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e 18.3.1 — Describe natural selection with reference to:
a) genetic variation within populations
b) production of many offspring
c) struggle for survival, including competition for resources
d) a greater chance of reproduction by individuals that are better adapted to the environment than
others
e) these individuals pass on their alleles to the next generation
e 18.3.2 — Describe selective breeding with reference to:
a) selection by humans of individuals with desirable features
b) crossing these individuals to produce the next generation
c) selection of offspring showing the desirable features
e 18.3.3 — Outline how selective breeding by artificial selection is carried out over many generations to
improve crop plants and domesticated animals and apply this to given contexts
e 18.3.4 — Describe adaptation as the process, resulting from natural selection, by which populations
become more suited to their environment over many generations
e 18.2.1 — Describe an adaptive feature as an inherited feature that helps an organism to survive and \
reproduce in its environment RS
e 18.3.5 — Describe the development of strains of antibiotic resistant bacteria as an example of natural
selection
e 18.3.6 — Outline the differences between natural and artificial selection
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Natural Selection

Ffol"\ 1830-1836 o young Chacles Darwin fook Pa('l: in a Suvey e.)cpedilion. which S,apptd
n many mcasf (’amauslj 7he Galafpaaos. At efad'\ stop, Darwin Studied and cahloacd a S
plants and animals. He made Several observations and aoflerinrds 1hrough mvuch

research | cxpe:;mcn!al-’on ond consultation with other scolars (Iike Wellace and HGH‘NS) e j
he Published “On fhe Origin of Species b/ Means of Natural Selection" in 1859

Hece ose his key postulades: /é
SN

@ Variation exists among iadividuals of a species and 1his variation is herifable

@ Mote individvals are produced each generation. than con sorvive - Lhich leads fo Competition /Q;
/

@ Those individvals with herijable #raits ““"";"J fhem fo betber - compete : adaplive features ,

will be more likely o Survive and leave more of-f's’r.'n" ‘
inkecited feature that helps

an organism 1o suvive oad reproduce

@ Over ameratians, popolation will become more odapied o¢ svited 4o their environment
fa its eavironment

He colled this process "descent with modificabion” and i1s mechanism “Matural Selection”

% Genetics has impravec) our understanding of this. Taday : Evolution : The change in allele F{e?umcy in & population over time

Ewlvtion is what is accwin\j n Papolalions, Notural Selection is how i occurirtj

fandom mutation creates new alleles ’/”R L
Qg

Process oie evolution via nodural selection : /
frmses meiosisS shuffles alleles 4o produce_unique gameles

@ there must be genetic variation <
amongst individvals in a popvlation

random fectilization of 3amek§ &w.‘nj sexval reproduction

@ This variation ( genokipic aad /or pheno{ypic) must be heritable f

@ Pl)pulalions produce more oﬁ'spz,‘nj than the eavironment can support —> not all individvals will swrvive to reproduce

/ Compel:il:.'m (‘ar Spoce
@ S*russle for survival
Predation /— / Selection pressuce * _\
XGTE ﬁ Porasitism \diswse

&
S

' Compdilion for fo0d

@ Selection of choracteristics

v

Disadvantageovs characteristics Advantageovs characteristics
Selected ogainst X less [ikcly o Svrvive Selected for  more Iikcly fo Survive

J

[ess Iike!y fo repraduce- and pass on more Iike!y to rcProduce and pass on
disadvantageaus allele to of’{’s;uing advantageous allele to o{’{'s;:rinj

‘rrcqumcy of dimdvanhseous allde decreases in Populaéion ‘rrcqumcy of a()vanhaeous allde increases in papulal::on

| v
Selection pressure : factor thot increases change in popolation allele frequency

or decreases rc,mduclive \l/
Success in e populaiion ¥ note: population evolves
not individvals

e pudali on

@ Populal:ion evolves {o become better-adapted fo environment



Excamples of Adaptation

Melanism in Eeggmd Molhs

In Gieat Britain, in 1850 there weee {wo nadural vorionts of 1he Peppmr) Moth :
Colovration is controlled by alleles Jhat code {or melanin - which cavses bleck pigmentation

