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TOPIC 13
Ecology

13.1 Overview
Numerous videos and interactivities are embedded just where you need them, at the point of learning, in 
your learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered 
in this topic.

13.1.1 Why learn this?
Droughts, floods, bushfires! The Australian environment can certainly throw some nasty surprises. The 
cycle of years of droughts and bushfires followed by periods of heavy and prolonged rainfall is not new. 
The Australian continent was experiencing these extremes even before Europeans first arrived in Australia. 
Has the climate become even more extreme over recent times, though? How does this impact on animal 
and plant species?

Studying the way in which organisms interact with their environment and each other can help us appreciate 
the importance of preserving natural ecosystems. The loss of a species and other changes can have implica-
tions on the rest of the ecosystem. Increasingly, human activities are damaging the natural environment. Clean 
fresh water is in short supply in many parts of the world. Increasing levels of greenhouse gases are causing 
our planet to warm up, and rubbish is piling up at an alarming rate. The situation is not hopeless, however. 
Scientific knowledge and creative ideas are providing solutions to some challenging environmental problems.

UNCORRECTED P
AGE P

ROOFS



c13Ecology Page 503 31/10/17  11:13 AM

TOPIC 13 Ecology 503

 Explore more with this weblink: Ecological footprint

 RESOURCES — ONLINE ONLY

 Ecological footprint 
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly. 

How much of an impact are you having on the environment? 
Your lifestyle can determine how much of our planet’s 
resources you use. Your  ecological footprint  is a 
measurement of how much biological productive land is 
needed to support someone with your lifestyle. It helps you 
to see how much of an impact you have on our planet’s 
resources. 

 What do you think may happen if the overall ecological 
footprint of our species is greater than our planet can 
provide us with? By understanding more about the ideas 
behind ecological footprints, we can empower people to 
take responsible personal and collective actions to support 
sustainable lifestyles.  

 Thinking about ecology  
1.    Defi ne  the term ‘ecological footprint’.  
2.   Why is it important to understand the ideas behind 

ecological footprints?    
3.   Use the  My footprint   weblink  in the Resources tab and 

take a quiz to fi nd out what your ecological footprint is. Use 
the links provided at the end of the quiz to fi nd out some 
ways in which you could change your lifestyle to reduce your 
ecological footprint.  

4.   Charlotte completed an ecological footprint quiz. Her 
results are shown below.      
(a)    Explain  the statement ‘if everyone on the planet lived 

my lifestyle, we would need 6.18 Earths’.  
(b)   Overall, is Charlotte’s footprint bigger or smaller than 

the average Australian?  
(c)   Suggest some ways that Charlotte could reduce her food 

and goods and services footprint.  
(d)   People living in wealthy countries such as Australia and 

the US have, on average, a much bigger ecological 
footprint than people living in poor countries.  Explain  why.  

(e)   Some airline companies now offer carbon offsets when 
passengers book fl ights. Find out what carbon offsets 
are.  Discuss  whether they are a good way for frequent 
fl iers to reduce their ecological footprint.   

  How big is your footprint? 

My 
footprint

Country 
average

Carbon
footprint
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Total: 97.14
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32.3
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If everyone on the planet lived my lifestyle, we would need:

= 6.18 Earths

Reduce your footprint
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  13.2  Features of the 
local ecosystem  
 13.2.1 Going out in the fi eld 
 The fi rst step in conserving our environ-
ment is to fi nd out as much as we can about 
it. That involves going out into the fi eld, 
making observations and taking measure-
ments. Observing organisms in their natural 
habitat provides information about the way 
in which they interact with each other and 
their surroundings. Measuring abiotic factors 
such as temperature and soil pH can help 
us understand why some species thrive and 
others wither in a particular environment. 

 Field work is an important component of 
Ecology. It involves visiting natural environ-
ments and collecting data about the type of 
animals, plants and other organisms found 
there. Researchers are sometimes fortunate 
to be able to observe interactions between 
different species or between an organism 
and its environment fi rst hand. They might 
observe a kookaburra feeding on a lizard, or 
an elk fern growing on a fi g tree and using 
it for support. Some relationships have to 
be inferred. An animal’s faeces (poo) can 
provide clues about its diet. Animals may 
be tagged and tracked. Cameras that trigger 
when movement is detected are useful to 
capture behaviours that may otherwise be 
missed.  

 13.2.2 Measuring abiotic 
factors 
 Abiotic factors are the non-living character-
istics of an ecosystem. They include light 
intensity, temperature, the type of soil, the 
availability of water, the amount of salt and 
nutrients in the soil, wind speed and soil 
pH. Abiotic factors determine the type of 
organisms that can survive in a particular 
environment. 

 For example, most species can survive only 
within a narrow temperature range. Emperor 
penguins can tolerate temperature well below 
zero but would die if the temperature reached 

  Elk ferns do not grow on the forest fl oor, they grow high up 
in the branches of other trees. This allows them to obtain 
light needed for photosynthesis. 
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  Each species tolerates a certain range of temperatures. 
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40 degrees. Humans would not fare well at temperatures below zero without many layers of clothing. Each 
species has a tolerance range for each abiotic factor. The optimum range is the range within the tolerance 
range in which it functions best.  

 Salinity is another factor that determines the type of plants that can grow in an area. Many plants cannot 
tolerate high levels of salt in the soil. This is a problem in parts of Australia where the ground water (water 
below the Earth’s surface) is very salty. Normally the roots of most plants do not reach the ground water, 
so plants growing above salty ground water are not affected. Removing large trees and replacing them with 
crops that have shallow roots and irrigation are two factors that can cause the ground water to rise closer to 
the surface, killing the plants.   

 Land that is near the ocean is fl ooded by sea water twice a day due to the action of tides. Soil salinity 
levels are thus naturally high. Only certain plants, including mangroves, can tolerate such high salt levels. 
There are different species of mangrove and they cope with the extreme salinity in a variety of ways. Some 
secrete salt via glands in their leaves, others store the excess salt in leaves that are eventually shed and 
some prevent the salt from entering their roots.     

Watertable

High transpiration

Little water 
reaches
ground 

water.

Ancient salt

Rainfall

Ground water

Bedrock

  Trees with deep roots take up water from the soil. 
The watertable remains below the root area of the 
plants. 

Ground water

Bedrock

Low transpiration

Salty water reaches 
the surface.

Trees
removed

More water
enters ground

water, raises
the watertable

and salt is 
dissolved.

Rainfall

  Once trees have been removed, little water is taken 
up by plants. The watertable rises and reaches the 
surface. 

 INVESTIGATION 13.1 

 Measuring abiotic factors 
  AIM:  To measure some abiotic factors for two environments 

  You will need:  
access to a natural area in your school grounds or bushland near your school with a stream, pond or other body 

of water  
  a data logger with temperature probe and light probe or a thermometer and hand-held light sensor  
  wind vane  
  wet–dry thermometer (or humidity probe for data logger)  
  dropper bottle of universal indicator solution  
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universal indicator colour chart
calcium sulfate powder
water in a small wash bottle
thermometer
dropper bottle of silver nitrate solution (0.1 mol/L)
Petri dish
sun hat and sunscreen

CAUTION: be sun smart!

• Break into groups. Each group will need to study a different area of the environment. Try to choose areas that 
are different. Choose an area where water is available so you can collect a sample.

• Copy the table below into your notebook. Fill in the missing pieces of equipment in the second column.

Discussion
1. Use the equipment available at your school to measure the abiotic factors listed in the table. Complete the 

third column of the table.
2. When you are back in the classroom, construct a table or spreadsheet to enter the results collected from 

each group. Calculate the average reading for each abiotic factor measured.
3. Choose one of the abiotic factors you measured and construct a column graph showing the reading for each 

location studied.
4. pH is a measure of the acidity or alkalinity of a substance. A pH less than 7 is considered acidic. The lower 

the pH the more acidic the sample is.
(a) Which water sample was most acidic?
(b) Which soil sample was most acidic?

5. Identify any trends in the results you obtained. For example, how did the results for sunny areas compare 
with those for shady areas?

6. Which of the above tests were qualitative and which were quantitative?
7. Which variables were controlled in the salinity test (the test where silver nitrate was added to the water samples)?
8. Suggest how the water salinity test could be modified to compare the salinity of soil samples A and B. (Hint: 

You may need to add water to the soil and filter the mixture.)

Abiotic factor Equipment used and/or method Measurement

Temperature    

Air humidity Wet–dry thermometer  

Light intensity    

Soil humidity Soil humidity probe (if available)  

Soil pH Collect a small sample of soil in the Petri dish and make it into a paste 
by adding water from the wash bottle. Sprinkle the moist soil with 
calcium sulfate powder then add drops of universal indicator over 
the white powder. Use the colour chart provided with the indicator to 
identify the pH of the soil.

 

Water pH Place 5 mL of water sample A in a test tube. Add 3 drops of universal 
indicator. Compare the colour obtained to the colour chart provided 
and record the pH of the water sample. Repeat using water sample B.

Water salinity Place 5 mL water collected from the site in a test tube. Add 3 drops 
of silver nitrate solution. Note whether the sample remains clear, 
becomes slightly cloudy or completely white/grey. Work out the salinity 
of the water sample using the following table.

Repeat using tap water as a comparison.

 

Description Salinity

Clear Nil

Slightly cloudy Low salinity

Completely white/grey High salinity
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 13.2 Exercise: Remember and think 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note : Question numbers may vary slightly. 

 Remember  
1. Identify  5 examples of abiotic factors.  
2. Distinguish  between the terms ‘optimum range’ and ‘tolerance range’, using temperature as an example.  
3. Defi ne  the term salinity.  
4.   What type of substances have a low pH?   

 Think  
5. Explain  why it is important to observe animals in the 

fi eld. What additional information might be provided by 
observing an animal in its natural environment rather 
than in a zoo?  

6.   Plants that grow high up in the branches of trees like the 
elk fern are called epiphytes. Suggest why epiphytes are 
mainly found in rainforests.  

7.   Study the diagram at right.     
(a) Identify  5 abiotic factors that may affect the health 

and chance of survival of the fi sh.  
(b)   Apart from the fi sh, what other living things are 

present in the fi sh tank?  
(c) Explain  how the plants and the bacteria in the gravel 

might play a part in keeping the fi sh alive.     

 Skill builder  
8.   The diagram below shows data collected by a group of students on a fi eld trip.  
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HWM
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Cliff

Sea

Pool

Location A
S:  41 g/L
T:  26 ºC
O:  19%

Location B
S:  38 g/L
T:  26 ºC
O:  28%

Location C
S:  37.5 g/L
T:  24 ºC
O:  41%

Location D
S:  36 g/L
T:  20 ºC
O:  56%

LWM: low water mark
HWM: high water mark
S: salinity
T:  temperature
O: oxygen concentration

Location E
S:  35 g/L
T:  17 ºC
O:  72%

Location F
S:  34 g/L
T:  15 ºC
O:  99%

  Biozone International (Adapted from Biozone’s Year 11 Biology Student Workbook (2012) 255). 
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(a) Copy and complete the table below. Hint: Take the middle of each rock pool as the distance from the low 
water mark.

(b) Construct the following graphs, either on graph paper or using Excel.
(i) A line graph showing distance from the low water mark on the x-axis and salinity on the y-axis.
(ii) A line graph showing distance from the low water mark on the x-axis and temperature on the y-axis.
(iii) A line graph showing temperature on the x-axis and oxygen concentration on the y-axis.

