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5.1 An introduction to behaviour

By the end of this section you should be able to:

•   Explain what is meant by the term behaviour and describe 
its types.

•  Explain the importance of studying behaviour.

What is behaviour?
Behaviour can be de�ned in a number of ways, depending on your 
perspective, or viewpoint. We very o�en use the term in a ‘social’ 
context and speak of ‘bad behaviour’ or ‘good behaviour’. Some 
de�nitions of behaviour are listed below.

Activity 5.1
Before you study this 
chapter, work in small 
groups and brainstorm what 
you think is meant by the 
term behaviour. How would 
you define behaviour? 
What examples of animal 
behaviour can you think of? 
keep your brainstorm and 
look back at it when you 
have completed this chapter.
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�e observable response a person makes to any situation.•	

A manner of acting or conducting yourself.•	

�e way a person behaves towards other people.•	

�e actions or reactions of a person or animal in response to •	
external or internal stimuli.

�e responses or reactions or movements made by an organism •	
in any situation.

However, from a biological viewpoint, none of these is quite 
complete. �e last two come the closest, but a still better de�nition 
would be:

�e co-ordinated response of an organism to an internal or external 
stimulus.

For an organism to show a co-ordinated response, then any 
behaviour must have these components:

a •	 receptor of some kind to detect the stimulus

an •	 e�ector of some kind to produce the response, and

some kind of linking system or co-ordinating system that is •	
in�uenced by the receptor and can in�uence the e�ector.

�is is represented diagrammatically in �gure 5.1.

We can now apply this model to speci�c behaviours in both animals 
and plants.

How do plants respond to unidirectional stimuli?
Everyone has noticed that if you put a plant on a windowsill (where 
the intensity of the light will be greater on the window side than on 
the other side), the plant shoots grow towards the window. �ey 
grow towards the greater light intensity. �is behaviour is called 
phototropism. Plant shoots are positively phototropic because they 
grow towards light. �e response is even more marked in young 
seedlings.

�e bene�t in plant stems growing towards the greatest intensity of 
light is that stems automatically direct their leaves in this direction 
as well. �is means that the chlorophyll and other pigments 
in the leaf cells can absorb the maximum amount of light for 
photosynthesis.

�is response is co-ordinated by plant growth substances called 
auxins. �ese are produced in the shoot tip in response to light and 

DiD YoU kNoW?

A stimulus is a change in 
the external or internal 
environment of an 
organism.

Stimulus Receptor

Response Effector

Co-ordinating 
system

Figure 5.1 A generalised model 
of the components of behaviour

Figure 5.2 Plant stems grow 
towards the area of greatest light 
intensity

KEY WORDS

receptor a cell or group 
of cells that receives and 
processes stimuli 
effector any part of an 
organism that produces a 
response
phototropism the tendency 
for parts of plants to grow 
towards light (positive 
phototropism) or away from 
light (negative phototropism). 
auxin a hormone that helps 
to produce the phototropic 
response
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move downwards and away from light to the ‘dark’ side of the shoot. 
�e auxins stimulate the shoot cells to divide and enlarge, so growth 
is greatest on the side away from the light. As this side grows more, 
it causes the shoot to bend towards the light. Figure 5.3 shows how 
this �ts our general model of behaviour.

Everyone also knows that plant stems grow upwards and roots grow 
more or less downwards. �e unidirectional stimulus producing 
this response is gravity. �e response by plants to gravity is called 
gravitropism. Plant roots are positively gravitropic, because they 
grow towards gravity; plant shoots are negatively gravitropic, 
because they grow away from gravity. �is means that the roots will 
grow towards an environment in which they can anchor the plant, 
absorb water and absorb mineral ions.

How do simple animals respond to stimuli?
Just as some plant responses serve to maintain the plant in a 
favourable environment, some responses of simple animals do the 
same. Two di�erent types of responses in simple organisms are 
given below.

Taxes•	  (singular taxis), in which the animal moves along a 
gradient of intensity of a stimulus towards the greatest intensity 
of the stimulus (a positive taxis) and sometimes away from 
the greatest intensity (a negative taxis); there is a directional 
response to a directional stimulus. For example, the unicellular 
protoctistan Euglena swims (using its �agellum) towards areas 
of increased light intensity. �is is positive phototaxis and allows 
the organism to photosynthesise e�ciently.

Kineses•	  (singular kinesis), in which a change in the intensity of 
the stimulus brings about a change in the rate of movement, not 
a change in the direction of movement. For example, woodlice 
increase their rate of movement in bright light. �is increases 
the probability that they will move into a dark area, where it is 
usually more humid and they will lose less water.

How do woodlice respond to a change in the intensity of 
light?
Woodlice are small land-dwelling crustaceans. �ere are many 
di�erent species, but all are quite similar. Because of their �attened 
shape and small size, they have a relatively large surface-area-
to-volume ratio. �is means that they tend to lose water quickly 

Light from one 
side

Receptor cells in 
the shoot tip

Shoot grows 
towards light

Cells on dark 
side of stem grow 

fastest

Auxins produced 
and move away 

from light

Figure 5.3  Phototropism in plant 
shoots

Activity 5.2
in people, reflexes are the 
simplest form of behaviour. 
List as many simple human 
reflexes as you can. Plan an 
investigation into the speed 
of one of these reflexes.
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through their body surface. �is happens quickly because they have 
no waxy cuticle covering their bodies to limit loss of water. �ey 
are typically found under logs, stones, bark and amongst leaf litter. 
�ese areas all have a more humid atmosphere, which reduces the 
rate of water loss from the woodlice. �ey are all also dark areas.

When brought into the light, the woodlice start to move around 
much more quickly. �is increased rate of movement is a response 
to the increased intensity of light – it is a kinesis. Figure 5.4 shows 
how this behaviour �ts the general model.

Light/dark Detected by ocelli 
(simple eyes)

Increased 
movement

Increased 
rate of muscle 

contraction

Nerve cells 
transmit impulses 

to/from central 
nervous system

Figure 5.4 �e response of 
woodlice to light

Activity 5.3: Investigating behaviour in woodlice

The responses of woodlice can be investigated 
using a choice chamber. A simple choice 
chamber can be constructed from plastic Petri 
dishes and perforated zinc gauze to make a 
floor. The edges of the chamber should be 
sealed to the zinc floor using Plasticine.

By covering one area of the choice chamber 
to make it dark and leaving the other area 
uncovered, the choice chamber can be used 
to test the preferences of woodlice for light/
dark.

• Place 20 woodlice in the choice chamber; 
10 in each half of the chamber.

• Cover one area of the choice chamber with 
black polythene or other opaque material.

• Record the numbers of woodlice in each of 
the two areas every minute for 10 minutes.

Alternatively the areas of the choice chamber 
could be arranged to have humid or dry 
atmospheres. This can be done by placing wet 
filter paper under the gauze in one half and 
anhydrous calcium chloride (to absorb water 
vapour in the air) under the gauze in the 
other half. Then we can proceed as with the 
light/dark investigation.

However, because we can see both areas 
in this investigation, we can make an 
assessment of the kinetic response of 
woodlice. To do this, we need also to mark 
the surface of the choice chamber with a grid 
of squares 1 cm by 1 cm. Then, we can place 
a woodlouse in each side of the chamber and:

• count the number of squares the 
woodlouse covers in a 10-minute period 
(this is a measure of the total movement 
of the woodlouse)

• count the number of turns made by 
the woodlouse (this is a measure of 
how frequently the woodlouse changes 
direction), and

• repeat the experiments with other woodlice 
to obtain an average.

Figure 5.5 A simple choice chamber
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�e increased movement makes it more likely that the woodlice will, 
quite by chance, move into dark, humid conditions once more. Once 
they do, their rate of movement decreases again, making it more 
likely that they will remain in these more favourable conditions.

Why is it important to study behaviour?
So far, we have considered behaviour in its widest possible sense, to 
include the responses of all organisms. For the rest of the unit, we 
shall con�ne ourselves to the study of animal behaviour, including 
human behaviour. So, why study animal behaviour? �e study of 
animal behaviour is o�en called ethology and the biologists who 
work in this �eld are known as ethologists.

Studying animal behaviour is important in its own right as a �eld 
of scienti�c knowledge, just as is subatomic physics. But studying 
animal behaviour has made many contributions to other areas of 
science, in particular to the study of human behaviour, but also 
including:

neuroscience•	
the environment and resource management•	
animal welfare•	
science education•	

The impact of the study of animal behaviour on human 
society
Many problems in human society can be related to the interaction 
of environment and behaviour, or genetics and behaviour. Social 
scientists o�en now turn to animal behaviour as a basis for 
interpreting human society and understanding possible causes of 
problems in society. Speci�c examples include:

Research by de Waal on chimpanzees and monkeys has illustrated •	
the importance of co-operation and reconciliation in social 
groups. �is work has implications for aggressive behaviour 
among human beings.

Harlow’s work on social development in rhesus monkeys has •	
been of major importance to theories of child development and 
attachment formation.

Basic research on circadian and other endogenous rhythms in •	
animals has led on to research relevant to humans in areas such  
as coping with jet-lag or shi�-working.

The impact of the study of animal behaviour on 
neuroscience
Speci�c examples of this include:

neuroethology•	 : carefully collected behavioural data allows 
neurobiologists to focus their studies on speci�c stimuli and 
speci�c responses to determine neural pathways

recent work in animal behaviour has demonstrated the in�uence •	

More about Harlow’s rhesus 
monkeys

In a famous experiment 
with rhesus monkeys, 
Harry Harlow investigated 
whether food or comfort was 
more important in forming 
attachments. Infant monkeys 
were o�ered the choice of a 
wire ‘mother’ that gave milk 
or a fur-covered ‘mother’ that 
gave no milk. �ey chose 
comfort over food every time. 
Research in humans triggered 
by this shows that feeding 
is not a major stimulus for 
attachment formation.

Figure 5.6 One of Harlow’s 
monkeys and its two ‘mothers’

KEY WORDS
neuroscience the branch of 
science concerned with the 
brain and the nervous system
neuroethology the study of 
how behaviour is linked to 
neural pathways 
neural pathway a sequence of 
nerve cells involved in bringing 
about a speci�c behaviour 



236

UNiT 5: Behaviour

Grade 12

of behaviour and social organisation on physiological and 
cellular processes. Variations in social environment can inhibit 
or stimulate ovulation, induce miscarriages and so on; the neural 
pathways for these e�ects are being studied
other animal studies show that the quality of the social •	
environment has a direct e�ect on immune system functioning. 
Again, research is currently being undertaken to discover the 
neural pathways controlling these responses

The impact of the study of animal behaviour on 
management of the environment and resources
�e behaviour of animals o�en provides early clues of 
environmental damage. Changes in sexual and other behaviour 
occur much sooner and at lower levels of environmental disruption 
than changes in population size. Waiting to see if numbers of 
animal populations are declining may be leaving it too late to take 
action to save the environment if it is needed.

