WHY DOES EVOLUTION MAT TER?
CLASS 1: BIOLOGY AND DARWINIAN EVOLUTION

In our first class of the year, we will begin by looking at evolution from the traditional
Darwinian perspective. We’ll discuss what is meant by the terms ‘evolution’ and ‘natural
selection’, and look at how these processes can be observed in genetics, viruses, humans
and other mammals. We will also consider fossil records as a means to trace evolutionary
developments from long ago in the Earth’s history.
You’ll have the chance to consider these topics in your own competition entries—and
remember, top entries have the chance to win prizes!
Keep in mind you are not expected to read every class cover to cover: we’ve provided
lots of links to further reading and extra material, but you are welcome to focus on what
is most interesting to you!
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Polar Regions. Some microorganisms even
live deep inside solid rock. The tropical rain
forests on land, and the coral reefs in the
sea are home to a seemingly endless variety.
The theory of evolution tells us that this
amazing diversity is the result of gradual
changes in organisms, generation by
generation, from remote common ancestors
to modern descendants, like a sort of family
tree.

MAKING SENSE OF LIFE
“Nothing in biology makes sense except in the light
of evolution.” This was famously said by Theodosius
Dobzhansky, one of the most eminent biologists of the 20th
century, and practically every biologist in the world agrees
with him. But what does such a sweeping claim mean?
What is it in particular about the
living world that the theory of evolution
explains? The answer is why the huge
number of different kinds of animals,
plants and microorganisms that are
alive today exist at all, and what each
one is like. No one knows for sure how
many species there really are, maybe 5
million but some think as many as 30
million. Each one of these is unique.

subjects covered:
Biology

The theory of evolution explains the
classification of the living world
As more and more species were
discovered and studied, a very interesting
thing about this vast diversity of organisms
stood out. Species sharing a number of
similar characteristics with one another can
be put into the same group. For example,
the approximately 5,500 species we call

mammals, the dogs, horses, bats,
mice, whales, monkeys and so on, are
put into the group Mammalia because
they all have hair, mammary glands
producing milk to feed their young,
warm blood, large forebrains and many
more similarities. Other species, such
as frogs and newts, all have moist skin,
broad heads, aquatic larvae and so
on. They form a different group, called
Amphibia. The birds, distinguished
by their feathers, wings and beaks,
are the group Aves. But it does not
end there, because these groups can
themselves be arranged into larger
groups: amphibians, mammals, birds
and also the reptiles all have four legs
(sometimes reduced) and breathe with
lungs. They form the group called the
Tetrapoda.

Click here to read
this article on Inspire
Digital!

They range from bacteria that are a
mere 1000th of a millimetre long to the
100 tonne blue whale. Some species
dwell 2,000 m below the surface of
the sea in trenches of near-boiling
water. Others burrow in the sand of
the hottest deserts, while a vulture has
been recorded flying over 11,000 m
above the surface of the Earth, There
are dwellers in high mountains, and in
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Tetrapods in turn are distinct
from, say, the Insecta which have sixlegs and fine breathing tubes, or the
Mollusca with shell and gills. Going
the other way, we find that groups can
always be divided into subgroups. The
mammals for instance are made up of
20 subgroups, such as the Carnivora for
the dogs, cats, bears, etc with cutting
teeth, the Chiroptera for the bats with
their wings, and the Primates for the
monkeys, apes and humans. Each of
these is then divided into even lower

level groups all the way to the individual
species. In fact the entire living world is
classified as groups within groups within
groups within groups, each defined by a
unique sets of characters, an arrangement
called a hierarchical classification.
The theory of evolution provides the
answer to why the classification of life is
hierarchical in this way, as you can see from
the next diagram. A species may divide into
two, and each one then changes a little bit
by evolving new characters. Some of the
new species go on to divide again and again,

