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Natural Selection & Evolution

Natural Selection & Evolution

= Species do not stay the same over time; the species that we see around us today have developed
overmillions of years
= This process of species change is known as evolution
= Evolution canbe defined as:
Changes in the heritable characteristics of organisms over generations

= Scientist Charles Darwin came up with the theory of evolution by natural selection after a five-year
expedition around the world during which he observed anincredible variety of organisms
= Natural selectionis the process that drives evolution. It can be defined as:
= The process by which organisms that are better adapted to their environment survive, reproduce,
and pass on theiradvantageous alleles, causing advantageous characteristics toincrease in
frequency within a population

On the Origin of Species

= Darwin published his book "On the Origin of Species"in 1859
= |tcontained the following statements and deductions
= Theincreased survival chances of individuals with advantageous alleles mean that advantageous
characteristics are more likely to be passed down through the generations because those
individuals reproduce more
= The number of individuals in a population with a particular favourable characteristic will increase
over time; the characteristic is said to increase in frequency
= Eventually, this favourable characteristic will become the most common of its kind in the
population; the population can be said to have adapted to its environment through the process of
natural selection
= While favourable characteristics increase in frequency by natural selection, unfavourable
characteristics decrease in frequency by the same process
= |ndividuals with unfavourable characteristics are less likely to survive, reproduce, and pass on
the alleles for their characteristics, so unfavourable characteristics are eventually lost from the
population

NOS: Darwin’s theory provided a convincing mechanism and replaced
Lamarckism. Students should understand the meaning of the term “paradigm
shift”

= Darwin's theory was seen as very controversial at the time, itis said to have caused a paradigm shift
= Paradigm shifts occur when scientific research contradicts previous assumptions
= Darwin's theory replaced Lamarckism
= Thiswas theideathatan organism could pass on physical characteristics they acquired during
theirlifetime to their offspring
= Nearly 200 years of genetic research backs up Darwin's theory of evolution by natural selection
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An example of natural selectioninrabbits /

= Variationin fur colour exists within a rabbit population Your notes
= One allele codes forbrown furand another for white fur
= Rabbits have natural predators such as foxes, which act as a selection pressure
= The brownrabbits are more likely to survive and reproduce due to having more effective camouflage
= Whenthe brown rabbits reproduce they pass on their alleles to their offspring
= The frequency of brown fur allelesin the population willincrease
= Overmany generations, the frequency of brown fur willincrease and the frequency of white fur will
decrease

Selection pressuresin a rabbit population diagram

REPRODUCTION
OVER ONE
GENERATION

RABBIT DOESN'T SURVIVE
DUE TO PREDATION AND
SO DOESN’'T REPRODUCE

Selection pressures act on a rabbit population for one generation; predation by foxes causes the
frequency of brown fur in rabbits to increase and the frequency of white fur in rabbits to decrease
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Generating Variation: Mutation & Sexual Reproduction

= Differences exist between organisms of the same species
= These differences are known as variation
= Examples of variationinclude:
= Coatcolourinmammals
= Bodylengthinfish
= Flower colourin flowering plants
= The process of natural selection can only take place when there is variation in a population
= |f everyorganisminapopulationisidentical then no individual will be favoured over another
= There willbe no advantageous characteristics leading to increased survival and chances of
reproduction, and so there would be no increased likelihood of passing on those advantageous
alleles
= |nthissituation, a population's characteristics would remain the same over time and it would be
unable to adapt to any environmental changes
= Variationresults from small differences in DNA base sequences between individual organisms within a
population
= There are several sources of these differencesin DNA base sequences:
= Mutation
= Meiosis
= Random fertilisation during sexual reproduction
Mutation

= The original source of genetic variation is mutation
= Amutationis achangein the DNA base sequence that results from a copying error during DNA
replication
= Mutationresultsin the generation of new alleles
= Mutations that take place in the dividing cells of the sex organs lead to changesin the alleles of the
gametes that are passed on to the next generation
= Anew allele may be advantageous, disadvantageous or have no apparent effect
= Anadvantageous allele is more likely to be passed on to the next generation because itincreases
the chance that an organism will survive and reproduce
= Adisadvantageous mutation is more likely to die out because an organism with such a mutationis
less likely to survive and reproduce
= Note that a mutation taking place in a body, or somatic, cell willnot be passed on to successive
generations, and so will have no impact on natural selection
= Mutationis the only source of variation in asexually reproducing species

