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Neurobiology and Behaviour 
 

 
 

A) Stimulus and Response 

 
Define the terms stimulus, response, and reflex in the context of animal behaviour. 

 

Stimuli Change in the environment (internal/external) detected by a receptor and elicits a 
rapid, unconscious response 

Response Actual reaction you get in response to a particular stimulus, i.e. a change in an 
organism, produced by a stimulus 

Reflex Automatic, rapid and unconscious response to a stimulus 
 
 

Explain the role of receptors, sensory neurons, relay neurons, motor neurons, synapses and effectors in the 
response of animals to stimuli. 

 

Receptors They detect a stimulus; they can be sensory cells or nerve endings of sensory 
neurons 

Sensory 
Neurons 

A nerve cell (neurone) that is part of the PNS 
They receive messages ,across synapses, from receptors and carry them to 
the CNS (spinal cord or brain) (connects receptor to CNS) 

Relay Neurons They’re neurones of the CNS and within the Grey matter of the spinal cord 
They receive messages, across synapses, from sensory neurons and 
passes them to the motor neurons that can cause an appropriate response 
The cell body forms a synapse with the incoming sensory neurone and the axon 
forms a synapse with the cell body of the motor neurone in the CNS 

Motor Neurons They’re neurons in the PNS 
They receive messages, across synapses, from relay neurons and carry 
them (from the CNS) to an effector 

Effectors They carry out a response after receiving a message from a motor neuron; 
either muscles which respond by contracting, or gland which respond by 
secreting 

Synapses A junction between two nerve cells or between a nerve cell and an effector; 
Transmission of the nerve impulse across a synapse takes a chemical form 
(transmitter substance) 

 
 
 
 
 
 

Nervous System 

CNS PNS 

Spinal Cord Brain ANS SN
S 

Sympathetic nerves Parasympathetic nerves 
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1. Reflex Arc (pain withdraw reflex) 

Draw and label a diagram of a reflex arc for a pain withdraw reflex including the spinal cord and its spinal 
nerves, the receptor cell, sensory neuron, relay neuron, motor neuron and effector. 

 
This shows the cross-section of a back, i.e. a spinal cord (white+ grey matter) 

 
 

2. Natural selection affects animal’s responses 

Explain how animal responses can be affected by natural selection, using two examples. 

Reflexes help us to survive, to breed and to pass on our alleles for the same behaviour  
natural selection. 
Animal responses can be altered by natural selection if they are genetically programmed and 
affect the animal’s chances of survival and reproduction. Offspring inherit successful types of 
response from their parents. Sometimes the environment of an animal species changes and 
natural selection may then favour a different type of response. Examples related to global warming: 
 

 Migration of blackcaps 

These birds breed in the early summer across much of central and northern Europe. Then they 
migrate to warmer areas (don’t breed here) before the winter (because of temperature; small 
birds = large surface area so they loose too much heat for their little volume) 
Until recently, populations in Germany migrated to Spain or Mediterranean areas. Recent studies 
have shown a change in migration patterns with 10% of the birds migrating to the UK. 
Reasons for migration: 

 People feed birds in winter – so they can survive in the UK 

 It’s getting warmer! 

 SHORTER WAY! When they migrate back, they are quicker than the birds 
that migrated south (about a week earlier back!) – so they get the best 
territory, can breed and pass on their alleles (population going south could 
die out; also, longer migration = riskier!) 

Experiments with eggs have shown that the direction of migration is genetically programmed and 
inherited. The blackcaps that migrate from Germany to the UK for the winter instinctively tend to 
fly west, whereas those still migrating to Spain tend to fly southwest. 
 

 Timing of breeding of Great Tits (Parus major) 

Parus major breed in spring or early summer throughout much of Europe. The timing of egg 
laying is genetically determined. Day length is used to determine the time of year. 
Recent studies in the Netherlands have shown that the mean date of egg laying is becoming 
earlier. Adults that breed earlier enjoy greater reproductive success. This is due to the earlier 
opening of leaves on deciduous trees and an earlier peak in the biomass of invertebrates feeding 
on tree leaves. These invertebrates are the main food that adults collect and feed to offspring. 

Stimuli Receptors CNS 
(relay neurons) 

Effector 
(muscle glands) 

Response Sensory Neurons Motor Neurons 
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3. Perception of stimuli 

Outline the diversity of stimuli that can be detected by human sensory receptors, including those below 

 STIMULUS EXAMPLE 

Mechano-
receptors 

 Mechanical energy as sound waves 

 Movements due to pressure or gravity 

 Hair cells in the cochlea of the ear 

 Pressure receptor cells in the skin 

Chemo-
receptors 

 Chemical substances dissolved in water 
(tongue) 

 Chemical substances as vapours in the air 
(nose) 

 Receptor cells in the tongue 

 Nerve endings in the nose 

Thermo-
receptors 

 Temperature  Nerve endings in the skin detect 
warm or cold 

Photo-
receptors 

 Electromagnetic radiation, usually in the 
form of light 

 Rod and cone cells in the eye 

 

a) Vision in humans 

Label a diagram of the structure of the human eye. 

