NAME

CLASS DATE

IB BIOLOGY - D4.1

Natural selection

Notes to fill in alongside the guide. Each numbered block matches a chapter of the guide, and of the
lesson slides. Write in the gaps, answer the cues, annotate the figures, and sum up each section in your

own words.

BY THE END YOU CAN

D Explain natural selection as the mechanism of evolution, and why Darwin's explanation replacing Lamarck's was a

paradigm shift p4.1.1

others D4.1.5

paradise Dp4.1.7

natural selection p4.1.8

example D4.1.9, D4.1.10

Yyou D4.1.13, D4.1.14

0O 000 0O 0O 00 ogod

Explain how mutation makes new alleles and sexual reproduction makes new combinations of them p4.1.2
Explain how overproduction of offspring and competition for limited resources promote natural selection p4.1.3
Explain how abiotic factors such as a hard frost act as density-independent selection pressures p4.1.4

Use fitness, adaptation, survival and reproduction to explain why some individuals leave more offspring than

Explain why only heritable traits can be selected, and why traits acquired in a lifetime cannot D4.1.6

Explain how competing for mates and being chosen drive the evolution of traits such as the plumage of birds of

Interpret data from Endler's guppy experiments, and explain how controlling the predator separates sexual from

Describe a gene pool, and calculate and compare allele frequencies in a population, using a database for a human

Explain neo-Darwinism: how selection between individuals changes allele frequencies in the gene pool p4.1.11
Distinguish directional, stabilising and disruptive selection, and explain why all three change allele frequencies p4.1.12

Use the Hardy-Weinberg equation to calculate allele and genotype frequencies, and say what its five conditions tell

Distinguish artificial selection from natural selection, and explain antibiotic resistance as natural selection D4.1.15

01 Evolution has a mechanism

CUES

Predict: Claim 1: "Natural
selection gives organisms what
they need to survive!

What is meant by natural
selection?

What is meant by paradigm
shift?

NOTES

1

In 1859 Charles Darwin published a different mechanism,

Darwin's idea replacing LamarckK's is a classic

LamarckK's idea: a giraffe stretches for leaves, its ,

and it passes the change on.

In fact the calf hatches with an ordinary neck: a change gained in life is

(chapter 4).

Darwin's idea starts with :the necks in a population are

not all the same.
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6 Long necks feed best in the lean season and

The alleles go with them.

Your own notes

ANNOTATE THE FIGURE

Number the 5 steps on the figure and note what happens at each: 1 neck lengthens;
2 not inherited; 3 variation; 4 leave more young; 5 replaced.

LamarcK's idea

early 1800s 2
use and disuse /Q ) j
N M —

reaches up neck stretches not inherited
Darwin's idea
1859
natural selection o
replaceq Lama_rck s [ llQ s [ IQ Va /Q /Q
a paradigm shift o) (R R GE) i) (R G () )

IIREE D INNER G IRIRE
necks vary long necks

now commoner
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Biology by Bradford

ANNOTATE THE FIGURE

Annotate this still from the animation (Watch it happen: ICE AGE in one population):
what is happening, and why?

o Jeee oo Joe Jeoo e

-
dry years go on

Y NI W

N N
Do Do Do Do Do Goe

D D . D D D

& J

How common each version of the jaw gene is
@ large-jaw version @ slender-jaw version i generation 1

generation 1
generation 2
generation 3
generation 4
generation 5

REMEMBER IT

The logic of natural selection: ICE AGE

I C E A G E

Icy Cubs Eat Anything Growing Enormous

1 C E A G E

SPOT THE MISTAKE

What do students often get wrong about natural selection drives evolution?
Write the mistake, then put it right.

The mistake

Put it right
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SUMMARY

Sum up section 01 in two or three sentences of your own.
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02 Variation to select from

CUES

Predict: Where does the very
first copy of a new allele come
from?

What is meant by mutation?

NOTES
1 is the only source of brand new alleles.
2 Sexual reproduction makes of the alleles that

already exist.

3 A geneisasequence of . This version is one allele of the
gene.
4 A copying error changes .The changed sequence is a

: mutation makes new alleles.

5 In meiosis, swaps pieces between a pair of

chromosomes that carry the alleles A, B and a, b.

