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

13.1.1 Introduction
Where do the foods we eat and the natural products we use daily come from? The answer is biomes. Biomes 
are communities of plants and animals that extend over large areas. Some are dense forests; some are deserts; 
some are grasslands, like much of Australia; and so the variations continue. Within each biome, plants and 
animals have similar adaptations that allow them to survive.

Sourcing food is a fundamental part of every organism’s life, and for many humans where their next meal will 
come from is a source of great worry. What are the foods we eat, and why do these vary across the globe? 
How do we modify biomes to produce the food we need, and how can we build on our understanding of food 
sourcing and production strategies to feed the world’s future generations?

What on Earth are biomes? Are they just another part of the landscape or do we need them to survive?

Resources

eWorkbook Customisable worksheets for this topic (ewbk-5827)

Video eLesson Bountiful biomes (eles-1717)

FIGURE 1  Do you know where all of your food comes from and how it is made?

TOPIC 13 Biomes and food production 401

c13Biomes.indd   401 9/1/2020   4:22:07 AM

UNCORRECTED PAGE PROOFS



13.2  Understanding biomes

13.2.1 The world’s major biomes
Biomes are sometimes referred to as ecosystems. They are places that share a similar climate and life forms. 
There are five distinct biomes across the Earth: forest, desert, grassland, tundra and aquatic biomes. Within 
each, there are variations in the visible landscape, and in the plants and animals that have adapted to survive in 
a particular climate.

LEARNING INTENTION

By the end of this subtopic, you will be able to describe the distribution of the Earth’s major biomes and identify 
the similar characteristics that biomes share.
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FIGURE 1  Major biomes of the world
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Forests
Forests are the most diverse ecosystems on 
the Earth. Ranging from hot, wet, tropical 
rainforests to temperate forests, they have an 
abundance of both plant and animal life. Over 
50 per cent of all known plant and animal 
species are found in tropical rainforests. 
Forests are the source of over 7000 modern 
medicines, and many fruits and nuts originated 
in this biome. Forests help regulate global 
climate, because they absorb and use energy 
from the sun rather than reflect it back into 
the atmosphere. Forest plants recycle water 
back into the atmosphere, produce the oxygen 
we breathe, and store the carbon we produce. 
Forests are under threat from deforestation.

Deserts
Deserts are places of low rainfall and comprise 
the arid and semi-arid regions of the world. 
Generally they are places of temperature 
extremes — hot by day and cold by night. 
Most animals that inhabit deserts are nocturnal 
(active at night), and desert vegetation is sparse. 
Desert rain often evaporates before it hits the 
ground, or else it falls in short, heavy bursts. 
Following periods of heavy rain, deserts teem 
with life. Not all deserts are hot. Antarctica and 
the Gobi Desert in central Asia are cold deserts. 
About 300 million people around the world live 
in desert regions.

Grasslands
Grasslands can be seen as transitional 
environments between forest and desert. 
Dominated by grass, they have small, widely 
spaced trees or no trees at all. The coarseness 
and height of the grass varies with location. 
They are mainly inhabited by grazing animals, 
reptiles and ground-nesting birds, though 
many other animals can be found in areas with 
more tree cover. Grasslands have long been 
prized for livestock grazing, but overgrazing 
is unsustainable and places grasslands at risk 
of becoming deserts. Over one billion people 
inhabit the grassland areas of the world.

FIGURE 2  Forest biome

FIGURE 3  Desert biome

FIGURE 4  Grassland biome
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FIGURE 1  Major biomes of the world
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Tundra
Tundra is found in the coldest regions of the world, 
and lies beyond the treeline. The landscape is 
characterised by grasses, dwarf shrubs, mosses and 
lichens. The growing season is short. Tundra falls 
into three distinct categories — Arctic, Antarctic and 
alpine — but they share the common characteristic 
of low temperatures. In Arctic regions there is a 
layer beneath the surface known as permafrost — 
permanently frozen ground. The tundra biome is the 
most vulnerable to global warming, because its plants 
and animals have little tolerance for environmental 
changes that reduce snow cover.

Aquatic biomes
Water covers about three-quarters of the Earth. 
Aquatic biomes can be classified as freshwater or 
marine. Freshwater biomes contain very little salt 
and are found on land; these include lakes, rivers and 
wetlands. Marine biomes are the saltwater regions of 
the Earth and include oceans, coral reefs and estuaries. 
Marine environments are teeming with plant and 
animal life, and are a major food source. Compounds 
from marine life have also 
been used in products such 
as cosmetics and toothpaste. 
Elements taken from the roots 
of mangroves have been used 
in the development of cancer 
medications.

tundra    the area lying 
beyond the treeline in polar 
or alpine regions

treeline    the edge of the 
area in which trees are able 
to grow

FIGURE 5  Tundra biome

FIGURE 6  Aquatic biome

Resources

Interactivity Beautiful biomes (int-3317)

Major biomes of the world (int-7909)
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13.2 EXERCISE

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.

Check your understanding

1. Which terrestrial biome has the greatest biodiversity?
A. Tundra
B. Aquatic
C. Grassland
D. Forest

2. Which of the following are the broad characteristics shared by a type of biome? Choose all that apply.
A. Climate
B. Longitude
C. Life forms
D. All of the above

3. Look carefully at FIGURE 1. Using geographic terminology and concepts (including reference to latitude),
describe the location and characteristics of the major biomes.

4. Recall what you have learned about forest biomes.
a. Complete the following sentences.

Over ______________ of all known plant and animal species are found in ______________  rainforests. Forests
are the source of over ______________ modern medicines, and many fruits and nuts originate in this biome.

b. Explain why rainforests are sometimes referred to as the Earth’s lungs.
5. Identify the five major biomes of the Earth and classify them as either aquatic or terrestrial.
6. Are all biomes equally important? Explain your answer.

Apply your understanding

7. Explain the important functions performed by the forest biome.
8. Select one of the categories of biomes described in this subtopic. Suggest how this biome might be

changed and used by humans and what impact this change might have on the environment.
9. Predict what might happen if the permafrost beneath the Arctic surface thawed.

 10. ‘Deserts are a dry, lifeless plain.’ To what extent do you agree with this statement? Explain.
11. What type of climate and biomes would you expect to find at the equator? Why?
 12. Outline the factors that create variations in biomes.

Learning pathways

LEVEL 1
Questions 
1, 2, 7, 8

LEVEL 2
Questions 
3, 4, 9, 10

LEVEL 3
Questions 
5, 6, 11, 12

13.3  Characteristics of biomes

13.3.1 Climate’s influence on biomes
Biomes are controlled by climate. In turn, climate is influenced by factors such as the distance from the 
equator, altitude and distance from the sea, the direction of prevailing winds, and the location of mountain 

LEARNING INTENTION

By the end of this subtopic, you will be able to identify and explain the factors that influence the development of 
biomes and explain why biomes vary across the surface of the Earth.
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ranges. These play a key role in determining a region’s climate and soil, which ultimately influence which 
plants and animals will inhabit it.

Temperature and rainfall patterns across the Earth determine which plant and animal species can survive in 
a particular biome. For instance, a polar bear could not survive in the hot climate of a desert or a tropical 
rainforest. Camels would not survive in the polar regions of the Earth, and fish cannot survive without water. 
The plants and animals of a region have adapted over time to the variations in the region’s climate conditions.

Biomes are controlled by climate, and the geographical features of the Earth’s surface, such as mountain 
ranges and latitude, are key influences on climate. Similarities have been found in the adaptations of plant and 
animal species in mountain regions and those found near the poles.

Landform
The major geographical influence on climate is the location of mountain ranges (see FIGURE 1). Mountain 
ranges affect the amount of precipitation that reaches inland areas, because they pose a barrier to moisture-
laden prevailing winds. Rain shadows form on the leeward side of mountains (opposite to the windward 
side). Deserts often form in rain shadows.

Altitude also plays a significant role in determining the climate. Temperatures fall by 0.65 °C for every  
100-metre increase in elevation. This can be illustrated by Mt Kilimanjaro (FIGURE 2), which is located on the 
border of Tanzania and Kenya, in Africa, at approximately 3° latitude from the equator. Towering 5895 metres 
above sea level, Mt Kilimanjaro is the highest mountain in Africa. Depending on the time of the day, the 
temperature at the base of the mountain ranges from 21 °C to 27 °C. At the summit, temperatures can plummet 
to −26 °C. As you move from base to summit, variations occur in the landscape as it transitions from rainforest 
to alpine desert to desert tundra.

Latitude
The sun’s rays are more direct at the equator. With more energy focused on 
that region, it heats up more quickly. At the poles, the sun’s rays are spread 
over a larger area and therefore cannot heat up as effectively. As a result, areas 
at the poles are much cooler than areas at the equator (see FIGURE 3).

The tilt of the Earth on its axis also has a role to play. When a hemisphere 
tilts towards the sun, the sun’s rays hit it more directly. This means that a 
larger space is in more intense sunlight for longer. The days are longer and 
warmer, and the hemisphere experiences summer. The reverse is true when a 
hemisphere tilts away from the sun in winter.

latitude    the angular distance north or south 
from the equator of a point on the Earth’s 
surface

precipitation     the forms in which moisture 
is returned to the Earth from the sky, most 
commonly in the form of rain, hail, sleet and 
snow

rain shadow    the dry area on the leeward side 
of a mountain range

leeward    describes the area behind a mountain 
range, away from the moist prevailing winds

windward    describes the side of the mountain 
that faces the prevailing winds

int-3628
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FIGURE 1  The process of rain shadows forming 
on the leeward side of mountains

FIGURE 2  Mt Kilimanjaro: its altitude is the reason 
it has snow on its summit.
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Ocean currents and air movement
When cold ocean currents flow close to a warm land 
mass, a desert is more likely to form. This is because 
cold ocean currents cool the air above, causing less 
evaporation and making the air drier. As this air 
moves over the warm land, it heats up, making it 
less likely to release any moisture it holds; thus, 
deserts form. For example, cold ocean currents flow 
off the coast of Western Australia, while the east-
coast Pacific Ocean currents are warmer. As a result, 
Perth on average receives less rainfall than Sydney.

13.3.2 The role of soil in biomes
Soil is important in determining which plants and 
animals inhabit a particular biome. Soils 
not only vary around the world but also 
within regions. The characteristics of soil are 
determined by:

 • temperature
 • rainfall
 • the rocks and minerals that make up

the bedrock, which is the basis of soil
development.

The amount of vegetation present also plays an 
important role in determining the quality of the 
soil. FIGURE 4 shows a typical soil profile. The 
different soil layers are referred to as horizons.

Why do soils differ?
Biomes located in the high latitudes (those 
farthest from the equator) have lower 
temperatures and less exposure to sunlight than 
biomes located in the low latitudes (those close 
to the equator). There are also variations in the 
amount of precipitation that biomes receive. 
This is determined partly by their location in 
relation to the equator: lower latitude regions 
generally receive more precipitation than those 
in higher latitudes.

Temperature and precipitation patterns are 
important factors in determining the rate of 
soil development. In addition, soil moisture, its 
nutrient content and the length of the growing 
season also play key roles in soil development 
and, ultimately, the biodiversity of a biome.

Soil is more abundant in biomes that have both 
high temperatures and high moisture than in cold, dry regions. This is because erosion of bedrock is more 
rapid when moisture content is high, and organic material decomposes at a faster rate in high temperatures. 
The decomposition of organic matter provides the nutrients needed for plant growth, which in turn die and 
decompose in a continuous cycle. This is further demonstrated in FIGURE 5.

Arctic Circle

Tropic of Cancer

Tropic of Capricorn

Antarctic Circle

Equator Low latitudes

Mid latitudes

High latitudes

FIGURE 3  Latitude is a key factor in climate.

Horizon O (organic matter): 
A thin layer of decomposing 
matter, humus, and material that 
has not started to decompose, 
such as leaf litter

Horizon A (topsoil): The upper 
layer of soil, nearest the surface.
It is rich in nutrients to support 
plant growth and usually dark in 
colour. Most plant roots and soil 
organisms are found in this 
horizon, which will also contain 
some minerals. In areas of high 
rainfall, such as tropical 
rainforests, minerals will be 
leached out of this layer. 
A constant supply of decomposing 
organic matter is needed to 
maintain soil fertility.

Horizon B (subsoil): Plant litter 
is not present in horizon B; as 
a result, little humus is present. 
Nutrients leached from horizon A 
accumulate in this layer, which will 
be lighter in colour and contain 
more minerals than the horizon 
above.

Horizon C (parent material): 
Weathered rock that has not 
broken down far enough to be 
soil. Nutrients leached from 
horizon A are also found in this 
layer. It will have a high mineral 
content; the type is determined by 
the underlying bedrock.

Horizon R (bedrock): Underlying 
layer of partly weathered rock

O
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R

FIGURE 4  A typical soil profile has a number of 
distinct layers. int-3608
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FIGURE 5  Different biomes have different soil and vegetation characteristics.

 

 

 

  A Tropical rainforest
 • High temperatures cause weathering, or 

breakdown, of rocks and organic matter.
 • High rainfall leaches nutrients from the soil.
 • Soil is often reddish because of high iron levels.
 • Organic matter is often a shallow layer on the 

surface. Nutrients are constantly recycled, 
allowing the rainforest to flourish.

 • Soil fertility is rapidly lost if trees are removed, 
as the supply of organic material is no longer 
present.

 B Desert
 • Limited vegetation means a limited supply of 

organic material for soil development.
 • High temperatures rapidly break down any organic 

material.
 • Soils are pale in colour rather than dark.
 • Lack of rainfall limits plant growth.
 • Lack of vegetation makes surface soil unstable 

and easily blown away.
 • Soil does not have time to develop and mature.

 C Temperate
 • Generally brown in colour, soils have distinctive 

horizons and are generally about a metre deep.
 • Soils are ideal for agriculture; they are not 

subjected to the extremes of climate found in high 
and low latitudes.

 • Moderate climate; temperature and rainfall are 
sufficient for plant growth.

 • Dominated by temperate grasslands and 
deciduous forests.

 D Tundra
 • Soil is shallow and poorly developed.
 • Some layers are frozen for long periods.
 • Subsoil may be permanently frozen.
 • Soil is covered by ice and snow for most of the 

year.
 • Growing season may be limited to a few weeks.
 • Soil may contain large amounts of organic 

material but extreme cold means it breaks down 
very slowly.

 • Trees are absent; mosses and stunted grasses 
dominate.

int-7912
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Resources

Interactivities Why are biomes different? (int-3319)

The formation of rain-shadow deserts (int-3628) 
A typical soil profile (int-3608)
Different biomes have different soil and vegetation characteristics. (int-7912)

13.3 EXERCISE

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.

Check your understanding

 1. What are the major influences on the development of biomes?
 2. Explain the difference between the windward and leeward side of a mountain range.
 3. Explain how temperature and rainfall can influence the development of soil across different biomes.
 4. Outline the different characteristics of soils in the tropical rainforest, tundra, desert and temperate biomes.
 5. Describe the role played by soil organisms in maintaining soil quality and fertility.

Apply your understanding

 6. Would you expect to find soil variations within biomes? Give reasons for your answer.
 7. Predict the changes that might occur if earthworms or micro-organisms within the soil were no longer 

present.
 8. What type of climate and biomes would you expect to find at the equator? Why?
 9. Describe the climate and landscape on Mount Kilimanjaro. Why is there so much variation?
 10. What are some of the factors that create variations in biomes?

For sample responses to every question, go to www.jacplus.com.au.

Learning pathways

LEVEL 1
Questions 
1, 2, 6

LEVEL 2
Questions 
3, 7, 8, 9

LEVEL 3
Questions 
4, 5, 10

13.3 ACTIVITY

Use your atlas to locate Rwanda in central Africa.
 a. What type of biome would you expect to find in Rwanda? Give reasons for your answer.
 b. What do you think the soli would be like in Rwanda? Use the internet to test your theory. 

 HASS skills: Analysing
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13.4  Australia’s major biomes

13.4.1 Factors shaping Australian biomes
Australia is a land of contrasts. Its mountain ranges and river systems are small by world standards. In the 
north there are tropical rainforests and savanna grasslands. In the centre there is a wide expanse of desert that 
is second in area only to the Sahara Desert in Africa. In the south, temperate forests and grasslands dominate. 
Australia also has vast wetlands and coastal ecosystems.