 

 
 

(Fovea = packed with cones, so very sharp 
image if you look straight at something. 
Blind spot = here are no light-detected 

photoreceptor cells) 

Annotate a diagram of the retina to show the cell types and the direction in which light moves. 

 

Compare rod and cone cells 

The photoreceptor s of the eye are contained in the retina. There are two types of them – red and 
cone cells. They both absorb light and then transmit messages to the brain, via the optic nerve. 
 

Rod cells Cone cells 

Found throughout the retina – so they give a 
wider field of vision 

Concentrated near the fovea, giving one acute 
area of the field of vision (don’t see much colour 
around the point you are focused looking at) 

More sensitive to light (used in dim light) Not sensitive to light (used in bright light) 

Absorb all wavelengths of visible light, so they 
give monochrome vision (no colour vision) 

Three types of cone cells, sensitive to red, 
green and blue light, give colour vision 

Groups of rod cells pass impulses to the same 
sensory neuron of the optic nerve;  
Because several rods synapse onto one 
neurone, a single photon falling on any of 
several rod cells can cause an action potential 
to form – this means that an action potential is 
likely even in low light conditions, however, the 
exact location at which the light hits the retina is 
hart to pinpoint so rods give poor visual acuity. 

One cone cell passes impulses to one – own 
individual – neuron through which messages 
can be sent to the brain. Therefore, cone cells 
give greater visual acuity 
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 Processes of Visual Stimuli 

Explain the processing of visual stimuli including edge enhancement and contralateral processing. 

 The eye is an example of a receptor 

 It only responds to LIGHT 

 The tough, white conjunctiva protects the eye – a delicate organ – on the outside 

 Light enters eye through transparent cornea 

 Coloured iris controls how much light enters 

 Lens and cornea focus the light onto the retina at the back of the eye (focusing allows to 
perceive an image with high definition) 
o ciliary muscles and suspensory ligaments allow the shape of the lens to change; a fat 

lens bends incoming rays of light a great deal, so is needed to focus on far objects; a thin 
lens shape allows you to focus on close objects. 

 The pupil (hole in the middle of the iris through which light goes) changes shape to allow 
accommodation – looking between near and far objects easily 

 The retina contains the receptor cells: rod and cone cells that detect light 

 Retina cells send signals – in the form of impulses – along nerve cells (optic nerve) 

 The choroid – the dark layer behind the retina – absorbs all light in order to prevent it from 
bouncing around in the eye (prevent internal reflection and multiple image formation) 

 
 
HOW AN IMAGE IS PERCEIVED 

 Light falling onto the retina hits photoreceptor cells. 

 When photoreceptor cells intercept light, a generator potential is 
formed in the cells behind them* that lead to the optic nerve. This 
generator potential causes an action potential (nerve impulse) to 
pass down the optic nerve to the brain. 
*Rods and cones join to bipolar neurones which in turn synapse 
with ganglion cells, which together make up the optic nerve. 

 
Some processing of the image is done in the retina, e.g. edge enhancement. From the retina, 
nerve impulses pass to the brain for processing. Much of what we see is due to the input of the 
brain. The right part of the brain processes information from the left part of the field of view – and 
vice versa. This is contralateral processing. 
 
 

 Edge enhancement 
If there’s a contrast – i.e. black/white, it’s mentally enhanced; the difference is increased. So 
e.g. in Hermann’s grid; when black is next to white, the contrast is increased so that the middle 
bits which are not surrounded by black seem to be grey because they are to the “whiter” parts) 
Each ganglion cell is stimulated when light falls on a small circular area of retina called the 
receptive field. There are two types of ganglion cell. In one type, the ganglion is stimulated if light 
falls in the centre of the receptive field, but this stimulation is reduced if light also falls on the 
periphery. In the other type, light falling on the periphery of the receptive field stimulates the 
ganglion cell, but this stimulation is reduced if light also falls on the centre. Both types of ganglion 
cell are therefore more stimulated if the edge of light/dark areas within the receptive field. White 
areas of the Herman grid look whiter if they are next to a black area. 
 

 Contralateral processing 
The left and right optic nerves meet at a structure called the 
optic chiasma. Here all the neurons that are carrying impulses 
from the half of the retina nearest to the nose cross over to the 
opposite optic nerve. As a result the left optic nerve carries 
information from the right half of the field of vision and vice 
versa. This allows the brain to deduce distances and sizes. 
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b) Perception of Sound 

Label a diagram of the ear. 

 

 Perception of Sound 

Explain how sound is perceived by the ear, including the roles of the eardrum, bones of the middle ear, 
oval and round windows and the hair cells of the cochlea. 

1. Eardrum 

When sound waves reach the eardrum at the end of the outer ear, they make it vibrate. The 
vibration consists of rapid movements of the eardrum, towards and away from the middle ear. The 
role of the eardrum is to pick up sound vibrations from the air and transmit them to the middle ear. 

