododendrons have a remarkable 
ability to form fertile offspring between 
two distinct species. During the 19th 
century R. ponticum  was grown in 
gardens alongside highly frost-tolerant 
American relatives, and repeated 
cross-breeding produced offspring with 
genes from both species.  Selection 
was then able to pick from this genetic 

mixing pot the genes from each species best suited to growing in Britain, so we ended 
up with Rhododendrons that have the aggression of the Spanish plants and the cold 
tolerance of their American cousins.  You can still see evidence of this genetic diversity in 
the remarkable range of flower colours in British wild Rhododendron populations.

The Japanese knotweed (Fallopia japonica), by contrast has no genetic diversity at all, 
because every individual in Britain is a member of the same clone!  This is because this 
species has separate male and female plants, and only the male was brought to Britain, 
so it cannot make seeds.  This hasn’t stopped it, however: it spreads because if any part 
of the plant is broken off it can quickly grown into a whole new plant wherever it lands. 

Last but not least, as well as an 
aggressive invader, the Giant Hogweed 
(Heracleum mantegazzianum) is one of 
the most dangerous plants in Britain.  
This is because its sap will cause severe 
burns to the human skin, although only if 
that skin is exposed to sunlight.  This did 
not discourage 19th century gardeners 
from planting it, however!  They were 
captivated by this plant, which grows 
to 5 metres tall and looks very much 
like someone has simply magicked 

an ordinary flower to grow to ten times its normal size. These monsters now form large 
populations in waste areas and along waterways, and are a hazard to other plants, animals 
and people alike!

Examples of aliens that affect the seas

Just as crazy ants have affected terrestrial habitats, there are alien species lurking in the 
seas that cause similar levels of ecological damage. In the Mediterranean Sea there is 
wide spread ecological damage by the seaweed Caulerpa taxifolia.  Caulerpa escaped 

6. Rhododendron ponticum

7. Giant Hogweed (Heracleum mantegazzianum)
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How is knowledge 
of evolution useful 
in controlling the 
proliferation of 

invasive species?

into the Mediterranean Sea from 
Monaco Aquarium where it  was used 
as an attractive looking algae in the 
aquariums.  In 1984 a small patch of 
Caulerpa was spotted growing on the 
seabed outside the aquarium. The patch 
measured just a square meter.  By 1989 
this small patch had grown to cover 
8,000 square meters.  Just 10 years 
later the algae covered a huge area 
of the seabed along the north coast of 
the Mediterranean approximately 44.5 

million square meters in total. Caulerpa got the nickname ‘Killer Algae’ as it was thought 
to prevent other seaweeds and sea grass from growing.  It was also thought that the killer 
algae reduced the number of fish and fish species living in Caulerpa beds when compared 
to sea grass beds.  However, recent scientific studies have shown that fish diversity does 
not seem to differ between sea grass and Caulerpa beds.

Zebra mussels, (Dreissena polymorpha) were first 
introduced to the Great Lakes in the USA from 
ships ballast water in 1988.  Since then, they have 
invaded many water ways across America causing 
various ecological and economic problems.  Zebra 
mussels feed by filtering the water (filter feeder) 
competing with native freshwater mussels that 
are also filter feeders, depriving them of food and 
decreasing their population. Zebra mussels also 
kill the freshwater mussels by growing on their 
shell stopping the native mussels from opening 
its shell to feed, effectively starving it. In addition to changing the ecology Zebra mussels 
cause wide spread economic damage by fouling harbours, boats and power plants.  For 
example, Zebra mussels block intake pipes at power plants and water treatment facilities 
that then have to be removed on a regular basis causing an extra cost to the companies 
that was not foreseen. The US Coast Guard estimates that it costs the USA $5 billion a year 
in economic losses and control effort.

Alien species can force a native species to extinction

The vast expanse of Lake Victoria which forms the headwater to the River Nile in Africa 
is the setting of our next story of alien invasion. It is known that the Nile perch (Lates

niloticus), a predatory fish, was introduced to the area in the 1950’s but its exact origin 
and the conditions surrounding its introduction are still a mystery. This introduction has 
caused major ecological, economic and social change to the area.  Lake Victoria is home 
to a family of fish called cichlids, many of which are endangered.  Cichlids are known for 
rapidly evolving into a large number of closely related but morphologically diverse species 
within the African Great Lakes which Lake Victoria is part of.  Although the Nile Perch was 
introduced in the 1950’s it was not until the 1980’s that it underwent a population explosion.  
The huge increase in the numbers of Nile Perch and the sheer size of this predator led to 
the largest modern vertebrate extinction known, with the Nile perch eating over 200 native 
endemic cichlid fish species to extinction in the past few decades.

8. Seaweed (Caulerpa taxifolia)

9. Zebra mussel (Dreissena polymorpha)

What
characteristics of 
Caulerpa would 

have contributed to 
its proliferation?

How would growing 
on the native 

mussel shells be an 
adaptive strategy 

for the zebra 
mussels?
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What could there be 
in the natural home 
of the brown snake 

that control’s its 
population?

Cichlids provided food for many local communities on the banks of Lake Victoria and 
so local people were forced to change the way they fished. Traditional fishermen were 
replaced with large scale fishing operations worth $140 million. The nets used by the 
traditional fishermen were not strong enough to hold the much larger Nile Perch and 
the stronger nets that were needed could not be made locally so fishermen had to buy 
imported nets at a much higher price.  Cichlids were preserved by drying in the sun but 
Nile Perch are a much oilier fish and need to be smoked. This led to an increased demand 
for firewood in the area which already had serious problems with deforestation, soil erosion 
and desertification.

Apart from these problems many people around Lake Victoria see the introduction of 
Nile perch as beneficial to the area due to the richer economy that has been developed 
through the industrial fishing of the alien species.  The example of the Nile Perch leads 
to many more questions about the impact of alien species which can be environmentally, 
socially and politically positive as well as negative.

Let us now have a look at an example of extinctions caused by another alien species. 
The slender, large eyed brown tree snake (Latin name: Boiga irregularis) with its distinct 
shadowlike markings is native to the islands of the South Pacific. However, in the early 
1950’s it made its way to Guam, a North Pacific Island probably as a stowaway in a ships 
cargo.  Its presence on Guam has caused the extinction of 10 of the 13 native bird species, 
6 of the 12 native lizards and 2 of the 3 bat species. Once invasive species have invaded 
they can be very difficult to eradicate and can cost a lot of money, which poor countries 
often don’t have.

Human control of alien species

In the UK it is estimated that non-native species cost the UK several billion pounds a year 
in direct economic impacts or through negative effects on the ecosystem. In the USA, 
the estimated cost of ecological damage and control of non-native species (terrestrial, 
freshwater and marine) has reached more than $120 billion a year.  However 98% of US 
food is produced from introduced species and is worth $800 billion dollars a year.  Sport 
fishing that sometimes catch alien sport fish contributes $69 billion per year to the US 
economy and the cost of introduced species in eradication and monitoring is $5.4 billion 
dollar to the US economy per year.  This is a conundrum because it seems that we can 
make more money from the alien species than what they actually cost the economy.  
However, money may not always be the best measure.

Do you think the cost to society of alien species should be based on monetary gains
 and losses? Which type of impact do you consider the most important? Rank the 

headings and discuss your reasons:
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The alien bacteria cholera from Asia was 
introduced to Peru in 1991 through ships 
ballast water.  It spread across South 
America and infected over 10 million people 
by 1994 killing at least 10,000.  It cost Peru 
$770 million in food trade bans and 
the adverse effect the disease had on 
tourism.  Alien species can cause large 
scale economic and ecological damage 
as well as affecting human health.  
However, problems can occur when 
someone fi nds they can make money 

from an alien species.  Then the perception changes from ‘alien species are bad we must 
eradicate them’, to ‘we must utilise alien species and make money from them’.  People 
then do not want to eradicate the alien species and more often want to keep them because 
they are economically valuable.  However there are some losses that are irreplaceable.

The unique endemic fauna and fl ora from many of the small islands in the world that have 
gone extinct have gone for ever.  We will not be able to see that animal or plant again or 
know the true value of that species.  It may have provided unique compounds to fi ght 
diseases, to make new scientifi c discoveries or just give human society the pleasure of 
observing unique and rare wildlife.

So what is happening in the Galapagos?

Instead of taking years on a boat it is now relatively easy to visit these remote islands that 
inspired Darwin.  At the moment the islands are largely intact with animals that do not feel 
threatened by man, but man is a threat because of the impact of alien species delivered to 
the islands either intentionally or inadvertently.

10. Patient suffering from cholera

Should feral cats 
be eradicated to 
preserve native 

species?  What are 
the confl icts between 

owning pets and 
native wildlife?

11. Galapagos Island tortoise
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The settlers of the inhabited islands brought with them pet cats which feed on the native 
birds, larva lizards and iguanas.  Feral cats on the islands now have a severe impact on the 
number of iguanas endemic to the island.  On Baltra Island, which is small, cats are almost 
eradicated, but this is more difficult on Santa Cruz Island where more people live.

Many of the giant tortoises which differ from island to island and so helped Darwin develop 
his theory of evolution were taken by passing whale-killing boats in the 1800s and early 
1900s for their meat.  Introduced goats also impacted on the tortoise environment by 
destroying its habitats. One last Pinta Island tortoise, called “lonesome George” was 
discovered in 1971 and scientists have been trying to find him a mate that he likes ever 
since. Recently one or two females of a related species living with George have laid some 
eggs but none have hatched yet.  A hybrid tortoise was found on Isabela Island sharing 
half his genes with George – a hybrid between a Pinta Island and an Isabela Island tortoise.  
Might it be possible to recreate a Pinta tortoise from these hybrids by selecting the hybrids 
most similar to George?  How long do you think that would take?

How would you go about trying to clone George?  Could you take a somatic nucleus 
and put it in a host egg?  Do you think this research should be done? 

How do modern methods of DNA analysis help with evolutionary research
 and perhaps protection of species?

Summary

new habitat.

humans to control the proliferation of species.

About Dr Richard Shucksmith

Dr Richard Shucksmith started his working career as a bricklayer which he enjoyed very 
much.  However, his love for wild places and the natural world led him to work on numerous 
conservation projects in his spare time from surveying porpoises in the UK, to trapping wild cats 
called Kod Kod in Chilean Patogonia to surveying the colourful coral reefs of the Philippines.  
After several years of working on numerous conservation projects he went to university to 
study Marine Biology. This gave him the grounding to undertake a PhD on marine aliens in 
Scotland.  Working at the Scottish Association for Marine Science he undertook cutting edge 
research on the marine alien Caprella mutica. He showed how different marine species and 
habitats can stop alien species from colonising that habitat.  He also showed that once an alien 
species does colonise a habitat that marine communities that have high biodiversity will reduce 
the impact of that alien species on the native animals and plants. He is very passionate about 
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the environment and the animal and plants that live in it and his main message to all human 
societies on the globe is: We all have a responsibility for the environment because it is our 
environment, our world and we have to live in it.  So why do we want to destroy it or make it a 
horrible place to live?  Plants and animals are crucial for us to have a healthy environment.  So 
surely it’s in our best interest to look after it?
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Activities

Group exercises for alien species

In groups discuss the following statements and questions.  At the end each group 
should present 5 points on each of the statements or question below.

1. Not all alien species have a negative impact; in fact many have a 
positive effect on ecology, economics and evolution.

2. Should all alien species be eradicated?

3. If invasive species have a negative effect which is worst. A 
negative ecological or a negative economic effect?

4. If an invasive species causes ecological damage but becomes 
economically valuable, should it be eradicated or should it be 
kept?

5. What will be the characteristics of the species in the world if 
invasion by alien species carry on?  Will we end up with a world of 
generalist species or a world full of specialist species?

6. Can we ever stop invasion by alien species?  What could be done 
to stop invasion by alien species?

7. Will evolution pressures by invasive species cause new species to 
evolve?

8. Will all the endemic species on the small islands in the world go 
extinct due to alien species?
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Blooming bluebells

In the United Kingdom there are two common species of bluebell; the native bluebell, 
Hyacinthoides non-scripta and the introduced Spanish bluebell Hyacinthoides hispanica. 

