WJEC (Edugas) Biology A-level
Option 3.C: Neurobiology and
Behaviour
Questions by Topic



1. (a) The cortical homunculus is a drawing showing the area of cortex devoted to specific
regions of the body. It correlates the anatomy of the body with a neurological map. There
are two types of cortical homunculus: the sensory homunculus and the motor homunculus.

Sensory cortex in right cerebral hemisphere Motor cortex in right cerebral hemisphere

With reference to the homunculi shown above, identify what they show and describe and
explain the major differences between the two images. [4]
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(b) A stroke is the interruption of blood flow to the brain. It may result in the death of brain
cells. Individual patients can recover from strokes over a period of time. The image below
shows functional magnetic resonance imaging (fMRI) scans showing the brain during
repetitive gripping with the hand. Each brain image represents the activation pattern at
different time points over the first six weeks after a stroke for one patient. After 6 weeks,
the image is very similar to what is seen during learning of a new complex motor task in
the undamaged human brain.

TIME SINCE STROKE

Increasing
brain

|:| activation

RECOVERY OF GRIP STRENGTH

(i) With reference to the image, describe the advantage of fMRI over computerised
tomography (CT) and magnetic resonance imaging (MRI) scans. Explain what has
happened in the brain in order to recover from the stroke. [3]

(i) Some studies suggest that in a healthy person 375 neurones per hour die due to
the aging process. In an untreated stroke patient, it is estimated that 1.9 million
neurones per minute die. Calculate how many times greater the neurone lossisina
patient who has a stroke that is untreated for 1 hour compared to a healthy person.

(2]

Timesgreater =X ... .
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(i) Use the scans opposite to suggest which part of the brain was damaged. Give
reasons for your answer. 2]

(iv) A stroke affecting Wernicke's area has a different affect to a stroke affecting Broca's
area. Using your knowledge of these areas of the cerebral cortex describe the
effect of each type of stroke. 2]
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(c) Meerkats, Suricata surnicafta, live in social groups called mobs, of 5-30 individuals.
They inhabit open dry land such as the Kalahari desert. Meerkats share parental care

responsibilities. Each mob has a dominant alpha male and dominant alpha female. These
are usually the only individuals who produce offspring. This social structure is referred to

as a dominance hierarchy.

() What are the advantages, to the meerkat colony, of this dominance hierarchy? [2]

(i) There is little difference between the size of males and females in meerkats. In
other mammals, however, such as African lions, Panthera leo, the male is much

larger than the female. Explain the reason for the large size of the male lions. [1]

PhysicsAndMathsTutor.com Page 4 WUJEC (Eduqas) Biology A-level



(d)

A study of 39 wild meerkats in South Africa investigated whether engaging in play
behaviour was more likely in individuals in a better nutritional state. The meerkats were
habituated to close observation and handling, they were individually marked and regularly
weighed. The researchers observed play in the early morning. They calculated the mean
play rates for the young meerkats and compared the individual play rates to the mean.
The results are shown in the scatter graph below.
16
14 .
*
& 12 :
- S Te
-— o ++ -
S CEISHE R :
& 10 e
g b 2 at 1) ." > *le
E e
£ 08
*
0.6
04

080 085 090 095 100 105 1.10 1.15 1.20
Relative weight gain

(i) What is the advantage to the study of using meerkats ‘habituated’ to close
observation and handling? [1]

(i) What type of correlation is shown between relative weight gain and relative rate of
play? (1

(i) How could this investigation be improved to give more valid data? [2]
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2.

(a) The image below shows the divisions of the human cerebral cortex into lobes.

A
A
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(i) State the name and function of the lobes labelled A and B on the diagram above.
(3]

Name Function

(i) The brain can be studied in several ways. Outline the differences in the information
provided by electroencephalography (EEG) and computerised tomography (CT).
[2]
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(b) Brain structure changes throughout life with most changes occurring in childhood. During
childhood there are critical periods of development where synapses are strengthened in
response to environmental stimuli. The critical period for the development of language is
between 0-5 years.

Exposure to neglect or psychological frauma during these critical periods in childhood,
can change the normal developmental pattern e.g. in “feral’ children.

Brain activity in children was measured using functional magnetic resonance imaging
(fMRI) to show the level of activity in the grey matter. The diagram below shows how the
level of activity of grey matter in the brain changes with age after this critical period in a
person who had not been exposed to neglect or psychological trauma.
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The graph shows the number of synapses present in the brain and the changes
which normally occur as a child gets older.
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(i) Suggest why children who are not exposed to language during the critical period
are likely to never develop speech. (4]
(i) Suggest how the fMRI images and graph would differ for a feral child. [1]

(i) State one factor which could be involved in causing this effect in feral children or
those exposed to psychological trauma at an early age. [1]
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(¢) In 1930, Toiman and Honzik investigated learning in rats. Thirty female rats were placed
in three groups and the number of errors they made when going through the maze was
recorded.

