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AQA GCSE Combined Science: Trilogy - Topic 4.7 Ecology

Ecology revision notes

Ecology is the study of how living things interact with each other and with their environment. It covers
communities, adaptations, sampling, food chains, the cycling of materials such as carbon and water, and
how human activity affects biodiversity.

For AQA GCSE Combined Science: Trilogy 8464. Highertier is only on the Higher paper.

© Adaptations, interdependence and competition seec4

Communities specazia

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

Levels of organisation

From a single organism to the whole ecosystem, using a pond as the example

Level What it means Pond example

Individual One living thing One frog

organism

Population All the organisms of one species living in the All the frogs in the pond
same area

Community All the populations of the different species All the plants, animals and
living in the same area microorganisms in the pond

Ecosystem The community together with the non-living The pond community plus the water, light
parts of the environment and temperature

Clock it with SCI - free revision at clockitwithsci.com 1/15



Ecosystem
the community + the non-living parts

Light Temperature
Community
all the species in the pond
Population
all the frogs
Water rganism

one frog

(opens full size in a new tab)

Each level contains the one before it. The ecosystem is the community plus the abiotic factors (light, water, temperature).

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

Competition

Organisms in a community or habitat compete for the things they need when these are in short supply.

Organisms They often compete for
Plants Light, space, water and mineral ions from the soil
Animals Food, mates and territory

Exam tip: You may be given a habitat and asked what organisms compete for. Match it to the table:

trees in a wood compete for light, so a plant under them is short of light.

Interdependence and stable communities

Interdependence Within a community each species depends on other species for
food, shelter, pollination, seed dispersal and so on. If one species is
removed it can affect the whole community.

Stable community A community where all the species and environmental factors are in
balance so that population sizes remain fairly constant.
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For example, if a plant species that is pollinated by one type of insect is removed, that insect loses its
food, and the animals that eat the insect lose theirs. One change spreads through the community.

Maths skill: You may need to extract and interpret information from charts, graphs and tables about

how organisms in a community affect each other. Describe the pattern first, then explain it using food,

competition or predation.

Abiotic factors spec471.2

Abiotic (non-living) factors can affect a community. If one of them changes, the organisms that depend
on it are affected, and so are the species that feed on or depend on those organisms.

Abiotic factors and how a change might affect organisms

Abiotic factor

Light intensity

Temperature

Moisture levels

Soil pH and mineral
content

Wind intensity and
direction

Carbon dioxide levels
for plants

Oxygen levels for
aquatic animals

How a change could affect organisms

Less light means plants photosynthesise more slowly and grow less, so there is less
food for the animals that eat them

Changes the rate of enzyme-controlled reactions, so growth and reproduction speed
up or slow down. Too hot or too cold and organisms may die or move away

Plants and animals need water to survive. In drier conditions, fewer organisms can live
there

Plants only grow well in a suitable pH and need mineral ions for healthy growth. Poor
soil means fewer plants

Strong wind can damage plants and increases water loss from them. It also affects
how easily animals move and feed

Carbon dioxide is needed for photosynthesis. Lower levels slow the growth of plants

Aquatic animals need oxygen for respiration. If levels fall, fewer animals can survive in
the water

To explain the effect of a change, link three steps: what changed, how it affects the organism, and what
happens to the community.

Exam tip: Always finish the chain. Saying 'less light' is not enough. Say that there is less

photosynthesis, so plants grow less and fewer herbivores can be supported.

Maths skill: Questions often give a table or graph of an abiotic factor against the number of organisms.

State where the number is highest or lowest, and quote values from the data.

Biotic factors Srec4.71.3

Biotic (living) factors can also change a community. The four you need to know are:

Biotic factor

Availability of food

New predators arriving
New pathogens

One species
outcompeting another

How a change could affect a community

Less food means more competition, so animal numbers fall. More food means
numbers can rise

Prey are eaten, so the prey population falls. Anything the prey ate may then increase
Disease can kill or weaken many organisms of a species, so the population falls

The weaker competitor gets less of the food, light or space it needs. Its numbers may
become no longer sufficient to breed, so the species can die out in that area
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A change in one population affects others. If a new predator reduces the number of prey, the predator's
other food sources and the prey's food source are all affected.

