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    TOPIC 15
Ecology 

  15.1  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.   

 15.1.1 Why learn this? 
  Rainforests are not just pleasant places to visit; they are signifi cant from an ecological perspective. Ecology 
is the study of the interactions between living things and their environment and between different species 
of living things. Rainforests are important because they contain many species of living things that are not 
found anywhere else. If we do not look after our forests, some of these species may become extinct.  

  Another important role of forests is to produce oxygen and remove carbon dioxide from the atmosphere. 
Animals, including humans, need the oxygen that plants produce to survive. Is it any wonder that people 
are so passionate about forests?    

 LEARNING SEQUENCE 
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   Forests are important for the health of our planet. 
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 Explore more with this weblink: Test tube with David Suzuki

 Explore more with this weblink: Human footprint

RESOURCES — ONLINE ONLY

 What is ecology?  
1.   Defi ne the terms ‘ecology’ and ‘photosynthesis’.  
2.   What would happen if all forests throughout the 

world were destroyed?  
3.     (a)    Four ecosystems are shown in the photos 

on this page. In what way are they different? 
Include information about temperature variations, 
availability of light and availability of water.  

(b)   Give examples of the types of living things you 
might fi nd in each of the ecosystems.  

(c)   The rainforest plants would not survive in the 
desert. Similarly, the desert plants would not 
survive in the rainforest. Explain why.    

4.   Create a table with the following column headings: 
‘Term’, ‘Dictionary defi nition’, ‘Defi nition in my own 
words’. Write the words listed below in the fi rst 
column. Use a dictionary to complete the second 
column. As you come across each word in this 
topic, write down a defi nition of the term in your 
own words in the third column. 

  ecosystem, habitat, distribution, abundance, 
collaboration, symbiosis, mutualism, parasitism, 
commensalism, epiphyte, saprophyte, extinct, 
endangered, consumer, producer, decomposer, 
adaptation, respiration, photosynthesis  

5.   Use the  Test tube with David Suzuki   weblink  
in the Resources tab, in which he explains the 
concept of exponential growth. Explain how this 
relates to ecology.   

6.   Use the  Human footprint   weblink  in the Resources 
tab to investigate how your lifestyle impacts on our 
planet. Outline some things you could do to reduce 
your ecological footprint.                
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  15.2  A place to call home 
15.2.1 Ecology
 Next time you go for a walk in bushland or along a rock platform, take a good look around. Try to count 
the different types of living things that surround you. Some organisms such as trees and large animals are 
very obvious, but there are many smaller creatures and plants that are easier to miss. There are also micro-
scopic animals living in the soil. The living things in natural environments, regardless of their size, depend 
on each other and on their surroundings for survival.  Ecology  is the study of the way in which organisms 
interact with other organisms and with their environment.     

   The sun is the source of energy 
in all ecosystems. Plants use 
the sun’s energy to make their 
food and, in turn, animals use 
these plants as a food source 
(or eat other animals that feed 
on plants). 

   Plants are a source of food for 
some animals. They have other 
important roles as well, including 
producing oxygen and shading the 
soil, and thus helping to retain soil 
moisture. 

   The quality of the soil in an 
ecosystem is an important 
factor that determines which 
plants can grow there. 

   All living things need water. Some species live 
in it, other species fl oat on it, and some drink 
it or take it up via their roots. Some plants can 
survive only in areas where water is plentiful; 
others cope with drier conditions. 

   Animals that feed 
on plant material are 
called herbivores.    Plants take up water 

and minerals from the 
soil via their roots. 

   Rocks provide shelter for some 
species. The types of rocks in an 
area also affect the quality of the 
soil. As rocks break down, some 
of the minerals in the rock become 
incorporated into the soil. 

   Animals that feed 
on the bodies of 
other animals are 
called carnivores. 

   The leaves of plants are the main 
site of photosynthesis. In this 
process plants use sunlight to 
make sugars and oxygen. The 
sugars can be used as a source of 
energy by the plant or converted 
into other chemicals. 

   Large trees provide a habitat for many species. Some 
live in hollows in trees or in the branches of trees. 

   Humans are the species 
that is having the greatest 
impact on the world’s 
ecosystems. Humans have 
damaged many natural 
ecosystems but we are 
also capable of protecting 
and repairing ecosystems. 
Understanding ecosystems 
is the fi rst step towards 
protecting them. 
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  15.2.2 It’s all about relationships 
 An  ecosystem  is made up of living and non-
living things that interact with each other. 
A pond, a rock platform and a rainforest are all 
examples of ecosystems. The living things in an 
ecosystem (the  organisms ) are referred to as the 
 biotic  factors . The non-living features are called 
the abiotic factors. Abiotic factors include tem-
perature, soil type, rainfall patterns and amount 
of light available. The abiotic factors determine 
the types of organisms that can survive in an area 
and, in turn, the living things affect the abiotic 
features of an ecosystem. The living things also 
interact with each other. 

 A  habitat  is the place where a particular 
organism lives. For example, the habitat of the 
platypus is the freshwater creeks, rivers and lakes 
of eastern Australia. A living thing’s habitat pro-
vides the things it needs to stay alive. The hab-
itat for the starfi sh shown in the photo below is a 
rock pool. It provides the starfi sh with a source of 
food, water, oxygen and shelter.  

  The  distribution  of a species tells us where it 
is found, whereas the  abundance  or  density  of 
the species tells us how many of these organisms 
live in a particular area. For example, the Sydney 
funnel-web spider ( Atrax robustus ) is found in 
New South Wales, from Newcastle to Nowra 
and west to Lithgow. That is its distribution. In 
Sydney, there are more funnel-web spiders in the 
northern suburbs than in the southern suburbs, 
so we can say that the abundance or density of 
funnel-web spiders is higher in the northern sub-
urbs of Sydney than in the southern suburbs of 
Sydney. 

 Determining the distribution and abundance of 
endangered species is very important.  Endangered 
species are at risk of becoming extinct. If we 
know where a particular species lives, it may be 
possible to protect its habitat. For example, while 
the Olympic site was being planned in Sydney, 
some green and golden bell frogs were found in 
the historic Brickpit. Although this was the pro-
posed location for the tennis courts, the architects went back to the drawing board. The courts were relo-
cated and additional ponds suitable for the frogs were created. The abundance of these frogs at Olympic 
Park has been monitored by the Australian Museum and appears to have remained steady despite the 
building of the Olympic site.     

 The habitat for these starfi sh is a rockpool. 

 Sydney funnel-web spider 
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 HOW ABOUT THAT! 
   Professor Marsh studies dugongs. 
Dugongs are mammals that live in the 
ocean and feed on seagrass. Her research 
initially involved studying the carcasses of 
dugongs that had died in shark nets. She 
worked out a way of estimating the ages 
of dugongs by studying their tusks. Later 
she focused on the reproductive cycle 
of dugongs. Professor Marsh has also 
been involved with studies using aerial 
pictures to estimate the abundance of 
dugongs in various areas. By measuring 
the abundance of dugongs regularly, it 
has been possible to identify areas where 
dugong numbers are falling and suggest 
strategies to maintain dugong numbers. 

 Helene Marsh bottle feeding a dugong 

 INVESTIGATION 15.1 

 A mini ecosystem 
  AIM:  To create your own ecosystem 

You will need:   
1 L clear plastic bottle  
  scissors or knife  
  masking tape  
  soil or potting mix  
  small plants or seedlings  
  grass clippings or ground mulch (including small organisms). If there 

are few organisms in the grass clippings or mulch, you may want 
to add ants or slaters . 

•    Cut the top off the bottle.  
•   Pour the soil or potting mix into the bottom of the bottle.  
•   Plant the seedlings into the potting mix.  
•   Place the ground mulch or grass clippings over the potting mix 

and around the seedlings.  
•   Add suffi cient water to moisten the soil.  
•   Put the top back on the bottle and seal it with masking tape. 

The bottle should be completely sealed so that no air, nutrients, 
animals or plants can be added or removed from the mini 
ecosystem for the duration of the experiment.  

•   Observe your mini ecosystem each lesson for the duration of 
this topic.   

 Discussion  
1.   Explain why it is not necessary to regularly water the plants in this ecosystem.  
2.   The living things in the ecosystem use up oxygen.  

(a)   Recall what the living things need oxygen for.  
(b)   Why doesn’t the oxygen run out?    

3.   Where do the living things get their energy from? Why is there no need to feed them?  
4.   If the ecosystem is balanced, the organisms inside the bottle continue to live for a very long time without 

needing extra water or food.  
(a)   Explain what a balanced ecosystem is.  
(b)   What could cause this mini ecosystem to become unbalanced?     

Lid

Tape sealing
the bottle

Moist soil

Mulch or 
grass clippings
containing 
small 
organisms

Plants
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15.2 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. Match each term with its meaning.

Term Meaning

Organism Living component of an ecosystem

Abiotic factor An aquatic mammal that feeds on seagrass

Biotic factor Living thing

Herbivore The range over which a species is found

Habitat Animal that feeds on other animals

Dugong An indication of the number of organisms of a particular species in an area

Abundance Animal that feeds on plants

Carnivore The place where a particular organism lives

Distribution Non-living features of an ecosystem

2. Rocks, water and soil are non-living, but they are important to the survival of living things. Use the 
information on page 472 to outline why.

Think
3. Study the picture on page 472. If the tree was chopped down, which animals would be affected? In what 

way?
4. Imagine that the water in the creek became badly polluted. How would this impact on the living things in this 

ecosystem? Which would be affected first?
5. (a)  Explain why organisms living in a rock pool need to be able to cope with significant fluctuations in 

temperature and salinity (salt level).
(b) Describe other factors that organisms in rock pools have to withstand.

6. Use the Rockpool weblinks in the Resources tab to create a PowerPoint presentation on the organisms 
found on rock platforms on the coast of NSW. Include photos and descriptions of the organisms and 
information about the adaptations that allow these organisms to survive on the rock platform.

 Explore more with this weblink: Rockpool 

Complete this digital doc: Worksheet 15.1: Ecosystems and habitats (doc-0000)

Complete this digital doc: Worksheet 15.2: Biotic and abiotic factors (doc-0000)

 RESOURCES — ONLINE ONLY
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The green turban 
is a snail that 
feeds on larger 
seaweeds.

Many snails, such as 
the conniwink, chiton 
and limpet, eat algae. 
They use their rough 
tongues to scrape algae 
off rocks.

Sea urchins hide during the day and move about at night 
feeding on algae. They have spikes to stop other animals 
eating them.

Crabs feed on dead or decaying material in 
rock pools. Animals that feed on dead and 
decaying material are called scavengers. They 
eat anything they can find. The decorator crab 
covers itself in seaweed for camouflage.

Other larger fish, 
such as the zebra 
fish, may be found 
in rock pools. This 
fish feeds only on 
seaweed.

The blenny fish is a 
common rock pool fish 
that eats other small 
animals, recently dead 
meat or algae.

The octopus is an expert 
hunter. Octopuses eat fish, 
crabs and shrimp.

Birds visit a rock pool 
to feed on fish, crabs, 
shrimp, sea urchins or 
shellfish.

Algae and sea 
plants use the 
sun’s energy to 
make food. Algae 
and seaweed are 
producers.

Sea stars eat anything 
they can find. This 
includes crabs, shellfish 
and algae. They push 
their stomach out 
through their mouth 
and digest food outside 
their body.

The elephant snail has a shell 
that does not completely 
cover its body. It hides under 
ledges in rock pools and 
comes out at night to feed on 
algae.

Many animals, 
such as 
this sponge, 
filter the water 
for plankton.

Rock pool 
shrimp are 
scavengers.