while others become extinct. As this process
continues over time, the groups of descendants
come to differ more and more from one another
in some of their characters. But they always still
share some characters that they inherited from
their common ancestor. Species that diverged
more recently have less differences from each
other and make up the lower level groups.
These lower level groups separated further
back in time from each other and therefore have
evolved more differences from each other. Put
together they make up the next higher groups,
and so on.
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The theory of evolution explains
adaptation
Every organism is adapted for its
way of life. What this means is that the
structure, the physiology and the habits
of each one are well suited to perform
the activities and processes of its
particular life, however specialised that
life is. Amongst the millions of examples
we could mention are the wonderfully
efficient design of the bird’s wings for
flying; the waterproof cuticle of an
insect facing the dangers of desiccation;
the protective spines of an acacia tree;
the high crowns and ridges of a horse’s
tooth for grinding up tough vegetation;
the dull green camouflage colour of a
toad. The theory of evolution by natural
selection, the great insight of two 19th
century naturalists, Charles Darwin
and Alfred Wallace, explains how such
adaptations come about. The offspring
of organisms always differ very slightly
from one another due to accidental
minor changes in their genes. If an
individual is born whose difference
happens to slightly improve how well it
copes with the rigours of its existence,
it is more likely to survive competition
with others of its species and go on to
successfully produce offspring of its
own. Maybe it can find a little more food,
run a little faster to escape predators, or
survive a colder winter. And if this new
favourable characteristic is inherited
through the genes by its own offspring,
it will be passed on to successive

descendants. In time, the improvement will
spread throughout the breeding population,
and the whole species will have become
better adapted. Given enough time, and we
know from the fossil record that there have
been many tens and hundreds of millions
of years of evolution involving many,
many successive generations, a species
can continue to become better and better
adapted to its environment.
The diagram is a very simple model
of how, in principle, evolution by natural
selection comes about from random
heritable variation, plus competition
because parents produce many offspring.

In the one hundred and sixty or so years
since the world was first introduced to
this idea of evolution by natural selection,
everything we have learned about the
genetics, ecology and palaeontology of
organisms has added to our fundamental
understanding of it. In this programme you
will meet these different biological aspects
of the theory.
The theory of evolution has wider
implications than just for biology
The theory of evolution by natural
selection is associated in most people’s
minds with the diversity of the natural world,
and the adaptations of living organisms. But

it is actually a more general principle
of how all sorts of things can improve
over time. New variations can arise by
chance, or by deliberate experimental
modification. If such a variant proves to
be better for its purpose it may be kept,
and the older, less effective versions
discarded. Millenia before Darwin,
farmers knew how to improve the fat
content of their pigs by only breeding
from the fattest ones, or to increase
the yield of their wheat by sowing seed
from the ones with the heaviest ears.
In fact this artificial selection, as it is
called, was Darwin’s main insight for
his theory of natural selection.
In more recent times, medical
science has used the idea to
help improve the treatment
of diseases. Engineers often
deliberately change a structure
to see if it works better, and
to adopt the new version if
it does. The same principle
applies to developing artificial
intelligence by allowing a
computer programme to
improve its performance by
trial and error, be it playing
chess or diagnosing disease.
Dr Tom Kemp, Emeritus
Research Fellow in Zoology at
St John’s College
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microorganisms. These were single-celled
bacteria-like organisms called prokaryotes.
Some, called stromatolites, are preserved
because they formed onion-like layers of
calcium carbonate. Others we know about
because they were preserved in silica
solution, which eventually forms flint. From
about 2,000 million years ago, the much
larger, more complex cells with a nucleus
in the middle called eukaryotes are found.
The next great step, almost 1,000 million
years ago, was the evolution of multi-celled
organisms. First there were fungi, algae
and simple animals related to sponges and

FOSSILS

subjects covered:
Geography

Fossils record the history of life on Earth in rocks. But how
can we learn about evolution, origination of new species
and mass extinctions from fossils?

Click here to read
this article on Inspire
Digital!