Meiosis

= There are two main events during the process of meiosis that generate variation
= Crossingover
= Random orientation

= Crossing overis the process by which homologous chromosomes exchange alleles
= During meiosis | homologous chromosomes pairup
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= The non-sister chromatids can cross over and get entangled /
= Asaresult of this, a section of chromatid from one homologous chromosome may break and
rejoin with the chromatid from the other chromosome Your notes

= This swapping of alleles is significant as it canresult in a new combination of alleles on the two
homologous chromosomes

Chromosomes crossing over diagram

CENTROMERE |

}—{ CHROMOSOME

'SINGLE
CHROMATID

BREAKING AND
REJOINING OCCURS

M
|

PARENTAL CHROMATIDS SEPARATE
COMBINATION » IN MEIOSIS I
OF ALLELES

NEW COMBINATION
OF ALLELES

The process of crossing over can result in new combinations of alleles

= Random orientation occurs due to the independent arrangement of homologous pairs along the
equator of the cell during metaphase |
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= Each pair can be arranged with either chromosome on either side of the cell; thisis completely
random
= The orientation of one homologous pairis independent, or unaffected by the orientation of any
other pair
= Thisis sometimes described asindependent assortment
The homologous chromosomes on the equator of the cell are pulled apart to different poles, and will
eachendupinaseparate daughtercell
The combination of alleles that end up in each daughter cell depends on how the pairs of homologous
chromosomes were lined up
To work out the number of different possible chromosome combinations the formula 2" can be used,
where n corresponds to the number of chromosomes in a haploid cell
= E.g.forhumansthisis 223 which calculates as 8,324,608 different combinations

Random orientation of chromosomes diagram

TWO PAIRS OF
HOMOLOGOUS
CHROMOSOMES
THE PAIRS LINE UP
FOR TWO BIVALENTS ALONG THE EQUATOR
THERE ARE TWO OF THE SPINDLE
POSSIBLE ORIENTATIONS INDEPENDENTLY OF
EACH OTHER
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AT THE END OF MEIOSIS Il, EACH ORIENTATION GIVES
TWO TYPES OF GAMETE. THERE ARE THEREFORE FOUR
TYPES OF GAMETE ALTOGETHER

Random orientation of chromosomes

Random fertilisation during sexual reproduction

Meiosis creates genetic variation between the gametes through crossing over and independent
assortment

This means each gamete carries substantially different alleles

During fertilisation any male gamete can fuse with any female gamete to form a zygote

This random fusion of gametes at fertilisation creates genetic variation between zygotes as each will
have a unique combination of alleles

Thereis an almost zero chance of individual organisms resulting from successive sexual reproduction
being genetically identical

Fusion of gametes during fertilisation diagram
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THE GAMETES ARE ALREADY GENETICALLY DIVERSE
DUE TO INDEPENDENT ASSORTMENT AND CROSSING
OVER DURING MEIOSIS

The random fusion of gametes during fertilisation

Sources of genetic variation table
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Mechanism

Random alignment of
chromosomes results in dif ferent
combinations of chromosomes and
different allele combinations in
each gamete

Consequences

Genetic variation
between gametes
produced by an
individual

Crossing over of
non—sister chromatids
during prophase |

Exchange of genetic material
between non—sister chromatids
leads to new combinations of
alleles on chromosomes. It can
also break linkage between genes

Genetic variation
between gametes
produced by an
individual

Random fusion of
gametes during
fertilization

Any male gamete is able to fuse
with any female gamete (Random
mating in a species population)

Genetic variation
between zygotes and
resulting individuals

Mutation

Random change in the DNA base
sequence results in the
generation of anew allele.
Mutation must exist within gam—
etes for it to passed onto future
generations

Genetic variation
between individuals
within a species
population

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

Page 9 of 21

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Overproduction of Offspring & Competition

