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Answer ALL questions. 

Write your answers in the spaces provided.

Some questions must be answered with a cross in a box .  If you change your mind about an 

answer, put a line through the box  and then mark your new answer with a cross .

1 At the start of fertilisation, many sperm cells will surround the ovum.

 (a) Fertilisation begins with the acrosome reaction. 

  (i) Which of the following describes the acrosome reaction?
(1)

   A the ovum releases enzymes that digest the egg cell membrane

   B the ovum releases enzymes that digest the zona pellucida 

   C the sperm cell releases enzymes that digest the egg cell membrane

   D the sperm cell releases enzymes that digest the zona pellucida

  (ii) Which of the following statements describes the genetic content of a sperm cell?
(1)

   

Each sperm cell will contain Different sperm cells will contain

A one copy of each gene different alleles of some genes

B one copy of each gene the same alleles for all genes

C two copies of each gene different alleles of some genes

D two copies of each gene the same alleles for all genes

 (b) Describe the events of fertilisation that occur after the acrosome reaction.
(3)
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(Total for Question 1 = 5 marks)

The sperm cell membrane fuses with the egg cell membrane; the sperm nucleus enters.

This triggers the cortical reaction: cortical granules release their contents (enzymes) into

the zona pellucida.

These react with the zona pellucida so it thickens and hardens, stopping other sperm

entering.

The haploid sperm and egg nuclei then fuse to form a diploid zygote.
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2 All cells have a cell surface membrane.

 (a) Explain how phospholipids form a cell surface membrane.
(3)
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 (b) Cell surface membranes regulate the movement of substances into and out of cells.

  (i) Which of the following describes the movement of water by osmosis?
(1)

A against a solute concentration gradient through a fully permeable membrane

B against a solute concentration gradient through a partially permeable membrane

C down a solute concentration gradient through a fully permeable membrane

D down a solute concentration gradient through a partially permeable membrane

Phospholipids have a hydrophilic phosphate head and two hydrophobic fatty acid tails.

In water the hydrophilic heads associate with the water (cytoplasm and tissue fluid) on

each side, while the hydrophobic tails repel water and associate with each other.

So the phospholipids arrange themselves into a bilayer, with the heads facing outwards

towards the water and the hydrophobic tails pointing in towards the centre of the

bilayer.
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  (ii) The concentration of potassium ions inside an animal cell is many times 
higher than the concentration of potassium ions in the extracellular fluid.

   Which mechanism is responsible for the uptake of potassium ions by this 
animal cell?

(1)

   A active transport

   B exocytosis

   C osmosis

   D passive diffusion

  (iii) Glucose enters cells by facilitated diffusion.

   Which part of the cell surface membrane allows facilitated diffusion of glucose?
(1)

   A cholesterol

   B glycolipid 

   C phospholipid

   D protein

 (c) Some epithelial cells in the lungs secrete mucus.  If the mucus is too ‘sticky’, it 
cannot be easily removed from the lungs.

  Other epithelial cells in the lungs contain CFTR proteins in their cell surface 
membranes. 

  (i) Describe the role of the CFTR protein in ensuring that the mucus produced in 
the lungs has the right consistency. 

(3)
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The CFTR protein is a channel that allows chloride ions to leave the epithelial cells (by

diffusion, not active transport) into the mucus.

Sodium ions follow the chloride ions out of the cells into the mucus.

This increases the solute (NaCl) concentration in the mucus, lowering its water

potential.

So water moves out of the cells into the mucus by osmosis, keeping the mucus runny

rather than sticky.
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  (ii) The table shows part of the gene that codes for the CFTR protein and the 
corresponding amino acid sequence.  Each amino acid is represented by a 
single letter.  

Part of the CFTR gene AT TA A AGA A A ATATCATC T T TGGTGT T TCC TAT

Amino acid sequence I K E N I I F G V S Y

   Explain how the information in the table demonstrates the nature of the 
genetic code. 

(3)
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(Total for Question 2 = 12 marks)

Triplet code: three bases code for one amino acid, e.g. ATT codes for I (11 amino acids

from 33 bases).

Non-overlapping: each base is read only once, e.g. ATT codes for I and then the next

triplet AAA codes for K.

Degenerate: more than one triplet codes for the same amino acid, e.g. both ATT and

ATC code for I.
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3 DNA synthesis in bacterial cell cultures has been investigated.

 (a) Describe how DNA is organised in a bacterial cell.
(3)
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 (b) In an experiment, a mixture of radioactive bases was added to a culture of 
dividing bacteria. 