Fossils are the remains of once
living organisms that are preserved in
the rocks that eventually form from the
mud or sand in which their dead bodies
lay. Of most fossils, only the hard parts
remain, such as the spicules of sponges,
the shells of molluscs and sea urchins,
and the skeletons of vertebrates. Soft
tissues are very occasionally preserved,
for example where the animals were
buried so suddenly that there was no

soon after we start to find corals. Then
one of the most dramatic evolutionary
events of all took place. It is named the
Cambrian Explosion when, in a narrow
time-window between 540 and 520
million years ago, all the main animal
groups suddenly made their entrance:
arthropods, molluscs, brachiopods,
echinoderms, and several kinds of
“worms”, and even the first of the
vertebrates.
The next revolution in life was the
emergence onto land, first by wingless
insects, spiders, and centipedes.

time for them to be decomposed by
microorganisms.
Fossils record the history of life on
Earth
The fossil record is very incomplete,
for it is estimated that only about 1%
of all the extinct species of animals and
plants that ever lived have been found.
But they do illustrate the broad outlines
of the history of life on earth over
the 3,500 million years since the first

Ashraf, Muhammad. (2015). Biology and evolution of life science.
Saudi Journal of Biological Sciences. 23. 10.1016/j.sjbs.2015.11.012.

YEAR 10 & 11 INSPIRE PROGRAMME
inspire@sjc.ox.ac.uk
sjcinspire.com
Designed by Maren Fichter,
Inspire Project Support Officer

CLASS 1:
BIOLOGY AND DARWINIAN EVOLUTION

PAGE 5 / 17
Back to contents

These were soon followed by primitive
amphibians that evolved from fish about
360 million years ago. They quickly
spread over the rich terrestrial habitats,
evolving into many new amphibians
and reptiles, and eventually the warm
blooded mammals and birds. The story
finally concludes as hominids, the prehumans and humans, commenced their
evolutionary course away from ancestral
ape-like primates about 5 million years
ago.
Fossils show a continual pattern of
origination and extinction
Evolution is usually thought of as the
change of one species into another, and
of course this is how new species arise.
But the great majority of species do not
evolve but go extinct, and are replaced
by new species that have already arisen.
The nonstop pattern of extinctions and
originations is called taxonomic turnover,
and affects every level of classification.
Not just individual species, but whole
groups of species such as genera, families
and orders. The diagram alongside is an
evolutionary tree of the tetrapods, the
four-legged animals, and shows how
many groups long since disappeared,
were replaced by others, and these finally
replaced by the living ones. The lesson
is that when looking at the fossil record
over long periods of time, evolution is
just as much a matter of extinction as of
origination.
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Fossils reveal mass extinction
One of the most dramatic discoveries about life on Earth
revealed by the fossil record is called mass extinction. Roughly
every 20-30 million years throughout life’s history, a sudden, worldwide catastrophe caused the loss of a majority of the species, in
seas and lakes and on land alike.
The diagram shows what percentage of genera went extinct at
different times over the last 540 million years. The high peaks are
the mass extinction events. The greatest of these occurred 250
million years ago. It is called the end-Permian mass extinction, and
it is calculated that over 90% of the then living species were lost.
The best known was the end-Cretaceous (K-T) mass extinction, 66
million years ago, because it was the end of the dinosaurs. But
the 60% loss also included a great many species from most other
groups, such as the ammonites, related to squids and octopuses,
that had been a major part of the sea fauna until then but never
recovered.
The main cause of most mass extinctions was probably huge
volcanic activity, generating thousands of tonnes of carbon dioxide
that heated up the world by as much as 15°C and sulphur dioxide
that created acid rain killing off land plants. The end-Cretaceous
catastrophe was different from the others however, because it
also coincided with a massive meteorite impact. If not the sole
cause, this undoubtedly contributed greatly to the severity of this
particular extinction.
Dr Tom Kemp, Emeritus Research Fellow in Zoology at
St John’s College