2. Bones of the middle ear 

There is a series of very small bones in the middle ear, called ossicles. Each ossicle touches the 
next one. The first ossicle is attached to the eardrum and the third one is attached to the oval 
window. The ossicles’ role is to transmit sound waves from the eardrum to the oval window. They 
also act as levers, reducing the amplitude of the waves, but increasing their force, which amplifies 
sounds by about 20 times. The oval window’s small size, compared with the eardrum, helps with 
amplification. Muscles attached to the ossicles protect the ear from loud sounds, by contracting to 
damp down vibrations in the ossicles. 

3. Oval window 

This is a membranous structure, like the eardrum. It transmits sound waves to the fluid filled 
cochlea. This fluid is incompressible, so a second membranous window is needed, called the 
round window. When the oval window moves towards the cochlea, the round window moves away 
from it, so the fluid in the cochlea can vibrate freely, with its volume remaining constant. 

4. Hair cells in the cochlea 

The cochlea consists of a tube, wound to form a spiral shape. Within the tube are membranes, with 
receptors called hair cells attached. These cells have hair bundles, which stretch from one of the 
membranes to another. When the sound waves pass through the fluid in the cochlea, the hair 
bundles vibrate. Because of gradual variations in the width and thickness of the membranes, 
different frequencies of sound can be distinguished, because each hair bundle only resonates with 
particular frequencies. When the hair bundles vibrate, the hair cells send messages across 
synapses and on to the brain via the auditory nerve. 
 

 Wavelengths are detected by eardrum, sound vibrates here (vibration depends on wave of sound) 

 Bones in the middle ear amplify the vibration and transmit waves from eardrum to oval 
window 

 Oval window transmits sound waves to the cochlea; as the fluid in it is incompressible, the 
round window receives the vibration and loses its energy 

 Cochlea contains 3 canals of fluid which will vibrate, in the basement membrane, different 
parts will vibrate (e.g. low frequency sound = long wavelength = vibrates at end of cochlea); 
here hairs move due to vibration, causing a nerve impulse which is passed on to the brain 
where sounds are made 
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B) Innate and learned behaviour 

Distinguish between innate and learned behaviour. 

The behaviour patterns of animals are classified into innate and learned. Innate behaviour 
patterns develop independently of the environmental content. They are controlled by genes 
and are inherited from parents. They develop by natural selection, because they make 
members of a species better adapted to their environment and increase their chances of 
survival and reproduction. Innate behaviour is sometimes called species specific because 
every member of an animal species usually shows it. 
Innate behaviour is behaviour that normally occurs in all members of a species, despite 
variation in the environmental context. 
In invertebrates most behaviour is innate and relatively simple. Taxes and kinesis are behaviour 
patterns that increase the survival chances of many invertebrates. 
 

Analyse data from invertebrate behaviour experiments in terms of the effect on chances of survival and reproduction. 
 

TAXIS 
A taxis is a movement towards or away from a directional stimulus. 

Fly larvae (maggots) can perceive the direction of light and move away from it. The response to 
light of the fly larva is negative phototaxis. The habitat of the fly larva is carrion – the carcass of a 
dead animal. Negative phototaxis ensures that the larva remains inside the carcass, where food 
is available and predators are less likely to catch it. Natural selection therefore favours larvae that 
show the response. A positive taxis is movement towards a stimulus. 
 

KINESIS 
Kinesis is response to a non-directional stimulus in which the rate of movement or the rate of 
turning depends on the level of the stimulus, but the direction of movement is not affected. 

Woodlice can perceive whether an area is humid or dry. They respond to humid areas by moving 
slowly and by changing direction after moving short distances. They respond to dry areas by 
moving more quickly and by moving further before changing direction. Woodlice are usually found 
in moist habitats. They use a tracheal system for gas exchange, which dehydrates rapidly in dry 
areas. Hydrokinesis ensures that woodlice spend more time in humid areas than dry areas if both 
are available. Natural selection therefore favours woodlice that show this response. 

1. Learned behaviour and survival 

Discuss how the process of learning can improve the chance of survival. 

In diverse and changeable environments, animals can improve their chances of survival by 
learning new behaviour patterns, examples: 

 Some chimpanzees learn to catch termites by poking sticks into termite mounds 

 Birds learn to avoid eating orange black striped cinnabar moth caterpillars, after associating 
their colouration and unpleasant taste 

 Many birds learn to take avoiding action when hearing alarm calls warning them of a predator 

 Foxes learn to avoid touching electric fences after receiving an electric shock 

 In Britain, hedgehog have learned to run across busy roads, instead of rolling up into a ball 

c) Conditioning in Dogs (Pavlov) 

Outline Pavlov’s experiments into conditioning of dogs. 