  The results are shown in the graph.
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Bacteria have one large circular DNA molecule (the bacterial chromosome) in a region

called the nucleoid.

The DNA is not associated with histone proteins.

There are also several small circles of DNA called plasmids.

The DNA is free in the cytoplasm, not inside a nucleus (no nuclear envelope).
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  (i) Calculate the fastest rate of uptake of bases by these bacteria.
(2)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

  (ii) Deduce how many times the bacteria in the culture have divided during  
this experiment. 

(2)
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The DNA content doubles twice: there are two stages of DNA synthesis (two increases

in uptake of bases, at about 10 to 30 mins and 65 to 85 mins).

Therefore the bacteria have divided twice.

Thymine is found only in DNA (RNA contains uracil instead), whereas the other

radioactive bases are also taken up into RNA.

So only DNA synthesis would be measured, with no need to separate DNA from RNA.

Steepest part of the curve is between 75 and 80 mins:

rate = (55 − 45) ÷ (80 − 75)

      = 10 ÷ 5 = 2 au per min

2 au min-1
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 (c) Antibiotics can be used to control bacterial infections.

  In an experiment, a culture of bacteria was grown in nutrient broth.  The culture 
was then divided into three separate cultures, A, B and C.  The bacterial cultures 
were grown for 200 minutes. 

  After 200 minutes the antibiotic tetracycline was added to culture A and the 
antibiotic penicillin was added to culture B.  No antibiotics were added to 
culture C.

  The three cultures were grown for a further 200 minutes.   

  The results of the experiment are shown in the graph.
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  Deduce the effects of these antibiotics on the growth of the bacterial cultures. 
(2)
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(Total for Question 3 = 11 marks)

Tetracycline is bacteriostatic: it stops the bacteria dividing, because the number of live

bacteria stays the same (about 4 × 106 cm-3) after 200 mins.

Penicillin is bactericidal: it kills the bacteria, because the number of live bacteria

decreases (from 4 to about 1.5 × 106 cm-3).
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4 Photosynthesis is a two-stage process by which plants fix carbon dioxide.

 (a) Describe the light-dependent reactions of photosynthesis.
(5)
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Light energy is absorbed by chlorophyll in photosystems I and II in the thylakoid

membranes, exciting electrons to a higher energy level so they leave the chlorophyll.

Photolysis: light splits water (2H2O → 4H+ + 4e− + O2), producing oxygen, electrons

and hydrogen ions. These electrons replace those lost by the chlorophyll.

The excited electrons pass along the electron transport chain (electron carrier proteins)

in a series of redox reactions, releasing energy.

This energy is used to generate ATP from ADP and Pi by photophosphorylation (ATP

synthase, as H+ diffuse back across the membrane).

The electrons and hydrogen ions are used to reduce NADP to form reduced NADP. ATP

and reduced NADP go to the light-independent reactions.
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 (b) The products of the light-dependent reactions are used in the light-independent reactions.

  (i) In which part of the chloroplast do the light-independent reactions take place?
(1)

   A envelope

   B granum

   C stroma

   D thylakoid 

  (ii) What is the name of the enzyme used by plants to fix carbon dioxide?
(1)

   A GALPase (glyceraldehyde-3-phosphatase) 

   B GPase (glycerate-3-phosphatase)

   C RUBISCO (ribulose bisphosphate carboxylase/oxygenase) 

   D RuBPase (ribulose bisphosphatase) 

  (iii) Which of the following is the immediate product of the light-independent 
reactions of photosynthesis?

(1)

   A glucose

   B GP

   C RuBP

   D starch

(Total for Question 4 = 8 marks)
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5 Climate change has been correlated with changing atmospheric carbon dioxide levels.

 (a) Scientists studying climate change have examined peat bogs to observe pollen 
grains such as those shown in the photograph. 

  Explain how studying pollen grains in peat bogs can provide evidence of climate change.
(4)
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Pollen grains are preserved in peat bogs because the acidic, anaerobic conditions prevent

decay.

Each plant species has pollen with a distinctive shape, so the plant species can be

identified from its pollen.

Climate (e.g. temperature, rainfall) affects which plant species can grow in an area.

The depth of the peat correlates with the time since the pollen was produced (deeper

layers are older; can be confirmed by carbon-14 dating).

So changes in the type and quantity of pollen in different layers over time indicate

changes in climate.
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 (b) Scientists measured the productivity of two types of forest and recorded the mass 
of carbon taken up per square metre per year (gC m−2 y−1).

  The table shows data on the mean net primary productivity (NPP) and mean gross 
primary productivity (GPP) of these two types of forest.