Sea anemones have sticky 
tentacles that catch anything 
that floats by in the water. This 
includes fish, algae, microscopic 
animals, and plants called 
plankton.

The dog whelk 
is a snail that 
eats other 
snails. It drills a 
hole through the 
snail’s shell with 
its rough tongue 
and sucks out 
the insides. 

15.3 Who’s hungry?
15.3.1 Energy in ecosystems
Food chains are a useful way to show the flow of energy in ecosystems. Plants grow using energy from the 
sun. Some animals eat plants; others feed on animals that may themselves have fed on plants. Ultimately, 
the sun is the source of all the energy in ecosystems.
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  15.3.2 What do they eat? 
 Plants do not eat food; they can make their own 
sugars and other energy-rich substances in a process 
called photosynthesis. When plants carry out photo-
synthesis, they use the sun’s energy to convert carbon 
dioxide and water into sugars and oxygen. Plants are 
the producers in ecosystems. 

 Animals need to eat food; they are  consumers . 
Animals that feed only on plants are called  herbi-
vores . They are also called fi rst-order consumers. 
Animals that feed only on other animals are called 
 carnivores .  Omnivores  feed on both animals and 
plants. Humans are omnivores. In an ecosystem, 
the second-order consumers are the animals that 
eat  the fi rst-order consumers, and the animals that 
eat the second-order consumers are called third-order 
consumers. 

 15.3.3 Hunting or hunted? 
 An animal that hunts another animal is called a 
 predator . The animal it hunts is called its  prey . An 
example of predator–prey relationship in the diagram 
above is the relationship between the seagull and the 
dog whelk. The seagull is the predator and the dog 
whelk is the prey. 

 15.3.4 Food chains 
 A food chain shows the direction in which energy 
fl ows in an ecosystem. Food chains always start with a 
producer. Above is one of the food chains for the  rock 
pool  on page 475. The seaweed is the producer. When 
the green turban snail feeds on the seaweed some of 
the energy locked up inside the seaweed is passed on 
to the snail. Some of this energy is then passed onto 
the dog whelk, which eats the snail, and,  in turn, a 
portion of the energy is passed on to the seagull.    

Second-order consumer: 
dog whelk

Third-order consumer: 
seagull

Energy

Energy

Energy

First-order consumer: 
green turban snail

Producer:
seaweed

 A food chain showing the direction of energy fl ow 

 INVESTIGATION 15.2 

 Why are most producers green? 
  AIM:  To investigate the pigments in leaves 
 In this investigation, you will extract coloured chemicals called pigments from plant leaves. The pigments 
found in leaves include chlorophyll, a substance that is involved in photosynthesis and is green in colour. The 
pigments will be separated using a technique called  chromatography . 

   You will need:   
  large beaker  
  hotplate  
  leaves from seedlings or plants: geranium, hydrangea, lettuce, spinach or silverbeet cuttings are excellent  
  metal tongs  
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  large test tube or small beaker  
  methylated spirits  
  test-tube holder  
  stirring rod  
  clear plastic wrap  
  medium-sized beaker  
  fi lter or chromatography paper  

  CAUTION:    Methylated spirits is toxic and  extremely fl ammable.    

•   Half-fi ll the large beaker with water and bring to a gentle boil on 
the hotplate. This large beaker will serve as a water bath.  

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

•   Place the leaves into a test tube or small beaker and cover 
them with 30–40 mL of methylated spirits. Use a test-tube 
holder to hold the test tube or small beaker upright in the water 
bath, so that its contents do not spill into the water.  

•     When the leaves turn pale and the methylated spirits deepens 
in colour, remove the test tube or small beaker from the 
water bath.  

•   Decant the coloured methylated spirits into the medium-sized 
beaker. Allow the liquid to cool for 10 minutes.  

•   Suspend a long narrow strip of chromatography paper or fi lter 
paper in the beaker so that just 2–5 mm sits in the liquid as 
shown in the diagram at right. Fold the paper over the side of 
the beaker to hold it in place.  

•   Remove the strip of paper from the methylated spirits before 
the colours reach the top of the paper.   

 Discussion  
1.   Record the colours that you have found in the liquid.  
2.   How many different colours could you identify?  
3.   What seems to be the most prominent colour?   

Strip of 
chromatography 
paper

Colour 1 

Coloured 
liquid from 
leaves

Colour 2 

 Chromatography separates colours 
in mixtures. 

 15.3 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.

 Remember  
1.    Defi ne  the terms ‘producer’, ‘consumer’, ‘herbivore’, ‘carnivore’, ‘omnivore’, ‘predator’ and ‘prey’.  
2.    Explain  the statement: ‘Ultimately, the sun is the source of all the energy in ecosystems.’  
3.   Complete the word equation for photosynthesis: carbon dioxide + __________ → sugars + __________.  
4.    Distinguish  between fi rst and second-order consumers.  
5.   Give an example of a prey–predator relationship.  
6.   What do the arrows in a food chain show?   

 Skill builder  
7.   Copy the table below in your book and add the name of each organism labelled  on page 7  to the appropriate 

column.  

  Producers    Herbivores    Carnivores    Omnivores  

            

8. Construct  three food chains using information from the  diagram  on page 7.  
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9.   Find an example of each of the following in the  diagram  on page 7.  
(a)   First-order consumer  
(b)   Second-order consumer  
(c)   Third-order consumer    

10.   Use the information below to construct three food chains.  
•   Crickets eat grasses.  
•   Echidnas feed on ants and termites.  
•   Frill-necked lizards eat insects (including crickets, ants and termites) as well as mice.  
•   Kookaburras feed on small reptiles (including lizards), small birds and mammals such as mice.  
•   Termites eat dead trees, grass and leaves.  
•   Mice eat seeds.     

     Complete this digital doc:   Worksheet 15.3: Food chains and food webs    (  doc-0000 )    

 RESOURCES — ONLINE ONLY

  15.4  Caught in a web 
 15.4.1 Energy pyramids 
 Food chains tell only part of the story when describing the fl ow of energy in ecosystems. Most living things 
eat a variety of things. A food web shows how different food chains connect together. 

Feral 
goat

Rabbit
Quail-thrush

Insects

Wedge-tailed eagle

Snake

Plant litter

Grasses

Decomposer bacteria

Fungi

Dead animals

 A food web showing the fl ow of chemical energy through different organisms in an ecosystem 
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 When constructing a food web, the producers are usu-
ally placed at the bottom. The producers are the lowest 
trophic level in a food web. The fi rst-order consumers are 
the second trophic level and the second-order consumers 
are the third trophic level. As energy fl ows through eco-
systems, only a portion of the energy is transferred from 
one level of the food web to the next. What happens to 
the remainder? It is converted to other forms of energy, 
mainly heat. Since only a very small proportion of the 
energy locked up in the producers makes its way to the 
top of a food web, an ecosystem requires a large number 
of producers to support a small number of top-order 
consumers. 

 15.4.2 Biomass pyramids 
 Another way to think about the trophic levels in an eco-
system is in terms of biomass. The biomass of a trophic 
level is the dry mass of the organisms that make up that 
level. In a balanced ecosystem, the amount of biomass 
decreases with each trophic level. A huge mass of plant matter is needed to support a signifi cantly smaller 
mass of herbivores, and an even smaller mass of second- and third-order consumers. The top-level pro-
ducers make up only a very small part of the biomass in the ecosystem.    

Third-order consumersThird-order consumers

Second-order consumersSecond-order consumers

First-order consumersFirst-order consumers

ProducersProducers

 This food web has four trophic levels. 

 HOW ABOUT THAT! 
 When a great white shark attack makes the headlines, invariably 
there are calls for sharks to be hunted down and for better 
measures to protect swimmers from sharks. Are sharks just 
misunderstood creatures that need to be protected rather than 
exterminated? Scientist Barry Bruce is attempting to fi nd the 
answer to this and other shark-related questions. 

   The great white shark is the top-order consumer in its 
ecosystem, so a decrease in their numbers could lead to 
overpopulation of the species they prey on. This, in turn, would 
impact on species lower down the food chain. Barry Bruce has 
been tracking great whites to fi nd out their preferred habitats, 
investigate their travel patterns and fi nd out which shark 
populations interact. 

 The work is tricky. The sharks need to be captured and held 
in a specially designed cradle so that an electronic tag can 
be fi tted. Once the tag is in place, it can monitor the shark’s 
movements until the tag’s battery runs fl at. The data gathered 
so far has provided useful information. For example, it has 
shown that sharks tend to stay in one area for some time; then, 
probably when their food supply dwindles, they move rapidly to 
another area and stay there for some time. 

Use the Shark tracking weblink in the Resources tab to see 
the shark’s tracks.

Barry Bruce and a colleague measuring 
a great white shark

 Explore more with this weblink: Shark tracking

 RESOURCES — ONLINE ONLY
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INVESTIGATION 15.3

Field work
AIM: To study the components of an ecosystem
This investigation is best carried out in a natural ecosystem. Depending on the location of your school this could 
be a rock platform, a rainforest, bushland or an area near a creek.

You will need:
thermometer or temperature probe and data logger
wet–dry thermometer
wind vane
universal indicator
barium sulphate powder

Your school may also have other instruments available to collect information about the abiotic features of the 
environment (e.g. dissolved oxygen and salinity probes, turbidity tube, lux meter).
• Begin by collecting information about the abiotic factors of the environment.

– Use the thermometer or temperature probe to measure the air and water temperatures.
– Measure humidity with the wet–dry thermometer and wind speed with the wind vane.
–  Collect a sample of soil. If it is dry, add water until it has a consistency like thick paste. Sprinkle some 

barium sulphate powder over the soil, and then add a few drops of universal indicator. Compare the colour 
produced with the colour chart supplied with the indicator to determine the pH of the soil.

–  Use any other available instruments to collect additional information about the abiotic features of the 
environment.

• Use a digital camera or mobile phone to take photos of the different types of living things in the environment. 
Make note of where in the ecosystem you found each organism.

Discussion
1. Copy and complete the table below:

Abiotic factor How measured Units Measurement

       

2. Write a description of the environment you studied.
3. Use reference material to identify the name of each living thing you found and use the photos you took to 

construct at least two food chains for the environment you studied.
4. Choose two of the organisms you photographed and outline some of their adaptations (features that help an 

organism survive in its environment).

15.4 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. Distinguish between a food chain and a food web.
2. Identify the organisms that are usually placed at the bottom of a food web.
3. Only a small portion of the energy stored in the organisms that make up the bottom trophic level of a food 

web is transferred to the next level. What happens to the energy that is not transferred?
4. Outline why researcher Barry Bruce has fitted great white sharks with electronic tags.
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Skill builder
5. Write down three food chains for the food web on page 10.
6. Identify the following in the food web on page 10.

(a) Producers
(b) First-order consumers
(c) Second-order consumers
(d) Third-order consumers

7. Identify an omnivore in the food web.
8. Many grasses die during extended droughts. How would this impact on the number of wombats, kangaroos 

and dingos in the ecosystem?
9. How would a decrease in the echidna population impact on the dingo and termite populations?

10. The great white shark is a top-order consumer. Explain why it can be difficult to predict the impact of a 
reduction in the number of top-order consumers on producers and first-order consumers.

11. Refer to the information below to answer the questions that follow.
• Snails eat water plants and algae.
• Tadpoles eat algae.
• Small fish eat snails, algae and water plants.
• Large fish eat snails, small fish and tadpoles.
• Humans eat small fish and large fish.
(a) Construct a food web using this information. The producers should be at the bottom.
(b) Identify which organisms:

(i) are producers
(ii) are first-order consumers
(iii) are second-order consumers only
(iv) are second and third-order consumers
(v) are herbivores
(vi) are omnivores
(vii) compete for food
(viii) have more than one food source.

