VCE UNITS
ENVIRONMENTAL
SCIENCE -l & 2

Monltorln -

ENVIRONMENT

EDUCATION
VICTORIA




This publication has been produced by the Victorian
Association for Environmental Education Inc trading
as Environment Education Victoria.

© Environment Education Victoria 2021

This book is copyright. Apart from any fair dealing for the
purposes of private study, research, criticism or review, as
permitted under the Copyright Act 1968 (Cwlth), no part
may be reproduced without permission. All rights reserved.

ISBN: 978-0-6451541-0-8 Paperback

First published in April 2001, second edition 2008,
third edition 2013, fourth edition 2016.

General disclaimer

This publication may be of assistance to you, but
Environment Education Victoria and its employees
do not guarantee that the publication is without flaw
or is wholly appropriate for your particular purposes
and therefore disclaims all liability for an error, loss or
other consequences which may arise from you relying
on any information in this publication.

Extracts from the VCE Environmental Science Study
Design (2022-2026) reproduced by permission; © VCAA.
VCE is a registered trademark of the VCAA. The VCAA
does not endorse or make any warranties regarding this
study resource. Current VCE Study Designs and related
content can be accessed directly at www.vcaa.vic.edu.au.

Copies of this publication are available from
Environment Education Victoria

www.eev.vic.edu.au
1 Tripovich St, Brunswick, Victoria 3056
Email admin@eev.vic.edu.au

Authors Unit 1:
Jorja McKinnon

Lisa Birkett
Veronica Thorp
Georga Cowan
Joanne Board
Melissa Nantsou

Authors Unit 2:

Jorja McKinnon
Marion Van Gameren
Georga Cowan
Joanne Board
Melissa Nantsou

Project coordinator: Jacquie Rynn
Editor: Margie Beilharz, The Open Desk (theopendesk.com)
Design: Pauline Mosley (paulinemosley.com)

Please be aware that this publication may
contain images and names of Aboriginal and
Torres Strait Islander people now deceased.



Foreword

Environment Education Victoria acknowledges
the generous support from the many contributors
to this fifth edition of Monitoring Environmental
Systems. VCE Environmental Science continues
to expand as a subject, and as we head towards
2030 there is no more important time to shape
the careers of young people aspiring to become
environmental practitioners. The broad career
options for young people studying Environmental
Science, like the subject matter itself, will evolve,
and the work taken on by students who continue
along this path will be world changing.

We trust that this new edition provides teachers
and students with the tools to go from awareness
to deeper understanding to be able to improve
local ecosystems and delve into the diverse
opportunities to become part of the solution

for global issues and climate change.

Committee of Management
Environment Education Victoria

ENVIRONMENT

EDUCATION
VICTORIA

Acknowledgement
of Country

Environment Education Victoria acknowledges
the Traditional Custodians and Elders of the

lands on which we live and work. We extend our
respect to Elders past, present and emerging of
all First Nations peoples. We respect and uphold
Aboriginal and Torres Strait Islander peoples’ vital
and continuing connection to the land, air, waters,
culture and all living things.



UNIT 1

How are Earth’s dynamic systems interconnected to support life? 1
AREA OF STUDY 1

How are Earth’s systems organised and connected? 2
Chapter 1. Investigation of local ecosystems

1.1 Components of the environment

1.2. Ecological relationships and energy transfer 15
Chapter 2. Earth systems thinking 21
2.1. Earth’s four systems 21
2.2. Environmental systems 32
Exploring science 1. Mixing iron into the north Pacific stirs geoengineering controversy 39
AREA OF STUDY 2

How do Earth’s systems change over time? 42
Chapter 3. Earth’s deep history 44
3. Origins of the solar system and formation of Earth 46
Chapter 4. Processes changing Earth 58
4], Environmental changes: short term 58
4.2. Environmental changes: long term 67

Chapter 5. Data and science in understanding and managing the environment

51 Studying Earth’s systems 72
5.2. Innovation and science 75
5.3. Managing environmental challenges 82
5.4. Earth’s weather systems 88
Exploring science 2. Modelling Earths weather 92
AREA OF STUDY 3

How do scientific investigations develop understanding of how Earth’s systems support life? 94
Chapter 6. Investigation design

6.1. Scientific investigation

6.2. Scientific methodologies 104
6.3. Health, safety and ethics 109
6.4. Data quality and investigation validity 12

Chapter 7. Scientific evidence: investigation principles

7.1. Handling data 14
7.2. Evaluating and discussing results 120
7.3. Writing scientific reports 121

Exploring science 3. Teaching Indigenous students on Country 125



UNIT 2

What affects Earth’s capacity to sustain life? 129
AREA OF STUDY 1
How can we manage pollution to sustain Earth’s systems? 130

Chapter 8. How can we manage pollution to sustain Earth’s systems?

8.1 Characteristics of pollutants 135
8.2. Transport mechanisms 140
8.3. Environmental impacts of pollutants 148
Chapter 9. Monitoring pollution 153
9.l Environmental indicators 153
9.2. Physical and chemical environmental indicators of water quality 157
9.3. Biological indicators of catchment health 164
9.4. State of the Environment environmental indicators 168
Chapter 10. Managing pollution 171
10.1. Controlling and treating pollution 171
Exploring science 4. Pollutants in our air 182
AREA OF STUDY 2

How can we manage food and water security to sustain Earth’s systems? 184
Chapter 11. Sustainable food systems 186
.. Food production in Australia 188
n.2. Conventional vs organic farming 192
Chapter 12. Food security 200
12.1. Improving food security 200
Chapter 13. Ecological footprint 205
13.1. Ecological footprint analysis 205
13.2. Calculating a product’s carbon footprint 210
Exploring science 5. Changing climate has stalled Australian wheat yields: study 214
AREA OF STUDY 3

How do scientific endeavours contribute to minimising human impacts on Earth’s systems? 216
Chapter 14. Evaluating evidence and communicating science 218
14.1. Primary and secondary data 220
14.2. Types of evidence 221
14.3. Assessing evidence quality 223
14.4. Organising data 225
14.5. Science communication 226
14.6. Representing data 227
14.7. Social, economic, legal and political considerations 229
14.8. Referencing sources 231
Exploring science 6. The detective work behind the Budj Bim eel traps World Heritage bid 232

Resources, Sources, Photo attributions and Acknowledgements 236-239






tems

-

i 8
[of




Living organisms are able to survive in ecosystems
as diverse as deserts, sea beds, the tropics and
Antarctica, as well as in backyard gardens and
ponds. In this area of study students analyse the
range of components and processes that contribute
to ecosystem functioning, and examine how events
occurring in one of Earth’s four interrelated systems
can affect all systems to support life on Earth.

The selection of learning contexts should allow
students to develop practical techniques and
undertake fieldwork to monitor and/or assess
ecological integrity and to examine the inputs,
processes and outputs of ecosystems. Students
develop their skills in the use of scientific equipment
and apparatus. They simulate or model population
changes such as the effects of introduced species
on predator-prey relationships, and develop their
skills in selecting appropriate sampling methods to
determine the number and proportion of different
species present, such as transects and quadrats

in fieldwork.

Outcomel

On completion of this unit the student should be
able to describe the movement of energy and
nutrients across Earth’s four interrelated systems,
and analyse how dynamic interactions among
biotic and abiotic components of selected local and
regional ecosystems contribute to their capacity to
support life and sustain ecological integrity.



AREA OF How are Earth’s

STUDY

systems organised
and connected?

Key knowledge

Area Section

Investigation of local ecosystems

 the range of biotic and abiotic components that determine the environmental
conditions of varied habitats within aquatic and terrestrial ecosystems

11

* interrelationships within ecological communities as represented by food chains,
food webs, energy and biomass pyramids

1.2

Earth systems thinking

 natural interactions between Earth’s four systems - the atmosphere, biosphere,
hydrosphere and lithosphere - that support and are affected by the movement of 21
energy and matter within and between local and global ecosystems

» systems thinking as a way of exploring relationships in environmental systems by
identifying inputs, outputs, components and processes that may be visible or invisible 2.2
to the human eye, including representation of a local and regional environmental system

W



Investigation of local ecosystems

CASE STUDY 1.1

Fires fuelled by climate
change are damaging Earth’s
fundamental systems

Our planet consists of four interconnected spheres
that make up all life on Earth. These spheres are the:

* lithosphere - solid ground
» atmosphere - all gases
* hydrosphere - all water

* biosphere - all life.

Natural disturbances, including earthquakes,
bushfires, floods and drought, affect the
components of individual spheres and can also
change the way Earth’s spheres interact with
each other. As our climate warms, some natural
disturbances, such as bushfires, are becoming
more extreme and having a damaging impact on
components of the interrelated spheres, such as
wildlife, plants and soil.

Black Summer fires

In the Australian summer of 2019-20, known as
Black Summer, the country saw possibly its worst
bushfire season in history. Fires burnt on the east
coast of Australia from June 2019 to May 2020,
burning 18,636,077 hectares (ha) of land.

Thirty-four people died in the fires, and another 417
deaths were attributed to indirect effects, such as
smoke inhalation and heat. Around 3,500 homes
and 5,850 outbuildings were burnt, and the costs of
the fires are estimated at approximately $103 billion.

Ecologists from the University of Sydney estimated
more than one billion mammals, birds, and reptiles
were lost, and scientists are concerned that entire
species of plants and animals may have been wiped
out by bushfire. The fires are estimated to have
released around 306 million tonnes (t) of carbon
dioxide into the atmosphere.
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What caused the fires?

While the individual fires were largely caused by
lightning strikes, the huge scale of the fires came
about because of the dry forest environments.
Large areas of forests were particularly dry because
of widespread drought and record-breaking heat
brought about by climate factors including:

* in the shorter term - weather patterns caused
by a positive Indian Ocean Dipole (see p 91)

* in the longer term - climate change.

How climate change affects bushfires

Climate change intensifies both the size and
frequency of bushfires. Researchers from Murdoch
University, University of Tasmania, University of
Wollongong and CSIRO are working to understand
accurately the impacts of more frequent and
larger ecological disturbances caused by bushfire.
They have proposed a model, called the ‘interval
squeeze’, to explain the effects of altered bushfire
patterns (Enright et al. 2015). The model describes
the challenges faced by fire-intolerant woody plant
species in fire-affected ecosystems globally.

Mature tree drops
seeds that remain
in soil seed back

Tree flowers Fire or
and produces rainfall
triggers

large amounts
of seed germination

Tree grows for 15+
years until it reaches
reproductive
maturity

Figure 1.1. Forests regenerate when trees produce seeds
that can grow to maturity

The interval squeeze model shows that warmer and
drier conditions and more frequent fires give plants
fewer opportunities for new plant growth. If the
climate continues to get warmer and drier, woody
plant species will on average produce fewer seeds,
and fewer seedlings will survive. As areas become
more fire-prone, these woody plants may not have
long enough periods between fires to grow to
maturity and produce enough seeds to sustain

the population (Figures 1.1 and 1.2).

The 2019-20 bushfires posed similar threats

to the biosphere. Such intense bushfires will
ultimately drive some plant species to extinction,
as populations will be limited in their means

of reproduction and survival. These fires also
had a devastating impact on wildlife, and some
endangered species may have become extinct.

The carbon dioxide emitted by the fires would
usually be reabsorbed by forest regrowth, but this
might not be possible if some plants and forests
can’t regenerate in the time between fires. The air
we breathe and the water we drink after a bushfire
can damage our health, highlighting the importance
of lessening the amount and intensity of bushfires.

Mature tree drops
seeds that remain

in soil seed back

Seedlings germinating
from the seed bank do
not survive to maturity
because of increased Fire or
frequency of fires rainfall
triggers
germination

Fire kills tree
before it

produces seed Mature trees are not

replaced and seed
banks are not
replenished

Seed begins

to grow

Figure 1.2. Fire-intolerant species can't regenerate when
fires are frequent
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The lithosphere, in particular the fertility of soil,
altered considerably due to the fires as the soil was
deprived of nitrogen, which is essential for plant
growth. Poor soil quality can also have a negative
impact on the hydrosphere, as the top layer of soil
after the fires had burned and could be eroded

by rain and wind into waterways such as streams
or reservoirs. Sediment would accumulate in the
waterways, which would result in siltation.

In all these ways, the fires affected all four of
Earth’s spheres.

Questions

1. Determine the science required to understand
this case study.

2. Describe the types of technology that would
assist with understanding or solving issues in
this case study.

3. List the many stakeholders involved in this
case study.

Reference

Enright NJ, Fontaine JB, Bowman DMJS, Bradstock
RA, & Williams RJ, 2015, Interval squeeze:

altered fire regimes and demographic responses
interact to threaten woody species persistence

as climate changes, Frontiers in Ecology and the
Environment, vol. 13(5), pp. 265-72.

4. Using the definitions presented in
‘Stakeholder values’ (p 82), describe the values
and priorities of the stakeholders involved.
Justify your choice/s.

5. ldentify the regulatory frameworks used to
protect the environment that is described
this case study.

CASE STUDY 1.2

EcoCheck: the Grampians
are struggling with drought
and deluge

John White, Associate Professor in Wildlife and
Conservation Biology, Deakin University; Dale
Nimmo, Lecturer in Ecology, Charles Sturt
University; and Susannah Hale, PhD Candidate
in ecology, Deakin University

This article was originally published in The Conversation,

9 September 2016.
https.;//theconversation.com/ecocheck-the-grampians-are-struggling
-with-drought-and-deluge-65097

The Grampians National Park is a large conservation
reserve, sprawling across 168,000 ha embedded

in western Victoria’s agricultural landscape. With

a rich cultural heritage and regionally important
flora and fauna, it is a hugely significant area

for conservation. But in recent years it has been
subjected to a series of major wildfire events, a
flood, and long periods of low rainfall.

Our research shows that this has sent small
mammal populations on the kind of boom-and-bust
rollercoaster ride usually seen in arid places, not
temperate forests.
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The fire and the flood

We began studying the Grampians in 2008,
investigating how small mammals had responded

to a catastrophic wildfire that burned half of the
national park in 2006. What started as a 1-year study
has turned into a long-term research program to
investigate how the past few years of hypervariable
rainfall and heightened bushfire activity have
affected the animals that live in the park.

Fortunately (for our study, at least), the beginning
of our research in 2008 was in the middle of a long
run of very poor rainfall years, as the Millennium
Drought reached its height. The drought was broken
at the end of 2010 by the Big Wet, which led to well-
above-average rainfall and floods in the Grampians.

But soon after, rainfall rapidly dipped back to below
average. It has stayed there ever since. We also saw
two more major fire events, in 2013 and 2014, which
together with the 2006 fire burned some 90% of
the Grampians landscape.

The reason this is fortunate from a scientific point of
view is that this sequence of events has mimicked
almost exactly the predictions of what climate
change will bring.

We believe the Grampians is offering us a lens
through which to look at future climate conditions
and at how ecosystems will respond.

4007 ?
300

2007

12 month residual rainfall (mm)

i \
-1007 3 S \
----- s it & & Rt Cralt
1 s 3 \y
-200 |||' ¥
$
-3007

T T T T T T T T
1980 1985 1990 1995 2000 2005 2010 2015
Year
Figure 1.3. Rainfall relative to the long-term average in the

Grampians region. Since the mid-1990s rainfall has rarely been
above average, with the exception of 2011. Author provided

Animals on the wane

We have monitored small mammal communities at

36 sites throughout the Grampians each year since
2008. The system exhibited extremely slow recovery
after the 2006 wildfires, with the mammal community
dominated by the introduced house mouse.

Then all of a sudden, in 2011 and particularly 2012, the
system went boom. Mammal numbers almost trebled.
We were seeing species in areas where we had never
found them before, and populations were flourishing.

It was amazing. But almost as fast as the system
went up, it crashed back to low numbers again by
2013 and has stayed that way since. This boom and
bust is not something we would expect to see in a
temperate forest ecosystem such as the Grampians.
It is more like what you would expect to see in arid
ecosystems.

It is clear that rainfall is incredibly important for the
region’s small mammal communities. If the rain turns
off, mammal numbers decline and they retreat to
areas that offer enough resources for them to survive.

The rain is a critical bottom-up driver of this
ecosystem, because it sparks plant growth, which
in turn encourages invertebrates. Mammals depend
on both for food.

-

Figure 1.4. The Grampians' mammals, such as this heath mouse,
ultimately depend on reliable rainfall. Author provided
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The climate question

How can these findings inform us about the
potential impacts of climate change? Maybe we
need to look at what the broad predictions are for
future climate conditions in south-east Australia.
What we can expect is a general reduction in
rainfall, with rainfall in many years falling well below
long-term averages, punctuated by extreme rainfall
events and floods.

We can also expect to see much more fire activity, with
more frequent, bigger and more intense bushfires.

Our research suggests that places like the Grampians,
which we thought would be fairly resilient to climate
change, may be in far more trouble than we thought.
We could potentially lose species entirely if the dry
periods continue for too long.

Possibly more troubling is the potential interplay
between flood events and subsequent fires.

Effectively, the flood events could be promoting
fires. While this sounds counterintuitive, floods drive
rapid vegetation growth and recovery, effectively
priming the landscape for severe fires once rainfall
dwindles again.

We saw this in 2013 and 2014, with major fires
following on the heels of the 2011 floods. While fire
is not a bad thing for ecosystems, our research has
highlighted the critical importance of having a lot of
long-unburnt vegetation in the system to promote
the best conditions for mammal communities.

Questions

1. Determine the science required to understand
this case study.

2. Describe the types of technology that would
assist with understanding or solving issues in
this case study.

3. List the many stakeholders involved in this
case study.

Unfortunately, the system has extremely limited
long-unburnt vegetation. If climate change pans

out in a similar way to what we have seen in the
Grampians, the capacity for ecosystems to maintain
such vegetation will be compromised, with worrying
implications for native wildlife.

At this stage, the long-term prognosis for the health
of the Grampians ecosystem is mixed. With very
little long-unburnt vegetation, many small mammals
will struggle until the vegetation ages. They may

be waiting a long time if future rainfall and bushfire
projections are accurate.

We commented earlier on how lucky we have been
in getting such hypervariable rainfall conditions
across the duration of our research. We could not
have shown that a system like the Grampians is
acting like an arid boom-bust system if we had not
decided to take a long-term approach.

Long-term studies like this, however, are rare

in Australia and most of our knowledge is thus
limited to mere snapshots. If we had conducted
typical short-term studies looking at the response
of mammals to fire in 2009 versus 2012, we would
have missed the intervening boom.

In the face of emerging climate change, we need to
foster more long-term ecological research programs
around Australia in different landscape types.

You can follow this research project on Twitter at
@Wild_Gramps.

4. Using the definitions presented in
‘Stakeholder values’ (p 82), describe the values
and priorities of the stakeholders involved.
Justify your choice/s.

5. ldentify the regulatory frameworks used
to protect the environment that is described
this case study.
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1.1. Components of the environment

The range of biotic and abiotic components that determine the environmental
conditions of varied habitats within aquatic and terrestrial ecosystems

All organisms on Earth depend on and interact
with a variety of biotic (living or once living)
and abiotic (non-living) factors in the particular
area or ecosystems where they are found.

Abiotic components Biotic components
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Figure 1.5. Interactions of biotic and abiotic
ecosystem components

Ecology

The scientific study of ecosystems is called

ecology. Ecologists study the interactions between
living things and between living things and their
environment. For instance, ecologists interested in
why population sizes of a species may be increasing
or decreasing can investigate biotic and abiotic
factors such as the climate, numbers of predators,
loss of habitat and food availability.

To understand these interactions it is important to
identify the ecological levels within living systems on

Earth, from the largest and most varied, to the smallest.

From biomes to individuals

The biosphere (all living things) can be broken
down into components called biomes. Biomes
contain many ecosystems. They are influenced
by global weather and climate patterns, which
determine the organisms that can survive in an
area. Figure 1.6 shows a generalised map of the
biomes around the globe.

1 Polar Tundra M Taiga M Mediterranean
desert [ Steppe M Mixed forest Savanna
M Montane M Tropics M Desert

Figure 1.6. Map of general global biomes

An ecosystem is the total of all the different
organisms that depend upon, and interact with,
each other in a specific location, plus the abiotic
factors that affect them such as wind, rain and tides.
Ecosystems are made up of many habitats which
are home to a variety of organisms (see Figure 1.7).

An ecosystem contains a number of communities.
An ecological community is made up of the
different species that interact at a specific

location (habitat). Members of a species are all the
organisms of the same kind that can breed together
to produce fertile offspring. Groups of organisms
belonging to a particular species and living in one
area are called populations; populations are made
up of individuals (Figure 1.7).
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Community
Population S

Individual

Figure 1.7. Levels of organisation within the biosphere

Ecosystem boundaries are not always well defined,
and ecosystems often blend into one another along
their borders. For example, a woodland forest

can blend into a coastal heathland, the difference
becoming more distinct as you get further from the
boundary. A large region dominated by a particular
type of vegetation can be viewed as an ecosystem,
but ecosystems can also be smaller areas with more
restricted interactions between organisms. For
example, an ecosystem can be a rainforest, a creek
or a log on the rainforest floor beside a creek.
Land-based ecosystems are called terrestrial,

and those in bodies of water are called aquatic.

Ecosystem processes

The processes operating within a system result in
change to the system. A process is any movement,
interaction or energy transfer occurring between
the components of a system, whether physical,
chemical or biological. Within a forest ecosystem,
the following processes are likely to occur: erosion,
deposition, growth, decomposition, condensation,
evaporation, cell division, reproduction and death.
Our basic ecosystem model can now be
represented in Figure 1.8.

Ecosystem

i A

W

Outputs
matter
energy

Inputs
P Components

Processes

matter
energy

Figure 1.8. A basic ecosystem model

Figure 1.9 shows a forest ecosystem represented
in the basic ecosystem model. You can see there
are many abiotic and biotic processes that affect
the system. For example, matter such as oxygen
and carbon dioxide are abiotic components that
determine the presence or absence of biotic
ecosystem components.

Inputs Components Outputs
Matter - fauna Matter
- fauna - flora - oxygen
- oxygen - water - water
- carbon dioxide - soils - wind-blown seed
- humans - rocks - timber
- climate
i e
- solar - heat
- respiration
- photosynthesis

- transpiration
- translocation
- reproduction
- succession

- cycling

- decomposition

Figure 1.9. A forest ecosystem (note the lists are not exhaustive)



AREA OF STUDY 1 | HOW ARE EARTH’S SYSTEMS ORGANISED AND CONNECTED?

Student activity 1.1
Science skills: Classification

1. Using your classroom as an example ecosystem, complete the following table by classifying
abiotic and biotic components.

Abiotic Biotic
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2. Looking at the abiotic and biotic components, describe how you interact with each component.
That is, how do you affect those components and how do they affect you?

3. Justify your answers to Question 2 by completing the following table, classifying your ideas
according to the column headings.