Speci�c examples related to resource management include:
research on how salmon migrate back to their home streams has •	
taught us much about the mechanisms of migration. �is has 
been valuable in preserving the salmon industry in the Paci�c 
Northwest and has also helped in the development of a salmon 
�shing industry in the Great Lakes of the USA
knowledge of honeybees’ foraging behaviour has given important •	
information about mechanisms of pollination, which in turn has 
been important for plant breeding and propagation

The impact of the study of animal behaviour on animal 
welfare
We now place increased emphasis on the welfare of research 
and exhibit animals. Animal behaviour researchers look at the 
behaviour and well-being of animals in the lab and in their natural 
environment. Such research has ensured reasonable and e�ective 
standards for the care and well-being of research animals.

Further developments in animal welfare will require information 
from animal-behaviour researchers. Improved conditions for 
farm animals, breeding of endangered species and proper care 
of companion animals all require information about behaviour 
patterns.

The impact of the study of animal behaviour on science 
education
In some countries there is a concern about the lack of interest in 
science and the fact that women and minority groups are under-
represented in science. Courses at universities in animal behaviour 
and behavioural ecology o�en interest students in behavioural 
biology.

For many students these courses are a �rst introduction to 
behavioural biology and may lead on to wider scienti�c studies.

.
Activity 5.4: Conserving 
endangered species
if we are to conserve 
endangered species, we 
need to know about natural 
behaviour patterns, such as: 

• migratory patterns 

• home range size 

• interactions with other 
groups 

• foraging demands 

• reproductive behaviour

so that we can build up 
populations again.

Suggest why a knowledge of 
each of these might help in 
conserving an endangered 
species.



237

UNiT 5: Behaviour

Grade 12

Review questions
Choose the correct answer from A to D.

1. �e correct sequence of the components of any behaviour is:

 A  stimulus – co-ordinating system – receptor – e�ector – 
response

 B  co-ordinating system – receptor – stimulus – e�ector – 
response

 C  co-ordinating system – stimulus – receptor – e�ector – 
response

 D  stimulus – receptor – co-ordinating system – e�ector – 
response

2. �e best de�nition of behaviour is:

 A the pattern of responses shown by an animal

 B the pattern of responses shown by an organism

 C  the co-ordinated response of an organism to an internal or 
external stimulus

 D  the co-ordinated response of an animal to an internal or 
external stimulus

3. Examples of behaviour include:

 A the positive phototropism of plant shoots

 B the positive photokinesis of woodlice

 C the negative gravitropism of plant shoots

 D all of the above

4. A response to a stimulus that involves increased movement as 
the intensity of the stimulus increases is called a:

 A tropism

 B taxis

 C kinesis

 D none of the above

5. Reasons to study animal behaviour include:

 A  �ndings from animal behaviour experiments may help to 
predict human behaviour

 B  understanding animal foraging behaviour can help in 
conservation

 C it is a valid study in its own right

 D all of the above
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5.2 Innate behaviour

By the end of this section you should be able to:

•  Explain what is meant by innate behaviour.

•   Describe and explain the characteristics of innate 
behaviour.

•   Describe and give examples of different types of innate 
behaviour.

•  Describe reflex behaviour in humans.

•  Describe instinctive behaviour in non-human animals.

•   Describe and explain biological clocks in non-human 
animals.

What is innate behaviour?
�e word ‘innate’ literally means ‘inborn’. Innate behaviour is 
behaviour that is present (potentially) at birth or hatching. It does 
not have to be learned. An example of innate behaviour is shown in 
�gure 5.7. �e young herring gull ‘knows’ that if it pecks the orange 
spot on the beak of the adult gull, it will receive food. It did not have 
to learn this behaviour.

However, this is not quite the same as saying that the behaviour is 
coded for directly in the genes. �ere is not a gene that ‘directly’ 
codes for ‘pecking mother’s beak’. However, there are genes that 
code for the development of the appropriate neural pathways to 
allow the behaviour to be carried out as well as other genes that 
code for the presence of a mechanism that causes the behaviour to 
be carried out. �is varies according to the type of innate behaviour.

What types of innate behaviour are there?
�ere are three types of innate behaviour:

Re�ex actions – these are the simplest of the innate behaviours; •	
a single action is performed in response to a speci�c stimulus. 
�ey are nearly always protective. For example, the withdrawal 
re�ex in which a limb is moved from a stimulus such as heat or 
pain.

Orientational – such as the kineses and taxes of woodlice and •	
other simple animals. �ese more complex behaviours result 
in the organism behaving in a way that it is most likely to 
move from unfavourable conditions and remain in favourable 
conditions.

Figure 5.7 Innate behaviour in 
herring gulls
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Instinctive behaviours – these o�en involve the most complex •	
behaviours, but there is always a �xed action pattern for each 
key stimulus. Once begun, the �xed action pattern is carried 
out to completion, even if other stimuli intervene.

Examples of innate behaviour include:

the withdrawal of your hand from a hot object (re�ex)•	

blinking when some dust gets in your eye (re�ex)•	

the kineses of woodlice in responding to changes in light •	
intensity and humidity (orientational)

nest-building (instinctive)•	

imprinting (instinctive)•	

weaving a web (instinctive)•	

How are human reflex actions brought about?
�ere are, broadly speaking, two main kinds of re�ex actions:

�ose that involve our special senses (eyes, ears, pressure •	
detectors, etc.) and produce a response by a muscle, called 
somatic re�exes. �ese include the ‘knee-jerk re�ex’ and 
the ‘withdrawal from heat’ re�ex. Many of these re�exes are 
protective.

�ose that involve sensors in internal organs and produce •	
responses also in internal organs, called autonomic re�exes. 
�ese include the re�ex actions controlling heart rate and 
breathing rate.

To understand how these two types of re�ex action operate, we 
must look at the structure of the nervous system. Our nervous 
system is divided physically into two major components:

the •	 central nervous system (CNS), comprising the brain and 
spinal cord, and

the •	 peripheral nervous system (PNS), comprising the cranial 
and spinal nerves, each containing many sensory and motor 
neurones.

However, we can also divide our nervous system functionally into:

the •	 somatic nervous system (SNS), which integrates 
information from the special senses to produce responses in 
skeletal muscles, and

the •	 autonomic nervous system (ANS), which integrates 
information from receptors in internal organs and produces 
responses in the same or other organs or glands.

More about �xed action 
patterns

�ese aren’t always quite as 
‘�xed’ as the term suggests. 
For this reason, some 
behavioural scientists prefer 
the terms ‘behaviour pattern’ 
or ‘behaviour act’. However, 
the concept of a �xed response 
is still useful in many cases 
and so the term is still used.

KEY WORDS

innate behaviour any type of 
behaviour that does not need 
to be learned
�xed action pattern the 
predetermined behaviour (or 
behaviours) produced as a 
response to the key stimulus
key stimulus the stimulus 
(out of several stimuli) that 
triggers the �xed action 
pattern response

cranial 
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spinal cord 

central 
nervous 
system 

spinal nerves 

Figure 5.8 �e components of the 
nervous system
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�e autonomic nervous system is further subdivided into:

the •	 sensory division, which transmits sensory nerve impulses 
into the central nervous system

the •	 sympathetic division, which transmits impulses from the 
central nervous system to the organs, generally preparing the 
body for ‘�ght or �ight’ – for example, by increasing cardiac 
output and pulmonary ventilation, and

the •	 parasympathetic division, which acts antagonistically to the 
sympathetic branch and prepares the body for ‘rest and repair’, 
decreasing cardiac output and pulmonary ventilation.

What are biological clocks?
�e term ‘biological clock’ is used to describe some internal 
regulatory mechanism that controls various cyclical responses 
in living things. Both plants and animals show yearly, monthly, 
daily and other cyclical changes that are genetically programmed. 
Because these clocks are present in so many di�erent types of 
organisms, biologists believe that they have evolved independently 
in these groups and are an example of convergent evolution.

Daily rhythms are called circadian rhythms (from the Latin words 
‘circa’, meaning about, and ‘dies’, meaning a day). Circadian clocks 
have two main features:

�ey will persist with a period of about 24 hours in the absence •	
of environmental cues.

�ey can synchronise to a 24-hour cue, such as the light–dark •	
cycle; this is called entrainment.
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brainstem and spinal cord
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Figure 5.9 �e functional 
organisation of the nervous system
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�e biological clock of mammals and of some other 
animals is found in a small area of the hypothalamus 
of the brain, called the suprachiasmatic nucleus. �is 
sends impulses to a gland called the pineal gland, which 
secretes a hormone called melatonin during the night, 
which promotes sleepfulness and so controls the sleep–
wake cycle. Because of this, if we did not have other cues 
to wake us and send us to sleep, we might expect to have 
a di�erent sleep–wake cycle in the summer compared 
to the winter. In a study of 26 people maintained in 
a constant environment for six days in summer and 
six days in winter, the results shown in table 5.1 were 
obtained.

Table 5.1 Mean sleep times and wake times in summer 
and winter

Season

Wake time Bed time
Winter 08.53 23.48

Summer 08.05 23.21

Summer vs 
winter

48 minutes 
earlier

27 minutes 
earlier

Clearly the shorter nights of summer have an e�ect – 
but not quite what one would expect. �e subjects woke 
earlier in summer, but also went to bed earlier. However, 
the shorter nights did result in a reduction of 21 minutes 
of sleep.

Changes in the light–dark ratio can also control 
reproductive behaviour on an annual basis. Such  
rhythms are called circannual (yearly) rhythms. As the 
day length changes, so will the duration of melatonin 
secretion. �is change in duration links reproductive 
behaviour in many animals to speci�c times of the 
year. Some animals are long-day (summer) breeders 
and others are short-day (winter) breeders. �e point  
is that it is day length that triggers the changes.

Many other animals show circannual rhythms in 
behaviours such as:

migration (for example, swallows)•	

hibernation (for example, hedgehogs)•	

coat growth (for example, arctic foxes)•	

camou�age colouring (for example, arctic foxes)•	

Figure 5.10 �e location of the 
supra-chiasmatic nucleus
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What is instinctive behaviour?
Instinctive behaviours are pre-programmed patterns of behaviour. 
�ey are not just single actions in response to a simple change in 
the environment like re�ex actions. Instinctive behaviours o�en 
involve a complex sequence of actions. A good example to illustrate 
this point is the spinning of a web by spiders. It involves many 
complex actions, yet the spider does not have to learn how to do it. 
It spins a perfect web the very �rst time – as well as every other time 
a�erwards.