Before European colonisation, the Australian landscape was shaped largely by natural processes and traditional 
practices. With European occupation came large-scale land clearing, irrigation of the land through water 
diversion from rivers, and the draining of wetlands. New plant and animal species were introduced to the 
landscape. However, despite the large-scale changes made since European occupation, Australia’s major 
biomes are still clearly evident.

Wetlands and rivers
In tropical northern Australia, wetlands have been 
inhabited by Indigenous Australian peoples since 
the beginning of the Dreaming (more than 50 000 
years). These areas provided them with food and 
water, and they used wetland plants such as river 
reeds and lily leaves to make fishing traps. Today, 
wetlands are still important habitats for native 
and migratory birds. In many parts of Australia, 
they are under threat, because water is diverted 
from rivers to produce food crops and cotton.

Savanna (grasslands)
Grassland, pampas, savanna, chaparral, cerrado, 
prairie, rangeland and steppe all refer to a 
generally flat landscape that is dominated by 
grass. This biome generally has few or no trees, 
though there may be more tree cover in adjoining 
areas, such as along riverbanks.

Grasslands are found in places where there is not 
enough rain to support a forest but there is too 
much rain for a desert; for this reason they are 
sometimes referred to as a transitional landscape. 
They occur in both temperate and tropical 
areas where rainfall is between 250 mm and 900 mm per year. In tropical regions, grasslands tend to have a 
distinct wet and dry season. In temperate regions, the summers tend to be hot and the winters cool. Generally, 
grasslands in the southern hemisphere receive more rainfall.

Generally, grasslands are very fragile and without careful management can quickly change to desert. Many 
grasslands depend on a regular cycle of burning to germinate their seeds and to revive the land. Periodic 
burning also prevents trees from gaining dominance in the landscape. For many native animal species, 
grasslands also provide vital habitat and protection from predators. Indigenous Australian peoples hunted 
for food in grasslands, using low-burning fires to flush out wildlife; however, since European occupation 
grasslands have been used extensively for grazing and access to native animal populations has decreased.

LEARNING INTENTION

By the end of this subtopic, you will be able to explain why Australia has such a diverse range of biomes.

int-5580
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FIGURE 1  Climate classification of Australia
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Seagrass meadows
Seagrasses are submerged flowering plants that 
form colonies off long, sandy ocean beaches, 
creating dense areas that resemble meadows. Of 
the 60 known species of seagrass, at least half 
are found in Australia’s tropical and temperate 
waters. Western Australia is home to some of the 
largest seagrass meadows in the world, including 
the Wooramel seagrass bank in the Shark Bay 
World Heritage area, the largest seagrass bank in 
the world. Seagrasses provide important habitats 
for a wide variety of marine creatures, including 
rock lobsters, dugongs and sea turtles. They also 
absorb nutrients from coastal run-off, slow water 
flow, help stabilise sediment, and keep water 
clear.

Old-growth forest
An old-growth forest is one in its oldest 
growth stage. It is multi-layered, and the trees 
are of mixed ages. Generally, there are few 
signs of human disturbance. These forests are 
biologically diverse, often home to rare or 
endangered species, and show signs of natural 
regeneration and decomposition. The trees 
within some old-growth forests have been felled 
for their timber and to create paper products. 
Logging can reduce biodiversity, affecting not 
only the forest itself but also the indigenous 
plant and animal species that rely on the old-
growth habitat. It is estimated that clear-felling 
of Tasmania’s old-growth forests would release 
as much as 650 tonnes of carbon per hectare into the 
atmosphere.

FIGURE 4  Seagrass meadows provide food, shelter 
and breeding grounds for marine life.

FIGURE 5  Different layers of vegetation can be seen 
in old-growth forests.

FIGURE 2  This billabong in Kakadu National 
Park is part of an extensive wetland system that 
develops during the wet season.

FIGURE 3  Savanna biomes are typically dominated 
by grasses and scattered trees.

logging    large-scale cutting down, processing and 
removal of trees from an area

biodiversity    the variety of plant and animal life within 
an area

clear-felling    the removal of all trees in an area
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Desert
Australian deserts are places of temperature extremes. During the day, temperatures sometimes exceed 50 
°C, but at night this can drop to freezing. Some, such as the Simpson Desert and the Great Sandy Desert, are 
dominated by sand. The Nullarbor Plain and Barkly Tableland are mainly smooth and flat, while the Gibson 
Desert and Sturt Stony Desert contain low, rocky hills. In some areas, the landscape is dominated by spinifex 
and acacia shrubs.

FIGURE 6  Vegetation in desert biomes has specific adaptations that enable it to survive.

13.4 INQUIRY ACTIVITIES

 1. Select one of the climate zones shown in FIGURE 1 and investigate the biomes found within it. Prepare a 
report on the importance of one of these biomes and discuss how it has changed over time. What do you 
think should be done to protect it?  HASS skills: Questioning and researching
 Geography concept: Change

 2. a. Investigate one of the Australian biomes and examine how plants and animals have adapted to survive in it. 
Create a class collage depicting the way plants and animals have adapted to the Australian environment.

 b. Explore what this biome is like in another place on Earth. With the aid of a Venn diagram, compare the two 
places.  HASS skills: Analysing

Resources

Interactivity Climate classification of Australia  (int-5580)

Deepen your understanding of this topic with related case studies and questions.
 • Investigating Australian Curriculum topics > Year 9: Biomes and food security >Australia’s alpine biomes

Explore more with
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13.4 EXERCISE

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.

Check your understanding

 1. Complete the following sentence:
Biodiversity refers to the ______________ of flora and in an area. It is an ______________component of 
ensuring a ______________ environment and maintaining the ______________ of ecosystems.

 2. With the aid of a flow diagram, show how the Australian environment changed when European occupiers 
arrived. Include the following: natural processes, wetland draining, land clearing, introduced species, 
irrigation.

 3. Explain why Australia has such a wide variety of biomes.
 4. Identify the eight types of biomes would you expect to find in Australia.
 A. Old-growth forests
 B. Seagrass meadows
 C. Savanna
 D. Wetlands and rivers
 E. Prairie
 F. Tropical rainforests
 G. Coral reefs
 H. Mountains
 I. Steppe
 J. Desert
 5. Explain why most of Australia's native grasslands have disappeared.

Apply your understanding

 6. Describe the interconnection between biomes and climate.
 7. Identify three environmental impacts of clearfelling Australia’s old-growth forests.
 A. Creation of new habitats
 B. Large amounts of carbon released into the atmosphere
 C. Forests replaced by plantation timber
 D. Reduction in biodiversity
 E. Increased sediment in waterways
 8. Explain the impact on native and migratory birds of draining wetlands.

 9. Predict what might happen if Australia's old-growth forests were logged.
 10. Explain why burning is an essential element in maintaining the grassland biome.
 11. Explain why seagrass meadows are often referred to as ‘the forests of the sea'.

For sample responses to every question, go to www.jacplus.com.au.

Learning pathways

LEVEL 1
Questions 
1, 4, 6, 7

LEVEL 2
Questions 
2, 3, 8, 9

LEVEL 3
Questions 
5, 10, 11
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13.5  The importance of biomes to humans

13.5.1 Grasslands
Grasslands can occur naturally or as a result of 
human activity. The presence of large numbers 
of grazing animals and frequent fires prevent the 
growth of tree seedlings and promote the spread 
of grasses. Unlike other plant species, grasses can 
continue to grow even when they are continually 
grazed by animals because their growth points are 
low and close to the soil. Because grasses are fast-
growing plants, they can support a high density of 
grazing animals, and they regenerate quickly after 
fire.

Some grasses can be up to two metres in height, 
with roots extending up to one metre below the soil. 
The biome depends on annual regeneration of its 
grasses, so it is almost impossible to re-establish a grassland ecosystem once desert has taken over.

LEARNING INTENTION

By the end of this subtopic, you will be able to describe the characteristics, role and importance of at least one 
biome.

Arctic Circle

Tropic of Cancer

Equator

Tropic of Capricorn

PACIFIC

ARCTIC OCEAN

ATLANTIC

OCEAN
OCEAN

INDIAN

OCEAN

Savanna

Chaparral

Grassland

World grasslands

Source: Spatial Vision

20000 4000 km

FIGURE 2  Grasslands occupy about a quarter of the Earth’s land surface.

FIGURE 1  Wheat production in Western Australia 
brings about $2–3 billion to the state economy annually

int-7913
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Grasslands are the most useful biome for agriculture because the soils are generally deep and fertile. Almost 
one billion people depend on grasslands for their livelihood or as a food source. Grasslands are ideally suited 
for growing crops or creating pasture for grazing animals. The prairies of North America, for example, are one 
of the richest agricultural regions on Earth.

In more recent times, grasslands have been used for livestock grazing and are increasingly under pressure from 
urbanisation. Grasslands have also become popular tourist destinations, with people flocking to them to see 
majestic herds such as wildebeest, caribou and zebra, as well as the migratory birds that periodically inhabit 
these environments.

All the major food grains — corn, wheat, oats, barley, millet, rye and sorghum — have their origins in the 
grassland biome. Wild varieties of these grains are used to help keep cultivated strains disease free. Many 
native grass species have been used to treat diseases including HIV and cancer. Others have proven to have 
properties useful for treating headaches and toothache.

Grasslands are also the source of a variety of plants 
whose fibres can be woven into clothing. The 
best known and most widely used fibre is cotton. 
Harvested from the cottonseed, it is used to produce 
yarn that is then knitted or sewn to make clothing. 
Lesser known fibres include flax and hemp. 
Harvested from the stalk of the plant, both fibres 
are much sturdier and more rigid than cotton but 
can be woven to produce fabric. Hemp in particular 
is highly absorbent and has UV-blocking qualities.

Once, grasslands occupied about 42 per cent of the 
Earth's land surface, but today they make up about 
25 per cent. In Australia today, less than one per 
cent of native grasslands survive, and they are now 
considered one of the most threatened Australian habitats. Since European occupation, most native grassland has 
been removed or changed by farming and other development. Vast areas of grassland were cleared for crops, and 
introduced grasses were planted for grazing animals such as sheep and cattle.

13.5.2 Coastal wetlands
Wetlands are biomes where the ground is saturated, either permanently or seasonally. They are found on 
every continent except Antarctica. Wetlands include areas that are commonly referred to as marshes, swamps 
and bogs. In coastal areas they are often tidal and are flooded for part of the day. In the past they were often 
considered a ‘waste of space’, and in developed nations they were sometimes drained for agriculture or the 
spread of urban settlements.

Wetlands are a highly productive biome. They provide important habitats and breeding grounds for a variety of 
marine and freshwater species. In fact, a wide variety of aquatic species that we eat, such as fish, begin their 
life cycle in the sheltered waters of wetlands. They are also important nesting places for a large number of 
migratory birds.

Wetlands are a natural filtering system and help purify water and filter out 
pollutants before they reach the coast. In addition, they help regulate river 
flow and stabilise the shoreline. FIGURE 4 shows a cross-section through a 
mangrove wetland.

FIGURE 3  Grasslands can support a high density of 
grazing animals. In Australia, this includes fine wool 
production.

urbanisation    the growth and spread of 
cities
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FIGURE 4  Cross-section of a wetland

 A Seagrass meadows:
 • are covered by water all the time
 • bind the mud and provide shelter for young fish
 • produce organic matter, which is consumed by 

marine creatures.
 B Tidal flats:
 • are covered by tides most of the time
 • are exposed for short periods of the day (low tide)
 • are formed by silt and sand that has been 

deposited by tides and rivers
 • provide a feeding area for birds and fish.
 C Mangroves:
 • have pneumatophores that trap sediment and 

pollutants from the land and sea
 • change shallow water into swampland
 • store water and release it slowly into the 

ecosystem

 • have leaves that decompose and provide a food 
source for marine life

 • provide shelter, breeding grounds and a nursery 
for marine creatures and birds.

 D Salt marshes:
 • are covered by water several times per year
 • provide decomposing plant matter — an 

additional food source for marine life
 • have high concentrations of salt.

FIGURE 6  Aerial photograph of the Ord River Delta 
in Western Australia, with mangroves lining the water 
channels

FIGURE 5  Pneumatophores — the exposed root 
system of mangroves

int-5576

organic matter    decomposing 
remains of plant or animal matter

pneumatophores    exposed root 
system of mangroves, which 
enables them to take in air when 
the tide is in
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13.5.3 Coral reefs
Coral reefs are found in spaces around tropical and subtropical shores. They require specific temperatures 
and sea conditions and an area free from sediment. Coral reefs are built by tiny animals called coral polyps. 
The upper layer is alive, growing on the remains of millions of dead coral. Coral reefs are one of the oldest 
ecosystems on Earth and also one of the most vulnerable to human activity.

Coral reefs are one of the most diverse biomes on Earth and are built by polyps that live in groups. A reef is a 
layer of living coral growing on the remains of millions of layers of dead coral. There are inner and outer reefs 
as well as coral cays (small islands of coral) and coral atolls.

FIGURE 7 outlines the anatomy of a coral reef, and provides a close-up image of some of the millions of coral 
polyps that combine to form a reef. FIGURE 8 shows how different reefs are formed over time.

Today, about 500 million people rely on reef systems, either for their livelihood, as a source of food, or as a 
means of protecting their homes along the coastline. (Coral reefs help break up wave action, so waves have 
less energy when they reach the shoreline, thus reducing coastal erosion.) It is estimated that coral reefs 
contribute between US$28.8 billion and US$375 billion to the global economy each year.
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 B 

Outer barrie
r re

ef

Edge of continental shelf

Outer reef
protects
inner reef.

End of re
ef

Continental shelf

Island formed
by sea-level rise

Fringing reef
off mainland

Contin
ental s

lope

Lagoons

Coral polyps

Coral algae

A

B

E

C

D

FIGURE 7  Anatomy of a coral reef
int-7914

• Corals form in warm shallow saltwater where the temperature is between 18 °C and 26 °C.
• Water must be clear, with abundant sunlight and gentle wave action to provide oxygen and distribute

nutrients.
 C Coral polyps have soft, hollow bodies shaped like a sac with tentacles around the opening. They cover 

themselves in a limestone skeleton and divide and form new polyps.

 D Producers such as algae give coral its colour and provide a food source for marine life such as fish. 
Coral reefs support at least one-third of all marine species. They are the marine equivalent of the tropical 
rainforest.

 E Beyond the continental shelf, the water is too deep and cold for coral. Sunlight cannot penetrate to allow 
coral growth.
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Reefs are important to both the fishing and tourism industries. Approximately 2 million people visit Australia’s 
Great Barrier Reef Marine Park alone, generating more than A$2 billion for the local economy. Nearly one-
third of all tourists who visit Australia visit the Great Barrier Reef. Ningaloo Reef does not attract quite as 
many tourists, but it is one of the world's longest fringing reefs — and one of the easiest to access as it is so 
close to shore. Tourist numbers to the area have been increasing by around 10 per cent each year.

Coral reefs have been found to contain compounds vital to the development of new medicines.

 • Painkillers have been developed from the venom of cone shells.
 • Some cancer treatments come from algae.
 • Treatments for cardiovascular disease and HIV include compounds that were originally found in coral 

reefs.

Threats to coral reefs
Reefs face a variety of threats.

 • Urban development requires land clearing and wetland drainage, which increases erosion. Sediment 
washed into water prevents sunlight penetrating the water.

 • Contamination by fossil fuels, chemical waste and agricultural fertilisers pollutes the sea.
 • Tourism damages coral through boats dropping anchor, or tourists taking coral or walking on it.
 • Global warming increases water temperature, which bleaches the coral, turning it white and destroying the 

reef system.
 • Predators, such as the crown of thorns starfish, prey on coral polyps, which affects the whole ecosystem.

Barrier
reef

Fringing
coral
reef

1 2
Fringing coral reefs develop
along the shores of
continents and islands.

When sea levels rise,
fringing reefs become
barrier reefs.

a b c

3 Formation of a coral atoll

Volcanic
island

Eroded volcanic island has been
partly submerged by rising sea

Sandy island forms on reef
from eroded coral and shell

What was once an island is
now completely submerged.

