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Instructions
•	Use black ink or ball‑point pen.
•	Fill in the boxes at the top of this page with your name,  

centre number and candidate number.
•	Answer all questions.
•	Show your working in any calculation questions and include units in your answer 

where appropriate.
•	Answer the questions in the spaces provided  

– there may be more space than you need.
•	You may use a scientific calculator.
•	In question(s) marked with an asterisk (*), marks will be awarded for your ability to 

structure your answer logically showing how the points that you make are related or 
follow on from each other where appropriate.

Information
•	The total mark for this paper is 120. 
•	The marks for each question are shown in brackets 

– use this as a guide as to how much time to spend on each question.

Advice
•	Read each question carefully before you start to answer it.
•	Try to answer every question.
•	Check your answers if you have time at the end.
•	Good luck with your examination.

You must have:
Scientific calculator, HB pencil, ruler

Biology B
Advanced
PAPER 3: General and Practical Principles in Biology

9BI0/032 hours 30 minutes
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Answer ALL questions.

Write your answers in the spaces provided.

1	 Plant stems contain xylem and phloem, tissues specialised for transport.

	 The photomicrograph shows a longitudinal section of phloem tissue.
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X

	 (a)	 (i)	 Draw the cell labelled X.
(2)

sieve plate

cell wall
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		  (ii)	 Explain how phloem tissue is adapted for its function.
(3)
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	 (b)	 State why stains, such as methylene blue, are sometimes used when preparing a 
microscope slide.
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(Total for Question 1 = 6 marks)

Companion cells have many mitochondria to produce ATP, because energy is needed for

active transport (loading) of sucrose into the sieve tubes.

Sieve tubes transport organic molecules such as sucrose, both up and down the stem.

Sieve tube elements have no nucleus and few organelles, and the sieve plates (with

plasmodesmata) leave fewer barriers to the flow of sap.

So that some organelles (e.g. the nucleus) are clearly visible, as they stain and

contrast with the rest of the cell.
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2	 (a)	 Compare and contrast the central nervous system and the peripheral nervous system.
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	 (b)	 During the First World War, some soldiers received head wounds that damaged 
one side of the cerebellum.

		  One soldier said

		  ‘�The movements of my left hand are done subconsciously but I have to think out each 
movement of my right arm.’

		  (i)	 State one function of the cerebellum.
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		  (ii)	 State the part of the brain the soldier used to think about moving his right arm.
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Similarities: both contain nerve cells (neurones), which carry nerve impulses, and both

contain synapses that use neurotransmitters.

Differences: the CNS is the brain and spinal cord, whereas the PNS is the nerves

outside these. The PNS is divided into somatic and autonomic (sympathetic and

parasympathetic) systems, but the CNS is not.

Only the PNS has sensory input and motor output; only the CNS carries out processing

of information.

Coordination of muscles (balance and posture), e.g. for fine, smooth movements.

Cerebrum (motor cortex of the cerebral hemisphere)
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		  (iii)	Explain why this soldier had problems moving his right arm.
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

(Total for Question 2 = 7 marks)

The damage is to the left side of the cerebellum, so movement of the right arm is no

longer automatic or coordinated, as there are no impulses from the cerebellum to the

right arm.

Therefore the soldier compensates by having to think about each movement: impulses

pass from the cerebrum to the right arm muscles.
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3	 Anthocyanin is a purple pigment found in a range of vegetable plants.

	 The photograph shows some carrots from a variety called Purple Haze.

	 (a)	 Describe how you would investigate the effect of temperature on the permeability 
of the membranes in the root cells of these purple carrots.

(5)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Use a cork borer to cut cylinders of purple carrot tissue of equal length and diameter

(same mass and surface area), all from the same carrot, and rinse them.

Submerge each piece in a boiling tube containing a known volume of distilled water, e.g.

10 cm3.

Place the tubes in water baths at a range of temperatures, e.g. 20, 30, 40, 50, 60 and

70 °C, for a stated time, e.g. 20 minutes.

Decant (or filter) the contents and measure the absorbance of the coloured solution

with a colorimeter (or compare with a colour chart); more anthocyanin released means

more permeable membranes.

