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BIOZONE’s OCR Biology student workbooks have been fully 
revised and written for the new OCR Level 3 AS and A-Level 
GCE in Biology. A flexible, innovative resource that scaffolds 
learning and encourages achievement in students of all abilities.

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

 • Easy to follow modular structure follows the specification, with a wealth 
of illustrative examples to support the required content.

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

 • Mathematical and practical skills requirements, including the  
12 Practical Activity Groups, are well supported.

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

Features & Benefits

We find these books extremely useful... for 
reinforcing what we have covered in lessons 
and is often set for homework. Pupils  
find it useful for revision.

Philippa Crick, The Dixie Grammar School

❝
❞

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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Plant responses Activity 
number

Learning outcomes

c 1 Describe the range of plant responses to abiotic and biotic factors, including 
chemical defences and nastic responses (e.g. leaf folding in Mimosa pudica).

47  48  49  

c 2 Describe and explain tropisms, including phototropism and gravitropism, and 
their roles in plant growth and orientation.

48

c 3 Describe the experimental evidence for the proposed role of auxins in tropisms. 50-53

c 4 PAG11  Investigate a tropic response in a named plant. 53

c 5 Explain the role of plant hormones in regulating the adaptive responses and life 
cycle activities of plants, e.g. leaf loss, seed germination, and stomatal closure.

54

c 6 Describe and explain the experimental evidence for the role of auxins in 
regulating apical dominance

52  53

c 7 Describe and explain the experimental evidence for the role of gibberellins in 
controlling stem elongation and seed germination.

55

c 8  PAG12  Investigate the effect of a named plant hormone on plant growth. 56

c 9 Describe the commercial use of plant hormones to control ripening in fruit, 
promote root development, and kill weeds. 

57

The mammalian nervous system Activity 
number

Learning outcomes

c 1 Describe the structural and functional organisation of the mammalian nervous 
system, with reference to the central nervous system (CNS) and peripheral 
nervous system (PNS) and the somatic and autonomic divisions of the PNS.

58

c 2 Describe the gross structure of the human brain and the functions of its main 
regions (cerebrum, cerebellum, hypothalamus, medulla oblongata, pituitary gland).

59

c 3 Describe the structure of a simple monosynaptic reflex arc and its adaptive 
value, e.g. the corneal (blink) reflex or the patellar tendon (knee jerk) reflex. 

60

c 4 Explain how the nervous and endocrine systems coordinate responses to 
environmental stimuli, e.g. the fight or flight response in animals. Explain how 
hormones act as signal molecules in signal transduction pathways.

61  63

c 5 Explain the nervous and hormonal regulation of heart rate. 62  63

c 6  PAG11  Monitor physiological functions, such as pulse rate or muscle fatigue, in 
response to exercise. Compare the mean responses of two populations 
using Student's t test or by comparing standard deviations.

64  65

c 7 Describe the structure of mammalian muscle, including the differences between 
cardiac, skeletal, and smooth (involuntary) muscle.

66

c 8 Describe the mechanism of muscular contraction, including the details of events 
at the neuromuscular junction, the sliding filament model of muscle contraction, 
the role of ATP, and the maintenance of ATP supply by creatine phosphate.

67-71

c 9 Identify features of skeletal muscle in stained sections or photomicrographs. 68
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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 Responses48
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

tia
n 

P
et
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s

(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.
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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 Auxin53
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.

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.

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.

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.

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.

Hydrogen ion (H+)

Non-ionised auxin (AH)

Ionised auxin (A-)

Diffusion

Activie transport

Cell wall

Plasma 
membrane

Transport 
protein
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The Mammalian Nervous System57
Key idea: The nervous system is the body’s control and 
communication centre. Its roles are to detect stimuli, interpret 

them, and coordinate appropriate responses. These roles are 
performed by the central and peripheral nervous systems.

1. Identify and briefly describe the three main functions of the nervous system:

 (a)

 (b) 
 
 (c) 

2. In the human nervous system, briefly explain the structure and role of each of the following:

 (a) The central nervous system:

 

 (b) The peripheral nervous system:

3. Explain the significance of the separation of the motor division of the PNS into somatic and autonomic divisions:

Motor division
Motor nerves carry impulses from 
the CNS to effectors: muscles 
(left) and glands. The motor 
division comprises two parts: 

Somatic nervous system: the 
neurons that carry impulses to 
voluntary (skeletal) muscles (C).

Autonomic nervous system: 
regulates visceral functions 
over which there is generally no 
conscious control, e.g. heart rate, 
gut peristalsis involving smooth 
muscle (D), pupil reflex, and 
sweating.

