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Evolution

Evolution

= Speciesdo not stay the same over time;the species that we see around us todayhave
developed overmillions of years
= Thisprocess of species changeis knownas evolution
= Evolutioncanbe defined as:
Changes inthe heritable characteristics of organisms over generations

= Heritable characteristics are those that canbe inherited by, orpassed onto, the next
generation
= Changesincharacteristics that are notinherited, e.g.aplant havingits leaves eaten,do not
lead to evolution
= Heritable characteristics are determined by the alleles of genes that are presentinan
individual
= Alleles maychange as aresult of randommutation, causing themto become more orless
advantageous
= Heritable characteristics that are advantageous are more likely to be passed onto offspring,
leadingto agradual change inaspecies overtime
= Thisisthe process of naturalselection
= Changesinthe heritable characteristics of organisms canalso lead to the development of
completelynew species
= Theformationofnew speciesviathe process of evolutionhas resulted ina great diversity of
species onEarth
= Theoretically, at the origin of life on Earth, there would have beenjust one single species
= This species evolvedinto separate new species
= These specieswould thenhave divided again,eachformingnew species once again
= Overmillions of years,evolutionhas led to countless numbers of these speciationevents,
resultinginthe millions of species now present on Earth

Evolutiondiagram
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Evolutionary change over along period of time has resuited in a great diversity of species

Darwinian evolution

= Charles Darwin, as aresult of observations onaround-the-world expedition,and backed by
years of experimentationand discussion,proposed the theory of evolutionby natural
selection

= Darwin’s theoryis as follows:
= |ndividualsinaspecies show awiderange of variation due to randommutations in their DNA

= |ndividuals withinapopulationmust compete forsurvival due to selectionpressures
= |ndividuals with characteristics mostsuited to the environment have a higher chance of
survivaland so are more likely to reproduce
= Advantageous alleles are passed downto offspring
= Overmanygenerations the advantageous alleles become more frequentinapopulation
= Darwinianevolutionbynatural selectionrequires that characteristics are heritable

Natural selectiondiagram

Page 2 of 16
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Natural selection acts on genetic variation in populations. Here the allele for white shells is advantageous,
so becomes more frequent in the population over time.

Lamarckian evolution

= Anothertheoryofevolution,developed at the start of the 19th century(before Darwinannounced
his theory), was that of French scientists Jean-Baptiste Lamarck

= lLamarck’s theorywas based mainlyonthe ideathat changes that occurinanorganismduringits
lifetime can be inherited

= Suchchanges are known as acquired characteristics
= Histheoryis as follows:
= Acharacteristic thatis used frequentlybyan organismbecomes betterand stronger,
whereas acharacteristic thatisn'tused graduallydisappears
= The beneficial characteristics that are used frequently are passed to offspring
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= Forexample,Lamarck suggested that:
= Giraffes had ashort-necked ancestorthat would frequentlystretchits neck to reach the
highbranches soitcould feed onthe leaves
= Thisrepeated stretchingcould veryslowly elongate the giraffe's neck and this
elongated neckwould be passed to the giraffe’s offspring
= Overtime and many generations, the giraffe would evolve to have the verylongneckit has
today
= Lamarck’sideas wereincorrectbecause theylack the component of heritability;acquired
characteristics are not passed onto offspring
= Thenewscience of epigenetics mayprovide anexceptionto this rule, but changes like these
are unlikelyto be majordrivers of natural selection

Lamarckianevolutiondiagram

Lamarck proposed that characteristics acquired during an organism's lifetime could be passed on to
offspring

NOS: The theory of evolution by natural selection predicts and explains a
broad range of observations and is unlikely to ever be falsified

= Scientists cangatherinformationabout the world byobservingevents
= Theyformulate theories that seekto explainobserved events

Page 4 of 16
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

= Thetheoryofnaturalselection explains many observations,and is widely accepted as a
correct explanationof observed events;no otherreasonable theories have everbeenproposed,
and so this theoryis likely to remain as the scientific explanationforspecies change overtime

= |tisworthnotingthatthere are some minoraspects of Darwin's original theorythat have been
falsified since theywere proposed:
= 'Evolutionbynatural selectionis always slow'
= We know that, e.g.antibiotic resistance canevolve inbacteriavery quickly
= 'Thefossilrecord cannotprovide evidence forevolution'
= There are multiple examples of fossils that appearto show intermediate species
= Theseerrors haveresulted inupdates to Darwin's theory, but not to its falsification

= Due to the geologicaltime periods overwhich evolutionary change has occurred,itis not
possible to formally prove that natural selectionhas givenrise to the species that we see today,
hence the continued use of the term 'theory'
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Evidence of Evolution

Sequence Data

= Sequencedatacanbe obtained from:
= DNA
= Thebasesequence of DNA found inthe nucleus,mitochondriaand chloroplasts of cells
canbe determined
= RNA
= RNAis the productoftranscription,and the RNAbase sequence provides information
about the DNAbase sequences of genes that are expressedinacell
= Proteins
= The amino acid sequence of expressed proteins canbe determined
= Similarities betweensequence dataindifferent species suggest that allspecies share a
commonancestor
= Thesequences forcomparisonmustcome fromthe same part of the DNA, and are oftentaken
fromregions of DNA that are highly conserved, meaning that they have changed very little over
time; this isimportant forseveralreasons:
= Like needs to be compared withlike;comparing two completelydifferentregions of DNA
willnotyield usefulinformation
= There are likelyto berelativelyfew differences, so similarities and differences canbe easily
identified
= Conserved sequences are also more likelyto existinawide range of species
= Examples of conserved sequences are those thatcode for essentialproteins,e.g.
haemoglobin,orenzymesinvolved inrespiration

Comparing DNA sequences

= DNAis extracted fromcells
= DNAcanbeextracted fromblood orskinsamples fromliving organisms orfrom fossilised
remains
= The extracted DNAis processed,analysed and the base sequence is obtained
= Thebase sequenceis compared to that of other organisms to determine evolutionary
relationship
= The more similarities there are inthe DNA base sequence,the more closely related
members of different species are
= E.g.in2005 the chimpanzee genome was sequenced,and whencompared to the human
genome itwas discovered that humans and chimpanzees share almost 99% of their DNA
sequences, makingthemourclosestlivingrelatives
= Datafrommultiple sources,e.g.several different genes,are compared to increase the level of
certainty
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= The datagained fromcomparingsequence datacanbe used to build anevolutionary tree

Comparing DNA sequencesdiagram

Similarities and differences between the DNA of two species provide information about their divergence
froma common ancestor

Page 7 of 16
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Selective Breeding

= Selective breedingis aprocessinwhichhumans choose organisms with desirable
characteristics and breed themtogetherrepeatedly to increase the expressionof these
characteristics overmany generations
= The process of selective breeding has enabled humans to take advantage of naturally
occurring variation, e.g.
= Variationbetweenindividuals in plants means that some individuals may have a higher
foodyield ordiseaseresistance
= Variationbetweenindividuals indomestic animal varieties means that some individuals
may have thick, heavywool, orlarge volumes of milk production
= Humans have beenable to develop desirable crop and domestic animal varieties from
individuals with desirable characteristics
= This practiceis also known as artificial selection
= |tmakes use of the principles of natural selection, butis carried out by humans
= |nnaturalselection,advantageous alleles are more likelyto be passed onbecause they
increase anorganism's chances of survival
= [nartificial selection,orselective breeding, desirable alleles are more likelyto be passed
onbecause humans decide whichindividuals willbe used forbreeding
= Selective breedinginvolves changes to heritable characteristics overmany generations,and so
itisanexample of evolutioninaction
= Selective breedingleads to faster change than natural selection;thisis because only the
selected individuals are allowed to breed together, while in natural selection there will still
be some breedingbetweenindividuals withless favourable alleles
= Selective breedingprovides evidence that evolutionoccurs due to the accumulationof small
changes to the DNA of organisms overtime

The process of selective breeding

1.The population shows variation; there are individuals with different characteristics

2.Breeders selectindividuals withthe desired characteristics

3.Two selected individuals are bred together

4.The offspringproduced reachmaturityand are thentested for the desirable characteristics;
those thatdisplaythe desired characteristics to the greatest extent are selected forfurther
breeding

5.The processisrepeated over many generations;the bestindividuals fromthe offspring are
continuallychosenforbreedinguntil alloffspring display the desirable characteristics

Selective breeding diagram
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Variation in wild brassica plants allowed humans to selectively breed many of the crop plants that we eat
today
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Homologous Structures

= Homologous structures are bodyparts that maylook and functionvery differently but share

structural similarities
The limbs of animals are agood example of this;animals have many different mechanisms of
motionand limbuse, but the basic arrangement of bones in manydifferent types of limbs is very
similar
= E.g.Thelimbs of birds, bats,crocodiles,whales,horses,and monkeys are used very
differentlyand are visually very different, but are structurally very similar to each other
One explanationforthe surprising similarities of these different limbs is that of adaptive
radiation; the ideathat organisms withhomologous structures have allevolved fromashared,
commonancestor but have adapted to different environments inthe process
= Note thatadaptive radiationdoes not provide proof that these organisms have evolved
fromacommonancestor, butitis agood explanationforthe existence of homologous
structures

A homologous structure: the pentadactyl limb

Apentadactyllimb is anylimb that has five digits,i.e. five fingers ortoes

Pentadactyllimbs are presentinmany species frommany groups of organisms, including
mammals, birds, amphibians, and reptiles

Indifferent species, the pentadactyllimb has a similar bone structure but canenable ananimalto
move inaverydifferent way

= Thehumanfootevolved forupright walking and running

= Whale flippers enable themto propelthemselves through a marine environment

= Bird wings are usually highlyadapted forflight

= Thelimbs of frogs allow them to walk, jump and swim

= Alligatorlimbs enable themto walk and swim

Although the individualbones of the pentadactyllimbinthese example animals are very
different shapes and sizes due to theirdifferentmechanisms oflocomotion, theirlayout is
almost exactly the same

Homologousstructuresdiagram

The pentadactyllimbs of humans, whales, birds, frogs, and alligators all have the same basic layout
despite having evolved fordifferent functions
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Convergent Evolution

Convergent Evolution

Convergent evolution

= Analogous structures are characteristics with similar formand function, but withdifferent
evolutionary origin
= Suchstructures have historicallycaused some confusionforscientists workinginthe field of
taxonomy
= While homologous structures provide evidence of shared ancestry,analogous structures come
about as theresultof convergent evolution
= Analogous structures provide evidence for the passingonof advantageous
characteristics during natural selection
= Convergentevolutioncanoccurwhentwo distantlyrelated species live in habitats with similar
selectionpressures,meaning that similarcharacteristics provide a survival advantage
= Advantageous characteristics evolve separately, ratherthanas the resultof asingle
mutation
= Examples of similarities that have arisendue to convergent evolutioninclude:
= Dolphins and sharks
= These are bothgroups of aquatic animals that share asimilarbody shape, but theyinfact
belongto differentclasses
= Dolphins are mammals and sharks are fish
= Theirstreamlined bodyshapes evolved separately ratherthan originatinginone
commonancestor
= Cactiand euphorbia
= These aretwo groups of desert plants recognisable by theirspinyleaves and branching,
succulentstems
= Theybelongto differentorders of plants
= Cactiarefoundinthe deserts of the Americas, while euphorbias are found in Africa
= Theyevolved separately,but adapted to similar environments

Analogousstructuresdiagram
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Analogous structures, such as body shape in sharks and dolphins, and wings in butterfilies and bats, occur
as the result of convergent evolution

QO ExamTip

Make sure that youlearn at least one example of analogous structures
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Speciation

Speciation

Speciationincreases diversity

The theoryofevolutionstates that species do not stay the same, but change overtime;this can
lead to the process of speciation
Speciationcanbe defined as