As well as these two species there is a hybrid bluebell, formed by a union of the native and 
Spanish species.

There is concern that the genetics of 
the native species are being threatened 
by the introduced species and that 
this may alter the survival of the native 
species. At present these concerns 
are not backed with a huge amount 
of evidence so the Natural History 
Museum has been conducting annual 
surveys in addition to genetic studies, 
to help establish a clearer picture.

In October, 2003 Plantlife, the wild 
plant conservation charity, issued a 
statement on the sale of bluebells in 
the United Kingdom in response to 
concern about the sale of bluebells. It 
seems that garden centres and shops 
had been selling ‘native’ bluebell 
bulbs, which in fact were non-native, 
causing confusion. When these non-
native bulbs are then discarded after 
use in the garden they can enter the 
natural environment, competing and 
reproducing with native, hybrid and 
other non-native bluebells:

“Native bluebell Hyacinthoides non-scripta is widely distributed and common throughout 
the United Kingdom. It is of international importance as 25-49% of the world population is 
found in the UK. The New Atlas1 suggests that the distribution of native bluebell is stable 
and it remains abundant throughout its range although the fertile hybrid of native bluebell 
and Spanish bluebell Hyacinthoides hispanica is increasing its range and frequency. 
The Atlas states that ‘the fertile hybrid is perhaps the commonest cultivated bluebell in 
gardens. Discarded bulbs readily become naturalised, and introgression with H. non-

scripta occurs.’ ”

1 Preston, C.D., Pearman, D.A. and Dines, T.D. (2002) New Atlas of the British and Irish Flora. Oxford University

Press for DEFRA and BSBI.

Discuss the problems that the introduction of a non-native species can pose to an 
environment.

Why are there concerns about the introduction of the Spanish bluebell Hyacinthoides

hispanica? Do you think these concerns are justified?

What does introgression mean in this context?

12. Bluebell (Hyacinthoides non-scripta)
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Biography
Task

Your local Primary School has a wildlife garden and last year planted some bluebell 
bulbs, which they want to add to this year. They heard in the news that buying and 
planting bluebells of the non-native species from the garden centre may have negative 
effects on the environment. They are concerned about this but are also interested in 
why introduced species can be environmentally damaging.

One of parents suggested that your group may want to go into the primary school 
and give a talk to the P7 pupils and the parent helpers, as they know you have been 
looking at alien species and evolution.

In your group plan and practice your talk, which should last 10 minutes. To make it 
more interesting you may want to use power point, video clips, images or props.

You’ll need to include:

Why there is a potential problem with buying bluebell bulbs.

How you can tell the difference between Hyacinthoides non-scripta and
Hyacinthoides hispanica.

What to do if they suspect an alien species of bluebell is growing in their wildlife 
garden.

Why and how the non-native species of bluebell poses a threat to the 
environment.

Remember:

Your talk is for P7 pupils and adults who may have little knowledge of genetics and 
evolution.

This is your talk so be inventive!

To help you research information for your talk the following websites will be useful:

Plantlife: http://www.plantlife.org.uk

Scottish Natural Heritage: http://www.snh.org.uk

The Natural history Museum (search for ‘bluebells’): http://www.nhm.ac.uk

66638 Uni Ed TEXT.indd   69 2/2/09   17:20:02



70

Helen Senn 
After she left school Helen Senn went on 
a trip to the Indian Himalayas. Whilst on a 
Himalayan mountain she decided it was 
not time to go to university yet so when 
she came back home she earned some 
money working in a care home and then 
set off to New Zealand and Fiji. She spent 
most of her time hiking up mountains 
but also learnt lots about the devastating 
impact alien species can have (introduced 
mammals in New Zealand are responsible 
for the decimation of many bird species 
because they have evolved in the absence 

of mammals).When she came back to the UK she started a degree in Biology at St 
Andrews University. During this time she spent a lot of time doing her favourite hobby 
–  you guessed it - climbing mountains, which is also how she met Ed who later 
became her husband. During her summer holidays she worked as a volunteer on a 
study of red deer on the island of Rum, which inspired her to apply for a PhD on red-
sika hybridisation at Edinburgh University. 

Interview

Q Helen, you are currently studying for a PhD at Edinburgh University in the Wild 
Evolution Group. Could you tell us what a PhD is and how you got to be studying for 
one?

A A PhD is basically a degree that you do after your fi rst degree and it lasts about 3 
to 4 years and what you do is research one specifi c topic for most of the time but also 
you might go to conferences and courses and things to learn about the topic that you’re 
doing.  PhDs are really varied. Some people maybe spend most of their time researching 
something in their fi eld, others might spend most of their time in the lab or just sitting in 
front of a computer analysing data and I’m quite lucky because my PhD is quite diverse, 
I’ve done all three of those things and the really great thing about PhDs as well is that 
most people manage to get funding for them so you are actually paid for researching into 
a topic that you really love.

Q What interested you in biology and evolution at school and what was biology 
like at the school you went to?

A I actually went to three different secondary schools and biology was taught quite 
differently at all of those and I liked lots of subjects when I was at school. I liked history 
and I liked art but biology was always my favourite subject and I think I just found it really 
exciting because life is so complicated and diverse. If you think about your body and all 
the millions of cells that it’s made up of, and all the different cells and how they all work 
together to make a person, then if you think about all the different animals and plants 
and fungi and insects that all work together to make an eco system and how they all 
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interact and how complicated that is.  If you go down a level from cells and there’s all 
the molecules and all the genes that work together to make cells its just kind of amazing 
and still amazes me now. Biology helps to explain all these complicated things and I 
think that’s why I enjoyed it so much. I was really lucky because my biology teacher at 
my last school was particularly good at explaining things, but I was also lucky in that my 
grandmother used to be a biology teacher so we used to talk about biology a lot together 
when we visited her on holiday. She used to make me do extra homework sometimes 
by drawing out genetic crosses of round peas and wrinkly peas and things like that and 
when I was in sixth form I read a book by a guy called Richard Dawkins called “The Blind 
Watchmaker” and it was all about evolution and how these really complicated things could 
evolve and how something like an eye could evolve from scratch and that was what really 
got me excited in evolution. 

Q Your work involves looking at two different types of deer in Scotland; the native 
red deer and an introduced species called Sika. Could you tell us a little more about 
your work and what you do?

A Yes, Red and Sika deer are two different species but they actually hybridise, which 
means that they mate together and have offspring that can reproduce and what I’m trying 
to do with my PhD is try to work out how much hybridisation there is. I’m concentrating 
on one specifi c part of Scotland, I’m looking at a stretch of Scotland from the Mull of 
Kintyre to Fort William. I’m collecting samples of deer with the help of Rangers from the 
Forestry Commission Scotland who have to shoot deer in order to protect their forestry 
crops and they give me tissue samples. They cut off a piece of ear and put it in a tube of 
ethanol for me and send it to me and then I extract DNA from the samples and I carry out 
genetic analysis of them, which is similar to the kind of genetic analysis that is carried out 
in forensic investigations that uses micro satellite markers and essentially I’m just trying to 
establish whether these animals are hybrids or not.

Q The Sika deer are an alien species. Do you know when and how they were 
introduced and the effect they have had on the Scottish environment?

A Yes, originally they came from Japan and we actually know from some genetic work 
that has already been done exactly which part of Japan they came from.  They came from 
the region around a town called Nagasaki and the reason why they were brought here is 
that estate owners wanted to have exotic deer species in their parks – they had big parks 
with different deer in them and they thought Sika looked attractive. We think that it possibly 
had something to do with the First World War that when people went away to fi ght they 
didn’t have the money to look after their deer so they either released them or they escaped. 
Sika now cover around 40% of Scotland and they infl ict a lot of damage on forestry by 
eating young leaves and stripping off the bark of trees and also by gouging the trees 
with their antlers.  It would be unfair to say that they were the only deer species that infl ict 
damage because native Red deer and Roe deer also infl ict quite serious damage.  The 
problem with deer in Scotland is that there’s now no natural predator, wolves and bears 
have become extinct and there’s nothing that really feeds on them apart from maybe the 
occasional golden eagle that might carry off a calf. That’s why they have to be controlled 
by landowners and people like the forestry commission.  So the presence of Sika deer 
in Scotland is partly bad because its another deer species adding to our problems, but 
we are also partly worried about the purity of Red deer which are a native species and 
we’re also worried that maybe Sika deer will bring some new genes into the Red deer 
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population through hybridisation and that perhaps this could ultimately lead to some kind 
of super-hybrid deer forming that would be even worse for the environment than deer are 
currently.

Q Do you know of any alien species that have had a big impact on Scotland?

A Yes, there’s quite a lot and I can maybe give you a few examples.  One example is 
the rhododendron. This is a classic example of an invasive plant which grows really fast 
and can shade out other native plants but also the leaf that it produces is quite toxic as 
well to other plants and the rhododendrons originally came from Spain but actually they’ve 
also hybridised with some American species which seems to have given them the cold 
tolerance that is necessary for them to survive in Scotland.  Another really good example is 
the American mink. This is an animal that was introduced into fur farms to make fur coats 
and things like that and then as often the farm species or introduced species do, they 
escaped and they’re really successful because they are very good predators and they are 
good at eating eggs from ground nesting birds and young chicks and things like that and 
one example where they’ve been really successful is on the Outer Hebrides where many 
birds hadn’t evolved those kind of defences.  Another example which is really high profi le 
is that of the grey squirrel.  The grey squirrel is invading at the expense of our native red 
squirrel and in this example, the grey squirrel actually carries a disease called squirrel pox 
which is lethal to the red squirrel, it’s not lethal to the grey squirrel and this is why the red 
squirrels are dying out. This is another really important point about invasive species, its not 
just the species themselves that can be bad, sometimes it’s actually the disease that they 
carry that can be bad as well. 

Q Alien species can have a big impact on native environments. Do you know of 
projects in Scotland that are trying to control or get rid of an alien species?

A Yes, there’s a really good example that I really like of brown rats on an island called 
Canna which is off the West Coast of Scotland. Brown rats aren’t native to Canna and they 
are eating bird’s eggs. The rats have arrived by boat and now over a number of years the 
populations of ground nesting seabirds have declined and there were a lot of seabirds on 
Canna. There’s still a lot, but not as many as there were, and it was decided that something 
had to be done about these rats and so a programme was set up to eradicate them from 
the Island. This was done by putting poisoned rat bait every 50 metres along the Island 
which is a massive undertaking and was actually done by a company from New Zealand 
which had quite a lot of experience of doing similar types of eradication programmes in 
New Zealand, but before they could do this they actually had to go round and catch all 
the mice that were native to Canna – there’s a special mouse that’s a native Canna mouse 
– and they caught a lot of them and kept them in captivity. Then they put out the bait and 
they poisoned the rats and the rat poisoning was really successful and the rats have now 
gone from Canna and after that they could put the mice back into their native environment 
– so that’s a really good example.  There’s also a really good project at the moment to 
eradicate mink on the Outer Hebrides.

To hear the whole interview with Helen Senn and to fi nd out what Helen thinks about 
what makes a successful alien species and whether alien species are on the increase 
go to: http://www.biology.ed.ac.uk/public/sibe/projects/HappyBirthdayDarwin
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13. Sika stag chasing red hinds, Sika hinds.
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Medicine tends to be concerned with the 
proximate causes of disease, in other 
words a disease’s direct cause.  For 
example, a reduction in the level of iron in 
the blood in people suffering from chronic 
infection was once seen as caused by 
the infection itself. Doctors used to treat 
these diseases with iron supplements in 
order to re-establish normal levels of iron 
in the blood of the patients. It was later 
realised that the body was removing iron 
from the blood in order to prevent bacterial growth and so was part of the body’s 
defence. Understanding if a symptom is caused by the disease itself or is in fact part 
of the body’s defence mechanism, evolving that way to help protect us, requires new 
ways of thinking such as how natural selection shapes our vulnerability to disease. 
Natural selection favours traits that aid survival and reproduction, so why is it that 
hereditary disorders exist? Why were these genes not weaned out millions of years 
ago? In this chapter we are going to take a look at how appreciating our evolutionary 
past and the mechanisms of evolution can give us a greater understanding of the 
disorders of the present.