Ivan Pavlov investigated the salivation reflex in dogs. He observed that his dogs secreted saliva 
when they saw or tasted food. The sight or taste of meat is called the unconditioned stimulus 
and the secretion of saliva is called the unconditioned response. 
Pavlov then gave the dogs a neutral stimulus, e.g. a ringing bell, before he gave the 
unconditioned stimulus – the sight or taste of food. He found that after repeating this procedure for 
a few days, the dogs started to secrete saliva before they had received the unconditioned stimulus. 
The sound of the bell is called the conditioned stimulus and the secretion of saliva before the 
unconditioned stimulus in the conditioned response. 
The dogs had learned to associate two external stimuli – the sound of a bell or metronome and 
the arrival of food. This is called conditioned – an alteration in the behaviour of an animal as a 
result of the association of external stimuli. 
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d) Development of Birdsong 

Outline the role of inheritance and learning in the development of birdsong in young birds. 

 
Birdsong is an interesting example of behaviour because it has been shown in some species to be 
partly innate and partly learned. 
They have a particular repertoire of innate call (genetically, inherited from parents) but putting the 
phrases together into a complete, complex song is learned (by listening to other males) 
E.g. the chaffinch; male ones use their song to keep other males out of their territory and to attract 
females. The song varies a little between males, allowing identification of individuals. It also has 
recognisable features to show that it is a chaffinch singing. 
The graph below shows the normal song of a male, reared where he could hear the song of adult 
chaffinches, and the song of male that was reared in isolation in a soundproof box. The song of the 
bird reared in isolation had some features of the normal song, including the correct length and 
number of notes, which must have been innate. However, there is a narrower range of frequencies, 
and fewer distinctive phases. These must be learned from other chaffinches.  

 

C) Neurotransmitters and synapses 

What happens at the end of neurones? 

 Nervous pathways always involve at least 2 neurones 

 Signal must be transferred from one neurone to another 

 Also between neurones and muscle cells 
 

 Signal could be transferred by direct contact – so 
electrical impulse travels directly from one neurone to the 
next. This is very rare – e.g. some neurones from the eye 

 Usually there is a gap between one neurone and the next – the SYNAPSE. Signal must 
change from electrical to chemical signal to cross the gap 

 

1. Synapses 

 Synapses reinforce UNIDIRECTIONALITY of impulse – there is only one pre-synaptic, one 
post-synaptic membrane for each synapse 

 Synapses allow SUMMATION – inputs from more than one neurone combine to determine 
whether an impulse forms in the post-synaptic neurone 

 Summation means that sensory inputs from different receptors can combine to cause an effect 
in an effector (or not – inhibition can happen too) 

 

a) Excitatory and Inhibitory synapses 

State that some presynaptic neurons excite postsynaptic transmission and others inhibit postsynaptic 
transmission. 

Although there is a wide variety of synapses in the nervous system, especially the brain, there are two main types 

 Synapses can be excitatory or inhibitory 

 Excitatory ones propagate action potential in post-synaptic cell 

 Inhibitory ones inhibit AP in post-synaptic cell 

 Difference = different neurotransmitters (e.g. GABA is inhibitory) or receptors (dopamine can 
be either excitatory or inhibitory depending on which receptor it attaches to) 

 Synapses between nerve and muscle cells are always excitatory 
 

i)  Excitatory synapses 

Excitatory = nerve impulse comes down an excitatory neurone and causes action potential in 
next one (The neurotransmitter released by the presynaptic neuron causes sodium ions or other 
positively charged ions to enter the postsynaptic neuron, helping to depolarize it and cause an 
action potential. Postsynaptic transmission is therefore excited (stimulated).) 

Birdsong 
(often in males) 
 

Communication 
 
 

Mating 
 
 
Holding/establishing 
territory 
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ii) Inhibitory synapses 

Inhibitory = nerve impulse comes down inhibitory nerve = stops action potential forming in 
the next neurone in post synaptic cell (The neurotransmitter released by the presynaptic neuron 
causes negatively charged chloride ions to move into the postsynaptic neuron, increasing its 
polarization. This effect, called hyperpolarization, makes it more difficult to depolarize a neuron 
sufficiently to cause an action potential. Postsynaptic transmission is therefore inhibited.) 
 

 What happens at the synapse? (Excitatory) 
 

 Action potential moves along the presynaptic cell (Sodium = Na moves in) 

 Arrives at presynaptic membrane 

 Opens calcium channels in the membrane 

 Ca
2+

 ions flood in  
 Ca

2+
 ions cause bags of neurotransmitter chemical – synaptic vesicles – 

to fuse with the membrane of the presynaptic cell 

 Neurotransmitter chemical diffuses out  

 neurotransmitter molecules bind to receptors (which are Na
+
 channels) 

on the post-synaptic cell membrane 

 Causes Na
+
 channels to open 

 Na
+
 enters post-synaptic cell 

 If the threshold is reached - Action potential is established (so another action potential starts) 
 

 

What happens to neurotransmitters after the impulse has passed the synapse? 
1. Destroyed by enzymes. This ‘mops up’ acetylcholine quickly and allows another impulse to 

pass along the same neural pathway soon after 
2. Reabsorbed by presynaptic membrane & reused – saves transmitter but slower 
3. Diffused away into surroundings 
 

 Summation 

 Any neurone may have inputs from many others via synapses 

 Some of the inputs will be excitatory, others inhibitory 

 Inputs must exceed a certain threshold for action potential 
to result in the post-synaptic cell 

 But it will have only one output 

 It is the joint effect of these connections that results in the 
output potential – this is summation 

Summation can be spatial (pre-synaptic neurones coming from different places) or temporal 
(summing action potentials from same pre-synaptic neurone over time) 
 

b) Decision making in the CNS 

Explain how decision making in the CNS can result from the interaction between the activities of excitatory 
and inhibitory presynaptic neurons at synapses. 