= The number of offspring, or young, produced in each breeding event differs between species
= Some species produce small numbers of young, e.g. elephants usually give birth to just one baby
perpregnancy
= Some species produce many offspring e.g. some species of ant can lay 3-4 million eggsinone go
= |tismore usual for organisms to produce multiple offspring
= There are often more offspring produced than can be supported by the surrounding environment
= Darwin noticed this, and named the phenomenon 'overproduction of offspring’
= The overproduction of offspring within a populationleads to competition for resources as population
sizeis naturally limited by environmental factors
= E.g.availability of food, space and light
= These environmental factors limit the carrying capacity of a species' population
= Aninsufficient amount of resources means that alarge number of offspring fail to survive and
reproduce
= Overproduction of offspring and competition for resources promote natural selection
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Intraspecific Competition & Natural Selection /
= Habitats have limited resources Your notes
= Whenindividuals within a habitat fight over or try to obtain alimited resource they are said to be
"competing”

= Competition can occur betweenindividuals of different species (interspecific competition) and
between individuals of the same species (intraspecific competition)
= Intraspecific competition plays a greaterrole in evolution because:
= |ndividuals are more likely to interact with members of their own species
= |ndividuals of the same species share the same niche
= They are affected by the same abiotic and biotic factors

How does intraspecific competition promote natural selection?

= Variationis present within the species population
= Some individuals have characteristics that make them better adapted for survival
= Forexample, lions that are stronger and faster are more likely to be able to catch prey and
therefore more likely to survive
= Thisis sometimes described as 'survival of the fittest'
= |ndividuals that are well adapted and survive into adulthood are more likely to find a mate and
reproduce, producing many offspring
= |ndividuals that are less well adapted, do not survive long into adulthood and are likely to reproduce
less often than those that survive forlonger, so producing fewer offspring
= Theseindividuals may notreach adulthood and so do not get the chance to reproduce at all

O Examiner Tip

When answering exam questions, be careful not to imply that organisms better adapted to their
environments are guaranteed to survive. Instead, you should say that they are more likely to survive.
Organisms that are less suited to an environment are still able to survive and potentially reproduce
withinit, but their chance of survival and reproductionis lower than their better-adapted peers.
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Heritable Traits & Evolutionary Change

Many of the characteristics that affect anindividual's chances of survival are determined by the alleles
of genes presentin their DNA
Characteristics that are determined by alleles are heritable
= Heritable characteristics can be physical e.g. the length of a giraffe's neck, or behavioural e.g. the
innate behaviour of a woodlouse moving towards a dark hiding place
Individuals with characteristics that increase their chances of survival are likely to produce more
offspring
This means that they are more likely to pass on the alleles that code for these advantageous
characteristics to their offspring
Note that non-heritable characteristics are not passed on to offspring
= Non-heritable characteristics are those acquired during the lifetime of an organism e.g. gaining
weight after eating lots of nuts and berries in autumn, or being injured by a predator
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Selection Pressures /
Your notes

Selection Pressures: Abiotic Factors

= |nBiology, ‘abiotic’ means non-living
= Anabiotic factoris anon-living factor within an ecosystem
= Some abiotic factors are density-independent
= E.g.temperature orrainfall
= Abiotic factors canact as selection pressures
= They affect the survival of individuals in a population, causing the population size to fluctuate

Abiotic Factors Table
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4

HOW ABIOTIC FACTOR AFFECTS Your notes

ABIOTIC FACTOR COMMUNITY

LIGHT INTENSITY LIGHT IS NEEDED BY PLANTS FOR
PHOTOSYNTHESIS. MORE LIGHT LEADS TO
AN INCREASE IN RATE OF PHOTOSYNTHESIS
AND AN INCREASE IN PLANT GROWTH RATE

TEMPERATURE AFFECTS THE RATE OF PHOTOSYNTHESIS
INPLANTS

MOISTURE LEVELS PLANTS AND ANIMALS REQUIRE WATER
TO SURVIVE

SOIL pH AND MINERAL | DIFFERENT SPECIES OF PLANTS ARE
CONTENT ADAPTED TO DIFFERENT SOIL pH LEVELS
AND NUTRIENT CONCENTRATION LEVELS

WIND INTENSITY AND | WIND SPEED AFFECTS TRANSPIRATION
DIRECTION RATE IN PLANTS. TRANSPIRATION AFFECTS
THE RATE OF PHOTOSYNTHESIS AS IT
ENSURES WATER AND MINERAL IONS ARE
TRANSPORTED TO THE LEAVES