FIGURE 8  The formation of fringing reefs, barrier reefs and coral atolls
int-7915
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Resources

Interactivities Grass, grains and grazing (int-3318)

Grasslands occupy about a quarter of the Earth’s land surface. (int-7913)
Cross-section of a wetland (int-5576)
Anatomy of a coral reef (int-7914)
The formation of fringing reefs, barrier reefs and coral atolls (int-7915)

Deepen your understanding of this topic with related case studies and questions.
 • Investigate additional topics > Environments > The Great Barrier Reef

Explore more with

DISCUSS

Few people realise that less than one per cent of Australia's native grasslands survive. Why does such a 
significant loss of grassland biomes not attract the same attention as the loss of other biomes, such as our 
tropical rainforest and coral reefs? How would each of the following groups perceive the value of grasslands?
 a. Graziers (sheep and cattle farmers)
 b. City dwellers
 c. Environmentalists
 d. International tourists
 e. Traditional owners  General capabilities: Personal and social capability, Intercultural understanding

13.5 EXERCISE

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.

Learning pathways

LEVEL 1
Questions 
1, 2, 5, 8, 11, 14, 19

LEVEL 2
Questions 
3, 6, 9, 12, 13, 16

LEVEL 3
Questions 
4, 7, 10, 15, 17, 18, 20

13.5 ACTIVITIES

 1. Grasslands are located on six of the Earth’s seven continents. Investigate one of the grassland biomes. Using 
ICT, create a presentation on your chosen biome that covers the following:

 a. the characteristics of the environment, including climate and types of grasses that dominate this place
 b. the animals that are commonly found there
 c. how the environment is used and changed for the production of food, fibre and wood products
 d. threats to this particular grassland, including the scale of these threats
 e. what is being done to manage this grassland environment in a sustainable manner. HASS skills: Analysing
 2. Build your understanding of the coastal mangrove wetlands in Dalywoi Bay, Northern Territory, and build 

your skill of constructing transects of topographic maps by completing 12.8 SkillBuilder: Constructing and 
describing a transect on a topographic map.  HASS skills: Analysing

 3. Investigate two of the threats to coral reefs and prepare an annotated visual display that outlines:
 a. the nature of the threat
 b. the changes that will occur or have occurred as a result of this threat
 c. the impact of these changes on the environment, including references to the rate and scale of the changes
 d. a strategy for the long-term sustainable management of the reef environment.

 HASS skills: Analysing, Evaluating
 General capability: Critical and creative thinking
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Check your understanding

 1. What is a grassland?
 2. Describe the global distribution of grasslands. (Use FIGURE 2 to help you.) Include at least three observations 

in your descriptions:
 • one about how much of the Earth is grassland
 • one about where the grasslands are located
 • one about the kind of climate where you would find grasslands.

 3. Why are grasslands an important environment?
 4. Explain why Australian grasslands are under threat.
 5. Mangroves adapted to survive in their wetland environment.

A wetland is:
 A. a biome that is permanently covered with water.
 B. a biome that is covered with water in the morning.
 C. a biome where the ground is saturated either permanently or seasonally.
 D. a biome that only exists in winter and spring.
 6. Mangroves are able to survive in wetlands because of which two of the following reasons?
 A. They have a special root system known as metaphors.
 B. They have a special root system known as pneumatophores.
 C. They have roots that are exposed and grow upwards.
 D. They have roots that can breathe under water.
 E. The soil they grow in filters out excess water.
 7. Explain how mangroves adapted to survive in their marine–terrestrial environment.
 8. Select all of the statements that are true.
 A. Fringing reefs develop close to the shoreline, whereas barrier reefs develop further away from the shore.
 B. Barrier reefs develop close to the shoreline, whereas fringing reefs develop further away from the shore.
 C. Barrier reefs are sometimes referred to as outer reefs and provide protection for inner (fringing) reefs.
 D. Barrier reefs are often separated from the shore by shallow water.
 9. Describe the steps in the formation of a coral reef.
 10. Identify and describe three major threats to coral reefs, and explain whether each threat is likely to increase 

or decrease with global warming.

Apply your understanding

 11. Outline how grasslands differ in different climatic regions.
 12. In some places, attempts are being made to re-establish native grasses. Suggest why it is important to 

re-establish native grasslands.
 13. Wetlands have been described as a natural purification system. Which part of the wetland environment 

would perform this function? Give reasons for your answer.
 14. Describe what might happen if there were no wetlands.
 15. Wetlands were once described as ‘a waste of space’. Do you think this is an accurate description?
 16. Coral reefs are highly susceptible to climate change.
 a. Explain what you understand by the term climate change.
 b. Explain how the coral reef environment would change if sea temperatures were to rise by 2 °C.
 17. The English naturalist, biologist and evolutionary scientist Charles Darwin once described coral reefs as 

being like an oasis in the desert. Explain what you think Darwin meant by this analogy.
 18. Coral reefs have a ‘garden-like’ appearance, but they are not plants. Explain why this is the case.
 19. Explain five key threats to coral reefs.
 20. Create a guide to the biome or biomes in your region. Include the characteristics of the biome/s, human 

usage over time, significant threats and strategies for sustainable management of the biome.

For sample responses to every question, go to www.jacplus.com.au.
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13.6  Global food production

13.6.1 The major food staples
Global food production, especially of staples foods, has a significant impact on the world's biomes. Staple 
foods are those that are eaten regularly and in such quantities that they constitute a dominant portion of a 
diet. They form part of the normal, everyday meals of the people living in a particular place or country. Staple 
foods vary from place to place, but are typically inexpensive or readily available. The staple food of an area is 
normally interconnected to the climate of that area and the type of land.

Most staple foods are cereals, such as wheat, barley, rye, oats, maize (corn) and rice; or root vegetables, such 
as potatoes, yams, taro and cassava. Rice, maize and wheat provide 60 per cent of the world’s food energy 
intake; 4 billion people rely on them as their staple food.

Other staple foods include legumes, such as soya beans and sago; fruits, such as breadfruit and plantains  
(a type of banana); and fish.

LEARNING INTENTION

By the end of this subtopic, you will be able to identify the major staple foods throughout the world, and how the 
production of these is interconnected with climate.
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Source: Data from FAO

FIGURE 1  Staple foods around the world
int-7917
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13.6.2 Wheat, maize and fish

Wheat 
Wheat is a cereal grain that is cultivated across 
the world. In 2019, the total world production 
of wheat was nearly 735 million tons, making 
it the second most produced cereal after maize 
(1.1 billion tons) and above rice (496 million 
tons). World trade in wheat is greater than for 
all other crops combined.

Wheat was one of the first crops to be easily 
cultivated on a large scale, with the added 
advantage of yielding a harvest that could be 
stored for a long time. Wheat covers more land 
area than any other commercial crop and is the 
most important staple food for humans.

Maize
Maize, or corn, was commonly grown throughout the Americas in the late fifteenth and early sixteenth 
centuries. Explorers and traders carried maize back to Europe and introduced it to other countries. It then 
spread to the rest of the world, thanks to its ability to grow in different environments. Sugar-rich varieties 
called sweet corn are usually grown for human consumption, while field corn varieties are used for animal feed 
and biofuel. Maize is the most widely grown grain crop in the Americas, covering 70–100 million acres of 
farmland in the US alone, which accounts for nearly 40 per cent of all maize grown in the world.

Fish
Fish is a staple food in many societies. The oceans provide an irreplaceable, renewable 
source of food and nutrition essential to good health. In general, people in developing 
countries, especially those in coastal areas, are much more dependent on fish as a staple 
food than those in the developed world. About 3 billion people rely on fish as their 
primary source of animal protein.

FIGURE 2  Wheat is used in a wide variety of foods such 
as breads, biscuits, cakes, breakfast cereals and pasta.

TABLE 1  Top 10 maize producers, 2019

Country Production (million tonnes)

United States 377.5

China 224.9

Brazil 83.0

India 42.3

Argentina 40.0

Ukraine 39.2

Mexico 32.6

Indonesia 20.8

France 17.1

South Africa 15.5

Source: www.thedailyrecords.com

FIGURE 3  Corn cobs drying outside in Serbia

biofuel    fuel that comes from 
renewable sources
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13.6.3 Challenges to feeding the global population
At the beginning of the twentieth century, the entire world population was less than 2 billion people. The 
current world population is more than 7.7 billion. Earth’s population is projected to rise to 9 billion people by 
2050, and we all need food. What can we do to ensure there is enough food for everyone?

FIGURE 1 shows that crops occupy half the available agricultural land space. Almost all future population 
growth will occur in the developing world. This increased population, combined with higher standards of living 
in developing countries, will create enormous strains on land, water, energy and other natural resources.

There is currently about one-sixth of a hectare of arable land per capita in East and South Asia. With 
population growth, and almost no additional land available for agricultural expansion, arable land per capita 
will continue to decline.

13.6.4 Food production increases
Agricultural yields vary widely around the world depending on climate, management practices and the types 
of crops grown. Globally, 15 million square kilometres of land are used for growing crops — altogether, that’s 
about the size of South America. Approximately 32 million square kilometres of land around the world are 
used for pasture — an area about the size of Africa. Across the Earth, most land that is suitable for agriculture 
is already used for that purpose and, in the past 50 years, we have increased our food production.

According to the UN Food and Agriculture Organization (FAO), the three main factors that have affected 
recent increases in world crop food production are:

 • increased cropland and rangeland area
 • increased yield per unit area
 • greater cropping intensity.

FIGURE 4  A fish haul in Bali, Indonesia

arable    describes land that can be used 
for growing crops

per capita    per person

Deepen your understanding of this topic with related case studies and questions.
 • Investigating Australian Curriculum topics > Year 9: Biomes and food security > Wheat

Explore more with
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FAO projections suggest that cereal demand will 
increase by almost 50 per cent by 2050. This can 
either be obtained by increasing yields, expanding 
cropland through conversion of natural habitats, 
or growing crops more efficiently. FIGURE 6  shows 
the growth in crop yields in developing countries 
from 1961 to what is predicted for 2030. Rice, 
maize and wheat have had significant increases in 
yield.

Agricultural innovations have also changed 
and increased global food production. They 
have boosted crop yields through advanced 
seed genetics, agronomic practices (scientific 
production of food plants) and product 
innovations that help farmers maximise 
productivity and quality (see FIGURE 5). In this 
way, the nutritional content of crops can be 
increased.

13.6.5 Increasing our food production
World food production has grown substantially over the past century. Increased fertiliser application and more 
water usage through irrigation have been responsible for over 70 per cent of crop yield increases. The Second 
Agricultural Revolution in developed countries after World War II 
and the Green Revolution in developing countries in the mid 1960s 
transformed agricultural practices and raised crop yields dramatically.

Since the 1960s agriculture has been more productive, with world per 
capita agricultural production increasing by 25 per cent in response to a 
doubling of the world population.

It is possible to get even more food out of the land we are already 
using. For example, FIGURE 7 shows the places where maize yields could 
increase and become more sustainable by improving nutrient and water 
management, seed types and markets.
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FIGURE 6  Crop yields in developing countries, 1961–2030

Source: Food and Agriculture Organization of the United Nations, 2015, World agriculture: towards 
2015/2030 - Summary report, Table: Crop yields in developing countries, 1961 to 2030

FIGURE 5  Farmers in a village in Kenya use a laptop to 
examine information on plant diseases at a plant health 
clinic. They can also consult a plant pathologist and 
show them samples of their crops.

innovation    new and original improvement to 
something, such as a piece of technology or a 
variety of plant or seed

Green Revolution    a significant increase in 
agricultural productivity resulting from the 
introduction of high-yield varieties of grains, the 
use of pesticides and improved management 
practices

sustainable    describes the use by people of the 
Earth’s environmental resources at a rate such 
that the capacity for renewal is ensured
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 Environmental factors 
 In the past, growth in food production resulted mainly from increased crop yields per unit of land and to a 
lesser extent from expansion of cropland. From the early 1960s until 2014, total world cropland increased by 
only around 10 per cent, but total agricultural production grew by 60 per cent. Increases in yields of crops, 
such as sweet potatoes and cereals, were brought about by a combination of: 

     •  increased agricultural inputs 
     •  more intensive use of land 
     •  the spread of improved crop varieties.   

 In some places, such as parts of Africa and South-East Asia, increases in � sheries (areas where boats are 
used to catch � sh) and expansion of cropland areas were the main reasons for the increase in food supply. In 
addition, cattle herds became larger. In many regions — such as in the savanna grasslands of Africa, the Andes, 
and the mountains of Central Asia — livestock is a primary factor in food security today. 

  13.6.6  The impact of the Green Revolution  
 The Green Revolution was a result of the development and planting of new   hybrids
of rice and wheat, which led to greatly increased yields. There have been a number 
of green revolutions since the 1950s, including those in: 

     •  the United States, Europe and Australia in the 1950s and 1960s 
     •  New Zealand, Mexico and many Asian countries in the late 1960s, 1970s and 

1980s.   
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Yield of maize farmland20000 4000 km

Source: Spatial Vision

  FIGURE 7    World distribution of cropland, pasture and maize. More maize could be grown if improvements were made 
to seeds, irrigation, fertiliser and markets.  

hybrid    plant or animal bred from 
two or more different species, 
sub-species, breeds or varieties, 
usually to attain the best features 
of the different stocks
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The Green Revolution saw a rapid increase in 
the output of cereal crops — the main source of 
calories in developing countries. Farmers in Asia 
and Latin America widely adopted high-yielding 
varieties. Governments, especially those in Asia, 
introduced policies that supported agricultural 
development. In the 2000s, cereal harvests in 
developing countries were triple those of 40 
years earlier, while the population was only a 
little over twice as large.

Planting of high-yield crop varieties coincided 
with expanded irrigation areas and fertiliser use, 
leading to significant increases in cereal output 
and calorie availability.

FIGURE 8  Applying fertiliser to crops in the Punjab, 
India

Resources

Video eLesson A plate full of biomes (eles-1718)
Interactivity Staple foods around the world  (int-7917)

13.6 ACTIVITIES

 1. FIGURE 7 shows where more crops could be grown. Investigate how Mexico or a country in West Africa or 
Eastern Europe could improve the sustainability of its agriculture. Create a mind map or flow chart diagram to 
represent your findings.  HASS skills: Questioning and researching

 2. Research the background of the Green Revolution — why it occurred, the key places involved and the 
changes that resulted. Create a dot-point summary of your findings. For help with notetaking efficiently, go to 
1.5 SkillBuilder: Finding and referencing sources, or 2.4 SkillBuilder: Using Cornell Notetaking. 
  HASS skills: Questioning and researching

 3. Some scientists are suggesting that there will be a new Green Revolution. Investigate current thinking and 
predict the potential scale of this possible agricultural change.  HASS skills: Evaluating
 General capability: Critical and creative thinking
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13.6 EXERCISE

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.

Check your understanding

 1. Match the main staple foods of the world with the places (continents) where they are grown. (Note some 
areas may have more than one staple to include.)
Staples: maize, wheat, rice, millet, sorghum

Region Staples

Asia

Europe

North America

Sub-Saharan Africa

Central America

 2. Which of the following are reasons why plants, rather than animals, typically dominate as the major staple 
foods of the world?

 A. Plants are cheaper.
 B. Plants are more easily available.
 C. People can grow what suits their region.
 D. All of the above
 3. Australia is a major exporter of wheat. Why is Australia able to produce such a surplus?
 4. Refer to FIGURE 1 and describe the distribution of places in the world with pasture and grasslands.
 5. How could crop production be increased in places such as Eastern Europe or Western Africa?
 6. Explain why agricultural innovations can change food production.

Apply your understanding

 7. With the increase in world population and greater pressure on fish stocks, what can be done to sustain fish 
stocks in oceans and lakes?

 8. Maize is currently used as feed for animals, as biofuel, and as food for humans. Why might this become an 
unsustainable environmental practice in the future?

