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5.1.1 Evolution

Evolution De�ned

Species  do  no t stay the same o ver time; the species that we see aro und us to day have

develo ped o ver millio ns o f years

This pro cess o f species change is kno wn as evo lutio n

Evo lutio n can be de�ned as:

Changes in the heritable characteristics o f  o rganisms o ver generatio ns

Heritable  characteristics are tho se that can be inherited by, o r passed o n to , the next

generatio n

Changes in characteristics that are no t inherited, e.g. a plant having its leaves eaten, do  no t

lead to  evo lutio n

Heritable characteristics are determined by the alleles o f genes that are present in an

individual

Alleles may change as a result o f rando m mutatio n, causing them to  beco me mo re o r less

advantageo us

Heritable characteristics that are advantageo us  are mo re likely to  be passed o n to  o �spring,

leading to  a gradual change  in a species o ver time

This is the pro cess o f natural selectio n 

Changes in the heritable characteristics o f o rganisms can also  lead to  the develo pment o f

co mpletely new species

The fo rmatio n o f new species via the pro cess o f evo lutio n has resulted in a great diversity o f

species  o n Earth

Theo retically, at the o rigin o f life o n Earth, there wo uld have been just o ne  single species

This species evo lved into  separate new species

These species wo uld then have divided  again, each fo rming new species o nce again

Over millio ns o f years, evo lutio n has led to  co untless numbers o f these speciatio n events,

resulting in the millio ns o f species no w present o n Earth
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Evolutionary change over a long period of time has resulted in a great diversity of species
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Speciation

The theo ry o f  evo lutio n states that species do  no t stay the same, but change o ver time; this

can lead to  the pro cess o f speciatio n

Speciatio n can be de�ned as:

The development of  new species f rom pre-existing species over

time

Speciatio n can result fro m geo graphical iso latio n

This means that a species is separated into  two  po pulatio ns by e.g. being o n di�erent islands

o r di�erent sides o f a mo untain range

The o cean and the mo untains in these examples are geo graphical barriers

This creates two  po pulatio ns o f the same species who  canno t interbreed due to  being in

di�erent places; as a result, no  exchange o f  genes, o r gene �o w, will o ccur between them

The di�erent enviro nmental co nditio ns fo r the two  po pulatio ns might mean that di�erent alleles

are advantageo us, so  di�erent alleles are mo re likely to  be passed o n and beco me mo re

frequent in each po pulatio n; this is the pro cess o f natural selectio n

The allele frequencies in the two  po pulatio ns change o ver time

Genetic drift can also  a�ect allele frequencies

Over time, the two  po pulatio ns may begin to  di�er physio lo gically, behavio urally  and

mo rpho lo gically to  such an extent that they can no  lo nger interbreed to  pro duce f ertile

o �spring; speciatio n has o ccurred

Example: speciat ion in t rees

A po pulatio n o f trees exists in a mo untaino us habitat

A new mo untain range fo rms that divides the species  into  two  po pulatio ns

The geo graphical barrier prevents the two  po pulatio ns fro m interbreeding, so  there is no  gene

�o w between them

The two  po pulatio ns experience di�erent enviro nments, so  di�erent alleles  beco me

advantageo us

Di�erent alleles are therefo re mo re likely to  be passed o n in each po pulatio n

Di�erent alleles beco me mo re f requent  in each po pulatio n

Over tho usands o f years, the divided po pulatio ns f o rm two  distinct species  that can no  lo nger

interbreed to  pro duce fertile o �spring
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The geographical barrier of a mountain range can lead to speciation in trees

Exam T ip

Speciatio n co mmo nly o ccurs after a species expands its range  to  new geo graphical areas. This

pheno meno n is evidenced by the large number o f endemic species fo und o n islands such as the

Hawaiian ho neycreepers; a gro up o f mo re than 50 bird species fo und in the Hawaiian

archipelago !
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5.1.2 Evolution: Evidence

Evidence for Evolution: Fossils

Fo ssils are the preserved remains  o f o rganisms, o r the traces left by o rganisms, such as

fo o tprints, burro ws and faeces

These remains can be preserved, e.g. in ro cks, by the pro cess o f petri�catio n, during which

the tissues o f o rganisms are replaced with minerals

The fo ssil reco rd is small in relatio n to  the number o f o rganisms that have ever lived, due to

the co nditio ns f o r f o ssilisatio n being so  rare

We can tell fro m fo ssils that o rganisms have changed signi�cantly o ver millio ns o f  years