Group 1 — Rewarded every time they completed the maze
Group 2 — Placed in the maze every day and only rewarded from day 10 onwards
Group 3 — Never rewarded

4
32
30
2 N\
N
2% \
\ NN . 3
24 - \\ Group
Mean number 2 u\._,,v" = 7
of errors 20 \ | e S Pl A
~ Y TN
\\ \\ ’/ \\
18 < ! \
16 O
14 / \‘ \\ ~
) 177~ ~ Group 2
1 ~
Grdup [1 T~
10 ]
8 N\w - e
6
4 N
2
0
01 2 3 45 6 7 89 10 1 1213 14 1516 17
Days of experience in maze
(i) Which area of the brain is involved in learning? [1]
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(i) Use the information provided to conclude the learning patterns exhibited by each
group of rats. Explain your conclusions. [4]

(i) Calculate the percentage change in the number of errors for group 2 between day
10 and day 13. [2]

Percentagechange= .. .. . .. .. ... %

(iv) State two factors which should have been controlled in this investigation. 2]
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The diagram below shows a section through the human brain.

(a) Identify A, B and C on the diagram above.
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(b) Itis estimated that there are 125000 deaf adults in the UK who use British Sign Language
(BSL). The language involves movement of the hands, body, face and head. Some people
are born deaf and others become deaf during their lives. There are many causes of
deafness, including damage to the auditory nerve between the ear and the brain.

Positron emission tomography (PET) can be used to generate images of the brain
using radioactive tracers which have a short half-life. There is a PET scanner at Cardiff
University.

The image below shows the results of a PET scan when a hearing patient was given tasks
associated with language.

High level
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seeing
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(i) Explain why a PET scan would be suitable for investigating activity levels within the
brain whereas an MRI scan would not. [2]
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(i)  With reference to the image of the PET scan and your knowledge of brain regions
involved in language, suggest and explain how the PET scan of a deaf person,
actively using BSL, would compare to that of a hearing person. [5]

(iii) Suggest two medical details that would be needed when interpreting PET scans
from patients with hearing problems. [2]

(iv) Explain why PET scans of adults with total hearing loss have revealed activation of
regions of the cortex related to hearing. [3]
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(c) The three-spined stickleback, Gasterosteus aculeatus, is common to lakes and rivers in
Wales. The male stickleback has a red belly during the breeding season and behaves
aggressively when defending its territory.

The behaviour of 12 male sticklebacks was investigated during the breeding season.
Each male stickleback was exposed to model sticklebacks with red or silver bellies and
the number of times each model was bitten was recorded.

Male and female sticklebacks during the breeding season, in Llyn Frongoch, Ceredigion

(i) State one advantage to male sticklebacks of defending their territory. 1]

The table below shows the results of the investigation.

Mean number
Model colour of bites
red belly 119.8
silver belly 60.4

(i) State what is meant by a sign stimulus and based on this information, identify
what it would be for the stickleback. Explain your answer. [3]
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Mean number 2 L
Model colour of bites Y(x - %) Standard Deviation
red belly 119.8 524.7 6.9
silver belly 60.4 3433 v

(iii)

Complete the table above by calculating the standard deviation for the silver belly
stickleback using the formula below: [2]

Y(x-x)°

Standard Deviation =
N-1

where:
X = mean

Y. = sum of
N = number of samples

The standard deviation for both models was high. Explain how this could affect your
confidence in the conclusion. [1]
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(a) The diagram below shows the organisation of the human nervous system.

Nervous system

Central Peripheral
nervous nervous
|_ system —‘ |_ system —‘
. Spinal Sensory Motor
Brain -

pathways |_ pathways —‘

Somatic
(voluntary)
nervous system

Autonomic
(involuntary)
nervous system

Sympathetic
division

Parasympathetic
division

(i) Complete the table below to show the differences between the divisions of the
autonomic nervous system. [3]

Sympathetic

Parasympathetic

Neurotransmitter

General effect

Effect on heart rate
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The somatic nervous system is involved in controlling voluntary movements via motor
neurones, and sensory information via sensory neurones. This links to the motor

and sensory cortex of the cerebrum of the brain. The diagram below shows a motor
homunculus.

(ii) Explain what the motor homunculus represents. [1]

(i)  Suggest why the sensory homunculus would differ from the motor homunculus.

(1]
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(b) The hypothalamus is the link between the nervous system and the endocrine system, and
is found in the brain. It is closely associated with the pituitary gland.