YEAR 10 & 11 INSPIRE PROGRAMME
inspire@sjc.ox.ac.uk
sjcinspire.com
Designed by Maren Fichter,
Inspire Project Support Officer

CLASS 1:
BIOLOGY AND DARWINIAN EVOLUTION

PAGE 7 / 17
Back to contents

FURTHER READING:
Timeline: The evolution of life on Earth

COMPETITION 1: THE FOSSIL RECORD

Patterns of evolution in the fossil record

Palaeontologists believe that only about 1% of all the
animals that ever lived have been found as fossils. How
do they come up with this figure? Think about reasons
why finding a fossil of a particular ancient species is so
unlikely. You can also use the further reading suggestions
and videos on this page to help you develop your answer.
Your answer should be 500 words or less.

The big five mass extinctions

DID YOU ENJOY THIS ARTICLE?

You might be interested in the following
course we offer at St John’s...
Geography
Hear from two St John’s students about
studying Geography by clicking the links
below!

CLICK HERE TO SUBMIT
YOUR ANSWER
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subjects covered:
Biology

POPULATION GENETICS
Darwin’s Origin of Species still provides the best single
account of evolution, but modern discoveries allow us to
fill in some details and make some additions. Learn about
some of these here!
We now know that inheritance
operates through deoxyribonucleic acid
(DNA), which contains all the information
needed. It is organised into separate
long threads called chromosomes.
Bacteria have one circular chromosome
each, while humans are diploid, which
means they have each of their 23 linear
chromosomes in two versions, one
from their mother and one from their
father. For our purposes, we can think

Click here to read
this article on Inspire
Digital!

of DNA as a sequence of bases, each of
which is either A, T, C or G. Mutations
are accidental changes in DNA,
including point mutations (where one
of the four bases at a particular point in
the sequence is replaced by a different
base), and deletions and insertions
(where a subsequence of bases is added
or subtracted). Mutations happen
usually during meiosis or mitosis, and
these would in a few generations make

all individuals in a population genetically
different even if by some fluke those at
an earlier stage had all been identical.
Genetic differences are important, as some
variants will cause their bearer to have more
offspring in their lifetime: genetic variants in
dipoids are inherited by half of the offspring,
and so those variants will tend to spread
and become fixed in the population, while
less successful variants will become extinct.
This is the essence of ‘natural selection’,
though there are complications: sometimes
a variant’s advantage will depend on its
own frequency, and so, for example, those
that start off with an advantage may lose it
before fixation and become stabilised at an
intermediate frequency.
Darwin did not discuss genetic drift,
which is a force in evolution distinct from
natural selection. If a variant has only a
tiny or zero effect on the average lifetime
number of offspring, then whether it spreads
will be down to chance. The theory of such
neutral and nearly-neutral mutations is
very important. Many mutations are nearly
neutral, including ‘synonymous’ mutations,
those that don’t change the amino acid being
coded for in a coding sequence, and those in
the ‘junk DNA’ that is never translated and
seems to have no function. When we want
to know how long it is since the common
ancestor of humans and chimpanzees
diverged, those neutral changes provide a
‘molecular clock’ to give us an answer. The
theory of neutral change is mathematically
very simple and has many beautiful results.
The theory does not contradict Darwin, as

Darwin was interested in evolutionary
changes that do affect the appearance
and behaviour of the organism.
Darwin argued by analogy to artificial
selection, and selection experiments
show that virtually any character in any
species can be selected. Today, scientists
study exactly which genes are changing
and how they change as selection takes
place. Mathematicians use difference
and differential equations to follow
gene frequencies over time under
simplifying assumptions. Both provide
further details about the workings of
Darwin’s natural selection in particular
cases.
Professor Alan Grafen, Tutorial
Fellow in Quantitative Biology

DID YOU ENJOY THIS
ARTICLE?

You might be interested in the
following course we offer at St
John’s...
Biological Sciences
Hear from a St John’s student
about studying Biological Sciences
by clicking the link below!
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WELCOME TO OXPLORE!