Instinctive behaviours have the following characteristics:
they are common to all members of a species•	
they are fully functional the �rst time they are performed (they •	
require no learning)
there is a key stimulus that triggers the behaviour•	
there is an innate releasing mechanism that links the stimulus to •	
the response (this may be nervous or hormonal)
there is a �xed action pattern in response to the key stimulus that •	
is always the same, and
instinctive behaviours are adaptive – they have been retained in •	
the species by natural selection because they confer a survival 
advantage.

�e feeding behaviour of herring gulls discussed at the start of 
this chapter is an example of instinctive behaviour. �e orange 
spot on the beak is the key stimulus and pecking it is the �xed 
action pattern. �is is not much more complex than some re�ex 
actions. However, aggression in sticklebacks (�sh) involves more 
complex responses. Male sticklebacks are very territorial; they will 
attack any other male that invades their territory. In some famous 
experiments, the ethologist Niko Tinbergen was able to show 
that the key stimulus was the red belly of the entering male. �e 
‘defending’ male attacked any non-�sh model that had red on its 
ventral (lower) surface.

However, it turns out that the red belly – the key stimulus – 
provokes a very di�erent �xed action pattern in female sticklebacks. 
�ey �nd it irresistible and it stimulates mating behaviour!

�ere is some evidence that some �xed action patterns can be 
modi�ed slightly by experience. In an investigation into nesting 
behaviour in lovebirds, two di�erent species of lovebirds with 
di�erent nesting behaviours were interbred.

Female Fischer’s Lovebirds cut long strips of nesting material, •	
which are carried individually to the nest.
Female Peach-faced Lovebirds cut short strips and carry several •	
at a time by tucking them into their back feathers.

Hybrid females from the crosses exhibited the following behaviours. 
In the �rst mating season they:

cut intermediate length strips•	
tried, but failed, to transport them by tucking into back feathers•	

Figure 5.12 �e models used by 
Niko Tinbergen

Figure 5.13 Modi�cation of �xed 
action patterns in lovebirds

Fischer’s 
lovebird 

Peach-faced 
lovebird 

hybrid
lovebird

hybrid
lovebird

KEY WORD

imprinting the process by 
which animals acquire their 
�rst forms of behaviour, 
particularly their attachment 
to their mother
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learned to carry strips in their beaks•	

In subsequent seasons they always carried the strips in their beaks, 
but never gave up all ‘tucking’ behaviour.

Imprinting is another kind of instinctive behaviour in which the 
�xed action pattern is for newly born/hatched organisms to imprint 
on (or become attached to) the �rst thing they see that has certain 
general features (those of an adult of its species).

In a famous experiment, Konrad Lorenz split a batch of goose eggs 
into two batches. One batch was hatched normally by the geese. �e 
other batch was hatched by Lorenz in an incubator. He was the �rst 
moving thing they saw …

�ere is a ‘time window’ for imprinting to take place. Generally, 
if it does not take place in the �rst two days a�er hatching, then 
the gosling will not imprint. �is, too, may have survival value. If 
‘mother goose’ hasn’t appeared in the �rst two days, imprinting 
on and following the �rst moving object a�er that could be more 
dangerous than not imprinting at all.

Many evolutionary psychologists believe that a similar pattern 
of behaviour is found in human infants. It is called attachment 
formation and involves the formation of a strong emotional bond 
between an infant and its primary caregiver – o�en, but not 
exclusively, the mother. �is occurs in three stages:

0–2 months – pre-attachment; the infant prefers people to •	
objects but does not really discriminate between di�erent people
2–7 months – indiscriminate attachment; the infant begins to •	
show a preference for familiar people, and
7 months onwards – true emotional attachment to one person •	
initially, although multiple attachments o�en form soon 
a�erwards.

According to John Bowlby (who was in�uenced by the work of 
Lorenz and other ethologists) attachment formation in humans 
would also have survival value and natural selection could act to 
make this behaviour pattern widespread in the species.

Figure 5.14 Konrad Lorenz and 
the geese that had imprinted on 
him

Figure 5.15 Infants form 
attachments with their caregivers

Activity 5.5: Classifying innate behaviour
Copy and complete the table to classify the examples of innate behaviour given as:
•  somatic reflex    •  autonomic reflex    •  orientational    •  instinctive

Example of innate behaviour Type of innate behaviour
increasing breathing rate during exercise
Maggots moving into a more humid environment
Geese moving eggs that have rolled out of the nest back to the nest 
Producing tears when dust gets in your eye
Scratching behaviour in dogs
Small aquatic crustaceans accumulating at the surface of the water
A newborn human grasping a rope strongly enough so that he can be 
lifted by it
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1. Innate behaviour is best de�ned as behaviour 
that:

 A is instinctive

 B involves a �xed action pattern

 C is present at birth and does not have to be  
 learned

 D is re�ex

2. Which of the following is not an example of 
innate behaviour?

 A Aggression in sticklebacks.

 B  A chimpanzee choosing a long stick over 
a short one to retrieve food from outside a 
cage.

 C Nesting behaviour in lovebirds.

 D Imprinting in goslings.

3. �e central nervous system comprises:

 A the brain and spinal cord

 B the brain and cranial nerves

 C the spinal cord and spinal nerves

 D the cranial nerves and spinal nerves

4. Re�ex actions:

 A are automatic

 B always produce the same response to the  
 same stimulus

 C are actioned by re�ex arcs of neurones

 D all of the above

5. Which of the following statements about 
instinctive actions is not true? Instinctive 
actions:

 A are innate

 B are adaptive

 C require some learning

 D can sometimes be modi�ed by experience

6. Which of the following statements about 
biological clocks is not true? Biological clocks:

 A control circadian rhythms

 B are the result of divergent evolution

 C control circannual rhythms

 D can be entrained

7. Instinctive behaviours always:

 A require a key stimulus

 B show a �xed action pattern response

 C have an innate releasing mechanism

 D all of the above

8. An increase in the dark–light ratio can have 
which of the following e�ects in mammals? It 
can cause:

 A a decrease in the secretion of melatonin

 B regression of testes in long-day breeding  
 animals

 C emergence from hibernation

 D none of the above

9. Which of the following sequences best 
describes the events in a somatic re�ex action?

 A  Receptor is stimulated – impulses along 
motor neurone from CNS – impulses 
along sensory neurone to CNS – impulses 
through relay neurone in CNS – e�ector 
produces response.

 B  Impulses along sensory neurone to CNS 
– impulses through relay neurone in 
CNS – receptor is stimulated – impulses 
along motor neurone from CNS – e�ector 
produces response.

 C  Impulses along sensory neurone to CNS 
– impulses along motor neurone from 
CNS – impulses through relay neurone 
in CNS – receptor is stimulated – e�ector 
produces response.

 D  Receptor is stimulated – impulses along 
sensory neurone to CNS – impulses 
through relay neurone in CNS – impulses 
along motor neurone from CNS – e�ector 
produces response.

Review questions
Choose the correct answer from A to D.
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10. Examples of circannual rhythms include:

 A hibernation

 B migration

 C reproduction in short-day breeding animals

 D all of the above

5.3 Learned behaviour

By the end of this section you should be able to:

•  List the different types of learned behaviour.

•  Explain how the learning process takes place in each type.

•   Describe examples of each type of learning (habituation, 
classical conditioning, operant conditioning, imprinting, 
insight learning and latent learning).

•  Compare innate and learned behaviour patterns.

What is learned behaviour?
Before we can answer that question, we need to have a working 
de�nition of what we mean by learning. Most biologists would now 
de�ne learning as:

�e strengthening of existing responses or the formation of new 
responses to existing stimuli that occurs because of practice or 
repetition.

Unlike innate behaviours, learned behaviour patterns are rarely fully 
functional the �rst time they are performed. At the very simplest 
level of learning, trial and error brings about an improvement in the 
e�ectiveness of the behaviour pattern. Table 5.2 describes the main 
di�erences between innate behaviour and learned behaviour.

•	

Innate behaviour Learned behaviour
Genetically determined and common to all 
members of a species

The behaviour is changed by, or develops 
through, experience and may vary from individual 
to individual

Behaviour is fully functional at the first attempt The animal develops the behaviour through trial 
and error or by insight

There is, generally, no modification of the 
behaviour

The behaviour may be modified by new 
experiences

Adaptive behaviour that has been retained as a 
result of natural selection

Behaviour is learned anew by each member of the 
species and may not be adaptive

Table 5.2 �e di�erences between innate and learned behaviour

KEY WORD
learned behaviour behaviour 
that is acquired through 
experience (such as trial and 
error) or by insight



246

UNiT 5: Behaviour

Grade 12

DiD YoU kNoW?

Imprinting is sometimes 
described as a learned 
behaviour because repeated 
exposure is needed to some 
environmental stimulus to 
produce the �xed action 
pattern response. In this 
sense it is ‘learned’, even 
though development of the 
neural pathways to facilitate 
the response is innate.

Activity 5.6: Habituation of mosquito larvae
You will need: 
• a small tank or glass container filled to about 3-4 cm depth 

with deionised water
• a pipette to transfer the larvae
• a watch
• a lamp

Investigation 1 
Do mosquito larvae habituate to light?
Procedure: 
• Place the lamp above the container, but do not turn on yet
• Place 3 larvae into your container and do not disturb for 5 

minutes. 
• Focus on one individual which is currently hanging upside 

down at the water surface and 
• turn on the lamp above tank for five minutes, 
• after the five minutes is up, turn off lamp 
• Estimate how far from the surface the larva moves and 

measure how long the larva stays away from the surface. 
• Leave the lamp off for three minutes
• Repeat steps 3 to 5 another three times

is there any evidence of habituation?

Investigation 2 
Do mosquito larvae habituate to sound?

Use the same apparatus and same initial set up as in 
investigation 1.

Procedure: 
• Place 3 larvae into your container and do not disturb for 5 

minutes. 
• Focus on one individual which is currently hanging upside 

down at the water surface and tap three times on the side 
of the container with your fingers

• Estimate how far from the surface the larva moves and 
measure how long the larva stays away from the surface. 

• Wait three minutes
• Repeat steps 3 to 5 another three times
is there any evidence of habituation?

�ere are many di�erent kinds of learned behaviour, including:

habituation•	
sensitisation•	
insight learning•	

associative learning•	
     – classical conditioning
     – latent learning
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What is habituation?
Habituation is a process which results in a decreased response to a 
stimulus a�er repeated exposure to that stimulus over a period of 
time.

For example, we all have experienced noticing a quite strong smell 
on entering a room, but some time later we don’t even notice that 
there is any odour present. In this example, your sense of smell has 
demonstrated habituation. You have stopped responding to the 
odour even though it is still present.

