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BIOZONE’s AQA Biology student workbooks have been fully 
revised and written for the new AQA AS and A Level Biology 
specification. Features include clear diagrams and explanations, 
straightforward language, and targeted learning outcomes drawn 
from the specification content. A flexible, innovative resource that 
encourages achievement in students of all abilities.

 • 420+ engaging activities provide ample opportunity for students to 
explore and test their understanding of the specification content.

 • Series structure follows the specification, with a variety of engaging 
contexts providing relevance to today’s learners.

 • New features to enhance student engagement and learning include two 
colour format, targeted learning outcomes, and a succinct key idea per 
activity. 

 • Comprehensive support for mathematical and practical skills requirements, 
including the 12 required practicals.

 • BIOZONE’s unique tab system identifies relevant online resources and 
connections to related concepts across the entire specification.

Features & Benefits

, 
The questions are making my students apply 
what they have learnt in class and I am certain 
that this will have a positive impact on  
their performance in the exams.

Lesley Hawksworth,  
Head of Science, The Samuel Lister Academy
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2015 Editions
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Evaluate student performance 
with Model Answers

Explain Classroom Guide 
provides teaching strategies

Engage students with write-on 
activities directly in the Workbook

Explore extra content with 
comprehensive weblinks

Elaborate on and review ideas 
using the Teacher’s Digital Edition 
with “reveal answers” feature 

Enhance workbook activities with 
Presentation Media - editable PowerPoint 
slides (coming 2016)
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6.1 Stimuli and responses Activity 
number

Learning outcomes

c 1 Using examples, explain why appropriate responses to stimuli enhance survival 
in both plants and animals.

34  35  36

c 2 Describe the role of plant growth factors in tropisms in flowering plants. Describe 
the effect of indoleacetic acid on cell elongation in angiosperm shoots and roots 
as an explanation for their phototropic and gravitropic responses.

37  38  39

c 3 Describe taxes and kineses in animals and explain their adaptive role. 40

c 4  PR-10  Investigate the effect of an environmental variable (e.g. light or humidity) 
on the movement of an animal using a choice chamber or maze. 

41

c 5 Describe the role of reflexes, as exemplified by a three neurone reflex, such as 
the pain withdrawal reflex. 

42

c 6 Describe the properties of receptors with reference to the Pacinian corpuscle. 
Include the basic structure of the Pacinian corpuscle to show how deformation 
leads to production of generator potentials. 

43  44

c 7 Describe the structure of human retina to show how differences in sensitivity to 
light, sensitivity to colour, and visual acuity are achieved.

45  46

c 8  AT Design an experiment to investigate sensory reception in human skin, 
e.g. resolution of touch receptors (the two point threshold).

47

c 9 Describe the myogenic stimulation of the heart, including the role of the 
sinoatrial node (SAN), the atrioventricular node (AVN), and the Purkyne tissue.

48  

c 10 Describe the extrinsic regulation of heart beat, including the role of 
chemoreceptors, pressure receptors, and the autonomic nervous system. 

49  

c 11  AT Investigate the effect of a named variable on human pulse rate. 50

6.2 Nervous coordination Activity 
number

Learning outcomes

c 1 Annotate a diagram to describe the structure of a myelinated motor neurone. 51

c 2 Describe how the resting potential is established in a motor neurone. Explain 
how an action potential is generated and how it is propagated in myelinated and 
non-myelinated axons. Describe the nature and significance of the refractory 
period in producing discrete impulses and limiting the frequency of impulses.

52

c 3 Describe factors affecting the speed of impulse conduction, including 
myelination and saltatory conduction, axon diameter, and temperature.   

51  52

c 4 Describe the structure of a synapse and a neuromuscular junction. Describe 
the transmission of an impulse across a cholinergic synapse and explain 
features of synaptic transmission including unidirectionality, summation, and 
inhibition. Compare impulse transmission across a cholinergic synapse and a 
neuromuscular junction.

53  54

c 5 Use information provided to predict and explain the effects of specific drugs on 
the functioning of a synapse.

55

Responding to the 
Environment

Topic

6
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6.3 Muscles as effectors Activity 
number

Learning outcomes

c 1 Describe the action of antagonistic muscle pairs on an incompressible skeleton. 56

c 2 Describe the gross and microscopic structure of skeletal muscle tissue. 
Describe the ultrastructure of the myofibrils of a muscle fibre (cell), including 
reference to the thick and thin (myo)filaments.