COMPETITION 2: CREATE YOUR
OWN ORGANISM
Watch the video below about the Avalon explosion, a
rapid diversification of life which occurred around 575
million years ago. The fossil record shows that during this
era, unusual multicellular organisms appeared - some of
which are nothing like anything alive today! Select one
of the Avalon organisms described, and build a model of
the organism out of recyclable materials.

Oxplore is an innovative digital outreach portal from the University of Oxford. As the
‘Home of Big Questions’ it aims to engage those from 11 to 18 years with debates and
ideas that go beyond what is covered in the classroom. Big questions tackle complex
ideas across a wide range of subjects and draw on the latest research undertaken at
Oxford. Click the questions below to start exploring...

You can also take a look at the Oxford University
Museum of Natural History’s virtual 3D models of similar
organisms for inspiration!

Your competition entry should consist of a photo of your
model, as well as a 100-word description of the organism
and how you have chosen to portray it.

CLICK HERE TO SUBMIT
YOUR ANSWER
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investment between female and male in the
offspring has fascinating consequences.
Why males exist – the meaning of
recombination
The first question that arises is why sex
exists at all! As we know, evolution is driven
by the success with which an individual
passes on its genes to future generations.
Why then does a female go to the trouble
of finding a mate, and then spending a
large amount of her time and resources on
the eggs and often the young, when the
result is to pass on as many of his genes as
her own? Instead she could pass on twice
as many of her own genes for the same
effort. The female pays what is called the
“twofold cost of sex”, as the diagram below

SEX AND EVOLUTION

subjects covered:
Biology

What role does sexual reproduction play in evolution?
In this article, we will consider how recombination and
genetic variation drive evolution.

Click here to read
this article on Inspire
Digital!

Almost all species of animals and
plants reproduce sexually, a fact that
is a fundamentally important part of
evolution. There are males that produce
huge numbers of tiny male sex cells or
gametes (called spermatozoa in animals
and pollen in flowering plants), and
there are females that produce many
fewer, but vastly larger female gametes
called egg cells. Fusion of one male
with one female gamete re-combines

illustrates. The left side shows asexual
reproduction without males. If a female
produces two offspring, they are both
females, and these in turn produce
four granddaughters, all carrying only
her genes. The right side shows that
in sexual reproduction, the female
produces on average one daughter and
one son, each carrying only half her
genes. The daughter in turn produces
only one granddaughter and one
grandson each carrying half her genes.
There must be a huge selective
advantage to sexual reproduction in
order to balance the disadvantage of
the twofold cost. The benefit lies in
the greatly increased genetic variation

genes from the two parents, to create
a fertilised cell, called a zygote, which
will eventually develop into a new
offspring. Note that a female provides
all the energy, nutrients and protection
that the zygote needs for its growth
and development. In contrast, the
male invests extremely little, because
the spermatozoa contributes nothing
other than a set of his genes carried
on chromosomes. This very unequal
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amongst the offspring that comes from
the random recombination of half the
genes from each parent, although
there is a good deal of argument about
why this is so important. In part it may
simply ensure that at least some of the
offspring are well adapted even if the
environment is unpredictably variable.
Recombination is also a way of getting
rid of a disadvantageous mutation.
Each offspring unlucky enough to have
inherited one from a parent is less likely
to survive, and therefore the deleterious
mutation
will
soon
disappear
from the population. Variation of
successive generations also helps to
prevent disease microorganisms from
overwhelming a population.
Asexual
reproduction,
called
parthenogenesis, is actually found
in quite a lot of species, especially
amongst plants but also in several
fishes and reptiles. They consist only of
females but, as we would expect from
their lack of variation, they eventually
become extinct.
Why there is the same number of each
sex - the cost of sons and daughters
Even accepting the advantages of
sex, you might still wonder why there
are usually an equal number of males
as females in a population, when only
a small number of males are needed
to fertilise many females. Indeed this
is often obvious in practice such as
in the elephant seal, where a single

male guards a harem of a dozen or more
females. But think what would happen if
there were in fact fewer males. Each one
would have a higher chance of finding a
mate. Therefore a mother would improve
her chances of passing on her genes if she
produced more sons than did other females.
But if all the females did that, there would
soon be more males than females, at
which point the reverse would happen and
producing daughters would become more
advantageous. Overall therefore, selection
for gender balance maintains the two sexes
roughly equally.