 9. Explain why, even though fish is a staple food for many people, it can’t be a staple food for everyone.
 10. Consider FIGURE 1.
 a. Suggest reasons why some regions are much higher crop producers than others.
 b. Suggest how a potential increase in maize crop yields could be of benefit to a future world population.
 11. With reference to specific places, suggest how increasing population densities might influence future crop 

production.
 12. Would food production be secure if we grew fewer crops and caught fewer fish? Explain your view, giving 

specific examples to support your ideas.
 13. FIGURE 6 refers to crop yields in developing countries over time. Suggest why rice, maize and wheat have 

the greatest increases in yields. Would these increases be similar in the developed regions of the world? 
Explain your answer.

For sample responses to every question, go to www.jacplus.com.au.

Learning pathways

LEVEL 1
Questions 
1, 2, 7, 8

LEVEL 2
Questions 
3, 4, 5, 10, 11

LEVEL 3
Questions 
6, 9, 12, 13
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13.7  Modifying biomes for agriculture

13.7.1 Using technology for food production
In the twentieth century, rapid global population growth gave rise to serious concerns about the ability of 
agriculture to feed humanity. However, newer processes and technology produced additional gains in food 
production.

Across the world, people have modified biomes to produce food through the application of innovative 
technologies. In general, the focus of agriculture is to modify water, climate, soils, land and crops.

13.7.2 Modified climate
Irrigation is the artificial application of water to the land or soil to supplement natural rainfall. It helps to 
increase agricultural production in dry areas and during periods of inadequate rainfall.

In flood irrigation, water is 
applied and distributed over 
the soil surface by gravity. It 
is by far the most common 
form of irrigation throughout 
the world, and has been 
practised in many areas, 
virtually unchanged, for 
thousands of years.

Modern irrigation methods 
include computer-controlled 
drip systems that deliver 
precise amounts of water to a 
plant’s root zone.

Another way of modifying 
climate is with the use of 
greenhouses (or glasshouses), 
which are used for growing 
flowers, vegetables, fruits 
and tobacco (see FIGURE 1). 
Greenhouses provide an artificial biotic environment to protect crops from heat and cold and to keep out pests. 
Light and temperature control allows greenhouses to turn non-arable land into arable land, thereby improving 
food production in marginal environments. Greenhouses allow crops to be grown throughout the year, so they 
are especially important in high-latitude countries.

LEARNING INTENTION

By the end of this subtopic, you will be able to explain the ways in which we modify climate, soils and landscapes 
and describe how humans use new processes and technologies to improve food production.

FIGURE 1  Vegetables growing inside a greenhouse
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 The largest expanse of plastic greenhouses in the world is around the city of Almeria, in south-east Spain (see 
FIGURE  2  ). Here, since the 1970s, semi-arid pasture land has been replaced by greenhouse   horticulture  . Today, 
Almeria has become Europe’s market garden. In order to grow food all year round, the region has about   
26 000 hectares of greenhouses. (For help understanding this satellite image, go to 12.7 SkillBuilder: 
Interpreting satellite images to show change over time.)  

  13.7.3  Soil modi� cation 
 Fertilisers are organic or inorganic materials that are added to soils to supply one 
or more essential plant nutrients. Fertilisers play a key role in producing high-
yield harvests; it is estimated that about 40 to 60 per cent of crop yields are due 
to fertiliser use, and that by adding fertiliser to crops, food for almost half the 
people on Earth is produced. The global fertiliser use of 208 million tonnes in 
2020 represents a 30 per cent increase since 2008.   
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  FIGURE 2    False-colour satellite image of greenhouses in the Almeria region  

horticulture    the practice of 
growing fruit and vegetables
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13.7.4 Landscape modification
People change landscapes in order to produce food. Undulating land can be flattened, 
steep slopes terraced, or stepped, and wetlands drained. Land reclamation is the process 
of creating new land from seas, rivers or lakes. In addition, it can involve turning 
previously unfarmed land, or degraded land, into arable land by fixing major deficiencies 
in the soil’s structure, drainage or fertility.

TABLE 1  Fertiliser use, 1959–60, 1989–90 and 2020

Fertiliser use Annual growth

Region/nutrient 1959–60 1989–90 2020 1960–90 1990–2020

(million nutrient tonnes)  (per cent)

Developed countries  24.7  81.3  86.4  4.0  0.2

Developing countries  2.7  62.3  121.6  10.5  2.2

East Asia  1.2  31.4  55.7  10.9  1.9

South Asia  0.4  14.8  33.8  12.0  2.8

West Asia/North Africa  0.3  6.7  11.7  10.4  1.9

Latin America  0.7  8.2  16.2  8.2  2.3

Sub-Saharan Africa  0.1  1.2  4.2  8.3  3.3

World total  27.4  143.6  208.0  5.5  1.2

Nitrogen  9.5  79.2  115.3  7.1  1.3

Phosphate  9.7  37.5  56.0  4.5  1.3

Potash  8.1  26.9  36.7  4.0  1.0

Source: Bumb, B. and C. Baanante. 1996. World Trends in Fertilizer Use and Projections to 2020. Policy Brief 38, Table 1.  
Washington, DC: International Food Policy Research Institute http://www.ifpri.org/publication/
world-trends-fertilizer-use-and-projections-2020

TABLE 2  Percentage share of crop production increases, 1961–2030*

Arable land  
expansion (1)

Increases in  
cropping  

intensity (2)

Harvested land 
expansion (1+2)

Yield increases

1961–99 1997/99–
2030

1961–99 1997/99–
2030

1961–99 1997/99–
2030

1961–99 1997/99–
2030

All developing 
countries

23 21 6 12 29 33 71 67

South Asia 6 6 14 13 20 19 80 81

East Asia 26 5 −5 14 21 19 79 81

East/North 
Africa

14 13 14 19 28 32 72 68

Latin America 
and the 
Caribbean

46 33 −1 21 45 54 55 46

Sub-Saharan 
Africa

35 27 31 12 66 39 34 61

World 15 7 22 78

* projected 
Source: © FAO

undulating    describes an area 
with gentle hills
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In the Netherlands, the Dutch have tackled huge reclamation schemes to add land area to their country. One 
such scheme is the IJsselmeer (see FIGURE 3), where four large areas (polders) have been reclaimed from 
the sea, adding an extra 1650 square kilometres for cultivation. This has increased the food supply in the 
Netherlands and created an overspill town for Amsterdam.
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FIGURE 3  Land reclamation in the Netherlands

Deepen your understanding of this topic with related case studies and questions.
 • Investigating Australian Curriculum topics > Year 9: Biomes and food security > Wheat

Explore more with
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13.7 EXERCISE

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.

Check your understanding

 1. What is the most common form of irrigation in the world?
 2. What changes to the environment are made by land reclamation?
 3. To improve food production, what aspects of biomes are modified?
 4. What is greenhouse horticulture?
 5. Explain how fertilisers improve crop yields.

Apply your understanding

 6. Refer to FIGURES 1 and 2. How do greenhouses modify spaces and places on the Earth’s surface?
 7. How is land that is reclaimed from the sea, such as the Netherlands’ polders, made productive for farming 

and food production?
 8. Refer to FIGURE 3. Use the scale to calculate the approximate area of new land created in Flevoland.
 9. Study FIGURE 3. What might be the purpose of the pumping stations?
 10. People can modify landscapes in order to produce food. What can be done with:
 a. undulating land
 b. steep slopes
 c. wetlands?

For sample responses to every question, go to www.jacplus.com.au.

Learning pathways

LEVEL 1
Questions 
1, 6

LEVEL 2
Questions 
2, 3, 7, 8

LEVEL 3
Questions 
4, 5, 9, 10

Resources

Interactivity Changing nature (int-3321)

Weblink Modifying biomes for agriculture

13.7 ACTIVITY

Investigate one fibre or grain product that can only be grown commercially in Australia by modifying the biome. 
Create a PMI chart to show the positive, negative and unanswered questions surrounding the production of this 
crop in Australia. Consider the positive and negative environmental, social and economic impacts. 
  HASS skills: Questioning and researching 
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13.8  Thinking Big research project: Our world of 
biomes AVD

13.9  Food production in Australia

13.9.1 The distribution of different agriculture
Modern food production in Australia can be described as commercial agricultural practices that produce food 
for local and global markets. Farms may produce a single crop, such as sugar cane, or they may be mixed 
farms that produce cereal grains and sheep for wool, for example. Farms today use sophisticated technology, 
and in many cases are managed by large corporations with an agribusiness approach.

There is a wide range of agriculture types in Australia, as shown in FIGURE 1. They occupy space across all 
biomes found in Australia, from the tropics to the temperate zones.

The location of farms in Australia shows that there is a change in the pattern of farming types, from the well-
watered urban coastal regions towards the arid interior. Because 
much of Australia’s inland rainfall is less than 250 millimetres, farm 
types in these places are limited to open-range cattle and sheep 
farming.

LEARNING INTENTION

By the end of this subtopic, you will be able to outline the different types of agriculture practised in Australia and 
explain the interconnections between climate, soils and land use.

agribusiness    business set up to 
support, process and distribute 
agricultural products

Resources

ProjectsPLUS Thinking Big research project: Our world of biomes AVD (pro-1088)

SCENARIO

The Department of the Environment has commissioned you to 
carry out an in-depth study of biomes, their characteristics and 
the factors that influence their development. You will create an 
engaging annotated visual display to showcase your findings.

Select your learnON format to access:
 • the full project scenario
 • details of the project task
 • resources to guide your project work
 • an assessment rubric.
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The pattern of land use and transition of farm types is shown in FIGURE 2. It illustrates 
that intensive farms, which produce perishables such as fruit and vegetables, are 
located on high-cost land close to urban markets. At the other extreme, the extensive 
farms, which manage cattle for meat and sheep for wool, are found on the less 
expensive lands distant from the market.
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FIGURE 1  Types of agriculture in Australia

intensive farm    farm that requires a 
lot of inputs, such as labour, capital, 
fertiliser and pesticides

extensive farm    farm that extends 
over a large area and requires only 
small inputs of labour, capital, 
fertiliser and pesticides
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13.9.2 Types of farming in Australia

Extensive farming of sheep or cattle
Sometimes known as livestock farming or grazing, 
sheep and cattle stations are found in semi-arid and 
desert grassland biomes, with rainfall of less than 
250 millimetres. In 2017 Australia’s 26 million cattle 
were predominantly farmed in Queensland, New 
South Wales and Victoria, while our 72 million sheep 
were found mainly in New South Wales, Victoria and 
Western Australia. Farms are generally large in scale, 
sometimes covering hundreds of square kilometres. 
These days, they have very few employees, and often 
use helicopters and motor vehicles for mustering. 
Meat and wool products go to both local and 
overseas markets for cash returns.

Wheat farms
About 30 000 farms in Australia grow wheat as 
a major crop, and the average farm size is 910 
hectares, or just over 9 square kilometres. Wheat 
production in Australia for 2017 was 31 million 
tonnes. As in other areas of the world, extensive 
wheat farming is found in mid-latitude temperate 
climates that have warm summers and cool winters, 
and annual rainfall of approximately 500 millimetres. 
In Australia, these conditions occur away from the 
coast in the semi-arid zone. The biome associated 
with this form of food production is generally open 
grassland, mallee or savanna that has been cleared 
for the planting of crops.

Soils can be improved by the application of fertilisers, and crop yields increased 
by the use of disease-resistant, fast-growing seed varieties. Wheat farms are 
highly mechanised, using large machinery for ploughing, planting and harvesting. 
The farm produce, which can amount to 2 tonnes per hectare, is sold to large 
corporations in local and international markets.

Coast (urban centre) Continental interiorLocation

Most expensive land

Key

Value of land Least expensive land

1

1 4 6

752

3

2 3 4 5 6 7

Fruit and vegetables

Cattle for dairy and meat
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Sheep for meat

Mixed farm

Sheep for wool

Cattle for meat

FIGURE 2  Changes in agricultural land use

FIGURE  3  Cattle mustering

FIGURE 4  Harvesting wheat with a combine 
harvester

mallee    vegetation areas 
characterised by small, multi-trunked 
eucalypts found in the semi-arid areas 
of southern Australia
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Mixed farms
Mixed farms combine both grazing and cropping practices. They are located closer to markets in the wetter 
areas, and are generally small in scale, but operate in much the same way as cattle and sheep farms.

Intensive farming
Intensive farms are close to urban centres, producing dairy, horticulture and market gardening crops. They 
produce milk, fruit, vegetables and flowers, all of which are perishable, sometimes bulky, and expensive to 
transport. The market gardens are capital- and labour-intensive, because the cost of land near the city is high, 
and many workers are required for harvesting.

Plantation farming
This form of agriculture can often be found in warm, well-watered tropical places. Plantations produce a wide 
range of produce such as coffee, sugar cane, cocoa, bananas, rubber, tobacco and palm oil. Farms can be 50 
hectares or more in size. Although many such farms in Australia are family owned, in other parts of the world 
they are often operated by large multinational companies. Biomes that contain plantations are mainly tropical 
forests or savanna, and require large-scale clearing to allow for farming. Cash returns are high, and markets are 
both local and global.

13.9.3 CASE STUDY: Horticulture around Carnavon, Western Australia

Modern-day food production relies heavily on technology to create ideal farming conditions. This may involve 
reshaping the land to allow for large agricultural machinery and for the even distribution and drainage of water. 
Uneven or unreliable rainfall can be supplemented by irrigation. As a result of such changes, large areas can 
become important farmland.

Carnarvon, located in the Gascoyne region of Western Australia, is an important horticulture and food-growing 
centre for the state. The farmland in the area around the Gascoyne River delta is very fertile, but because the river 
does not regularly flow, fruit and vegetable production relies on irrigation from aquifers. Some pastoral leases 
close to the coast also have access to Carnarvon Artesian Basin for irrigating food for stock.

The wider Gascoyne region has a diverse agricultural sector. The most important commodities in the region 
include fruit and vegetables (approx. $97 million annually) and livestock, predominantly cattle (approx. $27 
million annually). The 2016 census showed that of the 999 businesses in the area, 28.5% were in the agriculture, 
forestry or fishing industries, with construction the next highest at just under 16%. The 2000 hectares of 
zoned horticultural land close to Carnarvon produces a range of fresh produce including avocados, bananas, 
capsicums, tomatoes and mangoes.

To investigate the area in more detail, study the topographic map shown in FIGURE 7.

FIGURE 5  A banana plantation near Carnarvon, Western 
Australia
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Resources

Digital doc Topographic map of Carnarvon (doc-35187)

Weblinks Indigenous food sources Fish River Station
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FIGURE 6  Topographic map extract, Carnarvon, Western Australia

Deepen your understanding of this topic with related case studies and questions.
 • Investigate additional topics > Managing water resources > Water resources in Australia

Explore more with

doc-35187
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13.9 ACTIVITIES

 1. Investigate which foods are grown closest to you. Create a map infographic showing locations and types of 
food grown. HASS skills: Questioning and researching 
 General capability: Literacy

 2. Collect information on the percentage of land used for the different forms of farming in Australia and present 
this data in a graph. Comment on the details shown in your graph.
 HASS skills: Questioning and researching
 General capabilities: Numeracy, ICT

 3. One plantation industry is palm oil production. It often has great impacts on tropical biomes; loss of habitat is 
one such impact. On a world map, locate major palm oil production areas and explain the implications of loss 
of habitat in those areas. HASS skills: Questioning and researching, Analysing
 General capability: Critical and creative thinking

 4. Various plantations in Queensland (such as pineapple, sugar cane and banana plantations) are associated 
with fertiliser run-off, which is affecting the Great Barrier Reef. Investigate this issue and find out what effects 
fertiliser has on this aquatic environment. HASS skills: Questioning and researching, Analysing
 General capability: Critical and creative thinking

 5. Research the Indigenous food sources and traditional food collection and cultivation practices in your area.
 a. Create an A4 infographic poster summarising your findings.
 b. Examine the Indigenous food sources and Fish River station weblinks in your Resources. Create a seasonal 

food calendar for your area, like the one created by the knowledge holders from the Nauiyu Nambiyu 
community in the Northern Territory. HASS skills: Communicating and reflecting

 General capabilities: Intercultural understanding

13.9 EXERCISE

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

Check your understanding

 1. Which type of agricultural land use is closest to urban centres, and which is the furthest away?
 2. How does the environment in the centre of Australia affect farming types?
 3. What is the interconnection between climate and farm type in Australia? (Hint: Refer to a climate map in 

your atlas for ideas.)
 4. Explain why extensive, large-scale cattle and sheep farms are typically located in remote and arid regions of 

Australia.
 5. Using the FIGURE 1 map of agriculture types in Australia, describe and explain the location of:
 a. wheat farms
 b. dairy farms.
 6. Are orchards an example of intensive or extensive farming? Explain.