57

c 3  AT Compare the ultrastructure of skeletal muscle tissue in diagrams and 
prepared slides viewed with an optical microscope. 

57

c 4 Describe the roles of actin, myosin, calcium ions, and ATP in contraction of a 
myofibril. Explain actinomyosin cross bridge formation with reference to calcium 
ions and tropomyosin (blocking complex).

58  

c 5 Describe the roles of ATP and phosphocreatine in muscle contraction. 59

c 6 Explain muscle fatigue in terms of fall in pH and decline in ATP supply. 60

c 7  AT Investigate the effect of repeated muscular contraction on muscle fatigue. 61

c 8 Compare and contrast the structure, location, and general properties of slow 
and fast twitch skeletal muscle fibres.

62

6.4 Homeostasis Activity 
number

Learning outcomes

c 1 Define homeostasis and explain the importance of maintaining a stable core 
temperature, stable blood pH, and stable blood glucose concentration.

63    

c 2 Describe the role of negative feedback systems in regulating physiological 
systems, explaining how they operate to maintain a steady state. Giving an 
example, explain how separate mechanisms involving negative feedback can 
control departures in different directions from the steady state.

63  64

c 3 Recognise positive feedback as a mechanism that escalates a physiological 
response. Describe situations involving positive feedback and explain how the 
escalation in response is eventually ended.

65

c 4 Describe the factors that influence blood glucose concentration, including the 
role of insulin and glucose.

67  68

c 5 Describe the role of the liver in carbohydrate metabolism: glycogenolysis, 
glycogenesis, and gluconeogenesis.

69

c 6 Explain the action of insulin and glucagon at the cellular level. 66  69  70

c 7 Explain the role of adrenaline as a signal molecule in the signal transduction 
pathway that results in the conversion of glycogen to glucose. Describe the 
second messenger model of adrenaline and glucagon action, involving adenyl 
cyclate, cyclic AMP, and protein kinase.

71

c 8 Describe the causes and control of types I and II diabetes. 72

c 9 PR-11 Produce a dilution series of a glucose solution and use colorimetric 
techniques to produce a calibration curve to determine the 
concentration of glucose in an unknown urine sample.

73

c 10 Define osmoregulation. Describe the role of the hypothalamus, posterior 
pituitary, and antidiuretic hormone in osmoregulation.

74

c 11 Describe the structure and function of the kidney nephron, including the role of 
the glomerulus, the reabsorption of glucose and water from the initial filtrate, 
the formation of a salt gradient in the medulla by the loop of Henle, and the 
reabsorption of water to form the final filtrate. 

75

EII

•	 Homeostasis	in		
	 Humans

EII
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1. Identify each of the plant tropisms described in (a)-(f) above. State whether the response is positive or negative.

2. Describe the adaptive value of the following tropisms:

 (a) Positive gravitropism in roots:

 (b) Positive phototropism in coleoptiles:

 (c) Positive thigmomorphogenesis in weak stemmed plants:

 (d) Positive chemotropism in pollen grains: 

3. Explain the adaptive value of a tropism:

Tropisms and Growth Responses36
Key Idea: Tropisms are directional growth responses to 
external stimuli. They may be positive (towards a stimulus) or 
negative (away from a stimulus).
Tropisms are plant growth responses to external stimuli, in 
which the stimulus direction determines the direction of the 

growth response. Tropisms are identified according to the 
stimulus involved, e.g. photo- (light), gravi- (gravity), hydro- 
(water), and are identified as positive (towards the stimulus) 
or negative (away from the stimulus). Tropisms act to position 
the plant in the most favourable available environment.

Sweet pea tendrilsRoot mass in a hydroponically 
grown plant

Germinating pollen Thale cress bending to the light

Plant growth responses are adaptive in that they position 
the plant in a suitable growing environment, within the 
limits of the position in which it germinated. The responses 
to stimuli reinforce the appropriate growth behaviour, e.g.  
roots grow towards gravity and away from the light.

K
ris
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n 

P
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(a) .......................................................
A positive growth response to a chemical 
stimulus. Example: Pollen tubes grow 
towards a chemical, possibly calcium ions, 
released by the ovule of the flower.

(d) .........................................................
Growth responses to light, particularly 
directional light. Coleoptiles, young 
stems, and some leaves show a positive 
response.

