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Evolution

Evolution

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

Evolut ion diagram
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Evolutionary change over a long period of time has resulted in a great diversity of species

Darwinian evolution

Charles Darwin, as a result o f o bservatio ns  o n a ro und-the-wo rld expeditio n, and backed by

years o f experimentatio n and discussio n, pro po sed the theo ry o f  evo lutio n by natural

selectio n

Darwin’s theo ry is as fo llo ws:

Individuals in a species sho w a wide range o f variatio n due to  rando m mutatio ns  in their DNA

Individuals within a po pulatio n must co mpete fo r survival due to  selectio n pressures

Individuals with characteristics mo st suited to  the enviro nment have a higher chance o f

survival and so  are mo re likely to  repro duce

Advantageo us alleles  are passed do wn to  o �spring

Over many generatio ns the advantageo us alleles beco me mo re frequent in a po pulatio n

Darwinian evo lutio n by natural selectio n requires that characteristics are heritable

Nat ural select ion diagram
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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

Ano ther theo ry o f evo lutio n, develo ped at the start o f the 19th century (befo re Darwin anno unced

his theo ry), was that o f French scientists Jean-Baptiste Lamarck

Lamarck’s theo ry was based mainly o n the idea that changes that o ccur in an o rganism during its

lif etime  can be inherited

Such changes are kno wn as acquired characteristics

His theo ry is as fo llo ws:

A characteristic that is used frequently by an o rganism beco mes better and stro nger,

whereas a characteristic that isn't used gradually disappears

The bene�cial characteristics that are used f requently are passed to  o �spring
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Fo r example, Lamarck suggested that:

Gira�es had a sho rt-necked ancesto r that wo uld frequently stretch its neck to  reach the

high branches so  it co uld feed o n the leaves

This repeated stretching co uld very slo wly elo ngate the gira�e's neck and this

elo ngated neck wo uld be passed to  the gira�e’s o �spring

Over time and many generatio ns, the gira�e wo uld evo lve to  have the very lo ng neck it has

to day

Lamarck’s ideas were inco rrect because they lack the co mpo nent o f heritability; acquired

characteristics are no t passed o n to  o �spring

The new science o f epigenetics may pro vide an exceptio n to  this rule, but changes like these

are unlikely to  be majo r drivers o f natural selectio n

Lamarckian evolut ion diagram

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

o�spring

NOS: T he theory of evolution by natural selection predicts and explains a
broad range of observations and is unlikely to ever be falsi�ed

Scientists can gather info rmatio n abo ut the wo rld by o bserving events

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

Page 4 of 26
For more help visit our website www.exampaperspractice.co.uk



The theo ry o f natural selectio n explains many o bservatio ns, and is widely accepted  as a

co rrect explanatio n o f o bserved events; no  o ther reaso nable theo ries have ever been pro po sed,

and so  this theo ry is  likely to  remain as the scienti�c explanatio n fo r species change o ver time

It is wo rth no ting that there are so me mino r aspects o f Darwin's o riginal theo ry that have been

falsi�ed since they were pro po sed:

'Evo lutio n by natural selectio n is always slo w'

We kno w that, e.g. antibio tic resistance can evo lve in bacteria very quickly

'The fo ssil reco rd canno t pro vide evidence fo r evo lutio n'

There are multiple examples o f fo ssils that appear to  sho w intermediate species

These erro rs have resulted in updates to  Darwin's theo ry, but no t to  its falsi�catio n

Due to  the geo lo gical time perio ds o ver which evo lutio nary change has o ccurred, it is no t

po ssible to  f o rmally pro ve  that natural selectio n has given rise to  the species that we see to day,

hence the co ntinued use o f the term 'theo ry'
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Evidence of Evolution

Sequence Data

Sequence data can be o btained fro m:

DNA

The base sequence o f  DNA fo und in the nucleus, mito cho ndria and chlo ro plasts o f cells

can be determined

RNA

RNA is the pro duct o f transcriptio n, and the RNA base sequence  pro vides info rmatio n

abo ut the DNA base sequences o f genes that are expressed in a cell

Pro teins

The amino  acid sequence  o f expressed pro teins can be determined

Similarities between sequence data in di�erent species suggest that all species share a

co mmo n ancesto r

The sequences fo r co mpariso n must co me fro m the same part o f the DNA, and are o ften taken

fro m regio ns o f DNA that are highly co nserved, meaning that they have changed very little o ver

time; this is impo rtant fo r several reaso ns: 