Apply your understanding

 7. Examine the location of the orchards in FIGURE 7. Suggest two reasons why this land might have been 
chosen for growing fruits and vegetables. Consider the environment and the need for transporting produce 
to consumers.

Learning pathways

LEVEL 1
Questions 
1, 2, 3, 8

LEVEL 2
Questions 
4, 5, 7, 9, 10

LEVEL 3
Questions 
6, 11, 12, 13
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13.10  Food production’s effect on biomes

13.10.1 Our biophysical world
Food is essential to human life, and over the past centuries we have been able to produce more food to feed 
our growing population. While technology has enabled us to increase production, it has come at a price. Large-
scale clearing of our forests, the overfishing of our oceans, and the constant overuse of soils has resulted in a 
significant deterioration of our biophysical world.

Planet Earth is made up of four spheres: the atmosphere, lithosphere, hydrosphere and biosphere (see 
FIGURE 1). All these spheres are interconnected and make up our natural or biophysical environment. For 
example, rain falling from a cloud (atmosphere) may soak into the soil (lithosphere) 
or flow into a river (hydrosphere) before being taken up by a plant or animal 
(biosphere) where it may evaporate and return to the atmosphere. (It is interesting to 
note that 97 per cent of the Earth’s water is found in salty oceans, and the remainder 
as vapour in the atmosphere and as liquid in groundwater, lakes, rivers, glaciers and 
snowfields.)

Natural events, such as storms or earthquakes, or human activities can create changes 
to one or all of these spheres. The production of food, whether from the land or 
sea, has the potential to change the natural environment and, in doing so, increases 
the likelihood of food insecurity. TABLE 1 shows how food production can affect the 
biophysical world. As can be seen, activities such as land clearing and irrigation can 
have impacts on all four of the Earth's spheres.

 8. What would be the impact of flood or drought on any of the commercial methods of food production?
 9. Predict the impact of the growth of Australian capital cities on the sustainability of surrounding market 

gardens.
 10. Why is much of Australia’s food production available for export?
 11. It used to be said that Australia’s economy ‘rode on the sheep’s back’. What do you think this means, and 

do you think it is true for all parts of Australia? Is it still true today?
 12. What types of environment might have existed in the Carnarvon area when pastoralists first arrived?
 13. Study FIGURE 6.
 a. Using the contour lines and spot heights as a guide, estimate the average elevation of the map area.
 b. What is the importance of topography (the shape of the land) to irrigation?
 c. Why might orchards not have been established on the land immediately north of the One Tree Point Nature 

Reserve?
 d. Approximately what percentage of the map area is labelled as land used for orchards or vineyards?
 e. What would be the advantages and disadvantages of locating processing factories close to growing areas?
 f. In 2015, Tropical Cyclone Olwyn caused significant damage to plantations in Carnarvon. Based on the 

location of farm allotments shown in FIGURE 6, what other hazards, apart from strong winds, might fruit and 
vegetable growers near Carnarvon have faced as a result of TC Olwyn?

For sample responses to every question, go to www.jacplus.com.au.

LEARNING INTENTION

By the end of this subtopic, you will be able to list Earth’s four biophysical spheres, explain the interconnection 
between the world’s biomes and food production and discuss effects of food production on the environment.

biophysical environment    the 
natural environment, made up 
of the Earth’s four spheres — 
the atmosphere, biosphere, 
lithosphere and hydrosphere

groundwater    water that exists in 
pores and spaces in the Earth’s 
rock layers, usually from rainfall 
slowly filtering through over a long 
period of time

irrigation    the supply of water 
by artificial means to agricultural 
areas
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Lithosphere: consists of the core,
mantle and crust of the Earth

Atmosphere: contains
all of the Earth’s air

Biosphere: the collection
of all Earth’s life forms

Biosphere

Lithosphere

Hydrosphere

Atmosphere

Hydrosphere: 97 per cent
of the Earth’s water is found in

salty oceans, and the remainder as
vapour in the atmosphere and as

liquid in groundwater, lakes, rivers,
glaciers and snow�elds.

FIGURE 1  The Earth’s four spheres

TABLE 1  How food production affects the biophysical world

Activities Atmosphere Lithosphere Biosphere Hydrosphere

Clearing of native vegetation for agriculture x x x x

Overgrazing animals x x x

Overusing irrigation water, causing saline soils x x x

Burning forests to clear land for cultivation x x x x

Run-off of pesticides and fertilisers into 
streams

x x x

Producing greenhouse gases by grazing 
animals and rice farming

x

Changing from native vegetation to cropping x x x

Withdrawing water from rivers and lakes for 
irrigation

x x x x

Overcropping soils x x x

Overfishing some species x

13.10.2 Changing our biophysical world
Currently, the world produces enough food to feed all 7.7 billion people. We produce 17 per cent more food 
per person than was produced 30 years ago, and the rate of food production has been greater than the rate of 
population growth. This has been the result of: improved farming methods; the increased use of fertilisers and 
pesticides; large-scale irrigation; and the development of new technologies, ranging from farm machinery to 
better quality seeds.

There have been many benefits associated with this change, especially in terms of human wellbeing and 
economic development. However, at the same time, humans have changed the Earth’s biomes more rapidly 
and more extensively than in any other time period. The loss of biodiversity and degradation of land and water 
(which are essential to agriculture) is not sustainable. With an expected population of 9.7 billion in 2050, it has 
been estimated that food production will need to increase by approximately 70 per cent. The global distribution 
of environmental risks associated with food production can be seen in FIGURE 2.

int-7919
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FIGURE 2  State of the world’s land and water resources for food and agriculture

Resources

Video eLesson Trashing our biomes (eles-1719)
Interactivity Degrading our farmland (int-3323)

The Earth's four spheres (int-7919)
State of the world’s land and water resources for food and agriculture (int-7920)

13.10 ACTIVITIES

 1. Use the following labels to create a flow diagram showing how the clearing of native vegetation can affect all 
four of the Earth’s spheres.

 • Soil is left bare and exposed to wind and water erosion.
 • There is less evaporation of water from vegetation.
 • There is a loss of habitat for birds, animals and insects.
 • Increased water runs off from exposed land.
 • Increased sediment builds up in streams. HASS skills: Analysing

 General capability: Literacy
 2. a.  Rank what you consider to be the three most serious environmental issues shown on the FIGURE 2 map.
 b. What criteria did you use to make your decisions? (For example: extent of area covered, number of people 

affected, economic impacts.)
 c. Share your list with at least two other students. What were the similarities and differences in the rankings?
 d. Would you now alter your own ranking? Why or why not? HASS skills: Evaluating

 General capability: Critical and creative thinking
 3. Select one agricultural product in Australia and conduct research to find data on how much is produced and 

how this has changed over time. HASS skills: Questioning and researching, Analysing

int-7920
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13.10 EXERCISE

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.

Check your understanding

 1. Describe the biophysical environment of your local area.
 2. Why has food production increased so rapidly over time?
 3. Using FIGURE 1, explain how a bird might interconnect with the four Earth spheres.
 4. Select one example from TABLE 1. Describe how human activity can change the biophysical world.
 5. Refer to FIGURE 2 and your atlas.
 a. What are the main environmental issues facing Australia’s food production?
 b. In which places in the world is deforestation a major concern?
 c. Which continents suffer from water scarcity?
 d. What do you notice about the location and distribution of regions that do not have environmental problems 

relating to food production?

Apply your understanding

 6. Which of Earth’s spheres will be most impacted by each of the following activities?
 A. Application of organic fertilisers to soil
 B. Introduction of an aquatic pest species into a fish-farming enterprise
 C. Excessive pumping of groundwater for irrigation
 D. Construction of large-scale dams in semi-arid regions
 7. Which of the activities in question 1 could have a positive impact on that sphere?
 8. Refer to FIGURE 2. Suggest a reason why water scarcity is an issue for all continents except Europe.
 9. Refer to FIGURE  2. Suggest one way in which pollution may impact on food production.
 10. If climate change was to lead to a higher frequency of drought in the southern hemisphere, predict how this 

might impact on Australia's land and water resources and food production in the future.

For sample responses to every question, go to www.jacplus.com.au.

Learning pathways

LEVEL 1
Questions 
1, 2, 6, 7

LEVEL 2
Questions 
3, 4, 8, 9

LEVEL 3
Questions 
5, 10

13.11  Changing the forest biome

13.11.1 Why are forests important?
In pre-industrial times, nearly 45 per cent of the world's land surface was covered in forest. Today, this figure 
is only 30 per cent. With industrialisation, technological development and population growth, large-scale 
deforestation has occurred as a result of the increasing need over time for timber products and land for food. It 
is estimated that of the forest cover lost, 85 per cent can be readily attributed to human activity — with  
30 per cent due to clearing, 20 per cent through degradation and 35 per cent through fragmentation. 
Agricultural use now accounts for 37 per cent of the Earth's land surface.

LEARNING INTENTION

By the end of this subtopic, you will be able to describe how large-scale deforestation has occurred around the 
world as forests have been cleared to create land for food production and to be used for timber products, and 
the environmental consequences of this.
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Human society, the global economy 
and forests are interconnected, with 
more than one billion people depending 
on forests and forest products. Forest 
biomes offer us many goods and 
services, from providing wood and 
food products to supporting biological 
diversity. They provide habitat for 
a wide range of animals, plants and 
insects. Forests contribute to soil and 
water conservation, and they absorb 
greenhouse gases. Despite the growing 
awareness of the value of preserving 
forests, large-scale clearing continues. 
FIGURE 2 shows the annual rate of 
deforestation in Brazil, while FIGURE 3 
shows the cumulative amount of forest 
lost over time.

FIGURE 1  Rainforest in Serra dos Orgaos National Park (Rio 
de Janeiro state, Brazil)

greenhouse gases    any of the gases that absorb 
solar radiation and are responsible for the greenhouse 
effect. These include water vapour, carbon dioxide, 
methane, nitrous oxide and various fluorinated gases.
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FIGURE 2  Annual loss of Amazon forest, Brazil, 1988–2018
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FIGURE 3  Total loss of Amazon forest, Brazil, since 1970

Source: © Mongabay
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13.11.2 Why do we clear forests?
By clearing forests, trees can be harvested for timber and paper production, and valuable ores and minerals 
can be mined from below the Earth’s surface. Sometimes, forests are flooded rather than cleared in order 
to construct dams for hydroelectricity. Forests may also be cleared for food production, such as small-scale 
subsistence farming, large-scale cattle grazing, and for plantations and crop cultivation.

Road construction, usually funded by governments, also plays a part in changing 
rainforest environments (see FIGURE 4). Roads help to improve access and make 
more land available, especially to the landless poor. They also reduce population 
pressures elsewhere by encouraging people to move to new places. At the same 
time, businesses benefit from improved access to mining resources and forest 
timbers, and are better able to establish large cattle ranches and farms.

plantation    an area in which trees 
or other large crops have been 
planted for commercial purposes

FIGURE 4  The effects of road building in the Amazon. Settlements tend to follow a linear pattern along the 
roads and then gradually move inland, opening up the forests.

Source: NASA Earth Observatory
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13.11.3 The impacts of forest clearing
FIGURE 5 illustrates some changes that forest clearing in the Amazon can have on the environment.
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FIGURE  5  Impacts of clearing the Amazon forest

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 A New farmland with mixed crops established.

 B Smoke from clearing and burning

 C Newly cleared land, trees cut down and burned. 
This is called slash-and-burn agriculture.

 D Weeds and exotic species invade edges of 
remaining forest.

 E New road gives access to more settlers and to 
animal poachers.

 F Large cattle ranch

 G Introduced cattle erode the fragile topsoil with 
their hard hooves.

 H Erosion of topsoil increases, caused by rain on 
exposed soils.

 I Flooding increases as the stream channel is 
clogged with sediment.

 J The river carries more sediment as soil is washed 
into streams.

 K Fences stop movement of rainforest animals in 
search of food.

 L Pesticides and fertilisers wash into the river.

 M Farm is abandoned as soil fertility is lost.

 N Weeds and other species dominate bare land.

 O Harvesting of timber reduces forest biodiversity.

int-5578
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13.11 ACTIVITIES

 1. Research soya-bean farming in the Amazon. How does it compare with cattle ranching in terms of 
environmental sustainability? HASS skills: Questioning and researching, Analysing

 2. Examine the illustration of rainforest destruction shown in FIGURE 5. Draw a sketch of what you predict the 
area will look like in ten years’ time. Use labels and arrows to show important features.
 HASS skills: Evaluating, Communicating and reflecting

13.11 EXERCISE

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.

Check your understanding

 1. Refer to FIGURE 3. Describe the total loss in Brazilian forests since 1970. Use data in your answer.
 2. What are the advantages and disadvantages of road building in the Amazon?
 3. Why would subsistence farming in the Amazon be referred to as slash-and-burn farming?
 4. In what ways would the environmental changes of small-scale subsistence farming differ from those of 

large-scale soya-bean cropping?
 5. Why can the large-scale clearing of tropical rainforests be considered an unsustainable practice?

Apply your understanding

 6. Opening up the rainforest with roads can lead to fragmentation of the forest. What might the effect of this  
be on:

 a. native animals
 b. local indigenous populations?
 7. Compare how a small-scale farmer from the Amazon and an environmentalist from another country might 

view the resources of a rainforest.
 8. Refer to FIGURE 5. Identify three changes to the river as a result of forest clearing.
 9. How might changes as a result of forest clearing affect farming downstream?
 10. Suggest two methods that could be used in the Amazon to reduce the amount of sediment washing into  

the river. Propose a plan for how this might be achieved and the outcomes you would expect.

For sample responses to every question, go to www.jacplus.com.au.

Learning pathways

LEVEL 1
Questions 
1, 2, 6, 7

LEVEL 2
Questions 
3, 4, 8, 9

LEVEL 3
Questions 
5, 10

Resources

Interactivity Impacts of clearing the Amazon rainforest  (int-5578) 

Deepen your understanding of this topic with related case studies and questions.
 • Investigate additional topics > Environments > Forest environments

Explore more with
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13.12  Changing the ocean biome

13.12.1 Overfishing — causes and consequences
The ocean biome has always been seen as an unlimited resource of food for humans. In fact, overfishing is 
causing the collapse of many of our most important marine ecosystems, and threatens the main source of 
protein for over one billion people worldwide. Aquaculture is a possible solution but, at the same time, it 
contributes to the decline in fish stocks.

Overfishing is simply catching fish at a rate higher than the rate at which fish species can repopulate. It is an 
unsustainable use of our oceans and freshwater biomes.

Massive improvements in technology have enabled fish to be located and caught in larger numbers and from 
deeper, more inaccessible waters. The use of spotter planes, radar and factory ships ensures that fish can be 
caught, processed and frozen while still at sea.

Globally, fish is the most important animal protein consumed (see FIGURE 1). Historically, 
a lack of conservation and management of fisheries, combined with rising demand for 
fish products, has seen a ‘boom and bust’ mentality (see FIGURE  2). The larger fish 
species are targeted and exploited and, after their populations are decimated, the next 
species are fished. Examples of these include blue whales, Atlantic cod and bluefin tuna.
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FIGURE 1  Global protein demand, 1980–2030 (million tonnes)

Source: OECD-FAO Agricultural Outlook

LEARNING INTENTION

By the end of this subtopic, you will be able to outline the problem of overfishing and discuss the benefits and 
problems with aquaculture.

aquaculture    the farming of 
aquatic plants and aquatic 
animals such as fish, 
crustaceans and molluscs
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What happens when we overfish?
 • With overfishing there are often large quantities of by-catch. This means that juvenile fish and other 

animals, such as dolphins and sea birds, are swept up in nets or baited on hooks before being killed and 
discarded. For every kilogram of shrimp caught in the wild, 5 kilograms of by-catch are wasted (see 
FIGURE 3).