(c) Predict what would happen if overfishing led to a depletion in the number of large fish.
12. Use the Food web weblink and the information in the diagram on page 7 to create a food web for a 

rockpool ecosystem.

 Explore more with this weblink: Food web

 RESOURCES — ONLINE ONLY

15.5 Antarctica — the last frontier
15. 5.1 Antarctica
Antarctica is a very special place on Earth. Is it the coldest and driest continent and it is home to unique 
species. There are no permanent human residents in Antarctica but thousands of scientists from numerous 
countries visit Antarctica to work in the research stations scattered across the continent.

15.5.2 Secrets in the ice
One important piece of research that has been carried out in Antarctica is the study of ice cores. The layer 
of ice over Antarctica has built up over time from the snow that has fallen over the continent. The ice 
near the surface formed from snow that fell recently, but the ice that is many kilometres below the surface 
formed from snow that fell over Antarctica hundreds of thousand years ago. Trapped in the ice are particles 
of dust as well as gases that were in the atmosphere at the time the snow fell. Scientists have drilled deep 
into the ice and analysed the ice samples. The data have enabled them to track how temperature and carbon 
dioxide levels have changed over the last 420 000 years. This is shown in the graphs below.
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 The ice core samples show that, during periods 
of warmer weather, there were higher levels of 
carbon dioxide in the atmosphere. During periods 
of cooler weather, carbon dioxide levels were 
lower. The data from the ice core samples are 
important. Human activity, including the burning 
of fossil fuels, has resulted in a rapid increase in 
carbon dioxide levels, which is contributing to 
global warming. Knowledge of past carbon dioxide 
levels and climate is useful in attempting to model 
the impact of rising atmospheric carbon dioxide 
concentration. 

 Over the last 420 000 years, the Earth has 
fl uctuated between periods of cooler weather (ice 
age) and periods of warmer weather. 

 This ice core was drilled from more than 3.7 km down. Parts of it are more than 
150 000 years old. 
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   The most numerous of the 
penguins, the chinstrap penguin 
nests on the fi rst rocks to 
become ice-free each spring. 

   Poorly adapted to Antarctica, 
with no blubber and very 
little fur, humans rely on food 
and shelter brought in from 
other places in the world. 
Largely migratory, most fl ee 
north for the winter. 

   Ruthless scavengers, 
skua prey heavily on 
the eggs and chicks of 
penguins and other birds. 

   The leopard seal eats 
penguins, other seals, 
fi sh and squid. It uses 
both sonar (sound) 
and radar (movement) 
to fi nd food. Its 
whiskers detect 
movement, allowing 
it to fi nd prey in 
complete darkness. 

   Sperm whales are toothed whales 
that feed on squid, fi sh and 
octopuses. They are the world’s 
deepest-diving mammal, reaching 
depths of two kilometres. 

   Like all penguins, Adelie 
penguins are designed 
for life in the sea. Their 
waterproof feathers, 
insulating layer of 
fat, heavy bones and 
fl ipper-like wings allow 
them to hunt for krill. 

   Virtually all 
Antarctica’s 
wildlife depends 
on krill directly or 
indirectly. A single 
krill is about six 
centimetres long 
and looks a bit 
like a shrimp. 
It feeds on tiny 
plants suspended 
in the water. 

 Some animal species 
found in Antarctica 

 15.5.3 Scientists working together 
 In the late 1950s, 12 nations, including Australia, carried out scientifi c research together in Antarctica. 
This successful cooperation led to the 12 nations signing the Antarctica Treaty, a document in which 
the countries agreed to look after Antarctica and restrict its use to peaceful endeavours such as scientifi c 
research. Since then additional countries have signed the treaty. There are now close to 50 research stations UNCORRECTED P

AGE P
ROOFS



TOPIC 15 Ecology 17

c15Ecology.indd Page 17 21/06/17  6:45 PM

   The crab-eater 
seal accounts for 
over half of all of 
the world’s seals. 
It actually eats 
very few crabs, 
preferring krill. 

   Killer whales are toothed whales that feed 
on seals, penguins and even much larger 
whales. They hunt in packs called pods. 

   The emperor penguin is the only bird 
that breeds in Antarctica during the 
winter. The male incubates the egg by 
resting it on his feet, huddling together 
with other males for nine weeks. When 
the female returns from the sea, the 
male travels over 100 kilometres to the 
ocean to feed on squid and fi sh. 

in Antarctica including four 
 Australian stations. Scientists 
working on different stations 
often cooperate on projects. 

 The Antarctic Climate 
and Ecosystems Cooperative 
Research Centre (ACE CRC) 
was formed in 2003 to carry 
out research that focuses on 
Antarctic marine ecosystems, 
climate change, carbon dioxide 
and the ocean, and sea level 
rises. It involves Australian 
scientists, including CSIRO 
researchers, working with scien-
tists from 13 other countries. 

 An important part of the work 
carried out by ACE CRC is to 
track changes in the size of the 
ice sheet over Antarctica. A huge 
amount of water is locked up in 
the ice sheet. Melting of the polar 
ice sheets due to rising temper-
atures is the most signifi cant 
factor contributing to rising sea 
levels. Determining how quickly 
the Antarctic ice sheet is melting 
will help researchers model the 
impact of climate change on sea 
levels. One thing that has already 
been discovered is that the ice is 
not melting just on the surface. 
Large icebergs are breaking off 
and drifting away as well. This 
makes it even more challenging 
to work out just how quickly the 
ice sheet is shrinking. 

 The ACE CRC puts seals to work for climate change research! 
 Getting good data about ocean currents under thick layers of ice can be quite tricky, so Dr Steve Rintoul 
who is involved with the ACE CRC has enlisted the help of elephant seals. The seals have been fi tted with 
sensors. The seals dive under the ice, so the sensors have provided data about areas of the ocean for which 
no other data were available. UNCORRECTED P
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 So far, scientists have worked out that the Southern Ocean near the South Pole has warmed up faster than 
the average for the other oceans. This is very concerning. It means that the southern icecap might actually 
be melting faster than has been predicted. Models based on the average rise in seawater temperatures may 
have underestimated the speed at which the icecap is melting.    

 An elephant seal with an oceanographic sensor 

 HOW ABOUT THAT! 
 Scientists working at the Australian Antarctic Division have been studying the impact of whale poop on the 
ecology of the Southern Ocean. They are testing the hypothesis that the excrement of whales is rich in iron and 
acts as a fertiliser for the oceans, helping phytoplankton to grow. The tiny organisms in phytoplankton are the 
main producers in the Southern Ocean. The scientists suspect that a decrease in whale numbers has resulted in 
less whale poop being released into the ocean and, in turn, lower numbers of phytoplankton and thus less food 
for consumer organisms. 

 Scientists need to measure iron levels in the whale excrement, but the fi rst step is to get hold of it. This 
involves going to areas where whales are feeding and waiting for the inevitable. Fortunately for the scientists, 
it’s quite hard to miss when a whale is having a bowel movement. As much as half a tonne of waste can be 
produced! So, when a whale has done its business, the scientists get to work with scoops and collect some 
samples to test. 

 It’s a dirty job, but someone has to do it! 

 15.5 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 is the Antarctica Treaty?  
2.    Identify  what the letters ACE CRC stand for.  
3.    Outline  why scientists are collecting whale poop.   
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Think
4. Explain why ice cores can be used to get information about past conditions in Antarctica.
5. Outline the benefits of scientists collaborating on research.
6. Study the two graphs on page 15.

(a) When was the most recent ice age?
(b) What has happened to carbon dioxide levels over recent times?
(c) Do carbon dioxide concentration in the atmosphere and temperature appear to be linked? Justify your 

answer.
7. Explain why a decrease in whale numbers has resulted in fewer phytoplankton growing and, in turn, less 

food for consumer organisms.

Skill builder
8. Study the diagram on page 14.

(a) Identify a producer shown in the diagram.
(b) Construct three food chains for the ecosystem shown.
(c) Identify two predator–prey relationships.
(d) Identify a first-order consumer.
(e) Identify a second-order consumer.
(f) Which organisms are the top-order consumers?

(g) What would be the impact of a sudden decrease on the krill population?
9. The data below have been adapted from PR & AH Ehrlich, Population, Resources, Environment 

(W.H. Freeman, San Francisco, 1972).

  Number of whales killed

Year 1930 1940 1950 1960 1965 1970

Blue whales 25 000 15 000 7 000 3 000 2 000 0

Fin whales 14 000 14 000 23 000 32 000 20 000 5 000

Sei whales 1 000 1 000 3 000 8 000 25 000 15 000

Sperm whales 1 000 5 000 12 000 20 000 30 000 23 000

Total            

(a) Calculate the total number of whales killed in 1930 and 1970 only. Compare the two values. (Access the 
video instructions for this question by clicking on the Whale spreadsheet weblink in your eBookPLUS.)

(b) Construct a line graph showing time on the horizontal axis and the total number of blue whales killed on 
the vertical axis.

(c) Describe the trend shown in the graph drawn in part (b).
(d) Produce a graph that shows the changes over time in the number of each type of whale killed and the total 

number of whales killed. Use the Excel weblink in your eBookPLUS to see how to do this using Excel.
(e) Use the graph you produced to answer the following questions.

(i) Which whale was killed less and less frequently over the whole period? Suggest a reason why.
(ii) When was the total number of whales killed greatest?
(iii) Compare the 1965 data with the 1970 data. What do you notice? Suggest a reason for this change.

Research
10. Whale watching is a popular tourist attraction in many coastal regions of Australia.

(a) Use the Whale watching weblink in the Resources tab to find out what time of the year whales are most 
likely to be observed along the coast of NSW. Why are they in these waters at that time of the year?

(b) Use the Whaling history weblink in the Resources tab to find out more about whaling in Australia. 
Produce a poster or use the Glogster weblink in your eBookPLUS to produce a glog.

 Complete this digital doc: Worksheet 15.4: Global warming (doc-0000)

 Explore more with this weblink: Whale watching

 Explore more with this weblink: Whale history

 Explore more with this weblink: Glogster

 RESOURCES — ONLINE ONLY
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  15.6  Friendly microbes 
 15.6.1 The bad guys 
 Microscopic organisms such as bacteria and some fungi can make you seriously ill, make your teeth rot 
and cause food to decay. Not all micro-organisms are bad news though. Some microbes are used to make 
food, and others play an important role in keeping us healthy. Microbes are also involved in the recycling 
of nutrients in ecosystems. 

 Bacteria and other micro-organisms 
are responsible for many diseases. 
Some diseases caused by bacteria 
include  tetanus, pneumonia, meningo-
coccal meningitis, tooth decay and some 
cases of sore throat and ear infections. 
 Bacteria in food and water can cause 
food poisoning and gastroenteritis. 
Even pimples are caused by bacteria. 

 Bacteria can also cause disease in 
other animals and in plants. Anthrax 
and mastitis are bacterial diseases of 
cattle. Leaf blight and spot, found in 
plants, are bacterial diseases. 

 Micro-organisms are responsible for 
the decay of food. The microbes break 
down the food as they feed on the nutri-
ents in the food. Storing food in the 
fridge slows down its decay as the low 
temperature slows down the growth 
of bacteria. Another way to keep food 
from rotting is to dry or freeze it. If 
there is little water available, or the 
water is frozen, bacteria cannot repro-
duce and the food will not decay. 
Microbes in food can also be killed by 
high temperatures or radiation. Canned 
food and long-life milk have a long 
shelf life because the microbes in these 
foods have been killed by heat. 