Like needs to  be co mpared with like; co mparing two  co mpletely di�erent regio ns o f DNA

will no t yield useful info rmatio n

There are likely to  be relatively few di�erences, so  similarities and di�erences can be easily

identi�ed

Co nserved sequences are also  mo re likely to  exist in a wide range o f  species

Examples o f co nserved sequences are tho se that co de f o r essential pro teins, e.g.

haemo glo bin, o r enz ymes invo lved in respiratio n

Comparing DNA sequences

DNA is extracted f ro m cells

DNA can be extracted fro m blo o d o r skin samples fro m living o rganisms  o r fro m f o ssilised

remains

The extracted DNA is pro cessed, analysed and the base sequence  is o btained

The base sequence is co mpared to  that o f  o ther o rganisms  to  determine evo lutio nary

relatio nship

The mo re similarities there are in the DNA base sequence, the mo re clo sely related

members o f di�erent species are

E.g. in 2005 the chimpanz ee geno me was sequenced, and when co mpared to  the human

geno me it was disco vered that humans and chimpanz ees share almo st 99%  o f their DNA

sequences, making them o ur clo sest living relatives

Data fro m multiple so urces, e.g. several di�erent genes, are co mpared to  increase the level o f

certainty
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The data gained fro m co mparing sequence data can be used to  build an evo lutio nary tree

Comparing DNA sequences diagram

Similarities and di�erences between the DNA of two species provide information about their divergence

from a common ancestor
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Selective Breeding

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

characteristics and breed them to gether repeatedly  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  take advantage o f naturally

o ccurring variatio n, e.g.

Variatio n between individuals in plants means that so me individuals may have a higher

fo o d yield o r disease resistance

Variatio n between individuals in do mestic animal varieties means that so me individuals

may have thick, heavy wo o l, o r large vo lumes o f milk pro ductio n

Humans have been able to  develo p desirable cro p and do mestic animal varieties fro m

individuals with desirable characteristics

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

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

Selective breeding leads to  f aster change  than natural selectio n; this is because o nly the

selected individuals are allo wed to  breed to gether, while in natural selectio n there will still

be so me breeding between individuals with less favo urable alleles

Selective breeding pro vides evidence that evo lutio n o ccurs due to  the accumulatio n o f  small

changes to  the DNA o f o rganisms o ver time

T he process of selective breeding

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

�. Breeders select individuals with the desired characteristics

�. 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 f urther

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

Select ive 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

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 structure: the pentadactyl 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

Homologous st ruct ures diagram

The pentadactyl limbs of humans, whales, birds, frogs, and alligators all have the same basic layout

despite having evolved for di�erent functions
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Convergent Evolution

Convergent Evolution

Convergent evolution

Analo go us structures  are characteristics with similar f o rm and f unctio n, but with di�erent

evo lutio nary o rigin

Such structures have histo rically caused so me co nfusio n fo r scientists wo rking in the �eld o f

taxo no my

While ho mo lo go us structures pro vide evidence o f shared ancestry, analo go us structures co me

abo ut as the result o f co nvergent evo lutio n

Analo go us structures pro vide evidence f o r the passing o n o f  advantageo us

characteristics  during natural selectio n

Co nvergent evo lutio n can o ccur when two  distantly related species live in habitats with similar

selectio n pressures, meaning that similar characteristics pro vide a survival advantage

Advantageo us characteristics evo lve separately, rather than as the result o f a single

mutatio n

Examples o f similarities that have arisen due to  co nvergent evo lutio n include:

Do lphins and sharks

These are bo th gro ups o f aquatic animals that share a similar bo dy shape, but they in fact

belo ng to  di�erent classes

Do lphins are mammals and sharks are �sh

Their streamlined bo dy shapes evo lved separately  rather than o riginating in o ne

co mmo n ancesto r

Cacti and eupho rbia

These are two  gro ups o f desert plants reco gnisable by their spiny leaves and branching,

succulent stems

They belo ng to  di�erent o rders o f plants

Cacti are fo und in the deserts o f the Americas, while eupho rbias are fo und in Africa

