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Natural Selection & Evolution

Natural Selection & 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

= Scientist Charles Darwincame up withthe theoryof evolution by natural selection afterafive-
yearexpeditionaround the world duringwhichhe observed anincredible variety of organisms
= Naturalselectionis the process thatdrives evolution.It canbe defined as:
= The process bywhich organisms that are betteradapted to theirenvironment survive,
reproduce, and pass ontheiradvantageous alleles, causing advantageous characteristics to
increase infrequencywithina population

On the Origin of Species

= Darwinpublished his book "Onthe Originof Species"in1859
= |tcontained the following statements and deductions
= Theincreased survivalchances of individuals with advantageous alleles mean that
advantageous characteristics are more likely to be passed downthrough the generations
because those individuals reproduce more
= The numberofindividuals inapopulationwith a particularfavourable characteristic will
increase overtime;the characteristic is said to increase infrequency
= Eventually, this favourable characteristic willbecome the most common of its kind in the
population;the populationcanbe said to have adapted to its environment through the
process of naturalselection
= While favourable characteristics increase infrequencybynatural selection,unfavourable
characteristics decrease infrequency by the same process
= |ndividuals withunfavourable characteristics are less likely to survive,reproduce, and
pass onthe alleles fortheircharacteristics, so unfavourable characteristics are
eventuallylost fromthe population

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

= Darwin's theorywas seenas verycontroversial at the time, itis said to have caused a paradigm
shift
= Paradigmshifts occurwhenscientific research contradicts previous assumptions
= Darwin's theoryreplaced Lamarckism
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= This was theideathatanorganismcould pass onphysical characteristics theyacquired
during theirlifetime to theiroffspring
= Nearly200 years of genetic researchbacks up Darwin's theoryof evolution by natural selection

An example of natural selectioninrabbits

= Variationinfurcolourexists withinarabbit population
= Oneallele codes forbrownfurand anotherforwhite fur

= Rabbits have natural predators such as foxes,whichact as aselectionpressure

= The brownrabbits are more likely to survive and reproduce due to havingmore effective
camouflage

= Whenthe brownrabbits reproduce theypass ontheiralleles to theiroffspring

= The frequency of brownfurallelesinthe populationwillincrease

= Overmanygenerations, the frequencyofbrown furwillincrease and the frequency of white furwill
decrease

Selection pressuresin a rabbit populationdiagram

Selection pressures act on a rabbit population forone generation; predation by foxes causes the
frequency of brown furin rabbits to increase and the frequency of white furin rabbits to decrease
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Generating Variation: Mutation & Se xual Reproduction

= Differences existbetweenorganisms of the same species
= Thesedifferences are known as variation
= Examples ofvariationinclude:
= Coatcolourinmammals
= Bodylengthinfish
= Flowercolourinflowering plants
= The process of naturalselectioncanonly take place when there is variationinapopulation
= |feveryorganisminapopulationisidenticalthenno individual will be favoured overanother
= There willbe no advantageous characteristics leadingto increased survivaland chances of
reproduction,and so there would be no increased likelihood of passingonthose
advantageous alleles
= |nthis situation,apopulation's characteristics would remain the same over time and it would
be unable to adapt to anyenvironmental changes
= Variationresults fromsmalldifferencesinDNA base sequences betweenindividual organisms
within apopulation
= There are severalsources of these differences in DNA base sequences:
= Mutation
= Meiosis
= Randomfertilisationduring sexualreproduction
Mutation

= The original source of genetic variationis mutation
= Amutationis achangeinthe DNAbase sequence thatresults fromacopyingerrorduring DNA
replication
= Mutationresultsinthe generationof new alleles
= Mutations that take place inthe dividing cells of the sexorgans lead to changesinthe alleles of
the gametes that are passed onto the next generation
= Anewallele maybe advantageous, disadvantageous orhave no apparent effect
= Anadvantageous allele is more likely to be passed onto the next generationbecause it
increases the chance that an organism will survive and reproduce
= Adisadvantageous mutationis more likely to die out because anorganismwithsucha
mutationis less likelyto survive and reproduce
= Note thatamutationtakingplace inabody,orsomatic,cellwillnotbe passed onto successive
generations, and so willhave no impact onnatural selection
= Mutationis the onlysource of variationin asexuallyreproducing species

Meiosis

= There are two mainevents during the process of meiosis that generate variation
= Crossingover
= Randomorientation
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= Crossingoveris the process bywhichhomologous chromosomes exchange alleles
= Duringmeiosis Thomologous chromosomes pairup
= The non-sisterchromatids cancross over and get entangled
= Asaresultofthis,asectionofchromatid fromone homologous chromosome maybreak
and rejoinwith the chromatid fromthe otherchromosome
= This swappingofallelesis significant as it canresultinanew combinationof alleles on the two
homologous chromosomes