One of the fundamental roles of the brain and spinal cord is decision-making. 
This can be a simple process, as in a reflex, or much more complicated, e.g. 
when choosing a partner. Synapses are the sites at which decisions are 
made. One pulse of excitatory neurotransmitter, released when an action 
potential reaches the end of a postsynaptic neuron, is unlikely to be enough to 
cause postsynaptic transmission. A rapid sequence of pulses of 
neurotransmitter is needed. These could come from the same presynaptic 
neuron, or more likely from a number of different ones. This is possible 
because postsynaptic neurons have synapses with more than one pre-synaptic 
neurone, sometimes with hundreds. 
 

Where many presynaptic neurons form synapses with a postsynaptic neuron, some of them will be 
excitatory and others will be inhibitory. The effects of excitatory neurotransmitters may be 
cancelled out if an inhibitory neurotransmitter is also being released. Whether an action potential 
is initiated in the postsynaptic neuron is therefore decided by the summation of messages from all 
of these synapses. In this way, decisions can be made by the CNS. 
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2. Psychoactive Drugs 

a) Excitatory and Inhibitory Drugs 

Explain how psychoactive drugs affect the brain and personality by in/decreasing postsynaptic transmission. 

Drugs are chemical substances that are ingested, injected, inhaled or put into the body in some 
other way, to cause a change in the functioning of the body. Psychoactive drugs affect the brain 
and personality. Most psychoactive drugs affect the functioning of the brain by disrupting 
synaptic transmission. Excitatory drugs work either by promoting transmission at excitatory 
synapses or inhibiting transmission at inhibitory synapses. Inhibitory drugs to the opposite. 
Psychoactive drugs can affect synaptic transmission in a variety of ways: 

 Antagonistic substances have a chemical structure similar to a neurotransmitter and so 
bind to receptors for that neurotransmitter in postsynaptic membranes. They block the 
receptors, preventing the neurotransmitter from having its usual effect. So they inhibit 
transmission at the synapse. (CALM) 

 Agonistic substances mimic the effects of neurotransmitters; just like them, they bind to 
receptors, open Na+ Channels in post synaptic membrane which causes an action potential. 
However, unlike neurotransmitter, they aren’t broken down by enzymes, so they have a long-
lasting effect. (EXCITE) 

 Some drugs act as enzyme-inhibitors: inhibit those enzymes that normally break down 
neurotransmitters. (EXCITE) 

 

List three examples of excitatory and three examples of inhibitory psychoactive drugs. 

Excitatory psychoactive drugs (positive effects on synapses) Inhibitory psychoactive drugs (negative effects on synapses) 

Nicotine Benzodiazepines 

Cocaine Cannabis 

Amphetamines THC 

Caffeine Opium 
 

b) Effects of THC and Cocaine in the brain 

Explain the effects of THC and cocaine in terms of their action at synapses in the brain. 
 

 Cocaine ( EXCITES) 

Cocaine is an excitatory psychoactive drug. 
It stimulates transmission at synapses in the brain that use dopamine as a neurotransmitter. 

Cocaine binds to membrane proteins that pump dopamine back into the presynaptic neuron. 
It blocks these transporters, causing a build-up of dopamine in the synapse. 

Synapses that use dopamine as a neurotransmitter are responsible for pleasurable feelings 
that we get during certain activities, e.g. eating or having sex. Because 
cocaine causes continuous transmission at these synapses, it gives 
feelings of euphoria that are not related to any particular activity. It also 
causes users to have increased energy, alertness and talkativeness. 

Cocaine is highly addictive and is a widely abused drug. Tissue taken 
from the brains of cocaine users after death has lower levels of dopamine 
than normal people’s tissue, suggesting that the body adapts to cocaine-
use by reducing secretion. This would explain cocaine-induced 
depression. 

 THC (tetrahydrocannabinol) ( CALMS) 

Cannabis contains a mixture of chemicals, THC causes most of its psychoactive effects. 

THC affects transmission at an unusual type of synapse, where the postsynaptic neuron can release a signalling 

chemical that binds to receptors in the membrane of the presynaptic neuron. It is not yet certain what these signalling 

chemicals are. THC also binds, giving them their name – to cannabinoid receptors. When THC 
binds to cannabinoid receptors (found in various parts of the brain), it blocks the release of 
excitatory neurotransmitter. THC is therefore an inhibitory psychoactive drug. 

Users make various claims about the effects of THC, most of which are not backed up by any evidence. There is good 
evidence for disruption of psychomotor behaviour so it is not safe to drive vehicles or operate machinery. Short-term 
memory impairment, intoxication and stimulation of appetite are other effects. 
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c) Addiction to psychoactive drugs – causes 

Discuss the causes of addiction, including genetic predisposition, social factors and dopamine secretion. 

