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Section A
Answer all questions. Answers must be written within the answer boxes provided.
1.  An experiment was carried out to measure the osmolarity of cantaloupe (fruit of

Cucumis melo) tissue by placing pieces in salt solutions of different concentrations.
The results are shown in the graph.

Removed for copyright reasons

[1]

(i)  Identify the concentration of salt solution with an osmolarity equal to that of the
cantaloupe tissue.

[1]

(This question continues on the following page)
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(Question 1 continued)

(b)  Using the graph, explain what happened when the pieces of tissue were placed in a
hypertonic salt solution. 1

(c) Describe two factors that should be kept constant in this experiment in order to obtain
an accurate measurement of the osmolarity of the cantaloupe tissue. [2]
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2.  Three different seawater mesocosms were set up to measure the effect of variations in the
concentration of carbon dioxide (CO,) on the growth rate of two genera of phytoplankton over
a 14-day period. CO, concentration was measured in parts per million (ppm).

Three concentrations of CO, were chosen to simulate atmospheres of the pre-industrial age
(270 ppm), the present day (400 ppm) and predictions for the year 2100 (780 ppm). Growth
rate was determined by recording the cell counts each day and calculating the increase

in the number of cells per cubic centimetre per day. The graphs show the growth rate of
Skeletonema and Nitzschia in the three different mesocosms.

1.2
0.9+
Population growth Key: [ Skeletonema

/ log, cellscm=day~" 0.6 [] Nitzschia

0.3+

270 400 780
CO, concentration / ppm

(a) State what the error bars on the graphs signify. [1
(b) Distinguish between the results of the two genera shown in the bar chart. [2]

(This question continues on the following page)
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(Question 2 continued)

(c) On the basis of the data in the graph, suggest changes that might result from an
increase in carbon dioxide concentration to 780 ppm in the ecosystem where these
phytoplankton occur. (2]

A
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3. In a study of the effects of exercise on ventilation, tidal volume and ventilation rate were
measured at different intensities of exercise. The tidal volumes and ventilation rates were
multiplied together, to obtain the total volume of air taken into and then expelled out of the
lungs per minute. Oxygen consumption at the different intensities of exercise was also
measured. The results are shown in the scattergraph.

120 - oo,
100 — . °
80 — 7
Total volume of air inhaled ’ e ’
/ dm3min~' 60 1 o X eves
40 o e
209 288" Moderate | Intense
exercise exercise
0 T T T T T T T T T

0 1.0 2.0 3.0 4.0
O, consumption / dm®min™’

(a) Describe the relationships of exercise intensity with O, consumption and with total
volume of air inhaled per minute. [1]

(b)  Explain how the increase in exercise causes a change in the total volume of air inhaled.  [2]

(This question continues on the following page)
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(Question 3 continued)

(c) Predict the effect of emphysema on a person’s response to moderate exercise. [2]

] ... A}
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Section B

Answer all of the questions from one of the options. Answers must be written within the answer boxes
provided.

Option A — Neurobiology and behaviour

4. (a) The diagrams show the development of neural tissues in the brain of a child.

At birth 6 years old 14 years old

(i)  State the major changes that occur in neural tissues from birth to 6 years old, as
shown in the images. [2]

(i)  Outline the main process that occurs in the brain between 6 years old and
14 years old, as shown in the images. [1

(Option A continues on the following page)
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(Option A, question 4 continued)

(b) The image shows the human brain.

(i) (2]
Name: ..............f.... 00 ... &8 .- -.... &0 ...
FUNCHON: ..