BlatK variant poorly comouf’ Ia\?ed ((‘onspicuaos) maKing

k) na*urauy live on trees covered by white lichens
it easier for bicd Predaius o see and ecat fhem

277

varianlt 1§ well- camauﬂaﬂed
makl‘nj it difficult for bird
l Pndaiars to See and eat Them

. more moths Survive and repraduce

moce alleles {or whije ,,.;sed onlo next emerah'tm

Pa‘wldion of moiths mostly variant (*18‘/-)
Change in jhe environment: pollvion killed |icheas variant _y more likely _ less — decrease in
Industcial revolution ond deposifrd Sool, ensily visible to die and allele passed ollele

created large emissions ium;nj jrees  black not reproduce onlo aﬂ‘sp:inj ("rqomg

772

black variant > less likely _y more black s increase in |
camovf laged to die and allele passed black ollele
naf. rt’ror)dce onlo a#sp:inj Pm,umcy

Popola{}on of moths better <— more black maths < change in allele < afler several gtaerations. .. <
adapled 10 dhir environment less white moths (—'m,umcy in pa,ula“on. (b_y 1895 )

Antibiolic resislante in baclerial sirains

Bacleria, like S.aurevs are pathogens that can cavse serious disease in humans if’ {hty enler bloodstream L %' % which cavuses cell fo be vnable
x

Antibiotics ace drugs that Kill bacteria.  Ex: Peicillins, like Meihicillin inhibits cell wall synihesis —> o eintein oumtic s,
@ leading fo cells bursting and dying

X as animal cells do not hove cell walls, fhese antibiotics do not affeck homan cells (or viruses)

g anbibiotics were a revolvlionary medical advencement and stocied lm'nj used in o widespread foshion

* Bacterian feproduce very 705&’('){ and {orm colonies in the millions vety quicky— as such, the likelihood of mutations in individvals occuring is high

O ®
O/ \O @ S_ Qurevs Pafqlaéio,\ fCFIOd"“S ?U;Ck'y- . MRSA (MC*NC””I\"CSI""GI\'& S. AUICUS) s‘,(ﬁl.n
@~
j \ \[ \ @ Dve fo random motation , some S.aurevs |- peodoces more pomps to send melicillia out
O O O 9 become resistont fo methicilin due Jo 2. produces entyme to jnactivate methicillin
‘/X J\ ‘/\ \[ \ Certoin adaplive featores __/ *. 3. new Hnl’ins Pwl;cm which ’rwmh melhicillia from cnhn'nJ

), OOOOOOOO_ methicillin, @ Antibiolic, melkicillin adminisfered fo population : steong natural selection for cesistance
\ J, d > S. auress indivicvals witheot. resictance are more likely o be Killed
S s avreus  individvals widh resistance (MRSA) are more likdy to survive, reproduce, and poss resistonce o new individvals
death,

Q000 @ Popvlqlu'on of MRSA evolved and become adapted fo ifs enviconment - Medhicillin no longer is ePlective

Beak size in Dorwin's Finches on Daphne_Major

On Daphne Major (a small island ia the 6.'.,»305) lives o Po,;ula&hm of medivm 3raund finch (6. 'Pa((iS), The bicds exhibit herifable continvovs variation

amuask each other fr:marily in the sizes of their beaks — > {hose with lacge beaks Those cith small beaks
@ are better-able fo crack 0 are betttr-able fo feed
From 1974-1977 , exdended cooler cClimate and drmghl's (dve to La M-‘A‘A) open laracr hard seeds on smaller, soft seeds

avsed there fo be more laraer hard seeds and few smell soft sceds ovailable

L> “‘ ‘ @ p Ginches with '“.3‘ beaks more _y more likely — mote alleles for pre-drought:
0 ‘ "‘ o successfol at acquiring fo0d o sorvwe large beak passed population _

D

‘ 0 ’ and reproduce onto offspring evolved : §

“‘o 0 finches with small beaks less — less lkely _s less aleles for mean beak <&
‘ ‘0 ‘ suctessfol at acquiring food {o suruive small beaK passed size increased

and reproduce onlo oﬂ’s‘uins beak size



Artificial Selection

Artificial Seledhion :

k* The process occurs as follows:

individvals without desired feature
prevented from re produting

decreased P:equmcy of desired feature
in follouinj 8cnera£ian.