The causes of addiction have been widely studied because of the physical and social damage that 
addictions can cause. Three factors increase levels of addiction, especially when they are 
combined. 
 

 Dopamine secretion 

The first factor affecting whether addiction develops is the drug itself. Some drugs are addictive 
and some are not. A feature of many addictive drugs is that transmission is stimulated at 
synapses using dopamine as a neurotransmitter. These synapses are involved in the reward 
pathway, which gives us feeling of well-being and pleasure (see example cocaine) 
Users of addictive drugs find it very difficult to stop because they have become dependent on the 
feeling that dopamine promotes. 
 

 Genetic predisposition 

Even with many drugs that are potentially addictive, not everyone becomes an addict.  

An addiction Gene? 

 Can be determined by the characteristics that make a person more susceptible to addiction 

 It is not determined by an individual gene 

 It is inherited biology of the body’s make up 

 Susceptibility does not mean inevitability! 

 Researchers are now trying to identify the genes that are involved. 

Why are some more susceptible? 

 The brain may have more receptors of a certain type 

 The receptors could also be more apparent 

 The gene responsible for the person needing to satisfy a ‘pleasure’, may be more dominant 

 It may also be the way the body metabolises substances 

The Addictions 

 It seems substances are more affected than behaviours (i.e. nicotine vs. gambling) 

 Especially alcoholism is commoner in some families than others – this suggests that genes 
can make some people predisposed 

 However, this could due to social circumstances and learned behaviours  
 

 Social Factors 

It is still not certain that a person who is genetically predisposed to develop addictions will do so 
when exposed to an addictive drug. Social factors can either prevent or encourage it. The 
following increase the chances of an addiction developing: 
• Cultural Traditions (a drug may be acceptable in one culture; e.g. in India, the use of opium 

was never considered a dangerous substance…)  

• Peer Pressure (peer influence decisions; e.g. if your friends drink alcohol you may feel a need 
to drink as well in order to be accepted) 

• Poverty (Social Deprivation) (poor people may be depressed and thus take drugs)  

• Traumatic Life Experiences and 

• Mental Health Problems (ppl may rely on drugs to escape reality and make them happy) 
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D) The Human Brain 

Label, on a diagram of the brain, the medulla oblongata, 

cerebellum, hypothalamus, pituitary gland and cerebral 
hemispheres. 

 

Outline the functions of each of the following parts of 
the brain: 

The brain is made up of parts, each of which has a 
distinctive structure and carries out specific functions. 

Medulla oblongata: 
controls automatic and homeostatic activities, 
such as swallowing and vomiting, digestion, 
breathing and heart activity 

Cerebellum: coordinates unconscious functions 
such as balance and movements, including 
hand-eye coordination 

Hypothalamus: 
maintains homeostasis using both the nervous 
and endocrine system; produces the hormones that are secreted by the posterior pituitary gland; 
sends releasing factors to stimulate hormone secretion by the anterior pituitary gland 

Pituitary gland: 
posterior lobe stores and secretes hormones produced by the hypothalamus; anterior lobe 
produces and secretes hormones that regulate many body functions 

Cerebral hemispheres: 
Integrating centre for complex functions including learning, memory and emotions 
 

1. Investigating Brain Function 

Explain how animal experiments, lesions and FMRI (functional magnetic resonance imaging) scanning can 
be used in the identification of the brain part involved in specific functions. 

Various techniques have been used to find out what the function of each part of the brain is 
 

a) Animal experiments 

Many experiments have been performed on animals, including primates, often involving surgical 
procedures – parts of the skull have to be removed to get access to the brain. The animal must 
be kept alive so that the brain is still functioning. Experimental procedures are carried out on the 
brain and the effects on the animal are then observed, either during the operation or afterwards. 
Many scientists have ethical objections to these experiments as the animals may experience 
suffering and are often sacrificed. 
 

b) Lesions 

Accidents, strokes and tumours can damage specific parts of the brain. The damaged areas 
are called lesions and from them, the locations of particular brain functions can be deduced. 
E.g., lesions in Broca’s area in the left cerebral hemisphere cause dysphasia – inability to speak, 
but reading and wiring are still possible. E.g. Phineas Gage: Survived an accident in which a large 
rod was driven though his head, destroying both of his brain’s frontal lobes. It was reported that 
his personality changed, suggesting that this region of the brain was responsible for personality. 
 

c) Functional magnetic resonance imaging fMRI 

fMRI is a technique for determining which parts of the brain are activated by specific thought 
processes. Active parts of the brain receive increasing blood flow, which fMRI records. 
The experimental subject is placed in the scanner and a high-resolution scan of the brain is taken. 
A series of low-resolution scans is then taken, while the subject is being given a stimulus. The 
scans show which parts of the brain are activated during the response to the stimulus. 
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2. Brain and Behaviour 

a) Unconscious Coordination 

Explain sympathetic and parasympathetic control of the heart rate, movements of the iris and flow of blood to the gut. 