R
C

N
R

C
N

The peripheral nervous system (PNS)
The PNS comprises sensory and motor divisions. 
Peripheral nerves all enter or leave the CNS, either from 
the spinal cord (the spinal nerves) or the brain (cranial 
nerves). They can be sensory (from sensory receptors), 
motor (running to a muscle or gland), or mixed (containing 
sensory and motor neurons). Cranial nerves are numbered 
in roman numerals, I-XII. They include the vagus (X), a 
mixed nerve with an important role in regulating bodily 
functions, including heart rate and digestion.

A

B

C

D

The human nervous system 
The central nervous system (CNS) 
comprises the brain and spinal cord. The 
spinal cord is a cylinder of nervous tissue 
extending from the base of the brain down 
the back, protected by the spinal column. 
It transmits messages to and from the 
brain, and controls spinal reflexes.

The peripheral nervous system, or PNS, 
comprises all the nerves and sensory 
receptors outside the CNS.

Below: cross sections through the spinal 
cord to show entry and exit of neurons.

The spinal cord has an H shaped central area 
of gray matter, comprising nerve cell bodies, 
dendrites, and synapses around a central 
canal filled with cerebrospinal fluid. The area of 
white matter contains the nerve fibres.

Sensory neurones 
enter the spinal cord 
by the dorsal root.

Motor neurones leave 
the spinal cord by the 
ventral root.

White matter  
(myelinated nerves)

Gray matter

Brain

Spinal cord

Peripheral nerves

LINK

58
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57
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Sensory division
Sensory nerves arise from 
sensory receptors (left) and 
carry messages to the central 
nervous system for processing.

The sensory system keeps 
the central nervous system 
aware of the external and 
internal environments. This 
division includes the familiar 
sense organs such as eyes 
(A), ears (B), and taste buds 
as well as internal receptors 
that monitor internal state (e.g. 
thirst, hunger, body position, 
movement, pain). 
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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 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 = impact causing stretch

Response = abrupt leg movement

Sudden stretching of the 
patellar tendon is detected 
by a sensory receptor in 
the muscle called the 
muscle spindle.

In a monosynaptic reflex 
arc, the sensory neurone 
synapses directly with the 
motor neurone.

The impulse reaches the 
motor end plate and 
causes muscle contraction.

Sensory 
neurone 

Motor neurone 

Spinal cord 

Impulse 
direction

Knee-jerk reflex: A monosynaptic reflex arc

Reflexes59

The knee-jerk reflex
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Nerves and Hormones Regulate Heart Rate62
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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: 

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.

Opposing actions 
keep blood pressure 
within narrow limits

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

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

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. 

Cardiovascular centre responds directly to 
noradrenaline and to low pH (high CO2). It sends 
output to the sinoatrial node (SAN) to increase heart 
rate. Changing the rate and force of heart contraction 
is the main mechanism for controlling cardiac output 
in order to meet changing demands.



© 2008-2015 BIOZONE International
 DRAFT VERSION 1
 ISBN: 978-1-927309-14-8 
 Photocopying Permitted for classroom trial KNOW 

85

Fight or Flight63
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Key idea: An increase in cardiac output is central to the 'fight 
or flight' response, which prepares the body for exertion and 
is mediated through nerves and hormones.
The heart's intrinsic rate of beating is influenced by higher 
brain function and by the cardiovascular control centre in 
the medulla in response to sensory information. Potential 

threats act as stimuli to trigger the 'fight or flight' response, a 
physiological reaction that involves an increase in heart and 
breathing rates and is mediated by both adrenal hormones 
and the sympathetic nervous system. The physiological 
changes associated with 'fight or flight' prepare the body to 
meet the increased oxygen demands of exertion.

1. (a) Describe the effect of sympathetic nervous system stimulation of the heart:

 (b) Identify the hormones involved in this response:

2. Explain the adaptive value of an elevated heart rate during the 'flight or fight' response:

3. Explain the role of noradrenaline as both a neurotransmitter and a hormone in the regulation of heart rate:

4. (a) What happens to the body's 'high alert' system when the stress is removed?

 (b) Predict the consequences of continued stress without any resolution:

Stress hormones and heart rate

The body releases 
hormones in response to 
stressors. This is called 
the "fight or flight" 
response and it puts the 
body on high alert and 
ready to respond quickly. 
An important part of the 
fight or flight response is 
acceleration in heart rate. 

The adrenal medulla is considered 
to be a modified sympathetic 
ganglion. Not surprisingly, the 
hormones it secretes are the same 
as or similar to post-ganglionic 
sympathetic neurotransmitters.

Cardiac output increases, 
pumping more blood to 
supply muscles for the 
work they may have to do 
in responding to the stress 
(fighting or running away).

Noradrenaline 
stimulates the 
adrenal medulla 
to secrete 
adrenaline and 
noradrenaline.