Habituation can occur at di�erent levels in the nervous system. It 
can happen because:

sensory systems may stop, a�er a while, sending signals to the •	
brain in response to a continuously present or o�en-repeated 
stimulus; this is sensory habituation

the brain still perceives the stimulus is still present, but has •	
simply decided no longer to pay attention

An example of habituation to humans occurs in prairie dogs. 
Because they have several predators, they give alarm calls when 
large mammals, large birds or snakes approach them. �is allows 
the group to retreat into their burrows. When populations of prairie 
dogs are located near areas regularly used by humans, the alarm call 
is not given when humans pass, despite being large mammals. �is 
is an important example of habituation as the alarm response would 
waste the time and energy of the group when they could be foraging.

Figure 5.17 �e sea slug Aplysia.

DiD YoU kNoW?

Ethologists o�en rely on 
habituation in order to carry 
out their research e�ectively. 
A�er some time of being 
among the animals they are 
investigating, the animals 
become ‘habituated’ to them 
and, largely, ignore them. 
�e ethologists can then 
carry out their research 
assuming normal behaviour 
by the animals.

Figure 5.16 Prairie dogs in their 
burrow

Research into habituation using Aplysia

Aplysia is a sea slug and is used a great deal in studies 
of memory and behaviour because its neurones are 
large and easily observed. In a simple re�ex action, 
a snail ordinarily withdraws its gill if it is touched 
gently on the siphon. However, repeated stimulation 
of the siphon results in the gill-withdrawal re�ex 
diminishing in both strength and duration.

If the habituation is just one training session of fewer 
than 10 stimulations in less than one hour, then the 
habituation lasts for only a few hours a�er the training. 
But if four or more individual training sessions are 
given, the habituation can last for several weeks. �ese 
two forms of habituation have been interpreted as 
models of short- and long-term memory.

Research has also shown that the nerve network that 
brings about the response is altered as a result of 
habituation.

head 

gill 
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controls Notice that habituation occurs when the stimulus is harmless – 
a gentle touch on the siphon of Aplysia, prairie dogs becoming 
habituated to the presence of humans who do them no harm, you 
becoming habituated to a smell which may be unpleasant, but is not 
harmful.

What is sensitisation?
Sensitisation is an increase in the response to a harmless stimulus 
when that stimulus occurs a�er a harmful stimulus. Again, research 
with the sea slug Aplysia has provided us with a good deal of 
information about the process. Touching the siphon of Aplysia 
gently causes the animal to withdraw its gill – until it becomes 
habituated to the harmless stimulus.

However, if the gentle touch on the siphon is preceded by an electric 
shock (or other mildly harmful stimulus) to the tail, then the gill 
withdrawal response is much stronger. �e events in one pathway 
of neurones (the painful stimulation of the tail) are clearly a�ecting 
the re�ex arc that controls the gill withdrawal re�ex. �e strength 
and duration of the sensitised response depend on the extent of the 
initial sensitisation, as �gure 5.18 shows.

In higher animals, peripheral sensitisation refers to the 
sensitisation that results from changes in neurones of the peripheral 
nervous system. Central sensitisation refers to the same process 
occurring in neurones of the central nervous system.

What is classical conditioning?
In classical conditioning a naturally occurring stimulus becomes 
associated with a di�erent stimulus, which now also produces the 
same response. It was discovered by the Russian physiologist Ivan 
Pavlov, who worked with dogs to develop this theory. �e various 
stimuli and responses are:

�e unconditioned stimulus (US)
�is ‘unconditionally’, naturally and automatically 
triggers a response. For example, when you smell a 
favourite food, you immediately feel very hungry. �e 
smell of the food is the unconditioned stimulus.

�e unconditioned response (UR)
�e unconditioned response is the unlearned response 
that occurs naturally to the unconditioned stimulus. 
In the ‘feeling hungry’ example, feeling hungry is the 
unconditioned response.

�e conditioned stimulus (CS)
�is neutral stimulus does not initially produce the 
unconditioned response. But, a�er association with 
the unconditioned stimulus, it triggers the same 
response.

Figure 5.18 �e e�ect of the 
strength of the initial sensitisation 
on the duration of the sensitised 
response in Aplysia

Figure 5.19 �e phases of classical 
conditioning

Unconditioned 
stimulus

Unconditioned 
response

Neutral stimulus
No unconditioned 

response

Before conditioning

Neutral stimulus 
+ 

Unconditioned 
stimulus

Unconditioned 
response

During conditioning

Conditioned 
stimulus

Conditioned 
response

After conditioning

KEY WORDS

conditioning a technique 
used to get an animal to 
learn a particular behaviour 
by associating that behaviour 
with an event or stimulus 
(classical conditioning) or 
with a consequence, such as 
reward or punishment (operant 
conditioning)
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�e conditioned response (CR)
�e conditioned response is the response to the previously neutral 
stimulus (which is the same as the unconditioned response to the 
unconditioned stimulus).

Pavlov’s research involved the following phases:

He fed the dogs at regular intervals to establish a routine; as he •	
fed them, they salivated: this is a natural unconditioned response 
to the (natural) unconditioned stimulus of food.

�en, as he fed them, he rang a bell; they continued to produce •	
the same unconditioned response (salivation) as the food was 
presented and the bell was rung.

A�er a period, the dogs salivated when the bell was rung without •	
food being presented; this is now a conditioned response to a 
conditioned stimulus.

It is possible to classically condition humans as a famous study 
called ‘Little Albert’ demonstrated.

‘Little Albert’ was an 11-month-old infant, who rarely showed 
fear of anything. He was not afraid of animals, including the white 
laboratory rat. He was, however, afraid of loud noises (US). Two 
psychologists (Watson and Rayner) used his fear of loud noises 
(UR) to condition Little Albert to fear the white laboratory rat. 
�ey showed Albert the rat and at the same time made a loud noise 
(they banged a steel pipe with a hammer). A�er only seven pairings 
of the rat and the loud noise, Little Albert began to cry and try to 
crawl away (CR) as soon as he saw the rat (CR), even though the rat 
was not linked with the loud noise on this occasion. He had been 
conditioned to fear the rat.

If the pairing of conditioned stimulus with the unconditioned 
stimulus is not maintained, then the conditioned response 
diminishes and eventually is lost. �is is called extinction. Little 
Albert lost his fear of the white rat a�er a period of it no longer 
being paired with the loud noise.

1. Before conditioning

food salivation

unconditioned
stimulus

unconditioned
response

response

3. During conditioning

foodhandbell salivation

unconditioned
reponse

response

4. After conditioning

handbell salivation

conditioned
reponse

conditioned
stimulus

response

2. Before conditioning

handbell no salivation

no conditioned
reponse

neutral
stimulus

response

Figure 5.20 Pavlov’s famous 
experiment on classical 
conditioning
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What is operant conditioning?
Classical conditioning involves modifying an innate response by 
pairing it with a previously neutral stimulus. Operant conditioning 
can modify more complex, voluntary behaviours by the animal/
person learning to associate the behaviour with certain speci�c 
consequences. Figure 5.21 summarises operant conditioning.

�e term ‘operant conditioning’ was �rst used by B F Skinner, a 
behaviourist psychologist who carried out a great deal of pioneering 
research in this area.

Skinner identi�ed three types of responses that he called operants 
that can follow behaviour:

Neutral operants:•	  responses from the environment that neither 
increase nor decrease the probability of a behaviour being 
repeated.

Reinforcers:•	  responses from the environment that increase the 
probability of a behaviour being repeated, reinforcers can be 
either positive or negative.

Punishers:•	  responses from the environment that decrease the 
likelihood of a behaviour being repeated.

Figure 5.21 Operant conditioning

DiD YoU kNoW?
Behaviourist psychologists 
�ese psychologists are more concerned with the scienti�c 
measurement of observed behaviours rather than with internal 
processes such as thinking and emotion. �ere are several basic 
assumptions in behaviourism:
•		 hen	 e	are	born 	our	minds	are	a	blan 	slate
•			 ere	is	little	difference	bet een	the	learnin 	that	ta es	place	

in other animals and that which takes place in humans.
•			All	behaviour 	no	matter	ho 	comple 	is	the	result	of	a	

stimulus–response association.
•			All	behaviour	is	learnt	from	the	environment	(this	includes	

the actions of other people).
•			 e	have	no	free	 ill 	a	persons	environment	determines	

their behaviour.
How far do you agree with this? Try to justify what you think.

Behaviour Consequence
Likelihood of 

repetition

Punishment Decreased

Reinforcement Increased

Activity 5.7: Behaviour
Think carefully about the 
way in which your behaviour 
is controlled and modified 
by others.

Give three examples of your 
behaviour that you consider 
to be the result of classical 
conditioning and three that 
you consider to be the result 
of operant conditioning.
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Skinner carried out much of his research on rats and other animals 
using what is now called a Skinner box. One variant of the Skinner 
box is shown in �gure 5.22.

�e Skinner box has various signal stimuli that include:

di�erent coloured lights•	

a speaker to deliver a sound stimulus•	

an electric grid in the �oor to deliver a mild electric shock•	

�ere is also a lever that the animal can press, which is linked to the 
delivery of pellets of food. �e animal can be conditioned in several 
ways, such as by:

simply learning that pressing the lever will result in food being •	
delivered – the ‘pressing action’ is reinforced by the reward of 
food

only pressing the lever when either light is lit up, resulting in the •	
reinforcement of food being delivered

only pressing the lever when one of the lights is lit; the other •	
is linked to the electric shock system. �e ‘punishment’ of 
the shock on pressing this light results in the behaviour being 
diminished or extincted

We can all think of examples of how our own behaviour has been 
a�ected by reinforcers and punishers. For example, many people 
start to smoke so that they will be accepted by a certain peer group. 
Acceptance by this peer group acts as a positive reinforcer for the 
smoking and, unfortunately, is o�en a much stronger in�uence than 
other advice and punishers.

Animal trainers use a technique called shaping, which is based on 
operant conditioning, to train animals to perform in speci�c ways. 
It is o�en not possible to reward the desired behaviour at the outset, 
because it doesn’t exist. Trainers look for a natural behaviour that, if 
modi�ed, could lead to the desired behaviour and reward this. �ey 
then reward a slight modi�cation of this behaviour that is nearer to 
the desired behaviour, but not the natural behaviour itself. Each step 

Figure 5.22 A Skinner box
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in the learning process is called an approximation. An animal may 
be reinforced for each successive approximation towards the �nal 
goal of the desired trained behaviour. Speci�c examples of where 
shaping is used include:

training guide dogs for the blind•	

training horses•	

training dolphins and killer whales at marine parks•	

training zoo animals•	

What is latent learning?
�e word ‘latent’ means ‘hidden’ – so we are talking about ‘hidden 
learning’ or learning that is not apparent as it takes place. Latent 
learning happens when the brain acquires knowledge at a certain 
time, without reinforcement, but does not use it until later, at a time 
when that knowledge is needed.