Opinion Evidence Theory/explanation

4. Explain how you define the boundaries in your classroom ecosystem and justify your answetr.

5. Answer the above questions (1-4) for an ecosystem of your choice from the classification of the
Victorian ecosystems shown in Table 1.1 (p 12).
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Victorian ecosystems

Ecosystems in Victoria are characterised by the Broadly, Victorian ecosystems, as used by Parks
type of vegetation they support. This vegetation is Victoria in their conservation action plans, include
determined by abiotic factors such as temperature, alps, mallee, grassland, dry forest and woodland,
soil type, rainfall, terrain, altitude and energy wet forest and rainforest, heathland, inland water
(such as wind or wave activity). and wetlands, marine, and coastal.

Table 1.1 Victorian ecosystems and their characteristics

Type of ecosystem Biotic and abiotic characteristics

Alps Harsh climatic conditions; low temperatures; high winds; long periods of snow
cover; short growing season

Mallee Low and unreliable rainfall; poor soil fertility; sandy soil; high summer
temperatures
Grassland Waterlogged soil in winter; dry, cracked soil in summer; occurs in volcanic and

alluvial plains

Dry forest Widely known as dry sclerophyll forest; supports a wide variety of plant and

and woodland animal species; small amount of rainfall; largely cleared for agriculture and
timber

Wet forest Highly sensitive to fire; found in sheltered gullies

and rainforest Cool temperate rainforests typically in highland areas with higher rainfall,

fertile soil, cooler temperatures

Warm temperate rainforests typically in low-lying areas with lower rainfall,
slightly warmer temperatures

Heathland Widespread; low soil nutrients; poor soil drainage; occurs in regularly burnt
areas in rocky landscapes and sand plains; experiences wide range of rainfall
and temperatures; often occurs in areas with high wind and sun exposure; soil
moisture periodically high

Inland waters Includes creeks, streams, rivers and lakes; can be permanent or ephemeral
and wetlands (short term); wetlands support natural processes that purify water
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Type of ecosystem Biotic and abiotic characteristics

Marine High salt content

Estuaries are a stretch of brackish (slightly salty) water where a fresh water
river terminates at the sea. The brackish water is caused by the fresh water
from upstream mixing with the marine water flushing into the open mouth

of the river

Includes estuaries,
rocky reefs (subtidal
and intertidal),
seagrass beds,
mangroves and
saltmarsh, mudflats,
and open water
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Intertidal rocky reefs are exposed at low tides; experience storm waves and
extreme temperature changes; hypersaline in evaporating rockpools

Subtidal rocky reefs are always submerged; can occur in deep and shallow
water; sponge gardens in deep reefs and shaded areas cycle nutrients in
oceans; kelp forests attach to rocks and provide an ‘underwater forest’ canopy

Seagrass beds occur in sheltered water on silt or sand; trap soil and
other materials

Mangroves and saltmarshes occur on the margins of estuaries; experience
regular inundation by seawater with varying influx of terrestrial fresh water;
low wave action, intertidal zones, mostly muddy sediments; provide protection
from erosion

Mudflats (soft sediments) grow little vegetation; muddy sediments
exposed to air at low tide; little oxygen below surface

Open water is exposed to strong winds, large waves and powerful
tidal currents

Exposed to lots of salt spray and high winds; unstable sand; unstable soil
with low nutrients; sandy soil holds little to no water; can be exposed to
large waves; some coasts experience lots of erosion

Coastal

Open, closed and
semipermeable systems

One way to understand environmental systems is
to look at the flow of energy and matter within and
between different systems. Systems can be open,
closed or semipermeable.

An open system exchanges matter and energy with
other systems; it is not isolated from other systems.
For example, ecosystems are open systems.
Ecosystems are constantly exchanging inputs and
outputs with other systems through the processes
of biogeochemical cycles, individual organisms and
food chains.

A closed system is isolated from other systems

in the environment. A closed system does not
exchange matter with its external environment,
but even closed systems exchange energy. Closed
systems don’t occur naturally in the environment,
although some people argue that Earth is a closed
system. While Earth absorbs electromagnetic
energy from the Sun, very little matter enters or
departs Earth’s system.

A semipermeable system is somewhere between a
closed and open system: it permits some movement
of energy and matter into and out of the system

but does not freely exchange materials with its
surrounding environment. A biological cell is an
example of a semipermeable system.
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Student activity 1.2
Science skills: Graphic organiser
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Figure 1.10. What makes up an ecosystem?
Credit: designed by Freepik

Being able to organise your ideas is an important

science skill. It helps you focus on important ideas

and evaluate those ideas. One way of organising

ideas is to use graphic tools such as brainstorming,

SWOT charts, Venn diagrams and concept maps.

Critical and creative thinking
and discussion 1.1

1.
a)

b)

)

Opinions differ on how many biomes Earth has.

Explain why this is the case, including the key
factors that characterise a biome.

List the five major biomes including the
ecosystems they could support.

List the biomes found in Australia.

Concept map

A concept map is a series of words that are
linked to one another to show relationships.
To create a concept map:

Make a list of words for a given topic or idea.

Decide which of those words are the most
important or highest priority.

Organise those key words on paper around
the central topic or idea.

Link the key words to one another via a line
with a connecting statement that explain
why the words have a connection.

Now you will create a concept map.

1.

a)

Select and investigate an organism that is
of interest to you.

Draw a concept map that represents your
organism’s place within each of the following
elements of its environment: species,
population, community, ecosystem. To display
a comprehensive understanding of
environments using a systems approach,
include definitions and explanations of biotic
and abiotic features in your concept map.
This is done via the linking statements.

Using the example of an intertidal rocky shore:

Explain how changes to a biotic factor can
affect this ecosystem.

Explain how changes to an abiotic factor
can affect an ecosystem.

Choose an animal. Considering specific
ecosystems, design a habitat that would
suit your chosen animal.

Take a walk and photograph as many different
ecosystems that you can. Justify why the areas
in your photos can be considered ecosystems.
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1.2. Ecological relationships and energy transfer

Interrelationships within ecological communities as represented by food chains,

food webs, energy and biomass pyramids

e

Light
energy

Oxygen

Carbon dioxide
co,

WAL AL
 Minerals PRy

Figure 1.11. Simplified diagram of photosynthesis
Credit: designed by Freepik

Ecosystems rely on the transfer of energy to
support life. Organisms require chemical energy

for life-supporting processes such as growth,
reproduction and movement. This energy originates
from the solar energy (light) given off by the sun.

Organisms, such as plants, that can convert solar
energy into chemical energy are called autotrophs.
These organisms absorb solar energy and convert
it into glucose (sugars with high energy stored

in atomic bonds) during photosynthesis. Any
organism that must obtain this chemical energy

by eating another organism is known as a
heterotroph. Animals are heterotrophs.

Food chains

Single feeding pathways within ecosystems can
shown in a food chain (Figure 1.12). Energy flow

is represented by the arrows in the diagram. Each
feeding level in the food chain above is known as a
trophic level, and each organism plays a particular
role within a trophic level.

Arrows in the diagram represent flow of energy
from one organism to the next

Kangaroo  Easternringed Kookaburra  Wedge-tailed
grass xenica eagle

Figure 1.12. Food chain in an Australian native ecosystem

At the beginning of this food chain (first trophic level)
is an autotroph, the kangaroo grass. Kangaroo grass
produces its own chemical energy via photosynthesis
and therefore can be called a producer.

An eastern ringed xenica butterfly eats the
kangaroo grass, so energy is passed along the food
chain. The butterfly needs to eat glucose as a source
of chemical energy, so it is called a consumer. As
the butterfly is the first consumer in this food chain,
it is the primary consumer. The primary consumer
in any ecosystem feeds on producers, and therefore
occupies the second trophic level in the food chain.

As you go up trophic levels, you also get to

higher levels of consumer. Figure 1.13 shows the
relationship between trophic levels, levels of
consumer and the Australian native species shown
in Figure 1.12.

Role in the  Trophic Producer/ Example
food chain level consumer
level
Fourth Tertiary Wedge-
E!COW trophic level | consumer | tailed eagle
energy Third Secondary
. Kookaburra
Heterotroph trophic level | consumer
Second Primary Eastern
trophic level | consumer |ringed
xenica
Autotroph First trophic | Producer |Kangaroo
level grass

Figure 1.13. Relationship between trophic levels and roles
within ecosystems
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Food webs

In healthy ecosystems, organisms will usually have
more than one food source, and will be eaten by
more than one consumer, so food chains don’t
fully represent the way energy moves through an
ecosystem. More complex feeding relationships
between producers and consumers, involving
multiple organisms at each level, can be shown in a

A

Dingoes

Echidnas [

Termites

Grasses

Wattle trees

Eucalyptus
trees

N\

7 -

food web. They show us that a particular organism
can fit into multiple trophic levels, depending on its
food source in that particular ecosystem.

In Figure 1.14, the dingo is a secondary consumer
(third trophic level) when it is preying on the rabbit,
wombat or kangaroo, but a tertiary consumer
(fourth trophic level) when it is preying on the
frill-necked lizard or the echidna.

3

Kookaburras

o &8

Wombats Frill-necked

lizards
/

Grasshoppers

Figure 1.14. Food web showing complex feeding relationships in an Australian ecosystem

Biomass and energy-flow pyramids

Both food chains and food webs show the flow of
energy in the particular ecosystem. At the base of
every food web are the autotrophs (producers),
who get their energy through photosynthesis. At
each higher trophic level, consumers gain energy
by feeding on organisms in the level below.

The second law of thermodynamics tells us that
no energy conversion is 100% efficient. In food
chains, an estimated 90% of energy is lost with
each transfer to the next trophic level. In other
words, only approximately 10% of the energy in
any one trophic level is available as food for the
organisms in the next level.

At each trophic level, some of the energy consumed
is used for growth and other life processes
(collectively called metabolism), but most is lost as
heat to the environment. That explains why large
areas of pasture are required to feed livestock, and
why there are usually fewer predators than prey in
an ecosystem.

The decreasing amount of energy available in each
successive trophic level can be illustrated in an
energy pyramid, which shows that each trophic
level contains less energy than the one below

it (see Figure 117, p 18).
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Tertiary consumers e.g. birds

Secondary consumers e.g. spiders

Primary consumers e.g. small insects

Producers e.g. plants

Figure 1.15. A biomass pyramid

You can also look at an ecosystem’s biomass
pyramid, where biomass is measured as the total
dry weight of living organic matter in a given area
(Figure 1.15).

A pyramid of numbers (Figure 1.16) shows the
number of organisms at each trophic level. This
doesn’t give an accurate picture of the amount

of energy or biomass at each level. For instance,

a single large tree (producer) can support many
caterpillars (primary consumers) - the relative
number of organisms at each trophic level will vary
depending on their size and growth rates.

The basic concepts of food webs and energy

flow can be applied to almost all ecosystems.
Understanding the interactions between different
levels of a hierarchy like the biomass pyramid can
help you understand why observed changes may be
occurring to an overall system (the supra-system).

For example, if you see a decline in the population
of one species, you could explore its relationship
with both the trophic level above (to see if predator
numbers have increased) and the trophic level
below (to see if food is in short supply). Exploring
the levels above and below an organism (including
changes in its habitat and ecosystem changes) will
provide a better understanding of issues causing
decline than looking at the system as a whole. This
is an important process in environmental science
because if we ignore changes on an individual level
or system, we may be missing a much bigger piece
of the puzzle that could have detrimental effects on
the supra-system.

2 kookaburras
25 snakes
150 frogs

3,000 grasshoppers
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2,000 grass plants

Figure 1.16. A pyramid of numbers

Decomposers

Food chains and food webs often leave out the
decomposers. Decomposers are heterotrophic
organisms that break down, and then consume,
organic waste and dead organisms. Bacteria, fungi
and some protozoans are all decomposers.

Decomposers are critical to the functioning of a
healthy ecosystem. They play an important role

in cycling nutrients, such as nitrogen and carbon,
through the ecosystem. Decomposers ensure
nutrients are available to autotrophs, which in turn
produce sugars by photosynthesis.

Decomposers also ensure that dead matter doesn’t
over accumulate and cause an imbalance in the
ecosystem. Decomposers are put into their own
trophic level because they consume all other
trophic levels.
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Ecosystem productivity

Ecosystems that produce a large biomass are
described as highly productive ecosystems. One
example is a warm, shallow, sheltered estuary.
There, the rich supply of nutrients carried

by streams can support a vigorous seagrass
community, where many fish, shellfish and birds
feed and breed.

The productivity of an ecosystem depends on the
amount of available nutrients and energy.

Heat

Waste and \/\

dead matter

Heat

It is influenced by abiotic factors such as
temperature, soil fertility and rainfall. Productivity is
defined as the rate at which biomass is produced by
an ecosystem. It can be measured by the biomass
produced by an area per unit of time (for example,
the amount of living material produced on a square
metre of surface in 1year). It can also be measured
in terms of the amount of energy (kilojoules, kJ)
that is locked up within the organisms per unit of
time, for example, grams per cubic metre per year
(g/m?/year).

2 kcal/m?/yr

Quaternary consumers \

\A}‘ % 20 kcal/m?/yr
Heat

Tertiary consumers

y Q ‘ 200 kcal/m¥yr

Secondary consumers - \

N

CEIE—— e &ﬁ-@. 2,000 kel

Heat Primary consumers \

Primary producers

T

Light energy

20,000 kcal/m?yr
I

Energy stored
as biomass

Figure 1.17. Energy pyramid showing movement and loss of energy at each trophic level
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Practical 1.1 Field study:
Creating a food web of a local ecosystem

Aim

To explore and collect data from a local ecosystem
and collate your data into a food web.

Results

Organism

Energy sources

Materials

e phone or camera to document images of
species that you may not be able to identify

« field guide or similar resources to look up
species feeding habits

* small square for observing small or fixed
species such as those on a rocky platform
Procedure

1. Observe the species found in your ecosystem
and list them in your results table. Document
images if needed for further research.

2. Copy the results table.

3. Record in your table how each each organism
interacts with the trophic levels above.

4. Back in the classroom, use your data to build
a food web of your local ecosystem.

Preyed upon by

Analysis

Consider the following as part of your data analysis.

1.

2.

Identify the producers in your food web.

List the consumers in your food web and
identify their level (for example, primary
consumer, secondary consumer).

State how many trophic levels there are in
your food web.

Explain how the number of trophic levels relates
to loss of energy in this particular ecosystem.

List any organisms that fit into more than one
trophic level and explain how this is possible.

Describe how this food web may change in
the coming years as the human population
increases.

Discussion

1. Describe the relationship between
photosynthesis and energy production
in a food web.

2. List examples of decomposers in an
ecosystem and explain the importance
of decomposers.

3. Compare the movement of energy through
an ecosystem with the movement of
biomass through an ecosystem.

4. Explain this statement: ‘Organisms can
occupy various trophic levels in a food web’.

5. Discuss why most food chains and food
webs are limited to four or five trophic levels.
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Data analysis 1.1
Food webs

Figure 118 shows part of the food
web for an Antarctic ecosystem.

1.

Identify the primary consumer
in this food web.

Discuss why the fur seal is
described as a tertiary consumer.

Figure 119 shows a basic energy
pyramid for the Antarctic ecosystem.

3.

20

Explain the shape of the energy
pyramid in Figure 1.19.

State two reasons for the decrease
in energy available to higher level
consumers.

If the phytoplankton produce
26,500 kJ of energy, calculate
how much energy will be
transferred to humpback whales?

Predict the effect overfishing
the squid population would
have on this ecosystem.

W )<

Humpback Emperor Fur seal Orca whale

whale penguin
\.’)-\ \\

"4\

Deep-sea fish

) ))) Squid
dia N\
(] * ,
<\ 4 8
Krill .’&

Phytoplankton

Figure 1.18. Marine Antarctic food web

Energy
available

Figure 1.19. Marine Antarctic energy pyramid



CHAPTER

Earth systems thinking

2.1. Earth’s four systems

Natural interactions between Earth’s four systems - the atmosphere, biosphere,
hydrosphere and lithosphere - that support and are affected by the movement
of energy and matter within and between local and global ecosystems

Earth as a system

Earth can be viewed as a series of interconnecting

systems and subsystems. The three major non-living

systems - the hydrosphere (water), lithosphere Hydrosphere Lithosphere
(land) and atmosphere (air) - determine the Biosphere

conditions under which organisms (living things -

the biosphere) evolved and now live on Earth.

Atmosphere

Figure 2.1. Interactions between Earth’s systems
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The biosphere

Together, all Earth’s ecosystems form the biosphere
- a band around the planet about 20 km thick,
from the floor of the deepest ocean (11,000 m
below sea level) to the tops of the tallest peaks
(9,000 m above sea level). The biosphere is the
region in which all organisms on Earth are found.
Our knowledge of the limits of the biosphere is

still being extended; for example, scientists have
recently discovered bacteria deep in underground
rocks and oil.

Plants, animals, microorganisms and other living
things are referred to collectively as biota. The
biosphere is also where the biota interact with the
three other major systems.

An environment may be described as everything
external to an organism. An organism’s environment
includes:

* biotic (living) components - other organisms
* abiotic (non-living) components - the air, water,

light, oxygen, climate, soil and other physical
factors.

Lithosphere
(land)

Biosphere
(living and dead organisms)

Crust
(soil and rock)

Upper
mantle

Atmosphere (air)

Hydrosphere (water)

Figure 2.2. Our life-support systems: the general structure
of Earth
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The hydrosphere

The hydrosphere encompasses all the water found
on Earth. Water is by far the most abundant liquid
and is essential for all life. About 60% of human
body weight is water. All organisms depend on
water for their metabolism and many live only in
aquatic (water) environments. The oceans and large
lakes, together with the atmosphere, have a major
effect on our climate. Water is constantly moving
between the atmosphere, the soil, rocks, plants,
animals and the water bodies on the planet.

Structure of the hydrosphere

Water is incredibly abundant, covering about 70%
of Earth’s surface. The hydrosphere includes oceans,
lakes, ponds, streams, glaciers, groundwater and
water vapour in the air.

The hydrosphere contains about 1.5 billion km? of
water. Of this, about 97% is in the oceans and 0.6%
is groundwater. Only about 2.5% is fresh water, and
over two-thirds of that is frozen in glaciers and the
ice caps of Antarctica and Greenland.

Groundwater

Groundwater is located below Earth’s surface.

Over time, water from rain and rivers infiltrates the
ground and becomes stored in the spaces between
grains of porous soils and rocks. Groundwater exists
in vast quantities, flowing slowly through aquifers,
connecting with rivers, streams, lakes and wetlands,
and watering trees and vegetation.

Australia is a very old continent and much of its
groundwater is tens of thousands, even hundreds

of thousands of years old. The Great Artesian

Basin (Figure 2.3) is the largest aquifer of its kind

in the world, underlying 22% of the continent and
containing water that is more than a million years old.
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Figure 2.3. The Great Artesian Basin

In Australia, around a third of our total water
consumption comes from groundwater, although
the proportion varies from location to location. In
the Northern Territory, 90% of water is sourced
from aquifers, while the greatest groundwater use
is in the Murray-Darling Basin. In many regions of
Australia, particularly in the outback, groundwater
is the only available source of water - numerous
townships, farms and mines are totally reliant on
groundwater. Farmers sink bores to bring water to
the surface from artesian basins, and windmills use
wind energy to pump water from hidden aquifers. In
irrigation areas, vast quantities of bore water supply
thousands of hectares of crops and pastures.

Even large cities depend on groundwater. For
example, about 70-90% of Perth’s water supply
(excluding from their desalination plant) typically
comes from groundwater, including the Gnangara
Mound, where vast natural storages of groundwater
occur in a large mound of sandy soil. In many places
groundwater discharges naturally to the surface,
bubbling into natural springs or flowing into rivers
and wetlands.

Groundwater often plays a crucial role in sustaining
rivers and streams, particularly during droughts
when it becomes a valuable buffer against low
rainfall. Australia is Earth’s driest inhabited
continent and has vast areas with limited surface
water resources.

Many Australian ecosystems, including some

of the most iconic, depend on groundwater.
Groundwater is a finite resource, and aquifers can
become depleted when extraction rates exceed
replenishment, or recharge, rates. Like surface
water, groundwater can become polluted or
contaminated.

The properties of water have profound implications
for living organisms. Water can dissolve many
substances, and most of the chemical reactions
within living things require water. Water in the
environment may be fresh, brackish or salt water.
Water cycles continuously through Earth’s systems
(see ‘Water cycle’, p 34).

Water can store large amounts of heat energy (it
has a high specific heat capacity). Frozen water is
less dense than liquid water and floats, insulating
the water below and making it less likely to freeze.
Since light can only pass through water to a limited
depth, water cannot support plant growth below
200 m; less if the water is not clear.

The number and kinds of life forms found in aquatic
environments are determined by the depth of the
water, its temperature and its salinity. For instance,
some organisms can live only in fresh water and
others only in seawater. Relatively few species can
tolerate a wide range of salinity.

The lithosphere

The lithosphere forms the outermost solid layer of
Earth. It includes the crust and upper mantle (see
Figure 2.2). This part of Earth’s crust includes rocks
and the rock cycle (see p 55) as well as soil.

The lithosphere is about 100 km thick and made
of rigid rock. The outer layer of the lithosphere is
Earth’s crust, which is made up mainly of slabs of
igneous rocks and soil. The crust is about 40 km
thick under the continents but only 10 km thick
under the oceans.

23
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The lithosphere also includes the outer mantle. In
some places, the top of the mantle is partly molten.
This is where magma (molten rock) forms. At the
centre of the Earth (below the lithosphere) is the
core. The outer core is also molten and composed
mainly of the metals nickel and iron. The inner
core, composed of iron, is solid due to the intense
pressure exerted by the weight of the planet
pressing down on it.

Student activity 2.1
Science skills: Observation and inferences

Scientists make observations to discover
explanations for certain occurrences in the natural
world. Careful observations are the basis for
conclusions of scientific investigations. Scientists can
also infer. Inferences are conclusions drawn without
direct observations but on the basis of evidence
and reasoning. For example, | did not see the sun
rise this morning but it is reasonable to infer that

it has because | can see it in the sky. To be able to
accurately infer takes skill. You should only infer with
caution to ensure you don’t make untrue claims.

Volcanoes of Victoria
Observations

Research and identify a region in Victoria that
has been volcanically active. Describe the general
physical, chemical and biotic characteristics of
the area.

The lithosphere is made up of large, mobile plates
that fit together like a giant jigsaw puzzle. The
continents and oceans resting on these plates are
carried around with the plates as they move. This
movement and the processes that occur at the
margins of the plates is explored in more depth

in ‘Plate tectonics’ (p 53).

1. Print a map of Victoria on an A3 piece of
paper and mark all the volcanoes that have
existed in Victoria, as well as the time period
each was active. You will need to research
this to complete the task.

2. Choose one of the volcanoes you have
noted on your map and describe how the
ecosystem around the volcano would have
changed over time.

Inference
Over time, Victoria has had a number

of dormant and active volcanoes.