 15.6.2 The good guys 
 Microbes are involved in the prepa-
ration of a range of foods. Yeast (a 
fungus) is used to make bread, and 
most alcoholic drinks including 
wine and beer. Many dairy products, 
including yoghurt, cheese, butter and 
sour cream, are made using bacteria. The tough outer coat of coffee and cocoa beans is broken down by 
microbes as part of the process involved in making coffee and chocolate. Without the action of bacteria, 

 The rash on this patient’s legs is caused by the bacteria 
responsible for meningococcal meningitis. 

 Bacteria and fungi are responsible for the decay of food. 
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olives would be inedible, pickles would be plain cucumbers and 
sauerkraut would simply be cabbage. 

 The human body is teeming with microbes. In the same way 
that organisms in ecosystems interact with each other and their 
environment, the various types of microbes living on and in the 
human body interrelate, sometimes competing and sometimes 
cooperating, and often impacting on our health and wellbeing. 
The bacteria that grow on the skin produce acid and make our 
skin slightly acidic. This inhibits the growth of harmful bacteria. 
Our intestines are home to numerous species of bacteria. Some 
help to break down the food we eat. Others produce impor-
tant vitamins. The bacteria in our gut may also impact on the 
immune system — the system that fi ghts disease. The type of 
food you eat and certain medications, including antibiotics, can 
affect the mix of bacteria that live in the digestive tract. This, 
in turn, can affect your health. For this reason, some people try to regularly eat food that contains ‘good’ 
bacteria. These foods include yoghurt that contains live cultures, some drinks and many food supplements. 

 Bacteria and fungi are also important in the cycling of nutrients in ecosystems. They decompose (break 
down) dead animals and plants as well as the urine and faeces produced by animals, and they return the 
resulting chemicals to the soil and air. Without microbes, the soil would become depleted of nutrients and 
plants would soon cease growing.     

 Some yoghurts contain live bacteria. 

 INVESTIGATION 15.4 

 Preserving apples 
  AIM:  To test substances for their effectiveness as food preservatives 

You will need:   
small apple cubes (peeled)  
  test tubes  
  range of solutions to test for their effectiveness as food 

preservatives (e.g. water, ethanol, sugar solutions of 
different concentrations, vinegar, salt solutions of different 
concentrations)   

•   Place one apple cube in each test tube.  
•   Do not add anything to test tube 1.  
•   In each of the other test tubes, pour one of the solutions you 

are testing. For example, you could put water in test tube 2 
and ethanol in test tube 3.     

 Discussion  
1.   Write an aim for this experiment.  
2.   Design a table to record your results. You will be recording your observations for each apple cube each 

lesson for the next two weeks.  
3.   In each lesson, record whether each piece of apple has changed. Take note of the colour, the presence of 

mould and any other signs of decay.  
4.   At the end of two weeks, write a conclusion for this experiment.  
5.   Why do you think certain substances were able to preserve the food (stop the food from decaying)?  
6.   List some examples of foods that are preserved using:  

(a)   salt  
(b)   sugar  
(c)   alcohol  
(d)   vinegar.     
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Complete this digital doc: Worksheet 15.5: The good and the bad (doc-0000)

 RESOURCES — ONLINE ONLY

HOW ABOUT THAT!
In the future, the dentist’s drill might be replaced by a spray of bacteria or a vaccine. Tooth decay is caused by 
a bacterium called Streptococcus mutans. A vaccine against this bacterium would greatly reduce the incidence 
of tooth decay. Certain bacteria can prevent the growth of S. mutans. Mouthwashes or sprays that contain good 
bacteria may one day be used to control tooth decay.

15.6 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. Identify some human diseases caused by bacteria.
2. Name two plant diseases caused by bacteria.
3. Outline the role of bacteria in the manufacture of coffee and chocolate.
4. Identify the bacteria that cause tooth decay.
5. Outline why food decays more slowly in the fridge.
6. Name five foods that are produced using bacteria.
7. Outline the essential role bacteria play in the environment.

Think
8. Propose why it is important to wash your hands after using the toilet and before eating.
9. Design an experiment to investigate which conditions cause bread to go mouldy fastest.

10. Yeast is a fungus that converts glucose to alcohol and carbon dioxide gas.
(a) Yeast is added to bread dough to make it ‘rise’. As the dough rises it expands and small bubbles of gas 

are trapped in the dough, giving bread its typical texture. Explain what causes the dough to rise.
(b) Suggest why baked bread does not contain alcohol even though alcohol is produced as the dough rises.
(c) Yeast is also used to produce alcoholic drinks including wine. When yeast is added is added to crushed 

grapes, alcohol is slowly produced until the concentration of alcohol reaches about 15%. Suggest why 
higher concentrations of alcohol are not usually achieved in this process.

Investigate
11. Long-life milk lasts for months at room temperature until it is opened. Find out the process involved in 

making milk ‘long life’. Does the process affect the nutritional value of the milk in any way?
12. Write a report about a bacterial disease. Include information about the cause, symptoms and treatment of 

the disease.
13. Find out what probiotics are and why some people supplement their diet with probiotics.
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15.7 Call in the decomposers
15.7.1 Decomposers
After organisms die, the decomposers 
are responsible for breaking down 
their bodies and recycling the atoms 
that make them up. Decomposers 
include worms, some insects, bacteria 
and fungi. They feed on the chemicals 
that make up the dead organism and 
convert them into other chemicals. By 
doing this, they return the nutrients that 
make up the dead organisms to the soil 
and the atmosphere, where they can 
be taken up by plants and other living 
things.

Decomposers can also break down 
some of the rubbish humans produce. 
Things that can be broken down by 
decomposers, such as paper and food 
scraps, are said to be biodegradable, 
whereas substances like plastic or foam 
that cannot be broken down by microbes 
are said to be nonbiodegradable.

HOW ABOUT THAT!
An entomologist is a scientist who studies insects. 
Sometimes entomologists are asked to provide 
information to help solve crimes. After a person or animal 
dies, insects are attracted to the corpse and feed on it. 
They lay their eggs in the corpse, and larvae eventually 
emerge from the eggs and develop into adult insects.

Over time, different types of insects colonise the body. 
By looking at the types of insects and what stage of 
their life cycle they are at, it is often possible to work 
out the time of death. It is sometimes also possible 
to find out other information about the crime from the 
types of insects that have colonised the body. If a 
body spent some time in a dry cool area before being 
buried in dry sandy soil, the insects living on it would be 
different from those if it had been buried in dry sandy 
soil straight after death.

Professor Jerry Butler is a real-life entomologist. 
He is shown here examining hairy maggot 
blowfly larvae retrieved from a murder victim.
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Flies and maggots
Flies lay their eggs on dead and decaying animals. The eggs 
hatch into larvae that are called maggots. The maggots can 
quickly eat away large parts of a dead animal. The maggots 
grow up to become flies, which lay eggs somewhere else, or 
become food for other animals. This recycles the nutrients 
from the dead animal back into the ecosystem.

Worms
Worms are very effective recyclers. Worms eat just about 
anything and can do so quickly. They are especially good at 
recycling our food waste. Worms are found underneath dead 
organisms in the soil. They feed on animal and plant remains, 
recycling them into nutrients for plants.

Bacteria
Bacteria can grow on anything — dead or alive. They grow and 
reproduce very quickly. Bacteria reproduce by simply dividing 
in half. Bacteria feed on decaying material to help break it 
down and recycle nutrients for other animals. This photograph 
of  bacteria was taken using an elecron microscope.

Fungi
Mushrooms and toadstools are fungi that feed on dead mate-
rial. Another variety of fungus is called mould and looks 
‘fuzzy’. Fungi grow microscopic threads into the food they 
are feeding on. These threads help to break down the dead 
organism. Fungi may become food for other animals, or they 
may decay. This allows the nutrients to be recycled back into 
the ecosystem.

Cycles in nature
Decomposers play an important role in the cycling of nutrients. 
They are involved in the carbon cycle as well as the nitrogen 
cycle.

15.7.2 The carbon cycle
Carbon enters ecosystems via plants. As plants carry out photosynthesis, they take in carbon dioxide from 
the air and convert it to glucose. The glucose is, in turn, converted into other carbon compounds that make 
up the plant. When animals eat plants they take in the carbon compounds. Some of the carbon is returned to 
the atmosphere in the process of respiration, and some is stored in the proteins, fats and other compounds 
that make up their bodies. Bacteria break down the bodies of dead animals and plants and return the carbon 
back to the atmosphere so that it can be taken up by plants again. Under the right conditions the remains of 
living things can be very slowly converted to fossil fuels such as coal, oil and gas. This process also relies 
on the action of bacteria and takes millions of years. Burning the fossil fuels releases the carbon back into 
the atmosphere in the form of carbon dioxide gas.

Carbon atoms are found in the air, soil, rocks, in oil and gas below the Earth’s surface, and in all living 
things. The number of carbon atoms on Earth always remains the same. When living things use carbon 
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atoms, the atoms don’t just disappear. They are recycled. The  diagram  below shows this. It also shows that 
humans can impact on natural recycling processes. Burning of fossil fuels to produce electricity and run 
cars and other devices is adding carbon dioxide to the atmosphere at a faster rate than plants can take it up. 
Carbon dioxide levels are steadily increasing. 

Humans burn fossil 
fuels to make energy. 
Burning fossil fuels 
releases carbon back 
into the air as carbon 
dioxide gas. 

Dead matter and waste 
contain carbon. Decomposers 
release carbon dioxide 
back into the air through 
respiration.

Deforestation leads to an 
increase in the amount of 
carbon dioxide in the air.
Dead trees can’t absorb
carbon dioxide from the air.
The organisms that 
decompose trees also
release carbon
dioxide.

Plants take carbon dioxide 
from the air. They use it to 
make food in the form of 
sugars.

Living things release 
carbon dioxide back 
into the air through 
respiration.

Animals get carbon atoms 
by eating plants or other 
animals that eat plants.

Dead material can form 
oil and gas within the 
Earth’s crust. Oil and gas 
are known as fossil fuels.

Carbon is found 
in the air as 
carbon dioxide gas.

 The carbon cycle 

 15.7.3 Upsetting the balance 
 Fossil fuels take a very long time to form. Over recent times humans have been digging up fossil fuels 
and burning them at a rapid rate to produce electricity, heat homes, run cars and provide energy for many 
industries. Carbon dioxide is being released in the atmosphere at a faster rate than plants can take it up. 
This has led to an increase in the levels of carbon dioxide in the atmosphere (see  page 15  for further infor-
mation). Carbon dioxide is a greenhouse gas. It traps heat from the sun in the Earth’s atmosphere. There is 
increasing concern among scientists that allowing the levels of carbon dioxide and other greenhouse gases 
to continue to rise may result in irreversible changes to the climate. 

 15.7.4 The nitrogen cycle 
 Plants need to take in nitrogen to make protein. In the atmosphere, 78 per cent of the air consists of nitrogen 
gas, but plants cannot take in nitrogen in this form. Certain bacteria called nitrogen-fi xing bacteria can con-
vert the nitrogen in the air into a form that plants can absorb. Some plants, including clover and lucerne, 
harbour these bacteria in nodules on their roots. Different types of bacteria found in soil break down dead 
plants and animals, as well as their waste, to make more nitrogen available to plants. When animals eat the 
plants, they in turn take in the nitrogen-containing protein that the plants manufactured.     
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 INVESTIGATION 15.5 

 Investigating decomposition 
  AIM:  To investigate how different materials decompose 

   You will need:   
  samples of different types of plant matter, such as grass clippings, leaves, vegetable peels, cuttings from a shrub or 

hedge, straw  
  250 mL beakers  
  cling wrap  
  temperature probes and a data logger   
•   Half-fi ll each beaker with a different type of plant matter.  
•   Cover each beaker with cling wrap.  
•   Connect the temperature probes to the data logger (one probe for each beaker) and set up the data logger to 

collect a temperature reading every 10 minutes for 24 hours.  
•   Push each temperature probe into a different type of plant matter (you will need to pierce a hole in the cling 

wrap) and start the data logger.  
•   After 24 hours (or during your next Science lesson), collect the results from the data logger and observe the 

plant matter in each beaker.   

