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4.5 Homeostasis and response

Cells in the body can only survive within narrow physical and chemical limits. They require a constant
temperature and pH as well as a constant supply of dissolved food and water. In order to do this the
body requires control systems that constantly monitor and adjust the composition of the blood and
tissues. These control systems include receptors which sense changes and effectors that bring about
changes.

In this section we will explore the structure and function of the nervous system and how it can bring
about fast responses. We will also explore the hormonal system which usually brings about much
slower changes. Hormonal coordination is particularly important in reproduction since it controls the
menstrual cycle. An understanding of the role of hormones in reproduction has allowed scientists to
develop not only contraceptive drugs but also drugs which can increase fertility.

4.5.1 Homeostasis

Content Key opportunities for

skills development

Students should be able to explain that homeostasis is the regulation
of the internal conditions of a cell or organism to maintain optimum
conditions for function in response to internal and external changes.

Homeostasis maintains optimal conditions for enzyme action and all cell
functions.

In the human body, these include control of:
* blood glucose concentration

e« body temperature

e+ water levels.

These automatic control systems may involve nervous responses or
chemical responses.

All control systems include:

« cells called receptors, which detect stimuli (changes in the
environment)

*+ coordination centres (such as the brain, spinal cord and pancreas)
that receive and process information from receptors

« effectors, muscles or glands, which bring about responses which
restore optimum levels.
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Content Key opportunities for
skills development
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Content Key opportunities for
skills development

(HT only)
WS 1.5

Evaluate the benefits
and risks of procedures
carried out on the brain

and nervous system.

Content Key opportunities for
skills development
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Content Key opportunities for
skills development

Content Key opportunities for

skills development
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Content Key opportunities for
skills development
WS 1.3

Evaluate information
around the relationship

between obesity and
diabetes, and make

recommendations taking
into account social and
ethical issues.

MS 2c
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Content Key opportunities for
skills development

MS 4a

WS 1.4
Students should be able

to describe how kidney
dialysis works.

WS 1.5

Evaluate the advantages
and disadvantages of
treating organ failure by
mechanical device or
transplant.
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Content Key opportunities for
skills development

MS 2c

Content Key opportunities for

skills development

WS 1.3

Show why issues around
contraception cannot be
answered by science
alone.

WS 1.4

Explain everyday and
technological applications
of science; evaluate
associated personal,
social, economic

and environmental
implications; and make
decisions based on the
evaluation of evidence
and arguments.
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Content Key opportunities for
skills development

WS 1.1

Developments of
microscopy techniques

have enabled IVF
treatments to develop.

WS 1.3

Understand social and
ethical issues associated

with IVF treatments.

WS 1.4

Evaluate from the
perspective of patients
and doctors the methods

—of treating infertility.

Key opportunities for |
skills development |

Students should be able to explain the use of hormones in modern

reproductive technologies to treat infertility.

This includes giving FSH and LH in a fertility drug’ to a woman. She

may then become pregnant in the normal way.

In Vitro Fertilisation (IVF) treatment.

*« IVF involves giving a mother FSH and LH to stimulate the maturation
of several eggs.

** The eggs are collected from the mother and fertilised by sperm from
the father in the laboratory.

*+ The fertilised eggs develop into embryos.

~++ At the stage when they are tiny balls of cells, one or two embryos are
inserted into the mother's uterus (womb).

Although fertility treatment gives a woman the chance to have a baby of

*« it is very emotionally and physically stressful

*« the success rates are not high

~++ it can lead to multiple births which are a risk to both the babies and
the mother.

4.5.3.7 Negative feedback (HT only)

Content

Students should be able to explain the roles of thyroxine and adrenaline

in the body.

Adrenaline is produced by the adrenal glands in times of fear or stress. It

increases the heart rate and boosts the delivery of oxygen and glucose

to the brain and muscles, preparing the body for flight  or fight'.

Thyroxine from the thyroid gland stimulates the basal metabolic rate. It

plays an important role in growth and development.

Thyroxine levels are controlled by negative feedback.

WS 1.2, MS 2c

Interpret and explain
simple diagrams of
negative feedback control.
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Content Key opportunities for
skills development

Content Key opportunities for
skills development

WS13,14

Understand how the
everyday use of hormones
as weed killers has an
effect on biodiversity.
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4.6 Inheritance, variation and evolution

In this section we will discover how the number of chromosomes are halved during meiosis and then
combined with new genes from the sexual partner to produce unique offspring. Gene mutations occur
continuously and on rare occasions can affect the functioning of the animal or plant. These mutations
may be damaging and lead to a number of genetic disorders or death. Very rarely a new mutation can
be beneficial and consequently, lead to increased fitness in the individual. Variation generated by
mutations and sexual reproduction is the basis for natural selection; this is how species evolve.