Chromosomescrossing overdiagram

The process of crossing over can resultin new combinations of alleles
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Randomorientationoccurs due to the independent arrangement of homologous pairs along
the equatorofthe cellduring metaphase |
= Eachpaircanbe arranged witheither chromosome oneitherside of the cell; this is
completelyrandom
= The orientationof one homologous pairisindependent, orunaffected bythe orientation
of anyotherpair
= Thisissometimes described asindependent assortment
The homologous chromosomes onthe equatorof the cell are pulled apart to different poles,
and willeachend upinaseparate daughtercell
The combination of alleles thatend upineach daughtercelldepends onhow the pairs of
homologous chromosomes were lined up
To work out the numberof different possible chromosome combinations the formula2"canbe
used,where ncorresponds to the numberofchromosomes inahaploid cell
» E.g.forhumans this is 223which calculates as 8,324,608 different combinations

Randomorientation of chromosomesdiagram
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Random orientation of chromosomes

Random fertilisation during sexual reproduction

Meiosis creates genetic variation between the gametes through crossingover and
independent assortment

This means each gamete carries substantially different alleles

During fertilisation anymale gamete can fuse with any female gamete to formazygote
Thisrandomfusionof gametes at fertilisation creates genetic variationbetweenzygotes as
eachwillhave aunique combinationof alleles

Thereis analmostzero chance of individual organisms resulting from successive sexual

reproductionbeing geneticallyidentical

Fusion of gametesduring fertilisationdiagram
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The random fusion of gametes during fertilisation

Sourcesof genetic variation table

Overproductionof Offspring & Competition

= Thenumberof offspring, oryoung,produced ineachbreeding event differs betweenspecies
s Some species produce smallnumbers of young, e.g.elephants usually give birth to justone
babyperpregnancy
= Some species produce many offspringe.g.some species of antcanlay3-4 millioneggsin
one go
s Itis more usualfororganisms to produce multiple offspring
= There are oftenmore offspringproduced thancanbe supported bythe surrounding
environment
= Darwinnoticed this,and named the phenomenon'overproductionof offspring’
= Theoverproductionof offspringwithinapopulationleads to competitionforresources as
populationsize is naturallylimited by environmental factors
= E.g.availabilityoffood, space and light
= These environmental factors limit the carrying capacityof aspecies'population
= Aninsufficientamount of resources means that alarge numberof offspring fail to survive and
reproduce
= Overproductionof offspringand competitionforresources promote natural selection
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Intraspecific Competition & Natural Selection

= Habitats have limited resources
= Whenindividuals within a habitat fight overortryto obtainalimited resource theyare said to be
"competing”
= Competitioncanoccurbetweenindividuals of different species (interspecific competition) and
betweenindividuals of the same species (intraspecific competition)
= Intraspecific competitionplays agreaterrole inevolutionbecause:
= |ndividuals are more likely to interact withmembers of theirown species
= |ndividuals of the same species share the same niche
= Theyare affected bythe same abiotic and biotic factors

How does intraspecific competition promote natural selection?

= Variationis presentwithinthe species population
= Someindividuals have characteristics that make thembetteradapted forsurvival
= Forexample,lions thatare strongerand fasterare more likelyto be able to catch preyand
therefore more likely to survive
= Thisis sometimes described as 'survival of the fittest'
= |ndividuals that are welladapted and survive into adulthood are more likely to find amate and
reproduce, producing many offspring
= Individuals that are less welladapted, do not survive longinto adulthood and are likely to
reproduceless oftenthanthose that survive forlonger,so producing fewer offspring
= Theseindividuals maynotreachadulthood and so do not get the chance to reproduce at
all

O Exam Tip

When answering exam questions, be carefulnotto implythat organisms betteradapted to their
environments are guaranteed to survive.Instead,youshould saythat theyare more likely to
survive. Organisms that are less suited to an environment are still able to survive and potentially
reproduce withinit, but theirchance of survival and reproductionis lowerthan theirbetter-
adapted peers.