Thinking like Darwin

Evolutionary biology is not yet recognised as a basic biology (such as molecular biology and 
genetics) in the study of medicine, but how can an understanding of the process of natural 
selection help with curing people?  The benefi t of using a Darwinian approach to medicine 
lies in the questions it raises: wouldn’t it be more obvious for natural selection to make us 
live longer, be stronger, free from pain, discomfort and a cold every winter?  Wouldn’t these 
traits help improve our reproductive success and hence be selected for?  The table below 
shows some common assumptions together with the more likely truth, which will help you 
to begin to understand the connection between evolution and disease.

5.Miraculous medicine

Aims

By the end of this chapter you will be able to:
• Explain why knowledge of evolutionary history can help 

understand disease.
• Give examples of some commonly held misconceptions 

related to disease that can be explained using 
evolutionary theory.

• Describe some human disorders and explain how they 
are better understood using evolutionary history.

1. Main picture: scanning electron micrograph of infected respiratory airway in a Cystic Fibrosis patient. Note 
the obstructive bronchial plug resulting from infection and infl ammation caused by the major cystic fi brosis 
pathogen Pseudomonas aeruginosa.

2. Medical student at The University of Edinburgh.
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Common assumptions... The more likely truth...

Pathogens (disease causing agents) 
evolve to coexist with their hosts, so 
over time virulence (ability of a pathogen 
to cause disease) should decrease.  
Therefore the host and pathogen should 
co-exist happily.

Natural selection will drive pathogens that 
are transferred through secondary vectors 
(insects, needles, clinician’s hands, and 
unsanitary water) to increase in virulence, 
e.g. malaria, cholera.
However, natural selection will favour 
a lower virulence if the disease is 
transmitted slowly through direct contact, 
e.g. syphilis.

Selection always shapes traits to benefi t 
the species.

Selection shapes traits that maximise 
reproductive success of individuals and 
their closest relatives.

Genetic diseases result from mutations 
that natural selection cannot or has not 
yet eliminated.  Evolution should therefore 
never select for genetic diseases.

Some genes which cause genetic 
diseases might be benefi cial under certain 
conditions, e.g. individuals with one copy 
of the mutant sickle-cell disease gene are 
more protected from malaria than people 
with two copies of the “normal” gene. 

Diarrhoea, fever, coughing and anxiety 
cause us pain and discomfort.  These 
symptoms are caused by the disease and 
help it spread.

Pain, diarrhoea, fever, coughing and 
anxiety are the body’s natural defences 
against disease, e.g. fever increases the 
body’s temperature which interferes with 
the pathogen.  

Genes that are detrimental to us should 
be eliminated by natural selection.

A trait or gene that is more benefi cial early 
in life but is detrimental later on is more 
likely to be selected for, e.g. genes that 
are responsible for ageing.

Modern epidemics (for example, myopia, 
type-2-diabetes and obesity) may arise 
due to previously innocuous genes 
interacting with a modern environment 
that is different to the one when the gene 
or genes were selected.

Natural selection cannot infl uence traits 
after reproduction ends.

Natural selection can select for genes 
after reproduction via kin selection.  Kin 
selection is the selection of a trait or traits 
that help with the survival of an individual’s 
relatives, even when it might jeopardise 
the individual’s survival.
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Discuss these common assumptions with a group or partner.

After reading each common assumption take it in turns to explain how evolutionary 
theory challenges these assumptions. Can you think of any more examples of 

diseases, disorders or symptoms to support the explanations?

Doctor’s notes

There was a time when the bubonic plaque ravaged through Europe and people had no 
knowledge of how to stop it.  Extreme measures of cruelty and isolation were taken to 
prevent the spread of this disease which eventually wiped out a third of Europe’s population. 
The realisation that tiny organisms (viruses, bacteria, parasites) can cause disease (the 
germ theory of disease) greatly improved the treatment of patients. For example, Ignaz 
Semmelweis suggested in 1861 that Puerperal fever (also known as childbed fever – a 
very serious infl ammation during childbirth and abortion that can lead to death) could be 
prevented by simply washing the hands. Following these suggestions, higher standards 
of hygiene and the use of antiseptic techniques were introduced, which led to a great 
increase in the survival rate of mothers.

Louis Pasteur and Emile Roux produced the fi rst vaccine from a weakened rabies virus 
and on the 6th July 1885, saved the life of nine-year-old Joseph Meister.  Rabies is a virus 
which can be transmitted from infected animals, typically though their bites, which unless 
treated, results in death through the infl ammation of the brain.  The development of the 
rabies vaccine means that very few people die of rabies today.  An even more astonishing 
success by the use of vaccination was the eradication of smallpox by 1979. Smallpox 
is estimated to have caused 300-500 million deaths in the 20th century alone and truly 
deserves the title of the deadliest virus.

Whereas vaccines help protect us 
against viruses, antibiotics are designed 
to inhibit or kill disease-causing 
bacteria and fungi. Their use was 
developed following the rediscovery of 
penicillin by Alexander Fleming in 1928 
and was widely used in World War II, 
saving the lives of millions of soldiers 
and countless others since.  The use 
of antibiotics in medicine has been 
successful in saving many lives but 
their use did not take into account the 
principles of evolution. Today we are 

faced with hospital “superbugs” which are resistant to many antibiotics and which infect 
tens of thousands of people and kill dozens in the United Kingdom every year.  This is a 
prime example of how the application of evolutionary theory can help in the development 
of medicines.
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Superbugs

In the 1950s the US Surgeon General declared that the war on infectious disease was 
over: we had won. By 1961 the United Kingdom had recorded its fi rst case of antibiotic 
resistance in bacteria, also commonly referred to as a hospital superbug (a bacterial strain 
resistant to multiple antibiotics), and the fi ght to stop it had begun.  The development of 
antibiotic resistance is a perfect example of the process of natural selection.  Imagine 
a person who has been infected with millions of a particular type of bacterium such as 
Staphylococcus aureus which is responsible for very minor diseases such as pimples 
and boils but which can also result in life-threatening diseases such as pneumonia and 
meningitis.  The infected individual would be prescribed a particular antibiotic and most 
of the bacteria would be destroyed. If a small number of these bacteria had a mutation 
that meant that they were resistant to that antibiotic they would survive and reproduce, 
producing more bacteria with antibiotic resistance. We can see from this how natural 
selection could produce antibiotic resistant strains of bacteria. Coupled with the fact that 
bacteria replicate (and therefore evolve) very quickly, we can see how hospital superbugs 
have developed. 

This problem of antibiotic resistant bacteria has been compounded as evolutionary 
principles were not applied to the distribution of antibiotics. Doctors, in the past, 
commonly gave antibiotics to patients with fl u, even though fl u illnesses are caused by 
viruses.  This was done to prevent fl u patients from getting secondary bacterial infections 
such as pneumonia, which can be life-threatening, especially in children or the elderly.  
However, such widespread use of antibiotics such as penicillin, methicillin, tetracycline 
and erythromycin, resulted in antibiotic resistance developing quickly.  In fact, doctors are 
now encouraged not to prescribe antibiotics for minor colds or fl u viruses.

Antibiotic resistance has now become a very big deal; the US is estimated to spend $80 
billion on antibiotic resistance, whilst here in the United Kingdom, the NHS is spending 
£270m to tackle hospital infection control and cleanliness. Taking into account lessons 

Natural selection 
will favour individual 

bacteria that are 
antibiotic resistant.
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that have been learnt in the evolution of bacteria, how can this legion of antibiotic resistant                           
bacteria be stopped?  Some hospitals have tried rotating a selection of antibiotics every 
few months but the bacteria can quickly outpace this simple rotation. From an evolutionary 
perspective, using different antibiotics on patients adjacent to each other would make more 
sense.  It has also been suggested that antibiotic resistance might be lost or reduced if the 
antibiotic (the selective pressure) is removed for a set period of time, and then reintroduced, 
with the aim that it will regain its effectiveness in treating disease. It seems, though, that 
bacteria are not so predictable and whilst some cases have shown that the above can be 
true, antibiotic resistance can persist even when the antibiotic is not used.  This has led some 
scientists to ironically suggest that “The war has been won… by the other side”.  Perhaps a 
more balanced analysis would be to conclude that the war will never end.

You have a sister who is complaining about how the doctor would not give her 
antibiotics for the cold / fl u she has. How would you explain why the doctor’s 

decision might be wise? (Refer to antibiotic resistance in your answer). 
Pair up with a partner and give them your explanation.

Sickness or an inbuilt alarm? 
Morning sickness and birth defects

A fi re or smoke detector might go off several times due to a false alarm such as burning 
toast, cigarettes or candles placed too close to the sensor.  However annoying it is when 
an alarm is set off unnecessarily, we know that this early warning system could save our 
life if, for example, the electric plug short-circuits and the curtains catch fi re whilst we are 
wrapped up in bed. 

A similar early-warning system might be functioning 
in the fi rst trimester of pregnancy.  Most women suffer 
from morning sickness from the fi rst month of their 
pregnancy to around the fourteenth week. This time-
frame ties in with a period of rapid tissue differentiation 
and development in the foetus, while the cessation 
of morning sickness ties in with the development of 
the baby’s major organs.  This has led some doctors 
to hypothesise that morning sickness has evolved 
to prevent damage to the foetus from toxins in food. 
Indeed, women who do not suffer from morning 
sickness in pregnancy have been shown to have a 
greater number of miscarriages. During this early 
stage of pregnancy the foetus is around the size of 
your thumb and so substances that might be present 
in food in quantities harmless to an adult might be 
harmful to a small developing foetus.

Coffee is a prime example that offers support for the theory outlined above as even the 
smell of coffee is well known for causing nausea in pregnant women.  Coffee appears to 
increase the risk of still birth if taken in high quantities (approximately four or more cups 
of average strength coffee) though the reason for this is unclear.  It may be that caffeine 
causes a narrowing of the blood vessels that feed the placenta, damaging the developing 

Natural selection 
may have favoured 
morning sickness 

in pregnant women 
to protect the foetus 
from toxins in food.
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foetus.  Alternatively, caffeine might directly damage the foetus’ developing heart. Due to 
this, The Food Standards Agency advises that only a cup of instant coffee, or less than 
300mg of caffeine, should be ingested by pregnant women daily.  

Other explanations as to why women suffer from morning sickness do exist.  It could simply 
be a side-effect of gestational hormone change; this means that women with the highest 
levels of pregnancy-supporting hormones would have the highest levels of sickness during 
pregnancy.  This could explain why they also suffer from the lowest rates of miscarriage. 

Find out about morning sickness and its prevalence in pregnant women of different 
cultures. What theories have scientists put forward to explain these differences?
 Is there evidence of morning sickness in pregnant females of other mammals? 

What is sickness, what is defence?

For many years the uncomfortable effects of sickness were viewed as diseases in themselves 
and doctors sought primarily to alleviate the pain and discomfort of their patients. Over the 
last decade or so a growing body of evidence is revealing just how many of the body’s 
perceived discomforts are in fact defences.  

Fever causes the hypothalamus, a part of our brain which controls several metabolic 
processes, to increase the level of the body’s thermostat.  This results in an elevated 
body temperature, which helps in the destruction of pathogens.  The elevation of body 
temperature during illness is demonstrated in other animals, for example, cold-blooded 
lizards move to warmer places.  However, this should be interpreted with care, as a 
fever above 40oC requires medical attention but, above 42oC, it can be life-threatening.   
Evolution is not perfect.

6. A cold-blooded lizard
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Symptoms of 
disease might 

be a result of the 
body’s defence 

mechanisms and 
might not be caused 

directly by the 
disease.

Coughing, although very uncomfortable, has long been known to be benefi cial for the 
infected individual.  Coughing helps to clear the lungs.  In fact, after surgery, patients are 
asked to cough to clear bacteria from their lungs.  However, coughing might also help 
spread the disease and so be benefi cial to the bacteria.