Common mistake: Do not say that a population 'adapts' to a new predator or pathogen in the short
term. Describe what happens to numbers: they rise or fall, and why.

Maths skill: You may be asked to interpret a graph of two populations over time. Describe how each
changes, then link the changes, for example prey falling when predators rise.
Adaptations spec471.4

Organisms have features called adaptations that enable them to survive in the conditions in which they
normally live. Adaptations may be structural, behavioural or functional.

Type What it is Examples
Structural A feature of the body's A thick layer of fat and a white coat on a polar bear. Spines and a thick,
structure water-storing stem on a cactus
Behavioural The way an organism Migrating to a warmer place for winter. Hunting at night to avoid the
acts heat of the day
Functional How a body process A camel producing very little, concentrated urine to save water
works
White fur Spines instead of leaves
camouflage against the snow less water lost, and protect from animals
<
. ‘
‘ >
[ ] <
> <
Thick layer of fat Thick stem
reduces heat loss stores water
Polar bear: cold Arctic Cactus: hot, dry desert

(opens full size in a new tab)

Structural adaptations match the conditions: the polar bear is adapted to the cold, the cactus to the hot, dry desert.

Extremophiles

Extremophile An organism that lives in an environment that is very extreme, such
as at high temperature, pressure or salt concentration. Bacteria living
in deep sea vents are extremophiles.
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When you explain an adaptation, you are given information about the environment. Name the feature,
then say how it helps survival.

Exam tip: Use the pattern 'feature, then how it helps, then in that environment'. For example: thick fat
(feature) reduces heat loss (how it helps) in the cold Arctic (environment).

Quick check

. Put in order, smallest to largest: community, organism, ecosystem, population.
. What do plants often compete for?

. What do animals often compete for?

. What is a stable community?

a N WO N -

. What is an extremophile?
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© Organisation of an ecosystem sveca2

Producers, consumers and food chains speca.7.21

Photosynthetic organisms are the producers of biomass for life on Earth. Feeding relationships within a
community can be represented by food chains.

All food chains begin with a producer which synthesises molecules. This is usually a green plant or alga
which makes glucose by photosynthesis.

Feeding levels in a food chain

Name What it does Example
Producer Makes glucose by photosynthesis Grass
Primary consumer Eats the producer Grasshopper
Secondary consumer Eats the primary consumer Frog
Tertiary consumer Eats the secondary consumer Snake

Consumers that kill and eat other animals are predators, and those eaten are prey.

Grass —| Grasshopper | —>» Frog g Snake

Producer Primary consumer Secondary consumer Tertiary consumer

(opens full size in a new tab)

The arrows show the direction the food (biomass) goes: from the food to the animal that eats it.

Common wistake: Arrows in a food chain point from the food to the animal that eats it. Grass — rabbit
means the rabbit eats the grass.
Sampling: distribution and abundance spec4.7.21

Ecologists use experimental methods with quadrats and transects to find the distribution (where a
species is found) and abundance (how many there are) of species in an ecosystem.

e A quadratis a square frame placed on the ground. You count the organisms inside it.

e Atransectis aline (such as a tape measure) laid across the ground. You place quadrats along it at
regular intervals to see how the species changes along the line.
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Hedge Quadrat Transect line (tape)

Number of plants per quadrat

0 2 4 6 8 10 12

Distance from hedge (m)
(opens full size in a new tab)

Quadrats placed at regular intervals along a transect. Here the plant becomes more common further from the shady hedge.

Reguired practical: Required practical 9 (numbered 7 in Combined Science): measure the population size

of a common species in a habitat. Use sampling technigues to investigate the effect of a factor on the
distribution of this species. The method is below.

Method: population size

1. Choose the habitat and the species to count, for example a plant such as daisies on a field.

N

o o A~ W

. Place the quadrat at random positions. Use a random number generator to pick coordinates on a grid

laid out with two tape measures. Random placement avoids bias.