The part of the nervous system that is used to control internal processes unconsciously is called 
the ANS. Impulses are sent from the brain through the two parts of this system – the 
parasympathetic and sympathetic systems. 3 processes controlled by these two: 

Organ Parasympathetic System Sympathetic System 

Heart Heart rate is slowed as the body is 
relaxed and les blood flow is needed. 

Heart rate speeds up so that more 
blood can be pumped to the muscles. 

Blood flow 
of the gut 

Blood vessels are dilated, increasing 
blood flow to the gut. 

Blood vessels are constricted, 
decreasing blood flow to the gut. 

Iris of the eye Circular muscle fibres contract, so the 
pupil constricts to protect the retina. 

Radial muscles contract, dilating the 
pupil to give a better image. 

 

 The pupil reflex 

Explain the pupil reflex. 

If a bright light shines into one eye, the pupils of both eyes constrict. This is called the pupil 
reflex. Photoreceptor cells in the retina detect the light stimulus. Nerve impulses are sent in 
sensory neurons of the optic nerve to the brain. The medulla oblongata (brain stem) processes 
the impulses and then sends impulses to circular muscle fibres in the iris of the eye. These 
muscle fibres contract, causing the pupil to constrict. 

 
 Brain death 

Discuss the concept of brain death and the use of the pupil reflex in testing for this. 

In the past, when a vital organ of the body ceased to function, the whole body would rapidly die. 
Advances in medicine now allow the rest of the body to be kept alive when certain organs are 
not functioning. Sometimes an organ of the body recovers after a time and the patient can enjoy a 
good quality of life again. 
If a patient is in a coma (prolonged unconsciousness) because of damage to the cerebral 
hemispheres, recovery may be possible. However, damage to the medulla oblongata is much 
more serious and recovery cannot be expected. Doctors therefore use tests of brain stem function to 
decide whether to try to preserve a patient’s life. The pupil reflex is often used. If an unconscious 
patient’s pupils do not constrict when a light is shone into the eye, this suggests that they have 
injuries serious enough to have caused brain death (the total and permanent loss of all brain function). 

 

b) Perception of Pain 

Outline how pain is perceived and how endorphins can act as painkillers. 

 pain receptors in skin and other organs (consist of free nerve endings 
that perceive mechanical/thermal/chemical stimuli) 

 impulses sent from these pain receptors to cerebral 
cortex, causing feelings of pain 

 these feelings are necessary to allow us to know when 
body is being damaged, so that we can take avoiding 
action (e.g. pain withdrawal reflex) 

 when pain becomes excessive/stops us from 
concentrating, the pituitary gland releases endorphins 

 endorphins are carried in the blood to the brain 

 bind to receptors in the membranes of pain-signal-sending neurons and 
block the release of a neurotransmitter that is used to transmit pain signals within the brain 

 endorphins are secreted during stressful times, after injuries, during physical exercise... 

Stimuli Receptors CNS 
(relay neurons) 

Effector 
(muscle glands) 

Response Sensory Neurons Motor Neurons 

Light Eye Brain 
(coordinator) 

Pupil 
constricts 

Sensory Neurons Motor Neurons Muscles of Iris 



O P T I O N  N e u r o b i o l o g y  a n d  B e h a v i o u r  P a g e  13 

E) Further studies of behaviour 

1. Social Organisation 

Describe the social organization of honey bee colonies and one other non-human example. 

Some animals live in colonies with clear social organisation. 

a) Honey bees (not an example of altruistic behaviour as bees are so closely related!) 

They live in colonies consisting of up to 60 000 individuals. The colony acts like a super-organism 
that lives or dies together. There are 3 castes of honey bee, each of which has different tasks. 

Caste Gender Tasks 
Queen Fertile female 

diploid 

Only member of the colony to lay eggs. 
Producing a pheromone to control the activities of workers. 

Drone Fertile male 
haploid 

Mating with virgin females (do nothing to help the colony to survive, but if they successfully 
mate with virgin queens they spread the genes of the colony to new colonies), short-lived 

Worker 
 

Infertile 
female 
 

diploid 

Do all the jobs that are needed to maintain the colony: 

Collecting nectar and pollen  Converting pollen into honey  Secreting wax and using it to build the comb  
Feeding and looking after larvae  Guarding the hive 
(since drone – haploid – only undergoes mitosis, workers inherit all their fathers genes! So they all got the 
SAME DNA from their father! Only the genes passed on from the Queen are different. So they are more than 
50% related – this is more related than relation to own offspring; this is why they gave up reproduction) 

b) Naked mole rats 

They live in colonies of up to 80 individuals, in burrow systems in parts of East Africa. One 
dominant female mole rat acts like a queen bee. She is the only female in the community to 
reproduce, mating with one of the males in the colony. Three other castes of mole rat help her. 
 Frequent workers: dig the tunnels and bring food. 

 Infrequent workers: larger and occasionally help with heavier tasks. 

