
Clock it with SCI

IB Diploma Biology · Topic C3 Organisms (Interaction and interdependence)

Integration of body systems
Revision notes · IB Biology C3.1: system integration, nerves and hormones, the brain and spinal cord,

reflex arcs, feedback control and (HL) plant phytohormones.

For IB Diploma Biology, Standard Level and Higher Level (first assessment 2025). HL only  is additional higher level content, for HL

students only.

Integration of body systems Spec C3.1

System integration and the hierarchy of subsystems Spec C3.1.1, C3.1.2, C3.1.3

System integration  is a necessary process in living systems. Coordination is needed for the component

parts of a system to collectively perform an overall function. Without it, organs would work

independently and the organism could not respond to its environment as a whole.

A hierarchy of subsystems

A multicellular organism is built as a hierarchy of subsystems: cells form tissues, tissues form organs,

and organs form body systems. Each level is integrated with the others. Integration gives emergent

properties : abilities of the whole organism that no single part has on its own.

A cheetah becomes an effective predator by integration of its body systems. Its eyes detect prey, the

brain processes the information and plans the chase, motor neurons stimulate skeletal muscles to

contract in sequence, the skeleton provides levers, and the heart, lungs and blood supply oxygen and

glucose to the muscles. No single organ can hunt; the whole integrated organism can.

How organs are integrated in animals

Nervous and endocrine signalling compared

Feature Nervous system Endocrine system

Signal Electrical impulses along neurons, chemical

(neurotransmitter) across synapses

Hormones secreted by glands into the blood

Route Along neurons to specific cells Carried by the blood to all parts of the body;

only target cells with receptors respond

Speed Very fast (milliseconds) Slower (seconds to hours)

Duration of

effect

Usually short Usually longer lasting

Example Withdrawal of the hand from a painful stimulus Epinephrine preparing the body for vigorous

activity

The blood system integrates organs by transporting materials and energy  between them. For example,

glucose absorbed in the small intestine is carried to the liver and to muscles; oxygen from the lungs is

carried to every respiring tissue; urea from the liver is carried to the kidneys; heat from active muscles is

distributed around the body. The blood also carries hormones from endocrine glands to their target

organs.
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Exam tip: When asked to distinguish nervous and hormonal signalling, give paired points (nerve impulses
vs hormones in blood; fast vs slow; short-lived vs long-lasting; specific route vs reaches all cells).

The brain, spinal cord, neurons and nerves Spec C3.1.4, C3.1.5, C3.1.6, C3.1.7, C3.1.8

The brain as the central integration organ

The brain receives impulses from many receptors at once, for example the eyes, ears and skin. It

processes information combined from several inputs , compares it with stored information, and decides

on a response. The brain is also the organ of learning and memory: experiences cause lasting changes

in the connections between neurons, so information can be stored and recalled to modify later

behaviour.

The spinal cord and unconscious processes

The spinal cord is an integrating centre for unconscious processes , such as reflexes. Conscious

processes are those we are aware of and can control voluntarily, such as deciding to pick up a cup;

they are coordinated by the cerebral hemispheres. Unconscious processes happen without awareness

or deliberate decision, such as withdrawing a hand from a sharp object; they can be coordinated by the

spinal cord without involving the brain.

In a transverse section of the spinal cord, the central grey matter contains cell bodies of neurons,

interneurons and synapses; the outer white matter contains myelinated nerve fibres that carry

impulses up and down the cord.

Sensory and motor neurons

Sensory neurons convey messages from receptor cells to the central nervous system (CNS): input to

the spinal cord and to the cerebral hemispheres.

Motor neurons carry output from the cerebral hemispheres (and the spinal cord) to muscles, which

are stimulated to contract.

Nerves

A nerve  is a bundle of nerve fibres (axons) of both sensory and motor neurons, surrounded by a

protective sheath of connective tissue. A transverse section of a nerve shows many fibres; some are

myelinated (surrounded by a myelin sheath, which speeds conduction) and some are unmyelinated.

Blood vessels supply the fibres.
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The cerebral cortex  (outer layer of the cerebral hemispheres) integrates conscious processes, the cerebellum  coordinates

movement and the medulla  controls heart rate and ventilation.
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Transverse section of a nerve: a nerve contains fibres of both sensory and motor neurons , some myelinated and some

unmyelinated, inside a protective sheath.
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Pain reflex arcs and the cerebellum Spec C3.1.9, C3.1.10

A reflex  is a rapid, involuntary response to a stimulus. The pain reflex arc is an example of an

involuntary response with skeletal muscle as the effector. Because the spinal cord, not the brain,

processes the signal, the response is fast and does not need a conscious decision.