6 The gametes carry that neither chromosome had

before: sexual reproduction makes new combinations of alleles.

Your own notes

ANNOTATE THE FIGURE

Number the 4 steps on the figure and note what happens at each: 1 bases; 2 one
base, new allele; 3 crossing over; 4 combinations.

Mutation: a new allele

o1 [e][a]e]r]r]e]c]a)a]]e]e]

l copying error

newatee (@ a ][] |7 J@ ] A)(a] T ] e ]c]

one base differs, so the allele differs

Sexual reproduction: new combinations

- _ 96 E
@G @LEE

a pair of chromosomes —
new combinations
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SPOT THE MISTAKE

What do students often get wrong about where variation comes from (Il in
ICE AGE)? Write the mistake, then put it right.

The mistake

Put it right

SUMMARY

Sum up section 02 in two or three sentences of your own.

Biology by Bradford - IB Biology D4.1 Natural selection - notes 6 / 28




03 More offspring than the world can feed

CUES NOTES

Predict: A late frost Kills 60% of 1 The
the seedlings in a sparse patch.
How will a crowded patch of the
same plant fare?

is that limit.

2 When there are more young than the resources can supply, they

3 An such as a heatwave, a hard frost, a drought or a

What is meant by carrying

T flood can Kill or spare individuals according to their traits.

4  These are factors: a frost that Kills half of a

sparse patch of seedlings Kills about half of a crowded patch too.
What is meant by compete?

5 Any factor that makes some individuals more likely to survive and

reproduce than others is a

What is meant by abiotic factor?
Your own notes

What is meant by density-

independent?

ANNOTATE THE FIGURE
What is meant by selection Number the 5 steps on the figure and note what happens at each: 1 four places; 2
pressure? twelve young; 3 compete; 4 sparse, crowded; 5 density-independent.

More young than places

4 places with food 12 young
‘ ‘ . ‘ O O O O 4 find a place
OO0
Sl L 8 find none
4 adults, one to a place & F & F A J RS
Food sets the limit, not the number born.
Two patches of seedlings, then a cold shap X
sparse patch crowded patch RES
PP PP PP
A
| PP, PP
2 of 4 die 6 of 12 die

the same share in each patch
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SUMMARY

Sum up section 03 in two or three sentences of your own.
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04 Who survives, who breeds

CUES

Predict: A cat lives 15 years but
raises no surviving Kittens. A
second cat lives 6 years and
raises 8 kittens that all breed.
Which has the higher fitness?

What is meant by adaptation?

What is meant by fithess?

What is meant by heritable?

NOTES

1 Each of these helpful differences is an
2 What selection really measures is

3 Fitness has two parts: the of a genotype (how

likely it is to live long enough to breed) and its

(how many offspring it tends to leave).

4 The trait must be

Your own notes

ANNOTATE THE FIGURE

Number the 5 steps on the figure and note what happens at each: 1 lived; 2 breeding
age; 3 highest fitness; 4 acquired; 5 not heritable.

Fitness counts young that breed
years lived young that bred

¢ s e000® |
—T 0

The middle bird lived least and has the highest fitness.

[ ] 8 none

Acquired traits stay behind

parent's DNA bases chick's DNA bases

&G CRETREED — ERETREE .
|| 1]

grew large on extra food hatches normal size
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ANNOTATE THE FIGURE

Annotate this still from the animation (Watch it happen: a population changes):
what is happening, and why?

Shell colours, generation 10 Mean shell colour, by generation
(_Jeaten i earlier generations dark

pale
ground (COC D) il D (D D (D D
i 2 3 4 5 6 7 & 9 18

] e— — |
shell colour >
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ANNOTATE THE FIGURE

Number the 3 steps on the figure and note what happens at each.

(e )l Jla]le JLeE
(Govee oy yearson ) |

—J

e R G G
e G Gee G
s e s P

How common each version of the jaw gene is
@ large-jaw version @ slender-jaw version
! where it started

.

generation 1
generation 2
generation 3

generation 4

SPOT THE MISTAKE

What do students often get wrong about fitness and heredity (A, G and E in
ICE AGE)? Write the mistake, then put it right.