Why males are often larger and showier –
sexual selection
Given that more males exist than are
necessary, they have to compete for the
opportunity to attract and mate with
a female. The males of most mammals
for example are larger than the females,
reflecting the use of direct aggression
and physical combat towards rivals. But
in most animals, the competitiveness is
more indirect. The male peacock opens
his absurdly showy tail to the dull brown

female. Male birds of paradise have the
most fantastic colours, feather forms, and
patterns of courtship behaviour, as this
video shows.

Male frogs croak their loud nocturnal
mating choruses, as you can hear in the
coqui frogs of Puerto Rico below.

These and the enormous number of
other examples of what are called secondary
sexual characters evolve thanks to a process
called sexual selection. If a difference in
appearance or behaviour of one male
compared to the others is positively
attractive to females, he has a higher chance
of mating and so passing on his genes.
Furthermore, the greater the expression of

a secondary sexual character, the more
successful it often is. The character
evolves more and more prominently for
as long as its attractiveness to females
continues to increase. Theoretically a
point is reached where the advantage
gained by the signal is balanced by a
reduction in fitness caused, for example,
by increased vulnerability to predators
because of conspicuous plumage, or by
the surprisingly high amount of energy
it takes a frog to croak all night. As to
why such expensive signals should be
attractive to females, one theory is
called the handicap principle. A male
that can survive despite the cost of
extravagantly showing off must be a
pretty strong, healthy individual, and
consequently a desirable father for her
offspring.
Think about this further…
Humans, Homo sapiens, is also a
biological species. Think about how
much of our appearance and behaviour
today might be a result of evolution by
sexual selection millions of years ago.
Now consider how much our behaviour
has changed due to the development of
society and civilisation over the last few
thousand years, too short a length of
time for much genetic change to have
occurred.
Dr Tom Kemp, Emeritus Research
Fellow in Zoology at
St John’s College
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VIRAL IMMUNITY

subjects covered:
Medicine

In the past year, our lives have all been disrupted because
of the pandemic caused by the Covid-19 virus. But what
is it that actually happens within our bodies and immune
systems when we encounter such a virus?

Click here to read
this article on Inspire
Digital!

There is truly a sense of beauty and
intelligence associated with the human
immune system’s ability to recognise,
fight and establish memory immunity
against viruses which invade the body.
The location and type of host cell
favoured by a virus depends on the type
of virus. For example, human influenza
– the virus typically responsible for
seasonal epidemics – gains access to
upper respiratory tract cells, whereas

HIV invades a variety of immune cells.
Viruses are entirely dependent on host
cell machinery to be able to replicate
and so after invading a host cell, viruses
unload their nucleic acids and the host
cell is coaxed into using this genetic
material to produce more viral particles.
The new viruses then leave the host cell
- sometimes killing the host cell in the
process - and are ready to invade new
host cells.

Host cells have receptors both on
their surface and inside the cell which can
recognise viral nucleic acids and protein.
Viral protein also ends up being displayed
on the host cell surface which signals to
the immune system that the host cell is
virus-infected. In response to immune cells
recognising viral material, they secrete
signalling molecules called ‘interferons’
which interfere with viral replication.
The particular helper T lymphocyte cells
which have the correct receptors to bind
to the viral antigens can recognise viral
protein displayed on host cells and activate
specifically those B lymphocyte cells which
also have the correct receptors for the viral
antigens. The activated B cells mature and
produce antibodies which bind to viruses
and prevent them from entering more host
cells. Cytotoxic T lymphocyte cells with
the specific receptors for the viral antigen
respond to viral proteins displayed on host
cells by killing virus-infected cells. This
prevents more viruses from being released.
The clever thing is, once the immune
system has seen a particular virus, it can
form an immunological memory because
some helper T cells, cytotoxic T cells and B
cells which responded to the virus the first
time become ‘memory cells’ which survive
beyond the initial infection and patrol the
body. When the same virus invades the
body again in the future, a swift and efficient
immune response can eliminate the virus
before symptoms of illness even emerge.
So why do people get ill with some
viruses repeatedly many times in their