Fo ssils, as well as the ro cks they are fo und in, can be dated, allo wing us to  accurately put

fo ssil o rganisms into  a sequence  fro m o ldest to  yo ungest, and therefo re see ho w

o rganisms have changed thro ugh evo lutio nary time

The fo ssil reco rd sho ws the kind o f pro gressio n that the theo ry o f evo lutio n wo uld lead us

to  expect, with o lder fo ssils sho wing simpler lif e f o rms  and co mplexity increasing with

time

The sequence o f fo ssils aligns with eco lo gy gro ups:

Plant fo ssils appear earlier in the fo ssil reco rd than animals

Plants with the ability to  be po llinated by insects appear befo re insect po llinato rs

Fo ssils can sho w evidence fo r transitio nal species, sho wing ho w o ne species co uld evo lve

into  ano ther e.g. Ambulocetus is a fo ssil that links amphibians with early whale-like o rganisms,

and Archaeopteryx appears to  link reptiles with birds

Evidence for Evolution: Selective Breeding

Selective breeding is a pro cess in which humans cho o se  o rganisms with desirable

characteristics and breed them to gether to  increase the expressio n o f these characteristics

o ver many generatio ns

The pro cess o f selective breeding has enabled humans to  pro duce desirable cro p

varieties  and livesto ck with exaggerated characteristics fro m wild varieties and species,

e.g.

Desirable cro p varieties include tho se with a high yield and disease resistance

Exaggerated characteristics in livesto ck include thick, heavy wo o l in sheep, and large

vo lumes o f milk pro duced in dairy cattle

Selective breeding invo lves changes to heritable characteristics o ver many generatio ns, and

so  it is an example o f evo lutio n in actio n

This practice is also  kno wn as arti�cial selectio n

It makes use o f the principles o f  natural selectio n, but is carried o ut by humans

In natural selectio n, advantageo us alleles are mo re likely to  be passed o n because they

increase an o rganism's chances o f survival

In arti�cial selectio n, o r selective breeding, desirable alleles  are mo re likely to  be passed

o n because humans decide which individuals will be used fo r breeding

Humans have been selectively breeding o rganisms fo r tho usands o f years, lo ng befo re scientists

understo o d genes and alleles
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T he process of  select ive breeding

�. The po pulatio n sho ws variatio n; there are individuals with di�erent characteristics

�. Breeders select individuals with the desired characteristics; selected individuals sho uld no t

be clo sely related to  each o ther

�. Two  selected individuals are bred to gether

�. The o �spring pro duced reach maturity and are then tested f o r the desirable characteristics;

tho se that display the desired characteristics to  the greatest extent are selected fo r further

breeding

�. The pro cess is repeated o ver many generatio ns; the best individuals fro m the o �spring are

co ntinually cho sen fo r breeding until all o �spring display the desirable characteristics

The wolf was bred selectively over thousands of years to produce a wide variety of domesticated dog

breeds.
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Evidence for Evolution: Homologous Structures

Ho mo lo go us structures  are bo dy parts that may lo o k and f unctio n very di�erently  but share

structural similarities

The limbs o f animals are a go o d example o f this; animals have many di�erent mechanisms o f

mo tio n and limb use, but the basic arrangement o f  bo nes in many di�erent types o f limbs is  very

similar

E.g. The limbs o f birds, bats, cro co diles, whales, ho rses, and mo nkeys are used very

di�erently and are visually very di�erent, but are structurally very similar to  each o ther