Type of forest
Mean NPP  

/ gC m−2 y−1

Mean GPP  

/ gC m−2 y−1

Ratio of  

NPP to GPP

Boreal 322 1013 0.32

Temperate deciduous 1301 2165 0.60

  (i) Calculate the percentage increase in mass of carbon released due to respiration 
by temperate deciduous forests compared with that by boreal forests.

(3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .%

  (ii) The ratio of net primary productivity to gross primary productivity is a measure 
of the ability of forests to transfer carbon from the atmosphere into biomass.

   Scientists concluded that temperate deciduous forests would reduce levels of 
carbon dioxide in the atmosphere more than boreal forests.

   Justify this conclusion.
(3)

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

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

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

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

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

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

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

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

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

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

(Total for Question 5 = 10 marks)

The ratio of NPP to GPP is higher in temperate deciduous forests (0.60) than in boreal

forests (0.32).

NPP is also much higher (1301 compared with 322 gC m-2 y-1), so more of the carbon

fixed is used to produce biomass.

So in deciduous forests more carbon dioxide is removed from the atmosphere by

photosynthesis than is returned by respiration, so they act as a bigger carbon sink.

respiration = GPP − NPP
Boreal: 1013 − 322 = 691     Deciduous: 2165 − 1301 = 864
increase = 864 − 691 = 173
% increase = 173 ÷ 691 × 100 = 25.04

25.0
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6 Fibrin is involved in the formation of blood clots. 

 Thrombin is an enzyme that converts fibrinogen to fibrin.

 (a) The graph shows the effect of one concentration of thrombin on the conversion 
of fibrinogen to fibrin.
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  (i) Calculate the initial rate of reaction.
(2)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (ii) On the graph, draw a line to show the effect of halving the concentration  
of thrombin.

(1)

initial rate = 0.12 ÷ 2 (0.12 converted in first 2 mins)

= 0.06 μmol dm-3 min-1

0.06 μmol dm-3 min-1

half thrombin
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  (iii) Explain the effect of changes in the initial rate of reaction on the time taken 
for a blood clot to form.

(2)
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 (b) The table shows the results of an investigation into the fibrinogen concentrations 
in the blood of males and females with and without cardiovascular disease (CVD). 

Mean fibrinogen concentration / mg 100 cm−3

With CVD Without CVD

Males 333 ± 5.16 322 ± 2.00

Females 336 ± 7.25 319 ± 1.89

  (i) Explain how the results of this investigation could be used to identify 
individuals at risk of CVD. 

(3)
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The slower the initial rate of reaction, the longer it will take for a blood clot to form

(and the faster the rate, the sooner the clot forms).

This is because fibrin (the mesh that traps platelets and red blood cells) will be

produced more slowly.

Mean fibrinogen concentration is higher in individuals with CVD than in those without

CVD, for both males and females.

There is no overlap of the ranges (mean ± SD): e.g. males with CVD 327.8 to 338.2,

without CVD 320 to 324; females with CVD 328.8 to 343.3, without 317.1 to 320.9.

So an individual's fibrinogen concentration can be measured and compared with the

values in the table: males above about 324 and females above about 321 mg 100 cm-3

would be identified as at risk of CVD.
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  (ii) Explain how changes in fibrinogen concentration might be a risk factor for CVD.
(3)
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(Total for Question 6 = 11 marks)

An increased concentration of fibrinogen leads to more fibrin being produced by

thrombin.

This increases the risk of blood clotting, so clots form more frequently and are more

extensive.

A clot could block the lumen of an artery (e.g. a coronary artery) or capillaries, reducing

blood flow and oxygen supply, causing a heart attack or stroke.
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7 In birds and mammals, gas exchange takes place between the blood in the capillaries 
and the air in the alveoli. 

 There are three layers between the blood and the air in the alveoli: the capillary 
wall, a layer of extracellular matrix and the alveolar wall.  This is called the blood-gas 
barrier. 

 (a) The extracellular matrix contains collagen.

  (i) Describe the structure of collagen.
(3)
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  (ii) Give a function for collagen in the blood-gas barrier.
(1)
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Each polypeptide chain has a primary structure of a repeating amino acid sequence, rich

in glycine and proline.

Three polypeptide chains are coiled (wound) around each other to form a rope-like triple

helix.

There is cross-linking between the chains, with hydrogen bonds and covalent bonds

between the chains (and between molecules to form fibrils).

To provide strength and support for the alveoli, holding the walls of the capillaries and

alveoli close together.
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Turn over     

 (b) The electron micrographs show the blood-gas barriers for a chicken and a dog.

blood-gas 
barrier

capillary

alveolus

2 m 2 m

Chicken Dog

  Explain how the blood-gas barrier of the chicken is adapted to give more efficient 
gas exchange than the blood-gas barrier of the dog.

