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Finches that inhabit the Galapagos Islands (which include the islands of Genovesa and
Champion) have become known as Darwin’s Finches. They provide useful evidence to support
a gene pool model of speciation.

(@) Define the term ‘gene pool’. [1]

(b) There is a strong correlation between the size of finches’ beaks and the size of the seeds
the beak is able to crack. Recent research has shown that two proteins are involved in
controlling beak size:

Bone promoting molecule 4 (Bmp4) and calmodulin (CaM)

The diagrams below show links between the two molecules, beak shape and food source.
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(i) Describe the link between beak shape and food source. 1]

(i) Describe the link between CaM and beak shape. 1]

{c) One theory for the evoiution of the different species of Darwin’s Finches is that a small
population of Sharp-beaked Finch (Geospiza dificilis) was blown onto one of the islands
from mainland South America. Over many generations they became adapted to feed on
the different food sources available.

(i) Give one reason why, in the early generations of the island colony, the frequencies
of the alleles responsible for producing Bmp4 and CaM might have differed from
their frequency in the mainland population. 1]

(i) Explain how, in subsequent generations, the frequency of the allele responsible for
producing CaM would have increased on an island where the main food source was
cactus flowers. [4]

..............................................................................................................................................................................................
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{(d) The Large Cactus Finch (Geospiza conirostris} from the island Genovesa has a beak
that closely resembles that of the Cactus Finch (Geospiza scandens) from the island

Champion.
(i) State why these two finches are considered to be separate species. 1]
@iy  Explain why they evolved into separate species. [2]

..............................................................................................................................................................................................
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grid following shows if mating between different members of the canine family results in fertile

The map shows the world distribution of different members of the canine (dog) family and the
offspring.
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olden black- side-
dog wolf dingo coyote g backed striped
jackal . .
jackal jackal
dog / J/ J/ / v X X
wolf / v / v v X X
dingo v v v J v X X
coyote / / v v J X X
golden J J J J J « X
jackal
black-
backed X X X X X J X
jackal
side-
striped X X X X X X J/
jackal
Key:

Fertile offspring = /
Infertile offspring = X

(a)  Using the data, state which members of the canine family are the same species as the
dog. Give a reason for your answer. [2]

(b)  Suggest two other pieces of evidence which would confirm that they were members of the
same species. [2]
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(c) (1) Usethemap tosuggest which speciesare likely to have been produced by sympatric
speciation. [1]

(d) The chromosome number of the dog 1s 2n 78 and the European Red Fox is 2n 38. Rare
cases of mating between dogs and foxes have been recorded (resulting in an animal
called a dox) but the offspring are all sterile. Give reasons for this sterility. [4]

............................................................................................................................................................................................................

(Total 10 marks)
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3. A species of mouse Peromyscus polionotus found in Florida, USA, has a number of different coat colours.
Coat colour in mice is controlled by several genes. Dark fur is produced when the hair producing cells
secrete a pigment called eumelanin. A high level of eumelanin is produced when a transmembrane protein

called MC1R is stimulated by a hormone.

(@) The diagram below shows part of the amino acid sequence of MC1R, part of the sequence of

nucleotides in the gene for MC1R and how it might change to produce light fur:

Original

z\lldclleog;ie sequence ATCACCAAAAACCGCAACCTGCACTCG
alliele

Changed to produce light fur

gﬁgllgogie sequence ATCACCAAAAACTGCAACCTGCACTCG
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(i) Describe the change in the gene and the subsequent change in the MC1R molecule.

[2]

(i) Using the information provided, explain how this change results in mice with light fur.

[2]

(b) This change in the MC1R gene means that there are two alleles, R and C. The map below shows the
distribution of the different coloured mice and the relative frequencies of the alleles R and C in each

population.
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Northern Florida

sandy beaches

Sy

Allele 5% R
frequency 95% C

Population 3

-

forest/scrub

2N

Allele 30% R
frequency 70% C
Population 2
Allele 100% R
frequency 0% C
Population 1

(i) Use the diagram to suggest how fur colour is related to environmental conditions.