Do three repeats at each temperature and calculate the mean and standard deviation,

then plot a graph of absorbance against temperature.
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	 (b)	 The anthocyanins in purple carrots are used as antioxidants in the food industry.

		  Purple Haze carrots with a mass of 750g contain 1265.25 mg of anthocyanin.

		  Calculate the percentage of anthocyanin in these carrots.

		  Give your answer to two decimal places.
(2)

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

	 (c)	 Purple cauliflower plants also contain anthocyanins.

		  Cauliflowers can be light purple, dark purple or white.

		  The photograph shows a dark purple cauliflower.

1265.25 mg = 1.26525 g

(1.26525 ÷ 750) × 100 = 0.1687 %

0.17 %

stemup.co.uk

https://stemup.co.uk


*P67805A0836*
8

	

	

		  The colour in cauliflowers is controlled by a single gene with two alleles.

		  Purple colour is controlled by the allele Pr.

		  White colour is controlled by the allele pr.

		  In an investigation, dark purple cauliflowers were crossed with pure bred 
white cauliflowers.

		  The F1 generation cauliflowers were all light purple in colour.

		  (i)	 State the genotype of the F1 generation.
(1)

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

		  (ii)	 The F1 generation was then self‑fertilised to produce the F2 generation.

			   The numbers observed (O) in the F2 generation were:

			   31 white cauliflowers, 52 light purple and 20 dark purple cauliflowers.

			   It was concluded that the purple colour in cauliflowers is controlled by a 
single gene with two codominant alleles.

			   State the expected (E) number of each of the three phenotypes in the 
F2 generation.

(2)

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

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

		  (iii)	Calculate the value for Chi squared using these results.

			   Use the formula for Chi squared:

−
= ∑χ

2
2 ( )O E

E
(3)

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

Prpr

26 dark purple : 51 light purple : 26 white (ratio 1 : 2 : 1)

white: O − E = 31 − 26 = 5;   52 ÷ 26 = 0.962

light purple: 52 − 51 = 1;   12 ÷ 51 = 0.020

dark purple: 20 − 26 = −6;   (−6)2 ÷ 26 = 1.385

χ2 = 0.962 + 0.020 + 1.385 = 2.367

2.37
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		  (iv)	The table shows some critical values for Chi squared.

Degrees of 
freedom

p value

0.900 0.500 0.100 0.050 0.010

1 0.016 0.455 2.706 3.841   6.635

2 0.211 1.386 4.605 5.991   9.210

3 0.584 2.366 6.251 7.815 11.345

4 1.064 3.357 7.779 9.488 13.277

			   Explain why the conclusion that colour in cauliflowers is controlled by a single 
gene with two codominant alleles is likely to be valid.

(3)
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(Total for Question 3 = 16 marks)

There are 3 phenotypes, so there are 2 degrees of freedom; the critical value at p =

0.05 is 5.991.

The calculated value (2.37) is less than the critical value (5.991).

So p > 0.05: the probability that the differences between the observed and expected

numbers are due to chance is more than 5%, so the null hypothesis is accepted.

Therefore the conclusion that purple colour is controlled by a single gene with two

codominant alleles is likely to be valid.
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4	 A survey was carried out to compare the biodiversity in different areas of a village.

	 The photograph shows a children’s playing field in this village.

	 (a)	 Quadrats placed in the playing field showed predominantly grass with a few 
dandelion species, ribbed plantains, yarrow and clover.  No animal species 
were observed.

		  The biodiversity of this playing field was low.

		  (i)	 Explain the reasons why the biodiversity of this playing field was low.
(3)
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There are few species, mostly grass, so species richness is low and no animal species

were found.

The grass is mown, which makes it difficult for other plant species to establish

themselves.

There is a lot of trampling by children, which damages plants and compacts the soil,

and animals are disturbed by the noise.
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		  (ii)	 The photograph shows a path in a woodland nature reserve near the playing 
field in this village.

			   After surveying the playing field, a survey of the woodland reserve was carried 
out using the following method:

•	 quadrats were placed at various intervals either side of the path

•	 plant species were counted in the quadrats

•	 animal species were counted at regular intervals along the path.

			   The table shows the results of this survey.