CARBON DIOXIDE CO, IS REQUIRED FOR PHOTOSYNTHESIS IN
LEVELS FOR PLANTS PLANTS. CO, CONCENTRATION AFFECTS
THE RATE OF PHOTOSYNTHESIS

OXYGEN LEVELS FOR SOME AQUATIC ANIMALS (SUCH AS FISH)
AQUATIC ANIMALS CAN ONLY SURVIVE IN WATER WITH HIGH
OXYGEN CONCENTRATIONS
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Selection Pressures: Sexual Selection

= Sexual selectionis another type of selection pressure that can affect the evolution of animal species
= |tcanbedefinedas:
= Aform of selection that occurs due to the preference of one sex for certain characteristics in
individuals of the other sex
= |norderforaselectionpressure to have an effect, there needs to be variation within the population
= Within the male cohort of a population, there will be variation in physical and behavioural traits
which are visible to the female cohort (and vice versa)
= These differences are sometimes viewed asindicators of overall fitness by the females within the
population
= Asaresult, they can affect anindividual's successin attracting a mate and drive the evolution of an
animal population

What are the effects of sexual selection?

= Sexual selectionwithin a population can cause:
= Reproductiveisolation
= Sexual dimorphism
What is reproductiveisolation?

= Reproductiveisolation occurs when changesin the alleles and phenotypes of some individualsina
species prevent them from successfully breeding with otherindividuals that don't have these
changed alleles or phenotypes
= Forexample, certain alleles may result in changes in male courtship behaviour meaning they are no
longer attractive to females
= Thefemalesnolongerchoose to mate with these males, creating reproductive isolation

What is sexual dimorphism?

= Sexual dimorphismis the distinct difference in size or appearance between the sexes of an animal
species
= Sexual dimorphismis commonly seen in Birds of Paradise
= The male birds are brightly coloured and can perform intricate courtship displays
= Thefemale's plumage consists of greys and browns

How does sexual dimorphism occur?

= Aphysicaland/or behavioural trait within the male phenotype is used as anindicator of fitness by the

femalesin the population
= E.g.amale peacockwithvibrant, healthy tail feathersislikely to have alower disease burden
compared to a male with dull, sparse tail feathers

= Females are more likely to be attracted to and mate with males that display the desired traits

= QOvertime, the genes associated with these traits are inherited by subsequent generations and they
become more prominent within the species

= Asaresult, sexual selection canimpact mating success, driving the evolution of an animal population

What is the difference between natural selection and sexual selection?
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= Natural selection occurs due to competition for resources whereas sexual selection occurs due to ,
competition for mates
= Onislands where resources are plentiful and predators rare, females are often the primary
selection pressure which determines how males evolve
= Sexual selectionresultsin animals with enhanced mating success whereas natural selection tends to
resultin populations of individuals that are well-adapted to their environment
= Sexual selection does notresultinindividuals that are well-adapted to their environment
= E.g.Peacockspossessiridescent tail feathers with a specific eye-spot pattern which are used
heavily during courtship displays to females
= Overtime, sexual selectionin peacocks has resulted in males with longer tail feathers and more
elaborate patterns
= These traits actually make the bird more prone to predation, reducing their chances of survival
= Alongtail reduces agility, ability to fly and makes the bird easier to spot
= Sexual selection canbe a more prominent evolutionary force than natural selection as variationin

Your notes

mating success can:

= Amplify selection

= Maintain new genetic variation among individuals
= Bothof which canresultinrapid evolutionary change

Peacock and Peahen
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Your notes

https://commons.wikimedia.org/wiki/File:Peacock_with_peahen.jpg
A male peacock proudly displays his elaborate tail feathers in an attempt to attract a female mate

= The concept of sexual selectionis viewed as Darwin's second-greatestinsight
= Darwinwas aware that the existence of traits that were not favoured by natural selectionneeded a
reasonable explanation
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Selection Pressures: Skills /

Your notes

Modelling Sexual & Natural Selection

Selectionin guppies

= Guppies are a species of fish found in the mountain forest streams of Trinidad and Tobago
= They exhibit variation in colour and pattern, as well as sexual dimorphism
= Males tend to be brightly coloured while females are dullin colour
= The colouration (specifically the spots) of guppies provides them with camouflage from predators
= Theirspots mimic the gravel of the streambeds in their native streams
= Some streambeds are finer and sandier while others are coarserand more pebble-like
= Certain streams provide more natural protection through hiding spots from predators