1. A sharp object pricks the hand. A free sensory nerve ending  of a sensory neuron acts as the pain

receptor and generates nerve impulses.

2. The sensory neuron carries impulses to the spinal cord, entering through the dorsal root.

3. In the grey matter of the spinal cord, the sensory neuron synapses with a single interneuron .

4. The interneuron synapses with a motor neuron, which carries impulses out of the spinal cord through

the ventral root.

5. The motor neuron stimulates a skeletal muscle (for example the biceps) to contract, pulling the hand

away.

Other interneurons also pass impulses up the spinal cord to the brain, so the pain is felt consciously, but

only after the withdrawal has already begun.
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The pain reflex arc: sensory neuron → interneuron  in the grey matter → motor neuron → skeletal muscle. Arrows show the

direction of the impulse.

The cerebellum

The cerebellum , at the back of the brain below the cerebral hemispheres, coordinates skeletal muscle

contraction and balance. It receives information about body position from muscles, joints, the inner ear

and the eyes, and adjusts the timing and strength of muscle contractions so that movements are smooth

and accurate and posture is maintained. It is important in learned motor skills such as walking, riding a

bicycle or writing.
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Common mistake: The cerebellum does not start voluntary movements; the cerebral hemispheres do. The
cerebellum coordinates them and keeps the body balanced.

Melatonin, epinephrine and control by the hypothalamus and pituitary
Spec C3.1.11, C3.1.12, C3.1.13

Melatonin and circadian rhythms

Circadian rhythms are cycles in body activity that repeat about every 24 hours. Melatonin  is secreted

by the pineal gland in the brain with a diurnal pattern: secretion increases in the evening as it gets dark,

stays high during the night and falls to a low level in the morning. Light detected by the retina is signalled

to the hypothalamus, which inhibits melatonin secretion during the day.

High melatonin levels promote sleepiness and a fall in body temperature; low levels in the morning allow

waking. In this way melatonin modulates sleep patterns and helps to establish a cycle of sleeping and

waking. Shifting the light–dark cycle, as in jet lag or night-shift work, disrupts this pattern.
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Melatonin secretion over two days (illustrative): the pineal gland secretes melatonin in darkness ; light inhibits secretion.

Epinephrine (adrenaline)

Epinephrine  is secreted by the adrenal glands to prepare the body for vigorous activity, for example in

response to danger or before a race. It has widespread effects, which together supply skeletal muscles

with the oxygen and glucose they need for intense contraction:

heart rate and stroke volume increase, so more blood is pumped per minute

arterioles to skeletal muscles dilate; arterioles to the gut and skin constrict, diverting blood to the

muscles

airways (bronchioles) widen and ventilation rate increases, so more oxygen is absorbed

glycogen in the liver is broken down to glucose, raising blood glucose concentration

pupils dilate and mental alertness increases
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The hypothalamus and pituitary gland

The endocrine system is controlled by the hypothalamus and pituitary gland . The hypothalamus, at the

base of the brain, links the nervous and endocrine systems: it receives information from the nervous

system and from the blood, and responds by sending signals (releasing hormones and nerve impulses)

to the pituitary gland. The pituitary gland, below the hypothalamus, then secretes hormones that travel

in the blood and regulate other endocrine glands and organs, for example thyroid-stimulating hormone

(TSH), FSH and LH, growth hormone and ADH.

Exam tip: You only need a general understanding of hypothalamus–pituitary control. Differences between
the anterior and posterior pituitary are not required.

Feedback control of heart rate and ventilation rate Spec C3.1.14, C3.1.15

Receptors and their location

Sensory input for heart rate and ventilation control

Receptor What it monitors Location

Baroreceptors Blood pressure (stretch of the artery

wall)

Walls of the aorta (aortic arch) and the

carotid arteries (carotid sinus)

Peripheral

chemoreceptors

Blood pH and concentrations of oxygen

and carbon dioxide

Aortic bodies and carotid bodies

Central

chemoreceptors

pH (and so carbon dioxide

concentration)

Brainstem (medulla)

Control of heart rate

The medulla  (in the brainstem) coordinates the response. It sends nerve impulses to the heart through

two nerves: impulses along a sympathetic nerve increase heart rate and the force of contraction

(stroke volume); impulses along the vagus nerve (parasympathetic) decrease heart rate. Both act on the

pacemaker (sinoatrial node); sympathetic impulses also act on the ventricle walls to increase the force

of contraction.

1. During exercise, muscles respire faster, so blood carbon dioxide rises and pH falls; blood oxygen

may fall.

2. Chemoreceptors detect the change and send impulses to the medulla.

3. The medulla sends more impulses along the sympathetic nerve to the heart: heart rate and stroke

volume increase.

