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All organisms that live and interact in an 
ecosystem form a community.  This 
community is made up of populations of 
different species.  These species depend 
on each other for resources, so we say 
they are interdependent.  Each population 
lives in a particular habitat within the 
ecosystem. A habitat includes the other 
organisms that affect the population and 
local environment. 

Food webs show the feeding relationships 
between different organisms. 

We can use them to predict what will 
happen to the organisms if there are 
changes within the ecosystem.

For example, if there is a reduction in 
the amount of pondweed growing this will 
have an impact on the other populations 
within the web.  The population of pond 
snails will decline because there is less 
food for them to each. The population of 
stickleback will also decline with the 
remaining fish eating more mayfly lava 
causing that population to decrease.  

Food webs

The microscopic plant population will increase with less mayfly eating them, and so on.  
So you can see how a change in one population can have an impact on the whole food web.

Abiotic and biotic factors in an ecosystem:

Physical and chemical factors; 
temperature, rainfall, soil, 
drought, flooding, rising sea 
temperatures, light levels, 
climate change, pollutants.

The organisms in an 
ecosystem that have an 
impact on other organisms 
because they compete for 
resources such as food.

Abiotic Biotic

Predator – prey cycle



Energy transfer
Each year, photosynthesis captures over 3 x 1020  j of 
energy transferred by light from the sun.  Much of this 
energy is transferred to new substances in plant biomass 
(the mass of tissues).  The rest is transferred to the 
environment by heating, during processes such as 
respiration.  Other organisms cannot make use of the 
energy transferred to the environment by heating and so 
these energy transfers are less useful for living things.
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Energy flow through a simple food chain

Sanky diagrams
Sanky diagrams are used to show energy transfers 
in an organism. The diagram below shows that for 
every 25.0 kj that the rabbit gains in its food, 
only 0.08 kj is stored in new biomass. 

The efficiency of energy transfer can be 
calculated using the following equation: 

The diagram above shows what happens to the energy 
stored in plant biomass when it is transferred to the 
carnivore that eats it, and so on through the trophic levels 
(feeding levels) of a food chain.    

Energy transferred to biomass  = energy efficiency
Total energy supplied to organism

0.08 =  0.0032
28

The energy efficiency of energy transfer by the rabbit is:

The energy efficiency value is given on a scale from 0 to 1, with 1 being complete efficiency.  
To convert to a percentage simply multiply the value by 100.

Pyramids of biomass
Pyramids of biomass show the biomass 
of all of the organisms at each trophic 
level.  The width of each bar indicates 
the amount of biomass in each trophic 
level.

Pyramids of biomass have a pyramid shape because at each trophic level energy is 
transferred from the food chain to the environment.  This means there is less energy 
available to produce biomass at the next trophic level.  This limits the number of trophic 
levels in the food chain because there is not enough energy stored in the biomass of the top 
level to support another level. The percentage transfer of biomass between trophic levels 
can be calculated.  For example, the percentage from the producers  to the primary 
consumers would be:

primary consumer  = 78 x 100%  = 9.65%
producers           809



Abundance of a species.
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Assessing pollution – Air pollution

All lichens are a mutualistic 
relationship between a fungus 
and an alga.  The species of 
lichen Lecanora conizaeoides 
can be used as an indicator 
species for sulfur dioxide 
pollution in the air.  This is 
because it is the only species 
of lichen than can tolerate air 
polluted with sulfur-containing 
gases.  This means that in 
areas where only this type of 
lichen grows the air will be 
polluted with sulfur dioxide 
but in areas where a diverse 
range of different lichen 
species grow the air will be 
free of sulfur gases.

Blackspot fungus is a 
pathogen of roses 
that infects them 
causing the leaves to 
drop off the plant.  
The fungus cannot 
grow well in areas 
where there is a lot 
of sulfur pollution, so 
roses in cities rarely 
suffer from 
blackspot infection.

We can estimate population size by taking 
samples using randomly placed quadrats.

Assessing pollution – Water pollution

Some aquatic species of invertebrates are also useful pollution indicators.  Common sources 
of water pollution are poisonous substances released by factories, such as mercury and 
detergents.  Fertilisers and sewage are also common water pollutants.  Substances in these, 
like nitrates, cause eutrophication, which encourages the rapid growth of algae and plants. 
Bacteria feeding on the dead plants and algae reduce the oxygen concentration in the 
water, resulting in the death of many animals.

Different aquatic invertebrates are adapted to different concentrations of oxygen.  This 
means that the levels of water pollution can be assessed by the species of invertebrates 
found there, as shown below.

Assessing pollution

Sensors can also be used to assess the level of 
pollution in air and water.  These provide 
numerical data on the level of pollution, whereas 
indicator species will not provide this detail.  
However, indicator species are useful as a simple 
assessment of the long-term health of an 
ecosystem.



Parasitism
Parasitism is the relationship where one 
organism benefits by feeding off a host
organism, causing harm to this host. 
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A tape worm 
attaches itself to 
the lining of the 
intestines to 
absorb the 
nutrients from 
the food we eat.

Mutualism

Both organisms benefit                                        
from the relationship.                                 
For example, plants and                             
insects have a mutualistic                         
relationship because the plants rely on the 
insects for pollination whilst the insects 
benefits from collecting nectar or pollen 
from the flowers, which  it uses for food.