They evo lved separately, but adapted to  similar enviro nments

Analogous st ruct ures diagram
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Analogous structures, such as body shape in sharks and dolphins, and wings in butter�ies and bats, occur

as the result of convergent evolution

Exam T ip

Make sure that yo u learn at least o ne example o f analo go us structures
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Speciation

Speciation

Speciation increases diversity

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

T he develo pment o f  new species f ro m pre-existing species o ver time

Speciatio 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

Speciatio n can o ccur when the exchange o f genes, o r gene �o w, between po pulatio ns o f a

species is prevented, e.g. due to  them being separated o n di�erent islands

When gene �o w sto ps, genetic di�erences can accumulate  between the two  po pulatio ns

This may happen faster if di�erent selectio n pressures are acting o n the two  po pulatio ns

A speciatio n split has o ccurred when the two  po pulatio ns  can no  lo nger interbreed to  pro duce

f ertile o �spring; at this po int the two  po pulatio ns are said to  be repro ductively iso lated  fro m

each o ther

No te that in o rder fo r speciatio n to  have o ccurred, there must be repro ductive iso latio n;

gradual evo lutio nary change alo ne is no t eno ugh

Speciat ion diagram
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Speciation is thought to have given rise to the huge diversity of species on Earth

Extinction reduces diversity

While speciatio n increases the number o f species o n Earth, no t all o f the species that have

evo lved o ver evo lutio nary time still exist to day; many species have go ne extinct , meaning that

they no  lo nger exist

E.g. The passenger pigeo n and the wo o lly mammo th

Extinctio n reduces the number o f  species  o n Earth
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Reproductive Isolation & Di�erential Selection

Reproductive isolation

Organisms that belo ng to  the same species share the same characteristics and are able to  breed

to gether to  pro duce f ertile o �spring

Repro ductive iso latio n o ccurs when changes in the alleles and pheno types o f so me individuals

in a species prevent them f ro m successf ully breeding with o ther individuals that do n't have

these changed alleles o r pheno types

Examples o f allele o r pheno type changes that can lead to  repro ductive iso latio n include:

Seaso nal changes

So me individuals may develo p di�erent mating o r �o wering seaso ns, beco ming sexually

active at di�erent times o f the year

Behavio ural changes

So me individuals in a po pulatio n may develo p changes in their co urtship behavio urs,

meaning they can no  lo nger attract individuals o f the o ppo site sex fo r mating

These changes can o ccur as a result o f geo graphical iso latio n o f  po pulatio ns

Geographical isolation

Repro ductive iso latio n can o ccur when po pulatio ns o f a species beco me separated fro m each

o ther by geo graphical barriers

The separated po pulatio ns are said to  be geo graphically iso lated fro m each o ther

Geo graphical barriers can include

Naturally o ccurring barriers such as a bo dy o f water, o r a mo untain range

Man-made barriers, such as a mo to rway

Geo graphical iso latio n creates two  po pulatio ns o f the same species between which no  gene

exchange  can o ccur

The two  po pulatio ns may be a�ected by di�erent selectio n pressures, meaning that natural

selectio n may act di�erently o n the two  po pulatio ns

This is kno wn as  di�erential selectio n 

Over time, the two  po pulatio ns may beco me so  di�erent that they are repro ductively iso lated,

and speciatio n has o ccurred

Geographical isolat ion diagram
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A mountain range can lead to geographical isolation, and eventually reproductive isolation

Bonobos & chimpanz ees

An example o f a speciatio n event that has resulted fro m geo graphical iso latio n is the evo lutio n o f

bo no bo s (Pan paniscus) and chimpanz ees (Pan troglodytes)

Chimpanz ees are fo und to  the no rth o f the Co ngo  river, and bo no bo s to  the so uth

This suggests that at so me po int in their evo lutio nary past the river caused two  po pulatio ns

o f their ancesto r species to  beco me geo graphically iso lated

Di�erent selectio n pressures  wo uld have acted o n the two  po pulatio ns, so  di�erential

selectio n o ccurred, resulting in di�erences between the two  po pulatio ns, e.g.