There are a few rare individuals who cannot feel pain; they feel no discomfort at being 
in the same position for long periods of time which results in poor blood supply to their 
joints and subsequent deterioration.  Unfortunately, as a result such individuals tend to 
die before the age of 30.  Our sense of pain has been shaped by natural selection and 
its complete removal would be detrimental, though obviously there are times when pain 
needs to be suppressed, such as during surgery.

Cystic fi brosis is a severe genetic 
disease affecting approximately 1 
in 2500 people and is caused by a 
mutation in a gene which codes for a 
protein that removes chloride ions from 
cells (cystic fi brosis transmembrane 
conductance regulator (CFTR) gene). 
Individuals with two copies of the 
mutant gene (homozygous individuals) 
are affected with the disorder, whereas 
heterozygous individuals are not 
affected, but are carriers. The removal 
of chloride ions from cells is essential 
since it controls the movement of 
water from the inside to the outside of 
the cell.  The water creates a fl uid which is vital for the lining of the lungs and gut.  In the lungs 
it helps wash away bacteria and helps the diffusion of oxygen, whilst in the gut it lubricates 
the passage of food. A lack of lubrication leads to chronic respiratory infection leading to 
recurrent cycles of pulmonary exacerbation, and ultimately respiratory failure. As a result cystic 
fi brosis is a highly debilitating disease and sufferers usually die in their 20s or early 30s. The 
mutation event is estimated to have arisen around 50,000 years ago and is only prevalent 
among Caucasians. 

Considering the debilitating symptoms of cystic fi brosis, why did natural selection not 
eradicate this mutant?  The answer seems to lie with diarrhoea, since individuals who have 
one copy of the cystic fi brosis mutation (heterozygote) are resistant to dehydrating diseases 
such as cholera, as they are less effi cient at removing water from their cells.  Excessive 
diarrhoea, such as experienced when suffering from cholera, can be life-threatening. 
Hence there is a strong selective pressure to maintain the cystic fi brosis mutation within 
caucasian populations.  Conversely, stopping diarrhoea caused by the Shigella infection 
results in the prolonging of the disease.  This all leads to several questions.  Which 
defences should we block or enhance?  At which point in the disease would this be least 
detrimental or most benefi cial to the patient?  And perhaps most interestingly, what other 
evolved defences does our body have?

7. Chest radiograph of a cystic fi brosis patient showing serious 
respiratory infection and infl ammation (left) caused by mucoid 
Pseudomonas aeruginosa and successful antibiotic treatment 
(right).

Some genetic 
disorders are caused 

by genes that may 
be or have been 
benefi cial when 

present as a single 
copy.
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Coping with novelty

Human lifestyles in some parts of the world have changed dramatically from tool-making 
hunter-gatherers to city-dwelling industrialised societies surrounded by technology. 
Technology removes the time and effort it takes to perform daily menial tasks such as 
getting to school or work, whilst a global shift is occurring towards high calorie foods with 
a large percentage of a persons calorifi c intake coming from refi ned sugars and fat.  This 
food tends also to be low in vital vitamins, minerals and other essential substances.  The 
reduction in activity combined with the intake of high calorie foods has led to obesity in 
individuals that has now reached epidemic proportions. In addition to these high levels of 
obesity there has also been an increase in the level of heart disease, diabetes, arthritis and 
even some cancers (such as breast and colon).  

When ready-made food 
and overly-sweet chocolate  
wasn’t available to the 
masses, individuals who 
craved fat and sugar 
might have had a selective 
advantage over those who 
didn’t desire them.  Fat and 
sugar were not so freely 
available and such desires 
might have helped them 
survive famines that would 
kill their thinner companions.  
They were also, in general, 
much more active.  However 

this has given most humans an evolved desire to eat too much fat and sugar.  Realising 
that evolution had a part to play in our desires for certain foods might make it easier 
to understand our love of fi sh and chips and could even help us make better lifestyle 
choices.

Myopia, or short-sightedness is another condition that has increased due to changes in 
lifestyle.  There are genetic dispositions towards high levels of myopia but there are also 
environmental triggers.  Focusing on nearby objects such as books, computer screens and 
mobile phones is very common in our society.  Unfortunately, this close work causes the 
regions of the retina that receive a blurred image to increase in size.  This stimulates the 
longitudinal growth of the eye, which causes myopia.  The correction of near-sightedness 
with negative lenses, or glasses, slowly worsens an individual’s myopia.  Since telling people 
to focus on faraway trees instead of playing the latest computer games isn’t going to work, 
fi guring out how to correct a person’s vision without causing greater blurring on the retina 
could prove to be a major advance for the correction of millions of people’s eyesight.
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Genes that were 
benefi cial or 
neutral in the 

past may cause 
health problems 

when coupled with 
modern lifestyles.
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We often hear ourselves think or hear people say ‘I’m stressed!’ But what is stress, and 
how does your body respond to it?

Make a list of the things that cause you ‘stress’, for example this may include exams, 
noisy cities, parents, being late. Share these with a partner.
Now consider what may have been written if the list had been composed by humans 
living in prehistoric Scotland, for example, lack of food, cold.
Compare the lists identifying similarities and differences. 

Research how the body responds to stress physiologically. How do these responses 
help an individual that is under stress and hence why might natural selection have 
favoured these responses? 

Look back at the lists you prepared earlier and discuss with your partner or group the 
stressful situations that the human stress response is better designed at dealing with. 
Do these tend to be modern day or prehistoric day stressors?

You may have realised whilst carrying out this exercise that the human stress response 
evolved in an environment with very different stressors than those that arise in the 
modern world. Do you think that this can cause problems to humans living in a modern 
world? What types of disorders are triggered by stress and how can knowledge of 
evolution help us understand these disorders more effectively?

For some information to help you with your discussions and research see:
 
http://www.s-cool.co.uk/alevel/psychology/stress.html

Evolutionary Origins and Functions of the Stress Response by R. M. Nesse and 
E.A. Young (2000)
A PDF article that is quite complex but includes many of the issues relating to stress and 
evolution (read the parts you need): 
http://www-personal.umich.edu/~nesse/Articles/Stress&Evolution-2000.PDF

The white stuff

Although this may seem surprising, great abdominal discomfort is experienced by most 
people around the world within 30 min to 2 hours after taking a glass or two of milk.  This 
abdominal discomfort is due to a compound found in milk called lactose.  When lactose 
cannot be broken down by the enzyme lactase, it remains in the digestive tract and allows 
the natural population of bacteria found in our intestines to digest lactose.  This causes the 
production of copious amounts of gas, 
which can result in lactose intolerance 
symptoms such as stomach cramps, 
bloating, fl atulence and diarrhoea.

Most mammals, including humans, have 
a natural reduction in the production 
of lactase of around 90% by the end 
of their weaning period; the period 
where the baby mammal depends on 
its mother’s milk.  For humans, this is 
until around the age of four.  However, 
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certain populations of humans have a mutation on chromosome-2 and these individuals 
do not undergo a reduction of lactase production, which means that they can enjoy a 
glass of milk, or two, much later into their lives.  Since milk is a very good source of protein, 
fat and calcium, this lack of intolerance would have given these individuals a selective 
advantage over their peers to maintain this mutation to the prevalence we observe today 
in the United Kingdom.  Research looking at the evolution of lactose tolerance has shown 
that tolerance to lactose evolved several times in recent human history, and almost always 
among cultures that have dairy farming. This is why northern Europe, Mongolia, and the 
African Fulani (pastoral African tribes) are lactose tolerant, whilst most Chinese, African 
Americans (who are descendents of non-pastoral western African tribes), and a number of 
southern Europeans are lactose intolerant. This intense selective pressure has occurred 
over a mere 10,000 years.

Evolutionary knowledge can be crucial in developing informed dietary lifestyles and even 
has a role in the policy decisions of governments. For example, If a population is known 
to be prone to lactose intolerance it makes little sense for the government to promote 
milk consumption, despite milk’s well-known benefi cial properties.  Powdered milk was a 
common food shipped to countries that required food aid, but if the population was mostly 
lactose intolerant, the resultant discomfort and symptoms caused even further malnutrition.  
In these situations calcium needed to be obtained from other foods rich in calcium, such 
as fi sh with soft bones, dark green vegetables, beans and soybean products.  Another 
approach is to limit the intake of lactose to fermented forms of dairy products as the 
natural bacteria present in the fermented products such as hard cheeses and probiotic 
yoghurts aid lactose digestion in our gut, preventing the effects of lactose intolerance. 

The public is confused about why the government has withdrawn powdered milk 
supplies as aid to a country (the population has a high level of lactose intolerance). 

You have been asked to give a fi ve minute presentation to explain why the government 
has done this. Plan what you would say and make one power point slide that would 

illustrate your points.

Look back at the table which described common assumptions about disease early in 
this chapter. Can you now use some of the examples given in this chapter to support 

the ‘more likely truths’ given in the table?

Summary

• Knowledge of evolutionary history and theory can help in developing a better 
understanding of disease.

• Understanding disease helps in the development of better treatment.

• Genes responsible for genetic disorders such as cystic fi brosis, when present in 
the homozygous form (two copies of the mutant gene), are often benefi cial to the 
individual in the heterozygous form (one copy of the mutant gene).

• Symptoms of some diseases are a defence mechanism rather than a direct cause of 
the disease. An understanding of this can help develop more effective treatment.

• Changes in human lifestyles compared to those during the evolutionary past are 
a factor in the development of disorders and disease. An understanding of this 
evolutionary past helps develop more effective treatment.

84
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Activity

Exercises

1.  When the body does not secrete lactase enzyme in the intestine,   
the lactose sugar is not digested. Bacteria that are a normal part of 
the colon use the lactose for food and produce gas. How does this 
contribute to the symptoms of lactose intolerance?

2.  What would explain the statistics that approximately 5–15% of all 
British are lactose intolerant compared to other parts of the world 
where that number is more than 70%?

3.  During the past 10,000 years agriculture has been important to 
human populations. In some isolated areas crops did not perform 
as well or the climate did not permit relying on them year round. In 
these places animals and their milk were the main food supply. Use 
your knowledge of evolution and natural selection to explain how 
some populations may have become lactose tolerant.

4.  Does it appear that lactose intolerance (or tolerance) is an 
inherited characteristic? Explain your answer.

These exercises were developed by ENSI (Evolution & the Nature of Science Institutes) 
(1999) and can be found at www.indiana.edu/~ensiweb

They may be copied for non-commercial classroom teaching as long as the source is 
clearly cited.
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Task

Obesity: The whys and wonders of a modern western phenomena.

Your group will research and design a four page A5 information leafl et about obesity. 
The leafl et should include what obesity is, facts about obesity and scientifi c theories 
that have been put forward to explain the current obesity epidemic. The leafl et should 
also include an explanation using evolutionary theory. The leafl et is aimed at adults 
who may have very little knowledge of biology and evolution.

To achieve the task you will need to:

1. Research the area

2. Decide what information is important and interesting and should be included in the 
fi nal leafl et

3. Find images / take photographs / produce illustrations

4. Design the fi nal layout

5. Produce the leafl et

Some research starters:

For a good general starting point see the Obesity Society website 
http://www.obesity.org/

For a podcast about recent research into the genetic basis of obesity see 
http://blogs.guardian.co.uk/podcasts/2008/02/obesity_is_driven_by_our_genes.html

Obesity: Gene discovery suggests some people are hardwired to overeat Guardian 
Monday 15 December 2008 http://www.guardian.co.uk/science/2008/dec/15/nutrition
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Interview

Q Professor Porteous you hold the Chair of Human Molecular Genetics in Medicine 
at The University of Edinburgh and have expertise in many areas including gene 
therapy for cystic fi brosis and the genetics of psychiatric disorders.  You apply much 
of the knowledge gained from the human genome project to benefi t health through the 
development of new treatments and in the collaborative project Generation Scotland.  
Sitting in a school classroom studying for my Highers or Advanced Highers I couldn’t 
imagine how you got to be working in the job you are.  What was it that inspired you 
as a teenager to study science?