 • Destructive fishing practices such as cyanide poisoning, dynamiting of coral reefs and bottom trawling 
(which literally scrapes the ocean floor) cause continual destruction to local ecosystems.

 • A large quantity of fish that could have been consumed by people is converted to fishmeal to feed the 
aquaculture industry, to fatten up pigs and chickens, and to feed pet cats. In Australia, the average cat eats 
13.7 kilograms of fish a year. The average Australian eats 15 kilograms per year.

 • Coastal habitats are under pressure. Coral reefs, mangrove wetlands and seagrass meadows, all critical 
habitats for fish breeding, are being reduced through coastal development, overfishing and pollution.

FIGURE 3  Up to 80 per cent of some fish catches is by-catch.

FIGURE 2  Unsustainable fishing

448 Jacaranda Humanities and Social Sciences 9 WA Second Edition

c13Biomes.indd   448 9/1/2020   4:23:04 AM

UNCORRECTED PAGE PROOFS



13.12.2 Aquaculture
Aquaculture is one of the fastest-growing food industries, providing fish for domestic and export markets. It 
brings economic benefits and increased food security (see FIGURE 4).

Since 2014, fish farming has produced more fish than fish caught in the wild; a harvest of 80 million metric 
tons was recorded in 2016. China is the largest farmed-fish producer, followed by India, Indonesia, Vietnam, 
Bangladesh, Egypt and Norway. Australia’s history of fish farming started more than 6000 years ago, when 
Indigenous Australians created a series of fish traps in Lake Condah, in south-west Victoria, to capture a 
reliable source of eels. Today, aquaculture is Australia’s fastest growing primary industry, producing more than 
40 per cent of Australia’s seafood.

While aquaculture is often seen as a sustainable and eco-friendly solution to overfishing, its rapid growth and 
poor management in many places has created large-scale environmental change. Some of these changes are 
described below.

 • Pollution. Many fish species are fed a diet of artificial food in dry pellets (see FIGURE 5). Chemicals in the 
feed, and the massive waste generated by fish farms, can pollute the surrounding waters.

 • Loss of fish stock. Food pellets are usually made of fish meal and oils. Much of this comes from by-catch, 
but the issue is still that we are catching fish to feed fish. It can take 2 to 5 kilograms of wild fish to 
produce one kilogram of farmed salmon. Other ingredients in the food pellets include soybeans and 
peanut meal — products that are suitable for human consumption and grown on valuable farmland.

 • Loss of biodiversity. Many of the fish species farmed are selectively bred to improve growth rates. If 
accidentally released into the wild, they can breed with native species and change their genetic makeup. 
This can lead to a loss of biodiversity. Capture of small ocean fish, such as anchovies, depletes food for 
wild fish and creates an imbalance in the food chain.

 • Loss of wetlands. Possibly the greatest impact of aquaculture is in the loss of valuable coastal wetlands. 
In Asia, over 400 000 hectares of mangroves have been converted into shrimp farms. Coastal wetlands 
provide important ecological functions, such as protecting the shoreline from erosion and providing 
breeding grounds for native fish.
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FIGURE 4  Global fish and aquaculture 1990–2030

Source: Food and Agriculture Organization of the United States. In Briefs: The State of World Fisheries and Aquaculture 2018. 
Meeting the Sustainable Development Goals.
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FIGURE 5  Feeding fish in pens, Thailand

Resources

Interactivity Hook, line and sinker (int-3324)

13.12 EXERCISE

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.

Check your understanding

 1. Explain how overfishing can lead to a loss of biodiversity.
 2. What is aquaculture?
 3. What is by-catch?

Learning pathways

LEVEL 1
Questions 
1–3, 6

LEVEL 2
Questions 
4, 7, 8

LEVEL 3
Questions 
5, 9, 10

13.12 ACTIVITIES

 1. Investigate and write a newspaper article on the collapse of the Atlantic cod fishery in Newfoundland. What 
lessons in the sustainability of fishing can be learned from the case of the Atlantic cod?
 HASS skills: Evaluating
 General capability: Ethical understanding

 2. Collect photographs and other information to create an annotated poster showing one of the destructive 
fishing practices mentioned in this subtopic. HASS skills: Communicating and reflecting
 General capability: Ethical understanding
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 4. List three benefits and three drawbacks of fish farming.
 5. Why is it difficult to manage wild fish capture and prevent overfishing?

Apply your understanding

 6. Examine the photograph in FIGURE 3 and describe the by-catch that you see.
 7. Refer to FIGURE 1. How important is fish as a source of protein compared with other sources? Use figures in 

your answer.
 8. Refer to FIGURE 4. Compare the predicted growth of fisheries capture (fish caught in the ocean) with 

aquaculture production to 2030.
 9. Suggest one reason why wild capture will not increase greatly in the future.
 10. What do you think the future of aquaculture might be? Explain your view using data to support your 

predictions.

For sample responses to every question, go to www.jacplus.com.au.

13.13  Land degradation

13.13.1 What is land degradation?
Land is one of our most basic resources and one that is often overlooked. In our quest to produce as much as 
possible from the same area of land, we have often failed to manage it sustainably. Land degradation is the 
result of such poor management.

Land degradation is a decline in the quality of the land to the point where it is no longer productive. Land 
degradation covers such things as soil erosion, invasive plants and animals, salinity and desertification. 
Degraded land is less able to produce crops, feed animals or renew native vegetation. There is also a loss in 
soil fertility because the top layers, rich in humus, can be easily eroded by wind or water. In Australia, it can 
take up to 1000 years to produce just three centimetres of soil, which can be lost in minutes in a dust storm.

Globally, 75 per cent of the Earth’s land area is substantially degraded. The rate of fertile soil loss is now 
averaging 24 billion tons per year globally. In Australia, of the five million square kilometres of land used for 
agriculture, more than half has been affected by, or is in danger of, degradation.

Land degradation is common to both the developed and developing world, 
and results from both human and natural causes.

Human causes
Human causes of land degradation involve unsustainable land management 
practices, such as:

 • land clearance — deforestation or excessive clearing of protective 
vegetation cover

 • overgrazing of animals — plants are eaten down or totally removed, 
exposing bare soil, and hard-hoofed animals such as cows and sheep 
compact the soil (see FIGURE 1)

 • excessive irrigation — can cause watertables to rise, bringing naturally 
occurring salts to the surface, which pollute the soil

LEARNING INTENTION

By the end of this subtopic, you will be able to outline the causes and effects of land degradation on our food-
producing lands, and discuss how poor food-production practices are creating environmental degradation and 
threatening biodiversity.

degradation    deterioration in 
the quality of land and water 
resources caused by excessive 
exploitation

erosion    the wearing down of 
rocks and soils on the Earth’s 
surface by the action of water, ice, 
wind, waves, glaciers and other 
processes

salinity    the presence of salt on 
the surface of the land, in soil or 
rocks, or dissolved in rivers and 
groundwater

humus    an organic substance 
in the soil that is formed by the 
decomposition of leaves and 
other plant and animal material
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 • introduction of exotic species — animals such as rabbits and plants such as blackberries become the 
dominant species

 • decline in soil fertility — caused by continual planting of a single crop over a large area, a practice known 
as monoculture

 • farming on marginal land — takes place on areas such as steep slopes, which are unsuited to ordinary 
farming methods.

Biophysical causes
Natural processes such as prolonged drought can also lead to land degradation. However, land can sometimes 
recover after a drought period. Topography and the degree of slope can also influence soil erosion. A steep 
slope is more prone to erosion than flat land.

13.13.2 Impacts of land degradation
As land becomes degraded, productivity, or the amount of food it can produce, is lost. Some countries in sub-
Saharan Africa have lost up to 40 per cent productivity in croplands over two decades, while population has 
doubled in the same time period. Farmers may choose to abandon the land, try to restore the land or, if the 
pressure to produce food is too great, they may have no choice but to continue using the land. Unproductive 
land will be exposed to continual erosion or weed invasion.

If extra fertilisers are applied to try to improve fertility, the excessive nutrients can create pollution and 
algae build-up in nearby streams. Airborne dust creates further hazards for both people and air travel. Land 
degradation is a classic example of human impact on all spheres of the environment — atmosphere, biosphere, 
lithosphere and hydrosphere.

FIGURE 2 illustrates global land productivity for different land uses, which is an important indicator of land 
degradation. Twenty per cent of the world’s cropland shows declining or stressed land productivity, despite the 
efforts and resources being used to maintain food production.

FIGURE 1  Soil erosion as a result of overgrazing in Australia
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About 40 per cent of degraded lands are found in places that experience widespread poverty, which is a 
contributing factor to food insecurity. Poor farmers with degraded land and few resources often have little 
choice but to continue to work the land. There is a strong interconnection between land degradation, migration 
and political instability. If declining soil quality and an increase in droughts due to climate change continue, 
between 50 and 700 million people could be forced to move by 2050.

Desertification is an extreme form of land degradation. It usually occurs in semi-arid regions of the world, 
and the result gives the appearance of spreading deserts. Desert biomes, or arid regions, are harsh, dry 
environments where few people live. In contrast, semi-arid regions, or drylands, occupy 41 per cent of 
the Earth’s surface and support over two billion people, 90 per cent of whom live in developing nations. 
Economically, drylands support 44 per cent of the world’s food production and 50 per cent of the world’s 
livestock. Although traditional grazing and cropping has taken place in dryland regions for centuries, 
population growth and the demand for food have put enormous pressure on land resources. Overclearing of 
vegetation, overgrazing and overcultivation are a recipe for desertification.

13.13.3 The effects of farmland irrigation on the land
Food production and security is directly related to water availability. Water is a finite resource and, although 
there is plenty of water in the world, it is not always located where people are concentrated or where food 
is grown. Therefore, humans have drawn water from both surface and underground sources to improve food 
production in areas of high population.

Most of the world’s food production is rain fed, or dependent on naturally occurring rainfall. Only a small 
proportion of agricultural land is irrigated, yet irrigation is now the biggest user of water in the world, 
consuming 70 per cent of the world’s freshwater resources. Irrigation brings many benefits, such as:

 • supplementing or replacing rain, especially in places where rainfall is low or unreliable. In many parts of 
the world, it is not possible to produce food without irrigation.

 • increasing crop yields, up to three times higher than rain-fed crops. Only 20 per cent of the world’s 
farmland is irrigated but it produces over 40 per cent of our food.

0%

Declining

Moderate decline

Stressed

Stable

Increasing

20%

Rangelands

Forest land

Grassland

Cropland

40% 60% 80% 100%

FIGURE 2  Global land productivity for selected land uses

Notes:  
Rangelands refers to shrublands mostly used for grazing.  
Forest land applies to land with more than 40 per cent tree cover.  
Grassland includes natural grasslands and pasture for grazing.  
Cropland includes all arable land and where 50 per cent of land is used for crops. 
Source: © European Union, 1995-2019. Cherlet, M., Hutchinson, C., Reynolds, J., Hill, J., Sommer, S.,von Maltitz, G. Eds., 
World Atlas of Desertification, Publication Office of the European Union, Luxembourg, 2018

Resources

Interactivity Losing land (int-3325)
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 • enabling a wide variety of foods to be grown, especially those with high water needs, such as rice, or with 
high value, such as fruit and wine grapes

 • flexibility, being used at different times according to crop needs; for example, during planting and 
growing or close to harvest time.

13.13.4 Environmental impacts of irrigation
While irrigation has resulted in increased food production and greater food security, it has also created major 
changes to the biomes where it is used. Irrigation changes the natural environment by extracting water from 
rivers and lakes and through the building of structures to store, transfer and dispose of water. The topography, 
or shape of the land, is often changed too, such as when terraces are built for paddy fields. In addition, 
irrigation water is often applied to the land in much larger quantities than naturally occurs, which can lead to 
changes in soil composition, and waterlogging and salinity problems.

How does irrigation create salinity problems?
Overwatering of shallow-rooted crops adds excess water to the watertable, 
causing it to rise (see FIGURE 4).

If the subsoils are naturally salty, much of this salt can be drawn to the surface. 
Most crops and pasture will not grow in salty soils, so the land becomes useless 
for farming. Land that is affected by salinity is also more prone to wind and 
water erosion.

FIGURE 3  Irrigation allows for pasture to be grown in times of drought. Compare the irrigated with the  
non-irrigated paddocks.

waterlogging    saturation of the soil with 
groundwater such that it hinders plant 
growth

watertable    the surface of the groundwater, 
below which all pores in the soils and rock 
layers are saturated with water
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Globally, some 62 million hectares of land 
(an area the size of France) has been lost 
due to such issues. Salinity is also a major 
cause of land degradation in Australia (see 
FIGURE 5).

As population increases, so too does 
demand for water. Moreover, there are 
always competing demands for water from 
the domestic, industrial and environmental 
sectors. For countries that have growing 
populations and limited water resources, 
water deficits and food insecurity are a 
growing concern. In many places in the 
world, water is becoming increasingly 
scarce. Consequently, the development of 
water resources is becoming more expensive 
and, in some cases, environmentally 
destructive.

For thousands of years, farmers have 
diverted water from rivers, lakes and 
wetlands for watering crops and pastures in 
dry areas. Large-scale irrigation schemes can 
effectively ‘water’ our deserts but, if too much water is used, wetlands can 
dry out, rivers cease to flow and lakes and underground aquifers shrink. It is 
estimated that between three and six times more water is held in reservoirs 
around the world than exists in natural rivers. It is possible that the level of 
water extraction will nearly double by 2050.
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Source: Spatial Vision

FIGURE 5  The distribution of salinity in Australia
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FIGURE 4  The development of irrigation salinity

aquifer    a body of permeable rock below 
the Earth’s surface, which contains water, 
known as groundwater
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As surface water resources become fully exploited, people turn to underground water sources. Improvements in 
technology have also enabled farmers to pump water from aquifers deep underground (see FIGURE 6).

Groundwater levels do not respond to changes in the 
weather as rapidly as rivers and lakes do. If the water is 
removed unsustainably (at a rate that is faster than the 
rate of replenishment by rainfall, run-off or underground 
flow), then watertables fall. Water extraction then 
becomes harder and more expensive. Water stored in 
aquifers can take thousands of years to replenish. Over-
extraction of groundwater can result in wells running dry, 
reduced stream flow, and even land subsidence (sinking).

The High Plains region of the central United States is 
the leading irrigation area in the western hemisphere, 
producing over $20 billion worth of food and fibre 
per year (see FIGURE 7). In all, 5.5 million hectares of 
semi-arid land is irrigated using water pumped from the 
huge Ogallala Aquifer (see FIGURE 8). Since large-scale 
irrigation was developed in the 1940s, groundwater levels 
have dropped by more than 30 metres. Pesticides and 
other pollutants from farming have also infiltrated the 
groundwater. Scientists estimate that the aquifer will be 
69 per cent depleted by 2060 and it would take more than 
6000 years for it to refill naturally.

Watertable

Stream

Pumping
well

of water

Impervious rock layer

Precipitation
Pumping water

from wells can lower
the watertable.

FIGURE 6  Diagram showing the use of groundwater as a water source for farming

FIGURE 7  Irrigated cropland relies heavily on 
water from the Ogallala Aquifer.
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FIGURE 8  The size of the Ogallala Aquifer in the central United States

Resources

Interactivity The development of irrigation salinity (int-5589)

How is rice grown? (int-3322)
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13.13 ACTIVITIES

 1. Create an annotated sketch to show the interconnection between plants and soil. Use the following points as 
labels on your sketch.