Eutrophication

Humans and biodiversity

Many of the ways in which humans affect 
ecosystems can reduce biodiversity.

Fish farming can have a negative impact 
on biodiversity because parasites and 
diseases can spread from farmed fish to 
wild organisms that live there.

Introducing non-indigenous species can 
have a negative impact on an ecosystem.  
Cane toads from South American were 
introduced to Australia to kill cane 
beetles.  However, the toads became a 
problem as their population increased 
dramatically and they are poisonous and 
kill native animals.

Preserving biodiversity 

Biodiversity can be preserved by 
reforestation, conservation of rare or 
endangered species and conservation of 
habitats.

Food security

Food security means having enough safe and healthy food at all times. Food security has increased in many 
places by improving agricultural methods, such as using fertilisers and more productive crop varieties and 
breeds.  However, food security is still difficult in very poor countries or where there is conflict.  Food 
security will become more difficult as the global population increases. 

Providing food security can cause problems.  Use of fertilisers to increase crop growth and yields raises 
concerns about sustainability (the process of producing fertilisers requires energy and releases carbon 
dioxide), and harm to the environment leading to climate change.

One idea to reduce carbon emissions is to grow plants for biofuels to replace fossil fuels.  But this raises 
issues of whether land should be used for growing food or fuel. 



The water cycle.
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Possibly the most important substance on earth is 
water. It not only keeps us alive but every other plant 
and animal that has ever existed. 

There is a limited amount of water on Earth so it must 
be recycled through organisms and the environment in 
order to support life. 

In very dry areas water has to be either extracted 
from the air or from the sea (in a process called
desalination). 

The carbon cycle.

Most of the chemicals that 
make up living tissue 
contain carbon. When 
organisms die the carbon 
is recycled so that it can be 
used by future generations. 
The model that describes the 
processes involved is called 
the carbon cycle.
Carbon enters the atmosphere 
as carbon dioxide from 
respiration and combustion.
Carbon dioxide is absorbed by 
producers to 
make carbohydrates in 
photosynthesis.

Animals feed on the plant passing the carbon compounds along the food chain. Most of 
the carbon they consume is exhaled as carbon dioxide formed during respiration. The 
animals and plants eventually die.
The dead organisms are eaten by decomposers and the carbon in their bodies is 
returned to the atmosphere as carbon dioxide. In some conditions decomposition 
is blocked. The plant and animal material may then be available as fossil fuel in the 
future for combustion.
In the sea, marine animals may convert some of the carbon in their diet to calcium 
carbonate which is used to make their shells. Over time the shells of dead organisms 
collect on the seabed and form limestone. Due to Earth movements this limestone may 
eventually become exposed to the air where it's weathered and the carbon is released 
back into the atmosphere as carbon dioxide. Volcanic action may also release carbon 
dioxide.
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The nitrogen cycle.

Nitrogen in plants
Plants need nitrogen to grow 
well, make proteins and DNA.  
They cannot absorb nitrogen 
from the air because as a 
gas it is unreactive. Instead 
they absorb nitrogen 
compounds such as nitrates 
that are dissolved in soil 
water.

Bacteria and nitrates        
Decomposers such as 
bacteria release nitrogen 
compounds when they 
decompose dead animals and 
plants.

Nitrogen-fixing bacteria                                                                                          
Some plants such as peas and beans have a mutualistic relationship with 
nitrogen-fixing bacteria.  The bacteria live in the root nodules of the plant.  
The plant gets nitrogen compounds directly from the bacteria and in return 
the bacteria receives nutrients from the plant.  Farmers can use this 
relationship to keep the soil rich in nitrogen compounds through the process 
of crop rotation; planting peas one year to return excess nitrogen 
compounds to the soil and potatoes the next to use these compounds.

Nitrogen cycles through abiotic and biotic components of an ecosystem, as 
shown in the diagram above.

Rates of decomposition                                                   
Decomposers are microorganisms that break down (decay) the soft 
tissues of organisms soon after they have died.  These microorganisms 
grow best in warm and moist conditions, and many of them need oxygen.

Food preservation – to keep food 
fresh and prevent it from decaying 
preservation methods are used.  
These rely on: 
 Reducing temperature (fridges or 

freezers)
 Reducing water content (e.g. 

salting and then drying the meat 
to make ham and salami)

 Irradiation of packaged foods to 
kill decomposers

 Reducing oxygen (e.g. storing 
food in oil, packaging fresh foods 
like salad leaves in unreactive 
gas, such as nitrogen.

Making compost – waste garden 
material can be placed in a heap to 
be decayed by decomposers to form 
well-rotted compost. Spreading 
compost increases soil fertility and 
the nutrients it contains are easily 
absorbed by the plants.  
The construction of a compost heap 
affects the conditions inside the 
heap and the rate of decomposition 
and formation of compost.  The rate 
of decay can be calculated from a 
quantity that changes over time, as 
shown:

Worked example
The mass of a fresh apple was 153g, The 
apple was placed in a compost heap.  Ten 
days later its mass was 37g.  Calculate 
the rate of decomposition of the apple, 
using the formula:


