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Integration in Living Organisms

System Integration

Co mplex living o rganisms have evo lved to  make use o f living, o r bo dy, systems  made up o f

co mpo nent parts that co llectively perfo rm an o verall functio n

Co o rdinatio n o f these parts is required in o rder fo r the systems to  fully integrate and wo rk

to gether fo r the who le o rganism

Living systems are o ften made up o f billio ns o f cells and so  require mechanisms o f cell-cell

co mmunicatio n within the system and with cells in a separate system in a di�erent part o f the

o rganism

An example o f this, fo und in bo th plants and animals, is the use o f ho rmo nes; these are

pro duced within o ne bo dy system (the endo crine system) but may have an e�ect in a

di�erent bo dy system (the repro ductive system)

Page 1 of 39
For more help visit our website www.exampaperspractice.co.uk



System Integration: Cells, Tissues, Organs & Systems

Multicellular o rganisms have develo ped a hierarchy o f o rganisatio n that allo ws fo r e�ective

co mmunicatio n and interactio n with their enviro nment

Specialised cells  o f the same type gro up to gether to  fo rm tissues

A tissue is a gro up o f cells that wo rk to gether to  perfo rm a particular f unctio n. Fo r example:

Epithelial cells gro up to gether to  fo rm epithelial tissue (the functio n o f which, in the small

intestine, is to  abso rb fo o d)

Muscle cells (ano ther type o f specialised cell) gro up to gether to  fo rm muscle tissue (the

functio n o f which is to  co ntract in o rder to  mo ve parts o f the bo dy)

Di�erent tissues wo rk to gether to  fo rm o rgans. Fo r example:

The heart is made up o f many di�erent tissues (including cardiac muscle tissue, blo o d vessel

tissues and co nnective tissue, as well as many o thers)

Di�erent o rgans wo rk to gether to  fo rm o rgan systems

Organ systems wo rk to gether to  carry o ut the life functio ns o f a co mplete o rganism

At each hierarchical level there is great e�ciency and co mplexity 

Example of  t he hierarchy of  organisat ion diagram
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Multicellular organisms have many levels of organisation

Emergent properties

Multicellular o rganisms are able to  undertake functio ns that unicellular o rganisms canno t, e.g.

mo ve o ver vast distances and digest large macro mo lecules

This is a result o f pro perties emerging when individual cells o rganise and interact to  pro duce

living o rganisms

Scientists so metimes summarise this with the phrase "The whole is greater than the sum of its

parts" , this phrase describes the idea that the individual systems within the o rganism are

mo re e�ective when they wo rk to gether

Traditio nally, scientists have appro ached the study o f bio lo gy fro m a reductio nist perspective,

lo o king at the individual cells, ho wever, due to  emergent pro perties  there is an argument that

the systems appro ach sho uld be used

Fo r example a cheetah beco mes an e�ective predato r by integratio n o f all its bo dy systems
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Integration of Organs

Co mmunicatio n within the bo dies o f animals is primarily by the nervo us system o r the endo crine

system

Often these two  systems are required to  wo rk to gether to  maintain bo dy pro cesses such as

digestio n, maintaining heart rate, blo o d gluco se levels and blo o d pressure

These pro cesses rely o n transfer o f energy and materials  aro und the bo dy o f the o rganism

Transpo rt vessels within the blo o d system are at times required to  mo ve materials aro und the

bo dy to  vario us tissues, fo r example:

Oxygen and gluco se are transpo rted to  all cells o f the bo dy to  facilitate respiratio n

Urea, pro duced by pro tein metabo lism in the liver, is transpo rted in the blo o d to  be excreted

by the kidneys

Ho rmo nes, such as FSH and LH, are transpo rted via the blo o d fro m the pituitary gland in the

brain to  the o varies during the menstrual cycle

T he nervous system

The human nervo us system co nsists o f:

Central nervo us system (CNS) – the brain and spinal co rd

Peripheral nervo us system (PNS) – all o f the nerves in the bo dy

It allo ws us to  make sense o f o ur surro undings and respo nd to  them, and to co o rdinate and

regulate bo dy f unctio ns

Info rmatio n is sent thro ugh the nervo us system in the fo rm o f electrical impulses – these are

electrical signals that pass alo ng nerve cells kno wn as neuro nes

A bundle o f  neuro nes is kno wn as a nerve

The nerves spread o ut fro m the central nervo us system to all o ther regio ns o f  the bo dy and

impo rtantly, to  all o f the sense o rgans

Mo re info rmatio n abo ut the structure o f the nervo us system can be fo und here

T he endocrine system

A ho rmo ne is a chemical substance pro duced by an endo crine gland and carried by the blo o d

The endo crine glands that pro duce ho rmo nes in animals are kno wn co llectively as

the endo crine system

A gland is a gro up o f cells that pro duces and releases o ne o r mo re substances (a pro cess

kno wn as secretio n)

Glands of  t he endocrine syst em diagram
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Hormones are produced in the glands and travel round the body in the blood

Ho rmo nes are chemicals which transmit info rmatio n, via the blo o d, fro m o ne part o f the o rganism

to  ano ther and that bring abo ut a change

They alter the activity o f o ne o r mo re speci�c target o rgans

Ho rmo nes o nly a�ect cells with recepto rs that the ho rmo ne can bind to

These are either fo und o n the cell surface membrane, o r inside cells

Recepto rs have to  be co mplementary to  ho rmo nes fo r there to  be an e�ect

E�ects can be lo ng lived, as lo ng as ho rmo nes are bo und to  the recepto rs

Ho rmo nes are used to  co ntro l functio ns that do  no t need instant respo nses

They travel mo re slo wly in the blo o d co mpared to  a nervo us impulse
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The Nervous System

The Brain as Integration Organ

T he structure of the brain

The brain alo ngside the spinal co rd is part o f o ur central nervo us system

The brain is made o f billio ns o f interco nnected neuro nes and is respo nsible fo r co ntro lling

co mplex behavio urs, bo th co nscio us and unco nscio us 

Within the brain are di�erent regio ns that carry o ut di�erent functio ns

T he cerebral co rtex: this is the o uter layer o f the brain which is divided into  two  hemispheres.