An understanding of these processes has allowed scientists to intervene through selective breeding
to produce livestock with favoured characteristics. Once new varieties of plants or animals have been
produced it is possible to clone individuals to produce larger numbers of identical individuals all
carrying the favourable characteristic.

Scientists have now discovered how to take genes from one species and introduce them in to the
genome of another by a process called genetic engineering. In spite of the huge potential benefits that
this technology can offer, genetic modification still remains highly controversial.

Key opportunities for

skills development

There are links with this
content to Mitosis and the

cell cycle.
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Content Key opportunities for
skills development

WS 1.2

Modelling behaviour of
chromosomes during
meiosis.

Key opportunities for

skills development |

There are links

with this content to
Animal and plant cells
and

Cloning (biology only).

WS 1.1

Historical
developments of
our understanding
of the causes and

prevention of malaria.
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Content Key opportunities for
skills development

WS11,14

Content Key opportunities for
skills development

WS 1.2

Interpret a diagram of
DNA structure but will not
be required to reproduce
it.
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Content Key opportunities for

skills development

WS 1.2

Modelling insertions and
deletions in chromosomes

to illustrate mutations.
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Content Key opportunities for
skills development

MS 2e

MS 1c, 3a

MS 2c, 4a

MS 2e, WS 1.2
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Content Key opportunities for
skills development

WS 1.3

Appreciate that embryo
screening and gene
therapy may alleviate
suffering but consider the
ethical issues which arise.

Content Key opportunities for

skills development

MS 1c, 3a
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Content

Key opportunities for
skills development

There are links

with this content to
Speciation (biology only)

Content

Key opportunities for

skills development

WS 1.2

Use the theory of
evolution by natural
selection in an
explanation.
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Content Key opportunities for
skills development

WS 13,14

Explain the benefits and
risks of selective breeding
given appropriate
information and consider
related ethical issues.
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Content Key opportunities for
skills development

Students should be able to describe genetic engineering as a process

which involves modifying the genome of an organism by introducing a

gene from another organism to give a desired characteristic.

Plant crops have been genetically engineered to be resistant to diseases

or to produce bigger better fruits.

Bacterial cells have been genetically engineered to produce useful There are links

substances such as human insulin to treat diabetes. with this content to
Role of biotechnology
gbiologx onlxz.

Students should be able to explain the potential benefits and risks of WS 1.3, 1.4

genetic engineering in agriculture and in medicine and that some people

have objections.

In genetic engineering, genes from the chromosomes of humans and

other organisms can be ‘cut out’ and transferred to cells of other

organisms.

Crops that have had their genes modified in this way are called

genetically modified (GM) crops. GM crops include ones that are

resistant to insect attack or to herbicides. GM crops generally show

increased yields.

Concerns about GM crops include the effect on populations of wild

flowers and insects. Some people feel the effects of eating GM crops on

human health have not been fully explored.

Modern medical research is exploring the possibility of genetic

modification to overcome some inherited disorders.

(HT only) Students should be able to describe the main steps in the (HT only)

process of genetic engineering. WS 1.4

(HT only) In genetic engineering: Interpret information

«+ enzymes are used to isolate the required gene; this gene is inserted ~ 2°0Ut genetic engineering

techniques and to make
informed judgements
about issues concerning
cloning and genetic
engineering, including GM
crops.
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Content Key opportunities for

skills development

WS 13,14

Explain the potential
benefits and risks of
cloning in agriculture and
in medicine and that
some people have ethical
objections.

There are links with this
content to Advantages
and disadvantages of
sexual and asexual
reproduction (biology only)
and Selective breeding.
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Content Key opportunities for

skills development

WS11,13

Students should
appreciate that the theory
of evolution by natural
selection developed over
time and from information
gathered by many
scientists.
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Content

Key opportunities for

skills development
There are links with this
content to Evolution.

WS 11

The theory of speciation
has developed over time.

Key opportunities for |
skills development |
WS 1.1

Our current understanding
of genetics has developed

over time.
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There are links
with this content to
Genetic inheritance.

WS 1.1
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N
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Content

Key opportunities for

skills development

WS 1.3

Data is now available
to support the theory of
evolution.