 • Plant roots help hold soil together.
 • Decomposing plants add nutrients to the soil.
 • Plants shade the topsoil and reduce evaporation.
 • Plants reduce the speed of wind passing over the ground. HASS skills: Communicating and reflecting

 2. Many towns, properties and businesses in Western Australia rely on water from aquifers. Identify one town, 
area or business operation (for example, a large cattle station or a mining operation) that uses water from 
aquifers. Create a map of the location, and research the extent of the aquifer. Predict the impacts this water 
extraction might have in the short and long terms. (Consider the impacts from environmental, social and 
economic perspectives.) Outline any steps being taken to reduce the negative impacts.
 HASS skills: Questioning and researching, Analysing

 3. a.  Investigate methods used in Australia to reduce the environmental effects of salinity.
 b. Using FIGURE 4 as a model, create a similar sketch depicting the development of irrigation salinity. Based 

on your research findings, annotate your drawing with suggestions for how to reduce the effects of irrigation 
salinity. HASS skills: Evaluating

 4. Research the Aral Sea in Asia and write a report outlining:
 • location
 • the issue of over-extraction of water
 • impacts of overuse.
Include a location map and labelled photographs in your report. For help with writing your report, go to  
1.13 SkillBuilder: Developing strong evidence-based discussions and explanations. 
  HASS skills: Questioning and researching

13.13 EXERCISE

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.

Check your understanding

 1. Identify four human causes of land degradation.
 A. Over-cultivation
 B. Steep slopes
 C. Over-irrigation
 D. Farming on marginal lands (for example, steep slopes or poor soils)
 E. The introduction of feral plant species
 F. Floods

Learning pathways

LEVEL 1
Questions 
1, 2, 3, 4, 11, 12, 13

LEVEL 2
Questions 
5, 6, 7, 8, 14

LEVEL 3
Questions 
9, 10, 15, 16
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 2. Identify three natural causes of land degradation.
 A. The introduction of feral animal species
 B. Steep slopes
 C. Drought
 D. Clearing of vegetation
 E. Flood
 F. Overgrazing
 3. Explain why land degraded by drought may recover, whereas land degraded by cultivation may not.
 4. Consider the photograph in FIGURE 1. Why would it be difficult to either graze animals or grow crops on this 

land?
 5. Identify the different types of water resources that can be used to supply water for food production.
 6. What is meant by the term waterlogging?
 7. What percentage of the world’s fresh water is consumed by irrigation?
 8. Outline three changes to the environment that are needed in order to irrigate land for agriculture.
 9. Study the FIGURE 5 map, which shows the distribution of salinity in Australia. Why do you think dryland 

salinity covers a larger area than irrigation salinity?
 10. Study FIGURE 8. Explain how pumping groundwater can lower watertables.

Apply your understanding

 11. Compare the advantages and disadvantages of using groundwater and surface water for farming.
 12. Examine the photograph in FIGURE 1. If this was your property and your livelihood, what steps would you 

take to reduce the erosion problem?
 13. Refer to FIGURE 2.
 a. Which land cover has the greatest percentage of stressed and declining productivity?
 b. What type of farming activities could explain the increased productivity in croplands?
 14. Soil salinity was not a problem when Indigenous Australian peoples were the land’s sole caretakers. What 

does this suggest about land management practices in this country since 1788?
 15. Has irrigation been a success or failure in Australia? Write a paragraph expressing your viewpoint.
 16. Select one of the examples shown in this subtopic and consider what steps water managers could take to 

reduce the impact of unsustainable water use in the region.

For sample responses to every question, go to www.jacplus.com.au.
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13.14  Diminishing global biodiversity

13.14.1 The loss of biodiversity
The last few centuries have seen the greatest rate of species extinction in the history of the planet (see FIGURE 1). 
The population of most species is decreasing, and genetic diversity is declining, especially among species that 
are cultivated for human use. Six of the world’s most important land biomes have now had more than  
50 per cent of their area converted to agriculture (see FIGURE 2).

In those places where there has been very little industrial-scale farming, a huge variety of crops are still 
grown. In Peru, for example, over 3000 different potatoes are still cultivated. Elsewhere, biodiversity as well as 
agricultural biodiversity (biodiversity that is specifically related to food items) is in decline. In Europe,  
50 per cent of all breeds of domestic animals have become extinct, and in the United States, 6000 of the 
original 7000 varieties of apple no longer exist. How has this happened?

Projected future extinction rate is
more than ten times higher than
current rate.

Current extinction rate is up to one
thousand times higher than the
fossil record.

Long-term average extinction rate

For every
thousand
mammal
species, less
than one went
extinct every
millennium.
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FIGURE 1  Extinctions per thousand species per millennium

Source: World Resources InstituteSource: World Resources Institute

LEARNING INTENTION

By the end of this subtopic, you will be able to outline the causes how global biodiversity and specifically 
agricultural biodiversity are on the decline, largely as a result of human activities, particularly the production of 
foods and fibres.
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Reasons for the decline in biodiversity include:

 • Industrial-scale farming and new high-yielding, genetically uniform crops replace thousands of different 
traditional species. Two new rice varieties in the Philippines account for 98 per cent of cropland.

 • Converting natural habitats to cropland and other uses replaces systems that are rich in biodiversity with 
monoculture systems that are poor in diversity (see FIGURE 3).

 • Uniform crops are vulnerable to pests and diseases, which then require large inputs of chemicals that 
ultimately pollute the soil and water. Traditional ecosystems have many natural enemies that combat pest 
species.

 • The introduction of modern breeds of animals has displaced indigenous breeds. In the space of 30 
years, India has lost 50 per cent of its native goat breeds, 30 per cent of sheep breeds and 20 per cent of 
indigenous cattle breeds.

Deepen your understanding of this topic with related case studies and questions.
 • Investigate additional topics > Endangered and introduced species > World species

Explore more with

Tropical and sub-tropical grass-
lands, savannas and shrublands

Temperate broadleaf
and mixed forests

Flooded grasslands
and savannas

Tropical and sub-tropical dry
broadleaf forests

Tropical and sub-tropical
coniferous forests

Temperate forest
steppe and woodland

Mediterranean forests,
woodlands and scrub

Tropical and sub-tropical
moist broadleaf forests

Deserts

Montane grasslands
and shrublands

Temperate coniferous forests

Percentage

Boreal forests

Tundra

Fraction of potential area converted

–10 0 10 20 30 40 50 60 70 80 90 100

Loss by
1950

Loss between
1950 and 1990

Projected loss
by 2050

FIGURE 2  Percentage of biomes converted to 
agriculture over time

Source: National Research Council 2010, Understanding the 
Changing Planet: Strategic Directions for the Geographical Sciences, 
The National Academies Press, Washington, DC, p. 32.
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FIGURE 3  Changes to percentage of original species 
according to changes in biomes for food production
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13.14.2 Australia’s biodiversity
Australia has a high number of endemic species, and 7 per cent of the world’s total species of plants, 
animals and micro-organisms. This makes Australia one of only 17 countries in the world that are classified 
as megadiverse — having high levels of biodiversity. These 17 nations combined contain 75 per cent of the 
Earth’s total biodiversity (see FIGURE 4). Australia’s unique biodiversity is due to its  
140 million years of geographic isolation. However, Australia has experienced the largest documented decline 
in biodiversity of any continent over the past 200 years. It is thought that 48 plant species and 50 species of 
animals (27 mammal species and 23 bird species) are now extinct.

The sustainable land and resource management practices of Aboriginal and Torres Strait Islander peoples 
carried out over many thousands of years ensured food security for the people and respect for the lands, 
waterways, lakes and marine environments that sustained them. At the time of European occupation in 
1788, their deep knowledge and close association with the land allowed for sustainable management of the 
ecosystems and biomes in which they lived. Rotational land occupation, sustainable fishing practices and 
controlled burning ensured that both biodiversity and food security were 
maintained. The ‘world view’ that describes this sustainable lifestyle is called an 
‘earth-centred’ approach. This means people’s interaction with the environment 
is one of caring stewardship.
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FIGURE 4  Distribution of megadiverse countries

endemic    describes species that 
occur naturally in only one region
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13.14 EXERCISE

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.

Check your understanding

 1. Describe the ways in which human activities can lead to a loss of biodiversity.
 2. What is a megadiverse country?
 3. Why is Australia considered a megadiverse country?
 4. Study FIGURE 2.
 a. Which three biomes have seen the greatest percentage change in areas converted to agriculture? Use 

figures in your answer.
 b. Suggest why these three have had the most change.
 5. Study the information in FIGURE 3. Describe the changes to the grassland biome as seen over time.

Apply your understanding

 6. In what ways would the Indigenous Australian peoples’ practice of rotational land occupation have helped 
maintain biodiversity before European occupation?

 7. Does it matter that we have fewer species of apples or goats? Explain your view with reference to what you 
have learned in this subtopic.

 8. What impacts might genetically modified crops have on species diversity?
 9. Suggest how the environmental impacts of a traditional small-scale farm might compare with a large-scale 

producer.
 10. Do you think it will be possible, in the future, for Australia to maintain its megadiverse status? What actions 

might contribute to this?

For sample responses to every question, go to www.jacplus.com.au.

Learning pathways

LEVEL 1
Questions 
1, 2, 3, 6

LEVEL 2
Questions 
4, 7, 8

LEVEL 3
Questions 
5, 9, 10

13.14 ACTIVITIES

 1. Investigate the issue of whaling and the conflicting viewpoints held by Australia and Japan.
 a. What were the factors (reasons) involved in:

 i. Australia’s decision to ban whaling
 ii. Japan’s decision to continue whaling?

 b. How would you suggest the two countries could come to a resolution?
 General capability: Ethical understanding

 2. Australia has experienced the largest documented decline in biodiversity of any continent over the past 200 
years.

 a. Investigate:
 i. land management practices that were used in your area before European colonisation
 ii. the plant and animal species that are endangered or threatened in your area.

 b. How might a more traditional approach help to protect these species? (As research, you could ask local 
Elders.) Suggest at least three strategies. HASS skills: Questioning and researching
 General capabilities: Intercultural understanding, Critical and creative thinking 
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13.15  Thinking Big research project: Fished out! 
PowerPoint
Scenario
Overfishing is one of the largest human-
caused ecological threats to the world’s 
food supply. An average person now eats 
20 kilograms of fish each year, which is 
more than twice the amount consumed 
50 years ago. Combined with a global 
population that has quadrupled in the 
same time period, the result is that  
60 per cent of fishing waters are 
fully fished out and 30 per cent 
of commercially fished waters are 
overfished. Globally, fish accounts 
for 17 per cent of all animal protein 
consumed and the fishing industry 
provides employment for more than 60 
million people, especially in developing 
countries where 97 per cent of the 
world’s fisherfolk live. Not only are 
we threatening an important food 
source, we are also causing damage 
to marine ecosystems and people’s 
livelihoods. Progress is being made in 
some fishing grounds, with commitment 
from fishers, governments, scientists 
and the Marine Stewardship Council 
to establish science-based standards 
for environmentally responsible and 
sustainable fishing.

Task
A conference has been organised for 
secondary Geography students studying 
biomes and food security. You have been invited to give a presentation on a current issue relating to food 
security, in this case overfishing, and to outline some of the responses that take into account economic, social 
and environmental factors.

Following the guidelines provided in the Process section, conduct some background research and then produce 
a PowerPoint presentation to highlight the threat that overfishing presents to the world’s food security. Your 
presentation should cover the following points:

 • a brief explanation and details of the global scale of overfishing (include data)
 • details of factors (a minimum of three) that have contributed to overfishing; for example, improvements in 

technology, lack of regulations and international laws, the open sea, illegal fishing, factory ships etc.
 • some of the impacts of overfishing on both the environment and people
 • a discussion of two responses that could contribute to a more sustainable approach to fishing and the 

social, economic and environmental implications of each. Is one more likely to be more effective? Why?
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Process
 • Open the ProjectsPLUS application 

in the Resources for this topic. 
Click on the Start new project 
button to enter the project due 
date and set up members in your 
project group if you wish to work 
collaboratively. You can present 
your PowerPoint either individually 
or with a partner, but you may 
work with a partner or in groups 
during the research phase, to 
enable information sharing and 
to help grow your ideas through 
collaborative discussion. Save your 
settings and the project will be 
launched.

 • Navigate to the Research forum, 
where you will find starter topics 
loaded to guide your research. You can add further topics to the research forum if you wish.

 • Use the weblinks in the Media centre, along with your own research to find information. Add your 
research notes to the relevant topic pages in the Research forum. Remember to record details of your 
sources so you can create a resources list (bibliography) at the end of your PowerPoint. When you have 
completed your research, you can print out the Research report in the Research forum to easily view all 
the information you have gathered, if you wish.

 • You should also search for suitable images to support your presentation. These should include a minimum 
of one map, one graph and three images. You might create your own graph using data that you find during 
your research. All images must have a source detailed beneath them.

 • When you have gathered all your information, use your research notes to identify and write concise points 
that you can use on your PowerPoint slides.

 • Set up your PowerPoint, adding a slide for each point, and include your images where appropriate. 
Remember not to use too much text on any one slide, and to choose an appropriate size and style of text 
that can be easily read by people in your audience.

 • Your final slide should be a bibliography detailing your reference material.
 • Review your completed PowerPoint, checking spelling and grammar thoroughly.
 • Ensure that you have completed all elements of the task and, when you are satisfied with your work, 

present your conference presentation to your teacher and class.

Resources

ProjectsPLUS Thinking Big research project: Fished out! PowerPoint (pro-0190)
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 13.16  Review
13.16.1 Key knowledge summary
13.2 Understanding biomes

 • Biomes are sometimes referred to as ecosystems.
 • Biomes share similar climate and life forms.
 • The Earth has five major biomes: forest, desert, grassland, tundra and aquatic. There are variations within 

each biome.

13.3 The characteristics of biomes
 • Biomes are controlled by climate.
 • Climate is influenced by latitude, landform, ocean currents and air movement.
 • Climate determines the type of soil that develops and the life forms that a biome can support.
 • The characteristics of soil are determined by temperature, rainfall and the rocks and minerals that make up 

the underlying bedrock.
 • There are more microbes in a teaspoon of soil than there are people on Earth.

13.4 Australia’s major biomes
 • All the major biome types, with the exception of tundra, are found in Australia.
 • After European settlement, significant changes have been made to Australia’s biomes.
 • All the major food grains that we use today have their origins in the grassland biome.

13.5 The importance of biomes to humans
 • Grasslands can occur naturally or as a result of human activity.
 • Forty-two per cent of the planet was once covered in grasslands; today they make up just 25 per cent of 

the Earth’s land area.
 • Grassland soils are generally deep and fertile, which makes them ideal for agricultural production.
 • Wetlands are saturated either permanently or seasonally. They are often tidal and provide important 

breeding grounds and habitats for both marine and freshwater species.
 • Wetlands are a natural filtering system and regulate river flow.
 • Coral reefs require specific temperature and sea conditions to develop and survive.
 • The top part of the reef is alive; it comprises living coral polyps growing on the remains of dead 

coral. Not only are they an important tourism resource, but they also have compounds that are used in 
painkillers and other medicines.

 • The reef ecosystem is fragile and easily damaged.

13.6 Global food production
 • Staple foods are those that are eaten regularly and in such quantities that they constitute a dominant 

portion of a diet.
 • Staple food production is interconnected with climate, environment, culture and traditions.
 • Most staple foods are cereals, such as wheat, barley, rye, oats, maize (corn) and rice; or root vegetables, 

such as potatoes, yams, taro and cassava.
 • Other staple foods include legumes, such as soya beans and sago; fruits, such as breadfruit and plantain (a 

type of banana); and fish.
 • The ongoing provision of food for an ever-increasing world population requires new thinking in 

sustainable food production.
 • The three main factors that have affected recent increases in world crop food production are increased 

cropland and rangeland area, increased yield per unit area and greater cropping intensity.
 • Agricultural innovations have changed and increased global food production.
 • The Green Revolution was a result of the development and planting of new hybrids of rice and wheat, 

combined with expanded irrigation and use of fertilisers, which have led to greatly increased yields.
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13.7 Modifying biomes for agriculture
 • Rapid global population growth has an impact on food production and the consequent modification of 

biomes.
 • Modifications to climate include the use of irrigation and greenhouses.
 • Soils can be modified through the use of fertilisers.
 • Landscapes can be modified through measures such as flattening, terracing or draining. Land reclamation 

involves creating new land from seas, rivers or lakes.

13.9 Food production in Australia
 • Climate and distance to markets are major factors in the control of all forms of agriculture in Australia.
 • Types of farming in Australia include extensive farming of sheep or cattle, extensive cereal crop farming, 

intensive farming such as dairy, horticulture and market garden cropping.