A I think I probably annoyed a lot of people, my parents in particular by asking a lot 
of questions that started and ended with why, and when I didn’t get all the answers I was 
looking for I started asking more questions… these questions were what took me to the 
library to read books and this gave me some of the answers. I always had a very strong 
interest in outdoor life and an interest in things like ornithology and watching the seasons 
pass and things like that, so I think that drew me naturally to biology. But actually at school, 
one of my big mistakes was that I didn’t study biology.  In those days you did chemistry 
and physics in preference to biology but I decided quite early on as I was starting to think 
about what I would do after school, to realise that I should do biology as well so I managed 
to persuade my teachers that I could do it as an extra course in my fi fth year at school and 
I was pretty desperate to leave school so when I got my pass in biology I headed off to 
University.

Q So what advice would you give me if I wanted to work towards a job in science 
research?

A I would say that probably the most important thing is to keep your mind open, go 
out and explore, fi nd out things that really engage you, it might be watching things on 

Professor David Porteous
Growing up in Aberdeen and outside of school, 
whenever possible I was playing or working 
outdoors, which I am sure cultivated my general 
awareness and interest in the annual cycle of 
plant and animal life, primed me for Darwin’s 
big idea and led me into a research career in 
genetics at The University of Edinburgh.  Some 
of my best ideas still come to me from outside 
the laboratory, perhaps after explaining to family 
and friends what we are doing and why and what 
we have found.  I can’t imagine a more rewarding 
career, despite the highs and lows of success 
and inevitable failure.  So I absolutely need the 

counterpoint of my wife, daughters and now, son-in-laws and grandchildren.  For physical 
exercise, I get on my bike, walk through the woods, or (too rarely) wind surf and ski.  For 
the mind, I enjoy nothing better than a good (usually foreign) fi lm or arts show. 
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television, it might be reading a magazine or it might be something that catches your eye 
in the newspapers, and then just look behind the story and say, OK so climate change is a 
big thing that’s happening in the news, what does it actually mean, where is the evidence 
coming from.

Q You’ve done a lot of research on cystic fi brosis.  Could you tell us what cystic 
fi brosis is and what causes it?

A Yes, I’ve been working on this with my lab for a long time now and we fi rst really started 
working in 1985 and at that time what we knew about cystic fi brosis was that it was a very 
serious condition which is inherited by children from parents who were unaffected by the 
condition. The thing that was wrong with them was that they had inherited a defective copy 
of a gene from each parent.. [which meant they] developed the condition we call cystic 
fi brosis. It’s relatively rare, it affects about one in 2000 people in the European population 
but those it does affect are really severely affected… they get sticky secretions in all of the 
tissues which are normally bathed with a smooth lining fl uid like the intestines… it provides 
a perfect breeding ground for bacteria and those bacteria eat away at the  lining of the 
lung and bit by bit the capacity of the lung to transfer oxygen from the atmosphere into the 
blood system declines and it’s a slow but steady and very unfortunate process that ends 
up with most children not leading a full life but having a very debilitating existence beyond 
18 years usually into their early 20s but not much beyond.

Q There are some suggestions that having a single cystic fi brosis gene may 
have been benefi cial in our evolutionary history as it provides resistance to some 
dehydrating diseases.  What do you think about these suggestions?  

A Well, it’s a bit of a conundrum, it’s a puzzle, why is it that a condition like cystic 
fi brosis that is so debilitating, why is it so common in the population… although its only 1 
in 2000 children that are affected, about 1 in 20 to 1 in 25 people in the normal population 
are actually carrying the disorder.  So that’s quite a high frequency – 4 or 5 % of the 
population carry this condition. So when you go back and you  look over past history 
and ask yourselves  - well who are the survivors -  then the survivors are the people who 
have successfully explored and exploited new niches within the environment… so the 
idea that has evolved from this is that maybe although in the modern day it appears that 
the carriers are completely unaffected, maybe it gave them a slight advantage… so they 
were not quite so prone to  infections that would otherwise lead you to losing a lot of water 
and these are the infections that lead to dysentery that wiped out millions and millions of 
people until really remarkably recently. It’s really diffi cult to be sure and very diffi cult to test 
but it would only take a tiny, tiny advantage to lead to the proportion of people that we see 
today that are carriers.

Q So considering that, do you think then that an understanding of evolutionary 
history and theory is important in understanding disorders and disease?  And if so, 
why is this?

A I think that is absolutely fundamental. There is a complete, in my mind, link between 
our understanding of evolution and our practice of genetics.  They are essentially one 
and the same thing…A disease that might have been prevalent in the past may be rare 
in the present and vice versa.  Genes that might have been good for us in the past as the 
environment changes may be not so good for us in the present.
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Q A lot of the research you do in addition to cystic fi brosis is about the genetics 
of psychiatric disorders which affect human mental health.  Do you think it’s 
important to consider the evolutionary history of humans in order to create a clearer 
understanding of mental health and if so, do you know of any examples of where this 
is happening?

A That’s a really good question.  I’m sure it’s the kind of one that will be at the back of 
one or two people’s minds because when we actually start to think about ourselves, and 
think about how we think, and how we understand the world, then it turns our attention to 
how does our mind actually work, how we build up memories.  How do we form a view of 
the world and our place in it?  At one level we do that automatically every day but at times 
it’s a scary process.  If you think too much you can start to worry about the world and if 
you worry too much you might say they’ve gone from a bit worried to a bit anxious.  But 
maybe anxiety is not such a bad thing.  If you’ve got to plan how you’re going to survive 
the next attack from a scary monster when you’re living in a cave, well then maybe being 
a bit anxious is not such a bad thing.  Maybe it allows you to plan a safe route, to have in 
mind what you will do in the event of some terrible catastrophe happening to you or some 
threat that you have to think about and plan for.  But then in that comfortable society that 
we live in just now, you might say that anxiety could get the better of you, it might stop 
you from going outside, you might feel that the outside world is too threatening, you might 
fi nd that you’re too worried about the exams that you are about to sit, to do as well as you 
could.  So anxiety is a human trait, but in an extreme form it can be quite debilitating.  But 
in a mild or moderate form is actually part of the way that we survive. So that would be one 
way of looking at it… 

Q Some people say that the explosion of conditions, such as diabetes and obesity 
cannot have anything to do with evolution as they have happened so quickly.  What 
do you think about that?

A It is true that a number of people see it like that but I think they’re wrong and I think 
they’re wrong for a number of reasons.  One of the things that you’ve got to ask yourself 
is OK, if its all down to the environment and has nothing to do with the genes, why is it 
that some people develop diabetes and become obese in the same situation, and others 
don’t? And the other thing to say is that why is it that in the current environment so many 
people are becoming obese? And I think the reason for that most likely is the genes that 
we have now are a refl ection of evolution and that in the past, in the evolutionary past, they 
were important for our survival, so in the past we always had a limited calorifi c intake so 
that the amount of food that we had available to us for reasons of the time and energy it 
took to collect it, was always limited so it was always important to have genes that would  
have the ability to survive periods of starvation or limited food at least.  But if you take 
those same genes and you present them with almost unlimited opportunities to eat cheap 
food, and that’s basically what we have in modern society, then those genes turn against 
us as they’re the ones that lay down fat that …all of that said, some people will always 
be of a skinnier disposition than others and that’s a refl ection of the fact that we have 
always inherited a cluster of genes that are important in determining the shape and body 
size and metabolic rate, and this is part of our evolutionary history.  So it’s that which the 
environment, the rapidly changing environment, is playing on and if we were all the same 
and had all the same genes then everybody would stay thin or get fat but that’s not what 
we see, so just because we see things changing rapidly does not mean that it’s not to do 
with genes.
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To hear the whole of the interview with Professor David Porteus as a podcast and fi nd 
out why he chose to study genetics, about other diseases that offer a single gene 
benefi t and more about mental illness and our evolutionary history go to:
http://www.biology.ed.ac.uk/public/sibe/projects/HappyBirthdayDarwin

10. Transmission electronmicrograph of mucoid alginate-producing Pseudomonas aeruginosa.  Formation of a 
bacterial microcolony and biofi lm in the cystic fi brosis lung protects invading bacterial pathogens from killing 
by antibiotics and phagocytosis  by pulmonary neutrophils

11 . Scanning electron micrograph of infected respiratory airway in a cystic fi brosis patient.
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In summer 2007 Live Earth concerts across the world brought together stars such as 
Madonna, Red Hot Chili Peppers, Black Eyed Peas, Kasabian, KT Tunstall, Razorlight, 
Metallica, David Tennant and the Foo Fighters to encourage people to take action 
against climate change.  While, in 2004 the chief scientist of the UK government said 
that climate change posed a bigger problem than the threat of terrorism.  So what is 
all the fuss about? In this chapter you will get a brief introduction to climate change 
and will see how species could and are responding to these changes.

Getting the facts straight

What is climate change? 

Climate refers to the average weather conditions, such as air temperature, humidity, wind 
and precipitation (rain, snow, hail) over a period of 30 years. For example, in the UK we 
have come to expect a climate consisting of warm summers and colder weather in winter. 
Throughout the world’s history, global temperature has cycled through highs and lows 
with the great ice ages at one extreme and much warmer temperatures at the other.

Over the last 100 years global temperatures have risen by 0.7°C.  The 10 hottest years on 
record have all occurred since 1990. Science now has unequivocal evidence that the world 
is getting warmer, and that because of this the world’s climate is changing. The effects of 
this are far reaching and complex but the take home message is that it is happening.

What causes global warming?

Looking at evidence that reveals past temperatures of the earth, scientists realised that 
there was a striking correspondence with the amount of carbon dioxide in the atmosphere 
at the same time. 

They saw that when carbon dioxide levels were high, the global temperature was 
correspondingly higher. But why would high carbon dioxide levels relate to higher 
temperatures?

6.The Climate Conundrum

Aims

By the end of this chapter you will be able to:

causing climate change

climate change

change

responding by evasion

on biodiversity

changes cause biodiversity changes

1. Main picture: Pelagia noctiluca jellyfish

The world is getting 
warmer and because 

of this the world’s 
climate is changing.
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The temperature of the Earth is controlled by the balance of energy coming in from the 
sun and that emitted back into space. Some gases – called greenhouse gases - in the 
Earth’s atmosphere affect this balance by absorbing and then re-emitting the heat energy 
radiated from the Earth before it can escape into space.  Most of the Earth’s atmosphere 
is made up of nitrogen (around 78%) and oxygen (around 21%), but these gases don’t 
absorb much heat energy.  The remaining 1% constitutes the greenhouse gases - carbon 
dioxide, methane, nitrous oxide, ozone, water vapour and the halocarbons.  These gases 
are very good at absorbing heat energy and so contribute to global warming, with even 
small changes in their abundance having dramatic effects on the Earth’s temperature.

Warmth from the sun is essential for life on Earth.  Energy from the sun is in the form of 
shortwave radiation, either in the visible spectrum or ultraviolet.  About one third of this 
energy is reflected back into space, while the remainder is mostly absorbed by the lands 
and oceans.  This causes the Earth’s surface to warm, and consequently radiate heat 
energy back into the atmosphere.  This type of energy is long wave radiation (infrared) 
which means it can be absorbed by the greenhouse gases in the atmosphere.  These 
gases re-emit the long wave radiation to further warm the Earth (by around 35°C in total) 
– in effect they act like a big greenhouse around the Earth.  Without this greenhouse effect 
it would be too cold on Earth to sustain life. 

An increase in the 
carbon dioxide in the 
atmosphere means 

that more heat 
energy is reflected 
back to the earth.

2. Graph of carbon dioxide (CO2), temperature, and dust concentration measured from the Vostok, Antarctica 
ice core as reported by Petit et al. (1999). Note the close correspondence between higher temperatures and 
carbon dioxide levels. 