3. What can you infer about why Victoria
had active volcanoes in the past and
why we do not have any today?

Figure 2.4. Mount Noorat is a dormant volcano in Victoria. Credit: Peterdownunder CC BY-SA 4.0
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Soil

Soil is a mixture of particles formed over long
periods of time by the weathering of rocks and

the remains of dead organisms. Rocks eventually
break down into minerals, yielding mineral salts
essential to the growth of plants. Dead organisms
decay to form a dark organic material called humus.
Soil containing large amounts of humus is fertile
and retains moisture. Soil contains vast numbers

of worms and other invertebrates (animals without
backbones), microorganisms, fungi and other biota.

Soil types and structure

Soil particles range in size from gravel (particles
more than 2 millimetres (mm) across), sand, then
silt, to clay (less than 0.002 mm across). The
proportion of these particle sizes determines the
texture of the soil. The texture is a guide to the
properties of the soil, including density, aeration,
drainage and the soil’s capacity to hold water and
nutrients. Sandy soils allow water to pass through
rapidly, while clay soils retain water for long
periods. The best soils for growing most crops are
loams, which contain roughly equal amounts of
sand, silt and clay. Soils high in clay can become
waterlogged, which reduces oxygen availability
to the roots of plants because water has a limited
capacity to dissolve oxygen.

The porosity, which is the number and size of

the spaces (pores) between the particles, also
determines the structure of the soil. The pores
allow air and water to penetrate the soil. Productive
soils have a variety of particle sizes and plenty of
pores of various sizes. Large pores allow the soil

to drain rapidly when wet, while fine pores retain
water in dry periods. The structure of soil can be
damaged by being repeatedly compressed by heavy
machinery, vehicles and the feet of livestock and
humans, a process known as soil compaction.

The availability of nutrients for plants is a measure
of soil fertility, and depends largely on the type
of parent rock and the climate. For example, soils
formed on volcanic rocks, such as basalt, in areas
with a good rainfall are highly fertile.

Fertility also depends on soil pH: most plants grow
best in almost neutral soil (around pH 7), although
some prefer acid soil (pH <7) and others do better
in alkaline soil (pH >7).

Soil profiles

Surface litter

A horizon:
Topsoil

B horizon:
Subsoil

(usually coarser
particles than
the A horizon)

C horizon:
Parent material

Rock

Figure 2.5. Soil horizons

Soil profiles consist of layers called horizons
(Figure 2.5). You can see soil profiles in roadside
cuttings or quarries. The A horizon (topsoil)

is fertile. The B horizon (subsoil) receives clay
particles and soluble particles washed down from
the A horizon. The C horizon is the parent material.
On top of the A horizon may be plant litter, such as
leaves, twigs and bark. This decays to form humus,
which becomes part of the A horizon. The depth
and structure of the A horizon is important because
most soil organisms live in this zone.
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Student activity 2.2
Science skills: Stakeholder perspectives

Much of the way science is presented has humans
as the central object. If we consider Earth as a
system, it is clear that humans are not the only
living organisms, so humans are not the only
stakeholders. Stakeholders are all the organisms
included in a process. In some environmental
decision-making processes, non-human
stakeholders are not adequately represented.

As environmental scientists, we have a duty to

Practical 2.1
Soil investigations

NOTE: This practical has a range of parts to it and
can be undertaken in its entirety or as individual
activities.

Part 1 Soil pH
Aim

To determine the pH of soil samples.

Equipment
¢ s50il samples from several sites

¢ 50il pH test kit or barium sulfate and universal
indicator

e white container or Petri dish placed over a
white tile

* spatula

Procedure
1. Place a small sample of soil in the white
container.

2. Follow the instructions on the pH test kit
OR add barium sulfate and a few drops of
universal indicator.

3. Leave sample for about 30 seconds.

4. Compare the colour with the test kit colour
chart or the universal indicator colour chart
to determine the pH.

26

consider all stakeholder values, human and
non-human. This is summed up very well by

Dr Suess in The Lorax: “l| am the Lorax - | speak
for the trees”.

| am the Lorax - | speak for the earthworms!!!

Find out how earthworms affect the structure
and fertility of soil. Make a list of all the
stakeholders. Present research findings from

the point of view of the earthworm along with
an illustrated poster with a catchy title or slogan.

Results

Record your results in a table.

Discussion

1. Suggest any reasons why the pH of your
soil sample varied.

2. The acidity of the soil influences the
plant species that can grow in an area.
Which of the soil samples that you tested
would be suitable for the greatest variety
of plants? Explain your answer.

Part 2 Soil water content

Aim
To calculate soil water content.

Equipment

* balance

e crucible or dish

* incubator or hotplate
* soil sample

Procedure
1. Weigh the crucible. Add 100 g soil to crucible.

2. Place the soil and crucible in an incubator
or heat on a hotplate. Heat for approximately
1 hour at 110 °C.

3. Weigh the dried soil and crucible.
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4. Calculate the amount of water in the soil
by using this formula:

% water content = (C - D) x 100%
B

Where:

A = crucible weight

B = soil weight =100 g

C = crucible +soil=A +100 g

D = weight of dried soil + crucible = dried soil + A

Results

Record the final result.

Discussion

1. Were you surprised by the amount of water in
the soil? Explain why.

2. Water is needed by plants for photosynthesis
and for the replacement of water lost through
transpiration. Explain how water enters the
plants so it can be used.

Part 3 Soil texture

Aim
To determine the texture of a variety of soil
samples.

Table 2.1 Soil texture categories

Equipment

* a variety of soils ranging from sand to clay
* water

Procedure

1.  Take a sample of soil (about the size of a
golf ball) and break up any clods.

2. Moisten the soil with water to form a ball,
knead it for a minute.

3. Test the texture by pressing the ball between
your thumb and forefinger to make a ribbon.
Observe whether and how the soil ball holds
together, the length of the ribbon, and
whether it feels gritty, silky or like plasticine.
To decide the soil’s texture refer to
Table 2.1.

Results

Record your results in a table.

Discussion

1. Is there a relationship between soil texture
and water content? Explain.

2. Suggest ways in which soil texture might
influence the distribution of plant species.

Ball Ribbon length  Feel Texture
Will not ball Single grains of sand sticking to fingers Sand
Ball only just holds together | 0.5cm Gritty Loamy sand
Ball just holds together 0.5-1.3cm Sticky, sand grains stick to the fingers Clayey sand
Ball just holds together 1.3-2.5cm Very sandy to touch, visible sand grains Sandy loam
Ball holds together 1.3-2.5cm Fine sand can be felt Fine sandy loam
Ball holds together strongly 2-2.5cm Sandy to touch, sand grains visible Light sandy loam
Ball holds together 2.5cm Spongy smooth, but not gritty or silky Loam
Ball holds together 2.5cm Slightly spongy, fine sand can be felt Loam
Ball holds together 2.5cm Very smooth to silky Loam, fine sandy
Ball holds together strongly 25cm Sandy to touch, medium sand grains visible Silt loam, sandy clay loam
Ball holds together 3.5-5cm Plastic, smooth to manipulate Clay loam
Ball holds together 75 cm Plastic, smooth handles like plasticine Clay

and can be moulded into rods

Source: McGuinness, S, 1991, Soil structure assessment kit: a guide to assessing the structure of red duplex soil,
Department of Conservation and Environment: Bendigo, Victoria.

27



MONITORING ENVIRONMENTAL SYSTEMS | UNIT1

The atmosphere

The atmosphere is the gaseous envelope of air
that is held close to Earth’s surface by gravity.
The atmosphere is the very air that we breathe,
and higher layers of atmosphere protect life on
Earth from harmful radiation and cosmic debris.

Close to Earth, the atmosphere consists mainly of
gases in the proportions shown in Table 2.2. Some
other gases are found in even smaller amounts.

Student activity 2.3
Science skills: Communication

Many people try to climb to the summit of
Mount Everest. Using your knowledge of the
structure of the atmosphere, design an
information flyer for what climbers might
expect when climbing Mount Everest. Include a
description of the biotic and abiotic factors that
will affect climbers as well as a list of equipment
and your rationale for that equipment.

The atmosphere is made up of four major layers:
the troposphere, stratosphere, mesosphere and
the thermosphere (see Figure 2.6). The boundaries
between these layers are, in order of increasing
altitude, called the tropopause, stratopause and
mesopause. Beyond the thermosphere is a fifth
layer, the exosphere, where Earth’s atmosphere
fades away into space.

Because of gravity, air is most dense near Earth’s
surface, and three-quarters of the mass of the
atmosphere is found in the troposphere. This
lowest layer of the atmosphere extends to an
altitude of about 15 km, and it is the region
where visible clouds form and where all our
weather takes place.

A total of 99% of the atmosphere’s mass is within
30 km of Earth’s surface. In the troposphere, the
principal components of the atmosphere are the
gases nitrogen, oxygen, argon (an inert gas) and
carbon dioxide.
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Table 2.2 Gases in the atmosphere near sea level

Atmospheric gases % of the atmosphere

Nitrogen (N») 78.09
Oxygen (O2) 20.94
Argon (Ar) 0.933
Carbon dioxide (CO,) 0.035
Water vapour (H,0) About 1
Neon (Ne) 0.0018
Helium (He) 0.00052
Methane (CHy) 0.00015
Krypton (Kr) 0.0001
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Figure 2.6. The vertical structure and temperature of layers
in the atmosphere

The stratosphere lies between 15 and 50 km
above Earth’s surface. The mesosphere extends
to an altitude of about 80 km. The lower part of
the thermosphere extends from 80 km above the
surface of Earth to 550 km. The thermosphere
includes the ionosphere - not technically an
atmospheric layer, the ionosphere is a layer

of ionised air in the atmosphere.
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Student activity 2.4
Science skills: Representing data

Investigating the composition of the atmosphere

1. Using the data in Table 2.2, draw a pie chart
to visually represent the proportions of the
principal components of the atmosphere
near sea level.

2. Research the composition of the atmosphere
in the stratosphere, mesosphere and
thermosphere. Compare your findings to
your pie chart and discuss possible reasons
for similarities and differences.

The atmosphere warms up in layers where incoming
solar radiation is absorbed. Figure 2.6 shows that
the temperature decreases from Earth’s surface

to the top of the troposphere, increases in the
stratosphere, decreases again in the mesosphere
and then increases in the thermosphere.

At ground level in the troposphere, solar radiation
takes the form of visible light and infrared radiation
(which you feel as heat). Most of the energy of the
Sun passes through the atmosphere unimpeded and
heats Earth’s surface. Earth then emits heat, which
warms the air just above the surface. The warm air
rises and, because of the decrease in air pressure
with altitude, the air expands. This expansion

cools the air, which stops rising when it reaches

the same temperature as the surrounding air.

Sun
(a) Normal pattern
Cooler air
Cooling air
i %
Warm aii}::.

Figure 2.7. A temperature inversion

This process explains why the air is colder the
higher it is in the troposphere. At the top of the
troposphere, the average temperature is about
-60 °C. This is cooler than the layer above.

The convection currents set up by this process carry
gases released from Earth and mix them throughout
the troposphere. The mixing can take as little as a
few days or as long as a few months.

On cold, clear nights, the rising of warm air, and
hence the mixing of gases, may be prevented by

a layer of cold air trapped near the ground. This
happens when the air at ground level cools faster
than the air higher up. Because cold air does not
rise, the lower layer fails to mix with the warmer
air above. This situation, where the air temperature
increases with height, is called a temperature
inversion (see Figure 2.7). The inversion remains
until the Sun rises and heats the ground. This heats
the layer of cold air, which rises once it is warmer
than the air above. Inversions can cause serious

air quality problems in cities when exhaust fumes
and other pollutants cannot escape into the upper
troposphere.

In the stratosphere, energy in the form of ultraviolet
(UV) radiation from the Sun is absorbed, so the
temperature of the air increases with the distance
from Earth’s surface. As a result, gases released
from Earth can take years to mix evenly to the

top of this layer. The stratosphere acts like a lid on
the atmosphere. The upper stratosphere contains
the ozone layer. The temperature at the top of the
stratosphere maintains temperatures close to O °C.

(b) Thermal inversion

Cooling air

Warm inversion layer
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In the mesosphere, the temperature decreases
sharply to =100 °C before it begins to rise at the top
of this layer, where ozone and oxygen molecules
absorb energy from UV rays.

In the top layer (the thermosphere), the
temperature increases as the air molecules absorb
energy from gamma rays and X-rays from the Sun
and other stars. The temperature is lowest at the
bottom of this layer because most radiation is
absorbed at the top.

The lower part of the thermosphere includes a

layer of ionised air called the ionosphere (which is
technically not another atmospheric layer). There
are relatively few air molecules in the ionosphere,
but the energy they absorb produces large numbers
of ions. An ion is an electrically charged particle
produced when an atom loses or gains one or more
electrons in a process called ionisation.

The ions in this layer produce the spectacular
displays of the aurora australis (southern lights)
and aurora borealis (northern lights) that can be
seen near the poles. The free electrons in this layer
reflect long-wavelength radio waves back into
space. Usefully for us, they also reflect short-wave
radio signals, like those used in radio broadcasts,
back down to Earth where they can be received
thousands of kilometres away.

Beyond the ionosphere, extending out to around
10,000 km, is the exosphere or outer thermosphere,
which gradually merges into space.

Ozone is a molecule of three atoms of oxygen (O3).
Ozone is found only in tiny amounts at ground level.
A relatively high concentration occurs in the ozone
layer in the middle stratosphere, 19-50 km above
Earth.

Ozone forms when ultraviolet light strikes oxygen
(0,) molecules, forming individual oxygen atoms.

0, — 20

UV radiation
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These oxygen atoms are then free to combine with
another molecule of O, to form ozone (O3). In this
reaction, heat is released and another molecule
must be present to absorb the heat.

O+OQ_>O3
heat

This ozone layer is important to the survival of

life on Earth because ozone absorbs ultraviolet
radiation from the Sun. Skin cancer, genetic damage
and immune system suppression in humans, as

well as reduced productivity in the food chain,

have all been linked to the short wavelengths of

UV radiation. The ozone layer protects life on

Earth from this damage.

Ozone is broken down by visible light. The ozone
concentration depends on the balance between
the action of ultraviolet light and bright light. This
balance has been altered by human-produced
chemicals, such as chlorofluorocarbons (CFCs).

Interaction of components of
Earth’'s systems

The hydrosphere, lithosphere, atmosphere and
biosphere interact in many ways and affect our
weather and climate. Weather is the day-to-day
changes in conditions of the atmosphere, such as
temperature, humidity, precipitation (rain, hail and
snow), solar radiation, air pressure, wind speed,
wind direction and cloud cover, at a particular
location. Climate describes the average weather
conditions of a place over many years. Climate is
determined by such factors as latitude, position
relative to oceans or continents, and altitude.

Oceans act as a huge heat sink. They are much
slower to heat up and slower to cool down than
the air above, so they delay any changes to the air
temperature. People who live on the coast are well
aware of the moderating effect the ocean has on
the climate, cooling the air by day and warming it
at night.
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Ocean currents and winds are set up by the

uneven heating of the globe, caused by more heat
being received at the equator than at the poles.
This imbalance sets up convection currents in the
atmosphere and oceans, which transfer heat away
from the equator. For example, Australia is warmed
by ocean currents moving southwards from the
equatorial region. Small changes in the temperature
of these currents have major effects on our climate.
The El Nifio droughts caused by such changes are
described in ‘Changes over years’ (p 59).

The oceans are also a carbon sink; they take up

far more carbon dioxide from the atmosphere

than they release. The carbon dioxide dissolves

in the uppermost layer of seawater, where it is
dispersed by waves and currents and taken up in
the ocean by tiny algae (called phytoplankton) for
photosynthesis. Over time, through the death of the
plankton and its consumers, the carbon ends up in
sediments at the bottom of the ocean. It may be
locked up there for millions of years. Eventually, the

Student activity 2.5
Science skills: Graphic organiser
- lotus diagram

A lotus diagram is a type of graphic organiser
that is useful for complex ideas. You begin
with a 3 x 3 grid in the centre that holds the
main idea and up to eight sub-ideas.

sediments form rock, which may reappear as land
when changes in sea level or movements of Earth’s
crust cause the sea floor to rise.

Water shapes the landscape in many ways. The
amount of rainfall in a region has a major effect on
the extent of rivers and lakes and the abundance
and types of vegetation. This, in turn, influences
the kinds of animals that can live in an area and
the populations it can support.

Vegetation cover influences climate by increasing
the amount of water evaporating from the soil.
Water is taken up from the soil by plants for

use in photosynthesis and evaporated through
transpiration from the leaves. Transpiration is the
reason clouds form more readily over vegetated
areas than over desert regions. The rate of
evaporation of water from the sea and other parts
of the hydrosphere determines the amount of water
vapour in the air. This, in turn, influences the amount
of precipitation, mist or fog that forms when the
water vapour cools and condenses.

From each identified sub-idea, a further eight
ideas radiate with more detail about the sub-idea
(Figure 2.8).

Draw a detailed and informative lotus diagram of
Earth’s four systems. Consider important aspects
of their interactions as well as their individual
components and processes.

Sub topic 8 Sub topic 1 Sub topic 2
Sub topic 8 Sub topic 1 Sub topic 2

Sub topic 7 - Main topic - Sub topic 3

Sub topic 6 Sub topic 5 Sub topic 4

Figure 2.8. A lotus diagram
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What is a system?

A system is a thing or process that functions

as a complex and unified whole through the
interacting, interrelated or independent parts.
These interactions are affected by feedback loops;
therefore, the status of one component affects

the status of another component. Exploring
relationships using biogeochemical cycles

shows how biologically important elements and
molecules flow through the biosphere, atmosphere,
hydrosphere and lithosphere.

Biogeochemical cycles

Nearly 40 of the naturally occurring elements on
Earth are essential for living organisms. Carbon,
oxygen, sulfur, phosphorus and nitrogen are the
most important of these critical nutrients.

Unlike the unlimited supply of energy that Earth
continously receives from the Sun, Earth’s supply of
elements needed for life is limited. Elements are not
continually produced, instead they are withdrawn
from global atmospheric and geological stores,
used in various ways and then eventually returned
to the stores in continuing cycles. These cycles are
called biogeochemical cycles or nutrient cycles.

Biogeochemical cycles are driven directly or
indirectly by solar energy and gravity. All rely on

the actions of the biotic and abiotic components

of ecosystems. Nutrients cycle through the
atmosphere, water, soil and organisms. Nutrients are
released by the weathering of rocks and deposited
in sediments at the bottom of seas or lakes,
eventually forming new rocks. Here the nutrients
remain, perhaps for millions of years, until the rocks
are uplifted and eroded and the cycle begins again.
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The carbon-oxygen cycle (see Figure 2.9) is
driven largely by Earth’s biosphere. It depends

on the capacity of plants to photosynthesise,
thereby absorbing carbon dioxide from the air and
incorporating the carbon into glucose, starch and
other molecules. The carbon moves up the food
chain when animals eat the plants and are, in turn,
eaten by other animals.

At each stage in the food chain, some carbon

is released back into the atmosphere as

carbon dioxide through respiration. Aerobic
respiration is the process by which animals, fungi,
microorganisms and plants break down glucose
to produce energy. In the process, they consume
oxygen and produce carbon dioxide. Aerobic
respiration can be described by this equation:

CeHi20s + 60,
—
glucose oxygen

6H,0 + 6CO, + energy

water carbon

dioxide

In the absence of oxygen, a process known as
anaerobic respiration occurs. During anaerobic
respiration, glucose (C4H,,0,) breaks down in the
presence of a suitable catalyst to ethanol (C,HsOH)
and carbon dioxide (COy,), releasing energy in the
process.

The balance of oxygen and carbon dioxide in the
atmosphere is maintained by the organisms on our
planet. Scientists estimate that the plants on Earth
contain about 6 x 10" t of carbon, and the soil
another 16 x 10'"t. This balance, with the processes
of photosynthesis and aerobic respiration working
in parallel, is critical to sustaining life on Earth.

Higher levels of atmospheric carbon dioxide have
led the ocean to absorb increasing amounts.
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Carbon dioxide dissolves in water to form a weak
acid called carbonic acid (H,CO3), and the extra
input from the atmosphere is causing ocean
acidification. Carbonic acid slowly breaks down
rocks containing calcium silicate, releasing ions once
part of living creatures, such as molluscs, corals and
certain phytoplankton. These marine organisms
build protective skeletons or coverings of calcium
carbonate, and as the ocean’s pH drops, their shells
can dissolve in the acidic water. The decomposition
of organisms and the weathering of limestone
(calcium carbonate) rocks returns carbon into the
system. Volcanic eruptions are another source of
carbon dioxide.

Since the Industrial Revolution, humans have
increased the amount of carbon released into

the atmosphere by burning fossil fuels (such as
coal, oil and gas) and by deforestation. The fossil
fuels were formed by the accumulation of dead
plants in waterlogged soils, where lack of oxygen
prevented their decay, over thousands to millions of
years. Burning fossil fuels adds significantly to the
concentration of carbon dioxide in the atmosphere.
Combined with deforestation, this significantly
affects the carbon-oxygen balance: plants are no
longer able to absorb and process carbon dioxide
at the rate in which it is being produced.

Plant and animal

Continuous CO,
respiration

exchange with
atmosphere

...... Burning of.n

Agricultural
fossil fuels ; | practices
Y Plants take'Up carbon Animals eat \ ‘ \

Phytoplankton
and plants

Animals
Carbon-

containing
matter

Carbon-containing Unavailable carbon,
remains and wastes e.g. fossil fuels (coal, oil,

methane), peat, bottom
sediments, carbonate

CO, and other carbon gases in atmosphere

plant products

|

Carbon-containing
remains and wastes

deposits

Figure 2.9. The carbon—oxygen cycle

The average global release of carbon dioxide is
around 35 billion tonnes annually. Of that, oceans
absorb approximately 26% while plants absorb
28%; tropical forests have the highest rate of carbon
dioxide absorption with approximately 1.5 billion
tonnes absorbed by rainforests alone. This means
46% of the carbon dioxide released each year

ends up in the atmosphere. Earth is experiencing
the negative effects of this in the form of global
warming leading to climate change, which you’ll
investigate further in ‘The greenhouse effect’ (p 67).

Student activity 2.6 Creative thinking

Select an organism that plays an important role
in the carbon-oxygen cycle. Write a story that
displays a complete cycle of processes that your
organism is a part of. You may wish to tell your
story by writing a script for a play, or by using a
flowchart with visual diagrams. Include detailed
explanations of each contributing process
throughout your story. Be creative and use your
imagination!
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Condensation

Condensation

3

Evaporation Transpiration

Surface run-off

Figure 2.10. The water cycle

Water cycle

The natural water cycle, also known as the
hydrologic cycle, describes the continuous
movement of water on, above and below Earth’s
surface. Water is always changing states between
liquid, vapour and ice, with these processes
happening both in the blink of an eye and over
millions of years. The whole water cycle is powered
by the Sun. The Sun’s energy evaporates water
from the surface of oceans, lakes and rivers. Plants
transpire moisture through their leaves into the
atmosphere. Condensation occurs in the clouds and
the water molecules fall to the ground in a variety
of forms of precipitation. This water may fall into
oceans, infiltrate into the ground, run over the
surface into rivers or lakes or be absorbed by plants
(Figure 2.10).