It’s highly fo lded and is respo nsible fo r higher-o rder pro cesses such as intelligence,

memo ry, co nscio usness and perso nality

T he cerebellum: this is underneath the cerebral co rtex and is respo nsible fo r balance,

muscle co o rdinatio n and mo vement

T he brainstem: this relays messages between the cerebral co rtex, the cerebellum and the

spinal co rd. A key part is the medulla which co ntro ls unco nscio us activities such as heart rate

and breathing

Two  impo rtant glands o f the brain that are integral the endo crine system are

T he pituitary gland: This gland is respo nsible fo r pro ducing many ho rmo nes including tho se

invo lved in co ntro lling the menstrual cycle (FSH and LH)

T he hypo thalamus: This regio n o f the brain is invo lved in regulating bo dy temperature, it also

pro ducing ho rmo nes which co ntro l the pituitary gland

St ruct ures of  t he brain diagram

The brain is made up of several regions
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T he role of the brain

The brain co o rdinates  and pro cesses  info rmatio n received

Interactio ns within the brain are respo nsible fo r learning and  memo ry 

The brains requires several recepto rs in o rder to  receive info rmatio n (this is input o f info rmatio n)

At a co nscio us level info rmatio n is received by

Pho to recepto rs lo cated within the retina o f the eye fo r visual info rmatio n

Chemo recepto rs fo und in the to ngue fo r tasting

Thermo recepto rs lo cated in the skin fo r detectio n o f temperature changes

Mechano recepto rs lo cated in the inner ear which are sensitive to  so und vibratio ns 

At unco nscio us level input o f info rmatio n is via

Osmo recepto rs lo cated in the caro tid arteries and hypo thalamus which detect the

water co ntent o f the blo o d

Baro recepto rs, also  lo cated in the caro tid arteries and the ao rta, these sense pressure

changes o f the blo o d

Pro prio cepto rs which are lo cated in muscles and jo ints and pro vide info rmatio n o n

balance and mo vement

Exam T ip

Yo u are are no t required to  kno w co mplex details o f the brain such as the ro le o f slo w-acting

neuro transmitters.
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The Spinal Cord as Integration Centre

The spinal co rd is part o f the central nervo us system (CNS), alo ng with the brain 

It is a neural pathway between the bo dy and the brain, yet it can also  pro cess info rmatio n

independently fro m the brain 

This info rmatio n is pro cessed at the unco nscio us level and invo lves so me re�ex reactio ns

The spinal co rd can be described as an integratio n centre  fo r unco nscio us pro cesses

No te that info rmatio n pro cessed at co nscio us level means that the cerebrum o f  the brain is

also  invo lved

The spinal co rd is respo nsible fo r bringing senso ry info rmatio n to  the CNS fro m the bo dy and

enables mo to r (muscular) info rmatio n to  be sent o ut

There are two  types o f tissue in the spinal co rd

White matter co ntains mainly the axo ns o nly o f neuro nes that carry info rmatio n to  and fro m

the brain

Grey matter co ntains the neuro nes and synapses invo lved in spinal co rd integratio n

pro cesses which create a re�ex respo nse 

Senso ry info rmatio n enters the spinal co rd alo ng senso ry neuro nes, this is immediately

pro cessed and sent o ut as mo to r info rmatio n alo ng mo to r neuro nes; this pathway is

called a re�ex arc

Because the brain is no t invo lved in this pathway this is unco nscio us co ntro l directed by

the spinal co rd alo ne

Re�ex arc diagram

The spinal cord of the central nervous system acts as an integration centre for unconscious processes
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Input Through Sensory Neurones

A neural pathway begins with a recepto r

A recepto r is a specialised cell that can detect changes in the enviro nment that cause a stimulus

Recepto r cells are transducers – they co nvert energy in o ne fo rm (such as light, heat o r so und)

into  energy in an electrical impulse within a senso ry neuro ne

Recepto r cells are o ften fo und in sense o rgans (e.g. light recepto r cells are fo und in the eye)

So me recepto rs, such as light recepto rs in the eye and chemo recepto rs in the taste buds,

are specialised cells that detect a speci�c type o f stimulus and in�uence the electrical

activity o f a senso ry neuro ne

Other recepto rs, such as so me kinds o f to uch recepto rs, are just the ends o f the senso ry

neuro nes themselves

When recepto rs cells are stimulated they are depo larised

If the stimulus is very weak, the cells are no t su�ciently depo larised and the senso ry

neuro ne is no t activated to  send impulses

If the stimulus is stro ng eno ugh, an actio n po tential is initiated  in the senso ry neuro ne and

the impulse is transmitted to  the CNS, speci�cally the spinal co rd  and the cerebral

hemispheres

An example of the sequence of events that results in an action potential in a
sensory neurone

The surf ace o f the to ngue is co vered in many small bumps kno wn as papillae

The surface o f each papilla is co vered in many taste buds

Each taste bud co ntains many recepto r cells kno wn as chemo recepto rs

These chemo recepto rs are sensitive to chemicals in fo o d and drinks

Each chemo recepto r is co vered with recepto r pro teins

Di�erent recepto r pro teins detect di�erent chemicals

Chemo recepto rs in the taste buds that detect salt (so dium chlo ride) respo nd directly

to so dium io ns

If salt is present in the fo o d (disso lved in saliva) being eaten o r the liquid being drunk:

So dium io ns di�use thro ugh highly selective channel pro teins in the cell surface

membranes o f the micro villi o f the chemo recepto r cells

This leads to depo larisatio n o f the chemo recepto r cell membrane

The increase in po sitive charge inside the cell is kno wn as the recepto r po tential

If there is su�cient stimulatio n by so dium io ns and su�cient depo larisatio n o f the

membrane, the recepto r po tential beco mes large eno ugh to  stimulate vo ltage-gated

calcium io n channel pro teins to o pen

As a result, calcium io ns enter the cyto plasm o f the chemo recepto r cell and stimulate

exo cyto sis o f  vesicles co ntaining neuro transmitter fro m the basal membrane o f the

chemo recepto r

The neuro transmitter stimulates an actio n po tential in the senso ry neuro ne
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The senso ry neuro ne then transmits an impulse to  the brain