2]

(i) Under what circumstance could the difference between the allele frequencies in populations 2 and 3 be

explained by genetic drift, despite both living on beaches?

(1]
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(iii) Explain how Natural Selection could have caused the relative allele frequency shown in population 3.

[4]

(iv) Under what circumstances would the mouse population become a separate species?

[1]

The Grand Banks is an area of sea off the coast of Newfoundland in Canada. It was once one of the most

productive fishing grounds in the world for Atlantic cod.

The cod was fished heavily for about 50 years.

About 60% of the total cod population of reproductive age was harvested annually.

Cod fishing in the Grand Banks was closed in 1992 but by then the population was less than 1% of what

it had been.

Cod grow evenly throughout their life.

The cod that remained when fishing was finally closed were much smaller and grew more slowly than the

cod that lived in the Grand Banks several decades previously.
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Graph to show the median age of cod at sexual maturity in the same location during the time of

heaviest fishing.

(@) (i) Use the information provided opposite and your own knowledge of natural selection to describe and

explain how the phenotype of the cod has changed since 1960.

5]
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(i) The cod fisheries have been closed for nearly 20 years but there has been little change in the
phenotype and no population recovery. Suggest why there has been little change in the phenotype and no

population recovery.

[3]
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Wheat grain size is determined by the plants’ genetics (i.e. variety), and the length of the grain
filling period (time between fertilisation and harvesting). Plant breeders cross varieties of wheat
in order to increase grain size. The photograph below shows the results of one such cross.

Parental
variety B

Parental
variety A

Extreme phenotypes from the
hybrids

(a) Distinguish between continuous and discontinuous varnation. You should give an
example, which is visible in the photograph, for each one. [3]
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The graph below shows the distribution of grain length in a sample of the hybrid wheat
variety. The grains were measured to the nearest 0.01 mm.
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(b) (i) Whatis the total number of grains in the sample? 1

(i) The student calculated three different averages for the length of hybrid grains.
The mean was 6.57mm. The other two values were 6.45mm and 6.52mm. With
reference to the graph, state which of these values is more likely to be the mode
and give a reason for your choice. [2]

(i) What evidence is there from the graph that the length of hybrid grains is not normally
distributed? [
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For each parental variety the mode and median were the same. Arrow X shows the mode and
median for parental variety A and Arrow Y shows the mode and median for parental variety B.

Distribution of grain length in hybrid variety
25 L1

Frequency / number of grains
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(iv) Consider the following statement:

‘There is no significant difference in the length of the hybrid grains and the length
of the grains of parental type B.'

Describe any evidence from the graph above to support the statement and name
the terms used to describe; the type of hypothesis represented by the statement
and the statistical test that could be used to test the hypothesis. [3]

Evidence —

Type of hypothesis ... —
Statistical test
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: : ; Marks
Question Marking details Available
(a) All the alleles (of all the genes) in a population; 1
(b) | (i) | The harder the food the {larger / wider / deeper} the beak/ 1
long beaks for flowers and fruits / wide beaks for eating seeds;
(ii) | The higher the CaM the longer the beak / low CaM results in 1
short beak / ORA,;
(¢) | (i) | Genetic drift / founder effect / or descriptions of ; 1
Accept mutation
(i) | Any 4 from: 4
A. Birds with (high) CaM (allele) will have longer beaks;
B. (birds with longer beaks) will get more food from cactus
flowers / better adapted for feeding;
C. (more of) these birds will survive, reproduce and pass on
their (high) CaM alleles to the next generation;
D. CaM (alleles) will {pecome more common/ increase in
frequency} in the next generation;
E. use of {natural selection / selective advantage / survival of
the fittest/ selection pressure} anywhere in the account, in
the correct context;
(d) | () | They are not able {to interbreed / or description of 1
interbreeding} / breed or reproduce with each other and
produce fertile offspring;
(ii) e geographic isolation / correct reference to allopatric 2
speciation;
e over time develop adaptations which prevent
successful breeding with original population / there is
no flow of genes between the two populations / or
description of example e.g. courtship behaviour;
Question 1 total [11]
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_________________________________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________________
...............................................................................................................................................