(b) ........................................................
Stems and coleoptiles (the sheath 
surrounding the young grass shoot), grow 
away from the direction of the Earth's 
gravitational pull. 

(c) .........................................................
Growth response to water. Roots are 
influenced primarily by gravity but will also 
grow towards water. 

(e) .........................................................
Roots respond positively to the Earth's 
gravitational pull, and curve downward 
after emerging through the seed coat.

(f) ..........................................................
Growth responses to touch or pressure. 
Tendrils (modified leaves) have a positive 
coiling response stimulated by touch.

LINK

38
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39
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1. What is the term given to the tropism being displayed in the photo (top right)?  

2. Describe one piece of evidence that demonstrates the transport of auxin is polar:  

3. What is the effect of auxin on cell growth?  

Transport and Effects of Auxin37
Key Idea: Auxin is a plant hormone involved in the differential 
growth responses of plants to environmental stimuli.
Auxins have a central role in a wide range of growth and 
developmental responses in vascular plants. Indole-acetic 
acid (IAA) is the most potent native auxin in intact plants. The 

response of a plant tissue to IAA depends on the tissue itself, 
the concentration of the hormone, the timing of its release, 
and the presence of other phytohormones. Gradients in auxin 
concentration during growth prompt differential responses in 
specific tissues and contribute to directional growth.

Donor agar block 
containing auxin

Section 
removed

Shoot tip

3. If two donor blocks of 
different concentration 
are used, the higher 
at the bottom, 
transport down the 
stem still takes place.

2. If the stem is 
inverted auxin 
transport does 
not take place.

1. Auxin moves 
from donor 
block to 
receiver down 
the stem.

Under dark conditions auxin moves evenly down the stem. It is 
transported cell to cell by diffusion and transport proteins (above right). 
Outside the cell auxin is a non-ionised molecule (AH) which can diffuse 
into the cell. Inside the cell the pH of the cytoplasm causes auxin to 
ionise, becoming A- and H+. Transport proteins at the basal end of the cell 
then transport A- out of the cell where it requires an H+ ion and reforms 
AH. In this way auxin is transported in one direction through the plant.

When plant cells are illuminated by light from one direction transport 
proteins in the plasma membrane on the shaded side of the cell are 
activated and auxin is transported to the shaded side of the plant.

Auxin is produced in the shoot tip and 
is responsible for apical dominance by 
suppressing growth of the lateral (side) buds.

Auxin movement through the 
plant is polar. It moves from 
the shoot tip down the plant.

Light is an important growth requirement for all plants. Most plants show an adaptive 
response of growing towards the light. This growth response is called phototropism. A 
tropism is a plant growth response to external stimuli in which the stimulus direction 
determines the direction of the growth response. 

Tropisms are identified according to the stimulus involved, e.g. photo- (light) and  
gravi- (gravity), and may be positive or negative depending on whether the plant 
moves towards or away from the stimulus respectively. The bending of the plants 
shown on the right is a phototropism in response to light shining from the left and 
caused by the plant hormone auxin. Auxin causes the elongation of cells on the 
shaded side of the stem, causing it to bend.

Hydrogen ion (H+)

Non-ionised auxin (AH)

Ionised auxin (A-)

Diffusion

Activie transport

Cell wall

Plasma 
membrane

Transport 
protein
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Key Idea: Taxes and kineses are innate locomotory behaviours 
involving movements in response to external stimuli, e.g. 
gravity, light, chemicals, water, touch, or temperature. 
A kinesis (pl. kineses) is a non-directional response to a 
stimulus in which the speed of movement or the rate of 
turning is proportional to the stimulus intensity. Kineses 
do not involve orientation directly to the stimulus and are 
typical of many invertebrates and protozoa. Taxes (sing. 
taxis) involve orientation and movement in response to 
a directional stimulus or a gradient in stimulus intensity. 

Taxes often involve moving the head until the sensory input 
from both sides is equal (klinotaxis). Many taxes involve 
a simultaneous response to more than one stimulus, e.g. 
fish orientate dorsal side up in response to both light and 
gravity. Orientation responses are always classed according 
to whether they are towards the stimulus (positive) or 
away from it (negative). Simple orientation responses are 
innate (genetically programmed). More complex orientation 
responses may involve learning (the behaviour may be 
modified based on experience).