 Non-workers: live in the central nest, keeping the breeding female and her young offspring warm and defending 
the colony if it is attacked. 

The large and complex burrow systems could probably not be constructed or defended without 
social organisation. 

Outline how natural selection may act at the level of the colony in the case of social organisms. 

A colony of social organisms is sometimes considered to be one super-organism. Either the 
colony as a whole survives and reproduces to form new colonies or it does not. Natural selection 
therefore exists at the level of the colony. 

2. Evolution of Altrustic Behaviour (“unselfish behaviour”) 

Discuss the evolution of altruistic behaviours using two non-human examples. 

Altruism is behaviour that is harmful to the individual doing it and helpful to the one it’s done to 
(e.g. vampire bats (see below) or water bee that dies when they sting to defend their nest) 
Altruism = actions that increase another individual’s lifetime number of offspring at a cost to one’s own survival and 
reproduction. Parental care is therefore not altruism. We might expect natural selection always to be against behaviour 
that reduces the chances of survival and reproduction, yet there are some well-known examples of altruistic behaviour: 

a) Non-breeding naked mole rats 

The tasks of non-breeding workers in a naked mole rat colony is described above. These tasks 
allow the breeding male and female in the colony to reproduce successfully. The evolution of this 
type of altruism, “kin selection”, is easy to explain: The mole rats in a colony are all genetically 
related, so although the workers are helping to rear offspring that are not their own, they are 
helping to ensure the survival of their own genes. 

b) Blood sharing in vampire bats 

They live in groups and feed at night by sucking blood from larger animals. If one of the bats in the 
group fails to feed for more than two consecutive nights it may die of starvation. However, bats 
that have fed successfully regurgitate blood for a bat that has failed to feed. Tests have shown 
that this is done whether the two bats are genetically related or not. This is called reciprocal 
altruism because the bat that donates food to a hungry bat may in the future receive blood when 
it is hungry. There is an advantage for the whole group, because the benefit of receiving blood 
when starving is greater than the cost of donating blood after feeding well. 
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3. Foraging Behaviour 

Outline two examples of how foraging behaviour optimizes food intake, including bluegill fish foraging for Daphnia. 

When animals search for food, they are foraging. Research has shown that animals optimise 
food intake by their foraging behaviour. (Balance of cost and reward!) 

a) Bluegill sunfish 

These fish live in ponds where they prey on small invertebrates, including Daphnia (water flees). 
When there is a low density of prey, bluegrill sunfish consume all sizes of them. At medium prey 
densities, bluegrill sunfish consume only prey of moderate or larger sizes. At high prey 
densities, they mostly consume large prey. Consuming small numbers of large prey takes less 
energy than large numbers of small prey, hence the preference for large prey. At low prey 
densities, smaller prey has to be eaten as well, to get enough food in total. 
 

Large Daphnia = more energy; more energy to consume more small Daphnia to get same amount of energy 

b) Shore Crab 

Shore crab feed on mussels  they do – if they have the choice – not select the biggest ones 
as it takes more effort – more energy – to get into the big mussels than into small ones! 
All depends on the balance – cost and reward! 

4. Evolution of exaggerated traits 

Explain how mate selection can lead to exaggerated traits. 

 50% of your offspring’s genetic material comes from your mate 

 Your offspring’s fitness depends on your mate’s fitness 

 Selecting a good mate is especially important for females – they produce fewer gametes 
and invest more in each young 

 So females are more picky with sexual partners – ‘sexual selection’ 

 Selection for physical attributes may lead to development of exaggerated features: 
Some species of animal have characteristics or behaviour patterns that seem to be developed 
excessively. The long and brightly coloured tail feathers of a peacock for example. These are only 
used during courtship, to try to attract a female. At other times, the tail feathers will be an 
encumbrance, hindering rapid movement, especially during attacks by predators. This may be 
the explanation for the evolution of an exaggerated trait: any individual that survives, despite 
that trait, must be well-adapted in other ways and so is a good mate to choose. 

5. Rhythmical Behaviour Patterns 

 State that animals show rhythmical variations in activity. 

 Outline two examples illustrating the adaptive value of rhythmical behaviour patterns. 

Many animals show rhythmical pattern sin behaviour. These usually follow either a diurnal (daily; 
example 1) or annual (yearly; example 2) cycle. 

a) Hamsterand Moonrats– diurnal cycle 

Hamsters in the wild are mainly active between 06.00-08.00 and 16.00-19.30 o’clock. This might 
have evolved because they tend to withdraw into their burrows when it’s getting too hot outside. 

Like many mammals, moonrats are nocturnal. Their excellent sense of smell helps them to 
forage at night when much of their prey is active – insects and other invertebrates. They are 
less vulnerable to predation at night and in the day they rest in holes among tree roots or in 
hollow logs, where they are unlikely to be discovered. 

b) Red deer – yearly cycle 

Reproduction follows an annual cycle in red deer. Males and females are only sexually active in 
the autumn so that offspring are born in spring where (+summer) most food is available. So this 
type of season breeding gives the offspring the greatest chance of survival.  