.................................................................................................................................................

Slmllar proteins;

i Similar morphology

: Similar genetic profile (not: same/same number of :
_________________ _chromosomes) i Max2
() (i) 1 B' lack backed and side striped jackal | 1

(not jackals/golden jackal)

________________________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________

leference in reproductlve/courtshlp behaviour
/pheromones

____________________________________________________________________________________________________________________ b e e

Changes in chromosome numbers/ploidy;

________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________

...............................................................................................................................................

_______________________________________________________________________________________________________________________________________________

.................................................................................................................................................

_________________________________________________________________________________________________________________________________________________
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3

Question

(a)

(b}

(i)

(ii}

(i}

(ii}

(i}

(iv)

Marking details

CGCisreplacedby TGC/ C isreplaced by T,
Amino acid cys has replaced arg;

Change in {protein/tertiary} structure/ different protein is made;
MC 1R will not be stimulated (by the hormaone);
{Less/no} eumelanin will be produced;

Mice with lightfurfoundin an environment providing {light
backgroundssandy beaches; AND mice with darkfurin {forest
/dark backgrounds}

Darkfuris foundin the darker background/

lightfuris foundinthe lighter background;

For camouflage/ OWTTE;

Small populations (of mice);
Mice with lightfur {are less easily seen/caught by predators/

correctreference to camouflage’have a selective advantage};
Lightfur mice (survive to)reproduce and pass {allele C/

advantageous allele/lightfur allelet to next generation;
Increasing the freguency of the allele;
85% of population (have allele C);

{Genetic/behavioural/geographic/allopatric/reproductive/
sympatric/ seasonal/temporal} isolation;

Question 3 Total

Marks
Available

2

Max 2

[12]
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Question

Marking details

Marks
Available

(a)

0

(i)

A. Variation in age at which sexual maturity is reached;

Caused by mutation;

C. Reach sexual maturity earlier/ Small fish {have a
selective advantage/ pass through net)f ora;

D. Breed/ reproduce, reject mate

E. Pass on alleles to offspring; reject genes

F. Aliele frequency for earlier maturity / hence small size
at maturity increases;

G. Figs quoted from graph (in context);

W

Very few large cod survived/ ORA; reject none

reduced gene pool;

{No/ little} mutation (to increase size) / insufficient time for
genetic drift {to increase size) / No gene flow from another
gene pool;

Small fish produce less gametes/ difficulty in breeding/ few fish
remain to reproduce/ reproductive isolation;

Not enough food/ increased competition for food/ increased
predation/ disease;

Change in {temperature/ pH} poliution;

Question 4 total

Max 5

Max 3

[8]
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Question

Marking details

Marks available

AD1

AD2

AO3

Total

Maths

Prac

(a)

Discontinuous -Colour/hairs/smooth/wrinkled coat/shape +
Continuous — length/width/size (1) 1 mark FOR BOTH
Continuous - shows a gradation from one extreme to
another/controlled by more than one gene (1)

Discontinuous-. When characters are clear-cut/controlled by a
single gene (1)

(b)

(i)

100

(ii)

mode = 6.45 (1)

It is in the {most common class/6.40-6.49 class}/it has the
greatest number at 25/it is the highest bar/the median is the
middle value which would be the 50™ grain which is in the 6.50-
6.59 class (1)

(iii)

Mean, Mode and median are not the same/
correct reference to shape not being tallest in the middle/not
bell shaped/not symmetrical/skewed to left

(v)

{Samples/mybrids} have more similar {mean/median/mode} to
parent B (than parent A) (1)

Null (hypothesis)(1)

(students) t test(1)

Accept Spearmans rank/Mann Whitney

Question S total
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