Heritable Traits & Evolutionary Change

= Manyofthe characteristics that affect anindividual's chances of survival are determined by the
alleles of genes presentintheir DNA
= Characteristics that are determined by alleles are heritable
= Heritable characteristics canbe physical e.g.the lengthof a giraffe's neck, or
behavioural e.g.the innate behaviourof awoodlouse movingtowards adark hiding place
= Individuals with characteristics thatincrease their chances of survival are likely to produce more
offspring
= This means thattheyare more likelyto pass onthe alleles that code forthese advantageous
characteristics to theiroffspring
= Note that non-heritable characteristics are not passed onto offspring
= Non-heritable characteristics are those acquired during the lifetime of anorganisme.g.
gaining weight aftereatinglots of nuts and berries inautumn, orbeinginjured bya predator
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SelectionPressures

SelectionPressures: Abiotic Factors

= |nBiology, ‘abiotic’ means non-living
= Anabiotic factoris anon-living factorwithinanecosystem
= Some abiotic factors are density-independent
= E.g.temperature orrainfall
= Abiotic factors canactas selectionpressures
= Theyaffectthe survival of individuals ina population, causing the populationsize to fluctuate

SelectionPressures: Sexual Selection

= Sexualselectionis anothertype of selection pressure that canaffect the evolution of animal
species
= |tcanbe defined as:
= Aformofselectionthat occurs due to the preference of one sex for certain
characteristicsinindividuals of the other sex
= |norderforaselectionpressure to have aneffect, there needs to be variationwithin the
population
= Within the male cohort of apopulation, there will be variationinphysical and behavioural
traits which are visible to the female cohort (and vice versa)
= Thesedifferences are sometimes viewed as indicators of overall fitness by the females within
the population
= Asaresult,theycanaffectanindividual's successinattractingamate and drive the evolution of
an animal population

What are the effects of sexual selection?

= Sexualselectionwithinapopulationcancause:
= Reproductiveisolation
= Sexualdimorphism

What is reproductive isolation?

= Reproductiveisolationoccurs whenchangesinthe alleles and phenotypes of someindividuals
inaspecies prevent themfromsuccessfully breedingwith otherindividuals thatdon't have
these changed alleles orphenotypes
= Forexample, certainalleles mayresultinchanges inmale courtship behaviourmeaning theyare no
longerattractive to females
= The females nolongerchoose to mate with these males, creatingreproductive isolation
What is sexual dimorphism?

= Sexualdimorphismis the distinct difference insize orappearance betweenthe sexes of an
animal species
= Sexualdimorphismis commonlyseeninBirds of Paradise
= The male birds are brightlycoloured and canperformintricate courtship displays
= The female's plumage consists of greys and browns
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How does sexual dimorphismoccur?

= Aphysicaland/orbehavioural trait within the male phenotypeis used as anindicatorof fitness by

the females inthe population
= E.g.amale peacockwithvibrant, healthytail feathersis likelyto have alowerdisease burden

compared to amale withdull, sparse tail feathers
= Females are more likelyto be attracted to and mate with males that display the desired traits

Overtime, the genes associated withthese traits are inherited by subsequent generations and

theybecome more prominent withinthe species
As aresult,sexual selectioncanimpact matingsuccess,driving the evolutionof ananimal

population

What is the difference between natural selection and sexual selection?

Natural selectionoccurs due to competitionforresources whereas sexual selectionoccurs
due to competitionformates
= Onislands whereresources are plentifuland predators rare, females are often the primary
selectionpressure whichdetermines how males evolve
Sexual selectionresults inanimals with enhanced mating success whereas natural selection
tends to resultin populations of individuals that are well-adapted to theirenvironment
Sexualselectiondoes notresultinindividuals that are well-adapted to theirenvironment
= E.g.Peacocks possessiridescent tailfeathers withaspecific eye-spot patternwhichare
used heavilyduring courtship displays to females
= Overtime,sexualselectioninpeacocks has resulted inmales with longertail feathers and
more elaborate patterns
= These traits actuallymake the bird more prone to predation,reducingtheirchances of
survival
= Alongtailreduces agility, ability to flyand makes the bird easierto spot
Sexual selectioncanbe amore prominent evolutionaryforce than natural selection as variationin
mating success can:
= Amplifyselection
= Maintainnew genetic variationamongindividuals
Bothofwhichcanresultinrapid evolutionarychange
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Peacockand Peahen

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

= Theconceptofsexualselectionis viewed as Darwin's second-greatestinsight

= Darwinwas aware that the existence of traits that were not favoured bynatural selectionneeded
areasonable explanation
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SelectionPressures: Skills

Modelling Sexual & Natural Selection

GuppiesinTrinidad and Tobago

= Guppies are aspecies of fishfound inthe mountainforeststreams of Trinidad and Tobago
= Theyexhibit variationincolourationand patterning as well as sexual dimorphism
= Similarto the Birds of Paradise the males tend to be brightly coloured, while the females are
duller
= The colouration(specificallythe spots) of Guppies provides them with camouflage from
predators
= Theirspots mimic the gravel of the streambeds intheirnative streams
= Some streambeds are finerand sandierwhile others are coarserand more pebble-like
= Certainstreams provide more natural protection through hiding spots from predators
John Endler's Experiments with Guppies