Selectivel y Qeedu‘qg crops

Hvmans have been orlificially selecting chacacteristics in crops for thovsands of years.

S

Desired tHeaits cxamples! hea‘aht 5 £wit colour/size / shape / £ lavour,
resistance fo disease /frast / drooght , roots, elc.

ex: selecting for fiuit size and yield in tomatoes

|l

ploats with large fruits

crossed with large yidd
and Seeds planted

process rcpeqhd : anly
sceds of desired frait
is selected ond Plan{'cd

—

Seleciively bleeén'ng animals

Humaas have been breedhy animals foc many Faits over thousands of years

k* Desired taifs examples : speed, loyaH), size , colour, Shape , infelligence, Steength, efe.

ex: domeslication of wolves and dog breeding

"\Umans remove uo”’ pups

7

them, making
them dependent

on humans
wild, aggressive wol

ex: Selechive lmedind of dogs (desmd feait : spoES)

003 litker shows variation in spots on for
Doas with spots selected and bred fogether

dogs with most spots

Naloral  Selection

— 5 over sevral generations
most plants have large yidd
and size - pepolation changed

feed and raise — > Seleek  wolves
which are obidieat
and calm in nature
and breed fthem

most/ all dags in litter have spofs

aka Selective Breed:'nj is when humans select and breed organisms for spec:f’.’c desible traits

\I/_ Variation in the chosen population W

—> individvals wifh desired fealure selected

¥

Selected individuals bred together

— increased freguency of desired feature in following gene ration.

Wild MUSI‘OIJ p’ant has been
Sclectively bred into many varieties

Kohlrabi

focm animals (l:‘l(e cows )
hove been beed for increased
milk production, muscle mass

and disease - resistance

S repeat over generations, S over time, tame wolues
Selecting and breeding only become so 0ifferent

wolves which are tame that specialion occored,

and not those aggressive splil&ins into 0035

over  many scnera(-.-'ons, spots become

selected and bred

more and more common in {his breed

Actificial Selection

occurs without human inter ference
typically Slow process
traits which are adaphive to eavironment (usefd fo survival /
rgp{aduc'“m) selected and become more -Fuqumt in popolation
alles Fre«lucncics of alleks bot does not eliminate them outright

octwrs only with human inter ference
foster process as only selected individuels allowed fo reproduce

'h'aifs which are favourable fo humans (not necessari ly For svevival /
rg‘)nduc'“on) Selected and become more -ﬂe?um{', in_population

can eliminate alleles as some varieties forbidden fo reproduce



(
rI\Lothing in biology makes sense except in the light of evolufior\.,)

Ayth

X Evolution ;s "JUSL" a '“\eo‘r]
i.e. apinion/ hypothesis / gtss
i's not a low
ex: a hove o theory ac to
uly yo are aluays late

X Individvals evolve during
fheir |ifespan

X Humaas are the ' most evolved’

X Nalueal seleckion iavolves
organism$ {rying {o adapt

X Nalural selection gives an

ordanism what it ‘needs’

X 'Gycvival of dhe Hitdest’

means Jhe 9}«:1\36{, survive

X Al deoids of o(ganisms are
ac)op{,alions. Evoluiion rm)ms
ofganisms pelfec{,ly svited fo
environmenls

X Evolution is  unscienlific as
it cannot be dested and is
on falsifiable

X Evolution cavses one Species to
cvdue inlo ancther, j.e.
mmktys evolwd jnjo humans

o 54bh-K

Theodosius Bobzhansky

Jact

In science, theoty : a well-suppocted explanation. which hes been repeaiedly fesfed and
confirmed thrvgh observation and experimenation . Cyolution via aatural Seleclion is a fheory.

A law: a slatemeat based on repeated expen‘mm{al observations that describes a phenomenon

{mauy " e7“{k’nS) ugu}gd; acuﬁ«)i
obsecvations — '\”dhesis tested <

N not corroborated (evidence doesat support k”o%esi.s)

Individual o(ganisms do net evolve- populations evolve. When a popalation is evolving,
e ratio of different alleles changes - individuals do not.