Key opportunities for

skills development
MS 2c, 4a

Extract and interpret
information from charts,

graphs and tables.

WS 1.3
Appreciate why the fossil
record is incomplete.

WS 1.1

Understand how scientific
methods and theories
develop over time.

MS 2c, 4a
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Content

Key opportunities for
skills development
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Content Key opportunities for
skills development

There are links
with this content to
Antibiotics and painkillers.

6
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Content Key opportunities for
skills development

WS 1.1

Understand how scientific
methods and theories

develop over time.

WS 1.2
Interpret evolutionary

trees.
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4.7 Ecology

The Sun is a source of energy that passes through ecosystems. Materials including carbon and water
are continually recycled by the living world, being released through respiration of animals, plants and
decomposing microorganisms and taken up by plants in photosynthesis.

All species live in ecosystems composed of complex communities of animals and plants dependent on
each other and that are adapted to particular conditions, both abiotic and biotic. These ecosystems
provide essential services that support human life and continued development.

In order to continue to benefit from these services humans need to engage with the environment in a
sustainable way. In this section we will explore how humans are threatening biodiversity as well as the
natural systems that support it. We will also consider some actions we need to take to ensure our future
health, prosperity and well-being.

4.7.1 Adaptations, interdependence and competition

4.7.1.1 Communities

| Key opportunities for

skills development

Students should be able to describe: WS 2.6

«« different levels of organisation in an ecosystem from individual Recording first-
organisms to the whole ecosystem hand observations of

*« the importance of interdependence and competition in a community. organisms.

Students should be able to, when provided with appropriate information:

+« suggest the factors for which organisms are competing in a given
habitat

*» suggest how organisms are adapted to the conditions in which they
live.

An ecosystem is the interaction of a community of living organisms
(biotic) with the non-living (abiotic) parts of their environment.

To survive and reproduce, organisms require a supply of materials from
their surroundings and from the other living organisms there.

Plants in a community or habitat often compete with each other for light
and space, and for water and mineral ions from the soil. Animals often
compete with each other for food, mates and territory.

Within a community each species depends on other species for food,
shelter, pollination, seed dispersal etc. If one species is removed it can
affect the whole community. This is called interdependence. A stable
community is one where all the species and environmental factors are in
balance so that population sizes remain fairly constant.

Students should be able to extract and interpret information from charts, | MS 2c, 4a
graphs and tables relating to the interaction of organisms within a Extract and interpret

community. information from charts,
graphs and tables.
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4.7.1.2 Abiotic factors

Content Key opportunities for |
skills development
Students should be able to explain how a change in an abiotic factor WS 1.2

would affect a given community given appropriate data or context.

Abiotic (non-living) factors which can affect a community are:
¢ light intensity

s temperature

*= moisture levels

*+ soil pH and mineral content

*« wind intensity and direction

»« carbon dioxide levels for plants

*« oxygen levels for aquatic animals.

Students should be able to extract and interpret information from charts, MS 2c, 4a

graphs and tables relating to the effect of abiotic factors on organisms Extract and interpret
within a community. information from charts,
graphs and tables.

4.7.1.3 Biotic factors

Content Key opportunities for

skills development

Students should be able to explain how a change in a biotic factor might | WS 1.2
affect a given community given appropriate data or context.

Biotic (living) factors which can affect a community are:
+« availability of food

s new predators arriving

** new pathogens

s one species outcompeting another so the numbers are no longer
sufficient to breed.

Students should be able to extract and interpret information from charts, MS 2c, 4a

graphs and tables relating to the effect of biotic factors on organisms Extract and interpret
within a community. information from charts,
graphs and tables.
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Key opportunities for
skills development
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Content Key opportunities for

skills development

MS 2b, 2f, 4a, 4c

WS 1.2

Interpret graphs used
to model predator-prey
cycles.

MS 4a
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Key opportunities for

Content

skills development

WS 1.2

Interpret and explain the
processes in diagrams
of the carbon cycle, the
water cycle.

There are links with the
water cycle to GCSE
Chemistry 4.9.1.2 The
Earth’s early atmosphere.

Content Key opportunities for

skills development
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Key opportunities for
skills development

WS 14

There are links with this
content to Biodiversity
and the effect of human
interaction on

ecosystems.

4.7.3 Biodiversity and the effect of human interaction on ecosystems

Key opportunities for

skills development

WS 14

Explain how waste,
deforestation and global
warming have an impact
on biodiversity.