Cortisol is a hormone produced by the adrenal glands and is involved in the body’s
response to stress. The normal release of cortisol is controlled by the hypothalamus as
shown in the diagram below.
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High levels of cortisol could be a cause of mental illness. Cushing’s disease can be caused

by a tumour on the pituitary gland, which causes an abnormally high level of ACTH to be
released.

(i) Using the information above, and your own knowledge, suggest why mental illness
has been linked with Cushing’s disease. [3]

(i) The gene for cortisol is expressed in the cells of the adrenal gland.

Suggest how the expression of this gene could be affected in children who have
experienced trauma. [2]
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(c) Behaviour describes many actions by living organisms in relation to other organisms or
the environment they inhabit. Behaviours can be highly complex or seem quite simple.

Ants are social insects which live in large colonies.

(i) State the advantages to the ants of living in a colony. [2]

(i) Suggest how ants may communicate with each other. [1]

Sexual selection has played a role in the evolution of courtship behaviours in
vertebrates. Male elephant seals fight with other males for breeding rights, often
with fatal consequences.

The photograph below shows two male elephant seals fighting.

(i) State the type of sexual selection displayed by the male elephant seals. Explain the
consequence of this type of selection. [2]
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(iv) Students carried out the following experiment to investigate behaviour in insects.
Twenty Tribolium castaneum beetles were placed in a Petri dish which had dry and
humid areas. The number of beetles found in each area was recorded every 30
seconds for 3 minutes.

Dry Humid

—————— Path taken by beetles

Tribolium
castaneum
beetles

State the type of innate behaviour exhibited by the beetles in response to the
environment they are placed in. [1]
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(v) The null hypothesis for this experiment was that there was no significant difference
between the observed and expected number of Tribolium beetles found in the dry
and humid areas. A Chi-squared test was then performed on the data to test the
null hypothesis.

Degree of p=0.1 p=0.05 p =0.02 p = 0.01
1 2.705 3.841 5.024 6.635
2 4.605 5.991 7.378 9.210
3 6.251 7.815 9.348 11.345
4 7.779 9.488 11.143 13.277
5 9.236 11.070 12.832 15.086

The calculated value of Chi-squared for these data was 5.00 with one degree of
freedom. Use this information to reach a conclusion for this experiment at a suitable
level of significance. [4]
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(a) Figure 10.1 shows the lobes of the cerebral hemispheres of the human brain.

Figure 101

() Label the lobes A-D of the cerebral cortex shown in figure 10.1. [2]

(i)  In humans the cortex is greatly folded and contains around 1.6 x 10" neurones.
Figure 10.2 shows the values for some other mammals.

Figure 10.2

Mammal Number of cortical neurones
mouse 4 x 108
dog 1.6 x 10°
long-finned pilot whale 3.72 »10%

The human has ten times more cortical neurones than the dog. Calculate how

many times more cortical neurones are present in the human compared to the
mouse. (1]

ANSWET = s
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(iii)  State the conclusion you could make about the cognitive function of a long-finned
pilot whale when compared to the other mammals. [2]

(iv) Damage to the cerebral cortex, through either injury or disease, produces different
symptoms according to which lobe of the cerebral cortex is affected. Consider the
case studies below and complete figure 10.3: [2]

Figure 10.3

Description of damage

Symptoms

Lobe of cerebral cortex affected

A steel bar went through
the head of the patient in
an accident in the 19th
century.

Personality affected so
he was rude to friends
and lost all inhibitions,
exhibiting very aggressive
behaviour.

Road traffic accident,
the patient suffered head
trauma.

Inability to distinguish
colours and reported
hallucinations.

Injury sustained falling from
mountain bike and banging
his head against a tree.

The patient could not
remember his children’s
names and forgot how to
read a map.
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(b) Figure 10.4 shows the autonomic nervous system.

Figure 10.4

Parasympathetic Nervous System === Sympathetic Nervous System

S
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Stimulates salivation4 i Inhibits salivation

Slows heart rate ———————— —— Increases heart rate
Constricts bronchi —Dilates bronchi

Solar plexus [~ Inhibits digestion
Stimulates digestion ——— L

Stimulates the breakdown
of glycogen

Stimulates bile secretion

Callses biadder th confract Inhibits contraction of bladder

Sacral
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(i) Identify the neurotransmitters involved in the following divisions of the autonomic
nervous system. [1]

parasympathetic ...
sympathetic e

(i) Using figure 10.4, describe and explain how the sympathetic nervous system helps
an individual during a fight or flight response. [2]
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(c) The hypothalamus releases a hormone, which leads to the production of cortisol as shown

in figure 10.5:

Figure 10.5

Hippocampus

Nerve impulses

Hypothalamus

Anterior pituitary
gland

Inhibits

CRH (Corticotrophin-releasing hormone)

ACTH (Adrenocorticotrophic hormone)

Adrenal cortex

N\

Cortisol

(i) Using the diagram and your own knowledge, explain the role of the brain in
preventing the individual becoming overstressed.