 (c) Describe the trend shown in each graph.
 (d) The measurements were taken on a sunny spring day. Explain why the water in the pool that is furthest 

from the low tide mark contains water that is saltier and warmer than the pool closest to the low tide 
mark.

 (e) Explain why many of the animals living in location F could not survive in location A.

Research
9. Use the Salinity weblink in the Resources tab to find out why salinity is a problem in the Murray–Darling 

Basin. Prepare a report including the following:
• a map of Australia showing the location of the Murray–Darling Basin
• some of the causes of the problem
• what can be done to address the problem.

Location
Distance from low 

water mark (m) Salinity (g/L) Temperature (°C)
Oxygen concentration 

(% saturation)

A 15.4 41 26 19

B        

C        

D        

E        

F        

13.3 How many are left?
13.3.1 Extinct or endangered?
Since European settlement hundreds of native Australian species have become extinct and many more are 
endangered. There have been some success stories however — some species have been saved from the 
brink of extinction. Monitoring the size of populations is an important step in conservation.

A species is extinct when all the members of that species have died out. The last Tasmanian tiger died 
in Hobart Zoo in 1936 and on that day Tasmanian tigers became extinct. Endangered species are at risk of 
becoming extinct. Their numbers have decreased dramatically over recent times, but well planned conser-
vation efforts may save them from extinction.

 Explore more with this weblink: Salinity

 Complete this digital doc: Worksheet 13.1: Abiotic factors in an ecosystem (doc-12823)

RESOURCES — ONLINE ONLY
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Since Europeans first arrived in Australia numerous species of mammals, birds and other types of ani-
mals have become extinct and many more are critically endangered. A number of species of bilbies are 
endangered. These small marsupial mammals have large ears and look a bit like rabbits. Easter bilbies, 
a popular Easter chocolate treat, were first sold as a way to raise funds to support conservation efforts, 
although today most of the chocolate bilbies sold in stores are not associated with any fundraising 
programs.

Counting living things
To determine whether a species is endangered we need to estimate how many members of the species are 
left. We need to measure its abundance — how many there are in a particular area. Measuring the abun-
dance of elephants in New South Wales would be easy. There are only a few elephants in New South 
Wales, at Taronga Zoo and Western Plains Zoo, and elephants are easy to see. If we had to measure 
the abundance of limpets on a rock platform we would have a much harder time. Two techniques that 
are sometimes used to estimate abundance are the quadrat method and the capture–recapture method. 
The quadrat method works best for species that do not move about much, such as trees or  limpets. The 
 capture–recapture method is more suited to species that move such as rabbits or fish.

HOW ABOUT THAT!
Dr Kathy Belov is an Australian scientist 
attempting to save a species from 
extinction.

Tasmanian devils are under threat. A 
deadly disease called devil facial tumour 
disease (DFTD) is spreading through the 
population. The disease is a type of cancer 
but unlike most cancers it is caused by 
a virus and is therefore contagious. It is 
passed on when devils bite each other. 
Within a few months of developing the first 
signs of the tumours the devils usually die 
as they find it difficult to eat.

Dr Kathy Belov’s research has focused 
on why the Tasmanian devils are not able 
to fight off the disease. She has found that 
there is little genetic variation amongst 
the Tasmanian devils — they all have 
very similar genes and this is one of the 
reasons why the disease has spread rapidly 
amongst the devil population. Research is 
continuing in the hope that one day a cure 
or a vaccine will be developed.

Devil facial tumour disease is a deadly disease spreading 
through the Tasmanian devil population.

13.3.2 Life in a square
A quadrat is just a sampling area (often 1 m2) in which the number of organisms in that area is counted and 
recorded. When organisms are counted in a number of quadrats, this is usually considered to be represent-
ative of the total area under investigation. The abundance of the organism in the total area can be estimated 
using the equation:

estimated abundance = 
average number per quadrat × total area

area of quadrat
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For example, some students counted the number of 
oysters in quadrats with an area of 0.25 m2 and found the 
average number of oysters was 15. They then estimated 
the total number of oysters on the rock platform as 
follows:

average of oysters per quadrat = 15

total area of rock platform = 300 m2

area of quadrat = 0.25 m2

estimated abundance = 15 × 300
      0.25

INVESTIGATION 13.2

The quadrat method
AIM: To estimate the abundance of eucalypts in a forest

You will need:
Maps of environments A and B. These are available in your Resources tab. Each star on the maps represents a 
eucalyptus tree.

• Measure the length and width of each map and calculate the area of each using the following equation: area =  
length × width

• Make a quadrat by cutting a 3 cm × 3 cm square out of overhead transparency film. Calculate the area of the 
quadrat.

• Close your eyes and drop the quadrat anywhere on the map. Count how many eucalypts (crosses) are inside 
the quadrat. Repeat a further 4 times. Do this for both maps.

Discussion
1. Copy and complete the table below.              

Students using quadrats to estimate the 
abundance of oysters.

Number of eucalypts

Quadrat number Environment A Environment B

1    

2    

3    

4    

5  

Average    

= 18 000
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2. Estimate the abundance of eucalypts in each environment using the equation below:

Abundance  =
average number per quadrat × total area 

area of quadrat

3. Count the actual number of eucalypts in each environment and compare your estimate to the actual answer.
4. What could you have done to make your estimate more reliable?

Counting moving animals can be particularly tricky. For these, the capture–recapture method is used. 
Some animals are captured and tagged, then released back into the environment. At a later stage the 
researchers return to the field and capture more animals. By working out what proportion of the recaptured 
animals are tagged, they can estimate the total number of organisms using the formula below:

Total number =
number of animals tagged on first visit × 100 

average percentage of tagged  
animals per recapture

Example:
In order to estimate the number of koalas in a forest, Mrs Jones captured 50 koalas and tagged them. After 
tagging, the koalas were released. She visited the same area a further 5 times in the same year; each time 
she captured koalas and made a note of how many were tagged. Her results are shown below.

Average percentage of tagged koalas per recapture = 28%

Total number of koalas =  50 × 100
28 

= 179

Recapture Total number of koalas captured Number of tagged koalas captured % of koalas tagged

1 30   7 23

2 27   8 30

3 53 12 23

4 44 16 36

5 19   5 26

INVESTIGATION 13.3

The capture–recapture method
AIM: To model a method of estimating populations
Note: In this experiment beads will be used to represent fish and a large beaker will represent the pond in 
which they live.

You will need:
a large beaker
red and yellow beads (you can use other colours if needed)
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• In your notebook, draw a table similar to the one shown below with enough room for 10 trials and the 
average.

• Place about 200 red beads in the large beaker (you do not need to count them exactly at this stage). These 
are the goldfish living in the pond.

• ‘Catch’ 25 of the goldfish and ‘tag’ them (replace 25 of the red beads with yellow beads).
• Mix the beads thoroughly.
• One student should close her eyes and randomly select 20 beads from the beaker. These are the recaptured 

goldfish. Count how many ‘fish’ are tagged (yellow beads) and untagged (red beads), and enter the numbers 
in the results table.

• Return the beads to the beaker and mix thoroughly. Repeat the above step a further 9 times.
• Calculate the average number of tagged and untagged fish per capture.
• Calculate the total number of fish using the equation shown in this subtopic.

Trial Number of untagged fish (red beads) Number of tagged fish (yellow beads)

1    

2    

. .
 .    

9    

10    

Average    

Discussion
1. Count how many beads were actually in the beaker and compare the actual number to the number you 

calculated using the capture–recapture method.
2. List any source of errors in this experiment.
3. Explain why this method can only be used for animals that move around. Why can’t it be used to estimate 

the number of trees in a forest, for example?

13.3 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1. Distinguish between an extinct and an endangered species.
2. Outline why facial tumour disease eventually results in death in the Tasmanian devils.
3. Identify the procedure used to measure:

(a) the abundance of species that do not move significantly during the counting process.
(b) the abundance of species that move around.

4. Write the equation used in the quadrat method.

Using data
5. A biologist sets up ten quadrats, each with an area of one square metre, for sampling a population of 

clovers. The population counts for ten quadrats are:  
123, 134, 32, 156, 171, 153, 129, 142, 28 and 160.

(a) What is the average population of clovers per square metre?
(b) Suggest two possible reasons for the unusually low counts in two of the quadrats.
(c) Explain why a number of quadrats were used to estimate the total number of clovers.
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6. Sharie wanted to estimate the number of cockroaches living in her uncle’s restaurant. One evening after the 
restaurant was closed she caught 15 cockroaches. She put a dab of coloured paint on their back, and then 
released them. Each night for the following week she captured cockroaches at the restaurant and made a 
note of how many had a coloured dot on their back. Her results are shown below:

(a) Calculate the values for the third column in the table.
(b) Calculate the total number of cockroaches in the restaurant.
(c) List some sources of error in this estimate.

7. The location of five different types of trees 
in the two quadrats at right is indicated 
by the five different symbols.
(a) Count and record the number of the 

different species in each quadrat.
(b) Identify which quadrat provides a 

greater variety of habitat types for 
wildlife. Explain your answer.

(c) Propose why the rainforest species 
in both quadrats are located most 
densely near the creek.

Investigate
The investigations below should be carried 
out on a field trip to a natural environment.

8. Use the quadrat method to estimate 
the abundance of a species in a natural 
environment. Depending on the location 
of your school you could estimate the 
abundance of a type of plant in an area 
of shrubland or park near your school, or 
even estimate the abundance of clovers 
in an area of the playground.

9. Use the Quadrat method interactivity 
in the Resources tab for a virtual 
experience of this method of sampling. 

10. Use the Capture–recapture method 
interactivity in the Resources tab for a 
virtual experience of this method of 
sampling. 

Key

N

Myrtlebeech, 
a rainforest tree

Sassafras, a 
rainforest tree

Mountain ash, 
smooth-barked 
eucalypt

Blackwattle tree

Messmate, 
rough-barked 
eucalypt

Creek

Day
Total number of 

cockroaches captured
Number of tagged 

cockroaches
% of tagged 
cockroaches

Monday 11 5  

Tuesday 8 3  

Wednesday 19 6  

Thursday 15 7  

Friday 18 7  

Complete this digital doc: Worksheet 13.2: Estimating the size of a population (doc-12824)

RESOURCES — ONLINE ONLY
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  13.4  Ecosystems are solar powered 
  13.4.1 Photosynthesis 
All living things require a source of energy. Animals get their energy from the food they eat. Plants do 
not ingest food. They harvest energy from the sun to produce sugars. These sugars, in turn, can either be 
converted to other compounds or used in respiration to release energy. 

 Photosynthesis is a process carried out by plants, algae and some unicellular organisms that contain the 
pigment chlorophyll. In this process the sun’s light energy is used to convert carbon dioxide and water into 
glucose and oxygen. This is shown in the equation below:  

carbon dioxide + water 
light energy

chlorophyll
 glucose + oxygen.

That is:

6CO2 + 6H2O 
light energy

chlorophyll
 C6H12O6 + 6O2.

  Glucose is a high energy compound. Some of 
the glucose produced in photosynthesis is used 
for respiration, a process that releases energy (see 
section 13.4.4  ). The glucose that is not used in 
photosynthesis is converted into other compounds 
including starch, cellulose and sugars such as 
fructose, the sugar found in fruit. Converting glu-
cose to starch is one way that plants can store 
energy for later use, in the same way that our 
bodies store energy as fat when we eat more food 
than our bodies need. At night, when photosyn-
thesis no longer occurs, starch can be broken down 
into glucose so that respiration can continue in the 
absence of light.  