The development of new species frompre-existing species over time

Speciationhasresulted inagreat diversity of species onEarth
= Theoretically, at the origin of life on Earth, there would have beenjust one single species
= This species evolvedinto separate new species
= These specieswould thenhave divided again,eachformingnew species once again
= Overmillions of years, evolutionhas led to countless numbers of these speciationevents,
resultingin the millions of species now present on Earth
Speciationcanoccurwhenthe exchange of genes,orgene flow, betweenpopulations ofa
speciesis prevented, e.g.due to thembeing separated ondifferentislands
= Whengene flow stops, genetic differences canaccumulate betweenthe two populations
= This mayhappenfasterif different selection pressures are actingonthe two populations
Aspeciationsplithas occurred whenthe two populations canno longerinterbreed to produce
fertile offspring;at this point the two populations are said to bereproductively isolated from
eachother
= Notethatinorderforspeciationto have occurred,there must bereproductiveisolation;
gradual evolutionarychange alone is not enough

Speciationdiagram
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Speciation is thought to have givenrise to the huge diversity of species on Earth
Extinction reduces diversity

= While speciationincreases the numberof species onEarth,not all of the species that have
evolved overevolutionary time stillexist today; many species have gone extinct, meaning that
they no longer exist
= E.g.The passengerpigeonand the woollymammoth
= Extinctionreduces the numberof species onEarth
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Reproductive Isolation & Differential Selection

Reproductiveisolation

= QOrganisms that belongto the same species share the same characteristics and are able to breed
togetherto produce fertile offspring
= Reproductiveisolationoccurs whenchanges inthe alleles and phenotypes of some individuals
inaspecies prevent themfromsuccessfully breedingwith otherindividuals thatdon't have
these changed alleles orphenotypes
= Examples of allele orphenotype changes that canlead to reproductive isolationinclude:
= Seasonalchanges
= Some individuals maydevelop different mating orflowering seasons,becoming sexually
active at different times of the year
= Behaviouralchanges
= Someindividuals inapopulationmaydevelop changes intheircourtship behaviours,
meaning theycanno longerattractindividuals of the opposite sexformating
= Thesechangescanoccuras aresultof geographicalisolationof populations

Geographicalisolation

= Reproductiveisolationcanoccurwhenpopulations of aspecies become separated fromeach
otherbygeographical barriers
= The separated populations are said to be geographically isolated fromeach other
= Geographicalbarriers caninclude
= Naturallyoccurring barriers suchas abodyofwater,oramountainrange
= Man-made barriers,suchas amotorway
= Geographicalisolationcreates two populations of the same species betweenwhich no gene
exchange canoccur
= The two populations maybe affected bydifferent selectionpressures, meaningthat natural
selectionmayact differentlyonthe two populations
= Thisis knownas differential selection
= Overtime, the two populations maybecome so different that theyare reproductively isolated,
and speciationhas occurred

Geographicalisolationdiagram
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A mountainrange can lead to geographical isolation, and eventually reproductive isolation
Bonobos & chimpanzees

= Anexample of aspeciationevent that has resulted from geographicalisolationis the evolutionof
bonobos (Panpaniscus) and chimpanzees (Pan troglodytes)
= Chimpanzees are found to the northofthe Congo river,and bonobos to the south
= This suggests thatatsome pointintheirevolutionary past the rivercaused two populations
oftheirancestorspecies to become geographically isolated
= Different selectionpressures would have acted onthe two populations, so differential
selectionoccurred,resultingin differences between the two populations, e.g.
= Chimpanzees tend to be more behaviourallyaggressive thanbonobos;this could have
arisendue to more intense competitionforresources
= Chimpanzees have male-dominated social structures while bonobos have dominant
females

= Eventuallythe two groups became reproductively isolated, and were two separate species

O ExamTip

Be carefulnotto confuse geographicalisolationwithreproductive isolation. Geographical
isolation prevents gene flow, but may be temporary (i.e.if the two populations came back
togetheragainthensuccessfulbreedingcould occur) while reproductive isolation means that

speciationhas occurred and that the two species canno longer breed together successfully,
evenif theylive in the same habitat.

Note thatyoudo not need to use binomial Latinnamesinanexam, e.g.itis fine to referto
bonobos ratherthan Panpaniscus
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