[2]

(i) The blood cortisol levels of an individual who had suffered a traumatic childhood
would be expected to be higher than normal. Explain why such individuals may be
pre-disposed to mental illnesses throughout their lives.

(1]
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(d) Bees show a variety of behaviour patterns which are innate and instinctive. On returning
to their colonies, worker honeybees perform a dance to communicate to other bees the
direction and distance of a food source.

(i) Explain why this social behaviour benefits the colony. [1]

Karl von Frisch discovered much of what we know today about honeybee communication.
He studied thousands of bees and collected data from more than one hive.

(ii) Identify the main risk associated with the study and how the risk could be minimised.

(1]

He observed that when food is more than 70 m away from the hive they perform a “waggle
dance” in the hive. As shown in figure 10.6.

Figure 10.6

waggle dance
(food more than 70 m away)
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The number of times the waggle dance is repeated in a unit of time depends on the
distance between the hive and the food. This is shown in figure 10.7.

Figure 10.7
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(iii) I. Using the graph, complete the table below by calculating the difference in the

number of times the waggle dance is repeated in 15 seconds between 100
and 500 m. [1]

Difference in number of times the

Distance between hive and food/m waggle dance is repeated in 15 seconds

100-500

3000-3500 0.2
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Il. Use the values from the table to conclude what happens to the accuracy of
the waggle dance for finding food as the distance of the food from the hive
increases. [1]

(iv) There were two factors which were important in terms of making a valid conclusion.
1. Karl von Frisch studied thousands of bees and collected data from more than
one hive.
2. His study has also been repeated by other scientists many times.

Explain why these two factors were important in terms of making a valid conclusion.

(2]

(e) Differentgroups of chimpanzees obtain food in a variety of ways. One group of chimpanzees
was observed trapping colobus monkeys in order to eat them. Other groups use tools to
get food; the way they do this varies from group to group. This is an example of social
learning.

Explain the advantages of social learning to the different groups of chimpanzees. [1]
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Scientists carried out research into possible changes that occur in the brains of taxi drivers, as
a result of learning. To qualify as a London taxi driver, they have to learn every street name,
landmark and direction of traffic flow. MRI images can be analysed to measure the volume of
specific brain structures.

(@ () The following image depicts an MRI scan of a human brain. Which number (1-6)
shows the hippocampus? [1]

3 4
2

5
1 6

(i) Suggestwhy the scientist studied the hippocampus region of the brain. Give reasons
for your answer. [2]

(iii) The independent variable in this research was being a male taxi driver. The
dependent variable was the volume of the hippocampus as seen using MRI. Male
non-taxi drivers were used as controls in this study. Suggest two other factors
regarding these individuals that should be controlled. [1]
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(b) The MRIscanned the anterior, body (middle) and the posterior regions of the hippocampus.
The results from the research are shown below.

140
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B Taxi Drivers

1004
B controls

ﬁ Significant
difference

80 1

60 1

Volume of Hippocampus / mm?®

40 -

20 -

Anterior Body Posterior

(i) The scientist’s hypothesis stated, “the regions of hippocampi in London taxi drivers
will be structurally different to the hippocampi in non-taxi drivers”.
Using the results given, can the hypothesis be accepted? Justify your conclusion.

[4]
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The percentage differences between the volumes of the posterior and anterior hippocampi
were plotted against the duration of time spent as a taxi driver.
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(i) The line shown on the graph is a correlation line. Using the trend shown and your
knowledge of brain structure and neuroplasticity, what conclusions can be drawn?

[4]

(iii) A further investigation is to be carried out to look at changes in brain activity during
a map reading exercise whilst driving the taxi. Suggest a brain imaging technique
that could be used and explain why it would be more suitable than MRI. [2]
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(c)

In order to better understand learning in animals, researchers presented spotted hyenas
(Crocuta crocuta) with a problem-solving task. Hyenas were placed in a puzzle box and
were encouraged to escape to reach food placed outside. Researchers timed how long it
took the hyenas to escape. The experiment was repeated several times.
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(i) Calculate the percentage change in mean time to escape between the start and
end of the trials. [2]

percentage change inmeantime = ...
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(i) State and explain the type of behaviour exhibited by the hyenas. [2]

(iv) Suggest how the experiment could be modified to improve the reliability of the
conclusion. [1]
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