4. More blood flows to the lungs and muscles, removing carbon dioxide and supplying oxygen, so pH

returns towards normal.

5. If blood pressure rises too high, baroreceptors are stretched more and send more impulses to the

medulla, which sends impulses along the vagus nerve to slow the heart: negative feedback .

Control of ventilation rate

Blood pH changes mainly because of carbon dioxide. Carbon dioxide reacts with water to form carbonic

acid, which dissociates into hydrogen ions and hydrogencarbonate ions: CO₂ + H₂O → H₂CO₃ → H⁺ +
HCO₃⁻. So when respiration increases, more CO₂ enters the blood and blood pH falls . Lactic acid from

anaerobic respiration in muscles can lower pH further.

Chemoreceptors in the brainstem detect the fall in pH and the medulla sends more nerve impulses to

the diaphragm and intercostal muscles. These contract more often and more strongly, so the
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ventilation rate and depth increase. More CO₂ is exhaled, blood pH rises back towards normal, and the

stimulus is reduced: negative feedback.

stimulus
change in blood pressure, or
fall in blood pH (rise in CO₂)

receptors
baroreceptors in the aortic arch

and carotid arteries; chemoreceptors
in the aortic and carotid bodies

and the brainstem

coordinator
medulla (in the brainstem)

effectors
heart (via sympathetic and vagus

nerves); diaphragm and
intercostal muscles

response
change in heart rate, stroke
volume and ventilation rate

return to normal
blood pressure and pH return

towards normal

nerve impulses

nerve impulses

negative feedback

(opens full size in a new tab)

Control of heart rate and ventilation rate by negative feedback : the response removes the stimulus.

Common mistake: Ventilation rate is mainly driven by a rise in CO₂ (fall in pH), not by a fall in O₂.
Write 'chemoreceptors detect a fall in blood pH' rather than 'the body detects a lack of oxygen'.

Maths skill: Exercise data often ask for a percentage change: (new value − original value) ÷ original
value × 100. A heart rate rising from 70 to 140 beats per minute is a 100% increase.

Control of peristalsis by the CNS and enteric nervous system Spec C3.1.16

Peristalsis is the coordinated contraction and relaxation of circular and longitudinal smooth muscle in

the wall of the gut. Contraction of circular muscle behind the food squeezes it forward; the wave of

contraction travels along the gut.

Control of the digestive system is shared between two parts of the nervous system:

Voluntary and involuntary control of movement through the gut

Stage Type of control Controlled by

Initiation of swallowing Voluntary Central nervous system (CNS)

Peristalsis from oesophagus to rectum Involuntary Enteric nervous system (ENS)

Egestion of faeces Voluntary Central nervous system (CNS)

The enteric nervous system  is a network of neurons in the wall of the gut, from the oesophagus to the

anus. It detects stretching of the gut wall by food and coordinates waves of peristalsis without input

from the brain. The action of the ENS ensures that the passage of material through the gut is

coordinated , so food spends long enough in each region for digestion and absorption.
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Exam tip: Linking question: the ENS forms a net-like (reticulate) network in the gut wall, while neurons
branch in a dendritic pattern. Be ready to give these as examples of patterns of organization.

Tropic responses in seedlings and positive phototropism Spec C3.1.17, C3.1.18 HL only

A tropism is a directional growth response to a directional stimulus. Positive phototropism  is a

directional growth response to lateral light in plant shoots: the shoot grows towards the side the light

comes from. This places leaves where they absorb more light for photosynthesis.

Practical skill: Grow seedlings (for example cress, mustard or oat) in a box lit from one side, with
controls lit from above or kept in the dark. Record qualitative data with labelled diagrams; collect
quantitative data by measuring the angle of curvature  of each seedling with a protractor or from a
photograph.

Qualitative and quantitative observations

Qualitative observations describe without numbers: for example a drawing showing that shoots

bend towards the light.

Quantitative observations are measurements: for example the angle of curvature in degrees after 24

hours.

Precision, accuracy and reliability

Precision is limited by the resolution of the protractor and by deciding exactly where the curved

shoot begins. Photographing seedlings against a grid and measuring angles with image-analysis

software increases precision.

Accuracy is improved by measuring from a fixed reference line (the original vertical) and

photographing from directly side-on.

Reliability is improved by using many seedlings per treatment, repeating the experiment and

calculating means; controlling light intensity, temperature and water.
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Seedlings after 24 hours. The angle of curvature (θ)  is measured from the original vertical to a line along the bent tip.

Exam tip: You only need phototropism. Specific examples of other tropisms are not required.