. Count the organisms of the chosen species inside the quadrat each time.
. Repeat many times, for example 10 or more quadrats, so that the sample is representative.
. Calculate the mean number per quadrat.

. Estimate the population size. If the quadrat is not 1 m? first find the mean per m? (mean per quadrat +

area of the quadrat). Then: population = mean number per m? x total area of the habitat in m2

Method: effect of a factor on distribution

1.

Lay a transect line across the habitat where the factor changes, for example from an area of shade
into an open area.

2. Place a quadrat at regular intervals along the line, for example every 2 metres.

3. At each position count the organisms of the species, and measure the factor (for example light

intensity with a light meter, or soil moisture).
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4. Record the results in a table and plot a graph of number of organisms against distance or against the
value of the factor.

Control variables include the size of the quadrat, the species being counted, the time of day, and the
person doing the counting. Take care outdoors: wear gloves if needed, avoid harmful plants, take care
near water and wash your hands afterwards.

A typical result is that the number of organisms of a species changes along the transect as the factor
changes. For example, the number of a plant species may be lower under trees where there is less light,
and higher in the open.

Mean, mode and median

Mean The total of all the values divided by the number of values.
Mode The value that occurs most often.
Median The middle value when the values are in order. With an even number

of values, it is halfway between the two middle values.

Mean, mode and median of quadrat counts

A student counted daisies in 8 quadrats and got: 2, 4, 4, 5, 6, 7, 4, 8. Calculate the mean, mode and

median. Then estimate the population in a field of 300 m? using quadrats of area 0.25 m2

1. Mean: add the values:2+4+4+5+ 6 +7 + 4 + 8 =40. Divide by 8 quadrats: 40 + 8 = 5.

2. Mode: the most common value is 4 (it appears three times).

3. Median: put the values in order: 2, 4, 4, 4, 5, 6, 7, 8. The middle two values are 4 and 5, so the
median is 4.5.

4. Population estimate: mean per quadrat is 5 in 0.25 m? so per m2is 5 + 0.25 = 20. Over 300 m?: 20
x 300 = 6000.

Answer: Mean = 5, mode = 4, median = 4.5. Estimated population = 6000 daisies.

Plotting graphs

Choose a bar chart for categories such as different species, and a line graph for continuous data such as
distance along a transect. Put the independent variable on the x-axis. Choose a scale that uses more
than half of the grid, goes up in equal steps, and label each axis with its quantity and unit.

Exam tip: If asked why many guadrats are used, say that it makes the results more representative and
reduces the effect of anomalies. If asked why placement is random, say it avoids bias.

Predator-prey cycles spec4.7.21

In a stable community the numbers of predators and prey rise and fall in cycles.
1. Prey numbers are high, so there is plenty of food for the predators.

. Predator numbers rise as they eat more prey and breed.

. Prey numbers fall as more of them are eaten.

. With less food, predator numbers fall.

a ~h 0N

. Fewer predators means fewer prey are eaten, so prey numbers rise again.
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Prey

» Predator

Number of organisms

time lag

Time (years)

(opens full size in a new tab)

Predator and prey numbers cycle. The prey peak comes first and the predator peak follows after a time lag.

Exam tip: On a graph, the prey peak comes first and the predator peak follows a short time later. The
line that peaks first is the prey. Say that the predator numbers depend on the food supply.

Maths skill: Interpret graphs used to model these cycles. Quote values from the graph, describe the
pattern of both populations, and explain the link between them.

How materials are cycled spec47.22

Many different materials cycle through the abiotic and biotic components of an ecosystem. All materials

in the living world are recycled to provide the building blocks for future organisms.

The carbon cycle

The carbon cycle returns carbon from organisms to the atmosphere as carbon dioxide to be used by

plants in photosynthesis.