 13.4.2 Chlorophyll is needed for 
photosynthesis 
 Photosynthesis occurs in the chloroplasts of plant 
cells. These appear as tiny green dots inside 
cells when viewed under a microscope. The 
chloroplasts are green because they contain the 
pigment chlorophyll which can absorb sunlight. 
Some of the unicellular organisms that carry out 
photosynthesis, including cyanobacteria (blue-
green algae), do not have chloroplasts but they 
still contain chlorophyll. 

      Light energy from the sun is trapped by chlorophyll 
in leaves. 

   Some water is lost. 
 3  Oxygen exits the leaves through the stomata. 
 4  Glucose is stored as molecules of starch. Glucose 

is the instant energy used to make materials for the 
body of the plant 

 5  Some energy is lost as heat by the plant during 
photosynthesis. 

 6  Water is carried up from the soil in the stem by 
tubes of xylem tissue. 

 7  Carbon dioxide enters the leaf through the stomata 
(tiny holes) on the underside of the leaf.  

1

2

1

2

3

4

5

6

7
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Cell membrane Nucleus Cell wall

Sunlight

Chloroplasts

Sunlight is 
absorbed by 
chlorophyll.

Green light is 
refl ected.

Plant cell

Chloroplasts 
contain chlorophyll.

Other colours, 
particularly 
blue and red, 
are absorbed.Chlorophyll in plants is a green pigment.

     13.4.3 Why are plants green? 
 Chorophyll is green because it refl ects green light and absorbs other colours of light, particularly red and 
blue light. Some plants are not green though. That’s because they contain other pigments that mask the 
green colour of chlorophyll. 

 Algae that live deep in the ocean are often 
red or brown in colour. This has to do with 
the fact that red light does not travel very 
deep into the ocean. These algae contain pig-
ments that can absorb the colours of light 
that reach deeper into the ocean.  

 The energy stored in the glucose made by 
plants can be released in a chemical reaction 
called  cellular respiration . This chemical 
reaction takes place in the  mitochondria  of 
cells in all plants. It also occurs in the mito-
chondria of cells in animals, fungi and other 
organisms.   

Chlorophyll absorption spectrum of visible light

Wavelength (nm)
400 700650600550500450

  Chlorophyll absorbs mainly light in the blue and red 
range of the spectrum. 
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There are different types 
of respiration. When there is 
plenty of oxygen around, aer-
obic respiration usually occurs. 
In this reaction, glucose reacts 
with oxygen to produce carbon 
dioxide and water, and chemical 
energy is released. This can be 
written as:

glucose + oxygen →  
carbon dioxide +  
water + energy

or

C6H12O6 + 6O2 → 6H2O + 
6CO2 + chemical energy.

Wavelength (nm)

400 700650600550500450

Red

Yellow

GreenBlue

About  100 m

Increasing
depth

Red light does not travel very deeply into the ocean.

INVESTIGATION 13.4

Detecting glucose and starch in plants
AIM: To detect starch and glucose in plant leaves

You will need:
iodine solution in a dropper bottle
1% starch solution
white tile or blotting paper
leaves from seedlings or plants of one type (geranium, hydrangea, lettuce, spinach or silverbeet cuttings are good)
glucose indicator strip with colour chart
1% glucose solution in a dropper bottle
mortar and pestle
sand
small beakers or petri dishes for testing different substances

• Construct a table like the one below for recording your observations.

Iodine test Glucose test

Item tested Colour Starch present? Colour Concentration of glucose
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 Testing leaves for starch  
•   To observe the effect of iodine solution on 

starch, place a few drops of starch solution on 
a piece of blotting paper or a white tile. Add a 
few drops of iodine.  

•   Soften two or three leaves by dipping them 
with tongs into hot water for 10 seconds.  

•   Repeat the test with the softened leaves. Keep 
one leaf aside that is not tested with iodine to 
compare it with the leaves that you test.   

    Testing leaves for glucose  
•   Record the colour observed and the presence 

of starch in your table.  
•   To observe the effect of glucose on the 

glucose indicator strip, place a drop of 
glucose solution on the end of the strip on a 
white tile.  

•   Use the chart of colours to determine the 
concentration of the glucose.  

•   Using the mortar and pestle, grind some fresh 
leaves with a little water and a sprinkle of sand.  

•   Allow a strip of glucose indicator paper to soak up the liquid.  
•   Record the colour and glucose concentration in your table.   

    Discuss and explain  
1.   Describe the effect of the iodine on the starch solution.  
2.   Describe the effect of the glucose solution on the indicator 

strip.  
3.   What do your results suggest about the way energy is stored in 

leaves?  
4.   Why was sand added to the mixture in the mortar?  
5.   The sand does not affect the result on the indicator strip. How 

could you show this?  
6.   Identify the strengths of this investigation.  
7.   Suggest improvements to the design of this investigation.  
8.   Suggest a hypothesis that could be investigated using similar equipment. (You may use internet research to 

identify relevant problems to investigate.)  
9.   Design an experiment to test your hypothesis. Include an explanation for your choice and treatment of 

variables.  
10.   Share and discuss your suggested hypothesis and experimental design with others and make any relevant 

refi nements to improve it.   

Iodine is an 
indicator of
starch in
leaves.

 The chemical energy released during cellular respiration is used to make a substance called ATP. ATP is 
an abbreviation for  adenosine triphosphate . Molecules of ATP store the chemical energy needed by cells 
to power energy conversions. They act like rechargeable batteries. The energy stored in ATP molecules is 
the only form of stored chemical energy that animals can use to keep their bodies working and active. 

 Not all of the energy released during cellular respiration is stored in ATP. A large percentage of it is 
released as heat.  UNCORRECTED P
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Chloroplasts
(site of photosynthesis)

Mitochondrion
(site of cellular respiration)

(Powers most cellular work)

CO2 + H2O

Heat energy

Energy

ATP

Organic
molecules

+ O2 

C6H12O6 + 6O2

  glucose (sugar) + oxygen      carbon dioxide + water + energy

C6H12O6 + 6O2 6CO2 + 6H2O + energy

glucose (sugar) + oxygen

6CO2 + 6H2O

carbon dioxide + water

light energy
+ chlorophyll

Ecosystem

Light energy

  Photosynthesis and respiration link the journey of energy through the ecosystem. 

 Photosynthesis and respiration make up part of the path of energy through ecosystems. Plants convert 
sunlight to build glucose molecules during photosynthesis. When glucose gets broken down in animals and 
plants during respiration, stored energy is released in cells. Whenever energy is converted through photo-
synthesis or respiration, some energy is released to the environment as heat.   
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 HOW ABOUT THAT! 

 Life in the dark 
 All  ecosystems  must have 
producers. Scientists were baffl ed 
for many years by the existence 
of life on the deep ocean fl oor 
where no photosynthetic plants or 
phytoplankton could live. In 1980, it 
was discovered that light-deprived 
ocean fl oor ecosystems had a 
different kind of producer. A type of 
‘primitive’ bacterium called sulfur 
bacteria is actually the producer 
in this totally dark ecosystem. 
Sulfur bacteria are able to exist in 
such a dark world (often more than 
two kilometres below the surface) 
because they use chemosynthesis 
rather than photosynthesis to 
make their food. Giant clams, vent 
crabs, pompeii worms, jellyfi sh and 
tubeworms all depend on sulfur 
bacteria for food energy. 

 Sulfur bacteria use chemical 
energy from reactions involving 
oxygen and hydrogen sulfi de (H 2 S) to make food. Interestingly, H 2 S is toxic to most plants and animals. It is 
commonly known as ‘rotten-egg gas’. 

 The bacteria obtain the substances they need from water that is circulated in and out of cracks (hydrothermal 
vents) in the ocean fl oor. Sulfur bacteria use toxic chemicals to make their own food in total darkness, and in 
very hot water and under high water pressure. Bacteria such as these that can withstand very high pressures 
and temperatures have potential uses in many industries. Perhaps these ancient organisms could be used as 
food sources for other consumers — maybe even in an ecosystem on another planet!  

  An angler fi sh, one of the strange creatures found in some deep 
ocean ecosystems 

 13.4 Exercise: Remember and think 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note : Question numbers may vary slightly. 

 Remember  
1.   Write a word equation and a symbol equation for photosynthesis.  
2.    Identify  the gas removed from the atmosphere by photosynthesising organisms.  
3.   Apart from plants, which other organisms carry out photosynthesis?  
4.    Outline  how glucose is stored in leaves.  
5.   What is chlorophyll? Where is it found in plants?  
6.   Which colours of light penetrate deepest into the ocean?  
7.   In your own words,  describe  the respiration process. Include an equation in your answer.  
8.    Describe  what happens to the chemical energy released during cellular respiration.   

 Think  
9.    Predict  the impact of the following on the rate of photosynthesis: 

(a)   an increase in light intensity (brighter light)  
(b)   an increase in carbon dioxide concentration in the atmosphere.     
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10. Where in the world would you expect plants to grow fastest? Justify your answer.
11. Explain why algae that live deep in the ocean are often red or brown in colour.
12. Would you expect plants to grow fastest under blue, red or green coloured light? Explain your answer.
13. Compare photosynthetic and chemosynthetic organisms.

Investigate
14. Design an experiment to test whether the colour of light plants are exposed to affects the rate at which  

they grow.

13.5 The flow of energy in ecosystems
13.5.1 Food chains and food webs
Food chains and food webs can be used to track the flow of energy in ecosystems. The arrows show the 
direction in which energy is transferred.

A food chain is a simple diagram that starts with a producer — in most instances an organism that car-
ries out photosynthesis. When producers are eaten by first-order consumers, some of the energy locked up 
in the producers is transferred to the next stage of the food chain. Some of this energy, in turn, is trans-
ferred  to the following stage. Food chains vary in length. Only a small portion of the energy from each 
organism in the food chain is transferred to the next level.

A number of interconnecting food chains can be organised into a food web. When constructing a food 
web, the producers are usually placed at the bottom of the diagram with the arrows pointing upwards. Set-
ting out the food web in this manner makes it easier to identify the trophic (feeding) levels. The plants and 
other producers make up the first trophic level. The first-order consumers are the herbivores and they make 
up the second trophic level. The third trophic level consists of the second-order consumers — carnivores 
that feed off herbivores. Most food webs have 3 or 4 trophic levels.

Grasses and plants 

Yellow-footed 
rock wallaby

Wedge-tailed eagle

A food chain
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CARNIVORES
(secondary
consumers)

HERBIVORES
(primary

consumers)

PRODUCERS
200 units of

chemical energy

180 units ‘lost’ as heat 18 units ‘lost’ as heat

20

Sunlight energy

2

Energy flow in an ecosystem. The values are averages. Is the amount of energy that enters a trophic (feeding) 
level equal to the amount that flows to the next level?

Rabbit

Feral goat

Quail-thrush

Snake
Fungi

Decomposer
bacteria

Dead animals

Plant litter

Insects

Grasses

Wedge-tailed eagle

A food web showing the flow of chemical energy through the different kinds of organism in an ecosystem
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Not all the energy is transferred from one trophic 
level to the next. Some of the energy is transformed 
into other forms of energy, including heat. For this 
reason a large mass of producers is needed to sup-
port a small number of top-level consumers. This 
can be shown using a biomass pyramid. Biomass 
refers to the dry mass of the organisms that make up 
each trophic level.

Powerful owls 

Lizards

Wattle trees 

Termites 

A large mass of wattle trees is needed to 
support just a few owls with a small biomass.

13.5 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. What do the arrows in food webs indicate?
2. Match each item in the left-hand column with an item in the right-hand column.

(a) Producer               (i) Animal that eats only plant matter.
(b) Consumer         (ii) Diagram that represents the trophic relationships in an ecosystem.
(c) Herbivore    (iii) Animal that eats only other animals.
(d) Carnivore  (iv) Organism that does not need to ingest food.
(e) Food web      (v) Organism that needs to ingest food.

3. Identify the type of organism that occupies the lowest trophic level in a food web.

Think
4. Only a small portion of the energy stored in the organisms of a trophic level ends up being stored in the 

organisms that make up the next trophic level. Outline what happens to the remainder of the energy.
5. Explain why most food chains have only 3 or 4 levels.
6. Some people choose to be vegetarian out of concern for the environment. Explain why eating large 

quantities of meat rather than plant matter is not as environmentally friendly as a plant-based diet.

Skill builder
7. Study the food chain given on page 520.

(a) In times of drought little grass grows and many plants die. Outline the impact on the population of  
yellow-footed wallabies and wedge-tailed eagles.

(b) Imagine that a disease wiped out most of the population of wedge-tailed eagles. Sketch a line graph 
to show what might happen to the wallaby population over time. What would limit the growth of the 
population?

8. Study the food web given on the previous page.
(a) Identify the longest food chain in the food web.
(b) Identify the following:

(i) first-order consumers
(ii) top-level consumer
(iii) a producer.

(c) The myxomatosis virus is deadly to many 
rabbits. Describe the impact of the virus 
spreading through the rabbit population in the 
ecosystem represented in the food web.

9. (a)  Use the information at right to construct a 
food web for a coastal ecosystem

(b) Predict the impact of over-fishing of the large 
fish on the abundance of sharks, the small 
fish and crabs.

Organism What it feeds on

Seabird Crab, mussel, small fish

Human Crab, mussel, small fish, large fish

Shark Large fish

Large fish Small fish

Small fish Phytoplankton, algae (both producers)

Worms Phytoplankton, mussel
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10. Construct  an energy pyramid for the following food chain.                  

11. Analyse  the graph at right to answer the following 
questions. 
(a)   Which line of the graph represents the rate of 

photosynthesis?  
(b)   When would the rate of respiration be greater 

than the rate of photosynthesis?       

 Investigate  
12.   What is phytoplankton and why is it so important 

to ocean ecosystems?  
13.   Are carnivorous plants producers, consumers or 

both? You can fi nd out the answers to this by using 
the  Carnivorous plants   weblink  in the Resources 
tab.     

14. Investigate  and report on the ‘hottest creatures on Earth’ that 
live in deep-sea hydrothermal vents. You will fi nd some of these 
creatures by using the  Deep sea   weblinks  in the Resources tab. 
In your report,  describe  the creatures and how they survive.   

Grass

Marsupial mouse 

Brown snakeGoshawk

Rate

Time

(ii)

(i)

  This graph shows the rates of photosynthesis and 
respiration for a plant over a 24-hour period. 

 Explore more with this weblink: Carnivorous plants

 Explore more with these weblinks: Deep sea

   Complete this digital doc:   Worksheet 13.3: Food webs      (doc-12825)     

  RESOURCES — ONLINE ONLY  
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13.6 Cycling of materials in ecosystems
13.6.1 Where does the matter that makes up organisms come from?
While energy flows through ecosystems, matter is recycled. The atoms that make up your body already 
existed when dinosaurs roamed the Earth, and when you die they will be returned to the atmosphere and 
the soil to be taken up by other organisms.

Plants take up some elements from the soil; for example, they take in nitrogen, mainly in the form of 
nitrate or ammonium ions and phosphorus as phosphate ions through their roots. The elements that are 
present in the greatest amounts in plants are carbon, oxygen and hydrogen. As plants carry out photosyn-
thesis, the atoms that make up carbon dioxide (from the air) and water (from the soil) are incorporated into 
the matter that makes up the plant, so plants are made up mostly of atoms found in the air and water, and 
mineral ions they take up from the soil.

The matter that makes up animals comes from the food they eat. Some of the matter that makes up the 
food they eat is used to make chemical substances found in the animal’s body. Some of the matter is broken 
down and used as a source of energy for metabolic processes, and some matter is excreted or egested from 
the body. Urine is excreted from the body and faeces are egested.

13.6.2 Where does the matter go when organisms die?
Whether organisms are burned, eaten by scavengers or left to decay, the matter that makes them up is 
recycled. When trees are burned in a bushfire, most of the matter ends up in the atmosphere in the form of 
various gases and smoke. Only a small amount of ash is left behind. Ash is rich in calcium, phosphorus and 
iron. Over time, the ash combines with the soil and the useful substances it contains are taken up by plants.

Scavengers are animals that feed on dead organisms. Many insects, some birds, fish and crustaceans are 
scavengers. They feed off the dead organisms and take in the chemical compounds that are needed.

Decomposers include many types of bacteria and fungi as well as worms. They break down dead organ-
isms and return the atoms in their bodies to the atmosphere or the soil.

PRODUCERS HERBIVORES

DECOMPOSERS

nutrient pool

CARNIVORES

Matter cycles through ecosystems.
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 13.6.3 The 
water cycle 
 Water, warmed by energy 
from the sun, evaporates 
from lakes, rivers, oceans 
and the soil surface to 
form water vapour in the 
atmosphere. When the 
water vapour condenses 
into large droplets, rain 
falls on both land and 
water bodies. When rain 
soaks into the soil it 
becomes soil water. This 
water is found in between 
the grains of soil and is 
taken up by plants. As 
it passes through plants, 
some of the water mole-
cules are involved in the 
process of photosynthesis. The rest of the water molecules pass through the plant body and out through the 
stomata, to become water vapour in the atmosphere again. This process is called  transpiration . Transpiration 
occurs because the sun causes water to evaporate from the leaves of plants. If it did not, water would not move 
up the inside of the plant.  

 13.6.4 The carbon cycle 
 Carbon atoms exist in 
the atmosphere in carbon 
dioxide gas. Carbon 
dioxide is absorbed by 
plants, where it is com-
bined with water and 
turned into glucose mol-
ecules. Oxygen is also 
produced. After more 
chemical reactions, the 
carbon is stored in com-
plex molecules in the 
plant body. When an 
organism consumes a 
plant, it ingests the plant’s 
carbon atoms, which then 
become part of the organ-
ism’s body. The carbon is 
found in the compounds 
that make up carbohy-
drates, fats and proteins. 
When organisms respire, 

   The carbon cycle 

Limestone

Limestone

Carbon dioxide
in the atmosphere

Formation of 
fossil fuels

First-order
consumer

Photosynthesis

Photosynthesis

Respiration

Dissolving

Gas

Coal

Decomposers

Producers

Burning of
fossil fuels

Second-order
consumer

Producers

Oil

Formation of fossil
fuels and limestone

   The water cycle 

Condensation

Transpiration

Evaporation

Run-off

Percolation
(water
seeping into
ground)

Precipitation 
(rain, hail,
snow or sleet)

Respiration
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the carbon atoms combine with oxygen atoms to form carbon dioxide, which is then released to the atmos-
phere. If plants or the fossil fuels that form from plants are burnt, carbon atoms again combine with oxygen 
atoms to form carbon dioxide, which is released to the atmosphere. Carbon dioxide also dissolves in the sea. 
Here it is absorbed by sea plants and other sea organisms that photosynthesise. These producers are consumed 
by fish and other sea creatures, which are, in their turn, consumed by other organisms. Some of the carbon 
becomes part of coral reefs and shells, which, over millions of years, form limestone. Limestone is mined and, 
when heated in factories, releases carbon dioxide to the air, where it can again be absorbed by plants.

13.6.5 The nitrogen cycle
Nitrogen is an element that is essential to build proteins. Approximately 78% of the air is made up of clear, 
colourless and unreactive nitrogen gas. Although plants and animals need nitrogen atoms for the production 
of protein, they are not able to absorb the nitrogen from the air to enable this to happen.

Before plants can take up nitrogen, it needs to be converted into a form that can be taken up by the plant. 
This job is performed by nitrogen-fixing bacteria. These bacteria are found in soil. Some plants, including 
legumes, have nodules on their roots where nitrogen-fixing bacteria live.

Another group of bacteria that play an important role in the nitrogen cycle are nitrifying bacteria. They are 
also found in the soil. They help to break down some of the nitrogen-containing compounds including the waste 
products from animals. The action of bacteria results in soil containing nitrogen compounds that plants can 
take up. The plants use the nitrogen they take up from the soil to make proteins and other nitrogen-containing 
compounds. When animals eat the plants, they take in the nitrogen compounds locked inside the plant.

There is also a group of bacteria that convert the nitrogen in soil into nitrogen gas, thus putting the nitrogen 
back into the atmosphere. Even thunderstorms can impact on the nitrogen cycle. Lightning can convert 
nitrogen gas in the atmosphere into nitrogen-containing compounds.

Nitrogen-�xing
bacteria

Nitrifying
bacteria

Nitrates in soil
and water

Denitrifying
bacteria

Plant
protein

Dead plants
and animals

Nitrogen
in air

Ammonia

Ammonia

Decomposers

Animal
protein

Animal
waste

Nitrites

Nitrites

The nitrogen cycle
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13.6.6 The phosphorus cycle
The phosphorus cycle is very slow and involves rocks containing phosphate compounds. As the rocks 
erode, the phosphate compounds are incorporated into soil and dissolve in streams, rivers, lakes and oceans. 
Plants take up the phosphate from the soil, so that when animals eat the plants they take in the phosphate 
compounds. After they die, the animals and plants decompose and the phosphates are returned to the soil.

The phosphate ions that end up in lakes and oceans react with substances in the water to form insoluble 
salts that become incorporated in the sediments that form at the bottom of lakes and oceans. These sedi-
ments eventually become sedimentary rock, which will in turn be eroded to repeat the whole cycle.

Animals

Plants

Dissolved
phosphates

Deep marine sediments

Erosion

Consumption

G
eologic uplift

Metabolic wastes

Decomposition

Terre
str

ial s
ed

im

en
ts

The phosphorus cycle

13.6 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Define the terms ‘scavenger’ and ‘decomposer’.
2. Identify the process that removes carbon dioxide from the air and converts it to glucose.
3. Explain why transpiration is necessary in plants.
4. Identify the organisms that are responsible for converting nitrogen from the air into a form plants can  

take up.
5. Explain why animals and plants need nitrogen.
6. Identify two sources of phosphates in soil.
7. How is the phosphorus cycle different from other nutrient cycles such as the carbon, nitrogen and water 

cycles?
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Think
8. Explain the role played by plants in the carbon cycle.
9. Native Australian plants have adapted to low levels of phosphorus in soils. Their roots accommodate a 

fungus that releases phosphates. They also recycle phosphates inside their leaves. Why is it better to plant 
native plants in parks and gardens rather than plants from other countries?

Investigate
10. Use reference books or the internet to find the answers to the following questions.

(a) Identify the main plant nutrients found in most fertilisers.
(b) Distinguish between organic and non-organic fertilisers.
(c) Account for the fact that plants that are native to Australia may not tolerate large amounts of certain 

fertilisers.

Complete this digital doc: Worksheet 13.4: Cycling of materials (doc-12826)

RESOURCES — ONLINE ONLY

13.7 Keeping track of species
13.7.1 Transects
Having some knowledge of the distribution of a species — where the species is found — is critical to its 
conservation. It is also important to know how factors in the environment affect the population over time.

The distribution of a species is where it is found. This in turn can provide some clues about the factors 
that determine whether a particular species can survive in an area. One way of collecting data about the dis-
tribution of a species in an ecosystem is to use a transect. This involves recording all the organisms found 
in a narrow strip of an ecosystem. To draw a transect of a rock platform you would use the following steps.
 • Stretch a rope from the water’s edge to the part of the rock platform that is furthest from the water.
 • Stretch a second rope, parallel to the first and a short distance apart (50 cm is a suitable distance in this 

instance).
 • Travel along the rope and record all the living things that are found in the narrow strip between the ropes.
 • Use a key to indicate each type of organism found in the transect. Star fish might be represented by a 

star, anemones by crosses and chitons as circles. For very small and numerous organisms such as peri-
winkles or moss it may be necessary to indi-
cate the area where the organisms are found 
(by shading the area, for example) rather than 
mark the location of each individual.
A transect can reveal information about fac-

tors that are important to a species’ survival. 
On a rock platform, species that cannot tolerate 
drying out will be found only close to the low 
tide mark, whereas other species thrive further 
up the rock platform. They have adaptations 
to enable them to survive out of water for a 
number of hours and their distribution keeps 
them out of reach of any predator that is suited 
only to life in water.

Continuous
sampling

Marker Marker

Line transects provide information on the distribution 
of a species in a community.
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INVESTIGATION 13.5

Drawing a transect
AIM: To use a transect to record the distribution of species in an ecosystem.

You will need:
two ropes, at least 50 m long. Ideally the rope should have markers every metre.
access to a natural environment or an area of the playground where there is a variety of plants

• Draw a rectangle 25 cm long and 5 cm wide on a piece of paper. This represents the transect. Mark a scale 
along one side of the rectangle.

• Stretch the two ropes, parallel to each other and 50 cm apart in the environment you are studying.
• Start at the zero mark and walk along the transect. In the rectangle you drew earlier indicate the plants you 

encounter. Use a different symbol for each type of plant. Make sure you include a key. For small plants such 
as grass or clover it is more convenient to draw an outline of the area where the plant is found rather than 
drawing each individual plant.

Discussion
1. If the same scale had been used for the width and length of the transect, how wide should the transect be drawn?
2. What was the dominant type of plant in the transect you studied?
3. Is the transect you studied representative of the area surrounding the transect? Explain your answer.

Tracking the distribution of endangered species over time can provide information that may assist in 
making decisions about the best way to protect the species. The map below shows the present and past 
distribution of wombats. All wombats have a similar body shape, short legs and light brown fur, and they 
all spend a large part of the day in their burrow, but there are actually three different species of wombats in 
Australia: the southern hairy-nosed wombat, northern hairy-nosed wombat and common wombat. 

Northern hairy-nosed wombat

 Former 
 range

 Current 
 range

Southern hairy-nosed wombat

 Former 
 range

 Current 
 range

Common wombat

 Former 
 range

 Current 
 range

Wombat species distribution
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The northern hairy-nosed wombat is critically 
endangered and exists only in the Epping Forest 
National Park in Queensland. Preserving this national 
park is therefore critical to the survival of this species 
of wombat. The other two species of wombats have 
a bigger range and they are more common, although 
since European settlement their range has also 
decreased.     

 13.7.2 Population fl uctuations 
 In some instances it is important to study fl uctuations 
in populations so we can get an idea of normal patterns 
and identify unusual rises and falls in populations. 
Fluctuations can also give us information 
about environmental factors that affect 
the size of populations. Seasonal changes 
and extremes of climate can impact on 
the amount of vegetation growing in an 
area. Grass, for example, generally grows 
faster in summer than in winter, although 
drought can severely reduce the amount of 
grass available to grazing animals. First-
order consumer populations fl uctuate in 
response to the availability of food. When 
food is plentiful they survive longer, have 
a better chance of reproducing and the 
offspring are more likely to survive to 
maturity. There is an increase in the popu-
lation. If we plot the amount of vegetation 
in an ecosystem and the population of fi rst-order consumers we fi nd that they follow a similar pattern of 
rises and falls with a slight delay between the two populations. In turn, the second-order consumer popula-
tion also follows a similar pattern with a time delay.   

   Southern hairy-nosed wombat   
Smaller than Northern hairy-nosed wombat, but 
similar in appearance, it is the most endangered 
of all species of wombats. 

   Northern hairy-nosed wombat   
It is the largest species of wombat, weighing 
up to 40 kg; it has softer fur, longer and more 
pointy ears, and a wide and hairy nose. 

   Common wombat   
A medium-sized wombat that has small ears 
and coarse brown fur. Its nose is smaller and 
lacks whiskers. 

Brown
snake

Time

Prey–predator cycles

A
b
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Marsupial
mouse

  Populations of predators and their prey follow a cyclical 
pattern in response to seasonal changes in the environment. 
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13.7 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Define the term ‘distribution’.
2. Outline the steps involved in constructing a transect.
3. Explain why it is important to study natural fluctuations in populations.
4. Which species of wombat is critically endangered? Describe its distribution.

Think
5. Outline some factors that might cause fluctuations in the amount of vegetation in an area and how this might 

impact on the animals that feed on this vegetation.
6. Explain why it is important to have information about the distribution of endangered species.

Skill builder
7. Study the graph on the previous page.

(a) Imagine that a species that feeds on marsupial mice was introduced to the area. Describe the impact on 
the population of marsupial mice and brown snakes.

(b) Explain why there is time delay between the rises and falls in the prey and predator populations.
(c) Explain why the maximum number of brown snakes is significantly less than the maxiumum number of 

marsupial mice. Do you think this would always be the case reagardless of the predator and prey?
8. The table below shows how the number of echidnas and dingos changed over time in a particular area of 

bushland.

Year Number of echidnas Number of dingos

1990   90   12

1991 130   18

1992 210   30

1993 220 110

1994 100 180

1995   60 125

1996   55   59

1997   63   39

1998   66   39

1999   75   24

2000   78   28

2001 120   22

2002 160   24

2003 150   36

2004   60   60

2005   30 145

2006   22   90

2007   43   45

2008   48   27

2009   48   30

2010   72   27
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(a) Construct a graph showing how the number of echidnas and dingos changed between 1990 and 2010.
(b) Identify the predator and prey. How can you tell from the graph?
(c) Outline what would happen to the number of echidnas if hunting caused dingo numbers to decrease 

dramatically.
(d) Echidnas feed on ants. If dingo numbers fell, outline the impact on the ant population. Describe the 

long-term impact on the echidna population.
9. Study the table at right.

(a) What does the table show?
(b) Construct a line graph of the data. Assume that the 

human population will reach 9 billion in 2045. Think 
carefully about the scale on the horizontal axis!

(c) Describe the shape of the graph.
(d) Suggest some reasons why the human population has 

grown exponentially rather than fluctuating over the last 
2 centuries. Do you think this trend will continue? Justify 
your answer.

Investigate
10. Tim Flannery is an Australian scientist who has been 

outspoken about the need to control population growth 
in Australia. Find out some of the arguments he has put 
forward in support of his views. You could begin your search 
by typing the key words ‘Tim Flannery population growth’ in 
a search engine.

11. Use the Population clock weblink in the Resources tab to 
find out how many people are on Earth now.

13.8 Inspired by traditional owners
13.8.1 A relationship with the environment
The arrival of European settlers in Australia marked the beginning of a period of rapid environmental 
damage. The first settlers had limited knowledge of the Australian climate and soil and attempted to apply 
agricultural practices suited for European conditions. The traditional inhabitants of the land had a far more 
harmonious relationship with their environment. We are only now beginning to appreciate how much Euro-
pean settlers could have learned from Aboriginal and Torres Strait islander people by taking an interest in 
their cultural and land management practices.

13.8.2 Hunting and gathering
The Aboriginal and Torres Strait Islanders people who were displaced by European settlers had a far greater 
sense of interconnectedness with their environment. Aboriginal people were hunter–gatherers. They did not 
farm the land or grow crops. Their survival was dependent on knowledge of the environment, the ability to iden-
tify edible plants, and to locate and hunt the animals they fed on. This knowledge was passed down the genera-
tions. Aboriginal people lived a nomadic lifestyle, using their knowledge of seasonal patterns in the availability 
of particular food sources and other resources to determine their path through the land. They hunted for almost 
any available animal. Aboriginal hunters knew the habits of the animals and kept a close watch on changes in 
the weather and plant growth. Their knowledge and skill allowed them to hunt very successfully.

Aboriginal Australians were also skilled gatherers of food. They obtained shellfish, nuts, berries, fruits, 
waterlily stems and roots, ants and much more. They knew which foods were poisonous and were able to 

Population (in billions) Year

1 1804

2 1927

3 1960

4 1974

5 1987

6 1999

7 2011

8 2025

9 2045–50

World population estimates milestones

 Explore more with this weblink: Population clock 

 RESOURCES — ONLINE ONLY
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prepare some of these so that they could be eaten 
safely. Witjuti grubs are an example of highly nutri-
tious bush tucker. They were regarded as a delicacy 
in drier areas. They could be obtained from the roots and stems of trees, especially the witjuti bush, after 
which they are named. Witjuti grubs are the white larvae of beetles and can be up to 13 cm long. They live 
off the sap of the trees that they live in. Witjuti grubs are very nutritious and are rich in protein, fat and 
sugars. They are also good sources of iron, calcium and water.

Some of the early European settlers and explorers learnt some of the traditional Aboriginal bush tucker 
skills, but most didn’t bother. The explorers Burke and Wills died of starvation in central Australia on their 
return journey to Melbourne in 1861, even though seeds, roots and grubs eaten by the local Aborigines 
were available.

Water, of course, is scarce in most areas of Australia. They people knew how to obtain water in even the 
most arid areas. They knew where to dig in dry creek beds and were able to obtain water from tree roots, 
tree stems, frogs and other animals. They cut tree roots into small sections and sealed the ends with clay to 
store water.

Torres Strait Islanders also hunted and gathered much of their food from the local environment but 
unlike Aboriginal peoples they had some form of farming practices. Particular areas of land on their islands 
were allocated to different family groups.

13.8.3 Living sustainably
Some Aboriginal and Torres Strait Islander cultural practices ensured that hunting and harvesting were car-
ried out in a sustainable manner. Certain animals and plants could be eaten only by certain groups of people 
such as elders or women. Other food could be hunted or collected only at particular times of the year, such 
as when a particular plant was in flower. When hunting, killing young animals or their mother was avoided. 

A witjuti grub — regarded as a delicacy in drier areas

Water 52%

Fats 26%

Sugars 11%

Protein 8%

Other substances 3%

Average body composition of a witjuti grub

Aboriginal bush tucker indudes a range of plant 
energy storage organs such as nuts, fruits and 
roots.
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Great emphasis was placed on taking only what was needed. Enough seeds had to be left to ensure that 
plants could regenerate. When eggs were collected from nests some of the eggs were left behind. After an 
area had been harvested it would be left alone for a number of months to give plants and animals a chance 
to build up again.

Unfortunately in more recent times customary law has not always been adhered to when hunting for 
bush tucker. This, together with the use of modern hunting weapons, is likely to have contributed to the 
decline in numbers of species such as emus, bustards and echidnas in Central Australia as well as dugongs 
and turtles in some coastal areas.