High carbon 
dioxide levels in 
the atmosphere 
correspond with 
increased global 

temperatures.
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3. The diagram shows the flows of energy between outer space, the atmosphere, and the Earth’s surface, 
and shows how these flows combine to trap heat near the surface and create the greenhouse effect. Energy 
exchanges are expressed in watts per square meter (W/m2) and were derived from Kiehl & Trenberth (1997).

Human emissions 
of carbon dioxide 

from industry, 
transport and 

energy production 
are responsible 

for the enhanced 
greenhouse effect.

Looking back at the past 650,000 years scientists have found that the Earth’s temperature 
varies according to the amount of energy being received from the Sun and the amounts of 
greenhouse gases in the atmosphere.  Water vapour is the most abundant greenhouse gas, 
and therefore has a big influence on global warming. Carbon dioxide is the second most 
important greenhouse gas and the one most directly affected by humans. We all breathe 
out carbon dioxide as a waste product of respiration and it is also formed when plants 
and animals decay.  Normally this is perfectly balanced by the amount taken up during 
photosynthesis in plants.  The big problem at the moment are the additional greenhouse 
gases caused by the burning of fossil fuels for energy. 

Every day millions of tons of “extra” carbon 
dioxide are produced and released into the 
atmosphere, where it can remain for tens, 
hundreds or even thousands of years.  
This enhances the natural greenhouse 
effect and causes the Earth’s temperature 
to warm further. 

4.
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Predicting the future climate

Climate prediction is not the same as weather prediction. This means that while scientists 
cannot predict exactly what the weather will be on 25th July 2050, they can predict what the 
average climate conditions will be at that time.

However, predicting the climate is not straightforward, as there are many factors which 
have to be taken into account.  It is made more difficult as it is impractical to perform 
experiments directly on the Earth’s climate system, and it is impossible to reproduce its 
complexity in a laboratory.  Consequently, scientists have developed sophisticated climate
models to predict how the Earth’s climate will change in the 21st century.  These are based 
on mathematical equations that describe the behaviour of the atmosphere and oceans, 
and their interactions with other components of the Earth’s climate system, such as ice 
sheets and glaciers, the land surface and living plants, animals and microbes. The core 
of a climate model uses well-understood physical, chemical and biological equations and 
principles.

Climate researchers test how good their models are by comparing them against real life 
observations from the past, and are therefore confident that such models can accurately 
predict key aspects of the climate system.

What are the future predictions?

The impact of increased greenhouse gases depends on where you live in the world and 
also whether we take any action to try to reduce levels now.  The Intergovernmental Panel 
on Climate Change (IPCC) continually assesses the state of knowledge about climate 
change and its potential effects.  Key points from their latest series of reports from 2007 
are summarised below:

 Global average    
temperatures predicted to 
rise by 1.1-6.4°C by 2100.

Maximum and minimum   
temperatures will rise.
Greatest warming will   
occur at regions further   
from the equator (this   
includes the UK), with the 
smallest amount of   
warming occurring in the   

  tropics.

There will be more hot days over land areas and fewer cold days and frost.

Extreme weather:

1. More intense precipitation events (e.g. rain, snow, hail) which increase the 
likelihood of flooding in some areas.

2. Increase in heat waves and hot spells, with greater risk of droughts in some 
regions.

3. More intense winds and hurricanes in some parts of the world.

5.
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Should we be bothered?

In the UK global warming will mean milder and wetter winters, with hotter and drier summers.  
For some this may sound ideal, but before we all reach for the sun tan lotion it’s worth 
considering the wider implications of global warming. Climate change could make the world 
in which we all live a very different place.  Global warming has been cited as the reason 
for changes already occurring in ecosystems throughout the world. But what happens to 
species when environmental conditions change? Do they adapt or die? Let us now think 
about the options species have in the face of climate change and examine some examples 
of changes that are happening in biodiversity that may be a result of climate change.

Before looking at the options discuss with a partner what these options might be. Think 
about how species evolve by natural selection and the conditions that create natural 

selection. How would climate change alter these conditions?

Can species adapt to climate change?

Almost any alteration in a species’ environment is a potential source of selection on traits 
that are adaptive in the new environment.  When faced with new selection pressures, 
such as those imposed by ongoing climate change, populations can basically respond 
in three ways:

1. Evade, by moving to suitable habitats elsewhere.

2. Stay put and adjust to the changed conditions phenotypically, within the range of 
existing genetic capability. 

3. Adapt to the changed conditions by means of the natural selection of genetic 
changes through the process of evolution.

How do individuals adjust to changed conditions without altering their 
genes?

The ability to change phenotypically in response to the environment, within existing genetic 
capability is called phenotypic plasticity. For example, the aquatic buttercup, Ranunculus

tripartitus, can produce two different types of leaves. The leaves submerged in water have 
long, thin lobes and can carry out photosynthesis in the reduced light levels underwater. 
The floating leaves have a broad surface area and are suited to carrying out photosynthesis 
in higher light intensities.

A further example is found in an animal’s protection against predators, which can be 
induced by exposure to the prey. For example, the thickness of the marine snail (Littorina

obtusata) shell has been shown to increase when exposed to predatory crab (Carcinus

maenas) effluent; providing the snails with better protection from the crabs.

Is being able to adapt your phenotype to suit the environment a good strategy? What 
advantages does this have in an ever-changing environment?

Climate change is an environmental change which will trigger changes in phenotypes to 
allow individuals to be better suited to their environment. But phenotypic plasticity has its 
limits, with each species having a different plasticity range. Do you think that phenotypic 
plasticity will allow all species to adapt to the changes in the climate? What will happen if 

the climate continues to change beyond the limits of a species’ phenotypic plasticity?
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6. Pelagia nocticula jellyfish

What type of 
response are the 
fish displaying to 

the change in their 
environment?

Use what you know 
about evolutionary 
theory to explain 
why algal blooms 

are becoming more 
prevalent.

Do you think all species will be able to respond in a similar manner to climate change? 
For example, what are the differences in the options that face animals as opposed to 

plants?

How will species adapt?

Under the sea…. 

Unlike us, fish cannot regulate their own body temperature and are therefore dependent 
on their surrounding environment to do this for them.  As sea temperatures increase with 
global warming, some fish species are moving north where waters are cooler.  This could 
threaten a great British tradition – fish and chips!  Over the last 25 years the temperature 
in the North Sea has risen by 1°C.  Consequently, cod and haddock have moved up to 
70 miles further north.  As fish numbers are already depleted due to overfishing, climate 
change adds another pressure to this stressed ecosystem.

At the same time fisheries in Britain 
are reporting some strange catches 
- octopuses, sardines, anchovies and 
seahorses – species normally found 
in more southerly locations, such as 
the Mediterranean Sea.   In 2007 the 
only salmon farm in Northern Ireland 
was devastated by a jellyfish attack 
that destroyed more than 100,000 
fish.  The jellyfish in question, called a 
mauve stinger (Pelagia nocticula), was 

rarely spotted in British waters until the past decade.  Scientists cite its migration north as 
evidence of global warming - anyone for battered jellyfish?

Bloom-in’ awful!

Another problem which global warming may exacerbate in our seas is the formation of 
harmful algal blooms.  Algal blooms occur when environmental conditions promote the 
rapid growth of marine algae, and can result in spectacular sights along coastal regions.  
The majority of algal blooms are not harmful and many perform vital photosynthetic 
processes.  However, algal blooms are classified as harmful if they have a negative 
impact on an ecosystem.  Harmful algal blooms may produce toxins that are damaging 
to humans, fish, marine mammals and seabirds; suffocate other plants and aquatic 
animals by using up the available oxygen; or block essential sunlight from plants growing 
below them. Harmful algal blooms are naturally occurring; however they are increasing 
in frequency and intensity.  Increased nutrient availability from fertiliser and sewage run 
off is one contributing factor.  However, climate change could also play a role.  Rising 
water temperatures and changes in precipitation patterns are of particular importance - for 
example, warmer waters receiving greater nutrient run-off as a result of higher intensity 
rainfall events on the land may increase the likelihood of harmful algal blooms forming.
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Do you think humans should intervene to decrease or eradicate the algal blooms?
 If there was intervention what would be the pros and cons of this? To help you, think 

back to human intervention with alien species in chapter 4.

Hot news
Ancient tree helps birds adapt to climate change
August, 2008

Much-loved British birds are surviving the effects of climate change with help from an 
ancient species of tree which has been reintroduced after an absence of thousands 
of years.

As climate change causes the early arrival of spring, blue tits and great tits have been 
laying eggs earlier than usual - too early in the year to be able to feast on young 
caterpillars, their usual source of food. Instead, the birds have been feeding on 
gallwasps, which make their homes in Turkey oaks, a study carried out jointly by the 
University of Edinburgh and the Centre for Ecology and Hydrology shows.

Ecologists had been concerned that the invading Turkey oak might pose a threat to 
native British plants or animals. However, a further study by the University of Edinburgh 
and the Netherlands National Herbarium has shown that the tree is in fact an ally - it 
was native to northern Europe before the previous ice age, about 120,000 years ago. 
After the retreat of the ice, its return to northern Europe was hindered by mountain 
ranges, but it was helped over these barriers by gardeners. Some 300 years ago it 
arrived in Britain, where it is thriving.

The researchers studied fossils of gallwasp homes - known as galls - from oak trees. 
These fossils were preserved for 120,000 years in mud in the bank of the ancient river 
Ijssel, now part of the Rhine in Holland. The fossilised galls were found to be very 
similar to those built by modern-day gallwasps, which rely on Turkey oak, and the 
scientists concluded that the pre-ice age gallwasps would also have built their homes 
in Turkey oaks in Northern Europe.

Dr Graham Stone, who contributed to both studies, said: “The reintroduction of Turkey 
oak and the re-invasion of gallwasps into northern Europe may simply represent 
restoration of a previous natural situation. As the Turkey oak re-asserts itself in its 
ancient home, it is helping to alleviate some of the effects of the very modern problem 
of climate change.”

Dr Graham Stone, School of Biological Sciences, 

The University of Edinburgh and The University of Edinburgh Press Offi ce

In the sky

In the UK we are used to seeing (and hearing!) birds, such as sparrows, blackbirds, crows 
and gulls - but imagine being woken up the call of a brightly coloured tropical bird!  This 
may become a reality sooner rather than later.  As in the seas, it has been found that several 
species of bird are also moving further north.  Increasingly the Little Egret is breeding in 
Britain; traditionally it bred in southern Europe.  It has also been predicted that rare visitors 
such as the brightly coloured Hoopoe and members of the bee-eater family will become 
familiar sights in future decades.
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7. Bewick swans (Cygnus columianus)

Food glorious food!

Unlike us, birds have distinct breeding seasons which are timed so that their young are 
growing up when food is most abundant.  However, global warming is impacting on their 
food supply.  Plankton (animals, plants and bacteria floating in upper regions of the sea) 
is an important food source for many fish.  In turn, seabirds feed on fish; sand eels in 
particular are an important source of food for many seabirds, including puffins.  However, 
rising sea temperatures are causing large shifts in the distribution and amount of plankton.  
This disrupts the food supply for fish and consequently seabirds.  Climate change has 
been implicated in the disastrous breeding season experienced by Scotland’s sea birds in 
2007.  On land, songbirds which rely on insects and other invertebrates to feed their young 
have a slightly different problem.  Invertebrates develop faster when the temperature is 
higher, however if birds cannot lay their eggs to coincide with this, it means their chicks 
will be born after the peak in food supply.

Migration matters

Many land birds migrate over long distances - the most common migration pattern involves 
flying north during the summer season (the longer days provide better opportunities for 
breeding and feeding their young) and returning south for winter, where it is warmer.  
Migratory birds are dependent upon multiple habitats and a range of resources as they 
travel, any of which could be affected by global warming.  Climate change has already led 
to alteration in the location, timing and length of migration routes for some species.

Many migratory birds, including the Pied 
Flycatcher (Ficedula hypoleuca), are 
experiencing difficulties because their 
migratory patterns do not now coincide 
with peak food supply. Earlier springs in the 
United Kingdom have meant that the Pied 
Flycatcher’s food, caterpillars, are emerging 
and peaking earlier than the bird’s arrival. 
This means that the birds that migrate at 
the usual time miss meals, resulting in low 
nutrition and death. Interestingly some 
populations of the bird are migrating sooner 
and are better placed for survival. The 
reasons for these changes are an interesting 
area of research for scientists.