 ‘Where even the Earth is melting’ 
 New data suggest that the world is 
on the cusp of a ‘tipping point’ into 
dangerous climate change. Scientists 
have been measuring the amount 
of methane released from melting 
permafrost in the Arctic. Permafrost is 
frozen soil. It contains organic matter 
derived from the ancient remains of 
living things. In the frozen state, the 
organic matter in the permafrost does 
not decompose. Increases in global 
temperatures have resulted in the 
thawing of permafrost in some areas of 
the Arctic. This has allowed bacteria to 
get to work and break down the organic 
matter, releasing large quantities of 
methane gas as well as carbon dioxide. 
Both these gases are greenhouse gases. 
Methane is even better at trapping heat 
in our atmosphere than carbon dioxide. 
Previously, scientists had assumed 
that the quantities of greenhouse 
gases released by permafrost were 
not very signifi cant. It turns out that 
thawing permafrost may in fact have 
a very signifi cant impact on our future 
climate. NASA scientists are carrying 
out  experiments to fi nd out how 
quickly the permafrost is thawing and 
the rate at which greenhouse gases are 
being released from the permafrost. 

  Source:  Based on an article by Ben 
Cubby,  Sydney Morning Herald , 27 

November 2012. 

 The nitrogen cycle 
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Discussion
1. Study the graph produced by the data logger. Which type of plant matter released the most heat as it 

decomposed?
2. Describe some improvements that could be made to this experiment to make it a fairer test?
3. What are the advantages of using temperature probes connected to a data logger rather than thermometers 

for this experiment?
4. Apart from the rise in temperature, what other evidence is there that the plant matter has started to 

decompose?
5. Microbes decompose the plant matter. Explain why keeping the plant matter moist accelerates its 

decomposition.

15.7 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. Recall four groups of decomposers.
2. Define the terms ‘biodegradable’, ‘maggot’ and ‘larvae’.
3. How do bacteria reproduce?
4. List two examples of fungi.
5. Identify three processes that release carbon dioxide into the atmosphere.
6. Identify a process that removes carbon dioxide from the atmosphere.
7. Name two greenhouse gases.
8. Outline why thawing permafrost releases large quantities of methane gas.
9. What percentage of our atmosphere consists of nitrogen gas?

10. Describe the role of nitrogen-fixing bacteria in ecosystems.
11. Outline why an entomologist might be called upon when a body is found to help determine the time 

of death.

Think
12. The release of greenhouse gases from thawing permafrost is a natural process, although human action has 

contributed to the melting of permafrost. Explain why.
13. Outline why it is important to find out how quickly permafrost is thawing.
14. Maggots look a bit like small worms but they actually belong to a very different group of animals. Worms 

belong to a group of invertebrates called the annelids. Which group do maggots belong to? (Hint: Think 
about what the maggots will become.)

15. In the early sixteenth century it was widely believed that maggots formed naturally from rotting meat.
(a) If you bought a piece of meat from the butcher and kept the meat inside a plastic bag, would maggots 

appear on the meat after some time? Explain your answer. (Assume that no flies came in contact with 
the meat before it was sealed inside the bag.)

(b) Would the meat in the plastic bag eventually decay? Explain your answer.
(c) Describe three ways that the meat could be prevented from rotting.

Research
16. Find out how to set up a worm farm. Design a pamphlet explaining how to set up a worm farm. Include 

information about the type of household rubbish that can be fed to worms.
17. Click on the Permafrost weblink in the Resources tab to watch a video of scientists talking about the 

thawing of permafrost.

 Complete this digital doc: Worksheet 15.6: Cycles in nature (doc-0000)

 Explore more with this weblink: Permafrost

 RESOURCES — ONLINE ONLY
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  15.8  Extreme weather ahead 
 15.8.1 Drought 
 The Australian continent is a land of extremes. Years of drought can be broken by torrential rain that results 
in fl ooding. Bushfi res and cyclones are also regular occurrences. These are natural events, although there 
is increasing concern that global warming might increase the frequency and intensity of extreme weather 
events. Scientifi c research and technological advances can help us predict and prepare for fl oods, droughts 
and cyclones, and manage their impact on ecosystems. 

 Australia is the driest continent on Earth. Areas away from the coast receive very little rainfall and much 
of central Australia is so dry that the land is not suitable for farming. Even near the coast it is often neces-
sary to  irrigate  (water) crops. In addition to this, Australia regularly experiences periods of drought. Severe 
droughts impact on farming and the economy as crops fail and livestock have insuffi cient feed. In towns 
and cities, dams dry up and water restrictions are put in place to conserve the remaining water. 

 Droughts also impact on ecosystems. During periods of drought there is more soil erosion and bushfi res 
are more frequent. When creeks and rivers dry up, the living things that live in or around them often do 
not survive. In turn, the animals that feed on these are also affected. Species of plants that are not drought 
tolerant may die and be replaced by more drought-tolerant species. This will, in turn, affect the types of 
animals that live in a particular area. Fifty thousand years ago, much of Australia was covered with lush 
rainforests full of plants with large soft leaves. The Australian climate became drier over time. The rain-
forest plants were not suited to the dry conditions and died out. Plants with smaller, harder leaves were 
better suited to the dry conditions and replaced the rainforest plants. The plants covering much of Australia 
today are ideally suited to dry conditions. 

 Little grass grows in times of drought, and grazing animals run out of food. 

 15.8.2 Floods 
 When rain does fall in Australia, it tends to fall over a short period of time, resulting in fl ooding. Floods 
impact on agriculture. Livestock may drown and crops can be destroyed. When a town or city is fl ooded, 
the damage to property can be very costly to repair. In some cases, lives may be lost, and diseases may 
spread as sewerage systems overfl ow and mix with the fl oodwaters. Floods also impact on the natural 
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environment. Vegetation may die if it remains under water for long periods of time, and top soil is moved 
from one area to another by the fl oodwater. Weeds that are tolerant of fl ood conditions might spread after a 
fl ood event. Flooding can also fl ush out excess salt, chemicals and pollution from the soil. 

 Floods can also have positive effects though. Floodwater can seep deep into the ground and provide 
water for plants long after the fl ood has receded. Fertile mud can be deposited over the fl oodplain. Ancient 
Egyptians exploited this by growing crops on the banks of the Nile River. The fl ooding pattern of the 
Nile River was reasonably predictable. Crops would be planted in the nutrient-rich soil after a fl ood had 
retreated and would need to be harvested again before the next fl ood. In deserts, short periods of heavy rain 
resulting in fl ooding may provide the only opportunity for plants to bloom briefl y. 

 15.8.3 Cyclones 
 Cyclones develop when a low-pressure system forms over the warm oceans of the tropics. When cyclones 
develop in the Southern Hemisphere, very fast winds spin in a clockwise direction and thunderstorms are 
formed. In the northern parts of Australia, cyclones are common during the summer months and can cause 
very costly damage. On Christmas Eve of 1974, cyclone Tracy hit Darwin and destroyed most of the build-
ings. Thousands were left homeless and 71 people died. In 2006, cyclone Larry caused signifi cant damage 
to buildings and infrastructure in areas near Cairns. It also had a signifi cant impact on farming as many 
crops, including banana crops were destroyed by the cyclone. 

 The heavy rainfall associated with cyclones can cause fl ooding. Cyclones also affect ecosystems in other 
ways. Trees may be uprooted or have their branches broken by strong winds. 

 15.8.4 The impact of global warming on weather patterns 
 The drought experienced at the start of this century was the worst in Australia’s recorded history. Some 
climate experts are blaming global warming while others argue that Australia’s climate has cycled through 
periods of drought and fl ood for many years before the world started to warm up. All agree though that 
further global warming is likely to permanently change rainfall patterns and is likely to result in an increase 
in the frequency of extreme weather events. The southern parts of Australia, where most people live, are 
set to become drier. This will impact on farming and affect water supplies for cities. Creative solutions are 
urgently needed.    

 A fl ooded street in a suburb of Brisbane in January 2011 
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 Between 1950 and 2008, rainfall patterns have changed signifi cantly in Australia. Most of the east coast of 
Australia has experienced a decrease in rainfall of more than 50 mm every 10 years, whereas the northwest 
coast has experienced increased rainfall. This trend is predicted to continue. 

 HOW ABOUT THAT!  
•     A team of scientists led by Dr Jim Wallace was on the 

ground to investigate the aftermath of cyclone Larry, which 
hit north Queensland in 2006, and cyclone Monica, which 
affected the Cape York area and Northern Territory in the 
same year. They collected data to record the effect of the 
cyclones on natural ecosystems. Floods resulting from 
cyclone Larry fl ushed pollutants and sediments into the 
Great Barrier Reef lagoon. This may affect the health of 
the reef.  

•   Dr Louise Shilton studied the impact of cyclone Larry on 
populations of fl ying foxes (fruit bats). Immediately after the 
cyclone, tens of thousands of spectacled fl ying foxes had 
gone missing from the area. There were eyewitness accounts 
of bats fl ying off before the cyclone hit and only a few dead 
fl ying foxes were found after the cyclone. Dr Shilton had a 
hunch that the bats had relocated temporarily and would 
be back when the native trees started to produce fruit. She 
asked members of the public to report sightings of the bats 
to fi nd out more about the new habitats the bats had chosen 
for themselves. Dr Shilton’s hunch proved to be correct. The 
fruit bats appear to have made their way back to the area 
that was devastated by the cyclone.   

 Spectacled fl ying foxes were observed 
to fl y off ahead of cyclone Larry. 
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  15.8.5 Minimising the impact of drought, fl ood and cyclones 
on ecosystems 
 Understanding weather pat-
terns and predicting the 
weather accurately can min-
imise the impact of extreme 
weather events on ecosystems. 
To predict the weather, meas-
urements of the current con-
ditions are taken, including 
temperature, air pressure, 
rainfall, wind speed and direc-
tion, and cloud cover. Weather 
forecasters used to rely on 
these data and previously 
observed patterns to make 
predictions. For example, rap-
idly increasing cloud cover is 
a strong indicator that rain is 
likely in the next few hours. 
The use of computers has 
increased the accuracy of 
forecasts and allowed predic-
tions to be made further into 
the future. The data collected 
from the various weather sta-
tions are fed into a computer, 
and software that uses com-
plex mathematical modelling 
is used to analyse the data, identify trends and make predictions. 

 The use of radar and satellite images has contributed to increasing the accuracy of weather forecasts. When 
you make a loud sound in an empty room, the sound is refl ected back by the walls and you hear an echo. 
Radars work in the same way. They send out microwave radiation into the air, then ‘listen’ for an echo. The 
microwaves are refl ected back towards the radar by objects in the air, including raindrops and hailstones. If 
the rain is close, the echo is detected by the radar very quickly. An echo from distant rain takes longer to 
reach the radar. The data are then interpreted by a computer, and images such as the one above are produced. 
These images are particularly useful for predicting when and where heavy rain and storms will hit. 

 Satellite images provide information about cloud cover and the direction in which clouds are moving. 
The satellites used to take these photos orbit the Earth at a low altitude. There are various sensors on board 
the satellites. Some detect infra-red radiation (heat). Most clouds are cooler than the underlying land or 
ocean, so they show up as cooler areas. Visible-light detectors produce images that show what the Earth 
actually looks like under the satellite. The satellite images shown in weather reports are usually a com-
posite image that combines both infra-red and visible-light data. Cyclones are easily identifi ed in such 
images as swirling masses of clouds and can be tracked over time.  

 In this radar image, rainfall is shown as coloured patches. 

       Watch this eLesson:    Global warming in Australia     ( eles-0057 )   

 RESOURCES — ONLINE ONLY
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 Satellite image showing cyclone Larry on 20 March 2006 

 15.8 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.

 Remember  
1.    Outline  why it is necessary to irrigate crops in many parts of Australia.  
2.    Describe  the impact of droughts on people and the environment in Australia.  
3.    Outline  how the vegetation of Australia has changed over the past 50 000 years.  
4.    Explain  why fl oods can be very costly to individuals, businesses and governments.  
5.    Outline  the impact of fl oods on ecosystems.  
6.    Explain  why cyclones are frequent in north Queensland.  
7.    Outline  the likely impact of global warming on rainfall patterns in Australia.  
8.    Describe  two examples of technological advances that have improved our ability to predict the weather.   

 Skill builder  
9.   Study the  map  on page 30.  

(a)    Identify  the parts of Australia that experienced the greatest reduction in rainfall between 1950 and 2008?  
(b)   Which parts of Australia have not experienced a signifi cant change in rainfall patterns?  
(c)   If the trend in changing rainfall patterns continues, what is likely to be the long-term impact on farming in 

Australia?    
10.   The map below shows the path of cyclone Larry. The numbers show the intensity of the cyclone.  

(a)   When did the cyclone cross the cost of north Queensland?  
(b)   When did the cyclone reach its maximum intensity?  
(c)    Explain  why the cost of repairs following a cyclone depends not only on the intensity of the cyclone but 

also on the path that it follows.    
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Think
11. Explain why cyclones in north Queensland can increase pollution levels near the Great Barrier Reef.
12. The bats studied by Dr Shilton were observed to fly away ahead of the cyclone. It has been suggested 

that they detected the drop in air pressure and this warned them of the approaching cyclone. Design an 
experiment to test whether spectacled flying foxes can detect variations in air pressure and if this affects 
their behaviour. (Note: The experiment you design should not cause harm to the bats.)

13. Explain why improved weather predictions can reduce the impact of extreme weather events.

Research
14. Find out what a water desalination plant is and discuss whether it was a good idea to build one at Kurnell in 

Sydney.
15. Search EBSCO or the archives of a major newspaper to locate a news article about a recent Australian 

extreme weather event (a recent storm, cyclone, flood, drought, heatwave etc.). Summarise the key points 
in the article.

16. Use the New Inventors weblink in the Resources tab. Browse the inventions by category and select the 
category ‘environment’. Make a list of at least five Australian inventions that are aimed at conserving water, 
recycling water or obtaining fresh water from sea water.

Tracking cyclone Larry

 Explore more with this weblink: New inventors
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   Dry conditions caused 
by drought, searing 
temperatures and strong, 
hot northerly winds cure 
the bush, making it so 
dry that a spark can 
ignite a major bushfi re. 
Grasses die off and the 
soil is easily blown away. 

   High 
temperatures, 
low relative 
humidity and 
strong winds 
combine to 
create high 
fi re danger 
days. 

   Many animals perish, as 
fi re fronts often move 
too quickly for them to 
escape. 

  15.9  A fi ery start 
 15.9.1 Using fi re 
 It is believed that Indigenous Australians fi rst arrived in Australia over 
40 000 years ago and successfully managed the land. They used 
very different hunting and gathering practices from those of 
Europeans. While Aboriginal people did have signifi cant 
impact on the Australian environment, their lifestyle was 
sustainable and allowed resources to renew. 

 Some of the ways in which Indigenous people cared 
for their land included:  
 •   moving from place to place rather than staying in 

the same location. This ensured that the plants and 
animals they fed on had a chance to replenish.  

 •   eating a wide variety of food so that no single 
food source was depleted  

 •   leaving enough seeds to ensure that plants could 
regenerate  

 •   leaving some eggs in a nest when collecting  
 •   not hunting young animals or the mothers of 

young animals  
 •   not allowing particular members of a group 

to eat certain foods. This ensured that a wide 
variety of food was eaten and that ‘taboo 
foods’ were not depleted.  

 •   leaving the land to recover for a period 
of time after harvesting a crop, such as 
bananas. This allowed time for the crop 
to regenerate and nutrients to return to 
the soil.   
 One way that early Indigenous  Australians 

affected the environment signifi cantly was 
through their use of fi re. Fire was used for 
hunting. Setting fi re to grassland revealed 
the hiding places of goannas, and possums 
could be smoked out of hollows in trees. 
Fire was also used to clear land. The grass 
that grew back after the fi re attracted grazing 
animals, which could be hunted more easily. 

 Over time, some species of plants that were sen-
sitive to fi re became extinct whereas the plants with 
adaptations that allowed them to survive a fi re or 
regenerate rapidly after a fi re became more common. 
 Adaptations are features that help an organism survive 
in its environment. Some modern-day species such as the 
banksia are not just well adapted to frequent bushfi res; they actually 
need to be exposed to the high temperatures of a fi re for their seeds 
to germinate.     
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   Crown bushfi res spread through the 
treetops or ‘crowns’ of forests. Before long, 
a wide blanket of forest is fully ablaze. 

   What was the fl ank or side of 
a bushfi re can become the 
new fi re front if there is a wind 
change. 

   Australia’s eucalypt forests not only tolerate fi re but also 
need it in order to survive! The seeds of some eucalypts 
need the heat of a bushfi re to be able to open and grow. 
The low moisture content of eucalypts means they ignite 
and burn easily. Their fi brous bark is highly combustible. 

   Special helicopters can 
scoop up to 9500 litres of 
water in 45 seconds and 
dump the whole lot in just 
3 seconds. 

   A fi rebrand is burning fuel that 
is pushed ahead of the fi re front 
by the wind. Firebrands have 
been known to travel kilometres 
from their original source. A spot 
fi re is a new bushfi re started by 
fi rebrands. 

   By using the wrong building 
materials, planting eucalypts 
close to the house and 
stacking fi rewood against the 
house, people can actively 
contribute to the spread of a 
bushfi re. 

   Dry forests provide plenty 
of fuel. Surface bushfi res 
quickly ignite dry, fl ammable 
grass, twigs and branches 
on the ground. 

   Properties are more likely to survive if gutters are 
clear of leaves, lawns and shrubs are trimmed, and 
there is access to water and hoses. People who 
defend their houses must cover up with cotton or 
woollen clothing. 
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Eucalypts have buds 
underneath the bark. After 
a fire these epicormic buds 
sprout new green shoots.

Eucalypts store some seeds on the plant. Eucalypts have woody 
gumnuts that protect the seed from the heat. After a fire, the seed pods 
dry out and open. The seeds fall into the ash and germinate.

Many plants 
flower as a 
result of fire. 
The red-
beak orchid 
flowers only 
in the first 
season after 
a fire.

Some plants, 
such as lilies, 
have tubers under 
the ground. If 
the top is burned 
off, they use the 
energy stored in 
the tubers to start 
growing again.

Grasses have their 
growth tissue at the 
base of the plant. 
When the top burns 
off, the heat rises 
and the growth area 
is protected from 
damage. Grasses 
can then regrow 
quickly after a fire.

Many plants drop seed 
that is then stored in the 
soil. The heat of a fire may 
crack the hard coating of 
wattle (acacia) seeds and 
allow them to germinate. 
The chemicals in the ash 
or the smoke may also 
cause germination. In 
Tasmania, wattle seeds 
that are 300–400 years old 
have been found in soil, 
just waiting for a fire.

Many plants, such 
as eucalypts and 
banksias, have 
swollen parts on 
their roots called 
lignotubers. These 
are protected from 
the fire by the soil. 
Lignotubers contain 
many buds. After a 
fire they send up new 
shoots.

The bark of trees 
helps to protect 
the trunk and buds 
underneath from 
damage in a fire.

Fire causes many grasses to flower. 
This grasstree produces a flower spike 
7–10 months after a fire. Insects pollinate 
the flowers, the seed is released, and 
new plants grow.

The trunk of the grasstree is 
protected by a thick layer of old leaf 
bases. The leaves on the top may be 
burned; but the plant is not killed.

Banksias live for only 
8–15 years. They store their 
seed on the plant. A fire 
causes the seed pods to 
open, releasing the seed.

Many Australian plants have adaptations that enable them to cope with frequent fires or regenerate after a bushfire.
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  15.9.2 Reducing the impact of bushfi res 
 Large wild fi res such as occurred in Victoria in 2009 can have devastating consequences including loss of 
lives and damage to property. They can also impact on ecosystems. As the bush burns, animals become 
victims of the fl ames or must fl ee, and habitats are destroyed. One way of reducing the frequency and 
severity of wild fi res is through regular back-burning. This involves deliberately setting fi re to vegetation 
when temperatures are low and the winds are calm to minimise the chance of the fi re spreading out of con-
trol. Controlled burning removes highly fl ammable vegetation that acts as fuel for bushfi res. 

 The extent to which back-burning should be carried out is controversial. If not properly done, it can 
put properties at risk and needlessly damage forests. It is important that bushfi re management strategies, 
including controlled burning, be based on hard evidence. Project Vesta is led by the CSIRO and involves 
a number of organisations. It is investigating the behaviour of fi res in dry eucalypt forests — the type of 
forest that covers much of eastern Australia. Findings from the project have already resulted in changes to 
fi re fi ghting and management practices.    

 INVESTIGATION 15.6 

 Fiery seeds 
  AIM:  To investigate the effect of heat on seed germination 

You will need:   
unopened banksia (or hakea) pods  
acacia seeds (silver and black wattle work well)  
  potting mix  
  small pots or planting trays   
•     Place half the banksia pods and half the acacia 

seeds in a very hot oven (or in an open fi re or 
barbeque) until the banksia pod has a burnt 
appearance (your teacher may have done this 
already ahead of the lesson). Ensure you keep 
any ash that has been produced.  

•   Take photos of the banksia pod and the acacia 
seeds that have been in the oven and the ones that have not been in the oven.  

•   Collect the seeds from the banksia pod. Take note of the number of seeds collected and plant them.  
•   Plant the heated and unheated acacia seeds in different pots. Record how many seeds were planted in each 

pot. If there was any ash produced when you heated the seeds in the oven, place the ash on top of the soil in 
the pot containing the heated acacia seeds.  

•   Water the plants as needed and take a photo of each pot in each lesson for the next 4 weeks. Record 
observations including the number of seeds that have germinated, the height of each seedling and the 
number of leaves that have formed.   

 Discussion  
1.   Describe the impact of heat on the appearance of the banksia pod and acacia seeds.  
2.   Copy and complete the table below.  
3.   Construct a column graph to compare the percentage of germinated seeds in each pot after 4 weeks.  
4.   Construct a line graph showing how the average height of the seedlings in each pot changed over the 4 weeks. 
5.   Design an experiment to test the hypothesis that it is not just the heat of the fi re, but also the chemicals in 

the smoke from the fi re that are important to the germination of banksia seeds.   