Only 1% of the water on Earth is easily accessible
for plants and animals to use, and the world’s ever-
growing population is putting more and more strain
on the fresh water supply. Water is a finite resource,
as the amount of available water today is the same
amount available thousands of years ago, always
continually cycling through the water cycle.

Evaporation

Evaporation is the process of changing water from
liquid to gas. When the sun heats water in rivers,
lakes or oceans, it provides enough energy to break
the hydrogen bonds between water molecules.
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Evaporation
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The individual molecules rise through the air into
the atmosphere, in the form of water vapour or
steam. Only fresh water makes its way up to the
clouds; the salts, minerals and metals in ocean
water are left behind when it evaporates.

Condensation

Condensation is the process of changing water from
gas to liquid. As water vapour rises, it becomes
cooler and changes back into tiny liquid water
droplets. These merge together to form clouds.

Precipitation is when rain, snow, sleet or hail falls
from the sky. When so much water has condensed
that the air cannot support its weight, water falls
from the clouds back to the ground. Depending on
the air temperature, water can take a liquid form
(rain), or a solid form (snow, sleet or hail).

Infiltration

Infiltration occurs when water that falls back to the
surface soaks into the ground. This underground
water collects in layers of rock, sand or gravel
called aquifers, and is known as groundwater.
Groundwater eventually seeps to the bottom of
rivers, providing a steady flow of water even after
the rain has stopped.
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Transpiration

Water in the ground can also be absorbed by plant
roots. This water travels up through the plant to its
leaves where some of it is used in the process of
photosynthesis. Transpiration occurs when water
evaporates from plants, mainly through their leaves.
This gets water vapour back into the air, and gives
plants an important role in maintaining the water cycle.

Surface run-off

Run-off occurs when water does not soak into the
ground, but flows across land instead. This water is
called surface water, and collects in creeks which
flow into larger rivers and eventually back into the
oceans. Run-off can be associated with pollution as
waste, fertilisers and other pollutants are swept up
and carried into water systems from roads and land
used for agriculture and other human activities.

Nitrogen gas (N,) in atmosphere

Nitrogen-containing
compounds formed
by lightning

Run-off and leaching

Nitrogen-containing
compounds in water

Phytoplankton
and plants

Animals

Figure 2.11. The nitrogen cycle

Nitrogen cycle

All organisms need nitrogen to manufacture
proteins, large molecules that perform many
functions in the body. Within an ecosystem,
nitrogen is present in a number of organic and
inorganic forms. Inorganic forms of nitrogen include
nitrogen gas (N,) in the atmosphere and nitrate
(NO3), nitrite (NO,) and ammonium (NH,*) ions

in the soil and water. Nitrogen atoms are found

in organic form in proteins in living and dead
organisms and in waste products, such as uric acid
or urea. The nitrogen cycle describes the various
processes by which nitrogen is changed from

one form to another as it is recycled through the
biosphere (see Figure 2.11).

1 Volcanic eruption
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Gaseous nitrogen makes up 78% of the atmosphere,
but plants can’t take up nitrogen in this form. The
only organisms that can take up nitrogen from

the atmosphere are nitrogen-fixing bacteria, such
as Azotobacter and Rhizobium, which are present
either within the soil or in nodules on the roots

of legume plants These bacteria convert gaseous
nitrogen into ammonia (NHs) and other forms that
plants can use such as ammonium. Lightning can
also fix nitrogen, forming ammonia and nitrate.

Nitrifying bacteria, found in well-aerated soils,
convert ammonia to nitrite ions and then the nitrite
ions to nitrate ions in a process called oxidation

(in which one molecule is released to form another
molecule). These two oxidation steps are carried
out by different sets of bacteria.

Plants absorb nitrates, nitrites, and ammonium that
is formed when ammonia dissolves in soil moisture,
and use them to manufacture proteins. Consumers
absorb the nitrogen present in this protein when
they eat the plants.

Decomposers return nitrogen to the soil by
converting nitrogen-rich compounds in dead
bodies and wastes to ammonia.

Denitrifying bacteria work in anaerobic conditions
(such as waterlogged soil) to convert nitrate and
nitrites into gaseous nitrogen, which is released
back into the atmosphere to continue the cycle
again.
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Many human activities have a significant impact on
the nitrogen cycle. Burning fossil fuels, producing
and applying nitrogen-based fertilisers, and other
activities can dramatically increase the amount of
biologically available nitrogen in an ecosystem.

Nitrogen availability limits the primary productivity
of many ecosystems, so large increases in the
availability of nitrogen can dramatically change

the nitrogen cycle in both aquatic and terrestrial
ecosystems. Additional nitrogen inputs to terrestrial
ecosystems can increase plant growth but may also
cause nutrient imbalances, reduce forest health and
decrease biodiversity. Increased plant growth can
be associated with increased carbon storage, so
changes to the nitrogen cycle can also affect the
carbon-oxygen cycle.

Production of synthetic fertilisers has increased
significantly in recent decades and is now a major
source of nitrogen input to the biosphere. Fertilisers
are produced by reacting atmospheric nitrogen
with hydrogen to form ammonia, known as the
Haber-Bosch process. Today, nearly 80% of the
nitrogen found in human tissues originated from
the Haber-Bosch process.

Fertilisers are used extensively on farms to increase
plant production, but much of the nitrogen applied
to agricultural and urban areas ultimately enters
rivers and near-shore coastal systems in the form
of nitrate. In near-shore marine systems, increases
in nitrogen can alter biodiversity and species
composition, the structure of food webs and

even overall ecosystem function. Excess nitrogen
can lead to anoxic (no oxygen) or hypoxic (low
oxygen) conditions, and it can also contribute to
increased acidification of fresh water ecosystems.
One common consequence of increased nitrogen
in waterways is an increase in harmful algal
blooms (caused by eutrophication) or an excess
of nutrients. Toxic blooms of certain types of
dinoflagellates have been associated with high
mortality of fish and shellfish in some areas.
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Student activity 2.7
Science skills: Communicating
via a research report

A research report gives a scientist the opportunity
to construct an evidence-based argument that
uses appropriate theories and explanations to
communicate scientific ideas. Your task is to take
the role of an agronomist (plant and soil scientist)
who has been approached by a local farmer
because their crops are growing poorly. You

take a soil sample to be tested and the results
indicate the soil is very low in nitrogen as well

as a number of other nutrients.

Research report challenge

Your task is to write a report to the farmer
identifying why the soils may be low in nitrogen
and how the soil quality can be improved to
increase crop production.

Your report must refer to scientific theories and
explanations, and you must keep a record of those
sources. For two of those sources, provide an
explanation as to why they were useful and how
you determined if they were a credible source.

Phosphorus cycle

Phosphorus forms part of nucleic acids and other
important molecules that control the flow of energy
in cells. It is a component of cell membranes, bones
and teeth.

Phosphorus is found in organisms, water, rocks, soil
and sediments, but is not found in air in the gaseous
state like most other compounds in biogeochemical
cycles. Phosphorus mainly cycles through sail,
sediments, organisms and water. Australian soils are
generally very old and low in phosphorus. Although
native plants are adapted to low-phosphorus soils,
agricultural crops are often limited by the lack of
available phosphorus in the soil.

The phosphorus cycle (see Figure 2.12) is the
slowest of the biogeochemical cycles, occurring
on a geological time scale of rock formation and
weathering.

Weathering

Over time, rain and weathering cause rocks to
release phosphate (PO,%) ions and other minerals.
This inorganic phosphate is then distributed in soils
and water.
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Figure 2.12. The phosphorus cycle
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Plants take up inorganic phosphate from the soil
through their roots. As plants are consumed by
animals, phosphorus passes through the food
chain. Once in the plant or animal, the phosphate is
incorporated into organic molecules such as DNA.

Decomposition of dead plants and animals, and
the waste of living organisms, returns organic
phosphate the soil.

Within the soil, organic forms of phosphate can

be made available to plants by bacteria that

break down organic matter to inorganic forms of
phosphorus. This process is known as mineralisation.

Phosphorus also ends up in sediments on the
bottom of lakes and oceans, where dissolved
phosphate is released, carried around by currents
and used by phytoplankton. Some phosphorus is
deposited in sediments that eventually form rocks.
The most common phosphate rock (known as
apatite) is used commercially in the production

of phosphate fertilisers and in the pharmaceutical
and chemical industries.

Human activity, related primarily to agriculture,
has affected the phosphorus cycle. Human actions
accelerate the natural phosphorus cycle at two
key points: in the entry of phosphorus into the
biosphere from rock, and in the movement from
soil into aquatic ecosystems.

Phosphorus is mined in only a few locations around
the world - primarily in Florida, west and north
Africa, and Russia. Mined phosphorus is then made
into fertilisers, animal feeds and other products, and
transported to agricultural areas all over the world.
On farms, phosphorus is incorporated into the soll,
either directly as fertiliser or indirectly as excess
phosphorus in the manure of animals fed a
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high-phosphate diet. Erosion of this phosphorus-
laden soil, especially under poor land use practices,
leads to the phosphorus running off into waterways.

By moving phosphorus from where it is mined to
where it is used as fertiliser and animal feed, we
radically alter the distribution of this element on the
planet’s surface. The effect of shifting large quantities
of phosphorus to places where it would not naturally
be found in high concentration has become a growing
concern to aquatic ecologists and others who care
about maintaining supplies of clean, fresh water.
Phosphorus predominantly reaches surface waters
via direct discharge and run-off from land application
of fertilisers and animal manure. Once in receiving
waters, the phosphorus becomes available to aquatic
plants, which can lead to eutrophication and algal
blooms in the same way as excess nitrogen can.

Student activity 2.8
Science skills: Using representations

Representations are used in science to illustrate
a scientific phenomenon. Representations
include diagrams, models, role plays, text,
symbols and virtually anything that can be used
to convey a scientific meaning.

Representations can be used by themselves
or in combination. A combination of
representations (for example, diagram and
text) can help ensure you’ve provided a clear
example and explanation.

Representation challenge

Your task is to create two representations of
one of the biogeochemical cycles (carbon-
oxygen, water, nitrogen or phosphorus):

1. First, construct a three-dimensional model
to represent the cycle. Use materials
such as plasticine, plastic animals, boxes,
stickers, cotton wool, coloured paper,
plants, tape, foil and glue.

2. Then, create a second representation in
which you accompany the key processes
in the cycle with an explanatory text to
fully explain the phenomenon.
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EXPLORING SCIENCE 1
Mixing iron into the north Pacific
stirs geoengineering controversy

Peter Strutton, Associate Professor,
Institute for Marine and Antarctic Studies,
University of Tasmania

This article was originally published in The Conversation, 8 November 2012.
https.//theconversation.com/mixing-iron-into-the-north-pacific-stirs
-geo-engineering-controversy-10490

A British Columbian fishing community has drawn
almost universal condemnation after dumping
100 tonnes of iron-rich dust into the ocean to
stimulate a plankton bloom, in an effort to restore
salmon numbers.

When the story broke in the Guardian, the New
York Times, CBC, Nature and Science, many of the
commentators claimed that ocean iron fertilisation
on such a scale violated international protocols and
had potentially dangerous impacts on the marine
ecosystem.

But it is equally possible that the bloom was natural.

To understand why this may be the case and why
the community took this approach to improving
fish stocks, it is important to understand the
science around iron fertilisation.

Oceanic iron fertilisation (OIF) has come to
prominence as a potential geoengineering

approach to global warming. The idea is that iron
dissolved in the ocean could accelerate the growth
of massive plankton blooms. This would increase
the uptake of anthropogenic carbon dioxide from
the atmosphere and sequester it deep in the ocean.

The natural process by which atmospheric carbon
dioxide enters the ocean and is sequestered on the
ocean floor is known as the biological pump. It relies
on large numbers of plankton in massive blooms
capturing carbon through photosynthesis.

When the blooms die, they sink to the bottom of
the ocean, remaining there for thousands to millions
of years and taking the carbon dioxide with them.

However, in vast areas of the global ocean - the
north Pacific, tropical Pacific and Southern Ocean
- the efficiency of the biological pump is limited
by extremely low bioavailability of dissolved iron.
Without sufficient dissolved iron, large plankton
blooms cannot form.

At least nine OIF experiments have been performed
since 1993 in each of the major iron-limited regions
of the global ocean, mostly to understand changes
in ocean productivity and atmospheric carbon
dioxide concentrations over glacial-interglacial
cycles (approx. 20,000 years).

Until recently, the export of carbon into the deep
ocean had been confirmed in only two of these
experiments. Even then, the efficiency of the
transport was far less than expected.

10
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Figure 2.13. A map of satellite-derived mean annual chlorophyll concentration (units are mg chl m?).
Phytoplankton contain chlorophyll, so these maps are used as an indicator of ocean productivity.
'The white circles are the locations of nine OIF experiments performed since 1993
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But in 2004, an export efficiency (beyond 1,000 m
depth) of greater than 50% was measured for an
iron-fertilised bloom in a clockwise rotating eddy in
the Southern Ocean. This result has to some extent
revived the debate surrounding iron fertilisation

as a geoengineering technique.

There are concerns about the impact of OIF on
several aspects of ocean health. Fertilising with one
nutrient will likely cause scarcity of the next least-

available nutrient, probably phosphorus or nitrogen.

When the blooms die and decompose, they
consume oxygen and may lead to larger oxygen-
deficient zones. The phytoplankton favoured by
iron addition could be the kind that produce potent
neurotoxins, which accumulate up the food chain
and cause illness in marine mammals and humans.

These concerns have led to moratoria on ocean
iron fertilisation. But it’s also important to realise
that these are only potential impacts. With the
possible exception of depletion of other nutrients,
none of these processes have been observed in
any experiments to date.

When the Haida Salmon Restoration Corporation
(HSRC) announced it had dumped 100 tonnes

of iron-rich dirt into the north Pacific from the
fishing vessel Ocean Pearl| during mid-2012,

people suggested it had potentially violated the
international moratoria. And there were worries
about the scale of the experiment and the potential
for unintended negative environmental impacts.
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All of the earlier OIF experiments deployed about
1tonne of iron as iron sulfate solution. If the dirt used
by the HSRC was any more than 1% iron by weight
(it was likely more than 5%), this would qualify as
the largest deliberate iron addition ever performed.

Some news reports of the iron addition have shown
a single satellite chlorophyll image indicating what
appears to be a bloom. However, this region of the
ocean is populated by eddies that move productive,
high-iron coastal waters into the low-productivity
open north Pacific.

Is it possible to determine whether the bloom in
the satellite image in Figure 2.14 was due entirely
to deliberate iron fertilisation by the HSRC?

Figure 2.14 is probably an average of about two
weeks of satellite data. Individual daily images may
be more useful for determining whether the circled
bloom was natural or iron fertilised.

Many of the news reports say the iron fertilisation
occurred in July this year [2012], but this does
not seem to be true. The Ocean Pearl deployed
20 drifters provided by the National Oceanic

and Atmospheric Administration (NOAA). The
deployment information for these drifters gives
an approximate location of the ship.

Figures 2.15 and 2.16 tell us a little about the
pre-existing chlorophyll concentrations in this
region of the North Pacific and the Ocean
Pearl’s expedition.

e 3

Figure 2.14. A satellite
chlorophyll image from

the Haida Gwaii region,
purporting to show the

bloom generated by the
HSRC iron addition.

Credit: Goddard Earth
Sciences Data and Information
Services Center/NASA
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Figure 2.15. Chlorophyll concentrations, 8 August 2012.
Credit: National Oceanic and Atmospheric Administration

(NOAA)

Figure 2.15 is a snapshot from 8 August (before the
ship left port). It shows some high chlorophyll near
139°W, 53°N, where the bloom was eventually seen
in the first relatively clear satellite image.

In Figure 2.16, the magenta circles are the
deployment locations of the drifters (indicating the
ship’s track). The white circles are the location of
the drifters on 25 August and the black lines are
the drifter trajectories.

Based on the drifter data and some images from
14 and 17 August (not shown here for brevity), the
Ocean Pearl arrived in the location of the bloom
on 14 August at the earliest but probably started
fertilising no earlier than 16 or 17 August.

The high chlorophyll observed on 25 August
(no more than 8 or 9 days after fertilisation) is
approximately 4.5 mg m= and is probably an
underestimate because of known problems with
satellite chlorophyll retrievals at high latitudes.

In the Subarctic Ecosystem Response to Iron
Enrichment Study (SERIES) experiment in 2002,
chlorophyll concentrations of this magnitude were
not observed until about 14 days after fertilisation.

chl (mg m™®) 25-Aug-2012
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Figure 2.16. Chlorophyll concentrations, 25 August 2012.
Credit: National Oceanic and Atmospheric Administration

(NOAA)

All of this evidence strongly suggests the Ocean
Pearl/HSRC did not solely generate the bloom
observed on 25 August. At best they may have
slightly enhanced an already high chlorophyll area,
as suggested in an article in the Vancouver Sun.
They did not create a bloom in an ocean desert.

If it is their intention to sell carbon credits to help
offset the cost of the experiment, how will they
document the amount of carbon sequestered?
Measuring the amount of sequestered carbon has
been one of the biggest challenges from every
OIF experiment. How would they determine how
much of that carbon sequestration was due to the
addition of iron and how much was natural?

It is easy to understand why this experiment

has drawn such heavy criticism. However, the
over-emphasis on potentially negative but
undocumented impacts does not help the debate.
No deleterious impacts have been observed for
any OIFs thus far. Risks may well be minimal and
mitigated by good project design.

The scientific community, in its concern to show
respect for international rules, should be careful

to avoid hyperbole if it wants the public to support
future research into this important aspect of
global climate.
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Using field data and global satellite imaging,
environmental scientists can estimate that more
than 80% of Earth’s surface has been transformed
by long-extinct volcanoes. Scientists are able to
monitor changes in the volume, salinity and rate
of evaporation from bodies of water, and track
disruptions to the hydrological and carbon cycles
associated with large-scale deforestation.

A comparison of the Gariwerd seasonal calendar
with other Aboriginal and Torres Strait Islander
peoples’ seasonal calendars and with Western
planting schedules over time illustrates different
approaches to crop selection and land management
in response to environmental change. In this

area of study students compare Earth’s changing
features, examine different ways to measure and
make predictions about changes in Earth’s four
systems, and explore different options for managing
environmental changes and challenges.
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The selection of learning contexts should allow
students to develop practical techniques and
undertake fieldwork to examine change or
disruption to ecosystems and local landscapes
over time. Students develop their skills in the
use of scientific equipment and apparatus. They
perform comparative tests of ecological function
such as measuring the infiltration rates through
rocks and soils with different permeabilities, and
design practical solutions to challenges such as
erosion and curbing water run-off. Students may
obtain secondary data for analysis from landscape
mapping tools.

Outcome 2

On completion of this unit the student should

be able to analyse how changes occurring at
various time and spatial scales influence Earth’s
characteristics and interrelated systems, and
assess the impact of diverse stakeholder

values, knowledge and priorities in the solutions-
focused management of a selected regional
environmental challenge.



How do Earth’s
systems change
over time?

AREA OF

STUDY

Key knowledge

Area Section

Earth’s dynamic systems

* transformative processes occurring during Earth’s deep history that shaped the

formation of Earth’s four interrelated systems 3
» changes and disruptions to landscapes, ecosystems and biomes that influence their 4149
distribution and ecological characteristics ’
Data and modelling
« ways of using data and models to study Earth’s systems and changes in Earth over time 51
Managing environmental challenges
« the role of innovation and science in responding to challenges as a result of 5

environmental change and disruption

* the contribution of scientific data, new technologies, regulatory frameworks and diverse
stakeholder values, knowledge and priorities in managing environmental challenges of 53
regional relevance




Earth’s deep history

CASE STUDY 3.1
Joint management to pave
the way for the future

Piera Sfameni, Bachelor of Science student,
Deakin University, with acknowledged assistance
and thanks to Suzanne Nunn (National Indigenous
Knowledge Education Research Innovation (NIKERI)
Institute, Deakin University) and Parks Victoria

Cultural burning is a traditional fire regime and
the primary method of land management prior
to colonisation in order to prevent Country

from burning. There is a connection that binds
Indigenous people to the land, one that has
manifested from thousands of years of cultivating
Australian landscape.

The method of cultural burning is the use of small,
cool and controlled flames of low height, thinking
about the nature of the habitat being burnt
including soil type, moisture and vegetation. It
creates a mulch layer on the surface of vegetation

to trap soil moisture and prevent the spread of fire.

The size and duration of the burn does not follow
a specific formula but rather draws on traditional
knowledge of the country.
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This burning is directed towards removing foreign
and invasive material from the land, including fire-
prone plant material, and promoting regrowth.
Cultural burning encourages a more fire-resilient
landscape and rejuvenates the habitat to allow
native flora and fauna to flourish.

In contrast, the Western practice of hazard-
reduction burns conducted by state authorities is
a generalised method of reducing fuel load per
hectare that may feed fires. It is often seen that
this mode of burning is not appropriate for areas
and can scorch the earth, with the generation of
heat that alters the soil chemistry and degrades soil
moisture. This method treats all types of habitats
equally and doesn’t take the same care as cultural
burning to differentiate the types of vegetation,
ultimately mismanaging the land.

There is a movement, particularly after the
ravaging wildfires of 2020, for cultural burning

to be implemented in mainstream practices. The
uptake of Aboriginal cultural lore can tremendously
aid in mitigating the onslaught of environmental
disasters and maintain a healthier landscape. These
are the very practices that may be introduced
through joint management of national parks and



reserves to ensure more sustainable and efficacious
management of the land and a skill to be learnt
from our traditional owners.

The Victorian Traditional Owner Settlement Act
2010 sought to give back control of the land that
was owed to our First Australians and forge a new
pathway of joint management that encourages a
three-way collaboration between traditional owners,
Parks Victoria and relevant third-party agencies.
This collaboration pays respect to Aboriginal
sophisticated and expansive knowledge of the

land that has culminated over 60,000 years.

An experiential review conducted by Parks Victoria,
who manage parks and reserves on behalf of the
state, evaluates the efficacy and challenges in
implementing joint management of the land and
the overall benefits for the health of our landscape.
Joint management is a product of state policy that
grants rights and responsibilities to traditional
owners and grants them a voice in the decisions
made towards managing Country.

Suzanne Nunn is a lecturer at the National
Indigenous Knowledge Education Research
Innovation (NIKERI) Institute at Deakin University.
Suzanne conducted a review of the uptake of joint
management in 2015 on behalf of Parks Victoria,
looking at partnerships with the traditional

owner groups Yorta Yorta, Gunaikurnai, and

Dja Dja Wurrung. The results held great promise

Questions

1. Determine the science required to understand
this case study.

2. Describe the types of technology that would
assist with understanding or solving issues
in this case study.

3. List the many stakeholders involved in this
case study.

AREA OF STUDY 2 | HOW DO EARTH'S SYSTEMS CHANGE OVER TIME?

Figure 3.1. Lands being burnt for management purposes.
Credit: CSIRO CC BY 3.0

for an effective and functional environment
management and potential to initiate change
within the landscape into the future.