Phytohormones, auxin efflux carriers and cell growth Spec C3.1.19, C3.1.20, C3.1.21 HL only

Phytohormones  are signalling chemicals controlling growth, development and response to stimuli in

plants. A variety of chemicals are used as phytohormones, including auxin, cytokinins, gibberellins,

abscisic acid and ethylene. They are produced in small amounts and act on target cells, often some

distance from where they are made.

Auxin efflux carriers

Auxin can diffuse freely into plant cells but not out of them. To leave a cell it must be moved by auxin

efflux carriers , membrane proteins that pump auxin out. These carriers can be positioned in the cell

membrane on one side of the cell only. If all cells coordinate to concentrate their efflux carriers on the

same side, auxin is actively transported from cell to cell through the tissue in one direction, and

becomes concentrated in part of the plant. This is how plants maintain concentration gradients of

phytohormones.

Promotion of cell growth by auxin

1. Auxin binds to receptors in target cells and promotes the secretion of hydrogen ions (by proton

pumps) into the apoplast (cell wall).

2. The cell wall becomes acidified .

3. The low pH loosens cross links between cellulose molecules in the cell wall.

4. Water enters the cell by osmosis and turgor pressure stretches the loosened wall, so the cell

elongates.
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How auxin causes phototropism

Auxin is produced in the shoot tip. When light comes from one side, efflux carriers are repositioned so

that more auxin is transported to the shaded side . Concentration gradients of auxin cause the

differences in growth rate needed for phototropism: cells on the shaded side elongate faster than cells

on the lit side, so the shoot bends towards the light.
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(a) Auxin efflux carriers on one side of each cell move auxin in one direction. (b) More auxin on the shaded side  makes those

cells elongate more, so the shoot bends towards the light.

Common mistake: Auxin does not 'diffuse away from the light'. It is actively transported to the shaded
side by efflux carriers. The evidence shows that auxin is moved sideways, not that light destroys it on
the lit side.

Auxin and cytokinin interactions, and ethylene in fruit ripening Spec C3.1.22, C3.1.23 HL only

Auxin and cytokinin

Root tips produce cytokinin , which is transported to the shoots in the xylem. Shoot tips produce auxin,

which is transported to the roots (from cell to cell by efflux carriers, and in the phloem). Each hormone

signals the state of the other part of the plant, and the two hormones often have opposite effects in the

same tissue:

In the roots, auxin arriving from the shoots promotes the formation of new lateral roots, while

cytokinin inhibits it. More auxin from a growing shoot system therefore favours root growth.

In the shoots, auxin from the shoot tip inhibits the growth of side buds (apical dominance), while

cytokinin arriving from the roots promotes cell division and side-bud growth. More cytokinin from a

growing root system therefore favours shoot growth.
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So it is the balance (ratio) of auxin to cytokinin that matters: a high auxin to cytokinin ratio favours root

growth, and a low ratio favours shoot growth. In plant tissue culture, changing this ratio makes a

callus form roots or shoots.

These interactions help to ensure that root and shoot growth are integrated : the roots can supply

enough water and mineral ions for the leaves, and the leaves can supply enough sugars for the roots.

Ethylene and fruit ripening

Ethylene  (IUPAC name: ethene) is a gaseous phytohormone. It stimulates the changes that occur in

fruits during ripening, such as conversion of starch to sugars, softening of the flesh and change of

colour. Ripening also stimulates increased production of ethylene. This is positive feedback : the

response increases the stimulus. It happens in fruits such as bananas, apples and tomatoes, which

show a burst of ethylene production as they ripen.

1. A fruit starts to produce ethylene.

2. Ethylene stimulates ripening changes in the fruit.

3. Ripening stimulates the fruit to produce even more ethylene.

4. Ethylene, a gas, also diffuses to neighbouring fruits and triggers their ripening.

The benefit is that fruit ripening is rapid and synchronized: all the fruits on a plant ripen at about the

same time, which makes them attractive to seed-dispersing animals together.

Exam tip: Linking question: positive feedback amplifies change and moves a system away from its
starting state, so it suits one-off events such as ripening. Contrast it with the negative feedback that
keeps heart rate and blood pH stable.

Quick check

1. What is meant by an emergent property, and what example does the IB guide use?

2. Which part of the nervous system is an integrating centre for unconscious processes?

3. Where are baroreceptors located?

4. Which gland secretes melatonin, and when is secretion highest?

5. HL only  How does auxin make cells elongate?
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Quick check answers

Integration of body systems

1. A property of the whole organism that arises from integration of its parts; a cheetah becomes an

effective predator through integration of its body systems.

2. The spinal cord.

3. In the walls of the aorta (aortic arch) and the carotid arteries.

4. The pineal gland; secretion is highest at night, in darkness.

5. It promotes H⁺ secretion into the cell wall; the acidified wall has loosened cross links between

cellulose molecules, so the cell can elongate.
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