Chimpanz ees tend to  be mo re behavio urally aggressive than bo no bo s; this co uld have

arisen due to  mo re intense co mpetitio n fo r reso urces

Chimpanz ees have male-do minated so cial structures while bo no bo s have do minant

females

Eventually the two  gro ups became repro ductively iso lated, and were two  separate species

Exam T ip

Be careful no t to  co nfuse geo graphical iso latio n with repro ductive iso latio n. Geo graphical

iso latio n prevents gene �o w, but may be tempo rary (i.e. if the two  po pulatio ns came back

to gether again then successful breeding co uld o ccur) while repro ductive iso latio n means that

speciatio n has o ccurred  and that the two  species can no  lo nger breed to gether successf ully,

even if they live in the same habitat.

No te that yo u do  no t  need to  use bino mial Latin names in an exam, e.g. it is �ne to  refer to

bo no bo s rather than Pan paniscus

Page 16 of 26
For more help visit our website www.exampaperspractice.co.uk



Types of Speciation (HL)

Sympatric & Allopatric Speciation

Types of speciation

Evo lutio n causes speciatio n: the fo rmatio n o f new species  fro m pre-existing species o ver time

There are two  di�erent situatio ns in which speciatio n can take place:

Two  po pulatio ns o f a species are geo graphically iso lated; speciatio n that o ccurs as a result

o f this is kno wn as allo patric speciatio n

Two  po pulatio ns o f species are living in the same area; this type o f speciatio n is kno wn as

sympatric speciatio n

Allopatric speciation

Allo patric speciatio n o ccurs as a result o f geo graphical iso latio n

It is the mo st co mmo n type o f speciatio n

Allo patric speciatio n o ccurs when po pulatio ns o f a species beco me separated fro m each o ther

by geo graphical barriers

The barrier co uld be natural, e.g. a bo dy o f water o r a mo untain range

It can also  be man-made, e.g. a mo to rway

This creates two  po pulatio ns o f the same species between which no  gene �o w is taking place

Allele frequencies in the gene po o ls o f the two  po pulatio ns may change in di�erent ways due to  

Di�erent selectio n pressures  acting o n them

The accumulatio n o f  rando m changes  in allele frequencies, kno wn as genetic drift

Changing allele frequencies will lead to  changes in the pheno types o f the two  po pulatio ns

If eno ugh allele frequency di�erences arise between the two  po pulatio ns then they will

eventually be repro ductively iso lated, and can be said to  be separate species

E.g. Allopatric speciation in trees

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  geo graphically iso lated

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�erential selectio n o ccurs

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 are

repro ductively iso lated

Allopat ric speciat ion diagram
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The natural geographical barrier of a mountain range can lead to allopatric speciation in trees

Sympatric speciation

Sympatric speciatio n takes place with no  geo graphical barrier

Iso latio n instead o ccurs when rando m changes in the alleles, and therefo re pheno types, o f

so me individuals in a po pulatio n prevent them fro m successfully breeding with o ther individuals

in the po pulatio n

Examples o f pheno type changes that can lead to  repro ductive iso latio n include

Seaso nal changes

So me individuals in a po pulatio n may develo p di�erent mating o r �o wering seaso ns to

the rest o f the po pulatio n, i.e. their repro ductive timings no  lo nger match up

This is kno wn as tempo ral iso latio n

Behavio ural changes

So me individuals in a po pulatio n may develo p changes in their co urtship

behavio urs  meaning they can no  lo nger attract individuals o f the o ppo site sex

fo r mating, i.e. their metho ds o f attracting a mate are no  lo nger e�ective

This is kno wn as behavio ural iso latio n

The po pulatio ns may still live in the same habitat  but they do  no t interbreed
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The lack o f  gene �o w between the two  po pulatio ns means that allele frequencies in the gene

po o ls o f the two  po pulatio ns may change in di�erent ways

Changing allele f requencies  will lead to  changes in the pheno types  o f the two  po pulatio ns

If eno ugh allele frequency di�erences arise between the two  po pulatio ns then they will beco me

repro ductively iso lated  and will be two  separate species

E.g. sympatric speciation in fruit �ies

A po pulatio n o f fruit �ies exists in a labo rato ry

A rando m allele change resulting fro m rando m mutatio n divides the species into two

po pulatio ns

The allele changes leads to  a change in pheno type, e.g. fo o d preference

The di�erence in pheno type prevents the two  po pulatio ns fro m interbreeding so  there is no

gene �o w between them

Di�erent alleles are therefo re passed o n in each po pulatio n

This co uld be due to  di�erence in selectio n pressure, e.g. certain enz ymes are

advantageo us fo r the digestio n o f di�erent fo o ds o r due to  rando m passing o n o f di�erent

alleles

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

Over time the divided po pulatio ns f o rm two  distinct species that can no  lo nger interbreed to

pro duce fertile o �spring

Phenotypic changes resulting from random mutations prevent gene �ow between two populations of

fruit �ies which may lead to sympatric speciation
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Exam T ip

As with geo graphical iso latio n o n the previo us page, be careful no t to  mix up the reaso n f o r gene

�o w preventio n, e.g. tempo ral o r behavio ural iso latio n, with the resulting repro ductive iso latio n.

This can be co nfusing due to  the similarities in termino lo gy.

Preventing Hybridisation

The de�nitio n o f a species states that

A species is a gro up o f  o rganisms with similar characteristics that can interbreed to  pro duce

f ertile o �spring

There are several reaso ns why individuals o f di�erent species canno t breed to gether to  pro duce

fertile o �spring, e.g.

Inco mpatible chro mo so me numbers

Inco mpatible co urtship behavio urs

The term 'hybrid' refers to  the o �spring o f individuals o f two  di�erent species

Hybridisatio n is the mechanism by which hybrids are pro duced, i.e. the mating, fertilisatio n,

and develo pment pro cesses

Hybrids are rare, and are usually inf ertile

Barriers to hybridisation: incompatible chromosomes

The fusio n o f gametes fro m di�erent species  o ften leads to  no n-viable z ygo tes; this can o ccur

if the chro mo so mes o f  the di�erent species do  no t match

The gene at a particular lo cus o n a particular chro mo so me needs to  be the same in bo th

chro mo so mes in a ho mo lo go us pair

Viable z ygo tes can so metimes o ccur, but such z ygo tes usually develo p into  inf ertile hybrids

Di�erent species o ften have di�erent chro mo so me numbers, resulting in gametes with

di�erent numbers o f chro mo so mes

The new diplo id cells fo rmed during fertilisatio n co ntain an uneven number o f

chro mo so mes which are unable to  pair up in ho mo lo go us pairs 

These individuals will be unable to  carry o ut meio sis and so  will be infertile

A well-kno wn example o f this is the mating o f a ho rse and do nkey to  pro duce a mule:

Mule chro mo so mes canno t pair up during meio sis, so  mules canno t pro duce gametes o f

their o wn

Hybrid st erilit y diagram
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Mules have an odd number of chromosomes so cannot carry our meiosis and are sterile

Barriers to hybridisation: incompatible courtship behaviours

In so me species the pro cess o f successful breeding can be preceded by so me fo rm o f

co urtship behavio ur

Co urtship behavio ur in animals is a ritual that eventually results in mating and repro ductio n

It can be a very simple pro cess that invo lves a small number o f visual, chemical o r audito ry

stimuli

It can also  be a highly co mplex sequence o f behavio urs invo lving two  o r mo re individuals,

using several mo des o f co mmunicatio n

Many birds o f paradise have intricate and impressive co urtship rituals

If the co urtship rituals o f  two  individuals do  no t match, then no  mating will o ccur and

hybridisatio n will be prevented
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Adaptive Radiation (HL)

Adaptive Radiation

Adaptive radiation

Natural selectio n can result in the rapid evo lutio n o f  multiple species  fro m a co mmo n ancesto r

This is kno wn as adaptive radiatio n

These new species are likely to  have so me similar f eatures  due to  their shared ancestry

The di�erences that arise between the new species o ften enable them to  live to gether in o ne

habitat  because they are able to  �ll di�erent eco lo gical niches

An o rganism's eco lo gical niche is its  ro le within its eco system, e.g. the fo o d that it eats, the

enviro nmental co nditio ns that it requires, the predato rs that it pro vides fo o d fo r, etc.

Examples o f gro ups o f species that sho w adaptive radiatio n include

Darwin's �nches; many species o f small birds 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

Adapt ive radiat ion example diagram

Adaptive radiation is thought to have given rise to the many species of Hawaiian honeycreeper. Some of

these species are able to co-exist on the same island due to �lling di�erent niches.
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Speciation in Plants (HL)

Speciation in Plants

In mo st situatio ns speciatio n is a slo w pro cess; this is due to  the slo w rate at which allele

changes accumulate

In so me plant species speciatio n can happen within a single generatio n; this is kno wn as abrupt ,

o r instant , speciatio n

Abrupt speciatio n in plants can o ccur because plant cells are able to  remain viable even when they

are po lyplo id

Po lyplo id cells have mo re than two  sets o f  chro mo so mes, e.g.