4.7.3.2 Waste management

Content Key opportunities for
skills development

Rapid growth in the human population and an increase in the standard There are links with

of living mean that increasingly more resources are used and more this content to GCSE

waste is produced. Unless waste and chemical materials are properly Chemistry 4.9.3.1

handled, more pollution will be caused. Atmospheric pollutants
from fuels.

Pollution can occur:

*+ in water, from sewage, fertiliser or toxic chemicals
*+ in air, from smoke and acidic gases

e on land, from landfill and from toxic chemicals.

Pollution kills plants and animals which can reduce biodiversity.
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4.7.3.3 Land use

Content

Key opportunities for skills

Humans reduce the amount of land available for other animals and
plants by building, quarrying, farming and dumping waste.

development

The destruction of peat bogs, and other areas of peat to produce
garden compost, reduces the area of this habitat and thus the
variety of different plant, animal and microorganism species that live

there (biodiversity).

The decay or burning of the peat releases carbon dioxide into the
atmosphere.

WS 14,15
Understand the conflict
between the need for cheap

available compost to increase
food production and the need
to conserve peat bogs and
peatlands as habitats for
biodiversity and to reduce
carbon dioxide emissions.

There are links within this
section to Global warming.

There are links
within this section to
Factors affecting food security

(biology only).

Content

Key opportunities for
skills development
WS 14

Evaluate the environmental
implications of deforestation.

4.7.3.5 Global warming

Content

Key opportunities for

Students should be able to describe some of the biological
consequences of global warming.

Levels of carbon dioxide and methane in the atmosphere are
increasing, and contribute to ‘global warming’.

skills development

WS 1.6

Understand that the scientific
consensus about global
warming and climate change is
based on systematic reviews of
thousands of peer reviewed
publications.

WS 1.3

Explain why evidence is
uncertain or incomplete in a
complex context.
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Content Key opportunities for
skills development

WS 14,15

Evaluate given information
about methods that

can be used to tackle
problems caused by
human impacts on the
environment.

Explain and evaluate the
conflicting pressures on
maintaining biodiversity
given appropriate

information.
4.7.4 Trophic levels in an ecosystem (biology only)
Content Key opportunities for

skills development

~
N
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Key opportunities for
skills development

WS 1.2
MS 2c
4.7.4.3 Transfer of biomass
Content Key opportunities for

skills development |

Students should be able to:
*+ describe pyramids of biomass
*+ explain how biomass is lost between the different trophic levels.

Producers are mostly plants and algae which transfer about 1 % of the
incident energy from light for photosynthesis.

Only approximately 10 % of the biomass from each trophic level is MS 1c

transferred to the level above it. Calculate the efficiency of

Losses of biomass are due to: biomass transfer between

: — . trophic levels.
*« not all the ingested material is absorbed, some is egested as faeces

= some absorbed material is lost as waste, such as carbon dioxide and
water in respiration and water and urea in urine.

Large amounts of glucose are used in respiration.

Students should be able to calculate the efficiency of biomass transfers MS 1c
between trophic levels by percentages or fractions of mass.

Students should be able to explain how this affects the number of
organisms at each trophic level.
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4.7.5 Food production (biology only)

4.7.5.1 Factors affecting food security

Content Key opportunities for
skills development

Students should be able to describe some of the biological factors WS 1.4

affecting levels of food security. Interpret population and

food production statistics

Food security is having enough food to feed a population. o evaluate food security.

Biological factors which are threatening food security include:

*« the increasing birth rate has threatened food security in some
countries

*« changing diets in developed countries means scarce food resources
are transported around the world

*» new pests and pathogens that affect farming

e« environmental changes that affect food production, such as
widespread famine occurring in some countries if rains fail

+ the cost of agricultural inputs

«+ conflicts that have arisen in some parts of the world which affect the
availability of water or food.

Sustainable methods must be found to feed all people on Earth.

4.7.5.2 Farming techniques
Content Key opportunities for
skills development
The efficiency of food production can be improved by restricting energy WS 1.3

transfer from food animals to the environment. This can be done by Understand that some
limiting their movement and by controlling the temperature of their people have ethical
surroundings. objections to some
Some animals are fed high protein foods to increase growth. modern intensive farming
methods.
WS 1.4

Evaluate the advantages
and disadvantages

of modern farming
techniques.
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Content

Key opportunities for

skills development

WS 14

Understand how
application of different
fishing techniques
promotes recovery of
fish stocks.

Content

Key opportunities for

skills development

There are links with
this content to
Genetic engineering.
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