13.8.4 Dugong gone?
Dugongs are fully marine mammals, with a flattened 
tail and cow-like appearance. They are thought to be 
the source of myths about mermaids, and they feature 
in the creation stories of many Indigenous peoples 
across northern Australia. Dugongs are now consid-
ered endangered. Although they can live for up to 70 
years, they have a slow reproductive rate, long gesta-
tion period and slow growth rate. Their coastal habi-
tats are being destroyed, and they have been hunted 
for food and accidentally captured in fishing nets.

For some coastal Australian Aborigines and Torres 
Strait Islanders, dugongs have been a highly prized 
source of meat. In the past, white settlers were allowed 
to hunt them for food, hide and oil. However, it is 
now legal only for Indigenous peoples to hunt them, 
and only if they use traditional methods of hunting. 
Even with these restrictions, dugong populations in 
some regions are dwindling to dangerous levels.

HOW ABOUT THAT!

Was the megafauna hunted to extinction?
Australia was once populated by giant animals — the 
megafauna. Examples of Australian megafauna included 
the Diprotodon, a car sized wombat-like animal, 
Procoptodon Pusio, a 3 m tall flat faced kangaroo and 
Thylacoleo carnifex, a marsupial carnivore the size of 
a large dog. These species are now extinct. What led 
to their extinction is a great mystery. There is some 
evidence that the megafauna was hunted by early 
Aboriginal Australians. Bones with marks made by 
weapons have been found near Aboriginal artefacts. Was 
the megafauna hunted to extinction? Another theory 
links the extinction of the megafauna to climate change. 
Fossil evidence, including fossilised pollen, reveals that 
much of the Australian continent was once covered by 
lush rainforests. Over time these retreated and were replaced by grassland and dry schlerophyll forests (forests 
that contain mainly drought tolerant species such as eucalypts and banksias). Megafauna that fed on soft 
leaved rainforest species may have found their food supply dwindling. Fires were becoming more frequent as 
well. Some were naturally occurring, but others were deliberately lit. This also had a long-term impact on the 
vegetation. Perhaps all these factors contributed to some extent to the extinction of the megafauna.
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13.8.5 Growing bush tucker
Many crop species currently grown in Australia could not grow without irrigation and the addition of fer-
tilisers to the soil. These crops are not particularly well suited to Australia’s dry and nutrient poor soils. 
Growing the type of plants indigenous Australians have used as a source of food for thousands of years 
makes a lot of sense as these plants have adaptations to cope with Australian conditions. Matthew Koop has 
taken on this challenge. He is a commercial quandong harvester. Quandongs are tangy-fleshed stone fruits 
native to Australia’s central deserts and southern arid regions.

Matthew Koop — a quandong pioneer? Quandongs

Darwin farmer David Boehme with one of the 100 native plum trees on his property

Kakadu plum trees may be another native plant that we could see growing in orchards in the future. Dave 
Boehme, a Darwin farmer, believes that this plant has the ability to be grown successfully in remote com-
munities and may be a very successful indigenous horticultural project. Increased interest in bush foods 
may see many more of our Australian natives cultivated to become viable economic enterprises.
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 13.8.6 Healthy as well! 
 In 2009, the CSIRO produced a research report on the presence of ‘health-enhancing compounds’ in a 
variety of native herbs, spices and fruit samples. They reported that the ‘bush foods’ sampled were excep-
tionally rich sources of antioxidants, folate, iron and vitamins C and E.  

 ‘Bush food’  High in antioxidants  High in vitamin C  High in folate  High in iron 

 Kakadu plum  ✓  ✓  ✓    

 Quandong  ✓     ✓  ✓ 

 Tasmanian pepper leaf  ✓     ✓  ✓ 

 Lemon myrtle  ✓     ✓    

 Australian desert lime     ✓  ✓    

 13.8.7 A fi ery start 
 Fire was important to Aboriginal Australians. Setting fi re to the vegetation was a way of driving animals 
out of burrows and other hiding places, making them easier to hunt. It was also a land management tool. 
In much the same way that backburning is carried out today, Aboriginal Australians used to set fi re to 
bushland at times when temperatures were lower and the vegetation was not too dry. This produced a 
low-intensity fi re. Burning some of the vegetation in wetter periods meant that there was less of the easily 
combustible plant matter left by the time the seasons changed and the weather was once again hot and dry. 
With less fuel, the bushfi res of the dry season had less intensity. This is the main reason that backburning 
is carried out by fi re fi ghters today. 

 Aboriginal Australians set fi re to only some areas of land. Other areas remained intact. This was impor-
tant for hunting because animals would fl ee from the burning areas to the unburnt patches of land. Many of 
the animals were not hunted though and the unburnt areas provided them with shelter. The ashes from the 
fi re increased the nutrient content of the soil in the burnt areas and new growth would appear soon after the 
fi re, providing a source of food for the animals. 

 Over time species that had adaptations that enabled them to survive bushfi res evolved. Some euca-
lypts have thick bark that burns poorly. Beneath the bark are structures called epicormic buds that begin 
to grow after most of the leaves of 
the tree have been burnt off. There 
are also eucalypt species that have 
woody undergound stems called 
lignotubers. Since they are in the 
ground they do not usually burn in a 
fi re. They begin to grow after the fi re, 
allowing the tree to regenerate. Some 
trees do not survive bushfi res but 
their seeds do. The seed of  Banksia  
are protected from fi re by woody 
cone-like structures (they are actu-
ally not cones, but fruits). The heat of 
bushfi res releases the seeds into the
nutrient-rich, ash- covered soil.  

   Aborigines using fi re to hunt kangaroos , a watercolour painted by 
Joseph Lycett around 1820 

 Some of the fi ndings of a 2009 CSIRO report on Australian native foods 
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 CSIRO scientists have com-
pared areas of Arnhem Land in the 
Northern Territory that are regu-
larly burned to other areas. They 
have found that the areas that 
are burnt regularly have greater 
biodiversity. Some species that 
are in decline in other areas are 
doing well there. The scientists 
have advised some farmers on 
Australia’s rangelands to set fi re 
to patches of their land regularly. 
The farmers are encourged to burn 
areas that are overgrown by woody shrubs, and not use the area for grazing for two to three years after the 
burn. It is hoped that this technique will result in higher quality pasture over time.     

  Epicormic growth from the trunk of a eucalypt tree 
after a bushfi re 

  Regrowth of gum tree from an underground woody 
lignotuber 

  A woody Banksia fruit opened after a bushfi re 

 13.8 Exercise: Remember and think 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note : Question numbers may vary slightly.  

1.   Use a dictionary to  defi ne  the following terms: harmonious, interconnectedness, sustainability, biodiversity.  
2.   State where witjuti grubs may be found and what they look like, and suggest why they are described as 

being very nutritious.  
3.    Identify  one important difference in the way that traditional Aboriginal and Torres Strait Islander people 

obtained food.  
4.    Outline  why early settlers would have benefi ted from learning some of the traditional bush tucker skills.  
5.    Describe  how Aboriginal Australians living in arid areas fi nd enough water to survive.  
6.    Identify  some reasons that have contributed to dugongs becoming endangered.  
7.    Outline  three possible hypotheses for the extinction of Australia’s megafauna.  
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8. Outline two reasons why Aboriginal people used to set fire to the vegetation.
9. Distinguish between epicormic buds and lignotubers.

Think
10. Outline why it was important for Aboriginal people to know the habits of animals.
11. Explain why having rules about the seasons during which certain animals could be hunted and plants 

harvested contributed to the sustainability of the lifestyle of Indigenous Australians.
12. Explain why growing and harvesting the fruit of plants that are native to Australia may be more sustainable 

than growing introduced species such as orange or apple trees.
13. Explain why it was important for Aboriginal people to burn only some areas of land and leave other areas unburnt.
14. A pie chart showing the average body composition of a witjuti grub is shown in this subtopic. Present the 

same data in the form of a divided bar graph.

Investigate, design and create
15. Find out and report on research into Australian native plants as a source of food or medicine. Display your 

findings in a brochure, story book or journal article.
16. What do you think about hunting dugongs? Who should be allowed to hunt them? How many should be 

taken, when and why? Research dugong hunting, then share your findings and opinions with your team. 
Organise a class debate on an aspect of dugong hunting.

17. Dugongs feature in the creation stories of many Indigenous peoples across northern Australia. Find out 
more about one of these stories

18. Use the Bush foods extravaganza weblink in the Resources tab to research examples of bush tucker 
recipes and create your own recipe book. 

CAUTION: Take food allergies into careful consideration when planning your recipes.

13.9 It’s all about balance
13.9.1 Living sustainably
As the human population continues to grow, natural environments are being destroyed to make way for 
housing, farmland and roads. In an attempt to meet the needs of humans we can inflict irreversible damage 
on our environment. It does not have to be this way. With careful planning and creative thinking it is pos-
sible for humans to live more sustainably.

13.9.2 Forests under threat
Since the arrival of Europeans in Australia just over 200 years ago up to 70% of Australia’s forests have 
been cleared to make way for cities, roads and farms and to harvest timber. Timber is a valuable resource. 
It is used as a building material and to manufacture furniture and other goods. A large portion of the wood 
harvested in Australia is turned into wood chip (small pieces of wood). Some wood chip is used to make 
particle board to make cheap furniture and a small amount is used in landscaping, but the bulk is shipped 
overseas and made into paper. Timber is a renewable resource — after trees are harvested more trees can 
grow back — but the techniques used to harvest the timber influence whether the process is sustainable.

When a renewable resource is used sustainably, it can regenerate at the same rate or faster than it is 
being used up. In the case of timber, whether an area is completely cleared of trees or only some trees are 
removed makes a huge difference to the time taken for the forest to regenerate.

In Australia timber is harvested in the following ways:
 • clear cutting: all or most of the trees are removed. The removal of all trees makes soil erosion more 

likely. The soil is not shaded, making it more difficult for new trees to become established.

 Explore more with this weblink: Bush foods extravaganza

 RESOURCES — ONLINE ONLY
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 •   thinning: only some of the trees, usually the oldest, are removed. This technique is less damaging. The 
remaining trees produce seeds, reduce erosion, cut down wind and shade the soil. Getting trucks and 
other machinery to the trees can still have signifi cant impacts on the forest though and it is important to 
select the right trees for cutting.  

 •   the use of plantation timber: fast growing trees are planted on land that has previously been used to grow 
other crops or that was used as pasture. Provided that the land has not been cleared specifi cally for this 
purpose this technique is the most sustainable.     

 13.9.3 What’s in my chocolate? 
 In some instances, balancing the needs of humans with 
those of other species is as simple as replacing a cheap 
ingredient with another, slightly more expensive ingre-
dient. Consumer awareness plays an important role in 
ensuring that manufacturers consider their impact on 
the environment. 

 Palm oil is obtained from the fruit of the oil palm 
tree. These trees are grown in large plantations in 
Malaysia and Indonesia. There are also plantations on 
the island of Borneo which is home to the endangered 
Bornean orangutan. Palm oil is used in many foods, 
creams and as a fuel. The increased demand for palm 
oil has motivated farmers to clear vast areas of rainfor-
ests to make way for oil palm tree plantations. As the 
forests are home to a number of endangered species 
the land clearing is driving these species to the brink 
of extinction. 

 Companies that use palm oil as an ingredient in the 
products they manufacture have been targeted by green 
groups such as Greenpeace and the Palm Oil Action 
Group. They aim to raise awareness about the impact 
of oil palm tree cultivation and encourage consumers 
to boycott products containing palm oil bought from 
suppliers linked with rainforest destruction. Some 
manufacturers have switched suppliers as a result of 
campaigns from action groups.  

  The technique used to harvest wood impacts 
on sustainability. 
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  Are we getting better at harvesting timber sustainably? 