One explanatio n fo r the surprising similarities o f these di�erent limbs is that o f adaptive

radiatio n; the idea that o rganisms with ho mo lo go us structures have all evo lved f ro m a shared,

co mmo n ancesto r but have adapted to  di�erent enviro nments  in the pro cess

No te that adaptive radiatio n do es no t pro vide pro o f  that these o rganisms have evo lved

fro m a co mmo n ancesto r, but it is a go o d explanatio n fo r the existence o f ho mo lo go us

structures

A homologous st ruct ure: t he pent adact yl limb

A pentadactyl limb  is any limb that has  �ve digits  i.e. �ve �ngers o r to es

Pentadactyl limbs are present in many species  fro m many gro ups o f  o rganisms, including

mammals, birds, amphibians, and reptiles

In di�erent species, the pentadactyl limb has a similar bo ne structure  but can enable an animal to

mo ve in a very di�erent way

The human f o o t evo lved fo r upright walking and running

Whale �ippers  enable them to  pro pel themselves thro ugh a marine enviro nment

Bird wings  are usually highly adapted fo r �ight

 The limbs o f  f ro gs  allo w them to  walk, jump  and swim

Alligato r limbs  enable them to  walk and swim

Altho ugh the individual bo nes  o f the pentadactyl limb in these example animals are very

di�erent shapes and siz es  due to  their di�erent mechanisms o f lo co mo tio n, their layo ut  is

almo st exactly the same
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The bone structure of the pentadactyl limb of a human, whale, bird, frog, and alligator; they all have the

same basic layout despite having evolved for di�erent functions

Vest igial st ruct ures

No te that vestigial structures, while di�erent in nature fro m ho mo lo go us structures, can also  be

explained by co mmo n ancestry

Vestigial structures are tho se that no  lo nger have a f unctio n in an o rganism

E.g. pelvis bo nes in snakes and whales and wings in �ightless birds

These structures tend to  be ho mo lo go us to  structures that perf o rm a f unctio n in o ther

species

The presence o f vestigial structures suggests a shared ancestry  with tho se species that

po ssess a f ully f unctio ning equivalent  o f the same structure

Vestigial structures are co nsidered to  be 'evo lutio nary lefto vers'; they wo uld have had a

f unctio n in an ancestral o rganism, but a change in the enviro nment led to  lo ss o f  use  e.g. a gro up

o f �sh trapped in a dark cave wo uld have no  use fo r eyes

The presence o f vestigial structures do es no t harm the species in which they are fo und, so

there is no  advantage to  be gained by lo sing them co mpletely; hence their persistence

NOS: Looking f or pat t erns, t rends and discrepancies; t here are common f eat ures in

t he bone st ruct ure of  vert ebrat e limbs despit e t heir varied use

When patterns  and trends  are o bserved in nature, scientists seek to  �nd explanatio ns  that �t

with these o bservatio ns

Here, scientists have o bserved a pattern in the limb structure o f animals; despite

di�erences in appearance and f unctio n, the general structure  o f the pentadactyl limb is

repeated  thro ugho ut the animal kingdo m

The explanatio n that best �ts this o bservatio n is that all animals evo lved fro m a co mmo n

ancesto r that itself had a pentadactyl limb, in the pro cess o f adaptive radiatio n

This is the o nly explanatio n so  far that makes sense o f the pattern o f  ho mo lo go us

structures  seen in nature, and it suppo rts the theo ry that o rganisms evo lve o ver time
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Evidence for Evolution: Continuous Variation Between Populations

Di�erent po pulatio ns o f a species may sho w small amo unts o f variatio n between each

po pulatio n e.g. a few mm in beak length between bird po pulatio ns

Beak length is an example o f co ntinuo us variatio n

The presence o f co ntinuo us variatio n between po pulatio ns acro ss their geo graphical range

can lead to  gradual divergence

The term divergence  refers to  the species beco ming separate; this is the pro cess o f

speciatio n

It can so metimes be di�cult to  make decisio ns abo ut the po int at which po pulatio ns sho wing

co ntinuo us variatio n have diverged into  di�erent species, and bio lo gists so metimes disagree

o ver whether separate po pulatio ns are the same species, di�erent subspecies, o r separate

species

E.g. Orca, o r killer whale, po pulatio ns can sho w di�erent bo dy shapes and markings, and

there is debate amo ng scientists aro und whether there is o nly o ne species o f o rca, several

subspecies, o r several species

Evidence f or gradual divergence

There are several examples aro und the wo rld o f gro ups o f species fo und in a particular

geo graphical lo catio n where the di�erences between tho se species are small, e.g.

