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e Section A: answer all questions.

e Section B: answer two questions.
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Section A

2226-4030

Answer all questions. Answers must be written within the answer boxes provided.

1.  The bark beetle Ips typographus is a pest of trees and can lead to the death of infected trees.
A biological control agent is an organism that is used to kill a pest species. Several biological
control agents, such as the fungi Beauveria bassiana and Beauveria pseudobassiana, have
been considered to control the spread of bark beetles.

Scientists investigated the effect of B. bassiana on the mortality, survival time and percentage
of bark beetles infected with the fungus. They infected beetles with different concentrations
of B. bassiana fungal spores, and control groups were treated with sterile water. The table
shows the results after 14 days.

Concentration of B. Mean mortality Mean survival time Mean percentage
bassiana fungal spores/ | of bark beetles | of bark beetles/days of bark beetles
spores ml™ I % infected / %
0 (control) 38 9.8 10
1x10° 93 6.1 92
1x 10’ 100 4.2 99
1x 108 100 4.0 98

(a) Calculate the difference in mean survival time between the 1 x 10® concentration of
B. bassiana fungal spores and the control.

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

(b) Distinguish between the results for the groups infected with 1 x 10° concentration of
B. bassiana fungal spores and the control groups. [2]

(c) Deduce whether it is an advantage to increase the concentration of B. bassiana fungal
spores from 1 x 10" to 1 x 10° spores ml™" to treat trees infected with bark beetles. [1]

L

(This question continues on page 5)
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(Question 1 continued)

In a different study, scientists investigated the mortality of bark beetles when infected with
different concentrations of B. pseudobassiana fungal spores. Control groups were treated
with sterile water. The cumulative mortality of each group was recorded over 14 days.
The graph shows their results.
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(d) Identify the concentration of B. pseudobassiana fungal spores that killed all the bark
beetles in the shortest time. [1]

................................................................. spores ml™’

(e) Discuss whether bark beetles are more vulnerable to B. bassiana or to
B. pseudobassiana infection after 14 days. [2]

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

Scientists investigated the potential of B. pseudobassiana fungal transmission within a
population of adult bark beetles.

Non-infected bark beetles and bark beetles infected with B. pseudobassiana were kept
together in five groups, each with 36 beetles in total. Each group had a different percentage
of infected bark beetles at the start of the investigation. The percentage mortality was
recorded every five days for 15 days.

100 -

90 % Key:

80 1 4 5th day
70 -

] ] 10th day

60 - %
Mean mortality / % 50 B 15th day
40 -
30- %
20 7
10

0 T T T T
0 25 50 75 100

Percentage of infected bark beetles in the group
at the start of the investigation / %

(f)  Calculate the mean number of bark beetles still alive in the 25 % group on the 5th day. [1

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

(g) Compare and contrast the mortalities of bark beetles for the 25 % group and 75 %
group for the three recorded days. [3]

(h) Using all the data provided, discuss whether the fungi of the genus Beauveria are a
possible biological control agent for bark beetles. [3]

L
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2. Viruses, such as the coronavirus which caused the COVID-19 pandemic, can evolve. Studies
of the genome of coronaviruses from 99 countries showed that there is little genetic diversity
of coronaviruses in circulation in different continents.

(a) Identify the type of genetic material found in coronaviruses. [

(b) Genetic diversity can be due to mutations. List two ways in which mutations could have

appeared in coronaviruses. [2]
T e
e
(c) Explain the reasons, other than a high mutation rate, that viruses may evolve rapidly. [2]
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3. (a) State one abiotic factor that could affect the distribution of both plants and animals. [1
(b) Distinguish between fundamental and realized niches. [2]

(c) Describe the upslope range shift for tropical-zone montane bird species in
New Guinea. [2]
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4, The image shows adult seed beetles, Callosobruchus maculatus, feeding on seeds.

(a) State the trophic level of the seed beetles. [

(b) (i) Crowding of the seed beetles causes intraspecific competition.
Define intraspecific competition. [1

(i)  Explain the effect of intraspecific competition on fitness. [2]

(This question continues on the following page)
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(Question 4 continued)
(c) The diagram shows the flow of energy between trophic levels of a food chain.

diagram not to scale
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Explain the reduction of energy from one trophic level to the next. [3]
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The transpiration rate and water potential (y,,) of a leaf can vary at different times of the day.

(a) State one environmental factor that affects transpiration rate. [1
(b) Outline the effect of transpiration rate on water potential (y,) in the leaf cells. [1
(c) Explain how increasing the solute potential () in the leaf cells affects their water

potential (). (2]
(d)  Explain how root pressure is generated. [2]
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The proteasome complex 26S is involved in the breakdown of the enzyme lysozyme.
(a) State the full name of the ATP molecule. [1]
(b)  Outline the use of ATP in lysozyme breakdown. [1
(c) State the final product of lysozyme breakdown. [
(d) Justify the need for protein breakdown by proteasomes. [3]
“ ‘ Turn over
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7. The diagram shows blood circulation in a bony fish.

Common cardinal vein

Gills Dorsal aorta Key:

l B oxygen-rich blood

@ -T \j} » r —— oxygen-poor blood

#’/ Y gas exchange
SN—
R NS
Ventral
aorta
Heart Caudal vein

(a) State the molecule that transports oxygen in vertebrates. [
(b) Distinguish between blood circulation in bony fish and in mammals. [2]
(c) Outline two adaptations of arteries for the transport of blood. [2]

§ [l
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Section B

Answer two questions. One additional mark is available for the construction of your answers for each
question. Answers must be written within the answer boxes provided.

8.  Carbon forms part of all living organisms.

(@) Outline the conditions on early Earth that led to the formation of a great variety of

carbon compounds. [4]
(b) Describe ways to ensure that agriculture is sustainable. [4]
(c) Explain the structure of starch and how it is suited to its role of storage in a plant cell. [71

9. DNAIs the genetic material of all living organisms, and its structure allows hereditary
information to be stored.

(a) Draw a diagram showing two pairs of nucleotides in a DNA molecule. [4]

(b) Describe the use of whole genome sequencing to find evolutionary relationships
between species. [4]

(c) Explain the importance of genes and phenotypic plasticity in the determination of the
observable traits of an organism. [7]

10. Communication is important in biological systems.

(a) Describe quorum sensing in bacteria as a mode of communication. [4]
(b)  Outline the use of calcium ions as an example of chemical signalling in animal cells. [4]
(c) Explain the role of phytohormones as signalling chemicals controlling growth in plants. [7]
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