  World demand for palm oil has led to the clearing 
of forests that are home to orangutans. 
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13.9.4 Meeting human 
demand for fresh water
Australia is the driest inhabitable continent in 
the world. It has the lowest volume of water 
in rivers and the smallest area of permanent 
wetland. Many of its largest rivers are already 
at their maximum extraction rates (the amount 
that can be taken out of the river), beyond 
which flow rates cannot be sustained. Some, 
like the Murray and the Darling, have been 
over-allocated and their flow rates have been 
severely affected.

In 2014–15, Australia extracted 76 000 
gigalitres of water from the environment. 
About 58 000 GL was used by the electricity 
and gas industry and most was returned to the environment. Of the 17 000 GL not returned to the environ-
ment, 60% was used for agriculture, 4% for mining and 3% for manufacturing industries. A gigalitre (GL) 
is a billion litres.

Australians are the third highest users of water per capita in the world, surpassed only by the United 
States and Canada. In cities, households use 59% of urban water. More than half of this is used for watering 
gardens and flushing toilets.

In 1997–98, the volume of sewage effluent processed was 1350 GL; most of this was discharged into the 
sea or rivers. Is this effluent too valuable to waste? Some of this effluent is now being recycled. If you have 
purple taps in your garden, the water that comes out of these taps is recycled. Several studies have shown 
that a high percentage of Australians are comfortable with the idea of using recycled water for irrigation, 
fire fighting, watering of parks and gardens, stock watering and toilet flushing. However, the acceptance 
level for drinking recycled water is not the same. In many new developments the outdoor taps and toilets 
are connected to recycled water pipes, while all other taps deliver non-recycled water.

13.9.5 Desalination — the answer to our water shortage?
Fresh water is in short supply in Australia but the country is surrounded with sea water. Unfortunately, sea water 
is too salty to drink or water crops; however, a desalination plant can remove the salt from sea water. A desali-
nation plant was built at Kurnell in Sydney in 2010. Are desalination plants the solution to our water shortage?

The Yarra River in Melbourne is close to its extraction limit; 
beyond that, it may stop flowing.

Atmospheric 
    water vapour

Irrigation
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use

Water treatment

Surface
water
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water use

Waste water
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Water recycling possibilities
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 How does it work? 
 There are a few processes that can be used to remove salt from sea water. The Kurnell plant uses reverse 
osmosis. In osmosis, water moves through a semi-permeable membrane from an area where salt concen-
tration is low to an area where salt concentration is high. The water moves in the direction that will ‘even 
out’ the concentration of salt on either side of the membrane. In reverse osmosis the water is being made to 
fl ow in the opposite direction using high pressure. The result is that very salty water is left on one side of 
the membrane and pure water is obtained on the other side.  

 Unfortunately, there are some environmental costs associated with reverse osmosis desalination plants. A 
huge amount of electricity is required to run the plant. If this electricity is produced by burning coal or another 
fossil fuel, large amounts of carbon dioxide gas (a greenhouse gas) are produced, thus contributing to global 
warming. In the case of the Kurnell plant, a new wind farm is being built in Bungendore in NSW, which 
should produce all the electricity needed to run the Kurnell plant without releasing any carbon dioxide gas. 

 Another important environmental issue is what to do with the salt that is produced. At the Kurnell plant, 
after the water passes through the reverse osmosis membrane, the fresh water is stored for use and the left-
over water — which now contains about twice as much salt as normal sea water and is one or two degrees 
warmer — is dumped back into the ocean about 300 m off shore. This may have a negative impact on sea 
life living close to the salty water outlet. 

 13.9.6 Dealing with garbage in creative ways 
 How much rubbish does your family produce each week? How big and how full is the bin you wheel out to 
be collected by the garbage truck each week? Now think about all the houses in Australia, each producing 
the same amount of garbage. That’s a lot of rubbish and most of it ends up at the tip. With some creative 
thinking it is possible to put some of this rubbish to good use. 

 A large portion of the rubbish collected from households ends up in landfi ll. The rubbish is tipped into 
a hole and covered with dirt. Landfi ll sites take up a lot of space, and while they are in use the area around 
them is often smelly and unattractive to look at. They also release greenhouse gases. We can reduce the 
amount of rubbish that ends up in landfi ll by buying fewer goods, fi xing broken items rather than replacing 
them and looking for products with little or no packaging. Many materials can be recycled or composted 
rather than ending up in landfi ll. Glass, aluminium and other metals, paper and many plastics can be made 
into new objects rather than being dumped at the tip. It is often tricky to separate recyclables though. Most 
councils issue residents with recycling bins but it can be diffi cult to get people to use the right bin and even 
the best intentioned people are often confused about which items can be recycled. Fortunately a little bit of 
clever science can help with this problem. 

Step 7
Seawater concentrate outlet

Step 1
Sea water 
intake

Step 2
Intake screening 
facility

Step 3
Pretreatment 
filters

Step 4
Reverse osmosis membrane units 
remove salt and other impurities 
from the water

Step 5
Post treatment to 
drinking water standard

Step 6
Drinking water supply tank

Not to scale
Seawater concentrate is safely returned to the ocean

Intake 
tunnel

Outlet tunnel

  An example of a desalination plant 
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 A high-tech approach to sorting rubbish 
 Facilities are now available for sorting the contents of your recyclables bin into paper, glass, aluminium etc. 
One Sydney facility, the UR-3R Facility, goes one step further — it sorts all household rubbish rather than 
just recyclables. The following diagram shows what happens to household rubbish at this processing plant. 
The council where this facility is used claims that it can reduce the amount of waste going to landfi ll by up 
to 80%, and that it can allow them to recover up to 7280 tonnes of recyclables that would otherwise end up 
in landfi ll. ( Source:  Fairfi eld City Council)  

 Semakau landfi ll 
 In some parts of the world, very little land is available. 
The islands of Singapore are becoming very crowded, so 
crowded in fact that there is no space left on the islands 
to use as landfi ll. The solution has been to extend the 
land into the ocean to use as landfi ll space. The Semakau 
landfi ll is an offshore landfi ll and is attached to the main 
island of Singapore. To create the landfi ll, a 7 km bund 
(retaining wall) was built and the landfi ll was lined with 
a special membrane and clay so that the waste would not 
pollute the surrounding ocean. Most of the waste dumped 
in the landfi ll is ash as the rubbish produced in Singapore 
is incinerated to reduce the amount of space it takes up. 
The area is divided into cells. When cells are full they 

  The UR-3R Facility reduces the amount of rubbish going to landfi ll. 

  The Semakau landfi ll is a clever solution to 
Singapore’s lack of available landfi ll space. An 
area of the ocean has been enclosed for use 
as landfi ll space. 

My rubbish
being picked up

My rubbish is taken 
to the UR-3R Facility.

Rubbish is picked up by a 
front end loader and put into the system.

MECHANICAL SEPARATION
The rubbish (waste) goes into a
big strainer and is separated.

SORTING
The facility uses windsifters, magnets, 

eddy currents and manual sorting to separate rubbish 
into metals, plastics, paper, cardboard and glass.

Baled recyclables 
are sent to other 

facilities to be made 
into other things.

PRE-SORTING AREA
Dangerous goods are removed

from the rubbish by hand.

RECYCLED
WATER

LIQUID

DIGESTER GAS
EXTRACTION

RECYCLABLES

PERCOLATOR
SOLID 

ORGANIC
MATTER

ORGANICS
(PLANTS AND

GRASS)

The left over 
water is treated 

and reused at the
UR-3R Facility.

Solid organic matter is fed into the 
composting building where it is 
continually turned for 4 weeks.

The material is then transferred 
to an outdoor area where it 
matures for 8 more weeks.

The compost is re�ned and
any fragments of glass
or plastic are removed.

Biogas is fed to the onsite
power plant where it is combusted 

to produce green electricity.

Some of the electricity is used 
to power the UR-3R Facility 

and the remainder is exported 
to the Sydney power grid.

COMPOSTING

ELECTRICITY

Rubbish goes through a shredding
machine to split open plastic bags.

SHREDDER RUBBISH
DANGEROUS

GOODS
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13.9 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Identify some reasons for clearing forests?
2. List some uses of timber as a resource.
3. Define reverse osmosis.
4. Identify some ways we can reduce the amount of rubbish going to landfill.
5. In what way is the Semakau landfill different to other landfills?
6. Outline why waste is incinerated in Singapore.

Think
7. Explain why clear cutting is less sustainable than thinning when harvesting timber.
8. Products such as paper or floor boards are sometimes labelled as being made from plantation wood. Why 

might this be important to environmentally aware consumers?
9. Sometimes when forests are cleared wildlife corridors are preserved. These allow animals to travel from one 

area of bushland to another. Explain why this might be important.
10. Discuss the following statement: ‘The council should charge waste disposal rates for each household per 

kg of waste they produce’.
11. In small groups make up a list of strategies that may help cut down the amount of rubbish sent to the tip by 

your school.

Skill builder
12. Study the graph Are we getting better at harvesting timber sustainably?

(a) Outline the information shown by:
(i) the green and blue columns
(ii) the red dotted line

 (b) Describe the trend shown in the graph.
13. The following questions refer to the figure The UR-3R Facility reduces the amount of rubbish going to 

landfill.
(a) Identify the types of items that could be separated from rubbish using a magnet.
(b) Identify the steps of the rubbish separation process that are done manually (by people) at the UR-3R 

Facility.
(c) What sorts of things would be separated from garbage using the big strainer?
(d) Outline what happens to the recyclables collected at the UR-3R Facility.
(e) Describe what happens to the solid organic matter that is separated from garbage at the  

UR-3R plant.
(f) Explain what happens in the digester.

Investigate
14. To find out more about saving water in your home use the Investigator weblink in the Resources tab and 

be a home water investigator.
15. To take part in the waterworks adventure, use the Waterworks weblink in the Resources tab.
16. Use the Water saver weblink in the Resources tab and play the water saving game.

Design
17. List possible water-saving suggestions for your school. Design a poster or web page promoting these 

ideas.

are topped up with soil and plants are grown over them. Many areas of the landfill have been opened to the 
public for recreational activities and tourists can take guided tours of the recovered areas to view the many 
birds and fish that have returned there.
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 Explore more with this weblink: Investigator

 Explore more with this weblink: Waterworks

 Explore more with this weblink: Water saver

RESOURCES — ONLINE ONLY

PEACE SUMMIT CALLED OVER LOGGING DISPUTES
The Victorian government is setting up meetings to try to resolve conflict between the timber industry, the 
unions and environmentalists. The Wilderness Society would like to use the meetings to convince loggers to 
stop logging old growth forests and harvest plantation wood instead. Loggers argue that their industry provides 
10 000 jobs in country towns and provides great social and economic benefits to these communities.

13.10 Different perspectives
Science as a human endeavour

13.10.1 Opinions on environmental issues
People chaining themselves to trees, risking their lives to try to stop whalers, or marching through streets 
asking for action on climate change are stories that make the front pages of newspapers. Environmental 
issues are often complex though and there is usually more than one side to each story, as can be seen from 
the news snippets below. Each snippet is based on a news story.

JAPAN TO RALLY PRO-WHALING NATIONS
Japan is organising a meeting of representatives from nations 
that support whaling. Commercial whaling is currently banned 
although some countries are exempted from the ban under 
certain circumstances. Japan is allowed to kill whales for 
research although it has been suggested that some of the 
meat from the whales killed for research has made its way to 
restaurants and stores. Anti-whaling groups have argued that 
all whaling should be banned. Supporters of whaling argue that 
controlled whaling of species of whales that are quite plentiful 
would not put them under threat.