1. Plants and algae take in carbon dioxide from the atmosphere for photosynthesis, and make glucose
and other molecules.

2. Carbon passes along food chains as animals eat the plants, and then other animals.

3. Plants, animals and decomposing microorganisms release carbon dioxide into the atmosphere by
respiration.

4. When organisms die, microorganisms decompose them. They release carbon dioxide by respiration.
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(opens full size in a new tab)

The carbon cycle. Photosynthesis removes carbon dioxide from the atmosphere; respiration by plants, animals and
decomposers returns it.

Carbon is important to living organisms because the main molecules they are built from, such as
carbohydrates, proteins and fats, contain carbon. The cycle makes sure that carbon is available for new
organisms.

The water cycle

The water cycle provides fresh water for plants and animals on land before draining into the seas. Water
is continuously evaporated and precipitated.

1. Water evaporates from the sea, from the land and from plants.

2. The water vapour rises and cools, and condenses to form clouds.

3. Water falls as precipitation, such as rain, hail and snow.

4. The fresh water on land is used by plants and animals before draining into rivers and then the seas.

Water is important to living organisms because it is needed in cells, plants need it for photosynthesis,
and land plants and animals need a supply of fresh water.

The role of microorganisms

Microorganisms that decompose dead plants, dead animals and waste have an important role in cycling
materials through an ecosystem. They return carbon to the atmosphere as carbon dioxide (by
respiration) and return mineral ions to the soil, where plants take them up.

Exam tip: You are not expected to study the nitrogen cycle. Learn the carbon and water cycles. In
diagrams, name each arrow with the correct process: photosynthesis, respiration, feeding, decay,
evaporation, condensation or precipitation.
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Quick check

. What does a food chain always begin with?

. Why do ecologists use a transect?

. In a predator-prey graph, which peak comes first?

N W N P

. Which organisms return carbon dioxide and mineral ions to the environment when material
decays?
5. What does the water cycle provide for plants and animals on land?
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€ Biodiversity and the effect of human interaction on ecosystems

Spec4.7.3

Biodiversity speca4zai

Biodiversity The variety of all the different species of organisms on Earth, or
within an ecosystem.

A great biodiversity ensures the stability of ecosystems by reducing the dependence of one species on
another for food, shelter and the maintenance of the physical environment.
The future of the human species on Earth relies on us maintaining a good level of biodiversity . Many

human activities are reducing biodiversity, and only recently have measures been taken to try to stop
this reduction.

The next sections explain how waste, land use, deforestation and global warming each have an impact
on biodiversity.

Exam tip: Biodiversity is about the number of different species, not the number of individuals. & field

with a wmillion of one species has low biodiversity.

Waste management spec4.7.3.2

Rapid growth in the human population and an increase in the standard of living mean that increasingly
more resources are used and more waste is produced. Unless waste and chemical materials are
properly handled, more pollution will be caused.

Where pollution can occur

Where Causes

In water Sewage, fertiliser or toxic chemicals
Inair Smoke and acidic gases

On land Landfill and toxic chemicals

Pollution kills plants and animals, which can reduce biodiversity.

Exam tip: Link the cause to the effect in two steps: pollution kills organisms, and so the number of

species falls, which reduces biodiversity.

Land use Spec473.3

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

Peat bogs

The destruction of peat bogs and other areas of peat to produce garden compost reduces the area of
this habitat. This reduces 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, which contributes to
global warming.

There is a conflict. People want cheap, available compost to increase food production, but peat bogs
and peatlands need to be conserved as habitats for biodiversity and to reduce carbon dioxide
emissions.
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Exam tip: In a conflict guestion give both sides, then reach a conclusion, for example that using peat-
free compost protects the habitat but may cost more.

Deforestation Spec47.3.4

Large-scale deforestation in tropical areas has occurred to:
e provide land for cattle and rice fields
e grow crops for biofuels.
Environmental implications of deforestation
Implication Why
Loss of biodiversity The habitat is destroyed, so many species lose their food and shelter and die out

More carbon dioxide in the Fewer trees means less photosynthesis, so less carbon dioxide is removed.

atmosphere Decay and burning of the trees release carbon dioxide
Contribution to global Higher carbon dioxide levels contribute to global warming
warming

Cleared land can provide food and fuel crops, so there is a conflict between the economic needs of
people and protecting the environment.
Exam tip: To evaluate, state a benefit (land for cattle, rice or biofuel crops), then the environmental

costs (less biodiversity, more carbon dioxide), then give a judgement.