Diagram t o show t he sequence of  event s init iat ed by act ivat ed chemorecept ors in
t he t ast e buds

Sensory neurons convey messages from receptor cells to the CNS
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Output Through Motor Neurones

Once an actio n po tential has been transmitted fro m a senso ry neuro ne to  the CNS

The cerebrum within the brain uses the info rmatio n to  pro cess mo vements within the bo dy  as

needed; the part o f the cerebrum respo nsible fo r this is called the mo to r co rtex

T he role of motor neurones

Mo to r neuro nes  are used to  carry actio n po tentials to  muscles to  initiate the mo vement

required

All mo to r neuro nes terminate within a muscle within a neuro muscular junctio n (also  kno wn as

mo to r end plates)

There are multiple neuro muscular junctio ns spread acro ss several muscle �bres within the

muscle

Neuro muscular junctio ns wo rk in a very similar way to  synapses

They are lo cated between the terminal branches o f  a mo to r neuro ne and a muscle cell

Transmission across the neuromuscular junction

When an impulse travelling alo ng the axo n o f a mo to r neuro ne arrives at the presynaptic

membrane, the actio n po tential causes calcium io ns to  di�use into  the neuro ne

This stimulates vesicles co ntaining the neuro transmitter acetylcho line (ACh) to f use with the

presynaptic membrane

The ACh that is released di�uses acro ss the neuro muscular junctio n and binds to  recepto r

pro teins o n the sarco lemma (surface membrane o f the muscle �bre cell)

This stimulates io n channels in the sarco lemma to o pen, allo wing so dium io ns to di�use in

In�ux o f so dium io ns depo larises the sarco lemma, generating an actio n po tential that passes

do wn the T -tubules to wards the centre o f the muscle �bre

Action potentials stimulate muscle contraction

Actio n po tentials travel do wn the T-tubules and trigger the o pening o f vo ltage-gated calcium

io n channel pro teins in the membranes o f the sarco plasmic reticulum

Calcium io ns di�use o ut o f  the sarco plasmic reticulum (SR) and into  the

sarco plasm surro unding the myo �brils

Calcium io ns bind to  tro po nin mo lecules, stimulating them to change shape

This causes the tro po nin and tro po myo sin pro teins to change po sitio n o n the thin (actin)

�laments

The myo sin-binding sites are expo sed to  the actin mo lecules

The pro cess o f muscle co ntractio n (kno wn as the sliding �lament mo del) can no w begin

Muscle cont ract ion diagram
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Action potentials from the motor neurone cross the neuromuscular junction to trigger the events leading

to muscle contraction
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The Structure of Nerves

Info rmatio n is sent thro ugh the nervo us system as nerve impulses – electrical signals that pass

alo ng nerve cells kno wn as neuro nes

Nerves are made up o f bundles o f senso ry neuro nes o r mo to r neuro nes

These may be myelinated o r unmyelinated 

The di�erent structures o f these neuro nes are co nsidered in mo re detail here

Myelinatio n is co vered in mo re detail here

St ruct ure of  a Nerve Diagram

A nerve is made up of a bundle of individual neurone cells

Page 13 of 39
For more help visit our website www.exampaperspractice.co.uk



Each Schwann cell wraps its plasma membrane concentrically around the axon to form a segment of

myelin sheath about 1mm long

Transverse and Cross Sect ion of  Myelinat ed Neurone Diagram
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Re�ex Arc & Movement Control

The Pain Re�ex Arc

Re�exes

Re�ex respo nses are actio ns o f the bo dy that o ccur witho ut co nscio us tho ught

Re�exes are auto matic and rapid, minimising damage to  the bo dy and therefo re aiding

survival

Awareness o f a re�ex respo nse o ccurs af ter it  has been carried o ut; this is because the

info rmatio n takes lo nger to  reach the co nscio us parts o f the brain

Examples o f re�exes include blinking, co ughing, and the pupil and knee re�exes

Blinking prevents the o uter surface o f the eye fro m drying o ut as well as pro tecting it fro m

fo reign o bjects

Co ughing prevents fo o d fro m entering the airways and remo ves mucus fro m the airways

during infectio n o r an allergic reactio n

The pupil re�ex prevents damage to  the eye fro m bright light

The knee re�ex aids balance when standing upright

What is a re�ex arc

A re�ex arc is a pathway alo ng which impulses are transmitted fro m a recepto r to  an

e�ecto r witho ut invo lving co nscio us regio ns o f  the brain

A re�ex arc therefo re brings abo ut a re�ex respo nse 

Senso ry neuro nes, relay neuro nes and mo to r neuro nes wo rk to gether in a re�ex arc

Order of a re�ex arc

A pain re�ex arc  is ano ther example o f a re�ex respo nse

The skin has recepto rs fo r pressure, to uch, and pain

The recepto r invo lved is the pain recepto r called a no cirecepto r

The stimulus  may be a sharp pin o r ho t �ame which is detected by the no cirecepto r in the

skin o f the hand

An a�erent (senso ry) actio n po tential is sent alo ng a senso ry neuro ne  to  the CNS 

An electrical impulse is passed to  a relay neuro ne in the spinal co rd

Relay neuro nes are fo und entirely within grey matter o f the spinal co rd

A relay neuro ne synapses with a mo to r neuro ne

A synapse is the junctio n between neuro nes; nerve impulses cro ss synapses by

di�usio n o f a chemical called a neuro transmitter

A mo to r neuro ne carries an impulse to  an e�ecto r muscle in the hand

When stimulated by the mo to r neuro ne the muscle will co ntract and pull the hand away

fro m the sharp o bject o r heat; this is the re�ex respo nse

The re�ex arc fo r a spinal re�ex is as fo llo ws:
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A Re�ex Arc Diagram

Spinal re�exes involve relay neurones in the spinal cord as part of a pain re�ex

Role of the Cerebellum

The cerebellum co o rdinates mo vement

This includes balance; a highly co mplex functio n that requires co o rdinatio n between

multiple parts, including the eyes, semicircular canals in the ears, and many muscles