It was determined that the success of joint
management hinged on a mutual understanding
and respect between both groups in order to
establish a harmonious relationship. This approach
was one that acknowledged both world views to
incorporate into new management practices.

The journey to creating healthy Country is one

that could take many generations. As stated by
Marian Reid, writer at the Australian Conservation
Foundation, “Country’s been mismanaged for

200 years and it’s not going to be an overnight fix.”

In essence, there is much that can be learnt from
Indigenous practices.

4. Using the definitions presented in
‘Stakeholder values’ (p 82), describe the
values and priorities of the stakeholders
involved. Justify your choice/s.

5. ldentify the regulatory frameworks used
to protect the environment that is described
this case study.
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3.1. Origins of the solar system and formation of Earth

Transformative processes occurring during Earth’s deep history that shaped the
formation of Earth’s four interrelated systems

The origins of the solar system and how Earth
was formed are being continually studied by many
scientists to better understand which of the many
theories and models is the most accurate.

The most widely accepted theory is that the

solar system settled into its current layout about
4.5 billion years ago. At that time, the solar

system was a cloud of dust and gas, with a small
percentage of heavier atoms formed earlier in the
history of the universe. This cloud was known as a
solar nebula. Gravity collapsed the material in on
itself, with the atoms now colliding more frequently
and violently generating more and more heat. These
collisions increased the temperature to a point that
the protons in the atoms began to fuse with each
other (nuclear fusion). This fusion transformed
matter into large amounts of energy, resulting in
the formation of the Sun.

Figure 3.2. Earth’s magnetic field
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The material not absorbed during the process of
nuclear fusion was held in a swirling orbit by the
Sun’s gravity. This gravity then pulled in other
material, including dust particles, forming larger and
heavier clumps. These heavier elements collided
and bound together with the denser material
forming the core at the centre of the new planet
Earth. The pressure and heat from the radioactive
decay of elements resulted in molten material
around the core. It was probably around this time
that Earth’s magnetic field formed (Figure 3.2).
Eventually the surface cooled, creating the crust,
leaving the molten layers underneath that form
the outer core and mantle.
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Student activity 3.1
Just for fun: Hubble telescope

The NASA Hubble space telescope explores the
universe continuously. Since its launch in 1990 on
the space shuttle Discovery, the Hubble telescope
has discovered many extraordinary things about
the universe, including the idea that the universe
is not only expanding but accelerating its speed
of expansion. Hubble has given us the first
recordings of the atmospheric composition

of distant planets and let us see our closest
neighbouring galaxy, Andromeda, which has

led scientists to predict the two galaxies will

one day come together in a gigantic collision.

Use this link to explore the many discoveries of
the Hubble space telescope and find out what
Hubble saw on your birthday:
https://www.nasa.gov/content/goddard/
what-did-hubble-see-on-your-birthday.

The Sun

The Sun is the primary source of energy for all life
on Earth. The Sun is just close enough to Earth to
sustain life without harming it. In fact, Earth receives
only about one-billionth of the Sun’s energy output.

The Sun is a fireball of hydrogen (72%) and helium
(28%) gases. The extremely high temperatures
and pressures of its inner core strip electrons from
atoms to leave bare nuclei of hydrogen, which
fuse to form helium gas. This nuclear fusion
reaction (Figure 3.3) releases enormous amounts
of solar energy as heat, light and other radiation.

& &2

Deuterium\ — Helium
/ \
Tritium \ Neutron
Energy

Figure 3.3. Nuclear fusion reactions release solar energy
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Solar cycles

People have known for 150 years that the Sun’s
activity level goes in cycles. Over a period of about
11 years, the Sun cycles through times of lots of
activity (called the solar maximum) and times of
low activity (the solar minimum) as can be seen

in Figure 3.4. The level of activity is visible to us

in the form of sunspots - dark spots on the Sun’s
surface, usually relatively close to the Sun’s equator.
Although they look small in relation to the Sun,
they average roughly the size of Earth, and some
are as big as 20 Earths. Sunspots, and associated
flares, are a sign of changes in the Sun’s magnetic
field. Because the Sun’s interior contains flows of
hot gas, the shape and intensity of its magnetic
fields change quite rapidly. Sunspots are regions
of intense magnetic field which are cooler than the
surrounding surface and hence look darker. The
magnetic field rises out of the surface of the Sun,
and streams of charged particles (plasma) can
erupt into a solar flare.
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Figure 3.4. Sunspots at a solar maximum (left) and a
solar minimum (right). Images courtesy SOHO, the EIT
Consortium, and the MDI Team, NASA

Scientists have debated whether the solar cycle
affects our weather, climate and sea surface
temperatures. The difference in the Sun’s output
between solar maximums and solar minimums is
less than 1%. Records show a historical correlation
between sea surface temperatures and the activity
level of the Sun, but temperature increases in recent
years are greater than could be accounted for by
solar activity. The International Panel on Climate
Change has concluded that the Sun’s activity does
not account for global warming.

47



MONITORING ENVIRONMENTAL SYSTEMS | UNIT1

Although not responsible for global warming, the
solar cycle does influence water and air circulation
patterns around the globe and may influence
cloud cover. The difference between outputs at
the maximum and minimum is up to tenfold in the
extreme ultraviolet portion of the solar spectrum,
and this is thought to influence the chemistry of the
stratosphere (the atmospheric layer above 15 km
altitude). At solar maximum, ozone concentrations
are higher in the stratosphere, which can affect
that layer’s temperatures and winds.

Solar flares can also cause geomagnetic storms,
which can affect our communication satellites,
overload our power grids and drown out radio
transmissions. Large clouds of plasma hitting
Earth’s magnetic fields also cause the southern
and northern auroras.

Electromagnetic radiation

Most of the energy radiated from the Sun is
electromagnetic radiation. Electromagnetic
radiation travels in ‘packets’ (photons) at the speed
of light, almost 300,000 kilometres per second
(km/s). The photon is the smallest unit (quantum)
of light and other forms of electromagnetic energy.
Photons are generally regarded as particles with
zero mass and no electric charge. Radiation can

be of different wavelengths and frequencies.

The wavelength is simply the length of one wave
of radiation. Frequency is the number of waves
passing by per second and is measured in hertz
(Hz). The shorter the wavelength, the higher the
frequency of the electromagnetic radiation and
the higher the energy of the photons.

The entire set of electromagnetic waves is called
the electromagnetic spectrum (see Table 3.2 and
Figure 3.5).

Data analysis 3.1 Representing data: Constructing graphs

Use the dataset table provided by the Bureau of Meteorology Space Weather Service to graph
the observed monthly sunspot numbers from 2002 to 2020 (Table 3.1.). Use the following website
to update your data to include the year we are in presently: https:/www.sws.bom.gov.au/Solar/1/6.

Table 3.1. Observed monthly sunspot numbers

Observed monthly sun spots

Jan Mar

Feb Apr \EV Jun Jul Aug
2002 184.6 170.2 1471 186.9 287.5 128.8 161.1 175.6 187.9 151.2 147.2 135.3
2003 133.5 75.7 100.7 97.9 86.8 18.7 128.3 15.4 78.5 97.8 82.9 72.2
2004 60.6 74.6 74.8 59.2 72.8 66.5 83.8 69.7 48.8 74.2 70.1 28.9
2005 48.1 435 39.6 38.7 61.9 56.8 62.4 60.5 372 13.2 275 59.3
2006 20.9 5.7 17.3 50.3 37.2 24.5 22.2 20.8 23.7 14.9 35.7 22.3
2007 29.3 18.4 72 5.4 19.5 21.3 15.1 9.8 4.0 1.5 2.8 17.3
2008 41 2.9 15.5 3.6 4.6 52 0.6 0.3 1.2 4.2 6.6 1.0
2009 13 1.2 0.6 1.2 2.9 6.3 5.5 0.0 7] 77 6.9 16.3
2010 19.5 28.5 24.0 10.4 13.9 18.8 25.2 29.6 36.4 33.6 34.4 24.5
201 27.3 48.3 78.6 76.1 58.2 56.1 64.5 65.8 120.1 15.7 139.1 109.3
2012 94.4 47.8 86.6 85.9 96.5 92.0 100.1 94.8 93.7 76.5 87.6 56.8
2013 96.1 60.9 78.3 107.3 120.2 76.7 82.6 91.8 54.5 14.4 13.9 124.2
2014 17.0 146.1 128.7 12.5 112.5 102.9 100.2 106.9 130.0 90.0 103.6 112.9
2015 93.0 66.7 54.5 75.3 88.8 66.5 65.8 64.4 78.6 63.6 62.2 58.0
2016 57.0 56.4 54.1 379 51.5 20.5 324 50.2 44.6 33.4 21.4 18.5
2017 26.1 26.4 17.7 32.3 18.9 19.2 17.8 32.6 43.7 13.2 57 8.2
2018 6.8 10.7 2.5 8.9 13.1 15.6 1.6 8.7 3.3 4.9 4.9 31
2019 77 0.8 9.4 9.1 9.9 1.2 0.9 0.5 11 0.4 0.5 15
2020 6.2 0.2 1.5 52 0.2 5.8 6.1 75 0.6 14.5 34.5 23.1

Source: Bureau of Meteorology Space Weather Services https.//www.sws.bom.gov.au/Solar/1/6
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Visible light is only a small portion of this spectrum. of visible light and violet light has the shortest.

Other than wavelength and frequency, there is no The next shortest set of waves is ultraviolet (UV) S
physical difference between a radio wave, an X-ray light. Some flowers attract bees with patterns =
and a colour such as orange. Although we cannot that can only be detected with UV light. Q
see infrared rays, our bodies perceive them as Ultraviolet light causes sunburn; it has higher E
heat. Some snakes have highly sensitive infrared frequencies and energies than visible light. UV rays f
receptors to help detect their prey. and the other short wavelengths are ionising rays;
that is, they have enough energy to knock electrons
The wavelength of radiation emitted from a body off atoms to form charged particles called ions.
varies with the surface temperature of the body: lonising rays can be dangerous to living things.

hotter bodies radiate shorter wavelengths. The
surface temperature of the Sun is quite high (about

5,800 °C), so solar radiation occurs in the shorter Electromagnetic radiation reaching Earth

wavelength end of the electromagnetic spectrum About 38% of the radiation that reaches Earth

(see Figure 3.5). Solar radiation reaching Earth’s is visible to the human eye as light. There is also

atmosphere is mainly in the wavelength range of a considerable amount of radiation at longer

300 to 2,500 nanometres (a nanometre (nm) is wavelengths, in the infrared part of the spectrum

one-billionth (10) of a metre). (53%), and a little radiation in the shorter
wavelength ultraviolet part of the spectrum (9%).

Each colour of the visible spectrum has its own These electromagnetic waves bring both light

range of frequencies and wavelengths. Red light has and energy to Earth.
the lowest frequency and the longest wavelength

Table 3.2. The electromagnetic spectrum

Type of wave Wavelength Frequency Notes
Radiowaves 0.1 mm to >100,000 km | 1-10'2 Hertz (Hz)

Microwaves millimetres to metres 107-10"" Hz

Infrared waves  0.77-1,000 micrometres | 10''-10'4 Hz

(um)*
Light 0.39-0.77 ym 4-8 x 10" Hz Visible portion of the spectrum
Ultraviolet light  0.01-0.39 uym 8-300 x 10" Hz Visible to insects
X-rays 0.01um 3x10'6-1x%x102! Hz Used in medicine
Gamma rays Down to 0.00000001 ym | Up to 3 x 1022 Hz Very high energy levels

*a micrometre (um) is 10°° of a metre

Red-Orange-Yellow-Green-Blue-Indigo-Violet

Non-ionising radiation lonising radiation
Longer Radio Gamma Shorter
wavelengths  waves Microwaves Infrared Visible light UV X-rays rays wavelengths
100 km 10m Tmm 100 nm* 0.01nm Wavelength

Increasing frequency and decreasing wavelength of electromagnetic radiation

*7 nm (nanometre) is one-millionth of @ millimetre
Figure 3.5. The electromagnetic spectrum
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The photons that make up electromagnetic waves
travel through space in straight lines. When they
reach an object, which might be a molecule high
up in the atmosphere, the surface of Earth or
something in between, they will behave in different

ways depending on the nature of that object
(see Figure 3.6).

They could be:

* transmitted without bending if the object is
transparent

 transmitted but bent (refracted)
» absorbed at the surface if the object is opaque

* reflected if the object has a surface they
cannot penetrate

e or a combination of these.

Radiation coming from the Sun is refracted when
it reaches Earth’s atmosphere. Some radiation is
also reflected back into space or absorbed in the
atmosphere. Any radiation reaching the surface of
Earth is also either absorbed or reflected.

Only a small portion of the Sun’s energy is absorbed
by Earth and life on Earth. About 34% of solar
energy is reflected straight back into space. Another
19% is absorbed by the atmosphere, particularly
water vapour, carbon dioxide and other gases. So
just under half (47%) of the solar energy received

by Earth reaches the planet’s surface, though the

Sun

Incoming waves
Reflected waves

Refracted waves

Object

Object =+ Absorbed

waves if
the object
is opaque

Transmitted waves

Figure 3.6. Alternative paths of electromagnetic radiation

amount reaching the surface varies greatly with
location and time of year. Ozone in the stratosphere
absorbs most of the ultraviolet radiation, so very
little of this penetrates through the atmosphere.
The radiation reaching Earth’s surface is mainly

in the visible and infrared part of the spectrum.

Some of the energy reaching the surface of Earth
from the Sun is returned to the atmosphere in
the form of heat produced by animals and plants.
Eventually, almost all energy is reradiated into
space as heat. The flow of energy to and from
Earth can be seen in Figure 3.7.
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Figure 3.7. Flow of energy to and from Earth
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Practical 3.1
Refraction and the spectrum of light

Aim

To understand how white light behaves when
passed through different mediums.

Equipment

¢ 100 millilitre (mL) or 200 mL beaker
* straw or glass rod or spatula

* water

* Hodson light box kit

* power supply

* white paper

* ruler

Procedure
Part 1

1. Add water to the beaker to approximately
%4 full.

2. Insert a straw at an angle.

3. Look through the side of the glass at the straw.

Part 2

1. Set up the light box with a narrow single slit.

2. Place a piece of paper on the table in front of
the Hodson box.

3. Place the rectangular prism at a right angle to
the light beam. Accurately draw or trace the

path of the light through the rectangular prism.
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4. Rotate the rectangular prism so that it is now
at an angle to the beam of light. Accurately
draw or trace the path of the light through the
rectangular prism. Look for all paths of the light.

5. Place a triangular prism in front of the single
beam. Slowly rotate the prism until the single
beam of white light is split into colours.
Accurately draw or trace the path of the light
through the rectangular prism. Look for a//
paths of the light.

Results
Part 1

Draw a diagram showing the appearance of the
straw in the beaker viewed from the side.

Part 2

Draw annotated diagrams showing the path of the
light through each of the prisms. Label each type of
ray as reflected, transmitted, reflected or absorbed.
Record the colours seen through the triangular
prism and the order they are in.

Discussion
1. Explain why the straw appeared as it did in
Part 1.

2. Explain why the white light was split into the
colours in Part 2. Why do the colours appear
in that particular order?
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Formation of the atmosphere

During the formation of Earth, gravity also captured
some of the swirling gases, forming the early
atmosphere. Intense volcanic activity and the release
of gases (known as outgassing) during Earth’s
formation produced a primordial atmosphere

that had oxygen but only in small amounts.

UV light

H escapes to space
H,0 —* H + OH
CO,—"= €O, *+0 /
> > \ 0+

As Earth cooled, the temperature decreased to a
point where the water vapour in the atmosphere
condensed, creating clouds and hence forming
oceans. The oceans then absorbed a lot of the
carbon dioxide from the atmosphere and a

small amount of oxygen was produced through
photolysis of carbon dioxide and water by
ultraviolet radiation (Figure 3.8).

OH —=0,+H

Figure 3.8. Photolysis of water vapour and carbon dioxide produce hydroxyl (OH) and atomic oxygen (O),
respectively. In turn, those molecules produce oxygen gas (O,), accounting for its appearance in low

concentration in the primordial atmosphere
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Figure 3.9. Composition of Earth’s atmosphere over geologic time
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Oceanic cyanobacteria, the first photosynthetic
organisms to use visible light and produce oxygen,
evolved around 2.5 million years ago (mya). They
carried out photosynthesis on such a large scale
that they consumed most of the carbon dioxide in
the atmosphere and released enough oxygen to
make permanent changes (Figure 3.9). Over time,
aerobic organisms evolved and started consuming
the oxygen.



Formation of the lithosphere

As explained earlier (see p 23), the lithosphere

is the outermost solid layer of the planet and
comprises the crust and upper mantle. The
lithosphere has two forms of crust: continental
crust (which is about 40 km thick) and oceanic
crust (about 10 km thick). Together with the upper
mantle, each plate is about 100 km thick.

During Earth’s formation, the hot molten surface
of the planet was exposed to the extremely low
temperatures of space, which solidified the early
crust - probably as one single unbroken layer.
Millions of years after it formed, the crust broke
into smaller, mobile sections called plates that fit
together like a giant jigsaw puzzle. These plates
move extremely slowly, about 1to 12 centimetres
(cm) each year. The continents and oceans resting
on these plates are carried around with them.
This movement is known as continental drift.

Continental drift

First proposed by geophysicist and meteorologist
Alfred Wegener, continental drift theory was used
to explain how Earth’s continents shifted position.
In 1912, Wegener postulated that the continents
once formed a giant supercontinent called Pangaea.
This giant landmass broke apart and into two large
landmasses: a northern continent called Laurasia
and a southern continent called Gondwana. These
two large continents eventually broke up and
moved to form the continents as we know them
today (Figure 3.10).
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Plate tectonics

Wegener’s continental drift theory had one major
limitation: it could not explain how continents
moved about the surface of the planet. In the 1960s,
scientists had discovered enough about Earth to
develop the theory of plate tectonics to explain the
processes causing continents to move, mountains
and ocean trenches to form, the sea floor to spread,
and earthquakes and volcanoes.
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Movements of the lithosphere are caused by
powerful convection currents created as hot and
less dense material within the molten part of the
mantle rises and colder rocks sink. These currents
push around the molten material, which nudges
the overlying lithosphere plates. Some of the heat
escapes to the surface of the lithosphere through
cracks and vents, appearing as volcanoes, hot
springs or steaming pools of boiling mud.

Because the plates are moving at different rates
and in different directions, they are pushed together
or pulled apart at the boundaries. The forces
involved become obvious at boundaries between
neighbouring plates, where plates crash up against
each other or pull apart.

Collisions between converging continental plates
can push up mountain ranges or cause volcanoes
and earthquakes (Figure 3.11). For example, the
Himalayas have formed over the past 50 million
years from the convergence of the Indian plate into
the Eurasian plate, a process that continues today.

Continental drift

Triassic period
200 million years ago

Permian period
225 million years ago

Jurassic period
150 million years ago

-?

Cretaceous period Present day

65 million years ago

Figure 3.10. Positions of Earth’s tectonic plate at five stages over the past 225 million years
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plate

Pacific plate
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Easter plate

plate Nazca
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Juan —
Fernandez
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Scotia plate

Antarctic plate

Figure 3.11. Earth’s major tectonic plates

When two oceanic plates converge, the heavier
plate gets pushed under the other (a process called
subduction), forming an ocean trench and returning
its material to the mantle. The water carried down
with the oceanic crust is released, causing more
magma to melt and erupt in large volcanoes. The
result can be an arc of volcanic islands at the plate
boundary, such as the islands of Japan and the
Philippines, and also increased earthquake activity.

Subduction zones also occur where oceanic and
continental plates meet. The heavier oceanic plates
are pushed below the continental crust, which

can crumple upwards. This is the process that has
occurred on the eastern side of the Pacific Ocean
where it has created the Andes mountain range in
South America. In fact, much of the Pacific Ocean
boundary falls within the ‘Ring of Fire’, so named
because of the frequent volcanic and earthquake
activity caused by plate movements.
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Plates sliding past one another can set off
earthquakes: friction between the rigid plates sets
up tremendous strains that are released when the
plates jerk suddenly forward, sending shock waves
through the rock. The 1,300 km long San Andreas
fault in California, which has caused notable
earthquakes in San Francisco and also threatens
Los Angeles, occurs where two plates are sliding
past each other.

New seafloor forms on the boundary of plates that
are moving apart from one another (diverging). In
the line between the spreading plates, the mantle
wells up to form a mid-ocean ridge of underwater
mountains around a rift valley. Magma from the
mantle wells up in the valley and spreads out

to both sides, creating new crust. This seafloor
spreading is slow, ranging from 20 to 120 mm/year.



Student activity 3.2
Science skills: Defending explanations

Fossil evidence of the small fern Glossopteris
has been found throughout Australia,
Antarctica, Africa and South America. Devise
an explanation for the widespread presence
of the plant and justify it with evidence.

Discuss your evidence as a class. You might
like to assign some class members with the
task of doubting your evidence and producing
counter evidence.

Figure 3.12. Fossil example of Glossopteris. Credit: akhenatenator CCO0 1.0

The rock cycle

The rocks in the lithosphere are classified into
three major groups, based on their origin.

Igneous rocks form when magma from deep in
Earth’s crust and the upper layers of the mantle
cools and solidifies. The most common igneous
rocks are granite and basalt. Some igneous rocks
form from volcanic lava flows, others form from
magma that did not reach the surface, but cooled
slowly, forming larger mineral crystals. Ultimately,

all rocks (and soils) are derived from igneous rocks.

Weathering
and erosion

v =3
Slow uplift to Transport and
the surface deposition
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Sedimentary rocks form from deposits of eroded
particles of rock and soil and the remains of dead
organisms that fall to the bottom of seas and
lakes. Over time, the increased pressure on the
layers of sediments compresses them into rocks.
Sedimentary rocks include limestone, mudstone
and sandstone.

Metamorphic rocks are igneous or sedimentary
rocks that have been altered by heat, pressure and
chemical change within Earth’s crust. They include
slate, marble, quartzite and schists.

The material in magma, rocks and soil cycle through
these different rock types as shown in Figure 3.13.

Igneous rock Sedimentation

Crystallisation Compaction and
of magma cementation

A

\ Sedimentary rock

Melting Burial, high temperatures

and pressures
Metamorphic rock -

Magm
9ma form from Mmoltern cryst and manta|

Figure 3.13. The rock cycle
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CASE STUDY 3.2
Dating Earth with rocks

Earth is constantly changing: its crust is continually
being created, modified and destroyed. As a result,
rocks that record its earliest history have not been
found and probably no longer exist. Nevertheless,
there is substantial evidence that Earth is 4.5 to
4.6 billion years old. The principal evidence for

the age of Earth comes from radioactive dating,

a method of dating rocks and minerals using
radioactive isotopes.

Isotopes of an element have the same number of
protons but a different number of neutrons in their
nucleus. For example, carbon-12, carbon-13 and
carbon-14 are all isotopes of the element carbon,
with respective mass numbers of 12, 13 and 14. In
radioactive isotopes, the nucleus is unstable and
over time will spontaneously break down into a
more stable arrangement. Uranium is an example
of this as it makes itself more stable by shedding
particles and energy in the form of radiation.