Global warming spec473s

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

Some biological consequences

e Loss of habitats, for example as ice melts or as sea levels rise and flood low-lying areas.

e Changes in the distribution of species, as organisms move to cooler areas or cannot survive where
they were.

e Changes in the migration patterns of animals.

e Some species may not be able to adapt or move, and may die out, which reduces biodiversity.
The evidence

The scientific consensus about global warming and climate change is based on systematic reviews of

thousands of peer reviewed publications.

In a complex context the evidence can be uncertain or incomplete. The climate depends on many
factors, and predictions use models, so scientists may not agree on exactly how much the temperature
will change.

Exam tip: Be specific when you describe a biological consequence. 'Habitat loss' or 'species move to
different areas' will score; 'bad for animals' will not.

Maintaining biodiversity spec473s6

Human interactions in an ecosystem can be negative or positive. You need to describe both and
explain their impact on biodiversity.
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Negative interactions Positive interactions

Building, quarrying, farming and dumping Breeding programmes for endangered species
waste reduce the land available

Pollution of water, air and land Protection and regeneration of rare habitats

Destroying peat bogs and clearing forest Reintroduction of field margins and hedgerows in agricultural
areas where farmers grow only one type of crop

Releasing more carbon dioxide and Reduction of deforestation and carbon dioxide emissions by
methane some governments
Dumping waste in landfill Recycling resources rather than dumping waste in landfill

Scientists and concerned citizens have put in place programmes to reduce the negative effects of
humans on ecosystems and biodiversity.

Programmes and how they help

Programme How it helps biodiversity

Breeding programmes for endangered Increase the numbers of a species so it does not die out
species

Protection and regeneration of rare Keeps the habitat and the species that depend on it

habitats

Reintroducing field margins and Gives shelter and food for wildlife in fields where only one crop
hedgerows grows, so more species can live there

Reducing deforestation and carbon Protects forest habitats and slows global warming

dioxide emissions

Recycling instead of landfill Uses less land for dumping waste and reduces pollution

Conflicting pressures

Maintaining biodiversity is not always easy. There are conflicting pressures. Farmers want land for
crops and animals, people need food, fuel and homes, and conservation costs money. Reducing
emissions or protecting habitats may reduce profits or jobs.

Exam tip: When asked to evaluate a method, give a benefit and a drawback, using the information in the

guestion, and then give a conclusion.

Quick check

. Define biodiversity.

. Name three ways humans reduce the land available for other organisms.
. Why does destroying peat bogs add to global warming?

. Which two gases are increasing in the atmosphere and contributing to global warming?

a N WO N -

. Give two programmes that help maintain biodiversity.
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Quick check answers

Adaptations, interdependence and competition
L. Organism, population, community, ecosystem.
2. Light, space, water and mineral ions from the soil.

3. Food, mates and territory.

FEN

. One where all the species and environmental factors are in balance so population sizes remain fairly
constant.

5. An organism that lives in very extreme conditions, such as high temperature, pressure or salt
concentration.

Organisation of an ecosystem

L. A producer, usually a green plant or alga that makes glucose by photosynthesis.

2. To see how the distribution of a species changes along a line as a factor changes.

. The prey peak, followed by the predator peak.

s W

. Microorganisms (decomposers).

(92}

. Fresh water, before it drains into the seas.

Biodiversity and the effect of human interaction on ecosystems
. The variety of all the different species of organisms on Earth, or within an ecosystem.

Ny —

. Any three of: building, quarrying, farming, dumping waste.
. The decay or burning of peat releases carbon dioxide into the atmosphere.

S w

. Carbon dioxide and methane.

vl

. Any two of: breeding programmes, protecting rare habitats, hedgerows and field margins, reducing
deforestation and emissions, recycling.
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