Other mo vements co o rdinated by the cerebellum are 

Po sture

Walking

Hand and �nger mo vements

Eye mo vements

Speech

The cerebellum do es no t initiate mo vement, the mo to r co rtex o f  the cerebrum is respo nsible

f o r initiating muscle co ntractio ns and therefo re mo vement

Once the mo vement begins the cerebellum receives feedback signals fro m the area o f the bo dy

that is mo ving and di�erent sense o rgans, it then sends signals to  co o rdinate and co ntro l the

mo vement

The structure and functio n o f the brain as an o rgan is co vered in mo re detail here
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Epinephrine & Melatonin

Melatonin

Circadian rhythms

Many physio lo gical pro cesses and behavio ural patterns o ccur in regular, daily rhythms in

o rganisms thro ugho ut the plant and animal kingdo ms

Many animal species are o nly active fo r a speci�c part o f  the 24 −ho ur cycle e.g. no cturnal

animals are o nly active at night

Humans are diurnal meaning that we are mo re awake during daylight ho urs

Humans are adapted to  live in a 24−ho ur cycle and many aspects o f o ur physio lo gy and behavio ur,

including physical activity, sleep, bo dy temperature, and secretio n o f  ho rmo nes, fo llo w

speci�c and regular cycles thro ugho ut the 24−ho ur perio d

These daily cycles are kno wn as circadian rhythms

In humans, many circadian rhythms are in�uenced by the ho rmo ne melato nin

Melato nin is secreted by the pineal gland, which is lo cated in the brain

Melato nin secretio n increases in the evening in respo nse to darkness  and decreases at

dawn in respo nse to light , leading to  o ur diurnal behavio ur patterns

Melatonin and sleep patterns

Altho ugh melato nin a�ects many aspects o f  human physio lo gy and behavio ur, o ne o f the main

circadian rhythms it co ntro ls is o ur sleep-wake cycle

The pineal gland secretes melato nin into  the blo o d

Pro ductio n is in�uenced by the detectio n o f light and dark by the retina o f the eye

Signals are then transmitted to  the pineal gland acco rding to  the amo unt o f daylight a

perso n is expo sed to  and varies with changes in day length (this is why the pineal gland is

so metimes referred to  as bo th an endo crine clo ck and an endo crine calendar)

Melato nin's  target sites  are fo und in many areas o f the brain including the hypo thalamus and

pituitary glands, and also  in the cells o f the immune system, go nads, kidney, and the

cardio vascular system, blo o d vessels, and intestinal tract

Increasing melato nin levels lead to  feelings o f tiredness and pro mo te sleep

Decreasing melato nin levels lead to  the bo dy's preparatio n fo r waking up and staying awake

during the day

Experiments have also  suggested that

Increased melato nin at night co ntributes to  the night-time dro p in co re bo dy

temperature in humans

Melato nin recepto rs in the kidney enable melato nin pro duced at night to  cause the night-

time decrease in urine pro ductio n in humans
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Melato nin is still released in the absence o f  light and dark signals, but o n a slightly lo nger

cycle than the usual 24 ho urs

Subjects living in the dark with no  access to  natural daylight still release melato nin o n a

ro ughly 24 ho ur cycle

This suggests that the ro le o f light is to reset the melato nin system every day to  keep

the circadian rhythm in line with daylight ho urs

Secret ion of  melat onin graph

The production of melatonin is in�uenced by the amount of daylight a person is exposed to: melatonin

levels peak during 
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Epinephrine

During situatio ns that creates stress, fear o r excitement, the neuro nes o f the [po po ver

id="4e_cHMCZPQYGsuYR="sympathetic nervo us system"] will stimulate the adrenal medulla (o f

the adrenal gland) to  secrete epinephrine (also  called adrenaline)

Epinephrine is a ho rmo ne that will prepare yo ur bo dy fo r reacting to  a stressful situatio n

This reactio n is o ften called the "�ght o r �ight" respo nse

It is the e�ects o f  epinephrine that lead to  the typical sympto ms we experience during

stressful situatio ns such as increased heart rate, dry mo uth, increased sweating etc

T he adrenal gland diagram

The adrenal glands secrete the hormone epinephrine and prepare the body for vigorous activity

Since epinephrine is a ho rmo ne, it is transpo rted aro und the bo dy in the blo o dstream

It will bind to  recepto rs o n its target o rgans

One o f the targets o f epinephrine is the SAN, leading to  an increase in the frequency o f

excitatio ns

This in turn, will increase the heart rate to  supply blo o d to  the muscle cells  at a faster rate

Mo re blo o d means mo re o xygen and gluco se that reaches the muscle cells, which in

turn, increases the rate o f  aero bic respiratio n

This releases mo re energy that will be used during the respo nse to  the stressful, vigo ro us o r

dangero us situatio n

Epinephrine will also stimulate the cardio vascular co ntro l centre in the medulla o blo ngata
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This increases the impulses travelling alo ng the sympathetic neuro nes a�ecting the heart,

further speeding up the heart rate

Blo o d vessels to less impo rtant o rgans (such as the digestive system and skin) co nstrict so

that mo re blo o d can be diverted to  o rgans that will be invo lved in the "�ght o r �ight" respo nse

No te that blo o d �o w to  the brain remains co nstant , regardless o f whether the bo dy is in a

state o f stress o r relaxatio n

The brain is o ne o f the mo st impo rtant o rgans in the bo dy and needs a co nstant blo o d

supply in o rder to  functio n pro perly

The changes experienced by the bo dy during the "�ght o r �ight" respo nse are co ntro lled by a

co mbinatio n o f nervo us and ho rmo nal respo nses

Epinephrine is also  co vered in the co urse with reference to  the seco nd messenger mo del, this

can be fo und here
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Control Mechanisms

Control of the Endocrine System

A ho rmo ne is a chemical messenger pro duced by an endo crine gland and carried by the blo o d

They are chemicals which transmit inf o rmatio n f ro m o ne part o f  the o rganism to

ano ther and bring abo ut a change

They alter the activity o f o ne o r mo re speci�c target o rgans

Ho rmo nes are used to  co ntro l functio ns that do  no t need instant respo nses