1. Distinguish between a kinesis and a taxis, describing examples to illustrate your answer:

2. Describe the adaptive value of simple orientation behaviours such as kineses:

3. Name the physical stimulus for each of the following prefixes used in naming orientation responses:

 (a) Gravi- (b) Hydro- (c) Thigmo-

 (d) Photo- (e) Chemo- (f) Thermo-

4. For each of the above examples (A-F), describe the orientation response and whether it is positive or negative:

 (a) A: (d) D:

 (b) B: (e) E:

 (c) C: (f) F:

When confronted with a vertical surface, 
snails will reorientate themselves so that 
they climb vertically upwards. The adaptive 
advantage of this may be to help the snail 
find food or shelter, or to avoid overly wet 
surfaces.

Spiny lobsters will back into tight crevices 
so that their body is touching the crevice 
sides. The antennae may be extended out. 
Behaving in such a way gives the lobsters 
greater protection from predators.

A flying male moth, encountering an odour 
(pheromone) trail left by a female, will turn 
and fly upwind until it reaches the female. 
This behaviour increases the chances of 
the male moth mating and passing on its 
genes to the next generation.

At close range, mosquitoes use the 
temperature gradient generated by the 
body heat of a host to locate exposed flesh. 
This allows the female to find the blood 
needed for the development of eggs.

In a circular chamber, lice make relatively 
few turns at their preferred temperature of 
30°C, but many random turns at 35°C.  This 
response enables the lice to increase their 
chances of finding favourable conditions 
and remaining in them once found.

Blowfly maggots will turn and move rapidly 
away from a directional light source. Light 
usually indicates hot dry areas and the 
maggots avoid predators and desiccation 
(drying out) by avoiding the light.

A

D

B

E

C

F Directional sunlight

Human 
body louse

Female moth

Male moth

35°C 30°C

Taxes and Kineses40
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5. Use the data on woodlice above to answer the following questions:

 (a) At which relative humidities do the following occur:
 
  i.  Largest number of turnings per hour:

  ii.  Highest speed of movement:

  iii.  Largest percentage of time at rest:

 (b) Explain the significance of these movements:

 (c) What is the preferred range of relative humidity for the woodlice?

6. The diagrams on the right show the movement of nematodes on plates where a 
salt (NH4Cl) was added (A) and on a plate where no NH4Cl was added (B).

 (a) Describe the movements of the nematodes in plates A and B:

 (b) Name the orientation behaviour shown in plate A:

 (c) Describe an advantage of this kind of behaviour to nematodes:

Relative humidity

Number of turnings

Speed

% of time at rest

Investigation of kinesis in woodlice
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Woodlice are commonly found living in damp conditions 
under logs or bark. Many of the behavioural responses 
of woodlice are concerned with retaining moisture. Unlike 
most other terrestrial arthropods, they lack a waterproof 
cuticle, so water can diffuse through the exoskeleton, 
making them vulnerable to drying out. When exposed 
to low humidity, or high temperature or high light levels, 
woodlice show a kinesis response to return them to their 
preferred, high humidity environment.

Kinesis in woodlice

From Allott 2001

S
. W

ard,  M
edical R

esearch C
ouncil 1973

Drop of 
NH4Cl 
added

Nematodes 
added

Nematodes 
added

B

A
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1. Explain why higher reasoning or conscious thought are not necessary or desirable features of reflex behaviours:

2. Distinguish between a spinal reflex and a cranial reflex and give an example of each:

3. (a) Distinguish between a monosynaptic and a polysynaptic reflex arc and give an example of each:

 (b) Given similar length sensory and motor pathways, identify which would produce the most rapid response and why:

4. With reference to specific examples, describe the adaptive value of reflexes:

Key idea: A reflex is an automatic response to a stimulus and 
involves only a few neurones and a central processing point.
A reflex is an automatic response to a stimulus and is 
controlled by a neural pathway called a reflex arc. A reflex arc 
involves a small number of neurones and a central nervous 
system processing point, which is usually the spinal cord, but 

sometimes the brain stem. Reflexes are classified according 
to the number of CNS synapses involved. Monosynaptic 
reflexes involve only one CNS synapse (e.g. knee jerk 
reflex), whereas polysynaptic reflexes involve two or more 
(e.g. pain withdrawal reflex). Both are spinal reflexes. The 
pupil reflex and the corneal (blink) reflex are cranial reflexes.

Normal newborns exhibit a number 
of primitive reflexes in response to 
particular stimuli. These include the 
grasp reflex (above) and the startle 
reflex (right) in which a sudden 
noise will cause the infant to extend 
its arms, legs, and head, and cry. 