(i)  The brain has a very high rate of metabolism. Suggest its major source of energy.  [1]

(iii) Broca’s area is active in the fMRI section of the image shown. Predict what the

person was doing when the scan was taken. [1

(Option A continues on the following page)
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(Option A continued)

5. (a) Oflfactory receptors detect different odours. Describe two characteristics all olfactory
receptor cells must have in common. [2]

(b) Suggest two types of behaviour in mammals that could be affected by the detection of
particular odours. [2]

(Option A continues on the following page)
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(Option A, question 5 continued)

(c) Researchers studied 13 placental mammals to identify the number of genes involved in
the sense of smell. The results are given in the chart below.
Elephant | | 1948
Ra
Co
Mouse §
Hors
Dog]|
Guinea pi
Rabbit |
Huma
Chimpanzee §
Primates Marmose
Macaque §
Orangutan s
0 500 1000 1500 2000
Number of olfactory receptor genes

Suggest two reasons for primates having fewer genes for olfactory receptors than the

other placental mammals. [2]

(Option A continues on the following page)
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(Option A continued)

6. (a) Explain how the eye detects stimuli.

[3]

(b) The lips and tongue contain a high concentration of sensory receptors. Explain how
different types of sensory receptors in the mouth and lips are used to sense food.

[4]

End of Option A
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Option B — Biotechnology and bioinformatics

7. (a) State one advantage of using microorganisms in industry. [1]
(b)
(i)  State the name of the microorganism that is used industrially to produce citric acid. [1]
(i)  Outline one condition required for optimal production of citric acid in the
continuous fermenter. [1]
(c) Outline how pathway engineering is used in industrial fermentation. [2]

L

(Option B continues on the following page)
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(Option B continued)

8. (a) The Amflora potato is a genetically modified organism (GMO).

(1]

(i)  Distinguish between the types of starch molecules produced in this GMO potato
and in a normal potato. [1]

(iii)  Outline the genetic modification used in a GMO, such as this potato. [2]

(Option B continues on the following page)
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(Option B, question 8 continued)
(b) Soybeans have been genetically modified to be resistant to glyphosate.

(i)  State the name of the organism used to introduce the glyphosate resistance into
soybeans. (1]

(i) Data has been recorded on the number of species of glyphosate-resistant weeds
between 1997 and 2010.

Key: O USA
B Global

Number of species of
glyphosate-resistant weeds

Year

Suggest how the change in the number of species of glyphosate-resistant weeds
could cause environmental problems. [2]

(Option B continues on the following page)
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(Option B continued)

9. Adeveloping technology in wastewater treatment is membrane-based separation. However,
biofilms can develop on the membranes and prevent them from filtering waste.

(@) Describe a biofilm.

[1]

(b) Biofilms on filter membranes in wastewater treatment plants were found to be
dominated by the bacterium Pseudomonas putida. Zosteric acid (an organic acid) was
tested as a possible control of the growth of P. putida biofilms.

11.0 -

10.5
Number of cells

/'log,, cells cm2 10.0

9.5 S\

9.0-
without with

Presence of zosteric acid

(i) Evaluate the use of zosteric acid as a possible control of the formation of biofilms
by P. putida.

(2]

(1]

L

(Option B continues on the following page)
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(Option B continued)

10. Explain briefly how genes are introduced into plants by electroporation and by using calcium
chloride. (4]

End of Option B
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Option C — Ecology and conservation

11. Cattails or bulrushes (Typha) are plants found in wetlands in many parts of the world.

The distribution of two species of Typha was studied in ponds at different depths of water.
The relative production (%) was calculated from the mean total dry biomass of each species
at each depth. The negative values of water depth indicate that the plants were growing at
the edge of the ponds with their bases above the water level.

Both species grown together Each species grown separately

X X
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[0) [0)

o o

0-— T T T T A 0" | | | T
=20 20 60 100 -20 20 60 100
Water depth / cm Water depth / cm
Key: o T latifolia A T angustifolia
(a) Identify the specific type of niche that each graph illustrates. [2]

Both species grown together: . ... ... . e

Each species grown separately: . ........ ... . . e

(Option C continues on the following page)
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(Option C, question 11 continued)

(b) Distinguish between the distributions of the two species in the two graphs according to
water depth. [2]

(c) Describe two environmental factors, other than water depth, that could affect the
distribution of the two species, giving a reason for each. [2]

(Option C continues on the following page)
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(Option C continued)

12. (a) Not all of the energy ingested by animals in their food is ultimately converted to energy
in the biomass of the animal’s body.

