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1 A newly laid chicken’s egg contains a zygote and all the substances this zygote needs to
develop into a chick, with the exception of oxygen. Figure 1 shows some of the substances
which are absorbed and produced during the development of the chick.

(a) The values for oxygen in Figure 1 show the total amount taken up during the
development of the chick from zygote to hatching.

(i) Describe how you would expect the pattern of the rate of oxygen uptake to change
during this period.

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

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

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

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

(ii) Explain the change in the rate of oxygen uptake which you have predicted.

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

.............................................................................................................................................
(3 marks)

Answer all questions in the spaces provided.

Oxygen  Volume = 6 dm3

Mass = 8.6 g

Water vapour  Volume = 11 dm3

Mass = 8.8 g
Carbon dioxide  Volume = 4.5 dm3

Mass = 8.8 g

Mass of egg
when laid

= 60 g

Figure 1
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(b) (i) The shell surrounding the egg weighs 12 g. As the chick develops, it comes to fill
the egg. Calculate the mass of a newly hatched chick.

Answer .............................. g
(1 mark)

(ii) What is the main respiratory substrate of the developing chick?  Support your
answer with a suitable calculation.

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

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

(3 marks)

QUESTION  1  CONTINUES  ON  THE  NEXT  PAGE

Turn over �
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The eggs of different species of bird differ in size and in incubation time. Incubation
time is the time between the egg being laid and hatching. The graph shows the
relationship between the body mass of the parent bird, egg mass and incubation time.
For each curve, the solid line represents the mean value. The dashed lines represent one
standard deviation above and below the mean.

(c) What information do the curves showing standard deviation give about egg mass?

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

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

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

.......................................................................................................................................................
(2 marks)

(d) Suggest an explanation for the relationship between the mass of the parent bird and
incubation time. Refer to the size of the newly hatched chick and the length of the cell
cycle in your answer.

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

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

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

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

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

.......................................................................................................................................................
(3 marks)
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(e) (i) Calculate the mean mass of an egg from a bird weighing 10 g and from a bird
weighing 10kg. Show your working.

Mass of egg from bird weighing 10g Mass of egg from bird weighing 10kg

Answer ............................................ g Answer ................................................... g
(2 marks)

(ii) Suggest an advantage of large size in eggs which have a long incubation time.

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

.............................................................................................................................................
(1 mark)

Egg shells are perforated by small pores through which exchange of gases takes place. One of
these pores is shown in Figure 2.

(f) (i) Use your knowledge of Fick’s law to explain how diffusion rate is affected by both
the diameter and the length of the pores.

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

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

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

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

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

.............................................................................................................................................
(3 marks)

(ii) Explain why there is an unavoidable loss of water vapour from a developing egg.

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

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

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

.............................................................................................................................................
(2 marks)
Turn over �
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2 Read the following passage.

Vampire bats are unique among mammals. They feed entirely on blood. The bat lands on its
host and uses its teeth to make a small wound in the skin. It then feeds on the blood which
flows from the cut.

A diet of blood presents considerable problems for a mammal. Blood consists of about 90%
water. The remainder is almost entirely protein. There is very little lipid or carbohydrate
present. This diet affects a number of aspects of a vampire bat’s biology. It has very little by
way of fat reserves and this limits the animal’s geographical distribution. Its body temperature
is maintained at around 37 °C. If the temperature of the surroundings falls below 10 °C, it is
unable to survive. At the other end of the temperature range, its high metabolic rate means
that environmental temperatures above 30 °C rapidly prove lethal.

The output and composition of urine is also linked to the food of the bat. While the bat
consumes its blood meal, it produces a large volume of dilute urine. This results in a rapid loss
in mass which enables the bat to take off and fly back to its roost. The stomach of the bat plays
an important role in this rapid loss in mass as it has a dense network of capillaries in its wall.
Over the next hour or so, urine volume decreases while its concentration rises to around twenty
times that of blood plasma. This increase in concentration is due to the high protein content
of the bat’s food. At the same time as the concentration of urine increases, so too does the
plasma concentration of a hormone produced by the pituitary gland.

Vampire bats are important vectors of the virus which causes rabies, transferring it from host
to host in their saliva. Cases of vampire-borne rabies occur in periodic outbreaks. The
progress of an outbreak can be determined by the immune response of the bats. At the
beginning of an outbreak, a significant percentage of vampire bats will test positive for the
rabies virus but few carry the appropriate antibodies. When the outbreak is receding, the
antibody levels will be high but there will be little evidence of the virus.

Use the information in the passage and your own knowledge to answer the following questions.

(a) (i) Explain why vampire bats are unable to survive in environmental temperatures
lower than 10 °C (lines 8 - 9).

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

.............................................................................................................................................
(1 mark)

(ii) Explain why the high metabolic rate of a vampire bat means that environmental
temperatures above 30 °C rapidly prove lethal (lines 9 - 10).

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

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

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

.............................................................................................................................................
(2 marks)
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(b) Explain the role played by the blood system of a vampire bat in bringing about a rapid
loss in mass after a blood meal (lines 12 - 13).

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

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

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

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

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

.......................................................................................................................................................
(3 marks)

(c) Explain the link between the concentration of urine and the high protein content of the
bat’s food (lines 16 - 17).

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

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

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

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

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

.......................................................................................................................................................
(3 marks)

(d) (i) Name the hormone present in high concentration at the same time as the
concentration of the urine increases (lines 17 - 18).

.............................................................................................................................................
(1 mark)

(ii) Explain how the hormone mentioned in line 18 is involved in the production of
concentrated urine.

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

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

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

.............................................................................................................................................
(2 marks)

QUESTION  2  CONTINUES  ON  THE  NEXT  PAGE

Turn over �
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(e) The number of bats testing positive for rabies antibodies changes as an outbreak of
rabies progresses (lines 21 - 24). Describe the role of lymphocytes in producing this
change.

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

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

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

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

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

.......................................................................................................................................................
(3 marks)

15
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3 Write an essay on one of the following topics. You should select and use information from
different parts of the specification. Credit will be given not only for the biological content but
also for the selection and use of relevant information, and for the organisation and
presentation of the essay.

EITHER A The transfer of energy between different organisms and between these
organisms and their environment (25 marks)

OR B Ways in which different species of organisms differ from each other
(25 marks)

END  OF  QUESTIONS

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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