Bewick swans (Cygnus columianus) usually winter in Britain, however their numbers are 
down substantially.  In extreme cases, some species have abandoned migration altogether 
- Cranes which normally migrate to Spain or Portugal are now staying in Germany. They are 
not used to low temperatures and if there is a particularly harsh winter it may impact on their 
survival.

The examples described above highlight certain species that may be trying to evade the 
effects of climate change.  At present it is unclear whether species are evolving as a 
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result of climate change, or whether phenotypic changes are merely adjustment to new 
conditions. By continuing to gather environmental, phenotypic and DNA data for a range 
of species, scientists will gradually gain a better understanding of the relative contribution 
of evolution in species adaptation to a changing climate.

It may not all be bad news, as there are reports that climate change may actually be 
benefi cial for birds which migrate shorter distances and for seals who also get more 
opportunities to mate due to changes in their behaviour.  However, if species cannot adapt 
then extinction remains a real threat. Already, climate change has been implicated in the 
extinction of several species, for example, several frog species in South America which 
were killed off by a deadly fungus that thrived in the higher temperatures.  Somewhat 
worryingly it has been predicted that climate change could drive a million of the world’s 
species to extinction as soon as 2050.  Thus, global warming could have a huge impact 
on the biodiversity of ecosystems throughout the world.

Galapagos and Climate Change

The Galapagos Islands will also be affected by climate change, indeed islands in general 
provide little chance for land species to travel to more suitable habitats.  Lots of species 
use the Islands for breeding and many species are already endangered, so the effects 
here could be substantial.

The Galapagos penguin population is small and restricted to Fernandina and Isabela 
Islands.  Unusual conditions such as the El Niño means warm surface waters and poor 
nutrient levels, so the penguins can starve.  Most seabirds that nest on the Galapagos have 
severe impacts on their breeding when there is an El Niño due to lack of food.  The marine 
iguanas and sea lions who depend upon the seas for foraging and are also impacted 
by these unusual weather conditions.  During warm periods the coral reefs bleach and 
lose associated algae and thus habitats of lots of sea species are lost, including fi sh and 
marine mammals.

8. Galapagos Islands
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Increases in numbers of some species in the associated warmer weather and increased 
rainfall, especially of some introduced species such as rats and fire ants, can severely 
affect native species.  Explosions in numbers of fire ants can lead them to attack and 
kill baby tortoises in their nests.  Floods can also lead to mortality of these slow moving 
tortoises where there are limited areas of suitable habitat.

So it is very hard to predict what will happen to these fragile Island populations over the 
next 50 years, as the interdependence with the sea and limited land space make evasion 
a difficult option for many species, but extinctions are a real possibility.

El Niño

Warm ocean conditions in the pacific off the coast of Ecuador where the Galapagos 
lie, can cause serious climatic disturbances called El Niño.  This disturbs the normal 
weather patterns of the whole area.  The water temperature can rise 5° above the 
normal and affect nutrient availability.  El Niño events are not new in the region but it is 
possible their frequency will change with global warming.

Hot news

Climate change may influence rise of new species - 1st September 2008

The future loss of lakes and rivers in Africa because of climate change could eventually 
influence how new species of wild animals emerge, a study suggests.

Researchers at the University of Edinburgh and Leeds studied the loss of rivers and 
lakes in Africa millions of years ago, when forests dried to grassland. They have shown 
that groups of animals became isolated from one another over large distances by the 
need to stay close to a watering hole, lake or river. Over millions of years the groups 
evolved independently into different species, such as antelopes, gazelles and buffalo.

It was previously thought that such animals evolved in response mainly to changes in 
their food supply, as they adapted to grazing on the grasslands. However, the latest 
findings propose that water played a much greater part in the process than previously 
acknowledged.

The researchers’ findings suggest that modern-day climate change may lead to an 
increase in the number of species in Africa, just as it did millions of years ago.

Julian Derry, of the School of Biological Sciences, who led the research, said: “Grazing 
animals have to stay within walking distance of water in order to survive – it doesn’t 
matter how much food there is to eat if there is no water to drink. When Africa dried 
to grassy plains, groups of animals would stay close to their local source of water, 
and groups would have become separated by large distances across the plains. We 
believe this separation played a key role in the evolution of many of the species we 
recognise today.

“Modern day climate change could break up water networks as it did millions of years ago, 
with important consequences for wild animals, both for their survival and evolution.”

From Julian Derry and The University of Edinburgh Press Office
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9. Freshly killed mosquito with human blood

The spread of disease

Global warming has implications for the spread of vector borne infectious diseases.  In 
such diseases the pathogenic microorganism is transmitted from an infected individual to 
another individual usually by an insect, sometimes with other animals serving as intermediary 
hosts.  Examples include malaria and Dengue fever which are both spread by mosquitoes.  
Increasing temperatures and humidity in the developing world could impact on breeding, 
maturation and survival of vectors - more vectors increases the likelihood of someone being 
bitten, which in turn increases the incidence of infection. Global warming may also influence 
the geographical distribution of vectors. An example of this is the expansion of the range 
where mosquitoes are found, with the insect now inhabiting mountainous regions where the 
snow line is retreating. 

Summary

over a 30 year period.

an increase in the world’s temperature.

the evolution of populations and species.

to changes in climate.

change has altered the geographical distribution of a disease (see interview section).
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Activity

A paired or group exercise.

Firstly establish whether you agree, disagree or are unsure about each statement then 
identify the main discussion points relevant to the statement. After discussing these points 
with a partner or group re-consider whether you now agree, disagree or are unsure about 
each statement.

1. Climate change will affect the evolution of species.

2. Extinction is a natural consequence of the evolutionary process. 
We should let what happens, happen, without human intervention.

3. To preserve biodiversity humans should endeavour to hold as 
many species’ DNA samples as possible in DNA banks.

4. Animals and plants useful to humans should be the focus of 
conservation efforts in the light of climate change.

5. The impact on humans’ current and future well being is what 
makes addressing the issue of climate change important.

6. Living things have intrinsic value and deserve to be protected in 
the face of climate change, as climate change has been caused by 
human behaviour.

7. All species at risk of extinction should be preserved, whether in the 
wild, in zoos or in botanical gardens.
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Interview

Q Dr Alison Blackwell, you are the Director of your own Business, Advanced Pest 
Solutions, could you tell us a bit more about your business?

A Advanced Pest Solutions, which is a bit of a mouthful so we tend to say APS, is a spin 
off company from Edinburgh University, which means that I was a researcher here and we 
took some research and developed a company around it. It’s dedicated to developing new 
environmentally friendly ways of controlling insect pests and other diseases, not just in the 
UK but on a world wide basis.  There’s a huge gap in the market at present for new ways 
of controlling pests and diseases.  Everyone’s looking towards greener products…we’ve 
[also] got an increasing risk of pests and diseases threatening the UK at the minute, partly 
because of climate change, and so we have taken this opportunity to see how we can 
apply our own skills to find an answer to these problems.

The business is split, really, we have an ongoing research programme looking at a very 
novel way of controlling pests and for this we are using naturally occurring viruses which 
are found anywhere really where bacteria are growing. So basically we spend a lot of time 
digging around sewage works and muddy fields looking for viruses which we can use to 
very specifically target insect pests. We’ve got another project looking at slugs and this is a 
long term project which is quite expensive and it will be about five years before we actually 
see any product. We [also] run a number of insect management projects across Scotland 
and overseas helping people to understand the pests that they are dealing with…  Because 
we’re based in Scotland and because I’ve worked on midges in Scotland for about 16 
or 17 years now, much of our work is based on biting midges, which are small biting 
insects, and they occur in vast numbers in Scotland and most people who have been out 
in the Highlands would have experienced a bad midge attack… and in the last year we 
have been applying our knowledge and expertise into the area of protecting livestock, 
particularly sheep and cattle from midge attack in the UK, because of the ongoing threat 
from blue tongue virus.

Dr Alison Blackwell 
Spending a lot of time out-of-doors in 
Scotland has made me realise just how 
bad the midges can be; even my two 
large dogs, who are scared of nothing, 
would rather hide in a tent than come out 
and get bitten!  This and my interest in 
understanding the interactions of insects 
with the environment and how these 
might be manipulated to effect control, 
led to the career route that I have taken.
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Q That sounds perfect for midge-ridden Scotland.  What first gave you the idea?

A I came up to Scotland in 1990 to do a post doc [post PhD] position on controlling 
midges and I spent four years living in the Highlands learning about the behaviour of the 
insect. About 50 years ago there was a midge control unit set up in Scotland and their 
remit was to get rid of midges in Scotland and they failed, so I had a new look at this 
when I first came here. I decided that the key thing was to try to interrupt the behaviour 
of the midge in certain key areas to effect control.  Along the way we worked with a 
number of commercial companies who were developing new whacky midge projects and 
so we saw the opportunity to actually commercialise some of our own ideas using our 
biological knowledge to provide a sound ground work for some of these people who were 
developing products to control midges. 

Q If I was interested in a particular area of biology and had an idea for a business, 
what advice could you give me to help me get going?

A Ok, if you have an idea you firstly have to make sure there’s a market for it.  So if you 
are going to make something there’s people there who are going to buy it and use it.  And 
you have to make sure that its novel, that somebody else isn’t doing it and that you can 
protect your ideas because there’s no point making something and then 5 years down the 
line you find that someone else is making it for half the price and you’ve got nothing… so 
you need to take some advice from experts in these areas, such as patent lawyers.  Its 
also a very, very costly business… has a lot of risks involved in terms of a lot of personal 
sacrifices in terms of salaries and hours you have to work.  The final thing is that you have 
to find out how much money it’s all going to cost you.  In Scotland in particular there are 
lots of sources of funding to set business up but there’s not a lot of money to grow them 
which is where your own skills have got to come in, so you’ve got to be the committed 
person, you’ve got to be able to access funds and you’ve got to be able to put your own 
ideas into practice relatively quickly as well.

Q So we mentioned a bit about climate change before and we know that climate 
change alters the conditions for species that live in a particular location. Have you 
noticed any changes over time in the number and the distribution of the species that 
you work with?

A Yes, in the last few years there have been far more reports of midges, for example, 
occurring in peoples gardens in Edinburgh, which perhaps 5 or 10 years ago weren’t 
happening. Some of that is, I think, because there has been an increased awareness of 
midges over the past 10 years but also I think with the relatively warm winters we have 
had so far has a knock on effect into the survival of midges during winter time. The other 
thing we’re seeing is the lengthening of the midges’ season. Normally we get the first 
midge appearing some time in May and normally by the end of September they used to 
be gone.  Now, last year, the last midge we caught was in the third week of November 
and then we caught some midges I think even on Boxing Day last year.  So with the much 
milder winters and also the damper weather - because midges are tiny they suffer from 
desiccation hugely - so as it’s become damper as well the midge survival is increasing.

Q Do you think these changes are due to climate change?
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A Yes I think so, I mean there’s evidence of warmer summers and much milder winters 
and I think probably it’s the winters which are having the biggest impact on the numbers 
of midges we are seeing in different areas.

Q Ok then, so your business depends on the distribution of midges which means 
that predicting future changes is important.  Can you make predictions as to how 
climate change may alter the midge populations in the future?

A You can to a degree and there are a lot people modelling these effects at the minute. 
The midge is primarily restricted by the habitat type in which it can breed, so for example, 
midges in Scotland tend to breed in damp acidic soil that we get in the Scottish peat bogs. 
You don’t get this in other areas of the UK but with climate change you would expect the 
midges to go to the extremes of these habitats, and also where the habitats cross over 
you would also expect some species to begin to cross over as the climate becomes more 
favourable to their survival.

Q We mentioned previously before about midges being vectors for Blue tongue 
disease. Can you tell us a little about this disease, what causes it, what its effects are 
and its consequences?