(3)
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(Total for Question 7 = 7 marks)

The chicken has a thinner blood-gas barrier than the dog.

This is because its alveolar wall, capillary wall and extracellular matrix layer are thinner.

Therefore there is a reduced diffusion distance, giving a faster rate of diffusion (gas

exchange) of oxygen and carbon dioxide.
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8 Human papilloma virus (HPV) is a DNA virus.  

 (a) Some strains of HPV are sexually transmitted and can cause cervical cancer or 
genital warts.

  The table shows some information about the conditions associated with four 
strains of HPV.

HPV strain
Condition associated 

with the strain

Percentage of all cases 

caused by the strain (%)

6
cervical cancer 1

genital warts 67

11
cervical cancer 1

genital warts 22

16
cervical cancer 55

genital warts 1

18
cervical cancer 13

genital warts 1

  (i) Comment on the relationship between HPV and these two conditions.
(3)
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HPV strains 16 and 18 are more associated with cervical cancer (55% and 13%) and

are hardly associated with genital warts (<1%).

HPV strains 6 and 11 are more associated with genital warts (67% and 22%) and not

with cervical cancer (<1%).

For these strains a greater percentage of genital warts cases are associated with HPV

(89%) than cervical cancer cases (68%).
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  (ii) The table shows two vaccines developed from different combinations of HPV.

Vaccine
Strains of HPV used in development  

of the vaccine

Cervarix 16 and 18

Guardasil 6, 11, 16 and 18

   Analyse all the data to explain why the Guardasil vaccine is preferred to the 
Cervarix vaccine.

(4)
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  (iii) Which of the following describes the type of immunity developed by these 
vaccines?

(1)

   A artificial active immunity

   B artificial passive immunity

   C natural active immunity

   D natural passive immunity

Turn over     

Guardasil is developed from four strains of HPV, whereas Cervarix is developed from only

two.

So Guardasil provides protection against all four strains of HPV, whereas Cervarix only

protects against two.

Both vaccines provide immunity against HPV 16 and 18, the strains that cause cervical

cancer (68% of cases).

But Guardasil also provides immunity against HPV 6 and 11, the strains that cause

genital warts (89% of cases).
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 (b) Cervarix and Guardasil have been used in national vaccination programs.

  A person who has been vaccinated becomes infected with HPV-16.  Explain the 
role of the T cells in the body of this person. 

(3)
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 (c) In agammaglobulinaemia, stem cells in the bone marrow cannot differentiate into 
B cells. 

  Agammaglobulinaemia can be a sex-linked condition. 

  (i) Which of the following describes the production of B cells from bone marrow 
stem cells?

(1)

   A from differentiated cells by meiosis

   B from differentiated cells by mitosis

   C from undifferentiated cells by meiosis

   D from undifferentiated cells by mitosis

A vaccinated person will already have memory T cells specific to HPV-16.

The memory T cells recognise the antigens specific to HPV-16 and rapidly divide.

T helper cells release cytokines that activate B cells (to become plasma cells making

antibodies) and T killer cells.

T killer (cytotoxic T) cells bind to and destroy body cells infected with the virus, so the

infection is cleared quickly.
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  (ii) State what is meant by the term sex-linkage.
(2)
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(Total for Question 8 = 14 marks)

Turn over     

The gene (allele) responsible for the trait is located on a sex chromosome (usually the

X chromosome).

So expression of the trait is related to gender: males have only one allele for the trait,

but females have two.
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9 The coffee husks, shown in the photograph, are a waste product of coffee plantations.  

 Composting has been suggested as an environmentally friendly way of decomposing 
these coffee husks.

 The effect of adding cow dung to coffee husks, before they are composted, has 
been investigated.

 The table shows the percentages of organic carbon and nitrogen in two compost 
heaps at the start of composting and after 90 days.

Husks alone Husks with added cow dung

Days composting 0 90 0 90

Organic carbon (%) 54.50 41.70 48.10 35.40

Nitrogen (%) 1.84 2.31 2.76 3.19

 (a) Comment on the effect of adding cow dung to composting coffee husks.
(3)
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At the start, the percentage of organic carbon is less (48.10 vs 54.50%) and nitrogen is

more (2.76 vs 1.84%) when cow dung is added.

Adding cow dung does not change the decrease in organic carbon (12.8% with husks

alone and 12.7% with cow dung).