Should all whaling be banned?

OWNER WANTS URANIUM-RICH LAND TO 
BE ADDED TO KAKADU
Jeffrey Lee, an Aboriginal traditional owner of thousands of 
hectares refused to sell his land to a French mining company 
for millions of dollars. Instead he donated the land to the 
federal government to become part of Kakadu National Park 
where he works as a ranger. He does not want the uranium 
mined because the land contains sacred sites, including 
burial sites. He feels it is his responsibility to look after the 
land and this is more important than the money.

View to Nourlangie from Anbangbang 
Billabong, Kakadu National Park, Australia
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FRASER ISLAND’S DINGO FENCES 
‘WORKING’
In 2001 a fatal dingo attack on Fraser Island 
prompted the government to build fences 
around the townships, camping grounds and 
resort. Some locals argue that the fences are 
unsightly, impact on other species and are 
ineffective.

The main purpose of the fences is to stop 
dingoes getting access to food scraps and 
rubbish. When dingoes are fed by humans 
or eat human food scraps they stop hunting 
for their own food and become increasingly 
dependent on humans. Rather than fearing 
humans they seek them out, increasing the 
likelihood of attacks.

Some people argue that the fences, together 
with tough penalties for people caught feeding 
the dingoes, has resulted in dingoes starving. 
Some dingoes have also been shot because of 
fears that they may be violent towards humans. 
These two factors combined could lead to a 
great reduction in dingo numbers on Fraser 
Island.

Should there be dingo fences on Fraser 
Island?
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The main roads on Fraser Island are shown on the map 
by red lines. Most of the accommodation is near these 
main roads. The townships, camping grounds and 
resort are fenced to discourage dingoes from feeding 
on scraps and rubbish. The dingoes still have access 
to most of the island.
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13.10 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Outline why the Wilderness Society is in conflict with loggers.
2. Outline some of the reasons to continue logging that have been put forward by loggers.
3. Explain why Jeffrey Lee wants his land protected from miners.
4. Suggest why there is suspicion that some of the whales caught by Japanese whalers are used for purposes 

other than scientific research.
5. Outline why dingo fences were built on Fraser Island.

Think and discuss
6. Removing resources such as uranium from the ground impacts on the environment. Identify some of the 

criteria governments should consider when deciding whether a resource should be mined.
7. Carry out a PMI on the following topics:

(a) Logging of old growth forests should be illegal throughout Australia.
(b) When land contains valuable resources such as uranium, petrol or gold the government should be 

allowed to force people off their land so the resources can be extracted.
(c) Commercial whaling bans should be lifted.
(d) People caught feeding dingoes should be given large fines.

Investigate
8. Find out why uranium is so valuable. What is it used for?
9. Use EBSCO or another database to locate news stories about the dingoes of Fraser Island. Summarise the 

key points in the articles you locate.
10. Investigate environmental issues affecting your local area. Looking through local papers or talking to your 

parents and teachers might help you identify some issues to research.

Create
11. Use the Kakadu weblink in the Resources tab to create a pamphlet, digital story or PowerPoint advertising 

Kakadu National Park to tourists.

13.11 Review
13.11.1 Features of ecosystems
 • distinguish between biotic and abiotic features of ecosystems 13.2
 • measure abiotic factors in an ecosystem 13.2
 • use the quadrat and capture–recapture methods to estimate the abundance of  

a particular species in an ecosystem 13.2
 • define the term ‘distribution’ 13.7
 • interpret population graphs 13.7

13.11.2 Energy and materials in ecosystems
 • describe the flow of energy in ecosystems 13.5
 • interpret biomass pyramids 13.5

 Explore more with this weblink: Kakadu

 RESOURCES — ONLINE ONLY
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 • describe the cycling of water in natural ecosystems 13.6
 • recall word and symbol equations for photosynthesis and respiration 13.4
 • outline the role of chlorophyll in photosynthesis 13.4
 • account for the fact that ecosystems can exist in very deep oceans where no light  

is available for photosynthesis 13.4
 • extract information from food webs 13.5
 • describe the phosphorus and nitrogen cycles 13.6
 • outline the main processes involved in the carbon cycle 13.6

13.11.3 Inspired by traditional owners
 • describe Aboriginal and Torres Strait Islander practices that have a focus on  

sustainable harvesting of natural resources 13.8
 • explain why there is renewed interest in the use of controlled fires as a land  

management practice in some parts of Australia 13.8

13.11.4 Environmental issues
 • describe some strategies to reduce the amount of rubbish ending up in landfills 13.9
 • describe some creative solutions to dealing with rubbish 13.9
 • evaluate some strategies for addressing the shortage of fresh water in Australia 13.9

13.11 Review 1: Looking back
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Explain why field work is a really important component of Ecology.
2. A rainforest and a rock platform are both examples of natural environments.

(a) Compare three abiotic factors for these two environments.
(b) Describe one biotic factor that might impact on the growth of plants in a rainforest.

Individual pathways

 V ACTIVITY 13.1
Revising ecosystems
doc-10679

 V ACTIVITY 13.2
Investigating ecosystems
doc-10680

 V ACTIVITY 13.3
Investigating ecosystems further
doc-10681

  ONLINE ONLY

FOCUS ACTIVITY
Using the information in the NOVA weblink in the Resources tab as a starting point, create a pamphlet to convince 
the Australian public that conservation attempts are worth the effort. Your pamphlet should include information about 
Australian species that have been brought back from the brink of extinction. Include photos where appropriate.

Access more details about focus activities for this topic in the Resources tab (doc-10678).
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3.    Describe  how you could estimate the abundance of limpets on a rock platform at low tide. ( Note:  Limpets 
do not move much while the tide is low.)  

4.   The diagram at right shows a 
chloroplast and a mitochondrion 
in a plant cell.     
(a)   Which energy conversion 

takes place in the 
chloroplast?  

(b)   Which energy conversion 
takes place in the 
mitochondrion?  

(c)   The arrows on the diagram
at right show the fl ow of 
energy and substances into 
and out of the cell. Choose 
words from the word bank 
below that are represented 
on the diagram by the letters 
A–H.  

Word bank: water, oxygen, sun, 
carbon dioxide, heat energy, 
chemical energy, light energy, 
glucose.    

5.   If someone said to you: ‘If 
all photosynthesis on Earth 
stopped, humans would 
eventually become extinct’, 
would you agree or disagree? 
 Justify  your answer.  

6.   Bromothymol blue is an indicator 
that changes colour in different 
concentrations of carbon dioxide. 

    During an investigation of photosynthesis 
and respiration, an experiment was conducted 
to investigate energy conversions in a fi sh and 
in a water plant in pond water. 

 Four jars of pond water collected from the 
same location were used (see next page). 
Bromothymol blue (10 drops) was added to 
each jar. All four jars were placed in a sunlit 
position in the classroom.      
(a)   In which jar is aerobic respiration occurring? 

 Justify  your answer using the colour of the 
bromothymol blue in the water.  

(b)   In which jar is photosynthesis occurring? 
How do the results support this?  

(c)   In which jar are both respiration and 
photosynthesis occurring?  Explain  your 
answer.  

(d)   Which jar was the control?  Explain  why it 
was necessary to set this jar up.    

E

C

D

EB

F

G

H

ATP
ATP
ATP

Chloroplast

Mitochondrion

Chlorophyll
C

D

A

Yellow Green Blue 

More carbon dioxide Less carbon dioxide

Bromothymol 
Indicator
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7.   The size of the bars in the two pyramids on the right 
represents the number of organisms supported at each 
trophic level in two different farming communities. 
 Interpret  the pyramids to answer the following questions. 
(a)   Copy the two pyramids into your workbook. Next to each 

pyramid, write down the names of, or sketch, organisms 
that could be represented at each of the trophic levels 
below humans.  

(b)   Which ecosystem supports more humans?  
(c)   Could the pyramids represent energy as well?  Explain  

your answer.  
(d)   Which community wastes less energy as it fl ows from 

producers to humans?  
(e)   Apart from numbers and energy, what other quantity can 

be represented by an ecological pyramid?        
8.    Interpret  the diagram below to answer the questions that 

follow.        
Jar 3 

Jar 1 Jar 2

Pond water Pond water with
water plant 

Pond water 
with �sh

Pond water with 
�sh and water plant

Jar 4

Humans

Humans

Producers

Herbivores

Producers 

Community 1

Community 2

Second-order consumers

Jar 3 

Jar 1 Jar 2

Pond water Pond water with
water plant 

Pond water 
with �sh

Pond water with 
�sh and water plant

Jar 4

B

A

First-order consumers

Eaten

Producers

Decomposers

Nutrients in soil, air and water

Eaten

Second-order consumers

Dead organisms
and wastes

Producers

Second-order 
consumers

First-order 
consumers

Third-order 
consumers

Sunlight

Heat

Heat

Heat

Heat

B

A

First-order consumers

Eaten

Producers

Decomposers

Nutrients in soil, air and water

Eaten

Second-order consumers

Dead organisms
and wastes

Producers

Second-order 
consumers

First-order 
consumers

Third-order 
consumers

Sunlight

Heat

Heat

Heat
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(a)   Which box represents energy � ow?  
(b)   Which box represents the cycling of matter?  
(c)   Copy the diagram and illustrate the � ow or cycle by adding arrows between the words in each box. 

Use arrows to show the movement of matter or energy in each diagram.  
(d)   Label the boxes as ‘Flow of energy’ and ‘Cycling of matter’.  
(e)   How is the � ow of energy different from the cycling of matter?  
(f)   How is the � ow of energy similar to the cycling of matter?    

9.   Some Aboriginal and Torres Strait Islander cultural practices focus on the sustainable harvesting of resources 
from the environment.  De� ne  the term sustainable and give three examples of such cultural practices.  

10.   Prior to the arrival of Europeans, how was � re used for hunting by Aborigines?  Explain  why there is 
renewed interest in the use of � re as a land management practice.  

11.    Describe  an environmental problem you have studied and a possible solution for this problem.  
12.   Use an example you have studied to  explain  why different groups in society might have very different 

opinions about environmental issues.   

 Test yourself  
1.   Which of the following is a biotic factor?  

(A)   Light intensity  
(B)   Soil moisture  
(C)   Soil pH  
(D)   Presence of fungus of the genus mycorrhiza in the soil     (1 mark)  

2.   Which gas is released in photosynthesis?  
(A)   Oxygen  
(B)   Carbon dioxide  
(C)   Nitrogen  
(D)   Hydrogen     (1 mark)  

3.   Copy and complete the diagram below by � lling in:  
(A)   The types of organism labelled with the letters A, B, C and D    (1 mark)  

(B)   The processes labelled with the numbers 1–6. You may use words more than once.     (6 marks)      

4.   Which of the statements below is correct?  
(A)   In natural ecosystems both matter and energy are recycled.  
(B)   In natural ecosystems energy � ows and matter is recycled.  
(C)   In natural ecosystems both matter and energy � ow.  
(D)   In natural ecosystems matter � ows and energy is recycled.     (1 mark)   

4. 

6. 

1. 

A. B. C. 

D. 

2. 3. 

Water
in soil

Bacteria and fungi

Carbon
dioxide
in air

5. 

A. B. C. 

2. 3. 

A. B. C.

    Complete this digital doc:   Worksheets 13.5: Ecology puzzle      (doc-12827)    

    Complete this digital doc:   Worksheets 13.6: Ecology summary      (doc-12828)     
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