Darwin's �nches; many species o f small bird o bserved by Darwin in the Galapago s islands

Hawaiian ho neycreepers; a gro up o f mo re than 50 bird species fo und in the Hawaiian

archipelago

The presence o f co ntinuo us variatio n like this, between species, and acro ss their geo graphical

range, suggests that these species evo lved by gradual divergence  as a result o f co ntinuo us

variatio n between histo rical po pulatio ns

Fo r example, Hawaiian ho neycreepers sho w co ntinuo us variatio n acro ss their geo graphical

range; because o f this, they are tho ught to  have evo lved  fro m a series o f  ancestral po pulatio ns,

fro m which gradual divergence gave rise to  many di�erent species
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The Hawaiian honeycreepers show continuous variation across their geographical range, suggesting that

they diverged gradually from a common ancestor
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Evidence for Evolution: Melanistic Insects in Polluted Areas

Because evo lutio n generally happens o ver millio ns o f  years, it is di�cult to  see it taking place,

and we o ften have to  rely o n evidence fro m the f o ssil reco rd, and evidence o f co mmo n

ancestry  such as ho mo lo go us structures  and co ntinuo us variatio n between species

There are, ho wever, so me examples o f evo lutio n, o n a small scale, that sho w changes in heritable

characteristics in a sho rt time frame

E.g. in insects and bacteria

Examples like this rely o n sho rt generatio n times

A famo us example o f evo lutio n taking place in insects is that o f the peppered mo th

and  industrial melanism

Melanin is a dark pigment pro duced in the cells; the mo re melanin is pro duced, the mo re

melanistic  an individual is said to  be, and the darker it will be in co lo ur

It has been no ted that melanistic peppered mo ths  have beco me mo re co mmo n than no n-

melanistic individuals in industrialised parts o f the UK where air po llutio n has increased

Air po llutio n kills o rganisms called  lichens  that gro w o n the bark o f  trees

In areas with clean air, lichens gro w o n tree bark, causing tree trunks and branches to  appear

paler in co lo ur

In these areas, no n-melanistic mo ths  are well camo u�aged  against the trees, and

therefo re mo re likely to  survive  and pass o n the alleles fo r no n-melanism

In po lluted areas, lichens are killed, causing tree trunks and branches to  appear darker in

co lo ur

Here, melanistic mo ths  are well camo u�aged, increasing their chances o f surviving and

passing o n the alleles fo r melanism

The frequency o f no n-melanistic individuals theref o re increases in no n-po lluted areas,

and the frequency o f melanistic individuals increases in po lluted areas

This change in the heritable characteristic  o f melanin pro ductio n o ver generatio ns  o f mo ths

sho ws evo lutio n taking place
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In areas with higher levels of air pollution the frequency of melanistic moths increases
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5.1.3 Variation

Variation

Di�erences  exist between o rganisms o f the same species

These di�erences are kno wn as variatio n

Examples o f variatio n include:

Co at co lo ur in mammals

Bo dy length in �sh

Flo wer co lo ur in �o wering plants

The pro cess o f natural selectio n can o nly take place  when there is variatio n in a po pulatio n

If every o rganism in a po pulatio n is identical then no  individual will be favo ured o ver ano ther

There will be no  advantageo us characteristics  leading to  increased survival and chances o f

repro ductio n, and so  there wo uld be no  increased likeliho o d o f passing o n tho se

advantageo us alleles

In this situatio n, a po pulatio n's characteristics wo uld remain the same o ver time  and it wo uld

be unable to  adapt  to  any enviro nmental changes
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Causes of Variation

Variatio n results fro m small di�erences in DNA base sequences  between individual o rganisms

within a po pulatio n

There are several so urces o f these di�erences in DNA base sequences:

Mutatio n

Meio sis

Rando m fertilisatio n during sexual repro ductio n

Mut at ion

The o riginal so urce o f genetic variatio n is mutatio n

A mutatio n is a change in the DNA base sequence  that results fro m a co pying erro r during DNA

replicatio n

Mutatio n results in the generatio n o f  new alleles

Mutatio ns that take place in the dividing cells o f  the sex o rgans  lead to  changes in the alleles o f

the gametes that are passed o n to  the next generatio n

A new allele may be advantageo us, disadvantageo us  o r have no  apparent e�ect

An advantageo us allele is mo re likely to  be passed o n to  the next generatio n because it

increases the chance that an o rganism will survive and repro duce

A disadvantageo us mutatio n is mo re likely to  die o ut  because an o rganism with such a

mutatio n is less likely to  survive and repro duce

No te that a mutatio n taking place in a bo dy, o r so matic, cell will no t be passed o n to  successive

generatio ns, and so  will have no  impact o n natural selectio n

Mutatio n is the o nly so urce o f variatio n in asexually repro ducing species

Meiosis

There are two  main events during the pro cess o f meio sis  that generate variatio n

Cro ssing o ver

Rando m o rientatio n

Cro ssing o ver is the pro cess by which ho mo lo go us chro mo so mes exchange alleles

During meio sis I ho mo lo go us chro mo so mes pair up

The no n-sister chro matids can cro ss o ver and get entangled

As a result o f this, a sectio n o f chro matid fro m o ne ho mo lo go us chro mo so me may break

and rejo in with the chro matid fro m the o ther chro mo so me

This swapping o f alleles is signi�cant as it can result in a new co mbinatio n o f  alleles o n the two

ho mo lo go us chro mo so mes
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The process of crossing over can result in new combinations of alleles

Rando m o rientatio n o ccurs due to  the independent arrangement o f ho mo lo go us pairs alo ng

the equato r o f the cell during metaphase I

Each pair can be arranged with either chro mo so me o n either side o f  the cell; this is

co mpletely rando m

The o rientatio n o f  o ne ho mo lo go us pair is independent, o r una�ected by the o rientatio n

o f any o ther pair

This is so metimes described as independent asso rtment
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The ho mo lo go us chro mo so mes o n the equato r o f the cell are pulled apart  to  di�erent po les,

and will each end up in a separate daughter cell

The co mbinatio n o f alleles that end up in each daughter cell depends o n ho w the pairs o f

ho mo lo go us chro mo so mes were lined up

To  wo rk o ut the number o f di�erent po ssible chro mo so me co mbinatio ns the fo rmula 2  can be

used, where n co rrespo nds to  the number o f chro mo so mes in a haplo id cell

E.g. fo r humans this is 2  which calculates as 8,324,608 di�erent co mbinatio ns

n

23
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Random orientation of chromosomes

Random f ert ilisat ion during sexual reproduct ion

Meio sis  creates genetic variatio n between the gametes thro ugh cro ssing o ver and

independent asso rtment

This means each gamete carries substantially di�erent alleles

During fertilisatio n any male gamete can fuse with any female gamete to  fo rm a z ygo te

This rando m f usio n o f  gametes  at fertilisatio n creates genetic variatio n between z ygo tes as

each will have a unique co mbinatio n o f alleles

There is an almo st z ero  chance o f individual o rganisms resulting fro m successive sexual

repro ductio n being genetically identical
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The random fusion of gametes during fertilisation

So urces o f  Genetic Variatio n Table
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Adaptations

Adaptatio ns can be de�ned as:

Characteristics that cause individuals to be well suited to their

environment and methods of  living

When describing an adaptatio n it is always a go o d idea to  relate the structure  o f a characteristic

to  its f unctio n, e.g.

Fish gills are an adaptatio n fo r survival underwater; they have a very large surf ace area,

enabling them to  maximise o xygen abso rptio n fro m water

The thick fur o f a po lar bear is an adaptatio n fo r survival in a co ld enviro nment; it is thick,

trapping a layer o f warm air next to  the po lar bear's bo dy and pro viding insulatio n

Di�erent beak shapes in birds enable the co nsumptio n o f di�erent types o f fo o d; so me

species o f �nch have sho rt, co ne-shaped beaks  that enable them to  crack nuts and seeds

Adaptatio ns arise in species gradually by evo lutio n thro ugh the pro cess o f  natural selectio n

In a slo wly changing enviro nment , po pulatio ns are able to  adapt  by natural selectio n and

survival co ntinues

If an enviro nment changes quickly, the pro cess o f natural selectio n is to o  slo w and

adaptatio n canno t o ccur fast eno ugh; in this situatio n, a po pulatio n must migrate  to  a

di�erent enviro nment o r it will go  extinct

Exam T ip

Remember that adaptatio n o ccurs as a result o f natural selectio n; a pro cess that acts o n

rando mly o ccurring variatio n, and do es no t o ccur as a direct, purpo seful respo nse to  an

enviro nment; avo id any statements that imply that adaptatio ns o ccur 'so  that' an o rganism can

survive in its enviro nment. Instead, it is co rrect to  say that adaptatio ns o ccur by natural selectio n

as a result o f rando m variatio n in po pulatio ns.