The endo crine glands that pro duce ho rmo nes in animals are kno wn co llectively as the endo crine

system

A gland is a gro up o f  cells that pro duces and releases o ne o r mo re substances (a pro cess

kno wn as secretio n)

Co ntro l o f the endo crine system is primarily by the hypo thalamus and the pituitary gland

T he hypothalamus 

The hypo thalamus mo nito rs the blo o d as it �o ws thro ugh the brain and, in respo nse, releases

ho rmo nes o r stimulates the neighbo uring pituitary gland to  release ho rmo nes

The hypo thalamus plays an impo rtant ro le in so me homeost at ic mechanisms

Hypo thalamus functio ns include

Regulating bo dy temperature

The hypo thalamus mo nito rs blo o d temperature and initiates a ho meo static

respo nse if this temperature gets to o  high o r to o  lo w

Osmo regulatio n

Cells in the hypo thalamus mo nito r the water balance o f  the blo o d and releases the

ho rmo ne ADH if the blo o d beco mes to o  co ncentrated

ADH increases abso rptio n o f water in the kidneys

Regulating digestive activity

The hypo thalamus regulates the ho rmo nes that co ntro l appetite as well as the

secretio n o f digestive enz ymes

Co ntro lling endo crine f unctio ns

The hypo thalamus causes the pituitary gland to  release ho rmo nes that co ntro l a

variety o f pro cesses e.g. metabo lism, gro wth and develo pment, puberty, sexual

functio ns, sleep, and mo o d

T he pituitary gland

The pituitary gland is lo cated belo w the hypo thalamus

Its ro le is to  pro duce a range o f  ho rmo nes

So me o f these directly in�uence and regulate pro cesses in the bo dy while so me stimulate

the release o f further ho rmo nes fro m o ther endocrine glands

The pituitary gland is divided into  two  sectio ns; the anterio r pituitary and po sterio r pituitary

The anterio r pituitary pro duces and releases ho rmo nes

The po sterio r pituitary sto res and releases ho rmo nes pro duced by the hypo thalamus e.g.

ADH and o xyto cin
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Feedback Control of Heart Rate

There are several circumstances that can cause an individual's heart rate to  increase, such as

during exercise

The brain is invo lved in this respo nse o f the heart ho wever it do es no t require any thinking and is

under unco nscio us co ntro l

There is a speci�c regio n o f the brain that plays a vital ro le in co ntro lling the heart rate

This cardio regulato ry centre in the brain is called the medulla

The medulla is fo und at the base o f the brain near the to p o f the spinal co rd

The medulla is made up o f two  distinct parts:

The accelerato ry centre, which causes the heart to speed up

The inhibito ry centre, which causes the heart to slo w do wn

Bo th centres are co nnected to  the sino atrial no de (SAN) by nerves

These speci�c nerves are di�erent fro m the nerves that co ntro l co nscio us activities. They make

up the auto no mic nervo us system

The auto no mic nervo us system is self -co ntro lling

Control of heart rate diagram
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The location of the medulla helps to keep it protected from harm. It has an essential function as a

cardioregulatory centre.

Increasing heart rate

Once the accelerato ry centre has been activated impulses are sent alo ng the sympathetic

neuro nes to  the SAN

No repinephrine is secreted at the synapse with the SAN

No radrenaline causes the SAN to increase the f requency o f the electrical waves that it

pro duces

This results in an increased heart rate

Decreasing heart rate

Once the inhibito ry centre has been activated impulses are sent alo ng the parasympathetic

neuro nes to  the SAN

Acetylcho line is secreted at the synapse with the SAN

This neuro transmitter causes the SAN to reduce the f requency o f the electrical waves that it

pro duces

This reduces the elevated heart rate to wards the resting rate

Chemoreceptors and baroreceptors

Exercise causes several internal co nditio ns to  change, creating internal stimuli:

Carbo n dio xide co ncentratio n in the blo o d increases

There is an initial f all in blo o d pressure caused by the dilatio n o f muscle arterio les

These internal stimuli can be detected by chemo recepto rs and baro recepto rs (pressure)

recepto rs lo cated in the ao rta (clo se to  the heart) and in the caro tid arteries (they supply the

head with o xygenated blo o d)

Chemo recepto rs detect changes in blo o d pH and o xygen and carbo n dio xide levels

Baro recepto rs mo nito r changes in blo o d pressure

Locat ion of  t he barorecept ors and chemorecept ors
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Baroreceptors are located on the arch of the aorta and on the enlargement of the carotid arteries called

the sinus. Chemoreceptors are located near the baroreceptors but on the outside of the aorta and carotid

arteries

These recepto rs release nerve impulses that are sent to  the accelerato ry and inhibito ry

centres (co o rdinato rs)

The frequency o f the nerve impulses increases o r decreases depending o n ho w stimulated the

recepto rs are:

Lo wer f requency impulses activate the inhibito ry centre to slo w do wn the heart rate and

stro ke vo lume

Higher f requency impulses activate the accelerato ry centre to speed up the heart rate and

stro ke vo lume
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The processes involved in the control of the heart rate. The internal stimuli are detected by

chemoreceptors and baroreceptors that send impulses to coordinators (accelerator centre or inhibitory

centre). The coordinators send signals to the e�ector (SAN) which produces a speci�c response.
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Feedback Control of Ventilation Rate

Ventilatio n rates  in the bo dy are co ntro lled by cells called respirato ry centres  which are

lo cated in the medulla o f the brain

At rest, actio n po tentials, pro duced at rando m, travel to  the diaphragm and interco stal muscles

to  initiate co ntractio n and therefo re ventilatio n; this o ccurs at a stable and slo w pace

During exercise, higher levels o f carbo n dio xide  are pro duced due to  an increase in respiratio n

Waste carbo n dio xide pro duced during respiratio n di�uses fro m the tissues into  the blo o d 