The corneal (blink) reflex is a rapid 
involuntary blinking of both eyelids 
occurring when the cornea is 
stimulated, e.g. by touching. It is 
mediated by the brainstem and can 
be used to evaluate coma.

The pupillary light reflex refers to 
the rapid expansion or contraction 
of the pupils in response to the 
intensity of light falling on the retina. 
It is a polysynaptic cranial reflex and 
can be used to test for brain death.

The patellar (knee jerk) reflex is 
a simple deep tendon reflex that 
is used to test the function of the 
femoral nerve and spinal cord 
segments L2-L4. It helps to maintain 
posture and balance when walking.

Stimulus = pin prick

Spinal cord

Sensory message is interpreted
through a relay neurone. In a
monosynaptic reflex arc, the
sensory neurone synapses
directly with the motor neurone.

Sensory
neurone

The impulse reaches the
motor end plate and
causes muscle contraction.Response = withdraw finger

Motor neurone

Pain withdrawal: A polysynaptic reflex arc

Impulse
direction

Pain receptors in the
skin detect stimulus

Reflexes42

Pain withdrawal: A polysynaptic reflex arc
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The Extrinsic Control of Heart Rate
Key idea: The heart's basic rhythm is regulated via the 
cardiovascular control centre in response to hormones and 
input from sympathetic and parasympathetic nerves.
The pacemaker sets the basic rhythm of the heart, but 
this rate is influenced by the cardiovascular control centre, 

primarily in response to sensory information from pressure 
receptors in the walls of the blood vessels entering and 
leaving the heart. The main trigger for changing the basic rate 
of heart beat is change in blood pressure. The responses are 
mediated though simple reflexes. 

1. Explain how each of the following extrinsic factors influences the basic intrinsic rhythm of the heart:

 (a) Increased venous return:
 
 (b) Release of adrenaline in anticipation of an event:

 (c) Increase in blood CO2:

2. How do these extrinsic factors bring about their effects?

3. What type of activity might cause increased venous return?

4. (a) Identify the nerve that brings about increased heart rate:

 (b) Identify the nerve that brings about decreased heart rate:

5. Account for the different responses to stretch in the vena cava and the aorta: 

The cardiovascular control centre in the medulla 
regulates the rate and force of heart contraction.
It has two regions:
	The accelerator centre increases rate and force 

of contraction. It responds directly to adrenaline 
and noradrenaline and to low pH. Its output to the 
sinoatrial node (SAN) increases heart rate. 

	The inhibitory centre decreases heart rate and 
force of contraction.

Changing the rate and force of heart contraction is 
the main mechanism for controlling cardiac output in 
order to meet changing demands.

Higher brain centres influence the 
cardiovascular centre, e.g. excitement 
or anticipation of an event.

Sympathetic output to heart via 
cardiac nerve increases heart rate. 
Sympathetic output predominates 
during exercise or stress.

Parasympathetic output to heart via 
vagus nerve decreases heart rate. 
Parasympathetic (vagal) output 
predominates during rest.

Extrinsic input to SAN

 

The intrinsic rhythm of the heart is 
influenced by the cardiovascular 
centre, which receives input from 
sensory neurones and hormones.

Influences on heart rate

Increase Decrease

Increased physical activity Decreased physical activity

Decrease in blood pressure Increase in blood pressure

Secretion of adrenaline or 
noradrenaline

Re-uptake and metabolism of 
adrenaline or noradrenaline

Increase in H+ or CO2 
concentrations in blood

Decrease in H+ or CO2 
concentrations in blood

or

Cardiovascular control

Decrease in rate

Increase in rate

Baroreceptors in aorta, carotid 
arteries, and vena cava give feedback to 
cardiovascular centre on blood pressure. 
Blood pressure is directly related to the 
pumping action of the heart. 

Opposing actions 
keep blood pressure 
within narrow limits

Reflex responses to changes in blood pressure

Reflex Receptor Stimulus Response

Bainbridge 
reflex

Pressure receptors in 
vena cava and atrium 

 Stretch caused by 
increased venous return

Increase 
heart rate

Carotid 
reflex

Pressure receptors in 
the carotid arteries

Stretch caused by 
increased arterial flow

Decrease 
heart rate

Aortic 
reflex

Pressure receptors in 
the aorta

Stretch caused by 
increased arterial flow

Decrease 
heart rate
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