~ GeneS molafe. |adividvals are selected. Populalians evolve . ~
No such ‘”\ind as moare oc less ‘evolved'. Humoans are not ‘more evolved' fhan any ofher species.

Nafural selection involves species adap&'qj over {ime but does not involve fry,‘nj of uan{:nj.
Either an 0cganism has he alleles That are Jooc) cnoth Jo Survive ang feproduce of it doesn’'t.

Natural seleclion has no infenbions or Senses. Najural selection acls on genetic variation in a
Popula{iwt , which fs 3m¢rcdfc} by random mutation - & process vnaffected by needs.

Mo |ike ' survival of the fit cnooJk'. Oganisms wilkh many dilferent genetic variations survive,
reproduce, and pass on genes not st fhose with ‘{he best'. ‘Filness’ in jhe evolulionary sense
means ils abilily Jo pass an genes 1o jhe next genecalion. The more {eclile aﬂ'spﬁns , the more £it

While some {rails are adapliVC, many are nol oad merely chance resvlfs. Nadural selection is not
all- powerfol and doesn! prodoce pecfeclion. Natural seleclion can only select whel is already present
and d\muina a featvre 'for the better’ might change another {oc Ihe worse .

~dont change whals not broken ~

Evolution has and is {}qucn'Hy vpheld by lesis, whether in lab oc in fhe fleld. At the micro-level
this is very common such as observing bacteria, viruses , frait flies, or mice. At the mocro-level ,
evidence such as the fassif record can shill be osed fo focm oad fest hypotheses.

Evolution, ike all theories, are falsifiable - evideace Just needs fo be proJuc«J-

evidence for n’t\kllfao& des.‘an or Spmi'aaeous gencration have not been found.

Evolotion is not a ladder o linear , one species doesn't become another. Redher it s Iike a
free, where diBPecent species share common ancestors. Humaas and mankeys Share
an ancestor that wos neifher monkey or human. The more receak the ancestor, the

T £ LR A

common ancestor

“Evolution never looks to the future,,

Richard ®awkins



Aggessment Tagkg

Answer fhe fonowi@ 7u¢s{ions:

Daruin, i Jhe most well-Known scienfist Concerning evolution ot There were many olher jmportant F.‘gures.
For #he 1'-'o”awin3 stientists | reseacch. and Summarize theic contribotion fo evolutionary fheory
* James Hutton. and Chorles Lycl(
* Jean Bapliste Lamarck
* Alfred Russel Wallace

Xnofe: there are many ofhers, fhese are a few

@ USinﬂ one :xample (not found in this kSSor\), explain how natural selection leads fo evolotion of a popv lation
* Some :mmpks you can use are movthparts in Saapbmy bogs , DDT resistance in mosguitoes | peck in 3iraﬁ’es

@ Adap’rivc Pea{'ures help an oraan;Srn 1o sucvive and rcproc‘dc! ia ils eavironment.

Research one example of on adaplive feature in animals in one in plants. For each cxplain how the feature s adaplive fo fhe organisms environment .

@ Evolufion is S'I(an\s(y supporkd b)' moltiple lines of evidence )ncluc):'ndl

homologous ~ stuctures, analogous structures, vestigial shroctores, fossi| evideace, biogeogrophy, dicect observation, molecular (DNA) evidence
Choose and research one |ine of cvideace and explain. how it Suppar‘f's the 'fkeag-

@Usin3 one cxample (not found in this lessar\), explain how achifical seection works and how it allbws os to model cvolotion via najucal selection
@ Anbibiotic resistant bacteria are o very serious  global health issve. Explain how this occured and how it can be mitigated /addressed.

@ ,h 198% , Thete was a S*mna €l Nixo eveat with henuy rain and abuadant Supply of small seeds on Daphne Mqur-
Previct and explein how the Papu'nfc'on of Ciaches miahl: evalve jn fhe Pallau.’ns smemh'ans.

€Kphin I-Jky Stxua"y-rcproducina Species are more tesilieat to a duna»'nj environment thea bacteria .

@ €kflain wl\/ variahon and a Siluaaie for survival ate rquired for evolution via natwal selechion.