The mistake

Put it right

SUMMARY

Sum up section 04 in two or three sentences of your own.
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05 Choosing a mate

CUES NOTES
Predict: A male's bright tail 1 In many animals that is a contest of its own, and the traits that win it can
makes him easier for predators
to catch. How can the trait still be different from the ones that help you survive.
spread through the population? is selection for success in getting mates.

2 In members of one sex, usually males,
What is meant by sexual compete with each other for access to mates: stags fight, and males
selection?

display at one another.

3 In one sex, usually females, chooses
What is meant by intrasexual among the other.
selection?
4 Four males of one species,with __________ of different lengths.
5 A female looks them over, and the longest plume.
What is meant by intersexual
i ?
cElaEEn G The male she chooses sires the ,and they inherit his

alleles for a long plume.

Your own notes
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young
sired

extra young

The mistake

Put it right

ANNOTATE THE FIGURE

& | &

extra risk

SPOT THE MISTAKE

Number the 4 steps on the figure and note what happens at each: 1 plumes; 2
chooses; 3 most young; 4 cost.

Males differ in plume length

@) o0 000
o000

she chooses the g

©
Il
longest plume

female

What do students often get wrong about sexual selection? Write the mistake,
then put it right.

SUMMARY

Sum up section 05 in two or three sentences of your own.

Biology by Bradford - IB Biology D4.1 Natural select

ion - notes
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0OG6G Two pressures, tested

CUES NOTES
Predict: In the pond with the 1 The experiment the streams: it is simpler than nature, so one
dangerous predator, males end

up with fewer spots. What is the pressure can be isolated and measured.

best explanation?
2 Inthe wild, males in streams with are duller

than males in streams with few.

3 Endler set up with the same starting guppies: no

predator, a weak predator and a dangerous one.

4 He changed , the predator, measured the males' spots, and

kept everything else the same.

5 After the generations: more colour with no or a weak predator,

with the dangerous one.

Your own notes

ANNOTATE THE FIGURE

Number the 4 steps on the figure and note what happens at each: 1 fierce
predators; 2 three ponds; 3 one thing; 4 less colour.

Streams with fierce predators Streams with few predators
) “ ‘ 0 Dé) ‘ “oo o
males duller, few small spots males more colourful

Endler's test: the same start in three ponds

no predator weak predator strong predator
the control killifish type pike cichlid type
more colour more colour less colour
You change You measure You keep the same
predator level spots on the males start fish, food, warmth
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SPOT THE MISTAKE

What do students often get wrong about modelling selection: Endler's
guppies? Write the mistake, then put it right.

The mistake

Put it right

SUMMARY

Sum up section 06 in two or three sentences of your own.
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07 The gene pool

CUES

Predict: A population of 50
diploid individuals has 30 copies
of allele B in its gene pool. What
is the frequency of B?

What is meant by gene pool?

What is meant by allele
frequency?

NOTES
1 A is all the genes and their different alleles in a
population.

2 The useful number to take from a gene pool is an

:how common each allele is.

3 Tenindividuals, each carrying of one gene: allele A in

green, allele a in pink.

4 Tip every allele into one jar: the , 20 alleles, 14 of them A

and 6 of them a.

5 The of A is 14 out of 20, which is 0.7. The

frequencies of A and a add to 1.

6 A second population, cut off from the first, has

frequencies: 0.4 and 0.6.

Your own notes
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ANNOTATE THE FIGURE

Number the 4 steps on the figure and note what happens at each: 1 two alleles; 2
gene pool; 3 allele frequency; 4 different.

Population 1: ten individuals

@@@@@©@d

each individual carries two alleles

gene pool: 20 alleles

Population 1: share of each allele

@ allele A @ allelea share of all alleles = allele frequency

sea

Population 2, cut off from population 1

SUMMARY

Sum up section O7 in two or three sentences of your own.
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08 Selection shifts allele frequencies

CUES

Predict: In the beetle example,
the J share of the gene pool was
0.5 before the drought and 20 of
the 32 alleles of the survivors.
What is it among the survivors?

What is meant by neo-
Darwinism?

NOTES

1

Biologists joined Darwin's natural selection to genetics in what is now

called

Evolution is a over

generations.