Species Number

Plant

Dock 10

Thistle 10

Hawthorn 6

Wild cherry 2

Hazel 5

Yarrow 5

Animal

Meadow brown butterfly 2

Shield bug 4

Beetle 20

Honeybee 20

Dragonfly 4

Spider 5
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			   Calculate the biodiversity index for this woodland nature reserve.

			   Use the formula

Σ
−

=
−

( 1)
( 1)

N N
D

n n
(3)

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

		  (iii)	It was suggested that the biodiversity index calculated from this survey was 
an underestimate.

			   Criticise the method used in the survey of the woodland nature reserve.
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The quadrats were not placed at random (they were at various intervals beside the

path), so the sample may be biased.

The size and number of quadrats are not mentioned, so the sample may be too small.

Plants were sampled at various intervals but animals at regular intervals, so the

methods are inconsistent.

Animals were only observed: there is no mention of how they were counted. Methods

such as pitfall traps, sweep nets or mark-release-recapture could be used.

Animals may hide or move away, or be counted twice, so the numbers are unreliable.

Only the path was sampled; the inner area of the woodland was not sampled, where

other species may live.

Not all animals were identified to species level (e.g. beetle, spider), so the number of

species is underestimated.

N = 93,  N(N − 1) = 93 × 92 = 8556

Σn(n − 1) = 90 + 90 + 30 + 2 + 20 + 20 + 2 + 12

+ 380 + 380 + 12 + 20 = 1058

D = 8556 ÷ 1058 = 8.087

8.09
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	 (b)	 Honeybees are important pollinators of flowers.

		  Surveys have suggested that butterflies, ladybirds, beetles, flies and dragonflies 
are also important pollinators of flowers.

		  A recent report has suggested that a large increase in honeybees kept in towns 
and cities could affect biodiversity.

		  Explain how the increase in honeybees in towns and cities could affect 
biodiversity.
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(Total for Question 4 = 14 marks)

The survey was done at only one time of year and one time of day.

Biodiversity decreases.

Because honeybees will compete with the natural (wild) pollinators such as butterflies

and beetles for pollen and nectar (food), so populations of wild pollinators decrease.

Many wild pollinators also provide food for other species, so these decline due to lack of

food.
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5	 The photographs show leaves from six species of plant.

Daffodil Frogbit floating on water Sunflower

Maize Oak tree Pea
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	 In an investigation into transpiration, a survey was carried out to measure the 
distribution of stomata on leaves.

	 The table shows the results of this investigation.

Plant species
Density of stomata in leaf surface / number per mm2

Upper epidermis Lower epidermis

Beech tree 0 340

Daffodil 65 68

Frogbit (floating leaf ) 89 0

Maize 52 58

Oak tree 0 450

Pea 100 220

Sunflower 85 156

Sycamore tree 0 860
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	 (a)	 Analyse the data and the photographs to explain the distribution of the stomata.
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	 (b)	 As part of this investigation, the effect of light on the transpiration rate of 
seven‑day‑old maize seedlings was measured.

		  The transpiration rate of maize seedlings placed in dim light was measured every 
30 minutes for 3.5 hours. Extra illumination was then added and the transpiration 
rate again measured every 30 minutes for another 3.5 hours.

		  The graph shows the results of this investigation.

Carbon dioxide is absorbed through the stomata for photosynthesis, and water is lost

through them by transpiration.

There are two patterns: most plants have more stomata on the lower surface, while

daffodil and maize have about equal numbers on both surfaces.

The trees (beech, oak and sycamore) have all their stomata on the lower surface, and

pea and sunflower have most on the lower surface: their leaves lie flat, so this reduces

water loss from direct sunlight on the upper surface while still allowing carbon dioxide

to enter (gas exchange).

Frogbit has all its stomata on the upper surface, because the upper surface is in

contact with the air and the lower surface with water; it needs to absorb carbon

dioxide from the air and is not short of water.

Daffodil and maize leaves are upright (long and narrow), so both surfaces are exposed

to equal amounts of light, so they have stomata on both surfaces.
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		  (i)	 Calculate the approximate percentage increase in the transpiration rate due to 
the extra illumination.