This waste carbo n dio xide is transpo rted aro und the bo dy in di�erent ways

In the blo o d plasma in the fo rm o f hydro gen carbo nate io ns (HCO ); aro und 85 %  o f carbo n

dio xide is transpo rted in this way

Aro und 5 %  o f carbo n dio xide disso lves directly in the blo o d plasma

Bo und to  haemo glo bin as carbamino haemo glo bin; this acco unts fo r aro und 10 %  o f carbo n

dio xide transpo rt in the blo o d

pH changes in the blood

Carbon dioxide released as a waste product from respiring cells di�uses into

the cytoplasm of  red blood cells

Inside red blood cells, carbon dioxide co mbines with water to form carbonic acid

(H CO )

CO  + H O  ⇌  H CO

Red blo o d cells co ntain the enz yme carbo nic anhydrase  which catalyses the reactio n

between carbo n dio xide and water

Witho ut carbo nic anhydrase, this reactio n pro ceeds very slo wly

The plasma co ntains very little carbo nic anhydrase hence H CO  fo rms mo re slo wly in

plasma than in the cyto plasm o f red blo o d cells

Carbo nic acid disso ciates readily into  hydro gen io ns (H ) and  hydro gen carbo nate

io ns (HCO )

H CO  ⇌  HCO  + H

Hydro gen io ns can lo wer the pH o f the blo o d so  their presence is detected by

chemo recepto rs  in the medulla

Actio n po tentials are sent at a higher rate to  the diaphragm and interco stal muscles  o f the lungs

to  increase ventilatio n rates and the vo lume o f air being mo ved into  and o ut o f the lungs

The pH o f the blo o d can then return to  no rmal and respirato ry centres will sto p sending actio n

po tentials to  the diaphragm and the interco stal muscles, ventilatio n rates will return to  no rmal

resting rates

This is an example o f negative feedback

3−

2 3

2 2 2 3

2 3

+

3−

2 3  3
– +
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Control of Peristalsis in Digestive System

Peristalsis is series o f  muscle co ntractio ns in the walls o f  the o eso phagus o r small

intestine that pass like a wave alo ng the alimentary canal

This wave fo rces the bo luso f fo o d alo ng the alimentary canal

These co ntractio ns are co ntro lled unco nscio usly by the auto no mic nervo us system,

speci�cally the enteric nervo us system (ENS)

The ENS co nsists a web o f senso ry neuro nes, relay neuro nes and mo to r neuro nes

embedded in the tissues o f the alimentary canal

Peristalsis is co ntro lled by circular and lo ngitudinal muscles which initiate a mechanism called

the peristaltic re�ex

These muscles are smo o th muscle (no t striated)

The bo lus o f fo o d is detected by stretch recepto rs (senso ry neuro nes o f the ENS) as the

alimentary canal beco mes distended

An actio n po tential is passed to  relay neuro nes o f the ENS which synapse with two  di�erent

mo to r neuro nes

One mo to r neuro ne releases an excitato ry neuro transmitter which stimulates

Lo ngitudinal muscles to co ntract behind the bo lus to  reduce the length o f that sectio n

the o eso phagus o r the small intestine

This f o rces the f o o d f o rwards thro ugh the alimentary canal

Circular muscles co ntract to  reduce the diameter o f the lumen o f the o eso phagus o r

small intestine

This prevents the f o o d mo ving backwards to wards the mo uth

A seco nd mo to r neuro ne releases an inhibito ry neuro transmitter which stimulates smo o th

muscle ahead o f the bo lus to  relax and o pen the lumen o f  the alimentary canal

Cont rol of  perist alsis diagram
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The control of peristalsis is initiated by the bolus and is carried out by two di�erent motor neurones
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Observing Tropic Responses: Skills (HL)

Observing Tropic Responses

Plant gro wth can be a�ected by f acto rs in the external enviro nment  such as light, gravity, water,

and the presence o f o bjects

These gro wth respo nses are kno wn as tro pisms

Tro pisms can be to wards a stimulus; po sitive tro pisms, o r away f ro m a stimulus; negative

tro pisms

Tro pisms enable plants to maximise their chances o f  survival e.g.

Gro wing to wards light ensures a maximum rate o f  pho to synthesis

Gro wing away fro m o r to wards gravity ensures that seedlings gro w the right way up

Gro wing to wards water enables ro o ts to maximise their water uptake

Gro wing up and aro und an o bject may allo w a plant to gain height quickly and

so maximise light abso rptio n f o r pho to synthesis

Tro pisms are regulated by chemicals pro duced in plants kno wn as plant ho rmo nes

Examples o f tro pisms include

Pho to tro pism

Plant respo nse to light

Plant stems gro w to wards light; this is po sitive pho to tro pism

Gravitro pism

Plant respo nse to gravity

Plant stems gro w away f ro m gravity; this is negative gravitro pism

Plant ro o ts gro w to wards gravity; this is po sitive gravitro pism

Gravitro pism is also  kno wn as geo tro pism

Tro pisms can be investigated and the respo nses to  a variety o f stimuli can be o bserved o r

measured

Data co llected can either be thro ugh

Qualitative diagrams o f seedling gro wth

Quantitative measurements  o f the angle o f curvature o f seedlings

There are many ways to  investigate tro pic respo nses o f seedlings 

Plants may be gro wn in varying light so urces using pho to graphic �lters e.g. red, blue green

Sho o t tips can be remo ved o r co vered up

Seedling radicle may be placed in varying po sitio ns e.g. facing up, facing do wn, facing

ho riz o ntally

Exam T ip

Yo u sho uld have had the o ppo rtunity to  gather data o n tro pic respo nses in seedling gro wth as

part o f yo ur learning o f this co urse. 
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NOS: Students should be able to distinguish between qualitative and
quantitative observations and understand factors that limit the precision of
measurements and their accuracy.