Adding cow dung causes only a slight change to the increase in nitrogen (0.43% with

cow dung compared with 0.47% for husks alone).

So adding cow dung has no significant effect on the composting of coffee husks.
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  *(b) The changes in the compost heaps are due to the activity of decomposers and 
other organisms. 

  Devise an investigation to determine the effect of the carbon to nitrogen ratio on 
the succession of species in these compost heaps.

(6)
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(Total for Question 9 = 9 marks)

Set up several compost heaps with different C:N ratios by mixing different proportions of

coffee husks and cow dung, and measure the C:N ratio of each at the start.

Standardise the heaps: the same total mass and volume, same location, and control or

monitor other factors such as temperature, water content, humidity, aeration and gases.

At regular intervals (e.g. every 10 days for 90 days) take samples of the same size from

the same depth and random locations in each heap, repeating the sampling.

Identify the species of decomposers and other organisms in each sample (using keys,

microscopy or culturing) and count the abundance of each species. Measure the C:N

ratio each time too.

Record which species are present and their population sizes over time to show succession,

and link species present and density to the C:N measurements.

Use a statistical test (e.g. Spearman's rank or ANOVA) to compare the changes over

time between heaps with different C:N ratios.
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Turn over     

10 Scientists have studied behavioural, anatomical and genetic variation in elephants.

 The table shows some information about two populations of African elephants. 

Population Location Feeding behaviour Anatomical differences

Forest 
elephant

tropical forest 
of central and 
West Africa

feeds on leaves and fruits 
of high-growing plants 
such as shrubs and trees

•  lower jaw longer and narrower
•  tusks straighter and downward facing
•  overall a much smaller size

Savannah 
elephant

African 
savannah

feeds on grass and leaves 
of low-growing shrubs

•  lower jaw shorter and wider 
•  tusks more curved and upward facing
•  overall a larger size

 The photographs show elephants from the two populations. 

Forest elephant Savannah elephant
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 DNA samples were collected from these two populations of elephants.

 (a) One of the genes showing variation was the GBA gene.  The table shows the 
frequency of the alleles of the GBA gene in the two populations. 

GBA allele

Frequency of allele in the elephant  

population

Savannah elephant Forest elephant

J 0.05 0.43

K 0.00 0.57

L 0.95 0.00

  (i) State what is meant by the term allele.
(1)

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

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

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

  (ii) Use the Hardy-Weinberg equation to show that more than 50% of the forest 
elephant population are homozygous for the GBA gene. 

(3)

Answer.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

An alternative form (version) of a gene.

p2 + 2pq + q2 = 1     p = 0.43 (J), q = 0.57 (K)

homozygous JJ: p2 = 0.432 = 0.1849

homozygous KK: q2 = 0.572 = 0.3249

total homozygous = 0.1849 + 0.3249 = 0.5098

(or 1 − 2pq = 1 − 2 × 0.43 × 0.57 = 1 − 0.4902)

= 50.98%, which is greater than 50%

50.98% (51%)
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Turn over    

 (b) Scientists have concluded that the forest elephant and the savannah elephant are 
two different species.

   *(i) Analyse the data and the information provided to comment on the validity of 
this conclusion.

(6)
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There is evidence supporting the conclusion. Their feeding behaviour differs: forest

elephants feed on leaves and fruit of high-growing plants, savannah elephants on grass

and low shrubs.

Their anatomy also differs: forest elephants are much smaller, with a longer, narrower

lower jaw and straighter, downward-facing tusks, which are adaptations to different

niches.

There are genetic differences: GBA allele K (0.57) is found only in forest elephants and

allele L (0.95) only in savannah elephants, while J is rare in savannah (0.05) but

common in forest elephants (0.43).

Alleles exclusive to one population suggest there is no gene flow between them, so they

are genetically isolated, which supports them being different species.

However, the conclusion may not be valid. A species is a group that can interbreed to

produce fertile offspring, and there is no information on whether these elephants can

interbreed.

Living in different locations, and differences in behaviour and anatomy, do not prove

they are different species. Only one gene is shown, and there is no information on the

number of elephants sampled for DNA analysis.
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  (ii) Explain how two species of African elephant could evolve from a common ancestor.
(3)
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(Total for Question 10 = 13 marks)

TOTAL FOR PAPER = 100 MARKS

The two populations became geographically isolated from each other (e.g. separated into

forest and savannah habitats), so there was reduced gene flow between them.

Each population faced different selection pressures (e.g. food type), so natural selection

favoured different alleles, changing allele frequencies.

Over time the populations became reproductively isolated and could no longer interbreed

to produce fertile offspring, leading to allopatric speciation.
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