3n = triplo id

4n = tetraplo id

This is in co ntrast to  no rmal bo dy cells which are diplo id  (2n), and gametes which are haplo id

(n)

Polyploidy in plants

Po lyplo idy can arise within a species; this is kno wn as auto po lyplo idy, e.g.

Meio sis may o ccur inco rrectly

During no rmal meio sis ho mo lo go us pairs are divided equally  into  new daughter cells

If this separatio n fails, o ne daughter cell may co ntain two  sets o f chro mo so mes

The failure o f chro mo so mes to  separate fully is kno wn as chro mo so me

no ndisjunctio n

The resulting diplo id (2n) gamete  can then fuse with a no rmal gamete to  pro duce a 3n

z ygo te, o r with ano ther diplo id gamete to  pro duce a 4 n z ygo te

3n z ygo tes are likely to  be sterile, but a 4n z ygo te wo uld be able to  undergo  meio sis

Po lyplo idy can arise between di�erent species; this is kno wn as allo po lyplo idy

The diplo id gametes fro m individuals o f di�erent species  fuse to gether to  pro duce a

po lyplo id z ygo te

The resulting z ygo te is a po lyplo id hybrid

Po lyplo id o �spring may be so  di�erent to  their parents that they are unable to  breed with them to

pro duce fertile o �spring; this results in sympatric speciatio n

When this o ccurs as the result o f allo po lyplo idy it is kno wn as allo po lyplo id speciatio n

Po lyplo idy in animals is very rare, but it o ccurs f requently in plants

Po lyplo id varieties o f plant appear to  be successful, and it is tho ught that this co uld be due to

advantages such as:

Being po lyplo id may allo w hybrids that wo uld o therwise be infertile to  carry o ut meio sis due

to  their additio nal chro mo so mes

Po lyplo id plants are o ften larger and mo re vigo ro us than their diplo id parents

Having mo re co pies o f each gene reduces the impact o f any negative mutatio ns that may

arise as harmful alleles are masked

Polyploidy diagram
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Separate meiosis events within an individual may produce either a 1n gamete OR a 2n gamete, which can

result in a 3n zygote after self fertilisation (top)

Meiosis with nondisjunction in individuals from two di�erent species can result in 2n gametes, which can

lead to a 4n zygote if fertilisation occurs (bottom)
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Examples of polyploidy: Persicaria

The plant genus Persicaria, co mmo nly kno wn as smartweeds, co ntains a range o f plo idy types

Persicaria foliosa is diplo id (2n)

Persicaria japonica is tetraplo id (4n)

Persicaria puritanorum is hexaplo id (6n)

It is tho ught that tetraplo id species co uld have arisen by allo po lyplo idy  between two  diplo id

species, and that hexaplo id species co uld have arisen by a hybridisatio n event between a diplo id

and a tetraplo id species

Examples of polyploidy: Fallopia

The genus Fallopia, co mmo nly kno wn as kno tweeds, also  co ntain po lyplo id species

Fallopia japonica ( japanese kno tweed) is o cto plo id (8n)

Fallopia sachalinensis (giant kno tweed) is tetraplo id (4n)

Fallopia xbohemica (bo hemian kno tweed) is hexaplo id (6n)

Bo hemian kno tweed is a po lyplo id hybrid  o f japanese and giant kno tweed

Japanese and giant kno tweed wo uld have undergo ne no rmal meio sis in this instance to

pro duce 4n and 2n gametes

Japanese kno tweed is a famo usly invasive species, and its po lyplo id nature is tho ught to  aid its

vigo ro us gro wth

Bo hemian kno tweed is tho ught to  be even mo re vigo ro us

W. Carter, CC0, via Wikimedia Commons

Japanese knotweed is highly invasive. It is an example of a polyploid species.
Exam T ip

No te that yo u do  no t need to  refer to  examples by their bino mial Latin names in an exam, e.g. it is

�ne to  refer to  Fallopia japonica as japanese kno tweed.
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