John Endler's experiments with guppies

= Inthe1970s a scientist named John Endler observed guppiesin Trinidad and noticed that their colour
patterning changed with predation pressure
= He conductedlab and field research on guppy populations to investigate the effects of natural and
sexual selection on the evolution of the guppies
= Endler came up with several hypotheses:
= When predators are present, the substrate type of the streambed impacts survival, causing spot
brightness to change
= When predationrateislow spot brightness on male guppies increases due to sexual selection
= Aspredationincreases the brightness of the spots decreases
Laboratory experiment

= Endlerused a greenhouse to recreate a tropical environment
= Priorto the experiment the guppies were living in large tanks and breeding freely for six months with no
predation
= These guppies exhibited a wide range of spot size and number
= Endler counted and measured the spots on all of the guppies
= Guppies were thenrandomly assigned to go into ten ponds inside the greenhouse
= Five ponds had coarse gravel
= Five ponds had fine gravel
= The ponds were exposed to three different levels of predation:
= Two ponds had no predation
= One with fine and one with coarse gravel
= Fourponds contained a dangerous predator, e.g. pike cichlid
= Two with fine and two with coarse gravel
= Fourponds contained a weak predator, e.g. the killifish
= Two with fine and two with coarse gravel
= Oncethe predators were introduced the experiment was allowed to run for five months
= Endlerthen counted and measured the spots on all of the guppies
= The experiment was allowed to run for a further nine months, after which more data was collected
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Results

= Endlerpredicted that:
= Ahighpredationrate would cause the populations to diverge from each other
= Sothe guppiesinponds with coarse gravel should have different patterns/colouration to
those in ponds with fine gravel
=  Alow predationrate would allow the male guppies to become more conspicuous
= The brightness of their spots would help them to attract females
= Endler found that when predators were introduced there were significant changes in the guppies:
= |nponds with a high predationrate the mean number of spots decreased
= |npondswith alow predationrate the number of spots continued to increase
= |npondswith coarse gravel guppies tended to have larger spots, whereas in the ponds with finer
gravel guppies tended to have smaller spots
= Thiswas true of ponds with alow and high predationrate
= Thiscanbeinterpreted as spot size mimicking gravel size
= |npondswith no predation the opposite was observed; fine gravel ponds favoured large spots on
male guppies while coarse gravel ponds favoured small spots
= |twas thought that not matching their background make males more conspicuous, which can
help to attract females
Field experiment

= Endlertransferred a number of dull male guppies from an area of high predation to an area of low
predation
= Heleftthem there for15 guppy generations (two years) before returning to observe any changes
= Whenhereturned he noticed that the male guppies had more colourful patterning
= Thiswas likely due to sexual selection and the absence of strong predation

Interpreting results

= Thelab and field experiments that Endler carried out demonstrated that the evolutionin the guppy
populationsisn't clear cut;itis a dynamic process of natural and sexual selection
= Natural selection occursin guppies due to competition for food and avoidance of predators
= Predators can spot brightly coloured males more easily, reducing their survival chances
= Thisleadsto selectionforless highly coloured/spotted individuals within the population
= Sexual selection occurs as some traits (e.g. bright colouration) provide a reproductive advantage
= Maleswith brighterand bigger spots are more likely to obtain a mate, reproduce and pass on their
alleles that code for these specific characteristics
= Atrade-off between these two types of selection occurs
= Althoughinareas with high predationrates, brightly coloured males are less likely to survive,
regardless of theirreproductive advantage

Endler's results graph
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Endler's experimental data from the lab and field are presented in several graphs. The colour of the
guppies was evaluated by counting the colour, brightness and number of spots.
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O Examiner Tip /

Your notes
You needto be able tointerpret the graphs containing Endler's data; you should be able to match the

results described in the text above with the data shownin the graphs.

Itis animportant exam skill to be able to pick out key information from confusing graphs. The most
useful part of theimage is the bottom right-hand graph; this one summarises the key trends between
ponds with different predation levels and the brightness/number of spots.
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