An example of this could be:

One teacher drives another to school every day. �en, on one day, 
the ‘driver’ is ill. �e other teacher drives himself to school without 
getting lost. �is is an example of latent learning. He learned the 
route to the school without reinforcement, but never had to use it 
until the usual driver was ill.

Edward Tolman, a behaviourist psychologist, conducted an 
experiment with rats in 1938. He placed three groups of rats in a 
maze and observed how they behaved over a two-week period.

�e rats in group 1 always received a food reward when they •	
reached the end of the maze without wandering down dead ends; 
they soon did this regularly.

�e rats in group 2 never received a food reward and seemed •	
like they followed no particular path through the maze, although 
they did sometimes reach the end.

�e rats in Group 3 were treated in a di�erent way at di�erent •	
times of the experiment:

 –  for the �rst 10 days of the experiment, like group 2 they 
received no food reward even if they did reach the end of the 
maze and behaved in a similar manner to group 2

 – on the eleventh day, Tolman placed food in the maze, and

 –  on the twel�h day, the rats from group 3 were doing as well 
as the rats from group 1, which had been rewarded with food 
from the very beginning of the test; it appears that they had 
learned to go to the end of the maze without reinforcement, 
but did not desire to until there was some reason (the food).

�e rats from group 3 used latent learning since they did not 
immediately display the same performance as the rats in group 1.

In other experiments, Tolman was able to demonstrate that the rats 
were building a ‘cognitive map’ of the maze. �is means that they 

DiD YoU kNoW?

Both classical and 
operant conditioning are 
sometimes referred to 
as associative learning 
because the animals learn 
to modify their behaviour 
as a result of either 
associating two di�erent 
stimuli or associating 
particular behaviour 
patterns with operant 
responses.

Activity 5.8
 Latent learning is an 
important part of how we 
behave. Make a list of as 
many examples of latent 
learning as you can think 
of. Share your list with a 
partner and see how many 
different ideas you have had.
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were storing information, without reinforcement of the structure of 
the maze. In the maze shown in �gure 5.23, the rats quickly learned 
that the shortest route to the end of the maze was path A. �ey also 
‘knew’ that if:

path A was blocked at X, then the new shortest path was path B•	

path A was blocked at Y, the new shortest path was path C•	

It is important to note that, although there was food at the end of 
the maze, this could not act as a reinforcer for the building of the 
cognitive map. It only gave a ‘reason’ to get to the end of the maze.

What is insight learning?
�is is very di�erent from the trial-and-error learning that is 
o�en an important part of learning through operant conditioning. 
Insight learning involves �nding solutions to problems that are not 
based on actual experience (as with trial and error) but on ‘trials’ 
occurring mentally. O�en the solution is learned suddenly, such as 
when a person has been trying to solve a problem for a period of 
time and suddenly the solution appears almost ‘out of nowhere’. �e 
‘eureka’ moment.

Much of the pioneering research on insight learning was carried out 
by Wolfgang Kohler, working with chimpanzees.

For the experiments, the chimpanzees were placed in an enclosed 
area. Kohler placed desirable ‘lures’ such as fruit outside the 
enclosure and out of their reach. He placed a variety of objects that 
could be used to obtain it inside the enclosure. �e chimpanzees 
had to work out a way of using one or more of the objects to obtain 
the ‘lure’.

�ey were more successful in this than Kohler had anticipated. 
�e chimpanzees learned to use boxes to obtain bananas placed 
on the top of the enclosure. �ey dragged them under the banana 
and then climbed on them to reach the fruit. �ey became quite 
accomplished builders, piling box on box to erect structures with a 
height of four boxes.

Some of the chimpanzees learned how to make or modify suitable 
tools from the materials they were given. One chimpanzee, Sultan, 
was particularly gi�ed in this. Sultan was given the problem of 
obtaining a banana far out of reach. �ere were two hollow bamboo 
sticks in his cage, but neither was long enough to rake in the lure. 
A�er many attempts to reach the banana with one stick or the 
other, he sat and looked at the sticks. Suddenly Sultan hit upon the 
solution. He pushed the thinner of the two sticks into the hollow 
inside of the thicker one and then drew the banana towards himself, 
his reach now enlarged by the length of two sticks. Eureka!

goal box

start

food

Y

X

path B

path C

path A

Figure 5.23 One of Tolman’s 
mazes

Figure 5.24 A chimpanzee 
assesses the problem

Figure 5.25 �rough ‘building’ 
the chimpanzee achieves his goal
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Review questions
Choose the correct answer from A to D.

1. Which of the following statements about learned behaviour is 
not true? �e behaviour is:

 A fully functional the �rst time it is performed

 B acquired anew by each member of the species

 C modi�ed by experience

 D developed by trial and error or insight

2. In Pavlov’s experiment on the classical conditioning of dogs, 
the ringing of the bell represents:

 A the conditioned stimulus

 B the conditioned response

 C the unconditioned response

 D the unconditioned stimulus

3. Which of the following are examples of learned behaviour?

 A  Classical conditioning

 B  Operant learning

 C  Innate behaviour

 D  Insight learning

4. Insight learning involves:

 A trial and error

 B innate behaviour

 C operant conditioning

 D none of the above

5. Latent learning is di�erent from learning through operant 
conditioning because it:

 A is a kind of innate behaviour

 B does not require any input from the environment

 C does not require reinforcement

 D is a kind of insight learning

6. Operant conditioning di�ers from classical conditioning in 
that:

 A  classical conditioning involves modifying innate behaviour 
whereas operant conditioning may involve modifying 
learned behaviour

 B  classical conditioning does not involve rewarding behaviour 
but operant conditioning may
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 C  classical conditioning involves associating two stimuli 
whereas operant conditioning involves associating a 
behaviour and a consequence

 D all of the above

7. Which of the following is not one of the assumptions of 
behaviourist psychology?

 A  All behaviour is learnt from the environment (this includes 
the actions of other people).

 B  All behaviour, no matter how complex, is the result of 
stimulus–response association.

 C  �e learning that takes place in other animals is 
fundamentally di�erent from that which takes place in 
humans.

 D When we are born, our minds are a blank slate.

8. Which of the following forms of learning is mainly used in 
shaping animal behaviour?

 A classical conditioning

 B operant conditioning

 C latent learning

 D insight learning

9. When Sultan the chimpanzee solved the problem of reaching a 
banana with two bamboo canes, this was an example of insight 
learning because:

 A  it demonstrated species speci�c behaviour

 B  it was the result of conditioned re�exes

 C   he solved the problem mentally  when doing something not   
 directly related to reaching the banana

 D  it involved hours of trial and error

10. �e behaviour of the rats in a Skinner box shows operant 
conditioning because they may:

 A  associate pressing a lever with reward (positive 
reinforcement)

 B  associate pressing the lever when only one light �ashes with 
reward (positive reinforcement)

 C  not press the lever when one light �ashes because it is linked 
with an electric shock (punishment)

 D all of the above
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5.4 Examples of behaviour patterns

By the end of this section you should be able to:

•   Describe and explain courtship, territorial and social 
patterns of behaviour.

•  Give examples of each type of behaviour.

What is courtship behaviour?
Courtship behaviour is an activity that precedes and results 
in mating and reproduction. It allows members of a species 
to recognise each other and prevents or reduces attempts at 
interbreeding between di�erent species. Courtship may simply 
involve a few chemical, visual or auditory stimuli, or it may be a 
complex series of acts by two or more individuals using several 
methods of communication. Elaborate courtship rituals can also 
help to strengthen already established pair bonds. �ese may then 
last through the time it takes to rear the young and, in some cases, 
even longer.

�ere are many di�erent methods of communication that are used 
to attract a mate. �ese include:

the use of pheromones by some female insects to attract males •	
from a distance

the use of touch by painted turtles•	

the courtship songs of frogs heard on spring nights in many •	
di�erent countries

the song of a humpback whale under the sea, which can be heard •	
hundreds of miles away

In most animals, courtship behaviour is innate and consists of a 
pre-programmed set of �xed action patterns in response to a key 
stimulus. Despite being innate, the �xed action patterns are o�en 
complex behaviours with the �xed action pattern in one animal (say 
the male) serving as the stimulus for another �xed action pattern 
in the other animal (the female). �is interaction of �xed action 
patterns continues until courtship is successful or until one of the 
pair tires.

Figure 5.26 shows the sequence of �xed action patterns that make 
up the courtship behaviour of zebra �sh. Figure 5.27 shows the role 
of each �xed action pattern in the overall courtship behaviour.

DiD YoU kNoW?

Geese and swans typically 
form pair bonds that last 
for life, not just for the 
period necessary to raise 
young.

Pheromones

�is is yet another term 
derived in part from a 
Greek word and translates 
as ‘hormone bearer’. It is a 
chemical secreted by one 
animal, usually the female, 
to produce a behavioural 
response in another. �ere are 
many di�erent pheromones, 
including:

•			alarm	pheromones	that	
are secreted by animals 
when attacked and produce 
the response of �ight or 
aggression by others of the 
same species

•			releaser	pheromones	that	
are highly volatile and 
can attract a mate from a 
distance of two miles or 
more

•			territorial	pheromones	
that are used to mark the 
boundaries of a territory 
by the owner; dog urine 
contains a powerful 
territorial pheromone

•			se 	pheromones	that	si nal	
the availability of a female 
for mating



257

UNiT 5: Behaviour

Grade 12

male behaviours female behaviours

chase

tail-nose
M

M

F

approach

F escort

M F
encircle present

F
lead

M

quiver

egg-lay
F

M
zig-zag

Figure 5.26 Courtship behaviour in zebra �sh

DiD YoU kNoW?

No one can state this for 
certain, but research with 
fruit �ies has shown that 
�ies with a mutant version 
of a single gene were much 
less adept at courting 
female mates. We don’t 
actually share this gene 
with fruit �ies, but we do 
share many others with 
them, so the principle may 
be the same in humans.

Fixed action patterns in courtship form an important part of the 
mating displays of birds also. Figure 5.28 shows the �xed action 
patterns of a mallard drake (male) during courtship.

Figure 5.27 �e role of each �xed action pattern in the courtship 
behaviour

  bill-shake   tail-shake  grunt-whistle

Figure 5.28 �e courtship behaviour of a mallard drake
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What is territorial behaviour?
Before we describe this kind of behaviour, we must make clear what 
we understand by territory. Most animal behavioural biologists 
would de�ne territory as:

Any space that an animal defends against intruders of the same 
species.

Territorial behaviour is found in nearly every species of animal, 
even humans. Possessing territory gives the holder areas to forage 
for food and so increases the chances of attracting a mate. It also 
reduces vulnerability to predators. Animals that do not have a 
territory of their own may contest with the owner for a territory 
that is already occupied. Such contests are called conspeci�c (same 
species) con�icts.