Radioactive elements were incorporated into
Earth when the solar system formed. All rocks and
minerals contain tiny amounts of these radioactive
elements. The process of radioactive isotopes
breaking down is known as radioactive decay.

Radioactive decay occurs at a constant rate, specific
to each radioactive isotope. The half-life of an
isotope is the time it takes for half of the atoms in

a sample to decay from the unstable radioactive
isotope to the stable element.

Many different radioactive isotopes and techniques
are used for dating. All rely on the fact that certain
elements (particularly uranium and potassium)
contain a number of different isotopes whose
half-life is exactly known. Knowing the half-life
allows us to measure the age of a rock or mineral
by measuring the relative concentrations of their
isotopes.

The oldest rocks on Earth, found in western
Greenland, have been dated by four independent
radioactive dating methods at 3.7 to 3.8 billion
years. Rocks 3.4 to 3.6 billion years old have been
found in southern Africa, Western Australia and the
Great Lakes region of North America. These oldest
rocks are metamorphic rocks but some originated
as lava flows and some as sedimentary rocks. The
debris from which the sedimentary rocks formed
must have come from even older crustal rocks. The
oldest dated minerals (4.0 to 4.2 billion years) are
tiny zircon crystals found in sedimentary rocks in
Western Australia.
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Indigenous perspectives:
Space and time

Indigenous Australians describe time in cycles,
which contrasts with the dominant linear timescales
of Western descriptions of time. The Western
scientific concept of time begins at a certain point
(the Big Bang) and progresses in a line to the
present. The concept of time throughout the world
is culturally constructed, and white Australians who
have descended from European settlers largely
determine time as past, present and future.

Within Indigenous Australian culture, time is seen
as passing through cycles, and environmental
changes are observed over different time scales.

* Changes in recent time includes cycles of night
and day and lunar months.

* Medium-term changes in the environment
include the seasons, which are indicated by the
movement of constellations, weather patterns
and altered animal behaviour. Some patterns,
like holding travelling ceremonies, are repeated
every few years.

* Long-term change is described through the
analogues of the Skyworld causing seasons
on Earth.

A calendar of Indigenous seasons links star
movements, plant flowering, animal migration and
weather changes (Figure 3.14). Ecologists and land
managers can use Indigenous calendars to better
understand the cycles of specific regions. The
calendars relate to practices of burning, food and
harvesting activities that have been carried out
over the past 10,000 years or more. This long-term
perspective gives insight into the impacts of
climate change by providing a reliable record

of shifts in seasonal cues and variations.
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Season of
Balalambar
(butterflies)
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Kooyang
(eels)
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Season of
Petyan
(wild flowers)

Season of
Gwangal
Moronn

(native honey
bees)

Season of
Larnuek
(nesting

birds)

Season of
Chinnup
(cockatoos)

-

Figure 3.14. Season calendar developed for the Gunditjmara
people of south-western Victoria. Note that the actual
timing of the seasons would vary from year to year

Critical thinking and discussion 3.1

1. What is Earth’s magnetic field and why
is it important?

2. What is the most comprehensive evidence
of continental drift? How does this help to
explain the theory of continental drift?

3. What is the Ring of Fire? How does it
provide evidence for the occurrence of plate
boundaries surrounding the Pacific Ocean?

4. How does the surface of a material affect
reflection of light?

5. Do denser materials refract light more
or less than less dense materials? Why?

6. Where does most refraction happen
in the atmosphere? Why?

7. Explain how refraction in water affects
aquatic organisms.

8. Are pores desirable in soil? Justify your answer.

9. What types of biotic organisms are found in
soil? Explain the importance of soil fertility.

10. What is soil compaction? How does it occur?
Discuss the negative effects associated with it.
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Processes changing Earth

4.1. Environmental changes: short term

Changes and disruptions to landscapes, ecosystems and biomes that influence
their distribution and ecological characteristics

Earth is a dynamic system, naturally undergoing
continuous change on a range of time scales. Some
environmental changes occur in relatively short
cycles, while others take thousands of years. Large
environmental changes can fundamentally change
the ecosystems and biomes on the planet. Earth is
over 4.5 billion years old. In this context, short-term
changes occur in timeframes of days to years.

Changes within years

Daily changes

Activity that occurs regularly and predictably on
a daily basis is following a circadian rhythm. Most
birds are diurnal, becoming active during daylight
hours, such as a rooster crowing when the sun
rises. The name of the common lawn daisy (day’s
eye) comes from its habit of opening its petals by
day and closing them at night. Many Australian
native animals, such as possums, are nocturnal,
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coming out to look for food at night. Animals active
at dusk and dawn, such as kangaroos, are called
crepuscular.

Many organisms, including humans, follow these
rhythms even when the surrounding environment

is held constant and there is no indication of the
time. This is why travelling by jet makes us feel out
of phase with our new time zone. It takes a few days
for our internal biological clock to adjust to a new
time zone. External cues, such as sunlight, can help
reset our clock.

Monthly changes

Lunar rhythms are associated with the movement of
the Moon around Earth, which takes 28 to 29 days.
Because the changing heights of tides correspond
to the changing positions of the Moon in relation

to Earth and the Sun, many intertidal marine
organisms follow a lunar and tidal rhythm.



At low tide, wading birds such as sandpipers and
spoonbills feed on the exposed mudflats. At high
tide, carnivorous fish hunt among the mangroves
and sea anemones unfurl their tentacles to trap
tiny animals.

The common galaxias (or jollytail), a small
migratory fish that lives in fresh water as an adult,
times its autumn breeding to coincide with the
extreme high tides at the new or full moon. These
fish spawn in estuarine vegetation at the high tide
mark, so the fertilised eggs remain out of water until
the next extremely high tide a fortnight or so later
sweeps them out to the sea for their juvenile stage.

Seasonal changes

Changing seasons bring changes in light,
temperature and rainfall, leading to variation in the
frequency and intensity of storms, floods, droughts
and fires. Seasonal changes can affect the availability
of food, and many organisms have adaptations that
help them survive harsh seasonal conditions.

Plant and animal reproduction is influenced by
seasons. Most wildflowers appear in spring, and
many animals are born in spring as food becomes
more abundant after a harsh winter. Deciduous trees
drop their leaves in response to cool temperatures
in autumn. These trees originate from cold climates,
where leaf fall is part of the preparation for winter
dormancy, conserving water at a time when water
may freeze and become inaccessible to the plant.
Many of these changes are triggered by a change in
temperature and/or day length.

Some animals migrate from one place to another
at certain seasons. The most amazing journeys are
undertaken by certain migratory birds and fish.
Short-tailed shearwaters depart each autumn from
southern Australia on their 15,000 km migration to
feed in the northern Pacific Ocean. They return the
following spring, usually to the same burrow, to raise
their young. Victoria’s short-finned eels swim to the
Coral Sea to spawn and then die. The larvae take
up to 3 years to reach the river where their parents
lived. Then, 10 to 25 years later, the mature adults
set off on the long journey back to their birthplace.
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Student activity 4.1
Science skills: Recording

Seasonal changes

Choose an ecosystem, such as the desert, alpine
meadow, coastal mudflat, dry sclerophyll forest or
temperate rainforest. For that ecosystem, research:
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» changes in the climatic patterns from season
to season

¢ the effects of these changes on the ecosystem

» seasonal changes in the behaviour or
characteristics of an organism that lives in this
ecosystem, and the environmental triggers for
these changes.

Changes over years

Weather conditions cycle through the days and
seasons, but conditions can also differ from year
to year, or over periods of years.

El Nino-Southern Oscillation

The El Nifilo-Southern Oscillation (ENSO), a short-
term climatic cycle over 3 to 8 years, is partly the
cause of Australia’s characteristically unreliable
rainfall. The El Nifo-Southern Oscillation is the
name given to the see-sawing changes in sea
surface temperatures and average atmospheric
pressure in and above the Pacific Ocean that affect
weather patterns across the Pacific and Australia.

An El Nifio year starts with a drop of 1to 2 °C in the
surface temperature of the western Pacific Ocean
near Australia, and a rise in the surface temperature
of the eastern Pacific near South America. This
causes the winds blowing westwards from South
America to slacken. Normally, these westerly

winds carry water from the ocean to Indonesia and
Australia. During an El Nifilo event, these winds fail
to reach us, leading to drought in eastern Australia,
while the west coast of the Americas may receive
higher than average rainfall.

Eventually, the situation reverses and we move into
a La Nifla phase, when the eastern Pacific Ocean

is cooler than average and air pressure over the
central Pacific is higher than average.
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Relatively low pressure systems over Australia
bring more winter and spring rainfall to eastern,
central and northern Australia and a wetter early
wet season in northern Australia. The ENSO
phenomenon is further explained in Exploring
science 2 ‘Modelling Earth’s weather’ (p 92).

Drought

In eastern and northern Australia many, but not

all, droughts are due to the ENSO phenomenon.
ENSO-induced droughts last about a year and may
sometimes extend across the whole continent. They
occur at irregular intervals about every 3 to 8 years.
Other random droughts can also affect much of
Australia and may last several years.

Droughts have a major impact on the rural economy
and lead to environmental problems, such as severe
fires, dust storms and general land degradation.
Very dry summers after wet winters can result in
particularly fierce bushfires, many being set off by
lightning strikes.

Floods

Figure 4.1. Major floods can affect large areas of urbanised land

It is common for parts of Australia to experience
droughts that are ended by floods. Flash floods
result from intense storms and are localised and
short-lived. Longer lasting floods occur after heavy
rain over the catchments of extensive river systems.
These are much more widespread. The effects of
flooding include loss of human life, wildlife and stock;
damage to homes, businesses and infrastructure,
such as roads and fences; lost production; land
degradation and the spread of disease.
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In Australia, flood damage costs more than
$400 million each year, more than any other
natural disaster other than bushfire.

Floods can have environmental benefits, and

many ecosystems are adapted to receiving regular
floods. Floods flush salts from the soil and recharge
underground water systems. Floods also deposit
sediments on the flood plains, leading to the
development of rich soils. Flooded rivers also allow
fish to disperse to billabongs on the floodplain, and
flooded wetlands support large colonies of breeding
waterbirds. The floods caused by wet season storms
and cyclones in northern Australia bring life to dry
desert areas.

Glacial melting

Around 10% of Earth’s surface is covered by glacial
ice, including the large icesheets of Antarctica and
Greenland, ice caps and glaciers. Australia is the
only continent without glaciers. Glaciers even occur
in the tropics, for example, in the Andes mountain
range in northern South America, in Papua New
Guinea and on Mount Kilimanjaro in east Africa.
Glaciers are often an important source of water

for people and ecosystems below the glaciers.

Glacial ice forms when snow stays in place long
enough to get compressed into ice by new snow
falling on top of it. Glaciers flow like very slow rivers,
and those in the mountains can carve out huge
U-shaped valleys as they erode the land surface. In
a stable climate, the inputs (new snow accumulating
at the top of the glacier) will, on average, replace
the outputs (ice lost at the bottom where it melts

or where ice blocks calve away). At any one time, a
glacier may be advancing or retreating, depending
on the current balance of those inputs and outputs.
This balance depends on precipitation, humidity,
wind, slope, surface reflectivity and, particularly,
temperature. Because of this, glaciers are a useful
indicator of changing climates.

Today, with increasing global temperatures, we are
seeing an almost universal retreat of glaciers and
icesheets, around the world, as well as the thinning
of sea ice in the Arctic. Glacier monitoring data
shows this retreat is speeding up, with new record
annual losses being recorded many times since
2000. Figure 4.2 shows a retreating glacier.



Figure 4.2. This glacier has retreated significantly over the
past few decades. Credit: Boris Kasimov CC BY 2.0

White snow and ice reflect a lot of the Sun’s energy
that reaches their surface. This is because they have
a high albedo, which is a measure of the reflectivity
of Earth’s surface. As glacial ice retreats, and darker
rock is exposed, more energy is absorbed by Earth
because dark surfaces have a lower albedo (and
reflect less solar radiation). Thus, there is a positive
feedback loop: global warming causes glaciers to
melt so more dark rock is exposed and more heat is
absorbed leading more global warming.

The melting fresh water from glaciers contributes
to arise in the global sea levels and also affects
ocean currents and global climate. The lighter fresh
water pushes down the heavier salt water, altering
the thermohaline circulation, large-scale ocean
currents driven by gradients of heat and salt (see
‘Thermohaline circulation’, p 88). In the short term,
changes are felt in the region of melting glaciers,
such as off the coast of Greenland or the Antarctic,
but in the medium to long term, effects are felt in
the atmosphere and the wider ocean.

Land cover changes

Some of the most obvious medium-term changes
to our environment are those caused by human

use of the land. Land use describes the human
activities taking place on the land. These include
forestry, conservation, cropping, grazing, residential
and commercial development, industry, mining and
recreation. One important aspect determining land
use is land tenure, particularly whether the land is
public land (owned by government) or private land.
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These various land uses, to a greater or lesser
extent, alter the physical aspects of the land and
the land cover. Land cover describes the vegetation
types, soil, water bodies and artificial structures on
the land. Not all changes in land cover are human-
induced. Bushfires, floods, landslides and volcanic
eruptions can all change the vegetation, soil and
other physical attributes of an area. However, the
impact of human activities is extensive and, with
modern technologies, our power to alter landscapes
is unprecedented in history. The massive land cover
changes caused by humans building towns and cities
and growing food have caused many environmental
problems, including loss of biodiversity, salinity,
erosion, deforestation, depletion of resources,
increased flooding, desertification, climate change
and pollution of soil, water and air. Mapping land
uses and land cover, and monitoring ecosystem
condition, provides vital information to help us
manage the land sustainably - fulfilling our needs
for food, products and living space while conserving
natural ecosystems and environmental processes.

Desertification

Around 41% of Earth’s land surface comprises

arid, semi-arid and dry sub-humid areas known
collectively as drylands. More than 2 billion people
live in the drylands, of which 90% live in developing
countries, especially in Africa and Asia. Drylands
can support productive grasslands, woodlands

and forests, but a combination of human activities
and climate change is causing, or threatening,
degradation of large areas of dryland, turning them
into deserts. This is the process of desertification,
which is an issue of global concern and the subject
of the United Nations Convention to Combat
Desertification (UNCCD).

Desertification is caused by heavy farming pressure
that the land can’t cope with, for example, over-
grazing, over-cultivation, excessive fertiliser

use, excess water extraction, poor irrigation and
deforestation. These practices increase soil erosion,
salinity and acidification, reduce soil fertility

and water storages, and increase soil and water
pollution. Droughts and floods can exacerbate land
degradation, as do more subtle climatic changes such
as changing rainfall patterns and evaporation rates.
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This overuse of land is often driven by poverty

and food insecurity (see Chapter 12, p 200), and
pressure to support families and communities. Thus,
poverty and hunger both cause, and result from,
desertification, which is therefore also influenced
by technology, global markets, political instability
and wars, and other social and economic factors.
The relationship between changing climate and
desertification is similarly complex. Climate change
is increasing desertification, and desertification
increases greenhouse gas emissions as carbon
sinks are lost and vegetation is burnt or rots.

Student activity 4.2
Science skills: Drawing justified
conclusions

A close look at natural environmental changes

1. Investigate a recent natural disaster that has
caused changes to Earth’s systems.

2. ldentify the changes that have occurred as a
result of the disaster. Discuss whether these
changes are truly natural and/or to what
extent human presence has contributed or
influenced the impact on Earth’s systems.

You could investigate: the April 2015 earthquake
in Nepal, Queensland floods in 2010-11, Typhoon
Haiyan in the Philippines in November 2013, the
2004 Boxing Day tsunami, the Black Saturday
bushfires in Victoria in February 2009 or the Black
Summer bushfires of 2019-20.

Ecological succession

Ecological succession describes a shift in
ecosystems and biomes over time that lead to
changes in distribution of plant and animal species
and the ecological characteristics of an area.

* Primary succession describes the formation
of ecosystems in areas of brand-new land, for
example, after volcanic activity or a glacier
receding.

¢ Secondary succession describes changes in mature
biomes or ecosystems after a major disturbance
such as clearing for agriculture or bushfire.
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Primary succession

When land is newly formed or available as a
habitat, the first organisms to arrive are autotrophic
colonisers like lichen and mosses followed by small
plants. Their spores (or plants’ seeds) arrive on the
wind and settle in rock crevices. Colonisers typically
have adaptations that allow them to survive these
difficult conditions: they grow quickly, complete
their life cycle in 1 year, produce many spores

or seeds, survive temporary drought and flood,
tolerate direct sunlight and can grow in shallow
soils with low nutrients.

Colonisers trap dust and produce acids that break
down the rock and turn it into soil, so their presence
makes the environment more hospitable for other
species. As colonisers grow and die, erosion creates
tiny fragments of rock that combine with the
organic material to form a simple soil. Over time,
wind-dispersed seeds of more complex autotrophs
arrive and settle into the soil.

Colonisers cannot usually survive competition from
other species, so they soon die out. As a rule, the
first plants to arrive in a brand-new ecosystem will
be low grasses or herbaceous plants capable of
withstanding harsh conditions. The growth of plant
roots stabilises the soil, and the cycle of growth and
death creates more nutrient-rich, deeper soil. Over
time, larger shrubs and woody plants will be able to
grow in this environment, which brings animals into
the area seeking food and shelter.

Changes in weather patterns or changes in
vegetation structure over time influences the
coexistence of different species and the general
assembly of the community. Over hundreds of
years, an ecosystem is created on what was once
bare rock. Plant species continue competing for
resources (such as water, nutrients and sunlight),
and altering the environment, until the climax
community is reached. At this stage, plant species
composition is stable and self sustaining until
disrupted by an ecological change event (such as
a bushfire, flood, landslide) or a long-term process
(such as climate change).



Primary|succession

Pioneer species

Small annual Grasses
plants and
and lichens perennials

Bare rock Lichens

Hundreds of years

Intermediate species

Grasses, shrubs, and
shade-intolerant
trees such as pines

AREA OF STUDY 2 | HOW DO EARTH'’S SYSTEMS CHANGE OVER TIME?

N
Climax community

Shade-tolerant
trees such as oak
and hickory

Figure 4.3. Gradual succession of the landscape from primary succession and pioneer species through to the climax community

CASE STUDY 4.1
Primary succession in the
Galapagos

The Galapagos Islands archipelago sits in the
Atlantic Ocean around 1,000 km to the west of
Ecuador in South America. It is one of the most
famous examples of how changes in landscapes
can influence an ecosystem.

Thirteen main islands sit over the top of a tectonic
‘hotspot’, where super-heated rock rises up to the
surface of Earth and meets the cooling ocean. The

islands, built via a series of volcanic eruptions along

with changes in sea levels, were once bare rock.

Winds from the north-east and south-east first

carried spores of moss, lichen and algae to the bare,

newly formed islands. Over time, as the soil was
created and became more stable and nutrient rich,
seeds from plants brought in by ocean currents or
the winds, settled and germinated.

We do not know how many different sorts of land
animals have made the 1,000 km journey over the
ocean to the Galapagos Islands. However, the semi-
desert biome created on the islands means that
land animals who do arrive must be able to survive
dry, hot windy conditions. Many species who did
establish populations have over time evolved into
new species, so many of the species found there
today are endemic to the Galapagos. All influence
the ecosystem in their own way.

Secondary succession

Secondary succession describes changes in mature
biomes or ecosystems after a major disturbance
such as clearing for agriculture or bushfire. With the
loss of animal and plant species in the area, light,
space and nutrients become available for seeds
(that were perhaps once dormant) to germinate.
Reduced competition brings in new animal

species. Secondary succession is similar to primary
succession in that the process builds up more
complex ecosystems over time.

Figure 4.4. Example of secondary succession after fire.

Credit: Pascal Vuylsteker CC BY-SA 2.0

63

7 431dVHD L 1INN



MONITORING ENVIRONMENTAL SYSTEMS | UNIT1

CASE STUDY 4.2
Secondary succession

Disturbances in an ecosystem play an important
role in enabling biotic communities to reorganise
and re-establish. Each year, cyclones in Australia’s
tropics damage homes and disturb local forested
areas. This disturbance can flatten large trees,
which lets sunlight penetrate to the forest floor,
allowing new trees to germinate and grow.

The loss of large trees reduces population numbers
of arboreal animals (those that live in trees) and
favours smaller animals that move around the forest
floor. This in turn brings in different seeds and
plants that can grow in the newly exposed forest
floor. As the new communities begin to establish,
the forest floor is again protected from full sunlight,
and the understorey plants begin to grow. A new
understorey provides habitat for animals who favour
those conditions, which in turn fosters continuing
regeneration of, and ecological succession within,
the forest ecosystem.

Practical 4.1 Creating a secondary
succession photo diary

Aim
To document changes to a fire-affected

ecosystem and link these changes to the
concepts of secondary succession.

Materials

Camera (if you have access to a field site
affected by the 2019-20 bushfires)

or

Google Earth on an iPad or desktop

Procedure (with access to a field site)

1. If your home or school is in an area affected
by the 2019-20 bushfires, or if you have easy
access to such an area, select a location to
document.

2. At your location, choose a position from which
to make your observations. NOTE: You might like
to record the position coordinates to ensure you
return to the same location each time you visit.

3. Take a photograph in three different directions
from your position. Record in your logbook
the date, weather and any other observations
of the site.

4. Return to this site at regular intervals
throughout the semester, perhaps weekly or
fortnightly. Ensure that your photographs are
taken from exactly the same position each time.
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5. Collate your logbook and photographs
into a photo diary or journal of the area.

Procedure (using Google Earth)

1. If you do not have easy access to a
bushfire-affected area, you can choose
a recently burnt location anywhere in
Australia and use Google Earth.

2. Record the coordinates of your chosen
location.

3. Take screenshots of these coordinates
over the same period.

4. Use Bureau of Meteorology data to note
the weather at your location each day
that you gather your photographs.

5. Collate your logbook and screenshots
into a photo diary or journal of the area.

Analysis and conclusion

Summarise your journal and and discuss the
changes in the ecosystem over the time of
your study, referring to the principles of
secondary succession.

Safety considerations in the field

* Wear personal safety gear when in the field
including hat, sunscreen and hiking boots.

* Beware of snakes and insects when
gathering data.

« Gather your field data in pairs.



Student activity 4.3
Science skills: Establishing an
evidence-based argument

The Hawaiian islands and primary succession

The Hawaiian islands were formed by a hotspot
under Earth’s crust. Volcanic eruptions led to

lava rock protruding above the ocean’s surface,

thus forming islands. As Hawaii’s tectonic plate
shifts north, new islands continue to form over the
volcanic hotspot. Since the northernmost islands are
older than those to the south, they have had more
time to undergo ecological succession.

Critical thinking and discussion 4.1

1. Outline two events that can trigger a primary
succession event.

2. Describe the role played by the first autotrophic
organisms to colonise an area during a primary
succession event.

3. Use the following website to research the
formation of the Hawaiian Islands:
https://www.nationalgeographic.org/
media/alien-deep-geology/.