Selection acts on , the traits that individuals show, but

evolutionis read in ,in the population.

Twenty beetles, each with two alleles of a jaw gene. Across the

population, J and j are equally common:

A drought leaves only tough seeds. The four beetles cannot

feed and do not breed.

Count the alleles of the 16 survivors: 20 J and 12 j. The frequency of J is

now

Your own notes
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Biology by Bradford

ANNOTATE THE FIGURE

Generation O: twenty beetles

@9@9@9@9@9@9E9C9EIEI

Drought: only tough seeds are left. The four jj
beetles cannot crack them and starve.

Alleles in generation 0: 20 J and 20 j

Alleles in the 16 survivors: 20 J and 12 j
|
dashed line: where the J share started

The survivors breed, so the next generation inherits this pool:
J has risen from 0.5 to 0.625. The population has evolved.

ANNOTATE THE FIGURE

Number the 4 steps on the figure and note what happens at each:1p = 0.5; 2 jj; 3
0.625; 4 The allele frequency has changed: evolution..

Annotate this still from the animation (Watch it happen: allele frequencies shift):
what is happening, and why?

[T () (R [ [

p
Y o N Evs

, V] N .

B

.

J

Allele freq of J, ion by
@ J: large jaws @ j: slender jaws E generation 1

generation 1 0.29

generation 2 0.63
generation 3 0.79
generation 4 0.88
generation 5 0.96

- IB Biology D4.1 Natural selection - notes
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SPOT THE MISTAKE

What do students often get wrong about selection changes allele
frequencies? Write the mistake, then put it right.

The mistake

Put it right

SUMMARY

Sum up section 08 in two or three sentences of your own.
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09 Three ways selection can act

CUES

Predict: Babies of very low and
very high birth weight are less
likely to survive than babies of
average weight. Which kind of
selection is this?

What is meant by directional
selection?

What is meant by stabilising
selection?

What is meant by disruptive
selection?

NOTES

1 In one extreme is favoured, so the whole

population shifts towards it.

2 In the middle is favoured and both

extremes are removed.

3 In both extremes are favoured and the

middle is removed.

4 : one tail of the curve is removed, and the whole curve

shifts. Alleles for large beaks become commoner.

5 : both tails are removed and the curve narrows. Alleles

for the extremes become rarer.

6 :the middle is removed and the curve splits in two.

Alleles for both extremes become commoner.

Your own notes
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ANNOTATE THE FIGURE

Number the 3 steps on the figure and note what happens at each: 1 Directional; 2
Stabilising; 3 Disruptive.

Disruptive: the middle is removed

number of birds

====- before after

removed

small medium large
beak depth

share of alleles for small, medium and large beaks

ANNOTATE THE FIGURE

Annotate this still from the animation (Watch it happen: one population, three kinds
of selection): what is happening, and why?

directional stabilising disruptive
chance of surviving

80 of 150 survive

\

I 1[

5

) [l oD, about 16.2 mm
before selection oI 373 d70% |
[ pd, about 8.6 mm
survivors (they breed) [BPZLS d76% | |:] dd, about 7 mm

/\ A mean: before, survivors

beak depth (mm)

a made-up population and numbers, for teaching
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REMEMBER IT

The three kinds of selection

D

Drive

S

Squeeze

Divide

SPOT THE MISTAKE

The mistake

Put it right

What do students often get wrong about directional, stabilising and
disruptive selection? Write the mistake, then put it right.

SUMMARY

Sum up section 09 in two or three sentences of your own.

Biology by Bradford - IB Biology D4.1 Natural selection

notes
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10 What a population would be like if it were not evolving

CUES NOTES
Predict: A recessive condition 1 The gives it: the genotype
affects 1 person in 2500.

Roughly how many people in the frequencies you would expect in a population in genetic equilibrium,

population are carriers
(heterozygous)?

where the allele frequencies stay the same from one generation to the
next.
2 For a gene with two alleles, let p be the frequency of one (A) and q the

What is meant by hardy-

Weinberg equation? frequency of the other (a). They are the only alleles, so
i rg equation?

3 With random mating, any egg can meet any sperm, so the genotype

frequencies are the square of that: , where p2

is AA, 2pq is Aa and g2 is aa.