Territorial animals usually defend areas that contain one or more of:

a nest•	

a den, or mating site•	

su�cient food for themselves and their young•	

Males are usually the territorial sex, but in some species (such as 
�ddler crabs) females maintain a territory also. When conspeci�c 
con�icts occur, they usually involve ritualistic displays and rarely 
involve the animals actually �ghting. Residents of a territory are 
di�cult to dislodge as they are o�en older and more experienced.

Defence threat displays may be visual as in the colour of feathers 
or fur, auditory as in birdsong or the howls of gibbons or olfactory 
through the deposition of scent marks. Many territorial mammals 
use scent marking (containing pheromones) to signal the 
boundaries of their territories.

�e resident animal usually holds on to his (or her) territory only 
by expending considerable time and e�ort in its defence. Sunbirds, 
for example, can use up to 13 000 kilojoules per hour patrolling and 
defending their territory. �is is more than the recommended daily 
energy intake for the average adult human male! Clearly, to expend 
that amount of energy, the territory must contain, at the very least, 
an abundance of food to support it.

�e Ethiopian wolf (Canis simensis) is a social animal; the wolves 
live and hunt in packs. As a result, they maintain a group territory 
by marking with urine (containing pheromones). All adult 
animals (male and female) contribute to this marking behaviour, 
particularly during patrols of the territory. Some of the subadult 
(younger) males occasionally mark but subadult females never 
mark. Direct encounters between neighbouring wolves at the 
borders were aggressive and involved repeated chases, with the 
larger group more likely to win.Figure 5.29 Ethiopian wolves

KEY WORD

territory an area that an 
animal or a group of animals 
reserves for itself so as to 
exclude other members of the 
same species

Activity 5.9: The cost of 
defending a territory
The territory holder usually 
maintains ground only 
by spending a lot of time 
and energy in its defence. 
Sunbirds can expend up 
to 3000 calories per hour 
patrolling and defending 
territory  is it worth it?

Suggest one advantage 
and one disadvantage of 
being territorial when food 
supplies are:
• low
• average
• abundant
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Figure 5.30 A male robin 
threatening an intruder by using 
vocalisations and by exaggerating 
its size

Defending a territory
Some animals defend their territory by �ghting with those who try 
to invade it. But this is the exception, rather than the rule. Fighting 
uses up a large amount of energy, and can result in injury or death. 
So, behaviour has evolved that makes �ghting the ‘last resort’. 
Marking a territory usually ‘warns o� ’ intruders. Animals that do 
not mark territories use threats from one, or more, of vocalisations, 
smells and visual displays.

�e songs of birds and the loud calls of monkeys are warnings that 
carry for considerable distances, and warn intruders that they are 
approaching someone else’s territory. If these warnings are ignored, 
and the intruder enters the territory, or two animals meet near the 
border of their adjacent territories, they usually threaten each other 
with visual displays. �ese displays o�en either:

exaggerate an animal’s size by the �u�ng up of feathers or fur, or•	

show o� the animal’s weapons.•	

Also, the animals may go through all the motions of �ghting 
without ever actually touching each other, a behaviour known as 
ritual �ghting.

Ritual �ghting is more intense the further into an animal’s territory 
it takes place. In this situation, the territory holder has ‘nowhere 
to go’ – he cannot retreat. If the encounter takes place nearer 
to the border, the ritual �ghting becomes less intense and more 
fragmented because the territory holder has the option of retreating. 
�is variation in the intensity of the display helps to de�ne 
territorial boundaries, where the displays of neighbours are about 
equal in intensity, or where the tendency to attack and the tendency 
to retreat are about equally balanced.

Actual �ghting usually only happens in overcrowded conditions 
where resources are scarce. Serious injury can result, and old or 
sick animals may die, leading to a more balanced and biologically 
�t population. Fighting can occur when a young male animal 
challenges an older one for the territory, which may be ‘home’ 
to several females as well as being a foraging area. Older animals 
are more experienced, but, eventually, experience will give way 
to the strength of a younger animal and the territory holder will 
be displaced. Usually, however, territoriality is an e�ective way of 
maintaining a healthy population.

What is social behaviour?
Social behaviour is the set of interactions that occur between two or 
more individuals of the same species that modify the behaviour of 
individuals of the same species in a way that is usually bene�cial to 
the group as a whole. It is thought to have been selected for because 
it has survival value to the species as a whole. Social behaviour 
serves many purposes and is found in a wide variety of animals, 
including some invertebrates, �sh, birds and mammals.

Figure 5.31 A younger male 
zebra challenges the older resident 
male

KEY WORD
ritual �ghting behaviour 
in which the acts of �ghting 
are displayed, without any 
physical contact
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Some of the bene�ts of social behaviour are that it allows animals 
to:

form stable groups in which intra-speci�c aggression is reduced, •	
sometimes as a result of hierarchies being established

improve the e�ectiveness of reproduction and/or parenting •	
through courtship behaviour (a kind of social behaviour) and 
pair-bond formation

forage more e�ciently – especially if sources of food are •	
localised. Examples of this include:

 –    dolphins o�en surround shoals of �sh and take turns to swim 
quickly in and eat the �sh trapped in the centre of the shoal

 –    lions hunt in small groups when hunting large prey (such as 
wildebeest) but may hunt smaller prey singly

protect themselves against attack more e�ectively. Examples of •	
this include:

 –     baboons co-operate to �ght o� a leopard, which would be 
extremely di�cult for a single baboon

 –    �sh and birds moving in groups in which the movement of the 
whole group is co-ordinated; rapid movements one way and 
then another make it more di�cult for a predator to attack; 
individuals who cannot maintain position in the group are 
most vulnerable

increase the chance of surviving migration – some birds travel •	
in large groups, for example, many geese �y in a ‘V’ formation, 
which reduces the total wind resistance on the birds; the lead 
position is rotated as this is the position that receives most wind 
resistance

increase the chance of surviving extreme conditions – some birds •	
huddle together in very cold weather, this e�ectively reduces the 
overall surface-area-to-volume ratio and can reduce heat loss by 
up to 50%; the birds constantly change position as the ones at the 
outside of the group lose heat most rapidly

communicate across long distances•	

Social behaviour in bees
Honeybees and bumblebees and other species of insects exhibit 
what is called eusociality. Eusociality has three main features:

there is co-operation in caring for the o�spring; as a •	
consequence, many individuals are caring for o�spring that are 
not their own

there are usually several generations in the colony so that it will •	
sustain for longer and allow o�spring to assist parents, and

there is division of labour – not every individual in the group is •	
reproductively active; in the case of bees, the queen is the only 

Figure 5.32 Penguins ‘huddling’ 
to reduce heat loss
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Figure 5.33 Honeybees nesting in 
a tree

reproductively active female with the male drones also being 
active; the female worker bees are more or less sterile.

Honeybees nest in large cavities such as hollowed-out trees or other 
enclosed spaces. � ey will use man-made beehives just as readily as 
a hollow tree trunk. Honey bees build vertical sheets of hexagonal 
honeycomb from wax secreted by glands in their abdomens, in 
which they store honey and pollen. An individual hexagon (a cell) 
can also be used as a home for a single developing bee larva.

� ere are three di� erent types or castes of bees in a nest. � ey are:

the queen – the only truly reproductively active female (1st caste)•	

workers – non-reproductively active females (2nd caste)•	

drones – reproductively active males (3rd caste)•	

KEY WORD

caste a group within a social 
structure

Type of 
adult 
bee

What they 
do

How many 
in a honey- 
bee colony

How many 
in a bumble- 
bee colony

What they look 
like in a honeybee 
colony

What they look like 
in a bumblebee 
colony

Queen Lay eggs 1 1

Worker Take care of 
larvae, build 
and clean 
nest, forage

10 000–
50 000

Less than 50 
to over 400, 
depending on 
species

Male Leave nest to 
mate, then 
die

100–500 0–50, 
depending on 
species and 
season

Table 5.3 A summary of the roles of di� erent castes of bees

� e queen secretes powerful pheromones within the nest that 
control the behaviour of the workers at di� erent stages of their 
development and so help to maintain the social structure of the 
nest. She may also make aggressive attacks on maturing worker 
bees. 

If the queen does not produce these pheromones, or if she produces 
too few eggs, then the structure of the nest breaks down. She may 
be attacked by mature workers, one of whom will replace her. 

A honeybee colony may last for several years, with the male drones 
being driven out of the nest over winter to preserve resources for 
the workers and the queen. More drones will emerge the following 
spring.

At the end of the colony cycle, the queen, the drones and most 
workers will die, leaving just a few large workers, who will assume 
the status of queens and, the following spring, � y away to establish 
their own colonies.
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forage for nectar,
pollen, water

clean out dirty
honeycomb

receive food from
incoming foragers

build
honeycomb

feed larvae1 week

just emerged

3 weeks

2 weeks

dies at
5–7 weeks

remove
corpses

guard 
the hive

Figure 5.34 �e roles of a worker bee at di�erent stages of development

Worker bees communicate with each other in a very special way 
to convey information about a source of nectar. Foragers perform 
a ‘wag-dance’ on the honeycomb to inform other workers of the 
direction of the nectar source and its distance. �e dance takes the 
form of a ‘�gure of eight’ on the vertical face of the honeycomb. 
Information about the nectar is conveyed in two ways:

the angle of the dance away from the vertical corresponds with •	
the angle of the nectar from the Sun

the length of the ‘straight-run’ part of the dance is proportional •	
to the distance from the nest

Figures 5.35A and B show the orientation of the wag-dance on the 
honeycomb.

Figure 5.35C shows the relationship of this dance to the position of 
the Sun and the position of the nectar source.

Recent research shows that the foraging bees also use sound to 
inform other bees about the distance of the source, and, perhaps, 
to help to ‘recruit’ these other workers. �e time for which they 
produce their sounds is directly correlated with the distance to the 
nectar source, as �gure 5.36 shows.

      Figure 5.35A                        Figure 5.35B                           Figure 5.35C

Activity 5.10
Social insects show 
fascinating behaviour 
and have complex and 
interesting lifestyles.  Work 
in a group to produce a 
classroom display on social 
insects. You may choose 
to focus on bees, which 
are covered in this book. 
Alternatively you can do 
some extra research and find 
out more about a different 
type of social insect, e.g. 
ants or termites. Make sure 
your display is big, clear, 
colourful and informative.
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Figure 5.36 �e length of sound production 
by foraging workers is proportional to the 
distance to a food source.

�e roles of the castes are the same in bumblebees and the queen 
maintains ‘order’ in the same way.

However, these nests are annual nests and a new colony establishes 
itself every spring.

Review questions
Choose the correct answer from A to D.

1. Which of the following statements concerning courtship 
behaviour is true?

 A It precedes and can result in mating behaviour.

 B It allows members of a species to recognise each other.

 C  It prevents attempts at interbreeding between di�erent 
species.

 D All of the above.