Write an informative article (similar to the primary
succession case study above) to describe primary
succession in the Hawaiian islands.
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Investigate the establishment of vegetation
and wildlife on the Hawaiian islands. Has
each of the islands reached its climax
community or are the islands in different
stages of primary succession?

The Big Island of Hawaii has a volcano that

is currently erupting, submerging established
forests beneath the volcanic material and
extending the southern coastline of the
island. Using your knowledge about
ecological succession, discuss whether

this marks the beginning of primary
succession or secondary succession.

In 2011, Mission Beach in far north-east
Queensland was hit by cyclone Yasi.

Predict how this led to secondary succession
in the local wet tropical rainforest ecosystems
and what changes may have occurred.

Use the following website to research ancient
Australian rainforests:
http://whc.unesco.org/en/list/368.

Suggest why these regions of Australia
show little evidence of succession.

Figure 4.5. The Hawaiian island of Kauai is the second oldest of the main Hawaiian islands
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Indigenous perspective:
Cultural burning

Aboriginal Australians have a deep understanding
of the effects of vegetation disruption and the
principles of ecological succession.

Aboriginal cultural burning has long been
acknowledged as an effective land management
tool in many areas of Australia. Before an area is
burnt, an evaluation of the contributing biotic and
abiotic factors from all of Earth’s systems is made.
Cultural burning uses small, cool fires to gently
disturb the ecosystem. The burning encourages the
growth of grasses and other food plants favoured
by kangaroos and other meat animals. The result is
easier hunting, and no large out-of-control fires that
damage the larger trees and clear land.

Many white settlers reported that they could ride
their horses at full gallop through the trees as
there was little undergrowth. The same forests
today, without cultural burning, are thick with
undergrowth. Settlers also noticed that the
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Figure 4.6. Kangaroo apple (Solanum aviculare).
Credit: John Tann CC BY 2.0

kangaroo apple (Solanum aviculare) was abundant
after fire when the seeds store was activated.
They could see that fire was used by Aboriginal
Australians to manage food sources over the short
and medium term.

Their deep knowledge of the land lets Indigenous
Australians manage a food-growing system from
season to season that harnesses the natural
processes for long-term sustainability. This contrasts
with modern agricultural practices that drastically
modify the landscape to grow our food.
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4.2. Environmental changes: long term

Changes and disruptions to landscapes, ecosystems and biomes %

that influence their distribution and ecological characteristics o
%
m

Changes over decades The main greenhouse gases are water vapour, 2

carbon dioxide, methane (CH,), nitrous oxide (N,O),

The greenhouse effect chlorofluorocarbons and halons. Water vapour is

In ‘Electromagnetic radiation’ (p 48), you saw the most abundant greenhouse gas. Carbon dioxide

that solar radiation reaches Earth mainly in the is the next most abundant and the one which

wavelength range of 300 to 2,500 nm. A high contributes most to the enhanced greenhouse effect.

proportion of that energy is absorbed by Earth and Greenhouse gas molecules absorb those frequencies

then reradiated into the troposphere as infrared of radiation that match their characteristic resonant

(heat) radiation at much longer wavelengths, about frequencies. In doing so, they gain kinetic energy,

4,000 to 20,000 nm (or 4 to 20 ym; a micrometre which is why the temperature rises.

(um) is 10°¢ of a metre). Some of this reradiated
energy escapes into space, but the rest is absorbed
by gases in the troposphere where it contributes
to warming the troposphere and Earth’s surface.
This process is called the greenhouse effect.

Studies of climate over a geological time scale show
that Earth’s climate has changed dramatically in the
past 4.5 billion years. Figure 4.7 shows temperature
changes over periods in Earth’s history: Earth was

very hot early in its history and then over millions of

The greenhouse gases in the atmosphere keep the years became very cold, with smaller fluctuations.
temperature of Earth’s surface fairly constant, at These changes have occurred because of volcanic
an average of 15 °C. Without greenhouse gases in activity, tectonic movement, the evolution of Earth’s
the atmosphere, all the thermal radiation would be biota and asteroid impacts. Data on past climates
emitted to space - Earth’s temperature would be comes from ice core samples, fossilised coral and
about 30 °C colder, and life as we know it would salt deposits from areas that once contained lakes
not have developed. or oceans.
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Figure 4.7. Temperature of Earth over geological time.

Credit: Glen Fergus CC BY-SA 4.0
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Now human activities are increasing the
concentrations of greenhouse gases, enhancing the
greenhouse effect and warming the planet. This
enhanced greenhouse effect is causing climate
change - not just increased temperatures but
associated changes in rainfall, humidity, cloud cover,
winds and storms, and other aspects of our weather
patterns. The temperature has been stable over the
last 10,000 years, but we are currently moving out
of the Holocene and temperatures are rising at a
rate never before seen. This confirms that the rise is
human-induced climate change and not part of the
natural temperature cycles.

Effects of climate change

Current climate models predict that the global
average temperature will continue to increase over
the coming years. Climate patterns fundamentally
influence ecosystems and biomes, so a changing
climate will affect the distribution of ecosystems
and biomes.

Tropical regions

Current predictions show tropical rainforests
drying out and turning into savannah woodlands,
grasslands and potentially even deserts. The major
probable cause is disruption to the water cycle
(see ‘Water cycle’ p 34) caused by rising global
temperatures. Reduced rainfall and humidity, along
with a rise in temperature, will ultimately reduce
growth of rainforest plant species and favour
species more tolerant of drought.

Alpine regions

Temperature increase will inevitably shrink alpine
regions, as snow depth and area decreases. This will
reduce the distribution of plant (and then animal)
species that characterise these biomes. It has
already been observed that both plant and animal
species are moving to higher altitudes in areas

such as the Bogong High Plains in Victoria. In the
Patagonian ice fields, snow and glacial ice are being
lost at alarming rates, leaving behind lakes and dark
rock, thus changing the structure of the food web
and thereby the ecosystem.
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Figure 4.8. The endangered mountain pygmy-possum needs
snow depths of at least 1m in winter to keep it warm during
hibernation. As the snow moves to higher altitudes, the possum
is forced to follow it. Credit: Zoos Victoria

Coral reefs

Coral reef ecosystems will be affected by both
changes in sea temperature and ocean acidification.
Warmer ocean temperatures at the tropics will
lead to bleaching, and eventual death, of many
hard and soft coral species. Shallow subtropical
waters further from the equator may become
more favourable locations for the building and
maintenance of the limestone coral structures
that define the coral reef biome. However, ocean
acidification is already making it harder for corals
to build strong skeletons.

Temperate regions

Drylands support ecosystems such as tussock
grasslands, dry woodlands and temperate forest.
Some studies predict that the disruption to the
water cycle, caused by warming temperatures,

will affect dryland ecosystems more than any
others. Less overall rainfall and an increase in flood
and bushfire events may result in loss of topsoil
from erosion, loss of many plant species and an
overall shift in the boundaries of these areas

(see ‘Desertification’, p 61).



Data analysis 4.1
Modelling future changes in
Australia’s ecosystems

Use the Climate Futures Tool to examine
predicted changes in climate variables such
as average rainfall, humidity, maximum and
minimum temperatures in Australia.

1.

Go to the website: https:/www.
climatechangeinaustralia.gov.au/en/projections-

tools/climate-futures-tool/detailed-projections/.

You will first need to register a free account.

Once registered, you can sign into the
Climate Future Tool at:

AREA OF STUDY 2 | HOW DO EARTH'’S SYSTEMS CHANGE OVER TIME?

In Scenario, select ‘Bl - low emissions’.
In Year, select 2030’.

In Select classifying variables and seasons,
choose ‘Mean Surface Temperature’,
‘Annual’ and ‘Rainfall’.

Click on each biome region shown on the
map of Australia and take notes on how
the temperature and rainfall will be affected.

Repeat steps 2 to 5, choosing ‘A1B - medium
emissions’ and then ‘A2 - high emissions’.

As part of your results, make predictions
on how each outcome may affect the
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https://www.climatechangeinaustralia.gov. distribution of that particular biome.

au/en/projections-tools/climate-futures-tool/ 8. Record your information in a table
introduction-climate-futures/.

as shown below.

Predictions of possible
changes to ecosystem

Emissions scenario

distribution

Ecosystem type
Wet Rainfall (%)

tropics Surface
temperature (°C)

Southern slopes | Rainfall (%)
(alpine)

Surface
temperature (°C)

Rainfall (%)

Southern and
south-westerns

Surface
flatlands temperature (°C)
etc. Rainfall (%)
Surface

temperature (°C)

69



MONITORING ENVIRONMENTAL SYSTEMS | UNIT1

Critical thinking and discussion 4.2

1. Use the following article to describe the
purpose and process of collecting ice
core samples for climate modelling:
https://www.scientificamerican.com/article/
how-are-past-temperatures/.

2. Refer back to Figure 4.7, which shows Earth’s
climate history. Predict the likely main drivers
of the climate of each time period.

3. Discuss how changes to tropical rainforest
distribution in Australia may affect animal
species with tiny geographic ranges, such
as the southern cassowary.

Changes over millions of years

Mass extinctions

Around 65 mya, most of the dinosaurs died out
(although some evolved into present-day birds).
But it wasn’t only the dinosaurs that died out -
around 75% of all plant and animal species on Earth
became extinct. An event like this is called a mass
extinction to contrast with the much lower rate

of species extinction that occurs all the time. Of
approximately four billion species that have evolved
in the 3.5 billion years that Earth has supported

life, around 99% are extinct. Over Earth’s history
there have been five mass extinctions, caused by

a variety of factors, plus a whole range of smaller
extinction events. Each of these mass extinctions
changed the course of evolutionary history, such

as the disappearance of the dinosaurs allowing the
rise of mammals. Because mass extinctions are such
notable events, they generally mark the boundary
between different geological periods.
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Ordovician-Silurian mass extinction

Life existed mostly in the sea in the Ordovician
period (488 to 443 mya). Organisms at that time
included trilobites, cephalopods, reef-building
invertebrates and jawless fish, which were the
first vertebrates. Apart from algae, all plants
were unicellular. The mass extinction that ended
the Ordovician and marked the beginning of the
Silurian period was triggered by the large landmass
of Gondwana (as it existed before joining North
America, Europe and Siberia to form Pangaea)
gradually moving to a position over the South
Pole. This led to the globe cooling, large ice
sheets forming and sea levels lowering. Carbon
dioxide may also have played a role in these
climatic changes, with the rocks of the relatively
new Appalachian mountains in North America
weathering in a process that locked up carbon from
the atmosphere: the silicate rocks reacted with
atmospheric carbon dioxide and water, trapping
carbon in the resulting sediment and cooling the
planet as atmospheric carbon dioxide decreased.

Late Devonian extinction

In the Devonian period (416 to 359 mya), the land
supported the first ferns and insects, and some
fishes evolved limbs and became the first land
vertebrates. There was a great diversity of fishes,
and the period is nicknamed ‘the age of fishes’. The
climate was generally warm and sea levels were
high. The later Devonian extinction occurred over
about 20 million years, particularly affecting life

in shallow, tropical seas which became devoid of
oxygen. It’s not clear what caused this extinction.
Several factors may have played a role, including a
meteor or comet impact, global warming, excessive
sedimentation or nutrient run-off.



Permian-Triassic extinction

In the Permian period (299 to 251 mya), all the
continents were formed into one landmass, called
Pangaea, leaving the rest of the globe covered

by a large ocean. Amphibians and reptiles had
evolved, as had the ancestors of mammals and
dinosaurs. The forests had seed ferns, tree-ferns,
conifers, cycads and gingkos. The Permian-Triassic
extinction, also known as ‘the great dying’ is the
greatest mass extinction on record. Around 95%
of all species became extinct, especially marine
organisms such as all the trilobites, and many
insects, vertebrates and plants. Again, the cause
or causes of this massive extinction are not clearly
understood.

Triassic-Jurassic extinction

The survivors of the Permian-Triassic extinction
recovered gradually, coping with the effects such

as low oxygen levels during the Triassic period (251
to 199 mya). There were no polar ice caps and the
climate was generally hot and dry. The first dinosaurs
and the first mammals were appearing, and pterosaur
reptiles were the first animals after insects to evolve
powered flight. In this extinction, animals were more
affected than plants, freeing up ecological niches
that the dinosaurs took advantage of in the Jurassic
period (199 to 145 mya). Volcanic activity associated
with seafloor spreading in the breakup of Pangaea
may have contributed to the mass extinction, but
other causes have also been suggested.
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Cretaceous-Tertiary extinction

The Cretaceous-Tertiary extinction (65 mya) is

the event that killed off the dinosaurs (apart from
those which became the ancestors of birds),

as well as ammonites and pterosaurs, and

many marine invertebrates and flowering plants.
The cause is most likely to be the impact of a huge
asteroid, whose crater has been discovered on
Mexico’s Yucatan Peninsula. However, a changing
climate resulting from volcanic activity, and a falling
sea level, may have already been making life hard
for some species.

The sixth mass extinction?

Scientists are now starting to call the rapid loss

of species we see today the sixth mass extinction.
It is caused by human activity, especially our
alteration of habitat and our impact on climate
change. Extinction is occurring 100 to 1,000

times (perhaps 10,000 times) faster than natural,
background levels. At today’s rates of extinction,
we could reach species losses equivalent to a mass
extinction within 250 to 12,000 years. This is a
much faster rate than occurred in any of the big five
extinction events. One whole class of vertebrate,
the amphibians, are under threat, with one-third

of the world’s 6,300 species of amphibian already
threatened with extinction.
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CHAPTER

Data and science in understanding
and managing the environment

5.1. Studying Earth’s systems

Ways of using data and models to study Earth’s systems and changes in Earth over time

Scientists increasingly use models to explore
changes in Earth’s systems over time. Models

can be very accurate because of the power of
modern high-performance computers for ‘big data’
collection and analysis.

Scientists use models to gain a better
understanding of a particular aspect of the world.
Models can help you visualise something well
known or discover something new. They can be
physical models, like the model of Earth known as a
globe, or they can be computer models. Computer
models are valuable because they can assimilate
multiple data sources to simulate many interacting
aspects of environmental systems and allow
scientists to predict the impacts of climate change.

Data is the information used by scientists to
understand something. For example, scientists
might use wind speed data to measure the

severity of a cyclone. In environmental studies, many
different sources of data are typically combined to
produce a complete picture.
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For example, wind speed data will be more useful to
predict the severity of a cyclone if it is coupled with
atmospheric pressure data and tide data. Combining
these three types of data will help scientists predict
the likelihood of a critical storm surge.

Measuring past climates

We have only had instruments to measure
temperature, rainfall and other climate data for 140
or so years. To reconstruct historical climates from
a few hundred years ago to far back in Earth’s
history, we need to look for other sources of data.

One approach is to analyse concentrations in gas
bubbles from very deep ice core samples - these
are samples of the atmosphere at the time the
bubble formed - but they are hard to obtain.
Consquequently, palaeoclimatologists (scientists
studying past climates) look for evidence from
more easily accessible sources - indirect records
of past climate known as proxy data (Table 5.1).



For example, fossil pollen grains can be evidence of
particular plants having grown in a certain place at

a certain time. The types of plant can indicate what
the climate was like at that time. Table 5.1 lists some
of the data sources used by palaeoclimatologists to
determine historical climates.

Table 5.1. Examples of proxy data used in palacoclimatology

Proxy data

Annual growth bands in stalagmites and stalactites
in caves
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Exploring science 2 ‘Modelling Earth’s weather’
(p 92) looks at how data and models work together
to predict global weather events and patterns.

c
=
]
-
(@]
I
>
]
—
m
Pl
(5]

Link to climate

Width of bands indicates periods of floods and
drought

Minerals in stalagmites and stalactites in caves

Radiometrical analysis indicates climate conditions
when the structure formed

Temperatures measured in boreholes drilled into
Earth’s crust

Temperature profile (temperatures at different
depths) indicates past surface temperatures

Oxygen isotopes and trace metals in coral
skeletons

Skeleton composition indicates the temperature
of the water in which the coral grew, and thus
historical ocean temperatures

Scar trees and charcoal deposits in forested areas

Scars and deposits indicate timing and intensity
of past fires

Fauna and flora fossils

Fossils indicate what species were present in a
geographical area at a particular time, and thus
past climates

Pollen from flowering plants

Pollen grains and spores that were washed into
lakes and deposited as sediment indicate the
type of vegetation around the lake at different
times in history

Historical references and documented evidence
from church records, harbour ice freezes, harvest
dates and ships logs

Historical records indicate climate and weather
conditions in recorded history

Indigenous perspectives:
Data and models

Data can be in the form of numbers (such as wind
speed and air pressure or heights and lengths), but
it can also be direct observations. As humans we
collect hundreds of different pieces of data a day
and our brains model that data to make sense of it.
This type of observational data gathering to make
sense of the natural world has been happening for
tens of thousands of years in many First Nations
cultures around the world.

Indigenous Australians have a long history of
collecting observational data and using it to
establish models of past geological changes.
Aboriginal and Torres Strait Islander peoples
believe that at the end of the Creation period

their ancestors took the form of birds and other
economically important animals as well as plants.
Data generated from the observations of landforms
and animal interactions was collated into models
best described as stories. These ancient story
models are very similar to contemporary computer
models in that they take connected pieces of
observational data and integrate them in order

to clearly visualise the interacting components.
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Figure 5.1. Google Map satellite image of Gerum Gerum.
Credit: Imagery ©2021 CNES / Airbus, Maxar Technologies,
TerraMetrics

A story made from observation of the landscape
can be found just beyond the Victorian border in
the Coorong region of South Australia, where the
Indigenous people are in the Ngarrindjeri language
group. This part of Australia is characterised by
white sandy beaches, long lakes and salt pans. One
of these salt pans, called Gerum Gerum (and known
also as Pipe Clay Lake, Figure 5.1), is considered a

sacred place of burial for the people of the Coorong.

Observational data collected at Gerum Gerum has
been used to model the story of the creation of four
islands within the lake and a fifth that is connected
to the land by a thin piece of land.

According to museum researcher Norman Tindale,
the story is of the Owl (possible a barn owl)

and Mopoke (boobook owl) ancestors who
challenged Waak, the Crow, at Gerum Gerum.
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Figure 5.2. Holes in the limestone representing where

‘Waak threw his spear. Credit: denisbin CC BY-ND 2.0

They would let Crow live nearby at Salt Creek

if he could throw five consecutive boomerangs

in complete circles. Crow threw four of them
successfully but the fifth was caught by the wind
and fell short. Owl and Mopoke then tried to spear
Waak but he got away to the south-east where
his tracks remain as a series of salt pans. Waak
eventually stopped on the edge of the Coorong
and could see he was no longer being chased. As
he looked around from his high vantage point,

he thrust his spear into the ground in places that
could later be seen as holes in the limestone cliffs
(Figure 5.2).

This story is an example of a theoretical model

being created through the observations of animal
interactions along with geographical features. In that
way it is similar to the theory of continental drift.



5.2. Innovation and science
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The role of innovation and science in responding to challenges as a result

of environmental change and disruption

With the many environmental changes and
disruptions occurring on a global scale, scientists
are exploring innovative ways to respond to these
challenges. Two areas of environmental challenge
are increased atmospheric carbon dioxide and
reduced availability of fresh water. To address these
issues Australia has committed vast amounts of
scientific effort and money in research projects that
investigate technical solutions.

Carbon capture and storage

Increased atmospheric carbon dioxide is one of
the most pressing issues in modern environmental
science. Given the scale of the problem, a range
of solutions need to be adopted, from avoiding
producing carbon dioxide (for example, by
switching to renewable energy), to capturing and
storing carbon dioxide that is produced while we
still use fossil fuels, to extracting carbon dioxide
that is already in the atmosphere.

The Cooperative Research Centre for Greenhouse
Gas Technologies (CO,CRC) is primarily concerned
with developing the science and technologies for
carbon dioxide capture and geological storage -
known as carbon capture and storage (CCS) or
carbon sequestration.

Capturing carbon

Carbon capture is the process of capturing carbon
dioxide that would otherwise be emitted from
industrial processes.

More than half of the carbon dioxide pollution

in Australia comes from coal-fired power plants.
Technology exists that can capture the carbon
dioxide usually released during the burning of
coal before it is released into the atmosphere. This
process takes place in the pre-combustion phase
and can be applied to any fossil fuel, not just coal.
The fossil fuel is reacted with steam and oxygen,
which produces a synthetic gas called syngas

(composed mainly of carbon monoxide, carbon
dioxide and hydrogen). A further reaction turns the
remaining carbon monoxide into carbon dioxide, and
the carbon dioxide is removed leaving hydrogen that
can then be burnt to turn power-producing turbines.
These plants exist today, but the technology is only
used in new power plants - Australia’s old coal-fired
power plants don’t use this process.

Carbon can also be captured post-production

by separating out carbon dioxide from exhaust
gases in a facility’s smoke stacks before the gases
are released to the atmosphere. CSIRO is also
researching a process for extracting carbon dioxide
directly from the atmosphere.

Capturing carbon dioxide from exhaust gases or
the atmosphere requires the gases to be forced
under pressure through a membrane with special
gas-absorbing solvents that will selectively absorb
carbon dioxide.

Carbon dioxide captured by one of these methods
is then forced by pressure into a liquid state where
it can be transported either via pipes or truck to a
storage facility.

Storing carbon
Carbon can be stored in two ways:

» Captured carbon can be stored underground,
known as geological sequestration.

» Carbon taken up by plants in photosynthesis
can be stored in large reserves of plant matter, a
process known as biological sequestration.

Geological sequestration

Once captured, carbon dioxide needs to be stored in
a secure location from which it can not escape to the
atmosphere. Ironically, this is sometimes done deep
underground in pockets of rock left vacant by the
extraction of fossil fuel gas! Before such a site is used
for geological sequestration, it must be studied to
determine that stored carbon dioxide will not escape.
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Victoria

gﬁourne

*Port Campbell

Otway
International
Test Centre
(OITC)

Warrnambool ®

Figure 5.3. Location of the CO,CRC’s Otway International
Test Centre research facility

A suitable site will:
* be within rocks that are not permeable
* be geologically stable (not prone to earthquakes)

* not be infiltrated by groundwater or prone to
flooding.

Several sites in Australia have been identified as
suitable for geological sequestration. One is already
operational in the Otway region of south-west
Victoria where the CO,CRC research test facility

is located (Figure 5.3). A much larger site has

also been identified in the Petrel Sub-basin off

the coast of the Northern Territory. The Petrel
Sub-basin consists of two Mesozoic ocean reservoirs
(Figure 5.4). The Jurassic saline reservoir is
considered to be the better site as it is sealed

with approximately 300 m of overlying rock.

Biological sequestration

Another approach to sequestration is to take
advantage of the fact that all plants use carbon
dioxide for photosynthesis, so are potentially
very large carbon sinks. Storing carbon in
plants is known as biological sequestration.
However, terrestrial plants are susceptible to
fire, and if a forest burns it releases its carbon
dioxide into the atmosphere.