life? Viruses have some tricks up their
sleeve too, one of which is a high rate
of mutation in viral nucleic acids which
leads to a change in viral antigens such
that they can no longer be recognised by
memory cells. In the case of influenza,
something even worse can happen –
entire segments of influenza nucleic
acid from different types of influenza
can recombine to form radically new
influenza strains the likes of which have
never been seen by the human immune
system.
For example, human, avian and
swine strains of influenza recombined
to form the H1N1 virus which caused
the 2009 swine flu pandemic.
Unfortunately, there are things which
can go wrong with the immune system’s
response to viruses; e.g. the response
may be ‘over-zealous’. If a virus has
antigens similar in structure to a human
protein, the immune system may learn
to fight against the human body itself,
causing autoimmune disease.
There is much still to learn about
viral immunity. The Covid-19 pandemic
is yet another example in history
which illustrates the dangers viruses
can pose to us. With advances in our
understanding, hopefully we will be
better prepared for such crises in the
future.
Andreas Halner, 4th year Medicine
student and DPhil (PhD) student at
St John’s College
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FURTHER READING:

DID YOU ENJOY THIS ARTICLE?

Here’s how your body gains immunity to
coronavirus

You might be interested in the following courses
we offer at St John’s...

Cambridge virologist explains what we
do and don’t know about Covid-19

Biochemistry, Chemistry or Medicine
Hear from St John’s students about studying all
three of these subjects by clicking the videos to
the right!

LOOKING FOR A NEW PODCAST TO GET STUCK INTO?

The University of Oxford provides a huge variety of podcasts on every topic imaginable,
from cutting-edge scientific research to exciting events happening now at the
university. You can find these on the University website or on Apple Podcasts.
Here are a few of our favourites:

Back Garden Biology >

< So you want to study Chemistry?

Chemistry for the
Future: Clean Energy >
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ADAPTATION
Darwin’s theory of evolution by natural selection states that
the adaptations of an organism to its environment arise
because of the greater chance of survival of those offspring
that have a favourable variation caused by random
mutation, which they then pass on to their offspring.
What a challenging idea this was!
Ever since its introduction to the
scientific and popular community
in Darwin’s great book of 1859, On
the origin of species by means of
natural selection, some people have
misunderstood and challenged it. How
can such perfect, often very complex
design possibly arise from random
variation? How can an incipient,

Click here to read
this article on Inspire
Digital!

or incomplete stage of an evolving
adaptation be advantageous? Has there
really been enough time for so vastly
many changes to accumulate? How
can a completely new kind of organism
gradually evolve from its ancestor,
when it must have changed so many
of its characters, all of which had to
stay tightly integrated with each other
throughout? But every one of these

and other objections has been successfully
countered over the years by sound scientific
evidence. The origin of even the most unlikely
looking adaptations can be explained by a
sequence of feasible intermediate stages of
increasing improvement, all within the time
shown by fossils to have been available.
Here are two examples picked from a great
many to illustrate this.
The human eye was often taken as a
test for whether natural selection really
can produce a complex new adaptation by
numerous small steps: what good is half
an eye? Zoologists can point to a perfectly
possible sequence of stages, starting from
no more than a small patch of pigmented
surface cells in which photons of light
stimulate a chemical reaction that creates
an electrical potential.
This could have been followed by
gradually shielding the pigment cells in a
shallow cup, which would create a sense
of the direction the light was coming from.
A more restricted opening to the cup
would the give the eye a degree of image
discrimination, like a pinhole camera. If the
liquid content of the cup became closed off
and part of it optically denser, it would start