2. Pheromones can be used to:

 A attract a mate

 B trigger alarm

 C de�ne territories

 D all of the above

3. Worker bees are:

 A sterile males

 B fertile males

 C fertile females

 D sterile females

4. Communication within a honeybee nest can take the form of:

 A pheromones secreted by the queen

 B sound produced by returning foragers
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 C wag-dances

 D all of the above

5. In courtship behaviour in �sh and birds, which of the following 
is o�en true?

 A A key stimulus produces a re�ex response.

 B A key stimulus produces an isolated �xed action pattern.

 C  A �xed action pattern in one animal acts as a key stimulus 
for a �xed action pattern in another animal.

 D None of the above.

6. Territories are most o�en maintained by:

 A male animals

 B female animals

 C both sexes

 D groups of animals

7. Which of the following is not true of social behaviour? Social 
behaviour is likely to:

 A reduce the risk of intra-speci�c aggression

 B reduce the danger from predators

 C reduce foraging e�ciency

 D reduce the risk from extreme conditions

8. Before a territorial dispute leads to actual �ghting, which of the 
following may occur?

 A vocalisations

 B threat displays

 C ritual �ghting

 D all of the above

9. Which of the following is an additional ‘cost’ to an animal of 
defending a territory?

 A an increased chance of mating

 B access to a good foraging area

 C the expenditure of considerable time and energy

 D decreased vulnerability to predators

10. Which of the following is not a feature of eusociality?

 A the presence of several generations in the colony

 B co-operative foraging

 C co-operative caring for the young

 D division of labour
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Summary

in this unit you have learnt that:

 Behaviour is the co-ordinated response of an organism to an •	
internal or external stimulus.

Any behaviour involves:•	
a receptor of some kind to detect the stimulus −
an effector of some kind to produce the response −
some kind of linking system or co-ordinating system  −
that is influenced by the receptor and can influence the 
effector

Plants show behaviour patterns that involve tropisms •	
(growth responses to unidirectional stimuli).

Simple animals respond to stimuli by taxes and kineses.•	
Studying animal behaviour is important because we can gain •	
information that can be used in:

neuroscience −
the environment and resource management −
animal welfare −
science education −

innate behaviour is any behaviour that is ‘inborn’ and •	
genetically pre-programmed in some way.

innate behaviour includes:•	
reflex actions −
orientational behaviour, such as taxes and kineses −
instinctive behaviours −
behaviours determined by biological clocks −

Reflex actions are brought about by reflex arcs comprising •	
a sensory neurone, a relay neurone (inter-neurone) and a 
motor neurone.

Somatic reflexes are usually protective, whereas autonomic •	
reflexes control the rate of working of internal organs.

A biological clock is an internal regulatory mechanism that •	
controls a cyclical process in an organism; it may be:

circadian (controls a daily cycle) −
lunar (controls a monthly cycle) −
circannual (controls a yearly cycle) −

instinctive behaviour patterns are:•	
common to all members of a species −
fully functional the first time they are performed  −
there is a key stimulus that triggers the behaviour −
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mediated by an innate releasing mechanism and a fixed  −
action pattern

adaptive −
Learned behaviours involve the strengthening of existing •	
responses or the formation of new responses to existing 
stimuli that occur because of practice or repetition.

Types of learned behaviour include:•	
habituation, in which a response to a stimulus becomes  −
weaker as the stimulus is repeated more and more often

sensitisation, in which there is an increase in the response  −
to a harmless stimulus when that stimulus occurs after a 
harmful stimulus

classical conditioning, in which, during the conditioning  −
process, a naturally occurring stimulus becomes associated 
with a different stimulus, which now also produces the 
same response

operant conditioning, in which a behaviour is  −
strengthened or weakened as a result of the consequences 
(operants) of that behaviour; reward will strengthen 
(reinforce) the behaviour, punishment will weaken 
(extinct) the behaviour

latent learning, in which knowledge of some kind is  −
acquired without reinforcement and is only used later, 
when the need arises

insight learning, in which problems are solved by mental  −
processing, rather than by trial and error

Courtship behaviour is an activity that precedes and results •	
in mating and reproduction and allows members of a species 
to recognise each other whilst preventing or reducing 
attempts at interbreeding between different species.

Courtship behaviour may involve:•	
secretion of sex pheromones −
courtship vocalisations −
touch −
complex displays involving a series of fixed action  −
patterns

Territorial behaviour is any behaviour that is used to defend •	
an area that gives access to:

good foraging −
increased mating chances −
a den or similar −

Territorial behaviour can involve:•	
marking the area −
threatening vocalisations −



267

UNiT 5: Behaviour

Grade 12

threat displays (exaggerating size or displaying weapons) −
ritual fighting −

Social behaviour is behaviour that may allow animals to:•	
form stable groups and reduce intra-specific aggression −
improve the effectiveness of reproduction and/or parenting −
forage more efficiently – especially if sources of food are  −
localised

protect themselves against attack more effectively −
increase the chance of surviving migration −
increase the chance of surviving extreme conditions −
communicate across long distances. −

The honeybee is a social insect that has a caste system.•	
The queen maintains the social structure of the colony by •	
secreting pheromones and by aggressive attacks on maturing 
worker bees.

End of unit questions
1. (a)  Explain what is meant by behaviour. Illustrate your answer 

by reference to two examples.

 (b)  Explain three reasons why we should study animal 
behaviour.

2. Our re�ex actions can be classi�ed into two types:

 1. somatic re�exes

 2. autonomic re�exes

 (a) Give two examples of each type.

 (b) (i) Give two similarities between the two types.

  (ii) Give two di�erences between the two types.

3. Herring gull chicks will peck at an orange spot on the beak of 
the adult bird. When they do this, the adults regurgitate food. 
�is is an example of innate behaviour.

 (a) For this behaviour, state, with reasons:

  (i) the key stimulus for the behaviour

  (ii) the �xed action pattern response
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Ethiopian Biology
Unit 05
Figure 5.37
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Figure 5.37 Development of 
pecking responses
in young herring gulls

 (b)  In an investigation into this response, herring gull chicks 
were presented with models of adult herring gulls and adult 
laughing gulls a�er di�erent periods of time in the nest. �e 
chicks were fed normally throughout by their parents.

  �e results are shown in the graph in �gure 5.37.

  (i) Describe the pattern of results shown in the graph.

  (ii) How do these results show that the behaviour is innate?

  (iii)  How do these results show that some learning is also 
involved?

4. What type of learned behaviour is described in each of the 
following examples? Give a reason for each of your answers.

 (a) A dog is trained to herd stock animals.

 (b)  A snail is moving along a bench; an experimenter taps the 
bench and the snail withdraws into its shell. A�er several 
repeats of this, the snail just keeps on moving.

 (c)  A�er a painful blow, even relatively light pressure feels 
painful.

 (d)  You walk into a room where there is a loud noise and start 
to read a book. Initially, the noise is disturbing, but a�er a 
while you do not notice it.

 (e)  A boy watches his father changing a plug on a lamp. Some 
time later, he is able to carry out the same task himself 
without instruction.

5. (a) Describe three bene�ts of territorial behaviour.

 (b)  Explain how territorial behaviour can reduce intra-speci�c 
�ghting.

6. (a)  Explain how you could use a Skinner box to condition a 
rat to press a lever only when one of the lights in the box 
�ashes.

 (b)  Explain how operant conditioning is used in shaping 
behaviour. Illustrate your answer by reference to two 
examples.

7. (a)  Explain what is meant by ‘insight behaviour’. Illustrate your 
answer by reference to two examples.

 (b) Explain how insight behaviour is di�erent from:

  (i) classical conditioning

  (ii) operant conditioning

8. Write a short essay on behaviour. Include the following aspects 
of behaviour in the essay:

	 •	 the	nature	of	behaviour

	 •	 the	different	types	of	behaviour 	includin 	e amples	of	each

	 •	 the	bene ts	of	studyin 	behaviour
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Copy the crossword puzzle below into your exercise book (or your 
teacher may give you a photocopy) and solve the numbered clues to 
complete it.

1 2 1 2

3 4 5

 4

6 7 8

9 10

11 12

13

14 15

16

14 17

18 19 20

21

22

Across

1. Finding solutions to a problem without trial and error is called 
… learning (7)

3. �e neurones that bring about a re�ex action form a …  (6, 3)

6. Behaviour that develops through trial and error or insight is 
called … behaviour (7)

8. Learning that takes pace without reinforcement (6)

10. Conditioning that involves associating two unrelated stimuli so 
that both produce the same response (9)

11. A structure that detects a change in the internal or external 
environment (8)

13. Patterns of behaviour that are repeated every twenty-four hours 
are said to have a … rhythm (9)
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14. Innate behaviour that involves a �xed action pattern response 
(11)

16. Behaviour to attract a mate is … behaviour (9)

17. �e co-ordinated response of an organism to a stimulus is … 
(9)

18. A change in the external or internal environment that leads to a 
response by an organism (8)

20. Type of learned behaviour in which the response to a stimulus 
decreases with repeated exposure (11)

21. �e response of a plant to light is … (12)

22. �e study of animal behaviour (8)

Down

2. Behaviour that modi�es the actions of members of a group so 
that it is easier for the members of the group to co-exist (6)

4. �is type of re�ex action co-ordinates the activity of the 
internal organs (9)

5. Innate behaviour that produces a single response to a speci�c 
stimulus (6)

7. A structure that brings about a response (8)

9. Behaviour to defend an area of land rich in resources (11)

10. Apparatus for studying the environmental preferences of small 
invertebrates (13)

12. Animal behaviour in which a change in intensity of the stimulus 
causes a change in the rate of movement of the animal (7)

15. Conditioning that modi�es behaviour through reinforcement 
or punishment (7)

19. Behaviour that is ‘inborn’ (6)
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archaebacteria 178, 180
Ardi 215–16
arithmetic growth 85
Arrhenius, Svante 175–6
associative learning 252
attachment formation 243
attachment sites (tRNA) 146
Australopithecus genus 214–16
autonomic nervous system 239–40
autonomic re�exes 239–40
auxins 232–3

bacilli 7
Bacillus thuringiensis 140
back crossing 109–10
bacteria 3–8, 11–13
 ecological role 16–19
 genetic modi�cation 23–4, 135–6
 infectious diseases 12–13
bacteriophages 29
Balanus barnacle 84–5
barnacles 84–5
bases (DNA) 129–30
bees 260–1
behaviour 231–6

 courtship behaviour 256–7
 innate behaviour 238–43
 learned behaviour 246–53
 social behaviour 259–63
 territorial behaviour 258–9
behavioural isolation 207
behaviourist psychologists 250
Bernal, John Desmond 179
biochemical theory (origin of life) 