To overcome this limitation of plants as a long-term
carbon sink, scientists are investigating the idea of
underwater biosequestration - in seaweed farms.

Kelp and other macroalgae are highly efficient at
storing large amounts of carbon dioxide. Seaweed
is currently grown for use in food, medicine and
beauty products on a small scale, but scientists are
investigating the viability of establishing seaweed
farms on a much larger scale as a carbon sink. The
farmed seaweed would take up atmospheric carbon
dioxide as it grows. Then it would be harvested and
sunk down deep in the ocean where the carbon
dioxide would be trapped for a very long time
(Figure 5.5).
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Kelp takes up CO,
via photosynthesis

Plant detritus

floats out to sea

Exported dissolved carbon
travels to the deep sea

Plant detritus
sinks

Carbon is sequestered
in the deep sea

Figure 5.5. Marine seaweed forests show potential in the use of biological sequestration

Making fresh water

With changes to weather patterns and a growing
human population, supplies of fresh drinking water
are becoming limited in some towns and cities.
Innovative technologies that can make available
reliable, climate-independent and economically
viable fresh water supplies for industry, irrigation
and drinking include desalinating seawater and
reclaiming wastewater.

Table 5.2. Australian desalination plants

Desalination plant

($million) date

Initial investment

Desalinating water

Many countries use desalination as a way of
securing fresh drinking water that doesn’t rely
on patterns of rainfall. Table 5.2 lists Australias
desalination plants.

Completion Capacity

(gigalitres per year)

Perth Seawater Desalination Plant
. . 387 2006 45
(Kwinana) - Western Australia
Southern Seawater Desalination Plant
o i 1,400 2012 100
(Binningup) - Western Australia
Gold Coast Desalination Plant 1200 2009 49
(Tugun) - Queensland
Adelaide Desalination Plant
1,830 2012 100
(Port Stanvac) - South Australia
Victorian Desalination Plant
3,500 2012 150
(Wonthaggi) - Victoria
Sydney Desalination Plant 1890 2010 90
(Kurnell) - New South Wales ’

Source: Australian Water Association, Desalination fact sheet www.awa.asn.au/AWA_MBRR/Publications/Fact_Sheets/Desalination_Fact_Sheet.aspx
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Methods for desalination can be categorised into
two major processes: thermal and membrane.
Thermal processes use heat to evaporate water,
collecting the fresh water as condensation and
leaving behind the dissolved salts. The membrane
process usually involves reverse osmosis, where
water is pushed through a semipermeable
membrane containing tiny pores which are only
big enough to allow the smaller water molecules
through, leaving behind the larger salt particles.

A number of social, environmental and economic
issues are associated with constructing and
operating desalination plants, including high energy
usage, capital costs, operating costs associated
with treating different concentrations of salt water,
and environmental impacts of construction and
operation.

Reclaiming water

Water reclamation is a process that converts
wastewater into water that can be re-used for
other purposes, including agricultural irrigation,
replenishing surface water and groundwater,
potable water (fit for drinking), and other
residential and industrial requirements.
Reclaimed water (also referred to recycled
water) is a reliable water source that is
climate-resilient and economically sound.
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Recycled water can come from a number of sources.
Greywater from households comes from showers,
baths, hand basins and the laundry. Stormwater
harvesting consists of collecting water from
stormwater drainage systems, including the run-off
from roads and buildings. Reclaiming water from
wastewater involves treating the water outflow
from sewerage networks and treatment plants, or
from industrial wastewater.

Water treatment plants must follow strict guidelines
when treating wastewater to produce safe, usable
water. In Australia, these guidelines can be found

in the 2006 National guidelines for water recycling:
managing health and environmental risks. Uses for
wastewater are varied and depend on the level

of treatment of the reclaimed water. Reclaimed
water can be used for watering recreational parks,
agricultural and horticultural irrigation, groundwater
recharge, firefighting, environmental water and
drinking water.

In Australia, the most significant barriers to using
reclaimed water as a potable source are the cost
associated with the process and community
attitudes and social acceptance.

Many places around the world use recycled water
on a much larger scale than is common practice
in Australia.



Practical 5.1
Demonstration: ‘Gulp’ drinking water

Aim

To illustrate the actual amount of Earth’s
water that is available for drinking.

Materials

« small fish tank - 4 litres (L) in capacity

eyedropper

3 small clear containers - 1 cup size
tablespoon

measuring cup

world map and/or globe

tap water

Teacher preparation notes: Pre-label a small fish
tank as ‘Total water on Earth’ and pre-label the
three small cup-size clear containers as ‘Total fresh
water’, ‘Total liquid water’, and ‘Usable water’.

Demonstration

1.

a)

Begin with the following demonstration for

the entire class. However, allow students an
opportunity to participate in the demonstration
in some way.

Fill the fish tank with 4 L of water. The fish tank
represents all the water on Earth.

Discuss the possible locations of all Earth’s water:

salt water oceans and seas; frozen polar ice
caps and glaciers; fresh water lakes and rivers;
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b)

)

d

marshes and estuaries; groundwater and
atmospheric water vapour.

Use the world map and/or globe to see
landmass, ocean and polar ice cap distributions.

Remove % cup of water from the fish tank.
Pour the water into the small container labelled
‘Total fresh water’. This first small container
represents Earth’s supply of fresh water.

The water left in the fish tank is all salt water
from oceans and seas. We cannot drink it.

Fresh water is found on land. Discuss the
possible locations of land water, such as lakes,
ponds, rivers, streams and groundwater.

Use the world map and/or globe to see the
distribution of land versus ocean.

Take 4 tablespoons of the fresh water and
pour them into the small container labelled
‘Total liquid water’. This second small container
represents the liquid water that is available

to us. The water left in the ‘Total fresh water’
cup is frozen in glaciers and ice caps or is in
Earth’s atmosphere. We do not have access
to this water either.

Did you know? 80% of Earth’s water is surface
water. The other 20% is either groundwater or
atmospheric water vapour. Over 90% of the
world’s supply of fresh water is located

in Antarctica.

Using the eye dropper, remove one drop of
water from the ‘Total liquid water’ cup.

Place the drop into the third small container
labelled ‘Usable water’. This container
represents the water we can use. It is only

a small percentage of the ‘Total fresh water’
because a lot of fresh water is either polluted
or too hard to get.

Discuss the value of water conservation and
anti-pollution efforts when so little water is
truly available for our use.

continued next page
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Practical 5.1 (continued)

2.
a)

b)

80

Discuss these water facts:

On average, each of us uses about 250 L
of water every day: 62.5 fish tanks of
water every day!

One water-saving toilet full

flush uses 4 L of water and a half flush uses
3.5 L. A water-saving shower head uses

9 L per second (how much water does a
10-minute shower use?) A half-full bathtub
takes 190 L of water. Leaving the tap on
when brushing teeth uses 7.5 L of water.
Dishwashers use an average 15 L of water.
The clothes washer uses approximately
100 L of water.

Water conservation will make a significant
impact on future water demand and
environmental conditions.

Use the water-saving tips found at
https:/www.sustainability.vic.gov.au

to develop a water conservation plan
with your family. Discuss the plan with
your family and note any barrier to
implementing the plan. Try to determine
ways to overcome these barriers by
discussing with your class. Report on the
success of your implementation plan.

Critical thinking and discussion 5.1

1.

Compare and contrast the social, economic
and environmental impacts, both positive
and negative, of using desalination and
reclaimed water.

Outline the social, economic and
environmental impacts of biological
sequestration.

Investigate the method of water
reclamation via sewage treatment.

Are there any similarities between
desalination of water and water
reclamation? Explain.

Explain why there are so many difficulties
with using reclaimed wastewater for
potable water supplies.

Outline the social, economic and
environmental impacts of using
reclaimed water.



Student activity 5.1
Science skills: Synthesising data

Using the information provided below, compose
a compelling argument based on evidence for
building the Wonthaggi Desalination Plant.

Table 5.3. Reduction in inflows to water storages July 1997 — August 2009 compared to the long-term average

%
reduction

Region/river system

Average inflows
GL/year

Central Region (1996-2006)
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You can add to the dataset by considering
geographical location, average rainfall, average
climatic conditions, similarities/differences and
population.
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%
reduction

Region/river system = Average inflows
(WAL

Northern Region

Bunyip 148 -41 Murray 7,618 -43
Yarra 1,054 -29 Kiewa 689 -23
Maribyrnong 13 -41 Ovens 1,758 -33
Werribee 102 -51 Broken 308 -53
Moorabool 97 -60 Goulburn 3,363 -49
Barwon 360 -34 Campaspe 352 -72
Loddon 373 74

Corangamite 249 -84
Otway Coast 842 -30 East Gippsland 714 -33
Hopkins 344 -40 Snowy 2,162 -49
Portland Coast 350 -56 Tambo 298 -44
Glenelg 681 -65 Mitchell 885 -38
Avoca 1 -90 Thomson 366 -43
Wimmera 303 -77 Latrobe 847 -43
South Gippsland 912 -41
Source: The State of Victoria Department of Environment, Land, Water Macalister 496 -40

and Planning 2076.

900 WWII Drought (10 years)

Average rainfall

1900-2008: 646 mm/yr Millennium Drought (13 years)

1936-1945: 574 mm/yr
*Federation Drought (1%)

800 | 1900-1902

1997-2009: 561 mm/yr
(-13%)

700

(2]
o
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*Federation Drought is formally between 1895 and 1902, however rainfall data is not available prior to 1900.

Figure 5.6. Annual rainfall across Victoria: drought periods compared to long-term average
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5.3. Managing environmental challenges

The contribution of scientific data, new technologies, regulatory frameworks and
diverse stakeholder values, knowledge and priorities in managing environmental

challenges of regional relevance

As the human population grows, and with it

our impact on the environment, the scale of
environmental challenges that we must manage also
grows. A healthy environment provides valuable
ecosystem services, such as provision of fresh air
and water, climate regulation and genetic resources.
As we change (and damage) the environment, many
problems, including land management issues such as
erosion, salinity and drought, provide management
challenges to governments, landowners and
environmental groups.

A key principle of intergenerational equity is
that future generations have access to the same
environmental resources that we do. Solutions to
these environmental challenges are found in the
application of both scientific and technological
advances, and government regulation and policy.
Which solutions are developed and applied are
influenced by the various stakeholders who have
input to decision-making.

Modern technologies

Global satellite images are a useful tool for
observing change over large regions of Earth. By
examining and tracking changes in images taken
over a period of time, scientists obtain large-scale
visual data of how these changes are affecting the
environment. Issues that can be tracked and mapped
using satellite images include logging, large-scale
erosion, bushfire damage and sea level changes.

Geographic information system (GIS) technology
uses computer software to map geographical
information in layers over a map. These maps allow
us to analyse changes in land to show patterns in
those changes. Issues such as coverage of weed
species, urbanisation and coral bleaching can be
analysed using this technology.

82

Stakeholder values

Stakeholders are individuals or organisations

who have an interest in decisions being made

that affect a natural or man-made system, such

as a development proposal or new legislation.
Stakeholders bring a set of values that need to be
evaluated and responded to as part of the planning
and management.

An example of a stakeholder is a farmer who

owns land adjacent to a proposed mine. The mine
will affect the farm with noise pollution during
construction and operation (among other things).
The farmer is concerned that the values central to
the proper operation of the farm will be ignored.
The processes involved in giving permission for
building and operating the mine must consider how
the noise from the mine will affect the welfare of
the animals on the surrounding farms. This should
be communicated to the stakeholders, and their
objections (if any) should be considered before the
plan can progress.

Usually we think of stakeholders as being the
humans involved, but some argue that the
environment, and individual organisms within the
environment, are also stakeholders. For example,

in 2017 the Whanganui River in New Zealand was
officially recognised as a legal person, bringing an
end to the longest running New Zealand court case
- it went for 160 years!

The way people value the environment depends
on their world view, ranging from the traditional
perspectives of the First Nations peoples to
anthropocentrism, ecocentrism, biocentrism
and technocentrism.

Aboriginal and Torres Strait Islander peoples’
traditional values lie in the close relationship
they have with the natural world, which underlies
their identity and way of life.



Their traditional beliefs and practices ensure that
the land provides what they need while at the same
time they maintain and manage the land with care.
These values of “without the land, we are nothing”
(as said by Djapirri Muninggirrity from Nhulunbuy

in the Northern Territory) show the close connection
Indigenous people have to Country, and are an
integral part of the traditional management

of the environment.

Anthropocentrism values the environment as

a resource to serve and provide for the human
population. Meeting the needs of the population

in terms of food security, air quality or availability

of fresh water is important for the greater good of
the human population. Local councils, farmers and
natural resource corporations (such as Melbourne
Water) all have a vested interest in maintaining the
natural environment to provide for the population,
while placing an economic value on the environment.

Privileging the economic benefit of anthropocentric
values establishes a preference for these values. For
example, the animal agriculture industry requires

a constant flow of fresh water for the production

of food for livestock as well as the drinking water
demands of its farmed animals. However, the impact
that intensive farming has on climate change affects
drought events, contributing to water scarcity in
Australia. Therefore the anthropocentric values

have a knock-on effect, inadvertly having a negative
effect on the agriculture industry.

Ecocentrism recognises the ecosphere and all of

its parts (biotic and abiotic) as being of central
importance. It attempts to redress the impacts
associated with the anthropocentric view that humans
are more important than other parts of the world.

Biocentrism holds the value of Earth and its living
organisms in high regard, irrespective of their
usefulness to humans. Unlike ecocentrism, it places
an equally high value on abiotic components of the
environment

Technocentrism values technology and its ability to
control and protect the environment. Environmental
problems are seen as challenges to be solved using
rational, scientific and technological means.
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CASE STUDY 5.1

Aboriginal voices are missing
from the Murray-Darling
Basin crisis

Bradley J. Moggridge, Indigenous Water
Research, University of Canberra, and
Ross M Thompson, Chair of Water Science
and Director, University of Canberra

This article was originally published in The Conversation,
31 January 2019.

https.//theconversation.com/aboriginal-voices-are-missing
-from-the-murray-darling-basin-crisis-110769

The Murray-Darling crisis has led to drinking

water shortages, drying rivers, and fish kills in the
Darling, Macintyre and Murrumbidgee rivers. This
has been the catalyst for recommendations for a
Royal Commission and creation of two independent
scientific expert panels.

The federal Labor party has sought advice from an
independent panel through the Australian Academy
of Science, while the Coalition government has
asked former Bureau of Meteorology chief

Rob Vertessy to convene a second panel.

Crucially, the first panel contains no Indigenous
representatives, and there is little indication that
the second panel will either.

Indigenous meaning

Water for Aboriginal people is an important part
of survival in the driest inhabited landscape on
Earth. Protecting water is both a cultural obligation
and a necessary practice in the sustainability of
everyday life.

The Aboriginal peoples’ world view sees water as
inseparably connected to the land and sky, bound
by traditional lore and customs in a system of
sustainable management that ensures healthy
water for future generations.

Without ongoing connection between these
aspects, there is no culture or survival. For a
people in a dry landscape, traditional knowledge
of finding, re-finding and protecting water

sites was integral to survival.
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Today this knowledge may well serve a broader
vision of sustainability for all Australia.

While different Aboriginal Nations describe this

in local ways and language, the underlying message
is fundamentally the same: look after the water

and the water will look after you.

Native title

In the current crisis in the Darling River and
Menindee Lakes, the focus should be on the
Barkandji people of western New South Wales.

In 2015, the native title rights for 128,000 km? of
Barkandji land were recognised after an 18-year
legal case. This legal recognition represented

a significant outcome for the Barkandji people
because water - and specifically the Darling River
or Barka - is central to their existence.

Under the New South Wales Water Management
Act 2000, Native Title rights are defined as Basic
Landholder Rights. However, the Barwon-Darling
Water Sharing Plan provides a zero allocation
for Native Title. The Barkandji confront ongoing
struggles to have their common law rights
recognised and accommodated by Australian
water governance regimes.

The failure to involve them directly in talks
convened by the Murray-Darling Basin Authority
and Basin States, and their exclusion from the
independent panels, are further examples of
these struggles.

Over the past two decades, Aboriginal people
have been lobbying for an environmental, social,
economic and cultural share in the water market,
but with little success.

The modern history of Aboriginal peoples’ water is
a litany of “unfinished business”, in the words of a
2017 Productivity Commission report.

In 2010 the First Peoples’ Water Engagement
Council was established to advise the National Water
Commission, but was abolished prior to the National
Water Commission’s legislative sunset in 2014.

The New South Wales Aboriginal Water Initiative,
tasked with re-engaging NSW Aboriginal people in
water management and planning, ran from 2012 until
the Department of Industry water disbanded the unit
in early 2017. In a 2018 progress report the Murray-
Darling Basin Authority described New South Wales
as “well behind” on water sharing plans.

Even after a damning ABC 4Corners report shed
light on alleged water theft and mismanagement,
the voices of the Aboriginal people of the Murray-
Darling Basin were absent.

In May 2018 the federal Labor party agreed to a
federal government policy package of amendment
to the Basin Plan, including a cut of 70 billion litres
to the water recovery target in the northern basin,
and further bipartisan agreement for better water
outcomes for Indigenous people of the basin.

While the measures also included A$40 million

for Aboriginal communities to invest in water
entitlements, a A$20 million economic development
fund to benefit Aboriginal groups most affected

by the Basin Plan, and A$1.5 million to support
Aboriginal waterway assessments, how worthwhile
are they in a river with no water?

The recent crisis emphasises the perpetual
sidelining of Aboriginal voices in water
management in New South Wales and beyond.
Indigenous voices need to be heard at all levels,
with mechanisms that empower that involvement.
Indigenous communities continue to fight for
rights to water and for the protection of its spirit.

Questions

1. Identify the stakeholders in this issue.

2. Assign each stakeholder a value from
the list above and justify your decision.

3. ldentify the regulations that are relevant
to this issue.
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Regulatory frameworks

Governments set up legislation, regulations and
standards that control what is permitted - this is the
regulatory framework. How people can use or affect
the environment is controlled by such regulations,
which are established at all levels of government:
Commonwealth, state or territory, and local. In
special cases, like the Murray-Darling Basin which
overlies parts of Queensland, New South Wales and
Victoria and all of the Australian Capital Territory,
intergovernmental bodies take a leading role.

Commonwealth Government

The Commonwealth Government of Australia plays
a major role in setting regulatory frameworks

for protecting and managing the environment.

The Department of Agriculture, Water and the
Environment is responsible for administering many
of the relevant laws. Its role is to be an effective,
responsive and trusted regulator of the environment
and agriculture sector. The Department of
Agriculture, Water and the Environment implements
regulatory frameworks that are responsive to:

* community values and expectations

* technology advances and industry practice
» economic growth and market pressures

* international and national agreements.

The regulatory frameworks designed by the
Commonwealth Government ensure key pressures,
such as climate change, land use change, habitat
fragmentation and degradation, invasive species,
and energy demands, are addressed.

Key Commonwealth environmental legislation
includes:

* Environmental Protection and Biodiversity
Conservation Act 1999

» Climate Change Authority Act 2011
» Water Act 2007
* Renewable Energy (Electricity) Act 2000.
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State Government

In Victoria, the Department of Environment,

Land, Water and Planning (DELWP) is a big
department responsible for the protection of

the environment (among other responsibilities).
DELWP encompasses agencies such as Parks
Victoria (who manage public reserves), the
Environment Protection Authority (EPA, who
protect the environment from pollution and waste),
Sustainability Victoria (who promote environmental
sustainability) and many catchment management
authorities and water corporations who manage
our resources.

DEWLP and its many agencies operates within
existing environmental regulatory frameworks, and
they have enforcement powers to make sure that
individuals and businesses comply with regulations.
In Victoria, a total of 117 legislative acts together
form a strong regulatory frameworks for protecting
the environment. They cover a range of areas,

such as:

* energy, environment and climate change -
71 acts including the Aboriginal Land Act 1991,
Flora and Fauna Guarantee Act 1988, National
Parks Act 1975, Wildlife Act 1975, Environment
Protection Act 2017 and the Climate Change
Act 2017

local government - 11 acts including the Loca/
Government Act 1989, Libraries Act 1988 and the
City of Melbourne Act 2001

planning - 25 acts including the Environmental
Effects Act 1987, Geographic Place Names Act
1998 and the Planning and Environment Act 1987

* Water - 10 Acts including the Catchment and
Land Protection Act 1994, Conservation, Forests
and Land Act 1987 and the Murray-Darling Basin
Act 1993.
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Critical thinking and discussion 5.2 5. Outline the environmental changes caused

1.

Outline how websites such as NASA’s Earth

by animal agriculture.

Observatory (https://earthobservatory.nasa. 6. The DELWP Forests and Reserves web page

gov/) make modern technology that can be
used to track environmental changes (such as
deforestation and sea level rises) available to

the average person.

(https:/www.forestsandreserves.vic.gov.au/)

has information on the management of parks
reserves and forests in Victoria.

Three links - to ‘Anglesea Futures’, ‘Hanging
Rock’ and ‘Forest Reports’ - take you to
initiatives that involve input from stakeholders

Discuss how the management of environmental
issues, such as the clearing of land for
residential development, is affected by the
needs of a wide variety of stakeholders and how
ideas may need to adapt to a local context or

change for a specific development project.

natural environment.

‘ecocentric’.

Stakeholder

Adani shareholders

Compare the terms ‘anthropocentric’ and

to specific issues. Choose one issue, and
discuss which stakeholders have contributed
to decision-making or management of that
particular issue.

7. Research Adani’s Carmichael coal mine.
Outline the positive and negative opinions

Explain the importance of placing value in
traditional Indigenous beliefs in caring for the

that various stakeholders have on the project.

Summarise your information in the a table like

the one below (you might want to add more

stakeholders to the left hand column).

Positive opinion on the mine

example: Will make money for
shareholders

Negative opinion on the mine

Local residents

example: May create jobs

Queensland Government

Traditional Indigenous land
custodians

example: Will destroy cultural
spaces

Stop Adani volunteer group
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Data analysis 5.1 1. Describe the natural and human-built
Using satellite images to map features that can be seen in image (a).
deforestation

2. Describe the differences between the
Examine the two images in Figure 5.7, which two images.
show the same section of the Amazon rainforest
in western Brazil in 1975 and 2012. Urban areas
are represented by pink shading, light green
shading represents agricultural land and dark 4. Suggest explanations for these changes.
green shading shows natural rainforest.
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3. Estimate the percentage of land area that
has changed over the 37-year period.

5. Outline how the use of this data can assist
with land management and sustainable
development in the Amazon in the future.

() 1975 (b) 2012

Figure 5.7. Satellites images of a location in the Brazilian rainforest. Images courtesy Landsat team, NASA/USGS
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5.4. Earth’s weather systems

Global weather systems are driven by the
interactions of ocean temperatures, currents and
atmospheric conditions. Weather systems have
been studied for centuries, and modern climate
models draw on multiple data inputs to make
reliable predictions. Australia’s weather conditions
vary from one year to the next, and the many
factors influencing our climate are recorded and
analysed by the Australian Bureau of Meteorology.

Key weather system factors

Key factors influencing Australian global weather
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