to act like a simple lens, focussing the
image more sharply at the back of the
cup. With just a few more refinements,
a virtually complete human eye would
exist. Although we cannot know for
certain that this is how it evolved, it
is not just guesswork. To start with,
versions of all these stages exist today
in various invertebrate animals. In
each case, the light receptor, however
simple, is well suited to the life of its
modern possessor. A human’s high
resolution image would be no more use
to a sea anemone fixed to a rock than
would its simple light sensitive patch
of skin be to a human. Further indirect
evidence comes from the embryonic
development of the vertebrate eye,
which goes through stages generally
similar to these. Thirdly, the exciting
discovery that several of the same genes
are involved in the development of the
different kinds of eyes in very different
animals, points to how relatively small
changes in the genetic control could
drive the succession of evolutionary
steps.
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Mammals are warm-blooded, or
more accurately endothermic. Their
tissues and organs have a high rate
of metabolism, which generates
enough heat to keep them fully active,
even during the cool of night and in
winter. Endothermy is a very complex
adaptation because many parts and
processes of the body are involved in
generating the high metabolism, and in
controlling, conserving, and utilising the
high body temperature. Compared to
reptiles such as lizards and crocodiles,
mammals need to find, consume and
digest ten times as much food a day
and to breathe in and circulate around
the body correspondingly more oxygen.
They also need an insulating fur coat to
prevent too much heat being lost, and
the females must be able to keep the
developing foetuses in the womb warm,
and to nourish the young with milk
after birth. We are fortunate to have

discovered fossils of several intermediate
grades between ancestral reptile-like
animals and the earliest mammals
which appeared about 200 million years
ago. They are called synapsids, and the
series illustrates the gradual evolution of
mammalian adaptations, over the course
of about 120 million years. We see how
the limbs evolved faster and more agile
movement to improve foraging, while at the
same time the teeth and jaws became more
effective for chewing. The front part of the
rib cage enlarged for enhanced breathing.
The senses of hearing and smell, and we can
guess also sight, became more acute, and the
brain enlarged. All these changes happened
hand in hand, showing how even a major
new kind of organism such as a mammal,
with all its significant new adaptations, can
evolve from its ancestor by natural selection
acting on its correlated characters.
Dr Tom Kemp, Emeritus Research Fellow
in Zoology at St John’s College

FURTHER READING:

Eye evolution and the roles of vision
Mammals: A very short introduction

The skeletons of four successive
synapsids, from a primitive reptile-like
grade at the top to an early mammal at
the bottom.

Fossil of a 260 million year old
synapsid called Procynosuchus.
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COMPETITION 3: EVOLUTION OF FLIGHT
Like mammals, birds are highly evolved endotherms. Scientifically they are
thought of as miniature, feathered, flying dinosaurs. As with the mammal
story, the fossil record of their evolution includes several intermediate
grades of adaptation, in this case various dinosaurs. Investigate the
evolution of bird characteristics such as bipedalism (walking on the back
legs), feathers for insulation, air sacs to aid breathing, and wings for flying;
here is a source you might start with.
Write a 500 word essay on what you have found out about how the ability
of birds to fly evolved. You may want to include diagrams of your own to
help explain your findings.

CLICK HERE TO SUBMIT
YOUR ANSWER

WHAT’S NEXT ON THE COURSE?

Remember to submit your competition entries
by Monday 1 February 2021! Click here to see the
guidelines for competition entries.
We’ll also send you the materials for Class 2 on the
1 February, and the winners of Class 1 competitions
will be announced in the weeks afterward.
Until then, feel free to explore our website Inspire
Digital - we’ve got all sorts of bonus material for you
to find, from practice interview questions to links to
other online events happening around Oxford!
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