(2)

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

		  (ii)	 Explain two factors that should have been controlled in this investigation.
(2)
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(Total for Question 5 = 9 marks)

Temperature, e.g. use a thermostatically controlled room, because temperature affects the

rate of transpiration (evaporation and diffusion of water vapour).

Humidity, because it affects the water potential gradient between the leaf air spaces

and the air, so it affects the rate of transpiration.

dim light rate = 1.5 au;  bright light rate = 5.0 au

increase = 5.0 − 1.5 = 3.5

(3.5 ÷ 1.5) × 100 = 233 %

233 %
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6	 Acetyl CoA is produced in the link reaction when pyruvate is broken down.

	 The photograph shows a molecule of the enzyme acetyl CoA carboxylase.

	 This enzyme is involved in the conversion of acetyl CoA into fatty acids.

	 The enzyme is activated by citrate.

	 Citrate does not bind at the active site.

	 Citrate is produced in the Krebs cycle.

	 The enzyme is inhibited by long chain fatty acyl CoA molecules.

	 Fatty acyl CoA molecules have a longer carbon chain than acetyl CoA.

	 (a)	 (i)	 Analyse the information to explain how the activity of the enzyme acetyl CoA 
carboxylase is controlled.

(5)
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Citrate binds to another site on the enzyme (an allosteric site, not the active site),

activating the enzyme.

This changes the structure (tertiary structure) of the enzyme, so the active site binds

more effectively to the substrate, acetyl CoA, and more fatty acids are made.

When there is plenty of citrate from the Krebs cycle, acetyl CoA is not needed for

respiration, so it is converted into fatty acids.

An increase in fatty acyl CoA molecules inhibits the enzyme: they are similar in shape

to acetyl CoA, so they bind to the active site and stop the substrate binding

(competitive inhibition).

So citrate and fatty acyl CoA molecules act together to regulate the activity of the

enzyme (end-product inhibition).
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		  (ii)	  Explain why inhibitors of this enzyme may be useful in treating obesity in humans.
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	 (b)	 The enzyme acetyl CoA carboxylase has a different structure in bacteria.

		  The enzyme in bacteria is made of several polypeptide subunits whereas in humans, 
the enzyme is one large polypeptide.

		  Inhibitors of the bacterial enzyme are being developed to treat bacterial infections.

		  Explain why inhibitors of the bacterial enzyme may be useful when treating 
bacterial infections.
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(Total for Question 6 = 9 marks)

Fewer fatty acids will be made, because the enzyme is being inhibited despite being

activated by citrate.

So less fat is stored, and fat reserves are used (respired) instead.

Enzymes are specific, so an inhibitor of the bacterial enzyme may not affect the

human enzyme (which has a different structure), so there will be fewer side effects if

used as a treatment.

Fatty acids are not made by the bacteria, so they cannot make membrane phospholipids

or respire, so the bacteria die.
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7	 A student investigated the effect of the concentration of sodium chloride solution on 
blood.

	 The student set up six test tubes, each with a different concentration of 
sodium chloride solution.

	 Five drops of blood were added to each test tube.

	 The appearance of the solutions was then recorded.

	 Samples of each solution were observed using a light microscope.

	 The table shows the results of this investigation.

Concentration of 
sodium chloride (%)

Appearance of solution after 
blood was added

Observation with light 
microscope

3.0 very cloudy cells seen with shrunken edges

1.0 very cloudy cells seen

0.9 very cloudy cells seen

0.7 slightly cloudy cells seen

0.5 cloudy at first, then went clear no cells seen

0.3 clear no cells seen
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	 (a)	 Analyse the data to comment on the effect of the concentration of 
sodium chloride solution on blood.
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Osmosis is occurring: water moves from a higher water potential to a lower water

potential across the cell surface membrane of the red blood cells.

At 3.0% the solution is hypertonic, so water has left the red blood cells by osmosis

and the cells are seen with shrunken edges.

At 0.5% and 0.3% the solutions are hypotonic, so water has gone into the cells by

osmosis; the cells have burst (haemolysis), so the solution is clear and no cells can be

seen.