= Inthe1970s ascientistnamed JohnEndlerobserved the guppies inTrinidad and noticed that their
colourpatterning changed with predationpressure
= Asaresultofthese observations,he conducted laband field research on guppypopulations to
investigate the effects of natural and sexual selectiononthe evolution of the guppies
= Endlercame upwithseveralhypotheses to tryand explainthe varyinglevels of male colouration:
= Whenpredators are present, the substrate type of the streambed impacts survival causing
spotbrightness to change
= Whenthereis alow predationrate,spotbrightness onmale guppies increases due to sexual
selection
= Aspredationincreases,the brightness of the spots decreases

Laboratory experiment

= Endlerused agreenhouse to recreate atropical environment
= Priorto the experiment, the guppies were livinginlarge tanks and breeding freelyforsixmonths
withno predation
= These guppies exhibited awide range of spotsize and number(reflectingthe range of
streams and predatorcontent theywere taken from)
= Endlercounted and measured the spots onallof the guppies
= During this time theywere randomlyassigned to go into tenponds
= Hesetupthetenpondsinside the greenhouse
= Five ponds had coarse gravel
= Five ponds had fine gravel
= The ponds were exposed to three differentlevels of predation
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Anumberofdangerous and weak predators were used to mimic the densityof predatorsinthe
wild:
= Two ponds had no predation
= Onewithfine and one withcoarse gravel
= Fourponds contained adangerous predatore.g.pike cichlid
= Two withfine and two withcoarse gravel
= Fourpondscontained aweakpredatore.g.theKkillifish
= Two withfine and two withcoarse gravel
Once the predators wereintroduced, the experiment was allowed to runfor five months
Afterthe five-month mark, Endlercounted and measured the spots onall of the guppies
Thenthe experiment was allowed to runforafurthernine months, afterwhichmore datawas
collected

His predictionwas that:
= Ahighpredationrate would cause the populations to diverge fromeach other
= So the guppiesinponds with coarse gravel should have different patterns/colouration
to thoseinponds with fine gravel
= Alowpredationrate would allow the male guppies to become more conspicuous
= The brightness of theirspots would helpthemto attract females

Itis worthnotingthat priorto the introduction of predators (when the guppies were livinginthe
large tanks forsixmonths) there was anincrease in the numberof spots
= Likelydue to sexualselection
When predators were introduced there were significant changes in the guppies:
= |nponds withahighpredationrate,the meannumberofspots decreased
= |Inponds withalow predationrate,the numberof spots continued to increase
= |Inponds withcoarse gravel,guppies tended to have largerspots whereas inthe ponds with
finer gravel guppies tended to have smallerspots
= This was true of bothponds withalow orhighpredationrate
= Thiscanbe interpreted as spot size mimicking gravelsize
= Inponds withno predation,the opposite was observed.Fine gravel ponds favoured large
spots onmale guppies while coarse gravel ponds favoured smallspots
= |twas thought that not matchingtheirbackground make males more conspicuous which
canhelpto attractfemales

Field experiment

Endlertransferred anumberof dull male guppies fromanareaof highpredationto anareaoflow
predation
He leftthemthere for15 guppy generations (two years) before returningto observe anychanges
Whenhe returned he noticed that the male guppies had more colourful patterning

= This was likelydue to sexual selectionand the absence of strong predation

Interpreting results
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The lab and field experiments that Endlercarried outdemonstrated that the evolutionin the
guppy populationsisn'tclearcut
= |tisadynamic process of naturaland sexual selection
Natural selectionoccurs in guppies due to competitionforfood and avoidance of predators
= Predators canspotbrightlycoloured males more easily,reducing theirsurvivalchances
= Thisleadsto selectionforless highlycoloured/spotted individuals within the population
Sexual selectionoccurs as some traits (e.g.bright colouration) provide areproductive
advantage
= Males withbrighterand biggerspots are more likelyto obtainamate,reproduce and pass on
theiralleles that code forthese specific characteristics
As aresult,atrade-off betweenthese two types of selectionoccurs
= Althoughinareas with highpredationrates, brightlycoloured males are less likely to survive,
regardless of theirreproductive advantage

Endler'sresultsgraph
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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.

O Exam Tip

Take some time to look at the graphs containing Endler's data. Canyou decipherthe trends and
results mentioned earlier?

Itis animportant examskill to be able to pick out keyinformation from confusing graphs like
those above!The mostuseful part of the image is the bottomright-hand graph,you could spend
alongtimelooking at the others but this one summarises the keytrends between ponds with
different predationlevels and the brightness/numberof spots.
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