  Date    

  Banksia seeds      Acacia seeds (not heated)      Acacia seeds (heated)    

  Percentage 
of germinated 
seeds (%)  

  Average 
height of 
seedlings 
(mm)  

  Percentage 
of germinated 
seeds (%)  

  Average 
height of 
seedlings 
(mm)  

  Percentage 
of germinated 
seeds (%)  

  Average 
height of 
seedlings 
(mm)  

                  

 An open banksia pod; the seeds have fallen out. 
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15.10 Using science to improve agricultural 
practices
Science as a human endeavour

15.10.1 Agricultural ecosystems
Early humans hunted wild animals and gathered fruit and other plant parts from the natural environment. 
Thousands of years ago, humans began to cultivate crops and domesticate animals. Through trial and error, 
agricultural practices were developed. Today, science is contributing to improvements in these practices to 
increase crop yields, produce animals with desirable characteristics and minimise the impact of farming on 
natural ecosystems.

One purpose of agriculture is to turn as much of the energy in sunlight as possible into chemical energy 
in particular crops or pasture plants for animals. To do this, it is necessary to interfere with the food web 
that includes the selected organism. This often also requires clearing forests or removing other organisms 
that may compete for resources and hence lower yields. Such activities have led to the destruction of many 
natural ecosystems. The development of agriculture has caused drastic environmental changes in many 
ecosystems on our planet.

Monocultures
Farms usually grow very large areas of only one type of plant. For example, in some regions there are thou-
sands of hectares planted only with wheat, while in other regions thousands of hectares are covered with 
grapes, sugar cane or another single crop. Such crops are called monocultures.

 Explore more with this weblink: CSIRO bushfire research

 RESOURCES — ONLINE ONLY

15.9 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. Define the following terms: ‘sustainable’, ‘regenerate’, ‘depleted’, ‘lignotuber’, ‘epicormic bud’. Present your 

answer in a table.
2. How did Aboriginals use fire in their hunting practices?
3. Outline how grasstrees respond to fire.
4. Describe the adaptations of eucalypt seeds to frequent fires.
5. Outline how controlled fires can be used to manage the risk of wildfires.

Think
6. Explain why leaving eggs in a nest is more sustainable than collecting all the eggs.
7. Indigenous people avoided hunting young animals. Similarly, today, there are regulations that apply when 

fishing. Fish below a certain size must be thrown back in the ocean. Explain how this makes fishing more 
sustainable.

8. Design a fair experiment to compare the amount of heat released when burning different types of native 
leaves. (Hint: Use the heat released by the burning leaves to heat water.)

9. Use the CSIRO bushfire research weblink in the Resources tab to investigate some of the bushfire research 
carried out by CSIRO scientists.
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 At the end of each gro-
wing season, crops are 
har vested, processed and 
delivered to shops and 
supermarket shelves for the 
consumer. There is little 
natural decomposition of 
dead material in fi elds, and 
the soil may be exposed to 
the effects of wind and rain 
for a certain period of the 
year. These factors combine 
to remove valuable nutri-
ents from the soil. Fertil-
isers are then added to the 
soil to replace the nutrients 
removed by harvesting and 
not replaced by decompo-
sition. Some of these fertil-
isers may end up in waterways, where they add large quantities of nitrogen and phosphorus to the water. This 
may result in a condition known as eutrophication, where algae grow rapidly and then decay, using up the 
oxygen in the water. 

  Controlling trouble? 
 Organisms that compete for resources or potentially lower the yield of a crop are considered to be 
pests  that need to be controlled. Pest may be managed through the use of chemical control or biological 
control. 

 Chemical methods of control include the use of pesticides such as insecticides, fungicides, herbicides 
and fumigants. Herbicides kill plants other than the planted crop so that they do not compete for nutri-
ents and water in the soil, and 
light from the sun. Insecti-
cides are used to kill insects 
that compete with humans for 
the food crop. 

 Although pesticides are 
still being used in agriculture, 
their effectiveness on target 
pest species can decrease over 
time. Other species within 
the same ecosystem or food 
web may also be affected. 
In some cases, concentra-
tions of non- biodegradable 
pesticides (such as DDT) 
can be magnifi ed along the 
food chain by a process des-
cribed as   bioaccumulation
or  biomagnifi cation . 

 Most crops are monocultures; only one type of plant is grown. 

 Modern agriculture provides large amounts of food, but at a cost to the 
environment. 
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   Management of pests through biological control 
exploits naturally existing ecological relationships. The 
use of natural predators to control a particular pest is 
one such example. While some cases of biological con-
trol have proven to be successful, others (such as the 
introduction of cane toads and prickly pear plants) have 
caused a variety of new problems. 

 15.10.2 Science to the rescue 
 Growing the same type of plant in the same fi eld year 
after year can deplete soil of particular nutrients. It can 
also increase pest problems as pest populations become 
established in fi elds where their preferred food source 
is grown continuously. One solution is crop rotation: 
changing the type of crop grown in a fi eld. Crop rota-
tion has been practised by farmers as far back as ancient 
Roman times. Roman farmers knew that alternating crops 
of wheat with crops of legumes such as peas, beans or 
soybeans increased crop yields, but they did not under-
stand why the technique worked. 

 In the nineteenth century it was discovered that nod-
ules (bumps) on the roots of legumes were involved in 
nitrogen fi xation, a process where the nitrogen in the air 
is converted to a form that plants can use. A Dutch scien-
tist later isolated and cultured the microbes contained in 
the root nodules. 

 Scientifi c investigations have also played a part in 
determining the ideal patterns of crop rotation. For 
example, in the US, corn borers are a common pest 
affecting corn crops. Cultivating corn in a two-year rota-
tion with soybeans can decrease the need for fertilisers 
but it does little to reduce the population of corn borers. 
Increased knowledge of the reproductive cycle of the 
corn borer and well-designed experiments have shown 
that a fouror fi ve-year rotation cycle is an effective way 
to reduce corn borer numbers. 

 An understanding of predator–prey relationships can 
reduce the need for pesticides. Managing farms to encourage 
the predators of pests rather than keeping them out of crops or 
killing them can be effective in controlling pests. 

 Understanding how different types of plants interact can also 
increase yields and reduce pest populations. Growing certain 
types of plants together — companion planting — can improve 
the health of plants. For example, growing rosemary near cab-
bage plants is thought to deter cabbage moth, and growing mar-
igolds throughout a garden may repel many pests. Controlled 
experiments to compare the growth of plants with and without 
their companion plants can provide valuable information to 
farmers. 

 Some chemical pollutants such as pesticides 
can become more concentrated along the 
food chain. 

A

Water
2 ppm

Plankton
5 ppm

Shrimp
200 ppm

Shrimp-
eating
bug

700 ppm

Bug-
eating

�sh
1600 ppm

B

C

D

E

 Growing marigolds throughout a 
garden may repel pests. 
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  15.10.3 More of the same 
 Another important way that science has contributed to agriculture is in the development of breeds of 
 animals and plants with desirable characteristics. The main fruit, vegetable and cereal crops grown world-
wide and the animals found on farms today are quite different from their wild ancestors. This is often 
the result of selective breeding. Seeds from plants with desirable characteristics are collected and sown, 
and animals with valuable features are interbred. The calves produced by a cow that is a good milk pro-
ducer might be allowed to reach adulthood and breed in the hope that her offspring will also be good 
milk  producers, whereas the offspring of a poor milk producer may be sent to an abattoir before she can 
reproduce. 

 When plants produce seeds, the genetic information in the seed is not identical to that of the parent plant. 
The offspring may have more or less desirable characteristics than the parent plant. Growing plants from 
cuttings, runners, suckers and tubers are examples of asexual reproduction. There is only one parent plant 
involved and the resulting plant is genetically identical to its parent. 

 Wild bananas look very different from those you buy at the shops. The bananas that are grown com-
mercially in Australia are not pro-
duced from seeds. They are grown 
from suckers. A sucker is a shoot-like 
structure that grows at the base of the 
parent plant. It can be separated from 
the parent plant and will grow into a 
new plant that is genetically identical 
to its parent. This growing technique 
produces high yields and ensures that 
the bananas have the same desirable 
characteristics as the parent plant. 
Using a parent plant that produces 
large, sweet bananas results in new 
plants that also produce fruit with 
these features. An unfortunate conse-
quence of this lack of diversity is an 
increased risk that entire crops can be 
wiped out by disease or environmental 
changes. When there is a lot of varia-
tion within a species, it is more likely 
that some of the individual plants will 
survive when new diseases emerge or 
the environment changes. 

  Seedless fruit, including seedless 
watermelon and grapes, are now com-
monly produced. Since these fruit lack 
seeds, they cannot be used to produce 
the next generation of plants. The 
plants must be produced from cut-
tings or some other type of asexual 
reproduction. 

 The smaller plant to the left of the larger plant is a sucker. It is 
genetically identical to the larger plant. Banana plants generally 
produce a number of suckers. These can be planted to produce 
new banana plants. 
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 It is also possible to produce animals that are 
genetically identical to a parent animal by cloning 
them. Cloning involves taking an egg from an 
animal, removing the nucleus and replacing 
it with the nucleus from one of the parent ani-
mal’s body cells. The egg is then implanted into 
the womb of either the parent animal or another 
animal, where it develops until birth. The fi rst 
farm animal to be cloned was Dolly the sheep 
in 1997. Cloning is still an experimental tech-
nique. Many attempts are usually required before 
a clone is successfully produced, and the clones 
tend to die earlier than animals produced natu-
rally. Imagine being able to clone the horse that 
won the Melbourne Cup last year! 

 While cloning is not routine practice, other 
reproductive technologies are used more fre-
quently. Artifi cial insemination, a process where 
sperm is collected from a male animal and inserted 
directly into the vagina of a female animal, is an 
increasingly common practice. Sperm from a 
male with desirable characteristics can frozen and 
transported over vast distances much more easily 
than the animal that produced it.    

 How Dolly the sheep was created 

A donor cell is taken
from a sheep’s udder.

These two cells are
fused using an
electric shock.

The nucleus 
of the egg cell
is removed.An egg cell

is taken from
an adult sheep.

The embryo is 
placed in the uterus 
of a foster mother.

The embryo 
develops normally 
into a lamb – Dolly.

The fused
cell begins
dividing
normally.

Donor
nucleus

Egg cell

Embryo

Cloned lamb

A

B

C

 INVESTIGATION 15.7 

 Asexual reproduction in plants 
  AIM : To investigate various methods of asexual reproduction 

   You will need:   
  gas jar  
  beaker or glass jar  
  pot  
  large onion  
  potato  
  grass runner  
  leaf–stem cutting from geranium or 

impatiens . 
 (Note:  A leaf–stem cutting is a 
piece of the plant’s stem that is cut 
just below a joint or growing point 
and has at least three leaves .) 

  leaf from African violet, jade plant or 
snake plant  

  rooting medium (this can be purchased from a nursery)     
•     Fill a gas jar almost to the top with water and place the onion in the mouth of the jar so that its base is sitting 

in the water as shown in the diagram on the opposite page.  
•   Leave the potato in a dark cupboard.  
•   Remove the lower leaves from the leaf–stem cutting. Quarter-fi ll a beaker or glass jar with water and place the 

cutting in the water.  
•   Place some rooting medium in a pot. Add water to the rooting medium until it feels moist. Cut a 3 cm 

section from the leaf of the African violet, jade or snake plant. Stand the piece of leaf upright in the 
rooting medium.  

 Leaf–stem cutting 
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•   Cut a piece of the grass runner. Ensure the section you have cut has 
at least one growing point. Press the piece of grass runner into the 
rooting medium (lying fl at on the surface).  

•   Leave all the plant parts undisturbed for two weeks. You may need to 
top up the water over that time.   

 Discussion  
1.   Copy and complete the table below. You may need to dig the leaf–

stem cutting and the runner from the rooting medium and wash them 
to see what has happened.  

2.   Explain why each of the examples in the table is a form of asexual 
reproduction.  

  Plant part  
  Description after 

two weeks    Diagram  

 Onion 

 Potato 

 Leaf–stem cutting 

 Leaf 

 Runner 

3.   What are the advantages of growing plants using one of the 
techniques described in this investigation rather than growing them 
from seeds?   