Between 0.7% and 1.0% the cells are seen unchanged, so 0.7% (to 0.9%) is close to

the water potential of the cells' cytoplasm.
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	 (b)	 The student then investigated the effect of using glucose solutions and 
sucrose solutions, instead of sodium chloride solutions.

		  The appearance of the solutions was recorded and samples were observed using 
a light microscope.

		  When the concentration of glucose solution was below 3%, the solution was clear 
and no blood cells could be seen.  When the concentration of glucose solution 
was above 3%, the solution was cloudy and blood cells could be seen.

		  When the concentration of sucrose solution was below 6%, the solution was also 
clear and no blood cells could be seen.  When the concentration of sucrose solution 
was above 6%, the solution was cloudy and blood cells could be seen.

		  Explain the differences in the effects of the solutions of glucose and sucrose.
(3)
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The water potential (osmotic potential) of the red blood cells is equivalent to 3%

glucose or 6% sucrose, so twice the concentration of sucrose is needed to have the

same effect.

This is because the molecular mass of sucrose is twice that of glucose (sucrose is a

disaccharide; glucose is a monosaccharide).

It is the number of molecules (solute particles) that determines the osmotic potential,

not the % concentration by mass.
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	 (c)	 (i)	 State the part of the brain responsible for osmoregulation.
(1)
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		  (ii)	 Explain how, on a very hot day, the brain ensures that the water potential of 
the blood remains constant.
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(Total for Question 7 = 12 marks)

Hypothalamus

On a hot day sweating occurs, causing loss of water from the blood, so the water

potential of the blood falls.

Osmoreceptors in the hypothalamus are stimulated (they lose water and shrink).

This causes the posterior pituitary gland to secrete more antidiuretic hormone (ADH)

into the blood.

ADH causes the collecting ducts (and distal tubules) in the kidney to become more

permeable, so they reabsorb more water into the blood, producing a small volume of

concentrated urine.

stemup.co.uk

https://stemup.co.uk


*P67805A02436*
24

	

	

8	 Cysteine proteases are enzymes found in fruits such as pineapples.

	 When a protease enzyme is added to fat‑free skimmed milk, the milk turns from 
cloudy to clear.

	 (a)	 Devise an investigation to find the optimum temperature for the activity of the 
enzyme cysteine protease found in pineapples.
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Make an extract of pineapple juice by blending fresh pineapple and filtering it.

Use the same volume of skimmed milk (e.g. 5 cm3) and the same volume of pineapple

juice extract (e.g. 1 cm3) in each test.

Equilibrate the milk and the extract separately in a water bath at the set temperature

before mixing; use a range of at least five temperatures, e.g. 10, 20, 30, 40, 50, 60

and 70 °C.

Control the pH using a buffer solution of the same pH in each tube.

After mixing, use a colorimeter to measure the change in absorbance (or transmission)

every 30 s, as the milk turns from cloudy to clear (or time how long a black cross

under the beaker takes to become visible).

Calculate the initial rate of reaction at each temperature (e.g. 1/time, or the gradient

at the start of the absorbance against time graph).

Repeat three times at each temperature and calculate the mean, then plot a graph of

initial rate against temperature; the peak shows the optimum (repeat with smaller

intervals around it).
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	 (b)	 Cysteine proteases are also found in the predatory bacterium 
Bdellovibrio bacteriovorus (BvB).

		  These bacteria are harmless to humans but prey on Gram negative bacteria.

		  (i)	 Give two differences between Gram negative and Gram positive bacteria.
(2)
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		  (ii)	 The cell of the predatory BvB is 1µm in length and can swim 100 times its 
length per second.

			   Calculate the swimming speed of this bacterial cell in mm s–1.
(2)

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

Gram positive bacteria have a thicker cell wall with more peptidoglycan (murein) than

Gram negative bacteria.

Gram positive bacteria stain purple with Gram stain, but Gram negative bacteria stain

red; Gram negative have an outer membrane (high lipid content) but Gram positive do

not.

1 µm = 0.001 mm

speed = 100 × 0.001 mm = 0.1 mm per second

0.1 mm s−1
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		  (iii)	The BvB bacteria have been described as ‘living antibiotics’.