4  Egg and sperm alleles meet at random. If the frequency of A is
andofais ,each edge of the square is splitin

those proportions.

5 The four areas are the four ways eggs and sperm can combine:

) ) and

6 AAisp2=0.36, Aais 2pg = 0.48 and aa is g2 = 0.16. Together they make

Your own notes
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ANNOTATE THE FIGURE

p2pa, pa, 0% 31,49=04,p=0.6.

Random mating: any egg can meet any sperm

eggs:p = 0.6 q=0.4

sperm:

p=06 [ aa=2pq

PAq
0.24

If 16% show the recessive trait, ¢2 = 0.16,
soq=04andp=1-0.4=0.6

ANNOTATE THE FIGURE

g2 =1; 3 carriers.

100 individuals: p = 0.60, q = 0.40

00 00 00 00 00 00 00 00 00 09 |- Predicted, fromp [l counted
00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 €0 €0 00

48.0 48
€0 E0 0080000 0 0 0 350 36 [}
€0 €0 €0 €0 €0 €0 €0 60 60 00 I P 160 16
€0 0000000000000 0000 | | P i
@0 @0 @0 €O @O @0 @O €O @0 @0 AA Aa aa
@O @0 @0 @O 00 0O 0O OO 00 00 p* 2pq qQ*

OO 00 OO OO OO OO OO GO 00 O

@A Oa two discs: one individual

A recessive condition in 1in 2500 people

aa g? =1+ 2500 = 0.0004

q q =+v0.0004 = 0.02

p p=1-9q=1-0.02=0.98

Aa 2pg =2 x 0.98 x 0.02 = 0.0392, about 1in 25.5
AA  p?=0.98%=0.9604

Assumes the population meets the Hardy-Weinberg conditions.

IB Biology D4.1 Natural selection - notes

Number the 4 steps on the figure and note what happens at each: 1p = 0.6,q = 0.4; 2

Number the 3 steps on the figure and note what happens at each:1p, g; 2 p2 + 2pq +
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REMEMBER IT

The five Hardy-Weinberg conditions

Large Rats Make Most Spaghetti
L R S
SUMMARY
Sum up section 10 in two or three sentences of your own.
notes 26 [/ 28
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11 Artificial selection and its side effects

CUES

Predict: Farmers spray a crop
with an insecticide. After some
years most of the pests resist it.
Which kind of selection has
taken place?

What is meant by artificial
selection?

NOTES

1 is natural selection with a person

choosing the parents.

2 The key word is

3 The antibiotic acted as a selection pressure on variation that already

existed, so thisis , an unintended

consequence of a human action, not artificial selection.

4 A crop varies in the size of its cobs. Each plant's size is partly

5 The breeder picks the and lets only those breed.

(9

Repeat for a few generations: the cobs get steadily ,as the

alleles for size become commoner.

Your own notes

ANNOTATE THE FIGURE

Number the 5 steps on the figure and note what happens at each: 1 heritable; 2
largest; 3 bigger; 4 one; 5 Nobody chose it.

Artificial selection: people choose the parents

o8lel "o00ll BB00R

generation 1 generation 2 generation 3

The breeder lets only the biggest cobs breed.

A dish of bacteria meets an antibiotic

- - & = antibiotic a a@
o o @ o — o
o o o o

mostly susceptible, one resistant survivors are resistant
and go on to multiply
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SPOT THE MISTAKE

What do students often get wrong about artificial selection? Write the
mistake, then put it right.

The mistake

Put it right

SUMMARY

Sum up section 11in two or three sentences of your own.

Check yourself

The check for this guide is online: a fresh paper of past-paper style questions from the
exam bank on D4.1 each time, marked as you go, and saved to your Exam practice
progress when you are signed in. Scan the code, or type the link.

biologybybradford.com/exam-maker/sit?topics=D4.1&1evel=HL&paper=quiz&marks=15&src=ep

How this was made. The course structure, the activities and the teaching choices come from my own classroom, my
presentations and my years of teaching IB and AP Biology. | use Claude, an Al, to help write and build the interactive guides,
lesson plans, slides and practice questions, and to draw the diagrams and code the interactives. | direct the work and review it
against the IB and AP specifications before it goes live.
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