Adrenaline and 
noradrenaline in 
the blood both act 
to increase the 
rate and force of 
heart contraction. 

A stress stimulus 
is perceived by the 
brain. The activity 
of the sympathetic 
nervous system 
increases. 

Sympathetic 
nerves supplying 
the adrenal 
medulla release 
noradrenaline from 
axon terminals. 

Release of 
noradrenaline 
from the cardiac 
nerve also has 
a direct effect 
on the heart.

Noradrenaline

Noradrenaline

Adrenaline
STRESS
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1. Match the following chemicals with their functional role in muscle movement (draw a line between matching pairs):

	 (a)	Myosin	 •	Bind	to	the	actin	molecule	in	a	way	that	prevents	myosin	head	from	forming	a	cross	bridge

	 (b)	Actin	 •	Supplies	energy	for	the	flexing	of	the	myosin	‘head’	(power	stroke)

	 (c)	Calcium	ions	 •	Has	a	moveable	head	that	provides	a	power	stroke	when	activated

	 (d)	Troponin-tropomyosin	 •	Two	protein	molecules	twisted	in	a	helix	shape	that	form	the	thin	filament	of	a	myofibril

	 (e)	ATP	 •	Bind	to	the	blocking	molecules,	causing	them	to	move	and	expose	the	myosin	binding	site

2. (a) Identify the two things necessary for cross bridge formation:  

 (b) Explain where each of these comes from:  

3. Why are there abundant mitochondria in a muscle fibre? 

The Sliding Filament Theory

2

Thin
filament

Thick
filament

Ca2+ Ca2+ Ca2+ Ca2+

Blocking complex of protein molecules: troponin and tropomyosin

Thin
filament

Two actin molecules are 
twisted together as a double 
helix (shown symbolically as 
a blue bar)

Calcium ions (released into the 
sarcoplasm from the sarcoplasmic 
reticulum) cause the blocking 
molecules to move, exposing the 
myosin-binding site.

Myosin-binding 
site unbound

Myosin molecule 
consists of a long tail 
and a ‘moveable’ head

Thin
filament

Thick
filament

Ca2+ Ca2+ Ca2+ Ca2+

Thin filament moves as the 
heads of the myosin molecules 
return to their low energy state

Myosin head 
attachment

ADP + P

69
Key idea: The sliding filament theory describes how muscle 
contraction occurs when the thick and thin myofibrils of a 
muscle fibre slide past one another. Calcium ions and ATP 
are required.
The structure and arrangement of the thick and thin filaments 
in a muscle fibre make it possible for them to slide past each 
other and cause shortening (contraction) of the muscle. The 
ends of the thick myosin filaments have cross bridges that 
can link to adjacent thin actin filaments. When the cross 

bridges of the thick filaments connect to the thin filaments, 
a shape change moves one filament past the other. Two 
things are necessary for cross bridge formation: calcium 
ions, which are released from the sarcoplasmic reticulum 
when the muscle receives an action potential, and ATP, which 
is present in the muscle fibre and is hydrolysed by ATPase 
enzymes on the myosin. When cross bridges attach and 
detach in sarcomeres throughout the muscle cell, the cell 
shortens.  

The sliding filament theory
Muscle contraction requires calcium ions (Ca2+) and 
energy (in the form of ATP) in order for the thick and 
thin filaments to slide past each other. The steps are:

1. The binding sites on the actin molecule (to 
which	myosin	‘heads’	will	locate)	are	blocked	by	a	
complex of two protein molecules: tropomyosin 
and troponin.

2. Prior to muscle contraction, ATP binds to the heads 
of the myosin molecules, priming them in an erect 
high energy state. Arrival of an action potential 
is transmitted along the T tubules and causes a 
release of Ca2+ from the sarcoplasmic reticulum 
into the sarcoplasm. The Ca2+ binds to the troponin 
and causes the blocking complex to move so that 
the myosin binding sites on the actin filament 
become exposed.

3. The heads of the cross-bridging myosin molecules 
attach to the binding sites on the actin filament. 
Release of energy from the hydrolysis of ATP 
accompanies the cross bridge formation.

4. The energy released from ATP hydrolysis causes 
a change in shape of the myosin cross bridge, 
resulting in a bending action (the power stroke). 
This causes the actin filaments to slide past 
the myosin filaments towards the centre of the 
sarcomere.

5. (Not illustrated). Fresh ATP attaches to the myosin 
molecules, releasing them from the binding sites 
and repriming them for a repeat movement. They 
become attached further along the actin chain as 
long as ATP and Ca2+ are available.
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content, including 
clear explanatory 
diagrams, appeals to 
today’s learning styles.

SIGNIFICANT BENEFITS
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