			   Explain why the BvB bacteria might be useful in the future for treating 
bacterial infections.
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(Total for Question 8 = 12 marks)

BvB can kill Gram negative bacteria, including pathogens, without side effects for

humans as they are harmless to us.

Therefore they could be useful when treating antibiotic-resistant bacterial infections, as

the bacteria cannot easily become resistant to BvB.
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BLANK PAGE
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9	 Gilbert’s potoroo is one of the most critically endangered species in the world.

	 Gilbert’s potoroo was thought to be extinct until one was found in 1994.

	 It is thought that there are only 70 individuals.

	 The photograph shows a potoroo and its pouched baby feeding on berries.

	 The map shows the only part of Australia where Gilbert’s potoroo is found.

stemup.co.uk

https://stemup.co.uk


*P67805A02936* Turn over     

29

	

	

	 The diet of Gilbert’s potoroo is about 90% fungi.

	 Analysis has shown that the fungal spores are spread in the faeces of the potoroos.

	 These spores then germinate.

	 (a)	 Explain the advantage to the ecosystem of fungal spores being spread by potoroos.
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	 (b)	 In 1994, there were only 20 Gilbert’s potoroo individuals, 12 of which were in a 
captive colony.

		  A captive breeding programme was set up using:

•	 four adult females and one young female

•	 one adult male, two young males and one young male still in its mother’s pouch.

		  (i)	 Explain why allele frequencies may cause problems in this population of potoroos.
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The fungi colonise new areas where the spores are deposited, and the fungi cause

decomposition of dead organic matter.

So mineral ions (e.g. nitrates) are recycled within the ecosystem, helping plants to

grow.

The numbers are very small, causing a genetic bottleneck (founder effect), so variation

in the gene pool has been reduced and some alleles may be lost.

There is only one adult male, so early offspring may all come from one male, increasing

the likelihood of inbreeding (inbreeding depression).

Such as accumulation of disadvantageous mutations: there is a greater chance of

offspring receiving two recessive harmful alleles.
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		  (ii)	 Foxes and feral cats, which are predators of potoroos, were introduced into 
Australia by settlers.

			   The photograph shows a feral cat with its prey.

			   The Australian government is using poisoned sausages in an attempt to kill 
2 million feral cats by 2020.

			   The sausages contain chunks of kangaroo meat combined with chicken fat, 
herbs, spices and a poison.

			   The content of the sausages was based on flavours irresistible to cats.

			   The poison used is produced by the Swan River pea plant that is found in 
Western Australia.  Other Australian plants that contain the poison are: Acacia, 
Wedge Peas and Nemcia.

			   This poison is a natural toxin that biodegrades rapidly and the native wildlife 
in Australia has evolved natural resistance to it.

			   A group of 160 000 people in Australia have signed a petition against the plan 
to poison feral cats.

			   Discuss whether the plan to poison feral cats is justified.
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The plan is justified because fewer potoroos will be killed, so the potoroos are less likely

to become extinct. They need special protection because there are only about 70 left

and they are critically endangered.

Feral cats are an introduced species with no natural predators in Australia, and there

are very large numbers of them, so a cull is needed to restore the balance of the

ecosystem.

Saving potoroos increases the spread of fungal spores, so decomposition and nutrient

recycling continue. Native species are also less likely to become extinct, so biodiversity
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(Total for Question 9 = 14 marks)

remains higher.

The poison comes from native plants, and native wildlife has evolved natural resistance

to it, so introduced species will be killed but native species are unharmed. The sausages

are designed with flavours to target cats, and the poison is biodegradable, so it will not

affect animals in the future.

However, the plan may not be justified: pets may be killed, and other animals, including

wild species, may find the sausages attractive and be killed. Kangaroos are killed (and

plants used) to make the sausages and poison.

Lots of people object, as shown by the petition of 160 000 people. The feral cats are

behaving naturally and should not be punished for this, and there are ethical issues

with the government choosing which species to kill.

Killing cats does not deal with the threat from foxes. Removing 2 million cats will

affect the food chain, e.g. rabbit and rodent numbers may increase. Cats may develop

resistance to the poison.

The government could use other methods to reduce the cat population, such as spaying

(neutering) or shooting, continue the captive breeding programme, or try a small-scale

trial first to find the effects of the cull.