(i)  State one factor that affects the percentage of ingested energy converted to
biomass. (1]

(i)  The diagram shows the mass of edible parts produced by four animals when fed
100kg of feed.

Cow Cricket
5kg edible parts 22kg edible parts 65kg edible parts 80kg edible parts

Discuss the differences in the conversion ratios of the cow and fish. [2]

L

(Option C continues on the following page)
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(Option C, question 12 continued)

(iii)  Crickets are said to be the food of the future. Using the data, deduce an
advantage for crickets as a food source for humans. [

(b)  Aclimograph for an ecosystem is shown.

250 - 15
g 200+ -5 O
£ -
= )
S 150 =5 5
5 g
S 100- - 15 &
o =
£ =
% 50+ - 25
0—‘—r-—r-—r-—r-—r-—r.‘vl—r.—r-—r-—rl— -35
J FMAMJ J AS OND
Months
Key:
B Precipitation
¢ Temperature
Identify the ecosystem shown in the climograph. [1

(Option C continues on the following page)
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(Option C continued)

13. (a) The red lionfish (Pterois volitans) is an aggressive predator that inhabits coral reefs. It
is native to the Indo-Pacific ocean but has recently been found in Florida, the Gulf of
Mexico and the Caribbean and is considered to be an invasive species.

[3]

(b)  Outline the effect of DDT on the environment. [2]

(Option C continues on the following page)
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(Option C continued)

14. Entire communities need to be conserved in order to preserve biodiversity. Suggest different
quantitative methods to measure changes in biodiversity in a community over time. [4]

End of Option C
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Option D — Human physiology

15. There are many studies that show that overweight and obese people have greater health
risks. The graph shows the relationship between body mass and Vitamin D deficiency.

100-

90-

80-

70+

Percentage of people 60
with Vitamin D deficiency 50

I % 40
30
20 I
10+ ‘ s
Health%/ Ov'ell'weiAght Obese Svrely
weigh obese
(@) (i) Outline the relationship shown between body mass and Vitamin D deficiency. [
(i)  State one effect of Vitamin D deficiency. 1

(i) People who are obese have an increased risk of hypertension. Outline the
consequences of hypertension. [2]

(b) State the cause of scurvy. [1

L

(Option D continues on the following page)
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(Option D continued)

16. In 2012, Sierra Leone suffered a nationwide cholera epidemic. The graph shows the number
of people admitted to cholera wards during a two-month period.

120+
100+

Number of patients 60+

Q,JO )\Q )\<0 rl/Q qﬁ) 12)0 (bQD D&Q Lb?a QDQ <0<0 (OQ 6Q}
(\ \_O \O O O X0 \O ) O x0 6
D ,\Qb@qjo ,gabpbgobcgo
‘b
Age category / years
(a) State the main symptom of cholera that would have resulted in admission to hospital. [
(b) Suggest one reason for the age distribution of patients admitted to cholera wards. [1
(c) Outline the processes that occur in the large intestine of a healthy person. [2]

(Option D continues on the following page)
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(Option D continued)

17. (a) Identify one structural difference between sinusoids and capillaries of the liver. [

(b)  Explain how jaundice could be an indication of liver malfunction. [2]

18. The bar chart shows the prevalence of coronary heart disease (CHD) deaths in New Mexico,
USA, between 2014-2016, according to ethnicity and sex.

Removed for copyright reasons

(a) Distinguish between male and female death rates due to CHD. [1

L

(Option D continues on the following page)
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(Option D, question 18 continued)

(b)  Suggest one reason for the differences between the sexes in death rate from CHD. [

(c) Explain the reasons for separating the population of New Mexico into ethnic groups in
this research. (2]

19. Explain how signals from the sinoatrial node (SAN) pass to other parts of the heart, so that
the beating of the heart is coordinated. [4]

End of Option D
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