5.1.4 Natural Selection

Overproduction of O�spring

The number o f  o �spring, o r yo ung, pro duced in each breeding event di�ers between species

So me species pro duce small numbers  o f yo ung, e.g. elephants usually give birth to  just o ne

baby per pregnancy

So me species pro duce many o �spring e.g. so me species o f ant can lay 3−4 millio n eggs in

o ne go

It is mo re usual fo r o rganisms to  pro duce multiple o �spring, to  the extent that there are mo re

o �spring pro duced than can be suppo rted  by the surro unding enviro nment

Darwin no ticed this, and named the pheno meno n 'o verpro ductio n o f  o �spring'

Overpro ductio n o f o �spring means that there is always co mpetitio n fo r reso urces
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Survival of the Fittest

In any habitat there are enviro nmental f acto rs  that a�ect survival chances

E.g. predatio n, co mpetitio n fo r fo o d, and disease

Enviro nmental facto rs that in�uence survival chances are said to  act as selectio n pressures

In any po pulatio n, due to  the variatio n present, so me individuals will have characteristics  that

make them better adapted  fo r survival

Fo r example, lio ns that are stro nger and faster are mo re likely to  be able to  catch prey and

therefo re mo re likely to  survive

This is so metimes described as 'survival o f  the �ttest '

Individuals that are well adapted and survive into  adultho o d  are mo re likely to  �nd a mate and

repro duce, pro ducing many o �spring

Individuals that are less well adapted do  no t survive lo ng into  adultho o d are likely to  repro duce

less o f ten than tho se that survive fo r lo nger, so  pro ducing f ewer o �spring

These individuals may no t reach adultho o d and so  do  no t get the chance to  repro duce  at

all

Exam T ip

When answering exam questio ns, be careful no t to  imply that o rganisms better adapted to  their

enviro nments are guaranteed to  survive. Instead, yo u sho uld say that they are mo re likely  to

survive. Organisms that are less suited to  an enviro nment are still able to  survive and po tentially

repro duce within it, but their chance o f survival and repro ductio n is lo wer than their better-

adapted peers.

Inheritance

Many o f the characteristics  that a�ect an individual's chances o f survival are determined by the

alleles o f genes present in their DNA

Characteristics that are determined by alleles  are heritable

Heritable characteristics can be physical e.g. the length o f a gira�e's neck, o r

behavio ural e.g. the innate behavio ur o f a wo o dlo use mo ving to wards a dark hiding place

Individuals with characteristics that increase their chances o f  survival are likely to  pro duce mo re

o �spring

This means that they are mo re likely to  pass o n the alleles that co de fo r these advantageo us

characteristics  to  their o �spring

No te that no n-heritable characteristics are no t passed o n to  o �spring

No n-heritable characteristics are tho se acquired during the lif etime  o f an o rganism e.g.

gaining weight after eating lo ts o f nuts and berries in autumn, o r being injured by a predato r
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Change in Frequency of Characteristics

Natural selectio n can be de�ned as

The process by which organisms that are better adapted to their

environment survive, reproduce, and pass on their advantageous

alleles, causing advantageous characteristics to increase in

f requency within a population

The increased survival chances  o f individuals with advantageo us alleles  mean that

advantageo us characteristics are mo re likely to  be passed do wn thro ugh the generatio ns