176–9
biodiversity 63–78
biological clocks 240–1
biomes 58–63
biosphere 58
biotic factors 82–5
bivalents (chromosomes) 115–16
Bowlby, John 243
brain size 216–17
Buffon, George 183–4

capsids 27
carbon cycle 47–8
carrying capacity 86, 87
CD4 lymphocytes 33, 34
centimorgans 119
central nervous system 239–40
central sensitisation 248
centromeres 115
chemo-autotrophs 181
chimpanzees 253
Chlamydomonas alga 4
chromatids 115, 116–17, 128, 129–30
chromatin 128
chromosome mutations 157–8
chromosomes 103–4, 115–16, 128–9, 

208–9
Chthalamus barnacle 84–5
circadian rhythms 240–1
circannual rhythms 240–1
classical conditioning 248–9
climatic climax communities 56–7
climax communities 55–6
clones 134, 135
coacervates 177
cocci 7
codominant alleles 113–14
codons 144, 146
common ancestors 213–16
comparative anatomy 197–8
comparative biochemistry 199–201
comparative embryology 198–9
competitive exclusion principle 81
complementary sequences (DNA) 132, 

145

conditioned responses/stimuli 248–9
conservation (biodiversity) 76
conspeci�c con�icts 258
convergent evolution 210, 240
coppicing 77–8
coral reefs 73
cosmozoan theory 175–6
courtship behaviour 256–7
creationism 173–4
cross breeding 120–1
crossing over (chromosomes) 115, 

116–17
crossover values 119–20
cuttings (plants) 134
cyanobacteria 180
cytochrome 199–201
cytokinesis 116–17
cytosine 129–30

Darwin, Charles 185–8
day-age creationism 173–4
decline phase (population growth) 96
decomposers 46–7
de�ciency diseases 16
deforestation 66–7, 70–1
degenerate code (DNA) 143
degenerative diseases 16
deletion point mutations 154
demographic transition 87–90
denitrifying bacteria 17, 48–9
differential stains 8
dihybrid inheritance 112–13
diploid cells 115
directional selection 205
diseases 12–16
disruptive selection 206
divergent evolution 209
DNA 129–33, 142–4
DNA helicase 132
DNA hybridisation 199
DNA polymerase 132
DNA viruses 29
Dolly the sheep 134
dominant alleles 106, 109–11
double helix 129–30
double-stranded RNA (dsRNA) 149

ecological niches 81
ecological succession 54–6
ecosystem services 74
ecosystems 54–6
effectors 232
embryos 198–9
endotoxins 8
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enucleated cells 134
epigenetics 184
essential amino acids 148
eternity of life theory 175
ethics 139–40
Ethiopia
 biodiversity 69–72
 biomes 60
 ecological succession 57
 populations 88–90
Ethiopian Wildlife & Natural History 

Society (EWNHS) 70
Ethiopian wolf 258
ethologists 235, 247
eubacteria 178
eukaryotes 178, 180
eukaryotic cells 5–6, 144–5
eusociality 260–1
evolution 171–2, 191–204
 convergent evolution 210
 divergent evolution 209
 evidence for evolution 191–204
 human evolution 213–19
 natural selection 204–8
 polyploidy 208–9
exponential growth 85
extinction (conditioned responses) 

248–9
extracellular digestion 46–7

F1/F2 (�rst/second �lials) 106
�xed action patterns 239, 242–3, 257
Fleming, Alexander 140
food security 72–3
food webs 77
fossils 191–7
frameshifts (DNA) 154
freshwater biomes 61
fruit �ies 119, 257
functional diseases 16
fungi 3–4, 13

gametes 115
gap creationism 173
Gause, G.F. 85
gene cloning 133
gene guns 24
gene pools 66, 188
genes 103–4, 148–50
genetic diseases 16, 119
genetic diversity 66, 69–70
genetic engineering 23–4, 134–7, 

139–40
genetic �ngerprinting 137–8, 140
genetic pedigrees 110–11
genetically modi�ed organisms 134–7
genotypes 104, 107–8
geographic isolation 207
geographical ranges 81
germ theory 12
glo�sh 136
Gram’s stain 7–8

gravitropism 233
grazing climax communities 56–7
guanine 129–30
gypsy moth caterpillars 82–3

habitats 81
habituation 247–8
haemoglobin 200
Haldane, John 177
haploid cells 115, 116–17
Harlow, Harry 235
hermaphrodites 123
herring gulls 238
heterozygous organisms 104, 109–11, 

118
high activity anti-retroviral treatment 

34
histones 103, 128
HIV 32–6, 150
hominids 214–15, 216, 219
hominins 214–15
Homo sapiens 213–14
homologous chromosomes 104, 115
homologous structures 197
homozygous organisms 104, 109–11
human evolution 213–19
human-induced diseases 16
hybrid vigour 120
hydroseres 56
hydrothermalism 181
hyphae 4

imprinting behaviour 188, 242, 243
inbreeding 120
indexes of diversity 64–5
infectious diseases 12–15
inheritance of acquired traits 184–7
innate behaviour 238–43
innate releasing mechanisms 242
insight learning 253
instinctive behaviour 239, 242–3
intelligent design 174
inter-speci�c competition 84–5
intra-speci�c competition 82–4
irritable bowel syndrome 16

Julius Caesar’s last breath 46

key stimuli 242
kineses (singular kinesis) 233
Koch, Robert 12
Kohler, Wolfgang 253

lag phase (population growth) 96
Lamarck, Jean Baptiste 184, 187
latency period 34
latent learning 252–3
law of independent assortment 107, 

112
law of segregation 106
learned behaviour 245–53
legumes 50

lichens 54–5
ligases 23
linkage (genes) 117–20
Lister, Joseph 12
loci, chromosomes 104
log phase (population growth) 96
Lorenz, Konrad 243
lovebirds 242–3
Lucy 215–16

macrophages 33
mangroves 73
marine biomes 61
meiosis 115–17
membranes 5–6
Mendel, Gregor 104–8, 188
messenger RNA (mRNA) 142, 144–7
metaphase (meiosis) 116–17
microorganisms 3–4
 see also bacteria
 industrial uses 19–22
 infectious diseases 12–15
micropropagation 134
Miller, Stanley 177
mini satellites 137
mis sense coding 154
monohybrid crosses 104–9
morality 139–40
Morgan, Thomas 119
mortality 90
motile organisms 4
multifactorial diseases 16
multiple allele inheritance 113–14
mutations 152–8, 200
myalgic encephalopathy (ME) 16
mycelium 4
mychorrhizae 77

natality 90
natural selection 204–8
nitrifying bacteria 17, 48–9
nitrogen cycle 17–18, 48–50
nitrogen-�xing bacteria 17, 48–50
non coding DNA 137
non overlapping code (DNA) 143
nucleotides 128, 129–30
nutrients 45–7

Old Earth creationism 173
Oparin, Aleksandr 177
operant conditioning 250–2
orientation behaviour 238–9
oxygen 181

panspermia theory 175–6
Paramecium organism 85
parasympathetic re�exes 239–40
Pasteur, Louis 12, 175
pathogens 12
Pavlov, Ivan 249
penicillin 140
pentadactyl limbs 198
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peptidoglycan 8
peripheral nervous system 239–40
peripheral sensitisation 248
phenotypes 104, 109–11, 113–14
pheromones 256
phosphorus cycle 50
photo-autotrophs 180–1
photosynthesis 180–1
phototropism 232–3
phylogenetic trees 200–1
pickling 20
pineal gland 240–1
pioneer species 54
plankton 4
plasmids 23–4, 135, 156
point mutations 154
polymerase
 see also RNA polymerase
polymerase chain reactions (PCRs) 

133, 137
polynucleotide strands 129–30
polyploidy 208–9
populations 80–91
 humans 86–91
potassium-argon dating 194–6
predation 82
primary succession 57
progressive creationism 174
prokaryotes 178
prokaryotic cells 5–6, 147–8
prophase (meiosis) 116–17
proteins 147–8
proto-oncogenes 155
protoctista 5
protozoa 3, 13
Punnett squares 107, 112

radiocarbon dating 194–6
rats 252–3
receptors 232
recessive alleles 106, 113–14
recombinant types 119
recycling (nutrients) 45–7
Redi, Francisco 174
redox reactions 48–9
re�ex actions 239–40
reservoirs of infection 14
restriction endonucleases 23
retroviruses 29
rhesus monkeys 235
ribosomes 142, 146
Richter, Hermann 175–6

ritual �ghting 259
RNA 129–30
RNA polymerase 145, 148–9
RNA viruses 29

saprobionts 4
saprobiotic nutrition 46–7
seasonal isolation 207
secondary succession 57
selective breeding 119, 201
sense strand (DNA) 143
sensitisation 248
sensory habituation 247
seres (ecological succession) 54–6
sewage treatment 21–2
sex determination 121–5
sex-in�uenced traits 124
sex-limited traits 124
sex-linked traits 124
short interfering RNA (siRNA) 149–50
sickle cell anaemia 153
Simpson’s index of diversity 64–5
Skinner, B.F. 250–1
Skinner boxes 251
social behaviour 259–63
social diseases 16
somatic nervous system 239–40
somatic re�exes 239–40
special creationism 173–4
speciation 204, 206–8
species 204
species diversity 64–6, 74
species richness 64–70
spirochaetes 7
spontaneous generation 174–5
SRY gene 124
stabilising selection 205–6
Staphylococcus aureus 156
stationary phase (population growth) 

96
steady state theory 176
sticklebacks 242
sticky ends (DNA) 23, 160
stimuli 232–3
strata (rocks) 193, 194
Sturtevant, A.H. 119
substitution point mutations 152–3
succession (ecosystems) 54–6
Suess, Eduard 58
sugar-phosphate backbone 129–30
sulphobacteria 180
sulphur cycle 18–19, 51

supra-chiasmatic nucleus 241
Sutherland, John 179
sympathetic re�exes 239–40
sympatric speciation 207–8

T-helper cells 33
taxes (singular taxis) 233
telophase (meiosis) 116–17
temporal isolation 207
terrestrial biomes 59–60
territorial behaviour 258–9
tetraploid cells 208–9
theistic evolution 174
thymine 129–30
Tolman, Edward 252–3
traits 106
transamination 148
transcription (DNA) 142, 145
transcription factors 148–9
transfer RNA (tRNA) 142, 146
translation (RNA) 142
transmission
 infectious diseases 14–15
 viruses 31
triplets (DNA bases) 142–4
tropical rainforests 65–7
tumour suppressor genes 155

unconditioned responses/stimuli 
248–9

vectors (genes) 23
vinegar 20
virions 27
viruses 4, 13, 26–31

water cycle 52
weak panspermia theory 176
woodland climax communities 55–6
woodlice 233–5

X chromosome 121–5
xeroseres 56

Y chromosome 121–5
yeasts 3
Young Earth creationism 173

zebra �sh 136, 256–7
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