13.10 Food production’s effect on biomes
 • Earth is made up of four interconnected spheres: the atmosphere, hydrosphere, lithosphere and biosphere.
 • Natural events and human activities can create changes to these spheres.
 • New technologies and improvements in farming methods have increased our rate of food production but 

have also caused loss of biodiversity and unsustainable degradation of land and water.

13.11 Changing the forest biome
 • Forest biomes provide resources for a wide range of goods and services, and they support wide 

biodiversity.
 • The need for farmland and forest products has seen large-scale clearing of the world’s forests.
 • Deforestation creates a range of environmental impacts, examples of which can be seen in the Amazon 

rainforest.

13.12 Changing the ocean biome
 • Fish is an important source of food for over one billion people around the world.
 • Improvements in technology have enabled larger quantities of fish to be captured, processed and stored at 

greater distances from the coast.
 • A ‘boom and bust’ mentality has seen large-scale overfishing and the decline in fish species.
 • Aquaculture is now outstripping wild fish capture as an important supplier of fish and fish products.
 • Aquaculture, if poorly managed, can create environmental change.

13.13 Land degradation
 • Land that is poorly managed or overworked is susceptible to degradation. Erosion, salinity and pest 

invasions are all causes of land degradation.
 • Land degradation can result from both natural and human causes and can lead to a loss of productivity.
 • There is a strong interconnection between land degradation and food insecurity.
 • Food production and security is linked to water availability.
 • Irrigation is the biggest user of water in the world, consuming 70 per cent of freshwater resources.
 • Irrigation can contribute to an increase in type, yield and the seasonality of food production.
 • However, poorly managed irrigation has environmental costs, such as soil salinity and waterlogging.
 • Diversion of surface water and extraction of underground water need to be carried out in a sustainable 

manner, or watertables will fall and groundwater sources will run dry.

13.14 Diminishing global biodiversity
 • Globally, there is a decline in the number and population of most species.
 • Changes in agriculture, large-scale changes to habitats and modern breeding of plants and animals all 

contribute to a loss of biodiversity.
 • Australia is considered a megadiverse country, with one of the highest levels of biodiversity in the world.
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13.15.2 Key terms

arable    describes land that can be used for growing crops

agribusiness    business set up to support, process and distribute agricultural products

aquaculture    the farming of aquatic plants and aquatic animals such as fish, crustaceans and molluscs

aquifer    a body of permeable rock below the Earth’s surface, which contains water, known as groundwater

biodiversity    the variety of plant and animal life within an area

biofuel    fuel that comes from renewable sources

biophysical environment    the natural environment, made up of the Earth’s four spheres — the atmosphere, biosphere, 
lithosphere and hydrosphere

clear-felling    the removal of all trees in an area

deforestation    clearing forests to make way for housing or agricultural development

degradation    deterioration in the quality of land and water resources caused by excessive exploitation

endemic    describes species that occur naturally in only one region

erosion    the wearing down of rocks and soils on the Earth’s surface by the action of water, ice, wind, waves, glaciers and other 
processes

extensive farm    farm that extends over a large area and requires only small inputs of labour, capital, fertiliser and pesticides

greenhouse gases    any of the gases that absorb solar radiation and are responsible for the greenhouse effect. These include 
water vapour, carbon dioxide, methane, nitrous oxide and various fluorinated gases.

Green Revolution    a significant increase in agricultural productivity resulting from the introduction of high-yield varieties of 
grains, the use of pesticides and improved management practices

groundwater    water that exists in pores and spaces in the Earth’s rock layers, usually from rainfall slowly filtering through over a 
long period of time

horticulture    the practice of growing fruit and vegetables

humus    an organic substance in the soil that is formed by the decomposition of leaves and other plant and animal material

hybrid    plant or animal bred from two or more different species, sub-species, breeds or varieties, usually to attain the best 
features of the different stocks

irrigation    the supply of water by artificial means to agricultural areas

innovation    new and original improvement to something, such as a piece of technology or a variety of plant or seed

intensive farm    farm that requires a lot of inputs, such as labour, capital, fertiliser and pesticides

latitude    the angular distance north or south from the equator of a point on the Earth’s surface

leeward    describes the area behind a mountain range, away from the moist prevailing winds

logging    large-scale cutting down, processing and removal of trees from an area

mallee    vegetation areas characterised by small, multi-trunked eucalypts found in the semi-arid areas of southern Australia

organic matter    decomposing remains of plant or animal matter

per capita    per person

plantation    an area in which trees or other large crops have been planted for commercial purposes

pneumatophores    exposed root system of mangroves, which enables them to take in air when the tide is in

precipitation     the forms in which moisture is returned to the Earth from the sky, most commonly in the form of rain, hail, sleet 
and snow

rain shadow    the dry area on the leeward side of a mountain range

salinity    the presence of salt on the surface of the land, in soil or rocks, or dissolved in rivers and groundwater

sustainable    describes the use by people of the Earth’s environmental resources at a rate such that the capacity for renewal is 
ensured

treeline    the edge of the area in which trees are able to grow

tundra    the area lying beyond the treeline in polar or alpine regions

undulating    describes an area with gentle hills

urbanisation    the growth and spread of cities

waterlogging    saturation of the soil with groundwater such that it hinders plant growth

watertable    the surface of the groundwater, below which all pores in the soils and rock layers are saturated with water

windward    describes the side of the mountain that faces the prevailing winds
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13.16.3 Reflection
Complete the following to reflect on your learning.

 13.16  Review exercise
Multiple-choice

 1. Which two of the following are not characteristics of the forest biome?
 A. Regulates global climate
 B. Teeming with plant and animal life
 C. Source of a range of modern foods and medicines
 D. Dominated by grass
 E. Produces the oxygen that sustains life
 F. Recycles water
 G. Places of temperature extremes

 2. Identify which of the following statements are true, and which are false.

Statement True False

Grasslands are found on every continent.

Grasslands make up 35 per cent of the Earth’s land area.

Grasslands are the least threatened biome.

Grasslands are the most useful biome for agriculture.

 3. A coastal wetland is:
 A. a biome that is permanently covered with water.
 B. a biome that is covered with water in the morning.
 C. a biome where the ground is saturated either permanently or seasonally.
 D. a biome that only exists in winter and spring.

 4. What gives coral its colour?
 A. Fungus
 B. Algae
 C. Sunlight
 D. Minerals

Revisit the inquiry question posed in the Overview:

What on Earth are biomes? Are they just another part of the landscape or do we need them to survive?

 1. Now that you have completed this topic, what is your view on the question? Discuss with a partner. Has your 
learning in this topic changed your view? If so, how?

 2. Write a paragraph in response to the inquiry question outlining your views.

Resources

eWorkbook Customisable worksheets for this topic (ewbk-5827)

Reflection (ewbk-5826)
Crossword (ewbk-5825)
Student Learning Matrix (ewbk-5805)

Interactivity The impacts of global food production crossword (int-7646)

470 Jacaranda Humanities and Social Sciences 9 WA Second Edition

c13Biomes.indd   470 9/1/20   6:43 PM

UNCORRECTED PAGE PROOFS



     5.  In which biome would make-up sponges be sourced? 
     A.  Forest 
     B.  Ocean 
     C.  Grassland 
     D.  Desert   

     6.  Based on  FIGURE 7  from subtopic 13.6, if food production were to increase in the future, identify  three
places that might experience this expansion.    

     A.  Australia 
     B.  South-East Asia 
     C.  Eastern Europe 
     D.  Scandinavia 
     E.  West Africa 
     F.  Central America 
     G.  Canada   

     7.  There are over 50 000 edible plants; however, people rely on only a small group of staple foods. Identify 
three factors that explain this. 

     A.  It is diffi cult to grow most crops on a large scale. 
     B.  Most of the staples are cereal crops that store well over long periods. 
     C.  Staples are foods that grow under a variety of climatic conditions. 
     D.  Many of the 50 000 crops are perishable and have a short shelf life. 
     E.  Only crops with a short growing season are suitable as staple foods.   

Arctic Circle

Tropic of Cancer

Equator

Tropic of Capricorn

PACIFIC OCEAN

ARCTIC OCEAN

ATLANTIC

OCEAN

INDIAN

OCEAN

100% pasture100% cropland

None

Far from minimum Close to maximum

Type of agriculture

Yield of maize farmland20000 4000 km

Source: Spatial Vision

  FIGURE 7    World distribution of cropland, pasture and maize. More maize could be grown if improvements were made to 
seeds, irrigation, fertiliser and markets.  
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     8.  The Earth’s sphere that is most affected by the production of food is the __________. 
     A.  biosphere 
     B.  lithosphere 
     C.  atmosphere 
     D.  hydrosphere      

     9.  As the world’s population 
has increased, which three 
of the following have 
enabled food production to 
keep pace? 

     A.  Improved technology 
     B.  Climate change 
     C.  More labour 
     D.  Irrigation 
     E.  Better economy 
     F.  Use of fertilisers and pesticides   

     10.  Which three of the following are advantages of irrigated farming over rain-fed farming? 
     A.  Increased fertiliser use 
     B.  Increased yields 
     C.  Fewer pests 
     D.  Reduced threat of droughts 
     E.  Less labour required 
     F.  Lower climates 
     G.  Reliable water supply     

  Short answer  

     11.  Describe the location of grasslands in Australia. 

     12. a.  Describe the environment found in this place 

     b.  Describe the changes that took place in this environment between 1962 and 2013. Include reference to the 
scale of this change in your response. 

     c.  Explain the interconnection between human activity and the decline of the coral reef environment in   
this place.        

Lithosphere: consists of the core,
mantle and crust of the Earth

Atmosphere: contains
all of the Earth’s air

Biosphere: the collection
of all Earth’s life forms

Biosphere

Lithosphere

Hydrosphere

Atmosphere

Hydrosphere: 97 per cent
of the Earth’s water is found in

salty oceans, and the remainder as
vapour in the atmosphere and as

liquid in groundwater, lakes, rivers,
glaciers and snow�elds.

  FIGURE 1    The Earth’s four spheres  
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  FIGURE 1(a)    1962  
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  FIGURE 1(b)     2013  
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 13. Why would Australia be described as a land of contrasts?

 14. How might an environment change if a virus or bacteria that originated in a greenhouse was released into 
the environment?

 15. Explain how the effects of a poorly managed farm can interconnect all four of Earth’s spheres.

 16. Make a list of the types of human activities that can contribute to land degradation.

 17. Would land degradation in urban areas be similar to or different from land degradation in rural areas? 
Explain your answer.

 18. Is the increasing use of groundwater a sustainable option for future farming? Justify your answer.

 19. Palau, a small country of 22 000 people and over 200 islands, is located 800 kilometres east of the 
Philippines. It is the first nation in the world to create a shark sanctuary. Estimates have shown that 
catching 100 reef sharks would be worth a one-off $18 000. Those same reef sharks, as a tourist and diving 
attraction, currently bring in $18 million annually. It took some effort to convince Palauans to protect 
sharks, but they are now responsible for managing and enforcing shark-fishing restrictions.
How do you view the decision of the Palau Government? Is this the best way to reduce 
the environmental threat of overfishing of a species?

 20. ‘It is easy to restore or recreate biomes.’ Discuss. 

FIGURE 2  Koror Island, home to the commercial centre of Palau
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RESOURCE SUMMARY  Resources

This is a summary of the digital resources you will find online for Topic 13 to help support your learning and deepen 
your understanding. When you see these icons next to an image or paragraph, go to learnON to access video 
eLessons, interactivities, weblinks and other support material for this topic.

13.1 Overview

Video eLesson
 • Bountiful biomes (eles-1717)

13.2 Understanding biomes

eWorkbook
 • Major biomes (ewbk-5806)

Interactivities
 • Beautiful biomes (int-3317)
 • Major biomes of the world (int-7909)

13.3 The characteristics of biomes

eWorkbook
 • Different types of biomes (ewbk-5807)

Interactivities
 • Why are biomes different? (int-3319)
 • The formation of rain-shadow deserts (int-3628)
 • A typical soil profile (int-3608)
 • Different biomes have different soil and vegetation 

characteristics. (int-7912)

13.4 Australia’s major biomes

eWorkbook
 • Australia’s major biomes (ewbk-5808)

Interactivity
 • Climate classification of Australia (int-5580)

Explore more with myWorld Atlas
 • Investigating Australian Curriculum topics > 

Year 9: Biomes and food security > Australia’s 
alpine biomes

13.5 The importance of biomes to humans

eWorkbook
 • The grassland biome (ewbk-5809)
 • Coastal wetlands (ewbk-5810)
 • Coral reefs (ewbk-5811)
 • Protecting biomes (ewbk-5812)

Interactivities
 • Grass, grains and grazing (int-3318)
 • Grasslands occupy about a quarter of the Earth’s 

land surface. (int-7913)
 • Cross-section of a wetland (int-5576)
 • Anatomy of a coral reef (int-7914)
 • The formation of fringing reefs, barrier reefs and 

coral atolls (int-7915)

Explore more with myWorld Atlas
 • Investigate additional topics > Environments > 

The Great Barrier Reef

13.6 Global food production

eWorkbook
 • Feeding the world (ewbk-5813)
 • Increasing food production (ewbk-5814)

Video eLesson
 • A plate full of biomes (eles-1718)

Interactivity
 • Changing nature (int-3321)

Explore more with myWorld Atlas
 • Investigating Australian Curriculum topics > 

Year 9: Biomes and food security > Wheat

13.7 Modifying biomes for agriculture

eWorkbook
 • The impact of human activity (ewbk-5817)

Interactivity
 • Changing nature (int-3321)

Weblink
 • Modifying biomes for agriculture

Explore more with myWorld Atlas
 • Investigating Australian Curriculum topics > Year 

9: Biomes and food security > Wheat

13.8 Thinking Big research project: Our 
world of biomes AVD

ProjectsPLUS
 • Thinking Big research project: Our world of 

biomes AVD (pro-0188)
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13.9 Food production in Australia

eWorkbook
 • How is food produced in Australia? (ewbk-5815)

Digital doc
 • Topographic map of Carnarvon (doc-35187)

Weblinks
 • Indigenous food sources
 • Fish River Station

Explore more with myWorld Atlas
 • Investigate additional topics > Managing water 

resources > Water resources in Australia

13.10 Food production’s effect on biomes

eWorkbook
 • Impacts of farming on the lithosphere 

(ewbk-5820)
 • Impacts of farming on the hydrosphere 

(ewbk-5822)
 • Impacts of agriculture on biodiversity (ewbk-5823)
 • Impacts of agriculture on the atmosphere 

(ewbk-5824)

Video eLesson
 • Trashing our biomes (eles-1719)

Interactivities
 • Degrading our farmland (int-3323)
 • The Earth's four spheres (int-7919)
 • State of the world’s land and water resources for 

food and agriculture (int-7920)

13.11 Changing the forest biome

eWorkbook
 • Deforestation (ewbk-5818)

Interactivity
 • Impacts of clearing the Amazon rainforest 

(int-5578)

Explore more with myWorld Atlas
 • Investigate additional topics > Environments > 

Forest environments

13.12 Changing the ocean biome

eWorkbook
 • Aquaculture (ewbk-5819)

Interactivity
 • Hook, line and sinker (int-3324)

13.13 Land degradation

eWorkbook
 • Irrigation (ewbk-5821)
 • Rice — an important food crop (ewbk-xxxx)
 • Cacao — a vital cash crop (ewbk-xxxx)

Interactivities
 • Losing land (int-3325)
 • The development of irrigation salinity (int-5589)
 • How is rice grown? (int-3322)

13.14 Diminishing global biodiversity

Explore more with myWorld Atlas
 • Investigate additional topics > Endangered and 

introduced species > World species

13.15 Thinking Big research project: 
Fished out! PowerPoint

ProjectsPLUS
 • Thinking Big research project: Fished out! 

PowerPoint (pro-0190)

13.16 Review

eWorkbook
 • Reflection (ewbk-5826)
 • Crossword (ewbk-5825)
 • Student Learning Matrix (ewbk-5805)

Interactivity
 • The impacts of global food production crossword 

(int-7646)

To access these online resources, log on to www.jacplus.com.au.
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