The number o f individuals in a po pulatio n with a particular favo urable characteristic will increase

o ver time; the characteristic is said to  increase in f requency

Eventually this favo urable characteristic will beco me the mo st co mmo n o f its kind in the

po pulatio n; the po pulatio n can be said to  have adapted  to  its enviro nment by the pro cess o f

natural selectio n

While favo urable characteristics increase in frequency by natural selectio n, unf avo urable

characteristics decrease in f requency  by the same pro cess

Individuals with unfavo urable characteristics are less likely to  survive, repro duce, and pass o n

the alleles fo r their characteristics, so  unfavo urable characteristics are eventually lo st fro m

the po pulatio n

An example of  nat ural select ion in rabbit s

Variatio n in fur co lo ur exists within a rabbit po pulatio n

One allele co des fo r bro wn f ur and ano ther fo r white f ur

Rabbits have natural predato rs such as fo xes which act as a selectio n pressure

The bro wn rabbits are mo re likely to survive  and repro duce  due to  having mo re e�ective

camo u�age

When the bro wn rabbits repro duce they pass o n their alleles  to  their o �spring

The frequency o f bro wn fur alleles in the po pulatio n will increase

Over many generatio ns, the f requency  o f bro wn fur will increase  and the frequency o f white fur

will decrease
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Selection pressures acting 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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5.1.5 Natural Selection Examples

Examples of Natural Selection

Because evo lutio n by natural selectio n generally happens o ver millio ns o f  years, it is di�cult to

see it taking place, and we o ften have to  rely o n evidence fro m the f o ssil reco rd, and evidence

o f co mmo n ancestry  such as ho mo lo go us structures and co ntinuo us variatio n between

species

There are, ho wever, so me examples o f evo lutio n, o n a small scale, that sho w changes in heritable

characteristics in a sho rt time f rame, e.g.

Finches o n Daphne Majo r

Antibio tic resistance in bacteria

Finches on Daphne Major

Daphne majo r is an island in the Galapago s, the wildlife o f which inspired Charles Darwin to  co me

up with his theo ry o f  evo lutio n by natural selectio n

He no ticed that so me o f the birds o f the Galapago s, identi�ed as  �nches, bo re a stro ng

resemblance to  each o ther, but that they also  sho wed di�erences that were speci�c to  each

island

Scientists no w kno w that Darwin’s famo us �nches are no t technically �nches at all, but they

are usually still referred to  as 'Darwin's �nches'

In particular, �nch beak shape  and siz e  co rrespo nded to  the diet available  to  them o n each

island
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Darwin noticed that Galapagos �nches had beaks that were perfectly adapted to the food sources

available on the island on which they lived

Since Darwin, many evo lutio nary bio lo gists  have studied the wildlife o f the Galapago s

Scientists Peter and  Ro semary Grant  carried o ut a lo ng-term study o n the �nch species

Geospiza fortis o n the island o f Daphne Majo r

G. fortis’ diet co nsists o f seeds, which when weather co nditio ns are no rmal are plentif ul, small,

and so f t, but which beco me f ewer, larger, and to ugher during times o f  dro ught

The Grants o bserved a wide range o f  beak siz es  in G. fortis when weather co nditio ns were

no rmal, but fo und that during perio ds o f dro ught beak siz e increased

When seeds were plentiful, small, and so ft, there was no  advantage  fo r individuals with larger

beaks, and so  alleles fo r di�erent beak siz es were passed o n to  G. fortis o �spring in equal

pro po rtio ns

When seeds were fewer, larger, and to ugher, �nches with larger beaks had an advantage

when co mpeting fo r fo o d, and were therefo re mo re likely to  survive  and pass o n the alleles
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fo r large beak siz e, leading to  an increase in f requency o f  large beaks  in the po pulatio n

The o bservatio n that �nches with larger beaks pro duce large-beaked o �spring while �nches

with smaller beaks pro duce smaller-beaked o �spring suggests that beak siz e is largely

determined by genes, and so  is heritable

The heritable nature o f beak siz e means that G. fortis can adapt to  a changing enviro nment  by the

pro cess o f natural selectio n

Ant ibiot ic resist ance in bact eria

Antibio tics  are chemical substances made by so me f ungi o r bacteria as a defence mechanism

They kill bacteria by targeting pro cesses and structures that are speci�c to  bacterial cells