 An onion with its base 
in water 

Gas jar

Onion

Water

 15.10 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. Defi ne  the terms ‘crop yield’, ‘monoculture’, ‘eutrophication’, ‘crop rotation’ and ‘companion planting’.  
2.   List some desirable characteristics in a:  

(a)   hen  (b)   cow  (c)   farm dog.    
3. Distinguish  between chemical and biological control of pests and give an example of each.  
4. Outline  the benefi ts of crop rotation.  
5.   Legumes can ‘fi x’ nitrogen.  Explain  what this means.  
6.   List four plant structures that can be used to produce plants that are identical to the parent plant.   

 Think  
7.   What are the advantages of cultivating crops and domesticating animals, such as cattle and sheep, rather 

than relying on hunting and gathering for food?  
8.    Explain  why it is often necessary to apply fertilisers to cultivated land whereas plants can survive in natural 

ecosystems such as rainforests without fertiliser.  
9.    Outline  why extensive use of fertilisers can cause eutrophication.  

10.   Herbicides are used to kill weeds. What is the reason for controlling the growth of weeds on agricultural land?  
11.    Explain  the process of bioaccumulation.  
12.   Lead and mercury are substances that accumulate in living things, as DDT does. Lead is harmful to humans 

and it can affect brain development in unborn babies and infants.  Explain  why women are advised to limit 
their consumption of large fi sh such as shark and salmon during pregnancy.  

13.    Explain  how selective breeding could be used to produce very small dogs with large eyes.  
14.   What are the advantages of producing plants and animals that are genetically identical to their parents?  
15.   Suggest why artifi cial insemination is often used in zoos.   
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 Research  
16.   Use a dictionary or other reference material to  distinguish  between insecticides, fungicides, fumigants and 

herbicides.  
17.   Dolly was the fi rst sheep to be cloned. Find out about other examples of cloned mammals.   

 Investigate  
18.   Design an experiment to investigate the effect of companion plants. You will need to begin by researching 

what types of plants are considered to be companion plants. While planning your investigation you should 
consider the following questions.  
(a)   To make the test fair, what factors do you need to keep the same (control) for the plants grown with 

companion plants and those grown separately?  
(b)   What will you observe and measure to compare the growth rates of the plants?  
(c)   The effect of some companion plants is due to the smell they produce. How should this be taken into 

account when designing this experiment?    
19.   Play the  Survival game  in the Resources tab and test your knowledge on how you can help to save the 

environment.         

  15.11  Project: Small acts, big changes  
 15.11.1 Scenario 
 As a member of generation Y, climate change is an issue that is very important to you. Nearly every day 
you hear frightening statistics about what the world will be like by 2050 unless we all make dramatic 
changes to our lifestyles. You are also getting frustrated by how slowly change is being initiated. Therefore, 
you have decided to take action yourself and create a persuasive video that will inform households and 
local communities of actions they can take personally to help stop the consequences of climate change. 

 15.11.2 Your task 
 Your task is to create a three-minute 
internet video to be distributed online. 
Your aim is for this video to become 
‘viral’ — for it to be good enough that 
people want to pass it on to their friends. 
Your video should provide the viewer 
with practical advice on reducing their 
carbon footprint, but it should also be 
entertaining enough to appeal to a wide 
range of people who use the internet. 
Remember that the consequences of 
climate change have already begun, 
so your video should not only create a 
sense of urgency about the seriousness 
of the problem but also be persuasive 
enough to encourage its viewers to take immediate action. Therefore, you need to provide convincing and 
accurate facts while appealing to the emotional and intellectual capacities of your audiences.       

 Try out this interactivity: Survival game (int-0217)

 RESOURCES — ONLINE ONLY
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15.11.3 Process
 • Watch the introductory video lesson. You can complete this project individually or invite other members 

of your class to form a group.
 • Start your research. You should find at least two sources (other than the textbook, and including at least 

one offline source such as a book or encyclopedia) to help you discover extra information about the 
issues your video will present. The weblinks in your Resources tab will help you get started.

 • When your research is complete, download the ‘Shooting Script’ template from your Resources tab, and 
use it to create a script and shot list for your video. When planning your video, consider how different 
organisations are promoting action on climate change to a wide audience and which techniques are most 
effective.

 • You can also create animations, or you might like to incorporate other media. Don’t forget to record the 
source of any information or image that you use in your movie as you always need to acknowledge other 
people’s work.

 • When your shooting script is signed off, record your voiceover and then use video-editing software to 
create your final production.
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15.12 Review
15.12.1 Ecosystem terms
Define the following terms:
 • ecosystem 15.2
 • habitat 15.2
 • biotic 15.2
 • abiotic 15.2
 • consumer 15.3
 • producer 15.3
 • herbivore 15.3
 • carnivore 15.3
 • omnivore 15.3
 • decomposer 15.7
 • flood 15.8
 • drought 15.8

15.12.2 Relationships in ecosystems
 • outline examples of interactions between biotic and abiotic components of ecosystems 15.2
 • draw and interpret food chains and food webs 15.3, 15.4
 • define terms relating to food chains 15.3
 • describe the relationships between organisms in a food web 15.4

15.12.3 Recyclers
 • outline some beneficial and harmful effects on micro-organisms 15.6
 • explain the role of decomposers in ecosystems 15.7

15.12.4 Natural events
 • describe the effects of bushfires, floods and droughts on the environment 15.8, 15.9
 • learn about the effect of bushfires on Australian ecosystems 15.9
 • describe some adaptations of Australian plants to frequent bushfires 15.9
 • describe some technological advances that may reduce the impact of droughts, floods and cyclones 15.8

15.12.5 Current issues, research and development
 • describe the research and unique conditions in Antarctica that allow scientists to discover how  conditions 

on Earth have changed 15.5
 • investigate the work of environmental scientists in Antarctica 15.5
 • discuss the benefits of growing plants from cuttings, runners or suckers or by other asexual means 15.10
 • describe some agricultural practices that have developed as our knowledge of agricultural ecosystems 

has improved 15.10

Individual pathways

 U ACTIVITY 15.1
Investigating ecosystems
doc-10585

 U ACTIVITY 15.2
Analysing ecosystems
doc-10586

 U ACTIVITY 15.3
Investigating ecosystems further
doc-10587

  ONLINE ONLY
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15.12 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. Identify which of the following statements are correct. Re-write any incorrect statements to make them correct.

(a) An ecosystem is made up of only living things that interact with each other.
(b) Temperature is a biotic factor.
(c) Producers are animals that feed on plants.
(d) In a food chain, the arrows show the flow of energy.
(e) In a food web, the top-order consumers are always at the bottom.
(f) Microbes are involved in the recycling of matter in ecosystems.

(g) Omnivores eat plants only.
(h) Matter flows through ecosystems and energy is recycled.
(i) The climate is very stable in Australia.
(j) Crop rotation can increase crop yields.

2. Redraw the table below to correctly match the heads and tails.

Heads Tails

(a) Herbivores are … A organisms that produce their own food.

(b) Producers are … B animals that eat plants only.

(c) Consumers are … C animals that eat other animals

(d) Carnivores are … D organisms that break down dead plants and animals.

(e) Decomposers are … E animals that eat other organisms.

3. Copy the puzzle below into your notebook, and then use the clues to complete it.

(a) __ __ __ E __ __ __

(b) __ __ N __ __ __ __ __ __ __ __

(c) __ __ __ __ __ V __ __ __ __

(d) __ __ __ I __ __ __

(e) __ __ R __ __ __ __ __ __

(f) __ __ O __ __ __ __ __ __

(g) __ __ __ N __

(h) __ __ __ __ M __ __ __ __ __ __

(i) __ __ __ __  __ E __

(j)  __ __ N

(k)  __ __ __ __ T __ __

Clues
(a) Caused by harmful bacteria
(b) Field that contains one main type of plants
(c) Meat-eating animals
(d) Place where an organism lives

FOCUS ACTIVITY
Were traditional Indigenous people the ultimate environmentalists? Create debating teams and plan your arguments.

Access more details about focus activities for this topic in the Resources tab. (doc-10584)
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(e)   Plant-eating animal  
(f)   Stable system made up of living and 

non-living things  
(g)   Animal that is genetically identical to 

another animal  
(h)   Organisms such as bacteria and fungi 

that break down plant and animal 
remains  

(i)   Diagram that shows the feeding 
relationships of organisms in an 
ecosystem  

(j)   The source of all energy in ecosystems  
(k)   The non-living components of an 

ecosystem    
4.   Use the food web below to answer the 

following questions.    
(a)    Identify  the producer and describe 

how it gets its food.  
(b)   Draw a food chain involving a 

producer, a fi rst-order consumer and 
a second-order consumer.  

(c)    Identify  a third-order consumer.  
(d)   How do the consumers get their food?  
(e)   How many trophic levels are shown?  
(f)   A blue heron dies, but does not get 

eaten.  Explain  what would happen to 
its body.  

(g)    Identify  a herbivore and carnivore in the food web.  
(h)    Identify  an omnivore.    

5.    Explain  why so many plants are required to support just one octopus in the ecosystem represented by the 
biomass pyramid shown below.    

6.   The powerful owl is an endangered species in Victoria. Logging has 
destroyed a lot of its habitat.  Explain  what would happen to the 
food web that the powerful owl is part of if it became extinct.    

7.    Explain  why it is important for scientists to collect accurate data 
about the rate at which the polar icecaps are melting.  

Kookaburra

Carpet snake

Blue heron

Grasshopper

Grass

Rabbit

Mouse

1 octopus

6 larger �sh

6 small �sh

500 plants
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8. Sketch a diagram of the carbon cycle. Include the following terms in your diagram: respiration, 
photosynthesis, burning of fossil fuels, decay.

9. List three groups of decomposers. Explain why decomposers are essential to ecosystems.
10. Outline the impact of bushfires on ecosystems.
11. Explain why predicting natural disasters such as cyclones and floods can reduce their impact.
12. Describe two ways that scientific research has led to improvements in agricultural practices.

Test yourself
1. In a food web

(A) the arrows show the direction in which energy flows.
(B) the arrows show which species compete with each other.
(C) the second-order consumers are always at the bottom.
(D) the marine organisms are always at the bottom. (1 mark)

2. In an ecosystem
(A) matter and energy are recycled.
(B) only matter is recycled.
(C) only energy is recycled.
(D) neither matter nor energy is recycled. (1 mark)

3. Which of the following are examples of decomposers?
(a) Bacteria and fungi
(b) Bacteria and viruses
(c) Moss and fungi
(d) Insects and scavenger birds (1 mark)

4. Classify the following as biotic or abiotic factors.
(a) Water
(b) Food
(c) Plants
(d) Sunlight
(e) Soil
(f) Climate
(g) Gases in the air
(h) Parasites
(i) Predators
(j) Shelter (2 marks)

5. Construct a food web using the following information about an ecosystem.
• Owls feed on mice and lizards.
• Mice feed on grass seeds.
• Small birds feed on grass, grass seeds and small insects.
• Small insects feed on grass.
• Cats feed on mice, small birds and lizards.
• Lizards feed on insects. (3 marks)

6. Outline two examples of human activity that have a negative impact on natural ecosystems. (2 marks)
7. Describe one way that scientific knowledge has contributed to the development of agricultural  

practices. (2 marks)

Access more details about focus activities for this chapter in the Resources tab. (doc-10584)

 Complete this digital doc: Worksheet 15.7: Ecology puzzles (doc-0000)

 Complete this digital doc: Worksheet 15.8: Ecology summary (doc-0000)
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