A Blue tongue is a disease of ruminants, so cattle, sheep, camels, lamas; but it’s cattle 
and sheep that are the main economic targets.  It’s transmitted from animal to animal by a 
midge but it isn’t contagious between animals, so it’s very different from say foot and mouth 
disease which is very very contagious between animals.  It’s a virus and at the minute there 
are 24 different strains of the virus known to exist in the world.  Most originated in Africa 
and many of these in West Africa and we suspect there are loads more, but fi nding them 
is hard.  About 7 or 8 years ago some of the types of blue tongue appeared in Southern 
Europe, Greece, Spain, Portugal and there are about six different strains of blue tongue 
virus circulating in Europe at the minute.  The disease has huge welfare problems but it 
doesn’t always kill the animals. There’s usually about a 30% mortality although it can rise 
to 70 or 80%, but there are big welfare issues because the animals become very poorly. 
The farmers are not allowed to move their animals when they are infected to they can’t get 
any new stock, if the animals recover they are usually of very poor quality, so you don’t get 
very much money for them.  

In 2007 blue tongue virus arrived by accident effectively into Germany and France and 
we still don’t know how it got into Northern Europe.  It may have been by plane [but]   
another theory was that it was in packed fl owers which came from Kenya or somewhere 
on the plane…The most worrying thing is that the Northern European midges have been 
perfectly able to transmit this virus between sheep and cattle.  It got blown into East Anglia 
in 2007 and it’s been circulating in England ever since.  

Q So we mentioned before that climate change is probably affecting the distribution 
of midges, do you think that climate change is actually altering or may affect the 
distribution of blue tongue disease?

A Yes, certainly, I mean the fi ve strains that are in Southern Europe, there’s very 
good evidence to suggest that they are moving North... as the conditions become more 
favourable for the Southern European midge species, which transmits it, to survive further 
North. Also, the conditions are changing, so the virus is able to survive.
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Q So what consequences do you think this has for Scotland?

A Scotland has a huge livestock industry, particularly in the South West and South East 
portions of the country – they are very large cattle and sheep farming areas.  We have 
carried out a study to predict the impact of blue tongue to Scotland and it came up with 
the suggestion that it would cost the country around £20m. If you have blue tongue in the 
country you can only export your animals to other countries which are blue tongue positive. 
For Scotland that would mean that we would be restricted to four or fi ve countries where 
our sheep and cattle could be sold to.  So it would have extremely bad consequences, 
although Scotland is having a compulsory vaccination programme this autumn [2008], 
which should help to protect it.

To hear the whole interview with Dr Alison Blackwell and discover more about running your 
own business and whether Alison thinks that midges will become vectors for other diseases 
go to: http://www.biology.ed.ac.uk/public/sibe/projects/HappyBirthdayDarwin

10 & 11. The midge
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and Advice for Scottish Agriculture), Crown Copyright. Supplied by Niall Green.

11. Bee Mary Bownes. You are free to use this image

12. The formation of a species Cathy Southworth. Creative Commons License applies 
to this diagram.

13. Pied fl ycatcher (Ficedula hypoleuca)  Aelwyn, with permission from the author 
under the terms of the GNU Free Documentation License, Version 1.2 or any later 
version published by the Free Software Foundation; with no Invariant Sections, 
no Front-Cover Texts, and no Back-Cover Texts. http://en.wikipedia.org/wiki/File:
Ficedula_hypoleuca_NRM.jpg

14. Drosophila melanogaster (fruit fl y) André Karwath under a creative commons 
license at http://en.wikipedia.org/wiki/File:Drosophila_melanogaster_-_side_(aka).jpg
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15. Bere barley growing on the island of Eday, Orkney. Cathy Southworth. You are 
free to use this image.

16. Dividing human cell in mitotic metaphase. Mar Carmena, Wellcome Institute for 
Cell Biology, School of Biology, The University of Edinburgh. Creative commons 
licence applies to this image.

17. Pea assortment showing cotyledon colours. SASA (Science and Advice for 
Scottish Agriculture), Crown Copyright. Supplied by Niall Green.

Chapter 3

1. Transgenic pigs displaying fluorescence under UV light due to the presence 
of green fluorescent protein (GFP). Roslin Institute, The University of Edinburgh. 
Supplied by Norrie Russell. All rights reserved.

2. Nursing Piglets in a farrowing crate. National Pork Board on The Animal Science 
Image Gallery, which allows images to be used for educational purposes under a 
creative commons licence lhttp://anscigallery.nal.usda.gov/

3. ‘Mulligan’ – Weimaraner Nicky Greenhorn. You are free to use this image.

4. ‘Duffy’ - Bijon Frise  Mrs Diane Donahue. You are free to use this image.

5. Strawberries at market Richard Milne. Creative Commons License applies.

6. Transgenic flock of sheep Roslin Institute, The University of Edinburgh. Supplied by 
Norrie Russell. All rights reserved.

7. Fallon, a modern variety of barley produced from selective breeding methods. 
Cathy Southworth. You are free to use this image.

8. ‘Pug’ – a flat face dog stockxchang http://www.sxc.hu/home

9. Pea flowers of a plant homozygous for ‘bip’ (recessive gene - bipartitus). Flower 
wings sharply bicoloured – upper part normal colour, lower part much lighter 
colour. SASA (Science and Advice for Scottish Agriculture), Crown Copyright. 
Supplied by Niall Green.

10. Rama Dr Lulu Skidmore, Camel Reproduction Centre, Dubai. All rights reserved. 
Permission is needed before reproducing or altering these images.

11. White Rhinoceros stockxchang http://www.sxc.hu/home

12. Sika deer Deer Comission for Scotland (DCS). Attribute to DCS if used.

13. Transgenic mice fluorescing under UV light due to the presence of green 
fluorescent protein (GFP) Roslin Institute, The University of Edinburgh. Supplied by 
Norrie Russell. All rights reserved.

14. Close up of stem rust (Puccina graminis) on wheat This image is in the public 
domain. You are free to use this image. http://commons.wikimedia.org/wiki/File:
Stem_rust_close_up.jpg

15. Transgenic hen used for the production of medicines. Roslin Institute, The 
University of Edinburgh. Supplied by Norrie Russell. All rights reserved.
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16. Female mosquito (Anopheles freeborni) CDC/James Gathany accessed on the  
Public Health Image Library. http://phil.cdc.gov/ These images can be used for 
educational purposes as long as they are attributed.

17. Transgenic chicks fl uorescing green under UV light due to green fl uorescent 
protein (GFP). Roslin Institute, The University of Edinburgh. Supplied by Norrie 
Russell. All rights reserved.

Chapter 4

1. Christmas Island red crabs Stuart Linton. All rights reserved. Permission is needed 
before reproducing or altering these images. http://www.deakin.edu.au

2. Grey Squirrel Mary Bownes. You are free to use this image.

3. Ship Fernando Landin Cantos. All rights reserved. Permission is needed before 
reproducing or altering these images.

4. Portuguese or Pacifi c Oyster (Crassostrea gigas) Judith Oakley. All rights 
reserved. Permission is needed before reproducing or altering these images.     
http:// oakleynaturalimages.com

5. Christmas Island Red Crabs Stuart Linton. All rights reserved. Permission is needed 
before reproducing or altering these images. http://www.deakin.edu.au

6. Rhododendron ponticum Mary Bownes. You are free to use this image.

7. Giant Hogweed (Heracleum mantegazzianum) Richard Milne. You are free to use 
this image.

8. Seaweed (Caulerpa taxifolia) United States Government

9. Zebra Mussel (Dreissena polymorpha) GerardM under the terms of the GNU 
Free Documentation License, Version 1.2 or any later version published by the Free 
Software Foundation; with no Invariant Sections, no Front-Cover Texts, and no Back-
Cover Texts. http://en.wikipedia.org/wiki/File:Dreissena_polymorpha.jpg

10. Patient suffering from cholera Accessed on the Public Health Image Library. http://
phil.cdc.gov/ These images can be used for educational purposes as long as they 
are attributed.

11. Galapagos Island tortoise Michelle Greaves. You are free to use this image.

12. Bluebell (Hyacinthoides non-scripta) http://www.freeimages.co.uk Free to use as 
long as the image is attributed.

13. Sika stag chasing red hinds, Sika hinds. Deer Comission for Scotland (DCS). 
Attributation to DCS is required.

www.

Chapter 5

1. Scanning electron micrograph of infected respiratory airway in a Cystic Fibrosis 
patient Professor John R.W.Govan, Cystic Fibrosis Group, Centre for Infectious 
Diseases, University of Edinburgh Medical School. Permission is needed to 
reproduce these images.

2. Medical student at The University of Edinburgh. CPA Image Library, The University 
of Edinburgh. Permission is needed to use this image.
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3. Antibiotics http://www.freeimages.co.uk

4. Staphylococcus aureus Accessed on the Public Health Image Library. 
 http://phil.cdc.gov/ These images can be used for educational purposes as long as 

they are attributed.

5. Pregnant woman Cathy Southworth with kind permission of Laura Meikle. You are 
free to use this image.

6. A cold-blooded lizard Cathy Southworth. You are free to use this image.

7. Chest radiograph of a cystic fi brosis patient Professor John R.W.Govan, Cystic 
Fibrosis Group, Centre for Infectious Diseases, University of Edinburgh Medical 
School. Permission is needed to reproduce these images.

8. Chocolate Cake  http://www.freeimages.co.uk

9. Milk Cathy Southworth. You are free to use this image

10. Transmission electronmicrograph of mucoid alginate-producing  Pseudomonas 
aeruginosa.  Professor John R.W.Govan, Cystic Fibrosis Group, Centre for Infectious 
Diseases, University of Edinburgh Medical School. Permission is needed to 
reproduce these images.

11. Scanning electron micrograph of infected respiratory airway in a Cystic Fibrosis 
patient Professor John R.W.Govan, Cystic Fibrosis Group, Centre for Infectious 
Diseases, University of Edinburgh Medical School. Permission is needed to 
reproduce these images.

Chapter 6

1. Pelagia noctiluca jellyfi sh Alberto Romeo  www.romeofotosub.it. All rights reserved. 
Permission is needed to reproduce this image.

2. Graph of carbon dioxide (CO2), temperature, and dust concentration measured 
from the Vostok, Antarctica ice core as reported by Petit et al. (1999). Robert A 
Rohde http://www.globalwarmingart.com/wiki/Image:Vostok_Plot_png

 With a GNU Free Documentation License version 1.2

3. The diagram shows the fl ows of energy between outer space, the atmosphere, 
and the Earth’s surface, and shows how these fl ows combine to trap heat near 
the surface and create the greenhouse effect. Energy exchanges are expressed 
in watts per square meter (W/m2) and were derived from Kiehl & Trenberth 
(1997). Robert A Rohde http://www.globalwarmingart.com/wiki/Image:Greenhouse_
Effect_png with a GNU Free Documentation License Version 1.2

4. Car exhaust  David Reay. Creative commons license applies.

5. Flooding freefoto.com

6. Pelagia noticula jellyfi sh Alberto Romeo  www.romeofotosub.it. All rights reserved. 
Permission is needed to reproduce this image.

7. Bewick swans (Cygnus columianus) Colin Butters. All rights reserved. Permission 
is needed to reproduce this image. WWT Slimbridge
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8. Galapagos Islands Mary Bownes. You are free to use this image.

9. Freshly killed mosquito with human blood  PlaneMad/Wikipedia 
http://en.wikipedia.org/wiki/File:Dead_mosquito.jpg Under a creative commons 
licence.

10. and 11. The midge Alison Blackwell. Creative commons license applies to this 
image.

Creative commons License: In brief you are free to share and make derivative works of 

the file under the conditions that you appropriately attribute it, and that you distribute it 

only under a license identical to this one. 

GNU Free Documentation License, Version 1.2 or any later version published by 
the Free Software Foundation. In brief you can reproduce the work with no Invariant 

Sections, no Front-Cover Texts, and no Back-Cover Texts.http://en.wikipedia.org/wiki/

Wikipedia:Text_of_the_GNU_Free_Documentation_License
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Notes
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