Antibio tics are e�ective against bacteria but no t against viruses, and usually have no  e�ect

o n animal cells

The use o f antibio tics has increased signi�cantly since they were �rst intro duced in the 1930s,

saving millio ns o f  lives

Since their disco very and widespread use antibio tic resistance  has develo ped in many di�erent

types o f bacteria

Antibio tic resistant bacteria are no t killed by antibio tics

Antibio tic resistance is a heritable  characteristic and so  develo ps in bacterial po pulatio ns by the

pro cess o f natural selectio n

Bacteria, like all o rganisms, have mutatio ns in their DNA that give rise to  variatio n

A mutatio n may give rise to  resistance to  a particular antibio tic  in an individual bacterial cell

If a bacterial infectio n is treated with that antibio tic, a bacterial individual with the mutatio n

fo r resistance is likely to  survive

The antibio tic in this situatio n acts as a selectio n pressure  in the same way that a

predato r wo uld in a rabbit po pulatio n

The bacterial cell with the resistance mutatio n will repro duce  by binary �ssio n, passing o n

the mutatio n and causing antibio tic resistance to  increase in f requency  in the po pulatio n

Bacterial cells are also  able to  transfer genes to  each o ther by a pro cess called

ho riz o ntal gene transfer, further increasing the number o f individuals with the resistance

mutatio n

No te that if antibio tic use sto ps, an antibio tic resistance mutatio n will no  lo nger be

advantageo us, and it will no t be passed o n to  o �spring any mo re o f ten than the o riginal no n-

resistant f o rm o f  the gene

Antibio tics sho uld no t be used any mo re o ften than necessary so  that a selectio n pressure

is no t pro vided; this will reduce the likeliho o d o f an antibio tic resistant po pulatio n

develo ping
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Antibiotic-resistant bacterial populations can evolve by natural selection

Natural selectio n takes place very quickly in bacterial po pulatio ns because

Bacterial po pulatio ns co ntain many individuals, so  the chances o f  an advantageo us

mutatio n appearing are higher than in o ther types o f o rganisms

They can repro duce very quickly, meaning that generatio n times are sho rt and any mutatio ns

that do  arise can be passed o n to  many o �spring in a very sho rt time

Bacteria can repro duce as o ften as every 20 minutes

Bacteria can transf er genes ho riz o ntally, further increasing the rate at which advantageo us

mutatio ns can spread

Antibio tic resistance is a huge pro blem; antibio tics have been revo lutio nary in the treatment o f

disease, and lo sing them as a medical to o l wo uld be devastating
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Scientists are lo o king fo r ways to  reduce the rate at which resistance evo lves  e.g. by reducing

the use o f antibio tics and the spread o f infectio n, as well as seeking o ut alternatives to  current

antibio tics  e.g. new antibio tics and o ther types o f antibacterial agent

NOS: Use t heories t o explain nat ural phenomena; t he t heory of  evolut ion by nat ural
select ion can explain t he development  of  ant ibiot ic resist ance in bact eria.

Scientists can gather info rmatio n abo ut the wo rld by o bserving events, o r pheno mena

They f o rmulate theo ries  that seek to  explain o bserved events

In the case o f antibio tics, it has been o bserved  that antibio tic resistance in bacteria is o n the

increase

In particular it has been no ticed that o nce an antibio tic starts to  be used to  treat a particular

infectio n, resistance rates begin to  rise

Scientists use the theo ry  o f natural selectio n to  explain this o bservatio n

Antibio tics act as a selectio n pressure

Resistant individuals are 'selected' when no n-resistant bacteria are killed by treatment

Resistant individuals survive, repro duce, and pass o n the resistance characteristic

Resistant individuals increase in frequency

Understanding the mechanism by which resistance evo lves means that scientists have a better

chance o f so lving o r reducing the pro blem

E.g. by reducing the selectio n pressure, i.e. the use o f antibio tics, natural selectio n can be

slo wed do wn

Exam T ip

While yo u are expected to  kno w the examples o f natural selectio n described abo ve, yo u co uld

also  be given an unfamiliar example, so  make sure that yo u can describe the pro cess o f  natural

selectio n:

Within a species, there is always variatio n in heritable  characteristics due to  chance

mutatio n

Po pulatio ns will have selectio n pressures  acting o n them

Individuals with advantageo us characteristics are mo re likely to  survive  and repro duce

Heritable advantageo us characteristics are passed o n to  o �spring

The advantageo us characteristic increases in f requency
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