Overall, as the potoroo is so close to extinction and the poison targets introduced

predators, the plan is largely justified, provided its effects are monitored.
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10	 Lanzarote is a volcanic island in the Atlantic Ocean.  It lies near the coast of West Africa.

	 The photograph shows lichens growing on volcanic rock in Lanzarote.

	 Lichens are organisms composed of a fungus and algae living together.

	 Lichens colonise bare rock.

	 (a)	 Explain how colonisation of bare rock by lichens can result in succession over long 
periods of time.

(4)

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

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

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

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

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

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

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

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

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

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

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

Lichens are pioneer species: they can survive on bare rock with no soil.

They break down (weather) the surface of the rock, and when they die, decay helps to

create humus, forming a thin soil.

Therefore other plants such as mosses and grasses are able to grow; their death and

decay recycles minerals so the soil becomes deeper and more fertile.

This provides more niches, so a wider variety of plants and animals can live there;

shrubs and then trees grow, until a climax community develops.
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	 (b)	 Devise an investigation to show how the lichen distribution is affected by a 
named abiotic factor.

(6)
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(Total for Question 10 = 10 marks)

Abiotic factor: light intensity.

Select one site with an environmental gradient in light, e.g. from an open rock face into

shade, or several sample sites with different light levels.

Lay a tape measure as a transect across the gradient and place quadrats at regular

intervals along it (or place quadrats at random in each site).

In each quadrat record the presence or absence of lichens, or estimate percentage cover

using a grid quadrat.

Measure light intensity at each quadrat with a light meter held at the same height,

taking several readings and calculating the mean.

Control or measure other variables, e.g. the same rock type, aspect and height above

sea level, and sample on the same day.

Use a large number of quadrats, then carry out a correlation test (e.g. Spearman's rank)

between light intensity and lichen cover, or a t-test to find a significant difference

between sites.
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11	 White clover plants provide a rich source of nitrogen for cattle when grown with grass 
plants in fields.

	 The photograph shows a clover plant growing in a field of grass.

	 A student noticed that the grass plants growing near patches of clover were a darker 
green than other grass plants.

	 (a)	 Devise an investigation to show whether the presence of clover plants affects the 
concentration of the green pigment chlorophyll in grass plants.

(6)
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Collect grass from near (in) clover patches and from an area without clover, in the

same field, on the same day.

Use a standardised mass of grass leaves, e.g. 1.0 g, from each sample.

Grind each sample with sand using a pestle and mortar in a known volume of solvent

(e.g. 10 cm3 propanone) to extract the pigment, then filter.

Zero the colorimeter with the solvent, then measure the absorbance of each extract

using a red filter (chlorophyll absorbs red light).

Take at least five replicates from each area and calculate the mean absorbance and

standard deviation.

Use a t-test to find whether there is a significant difference in chlorophyll

concentration.

Monitor other relevant factors, e.g. the same grass species and age of leaves, light, soil

type and water.
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	 (b)	 Clover plants have bacteria living in root nodules.

		  These bacteria convert atmospheric nitrogen (N2) to ammonia (NH3) using the 
enzyme nitrogenase.

		  (i)	 State one organic molecule containing nitrogen atoms which is found in plant cells.
(1)
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		  (ii)	 Nitrogen is a relatively unreactive gas that forms 80% of the atmosphere.

			   The enzyme nitrogenase catalyses the reaction shown:

N2  +  8H+  +  16 ATP  →  2NH3  +  H2  +  16 ADP  +  16 Pi

			   The activation energy for this reaction is very high.

			   Analyse the information to explain how the enzyme nitrogenase is involved in 
the energy changes required for this reaction.

(4)
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(Total for Question 11 = 11 marks)

TOTAL FOR PAPER = 120 MARKS

Protein (e.g. amino acids, DNA or chlorophyll)

The enzyme lowers the activation energy for the reaction, by forming an

enzyme-substrate complex.

A large number of ATP molecules is used (16 ATP for each N2), hydrolysed to ADP

and Pi.

Because the reaction needs a lot of energy to break the triple bond in N2.

This compensates for nitrogen being unreactive, so the reaction can take place at

normal temperatures.
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