There are two  types o f experiment, which in turn o btain two  kinds o f results:

Qualitative experiments are used to  o btain qualitative results

Observatio ns are reco rded witho ut co llecting numerical data

Fo r example, the starch test using io dine is a qualitative test - a co lo ur change is reco rded

Other co mmo n qualitative measurements include smells, tastes, textures, so unds and

descriptio ns o f the weather o r o f a particular habitat

Qualitative results can't be pro cessed mathematically (there isn't any numerical data) but

the o bservatio ns can be analysed

The o bservatio ns may be co mpared to  a standard o r o ther experimental wo rk

Qualitative results are mo st o ften reco rded in the fo rm o f wo rds, sho rt

sentences and descriptio ns, such as describing a co lo ur change, making a no te o f

so meo ne's o pinio n, describing the appearance o r behavio ur o f an o rganism, o r describing a

chemical reactio n

Quantitative experiments are used to  o btain quantitative results

Numerical data is co llected and reco rded

Fo r example, reco rding the percentage co ver o f a plant species using a quadrat - a numerical

value (a percentage) is reco rded

Other co mmo n quantitative measurements include temperature, pH, time, vo lume, length

and mass

In o rder to  co llect numerical data, a quantitative experiment must use apparatus that

measures o r co llects this type o f data

Quantitative results must be pro cessed using mathematical skills prio r to  analysis

Simple calculatio ns wo rk o ut means and rates

Further calculatio ns are do ne to  o btain info rmatio n surro unding means (standard

deviatio n and standard erro r)

Statistical tests are perfo rmed to  better understand the results (chi-squared and t-test

etc.)

Quantitative results must all be reco rded to  the same number o f  decimal

places but pro cessed data can be reco rded to  the same number o f decimal places o r to

o ne mo re decimal place than the raw data

Fo r example, the mean o f 11, 12 and 14 can be reco rded as 12 o r 12.3 but no t 12.3333333

Reaching valid conclusions from qualitative and quantitative results

Page 30 of 39
For more help visit our website www.exampaperspractice.co.uk



It co uld be argued that qualitative results can be mo re subjective (i.e. in�uenced by the perso n

making the o bservatio ns), but in fact, bo th types o f results are subject to bias and erro r

To o ls and systems fo r data gathering and reco rding are impo rtant fo r bo th

Care sho uld be taken when making qualitative o bservatio ns to  keep them as o bjective as

po ssible (i.e. no t allo wing o bservatio ns to  be in�uenced by the perso n making them)

In terms o f scienti�c research (and especially in bio lo gical experiments so metimes), o ne type o f

results is no t necessarily better than the o ther

The value o f qualitative and quantitative data depends o n the thing being o bserved and

the purpo se o f the experiment

So metimes it’s impo rtant and very useful to  use bo th

In the example table belo w, bo th qualitative and quantitative o bservatio ns have been reco rded

whilst o bserving tro pic respo nses o f seedlings and bo th sets o f o bservatio ns can be useful

in drawing co nclusio ns (altho ugh as always, the validity o f any co nclusio ns drawn can be

increased by repeating the experiments and gathering mo re data)

Qualitative o bservatio ns Quantitative observations

Seedlings have gro wn to ward the light
10 seedlings have gro wn at a 30  angle

to ward the light

Seedlings in green light have no t gro wn

as well as seedlings in blue light

Seedlings in green light have gro wn by an

average o f 0.5cm

Seedlings in the dark did no t gro w and

were lo ng and tangled

In the dark seedling length reached an

average o f 15.6cm

Precision and Accuracy

The certainty o f any co nclusio ns made fro m an experiment are impacted by the precisio n and

accuracy o f measurements and data

It is a very co mmo n mistake to  co nfuse precisio n with accuracy – measurements can be precise

but no t accurate if each measurement reading has the same erro r

Precisio n refers to  the ability to  take multiple readings with an instrument that are clo se to  each

o ther, whereas accuracy is the clo seness o f tho se measurements to  the true value

Increasing Precision

Precise measurements are o nes in which there is very little spread abo ut the mean value, in o ther

wo rds, ho w clo se the measured values are to  each o ther

o
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If a measurement is repeated several times, it can be described as precise when the values are

very similar to , o r the same as, each o ther

The precisio n o f a measurement is re�ected in the values reco rded – measurements to  a greater

number o f  decimal places  are said to  be mo re precise than tho se to  a who le number

Rando m erro rs cause unpredictable �uctuatio ns in an instrument’s readings as a result

o f unco ntro llable f acto rs, such as enviro nmental co nditio ns

This a�ects the precisio n o f the measurements taken, causing a wider spread o f results abo ut

the mean value

To reduce rando m erro r:

Repeat measurements several times and calculate an average fro m them

Increasing Accuracy

A measurement is co nsidered accurate if it is clo se to  the true value

Systematic erro rs arise fro m the use o f faulty instruments used o r fro m �aws in the experimental

metho d

This type o f erro r is repeated co nsistently every time the instrument is used o r the metho d is

fo llo wed, which a�ects the accuracy o f all readings o btained

To reduce systematic erro rs:

Instruments sho uld be recalibrated, o r di�erent instruments sho uld be used

Co rrectio ns o r adjustments sho uld be made to  the technique

Increasing Reliability

The reliability o f an experiment can be described as the co nsistency o f the results

Reliability o f an experiment can be increased by taking measurements carefully and accurately

Using measuring instruments with the appro priate degree o f precisio n can reduce rando m erro rs 

Perfo rming several trials and calculating an average o f the data means the e�ect o f o utliers will

be reduced. Repeating trials also  allo ws yo u to  see rando m erro rs and ano malies that can be

disregarded
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Phototropism (HL)

Phototropism

Plant sho o ts are po sitively pho to tro pic, meaning they gro w to wards light (negative tro pisms

are tho se where the plant gro ws away fro m the stimulus)

This ensures plants maximise the amo unt o f light they can abso rb fo r pho to synthesis

Pho to tro pism a�ects sho o ts and the to p o f  stems

This is an impo rtant mechanism o f plants due to  their immo bility

Posit ive Phot ot ropism Diagram

Positive phototropism leads to plants growing toward a light source
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Plant Hormones (HL)

Phytohormones in Plants

Phyto ho rmo nes are plant ho rmo nes that regulate their gro wth, develo pment, repro ductive

pro cesses, lo ngevity, and even death

There are many chemicals  which act as phyo ho rmo nes in plants, so me examples include:

Auxins which result in cell elo ngatio n

Abscisic acid which suppresses the gro wth o f plants

Cyto kinins which increase the rate o f cell divisio n

Ethylene which pro mo tes fruit ripening

Gibberellin which co ntro l cell elo ngatio n, seed germinatio n, �o wering and do rmancy

Brassino stero ids which regulate gro wth, develo pment, and respo nses to  stresses

Plant ho rmo nes are so metimes referred to  as plant gro wth regulato rs

Maintaining Phytohormone Concentration Gradients

Auxins are a gro up o f plant ho rmo nes that in�uence many aspects o f plant gro wth

A co mmo n auxin is kno wn as IAA (indo le-3−acetic acid)

In sho o ts, auxin is pro duced in cells at the gro wing tip befo re mo ving away into  the surro unding

tissues

Auxin has an impo rtant ro le in regulating sho o t gro wth

In sho o ts, auxin causes cells to  elo ngate, leading to  stem gro wth

No te that in ro o ts, auxin inhibits cell gro wth; the o ppo site e�ect to  that in sho o t cells

No te that at very high co ncentratio ns, auxin can also  inhibit  sho o t gro wth

Auxin e� ux carriers

Auxin enters cells by simple di�usio n, ho wever, to  exit the cell (and therefo re mo ve to  the next

cell), it requires membrane pro teins called auxin e�ux carriers to  exit  the cell

The term 'e�ux' refers to  an o utward �o w o f  a substance; in this case auxin is pumped o ut

o f o ne cell and into  ano ther

E�ux carriers are a type o f pro tein called PIN3 pro teins

Plant cells can distribute auxin e�ux carriers o n o ne side o f the cell to  enco urage o ne way

mo vement o f auxin

The pro cess requires  AT P so  is a type o f active transpo rt

These e�ux carriers o r pumps are impo rtant in establishing an auxin gradient acro ss a stem o r

ro o t in respo nse to  a stimulus such as light o r gravity

E.g. Light is tho ught to a�ect the expressio n o f  genes that co de f o r the PIN3 pro tein e�ux

pumps; light shining o n o ne side o f a stem mo re than the o ther can therefo re lead to

an uneven distributio n o f  e�ux pumps, creating an auxin gradient
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Cell Growth by Auxin

Light a�ects the gro wth o f plant sho o ts in a respo nse kno wn as pho to tro pism

The co ncentratio n o f  auxin determines the rate o f  cell elo ngatio n within the stem

A higher co ncentratio n o f  auxin causes an increase in the rate o f  cell elo ngatio n 

If the co ncentratio n o f  auxin is no t unif o rm acro ss the stem then uneven cell gro wth can

o ccur

When light shines o n a stem fro m o ne side, auxin is transpo rted, by PIN3 pro teins, f ro m the

illuminated side o f  a sho o t to  the shaded side

An auxin gradient is established, with mo re auxin o n the shaded side and less o n the illuminated

side

The higher co ncentratio n o f auxin o n the shaded side o f the sho o t causes a f aster rate o f  cell

elo ngatio n, and the sho o t bends to wards the so urce o f light

E�ect  of  Auxin Diagram

Higher concentrations of auxin on the shaded side of a stem increases the rate of cell elongation so that

the shaded side grows faster than the illuminated side

Controlling growth by elongation
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Auxin mo lecules bind to  a recepto r pro tein o n the cell surface membrane

Auxin stimulates AT Pase pro to n pumps to  pump hydro gen io ns fro m the cyto plasm into  the cell

wall (acro ss the cell surface membrane)

This acidi�es the cell wall (lo wers the pH o f the cell wall)

This activates pro teins kno wn as expansins, which lo o sen the bo nds between cellulo se

micro �brils

At the same time, po tassium io n channels are stimulated to o pen

This leads to  an increase in po tassium io n co ncentratio n in the cyto plasm, which decreases

the water po tential o f  the cyto plasm

This causes the cell to abso rb water by o smo sis (water enters the cell thro ugh aquapo rins)

This increases the internal pressure o f the cell, causing the cell wall to stretch (made po ssible

by expansin pro teins)

The cell elo ngates

Cell growt h by auxin diagram
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The role of auxin (IAA) in controlling growth by elongation
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Regulating Plant Growth & Fruit Ripening (HL)

Regulating Root & Shoot Growth

Two  plant ho rmo nes, auxin and cyto kinin, interact to gether to  ensure integratio n o f  ro o t and

sho o t gro wth

Auxin is respo nsible fo r cell elo ngatio n and is pro duced in the sho o ts

Cyto kinin is respo nsible fo r cell divisio n and is pro duced in the ro o ts

Bo th ho rmo nes must be transpo rted to  the areas o f  the plant where they are no t pro duced

Cyto kinin is transpo rted in the xylem tissue as directio n is always fro m ro o t to  sho o t

Auxin is transpo rted in the phlo em sap fro m sho o t to  ro o t

At certain co ncentratio ns the two  ho rmo nes wo rk to gether to  ensure ro o t and sho o t gro wth

is regulated; their activities can termed ‘co mplementary' due to  the integratio n o f their signaling

At lo w co ncentratio ns auxin limits the actio n o f cyto kinin

An increase in cyto kinin level co unteracts this inhibito ry e�ect and leads to  an inhibitio n o f

auxin signaling

At higher co ncentratio ns o f bo th ho rmo nes, these interactio ns between cyto kinin and auxin

are prevented
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Positive Feedback in Fruit Ripening

The pro ductio n o f ethylene in fruits is an example o f a po sitive f eedback lo o p

In po sitive feedback lo o ps the o riginal stimulus pro duces a respo nse that causes the facto r

to deviate even mo re fro m the no rmal range

They enhance the e�ect o f the o riginal stimulus

Ethylene (named ethene by Internatio nal Unio n o f Pure and Applied Chemistry, IUPAC) is a gas

pro duced by fruit during the later stages o f f ruit  ripening

The gas can di�use fro m o ne fruit to  adjacent fruit which triggers further release o f ethylene

The e�ect is that all fruit ripens at the same time

Et hylene Posit ive Feedback Loop Diagram

The production of ethylene is an example of a positive feedback loop
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